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ECON4925 Resource economics, Autumn 2009 

Olav Bjerkholt: 

Lecture note 13: Natural gas 
Bjerkholt, Olsen and Vislie (1990)

As energy carrier natural gas is closely related to crude oil in several ways. The gas compounds making up natural gas, are chemically similar to the components of crude oil. The geological origin of these sources is related. The production technology of natural gas also has similarities with that of crude oil. In many cases crude oil and natural gas are mixed in production fields and may literally emerge from the same drilling wells. On the demand side there is considerable substitutability between natural gas and oil. 

The distribution of natural gas to end users has little in common with the market conditions for crude oil, and is in fact more similar to that of electricity supply and other network distributed resources. Like electricity, natural gas is distributed to consumers by means of a capital intensive infrastructure in the form of a network of supply pipelines. Natural gas can, like electricity, for practical purposes not be stored by consumers. 

Historically, crude oil consumption increased as a share of total energy over a long period, replacing primarily coal, which had been the completely dominant global energy resource since the industrial revolution. Since the crude oil prices increased from 1973 the oil consumption increase slowed down somewhat. Natural gas as acquired an increasingly important role as energy resource in several parts of the world. The consumption of natural gas has increased steadily, even in periods with actual stagnation in global energy supply. 

Natural gas became a major source of energy first in the United States. In 1960 the US consumption amounted to more than 80 percent of the world consumption. USA was the leading producer as well as the leading consuming nation. Towards the end of the 1960s and through the 1970s the natural gas became an important source also in other parts of the world, especially in the Soviet Union which started to develop its enormous reservoirs of natural gas and after some years reached a production level of natural gas surpassing that of USA. Russia has the largest gas resources in the world and has developed a large network from the huge gas fields in Western Sibiria and other production sites throughout large parts of Western Russia and neighbouring countries, reaching and into Western Europe.

In Western Europe pockets of indigenous sources of gas were found in several countries with very large gas resources in the Netherlands. Transmission lines were constructed for exports from the Netherlands to other continental countries. By 1985 the natural gas consumption in Western Europe had reached 50 percent of the US level which by then was reduced to 30 percent of the energy supply. The natural gas consumption in the United States had by then been in decline since the mid-1970s. Western Europe has surpassed the US natural gas market in the overall size of the trade.

There are good reasons for expecting natural gas to become an even more important energy source in the future. Natural gas seems to be increasingly more abundant than assumed earlier with large gas reservoirs in several parts of the world. Natural gas is (potentially) more energy efficient than crude oil and coal. More cost effective technologies for transportation and utilization of gas are under continuous development. Last, but not least, natural gas is preferred in many uses because it is an environmentally cleaner fuel than other fossil fuels.

Natural gas markets have many features to separate them from “ordinary” markets, but there are also a number of common features with other energy markets. The theoretical discussion that follows focuses on some aspects of the market structure. The introduction is of more general nature and could apply to any gas region but primarily to Western Europe which in recent years has become more and more integrated as the infrastructure of pipelines has developed and various barriers inhibiting the use of gas have been removed or reduced in importance. EU has through the Gas Directive imposed the common carrier principle and thus opened for an increasingly integrated market. There seems to be a steadily increasingly role for gas in the energy supply in Europe.  

*  *  *
The production of natural gas differs - as do other exhaustible resources - from the textbook commodity production where all factors are generally assumed to be reproducible and available in factor markets. Natural gas production is based upon exclusive access to a natural gas field through ownership of user rights. Natural gas fields vary significantly in the costs of extracting the gas. Each field may take many years to empty. Most of the cost of production, especially for sub-sea fields is invested at an early stage. 
Transportation of gas is even more costly with regard to capital investments and has considerable returns to scale. 

What can be observed, e.g. in Western Europe, is that fields with highly different marginal costs are in production simultaneously. It might seem reasonable to interpret the pure profit for gas producing companies producing at less cost than the high-cost supplier as Ricardian differential rent, this is not obviously a fully convincing explanation. For renewable resources such as agricultural land or hydro power intra-marginal resources will on a lasting basis earn a rent or pure profit which competition will not eliminate. (Such rent may, however, disappear as a result of technological change, preferences or discovery of new resources.) For non-renewable resources such as oil and natural gas, it is less obvious that a differential rent will arise. Under perfect competition and no transport hindrances the resources with the lowest cost of extraction should be exploited first and emptied before fields in higher cost classes are opened. The same ought to be the case under pure monopolistic conditions.

Observations of simultaneous production of a nonrenewable resource at different cost levels may be an indication that oligopolistic features are at work. But also other reasons may explain the diversity of cost conditions, e.g. that fields in different cost classes have been discovered and taken into use in non-sequential order, high-cost fields will continue to produce although cheaper fields are discovered, because the heavy investments have already been undertaken. But also severe trade barriers may be the explanations of such observations. The barriers can be institutional such as self sufficiency policies, long-term contracting of natural gas without due regard for the future market development. But high cost of transportation may also be a factor as it impedes an integrated market. 
*  *  *

Let us define the actors on the stage. On the supply side there are the natural gas producers. These are generally large companies, often state-owned or with considerable state interest. A number of countries in Western Europe have considerable natural gas production, in particular the Netherlands, Norway, United Kingdom, Germany and Italy. Of these only Norway and the Netherlands are net exporters.

At the opposite end of the production-consumption chain are the end users.  These can be grouped into a small number of categories: (1) Power supply companies, which produce electricity from natural gas, (2) Petrochemical industry, which use natural gas as raw material for producing a wide range of products, (3) Other industry, and (4) Households, services et al. 

Between the producers and the end users there are two groups of actors: Transmission companies , which are traders and transporters of natural gas in trunk lines from production fields to end user areas, and Local distribution companies, which run local distribution pipeline networks and the retail trade of natural gas, large end users , such as power companies or large industrial enterprises may buy directly from transmission companies.

Other important actors are exporters, companies or countries exporting natural gas into the region. The exporters we group together with producers as suppliers. As noted above, among the Western European countries only the Netherlands and Norway are net exporting countries. There are only two outside supplying countries of importance: Algeria and Russia. In many contexts and modeling attempts the countries are considered as actors on the supply side rather than the individual enterprises. This may be reasonable in view of the state interest, especially for the two outside suppliers, Algeria and Russia which until recently had completely monopolized and state-owned export of natural gas. We shall have a closer look at the western European gas market and the competition between the exporting countries below. In the longer term there are other potential exporters of natural gas to the European market, in the Middle East, Caucasus and Central Asia.

Government authorities may also be counted as a group of actors as government exert considerable control over energy markets, often much more than in other markets. This has certainly been the case in Europe. The exertion of government power takes place partly through regulations and partly through considerable ownership interests in production, as well as transmission and distribution. Regulations or guidelines can also be put into effect by supra-national authorities, in particular the ruling bodies of the European Union or by international agreements.

Below we shall have little to say about the local distribution companies, assuming their behaviour is rather passive with regard to influencing the market solutions. The transmission companies on the other hand play a very central role. In Western Europe they have for many years exerted a strong control over the market development. The power of these transmission companies is contingent upon the regulation put into effect by the European Union.

In the market for natural gas negotiations play an important role in the determination of terms of trade between various agents. The number of agents is generally small and gas trade contracts are arrived at in situations that are best characterized as bilateral oligopoly. As trade between and buyer and a seller of gas can be implemented only if the parties undertake large investments in relationship specific infrastructure (pipelines, terminals), the agents, once these investments have been undertaken, are locked into a bilateral monopoly situation. Since the parties cannot rely on the market once the investments are undertaken, a trade agreement is usually governed by a long-term contact, established between a selling country (or enterprise) and a buyer, which is normally a transmission company, reselling gas to local distribution companies in various regions. 
Long-term contracts will not only regulate trade between upstream suppliers and transmission companies; such contracts are also common in regulating the trade between transmission companies and downstream firms, such as local distribution companies. Take-or-pay contracts have been common in the natural gas industry, i.e. contracts which not only give the right to buy, but also an obligation to buy. Such contracts give a limited, or even no, role for a spot market for natural gas. Emerging markets such as in Western Europe since the 1960s has been a set of segmented or spatially separated markets, where terms of trade were determined in a complex interrelated bargaining game comprising upstream as well as downstream agents. Within such a market structure, a transmission company has a rather strong market power, as a player “in between” the upstream supplier and the downstream buyers. This is the background framework for the stylized game-theoretic solutions we shall look at below.  

We study some very simple bargaining situations and the solutions that can be drawn from applying rationality assumptions well known in elementary game theory. We have here one producer (denoted P), one transmission company (T), and one local distribution company (D). The producer produces natural gas at a constant unit cost c. An amount x of the natural gas is sold to the transmission company at a negotiated price pP. The transmission company transfers the gas physically and in ownership terms to the distribution company at a price pT, and the distribution company in turn sells it to customers in its distribution region. At this stage we shall ignore the transmission cost and assume it is zero. The distribution company, we represent here as an agent of the ultimate users.

The reference case (P-T-D)

At the outset the bargaining takes place in one-on-one situations, i.e. between the transmission company and the producer and between the local distribution company and the transmission company. We take this as our reference case, when comparing with other bargaining/trading situations.

The optimization criteria for the three players set out as the following value functions:
(13.1)
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Here the optimization criteria of P and T are straightforward profit margins, while the criterion for D is the ultimate users’ utility of gas measured in monetary units, U(x), over the price paid to the transmission company.
 

Let us consider the type of contract between D and T. D would like to negotiate about the amount of gas x to be delivered and the transfer price pT demanded by the transmission company. 
Both parts of the contract have to be conditional on the price pP agreed in the bargaining between P and T. Hence, we are after a contract rule {x(pP), pT(pP)}, rather than a definite quantity and transfer price. 
A rationality condition we would like to postulate for this contract is that the total gain of the two parties should be as great as possible. In economic theory this condition is known as Pareto optimality. The next step would be a decision rule to determine the division of the total gain between thee two parties. Pareto optimality as a basis may seem a reasonable assumption if the splitting of the gains is based on fairness and equality between the two parties. If the situation allows one party to exploit the other in the splitting of the total gains, the underdog may not agree to a Pareto optimal solution, and prefer a Pareto inferior solution, which secures a greater absolute gain for the party. 
We shall reason here on the basis of bargaining between equal partners and apply the Nash bargaining theory, which for our purpose states that the bargaining outcome will be the solution of maximizing the product of the two parties’ payoff. 

If we look at the total payoff for the two parties, WT+WD, we see that the transfer price pT falls out of this expression. To maximize the total gain to the two parties then means to determine the quantity of gas maximizing WT+WD:
(13.2)
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The first order condition for (13.2) is that 
(13.3)
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(13.3) gives the optimal quantity of gas as a function of the producer price pP. We also see from this expression that the consumer price, pD, will have to be set by the local distribution company equal to the producer price for the consumers to demand the optimal amount of gas. We shall return to this aspect of the solution below. 

After the quantity thus has been decided, it remains to settle the transfer price pT. We apply the Nash bargaining theory and determine pT from
(13.4)
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From the way pT enters this criterion function it is easily found that the optimizing pT makes WT equal to WD and the solution for pT is
(13.5)
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Bargaining between the producer and the transmission company will then determine pP by
(13.6)
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The solution can be shown in a diagram with the U(x) and rays representing the average utility 
[image: image7.wmf]()
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, the transaction prices, pP and pT, and the unit cost, c, from origo to the ordinate of the optimal x=xref, see figure 13.1. 

Figure 13.1

[image: image8]
Notice that the first-order condition (13.3) implies that the tangent of U(x) at xref  is parallel to the pP ray. The local distribution company buys gas at price pT and sells it at price pP, incurring a deficit exactly equal to the gain for the transmission company. We assume here that this deficit is covered by lump-sum taxation, i.e. without distortionary effects. We shall use this simple standard case as a reference to compare with the solutions we get by making slightly different assumptions. 

For comparing the solutions from different cases we use a specific utility function and we adopt for this purpose U(x)=Ax1-( and also use (=0.5 for quantitative comparison of value functions and quantities. Using this function we find that 
(13.7)
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which gives
(13.8)
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and, hence, 
(13.9)
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Solving for c, pP, and pT as shares of 
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which for (=0.5 amount to 1/3, 1/2, and 3/4 of 
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We can then also easily find WD, WT, and WP as shares of Uref.
(13.11)
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The residual share is the production cost, C=cx, which amounts to 1/3 of U(xref). We accumulate the results in Table 13.1.

The integrated case (P-TD)
Another important case to consider is with the T and D players integrated, i.e. with only two players represented by the payoff functions. We can perhaps better interpret this game as a bargaining without the transmission intermediary. We now have the following value functions:
(13.12)
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Following the same reasoning as above we seek Pareto optimal solutions by
(13.13)
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The first order condition of this maximization is that 
(13.14)
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This gives the optimal solution with regard to the quantity of the gas to be produced and distributed as we now have a Pareto optimal solution comprising all the players in the game. The distribution price of the gas must then be set equal to the marginal cost. This implies that also in this case a deficit is incurred. It remains, however, to split the benefits between the producer and the consumers, As above we pose this as yet another cooperative Nash maximization.
(13.15)
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From this we can find pP and using the specified utility function we find the value functions as shares of total utility.
(13.16)
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The reference case with no deficit in distribution

Let us briefly consider an alternative to the lump-sum taxation required to cover the deficit of the distribution company by imposing a zero-profit condition for the distribution company (joint transmission-distribution company). Zero profit in the reference case implies
(13.17)
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which gives the optimal quantity of gas as a function of pT.

We follow the same reasoning as above and solve for pP from 
(13.18)
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or, equivalently, solve for 
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(13.19)
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Then, in the bargaining game between the producer and the transmission company we determine xref-zero from the same maximization as in (13.6). The result using the specified utility function is 
(13.20)
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which gives
(13.21)
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and, thus
(13.22)
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Finding c, pP, and pT as shares of 
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which for (=0.5 amount to 2/9, 1/3, and 1/2 of 
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[image: image31.wmf]1

()

9

1

()

6

1

()()

2

refzerorefzerorefzero

PP

refzerorefzerorefzero

TTP

refzerorefzerorefzero

DT

WpxcxUx

WpxpxUx

WUxpxUx

---

---

---

=×-×=

=×-×=

=-×=


See table 13.1.

The integrated case with no deficit in distribution

In the integrated solution we are also left with a deficit in the joint transmission-distribution company, equal to (pP-c)xin. We leave it as an exercise to show that if we impose a zero-profit condition here, i.e. U´(xin-zero)=pP, we get the same solution as in the reference situation, see table 13.1.   

* * *

This game-theoretic approach to the determination of transactions in the natural gas chain from production to consumption market can be extended to monopolistic situations. Three simple cases to explore are 

(1) T acts as a monopoly vs. the ultimate consumers;

(2) P acts as a monopoly vs. an integrated TD actor;

(3) P is a duopoly vs. an integrated TD actor.

Transmission exploiting monopolistic position

Ad (1): With the transmission company as a monopoly the quantity must be determined as the amount which equalizes the marginal cost for the transmission company which is pP, and the marginal revenue, which follows from the utility function:
(13.25)
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while the price is 
(13.26)
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The bargaining between the transmission company and the production company is now
(13.27)
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resulting in the solution as set out in Table 13.1. 

Production monopoly

Ad (2): With the producer as monopoly vs. an integrated TD actor we must have the quantity determined by equalization of the marginal cost and the marginal revenue:
(13.28)
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while 
(13.29)
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with results as given in Table 13.1.
Production duopoly
Ad (3): With a duopoly as producer and an integrated TD actor we get the cost- equal-to-marginal-revenue conditions for the two duopolists as 
(13.30)

[image: image37.wmf]12121

12122

()()

()()

PP

PP

pxxpxxxc

pxxpxxxc

¢

+++×=

¢

+++×=


By adding up these conditions we find
(13.31)
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from which follows the results in Table 13.1.

Table 13.1 summarizes the results. The last two rows in the table give the relative magnitude of the solutions of U(x) and x, respectively.

	Table 13.1 Seven cases compared. Values as shares of U(x)

	
	P-T- D ref. case
	P-TD
int. case
	Ref. case   no deficit
	Int. case no deficit
	T mono-poly
	P mono-poly
	P duo-poly

	WD
	1/4
	
1/4
	½
	1/2
	½
	1/2
	1/2

	WT
	1/4
	
	1/6
	
	¼
	
	

	WP
	1/6
	1/4
	1/9
	1/6
	1/12
	1/4
	1/8

	C
	1/3
	1/2
	2/9
	1/3
	1/6
	1/4
	3/8

	
	
	
	
	
	
	
	

	U
	24
	36
	16
	24
	12
	18
	27

	X
	576
	1296
	256
	576
	144
	324
	729


U(x)





x





PTx





PPx





cx








� The two ”inside” exporters are not in the exact same position, the Netherlands is a member of EU, while Norway is not. But also Norway as member EEA has to obey EU regulations. 


� The utility function U(x), which can be measures as the area under the demand curve for gas, can be conceived as part of a more comprehensive utility function V(x,y) = U(x) + y, where y is the amount spent on all other goods. Hence, we assume the marginal utility constant on the aggregate of all other goods under the changes we consider in the consumption of natural gas. This is a reasonable assumption when the expenditures for natural gas amount to a small share of the household budget. 
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