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(1) Overview

 
Allocation of joint costs between customers is certainly one of the key issues faced by network industries, such as the gas and power sectors. Basically, the development of a network serving a large number of customers is contingent on the design of pricing policies that implicitly encourage individual customers to cooperate. Especially, these policies must reflect the large scale and scope economies observed. Following the introduction of cooperative game theory concepts, new cost sharing methods have emerged. In particular, a large amount of literature has been dedicated to the use of the Shapley value (1953) for its appealing axiomatic properties. Besides, as shown by Shapley (1971), for a convex game, the allocation based on the Shapley value belongs to its core which, according to Faulhaber (1975) can be interpreted as a cross-subsidy free set of cost allocations. In this vein, a rich applied literature has emerged in the 1970's to present possible applications of those concepts (see for example Gately (1974) for an application in the electric sector, Littlechild and Owen (1973) on aircraft landing fees and Young and al. (1980) in the case of water distribution infrastructure). As a result, high expectations were placed in a rapid diffusion of those techniques in the accountant community (see for example Hamlen and al. (1977)). Unfortunately those concepts have so far proved difficult to apply to some real-life problems usually faced in gas and electricity companies. For example in a simple cost sharing problem, customers can be considered as the players of a cooperative game. In such a n-customer game, the knowledge of n.2n-1 incremental costs is required to compute an allocation based on the Shapley value. This is obviously not tractable when considering games involving more than several dozens of players. 
Nevertheless, in network industries, markets can often be segmented in few types of substitutable customers (see Wooders and Zame (1984) for a formal definition of types). In this paper, we first show how an appropriate use of this market segmentation in customers types helps to reformulate the Shapley value in order to reduce the required number of incremental cost calculations. We then elaborate a numerical illustration, where this simple - but novel - reformulation of the Shapley value makes it possible to allocate a gas-pipe long-run cost between 118 customers. This illustrative example is based on a (concave) long-run cost function derived by Chenery (1949) for a 100-miles gas pipe. The users of this gas pipe are segmented in six types of substitutable customers: small cities, big cities, small industrial customers, big industrial customers with a seasonal consumption curve, big industrial customers with a flat consumption curve, and baseload gas turbines.
(2) Methods
The Shapley value is considered as an expected incremental cost. We sum up the probabilities allocated to coalitions which are equivalent – i.e., which include the same number of customers of each type – as they lead to the same incremental cost. This allows us to restate the Shapley value of each type of customers. An illustrative gas transmission pipe example is then proposed. In this example, a cost allocation based on the Shapley value of each customer is numerically computed thanks to a simple algorithm implemented on Matlab .
(3) Results 
With the reformulated Shapley value, the number of incremental costs to determine is significantly reduced. In practice, this makes it possible to compute the Shapley value of each type of consumers, when there are many customers, but of few types (whereas this computation would not be tractable with the usual formula of the Shapley value).
(4) Conclusions
Segmenting the market in few types of substitutable customers - at each node of the network - makes easier the computation of the Shapley value. Since scale and scope economies play a special role in gas transportation networks, there is a strong chance that a cost allocation based on the Shapley value belongs to the core of the corresponding game. In this case, by ensuring the absence of cross-subsidies between consumers, this leads to a fair pricing policy.
References
Chenery, B.H. (1949) "Engineering production functions", Quarterly Journal of Economics, 63(4), 507-531.

Faulhaber, G. R., (1975) “Cross-Subsidization: Pricing in Public Enterprises,”American Economic Review, 65(5), 966-977.

Gately D., (1974), "Sharing the Gains from Regional Cooperation: A Game Theoretic Application to Planning Investment in Electric Power", International Economic Review, 15(1), 195-208
Hamlen, S. , Hamlen, J. and Tschirhart, W. “The Use of Core-Theory in Joint Cost Allocation”, Accounting Review, 52(3), 616-27.

Littlechild, S. C., and Owen, G., “A Simple Expression for the Shapley value in a Special Case,” Management Science, 20, 370-72.

Shapley, L.S. (1971) "Cores of convex games", International Journal of Game Theory, 1, 11-26.
Shapley, L.S. (1953) "A value for n-person games", Annals of Mathematics Studies, 28, 307-317.
Wooders, M.H., Zame, W.R. (1984) "Approximate cores of large games", Econometrica, 52(6), 1327-1350.
