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Overview

Standard economic theory presumes that prices are non-directional: Assuming that there is no transaction cost, the price of transferring Good X from Agent A to B must be equal to that of transferring the good in the opposite direction. This is owing to a simple no-arbitrage argument: If the selling price is greater than the buying price for an agent, the agent could make a profit by buying the good only to immediately sell it back. However, for some goods in the real world, this may not be the case. A typical example is of electricity. It is non-storable and thus must be consumed at the very moment of production, which makes it impossible for any agent to take the opportunity of arbitrage on a single transmission line.


Because of recent developments in electricity production and transmission technologies, bipolar trades between electric utility companies and customers have become popular. In fact, in some countries such as Germany, Spain, and Japan, the feed-in-tariff (FIT) policy has been introduced to promote renewable energy generation technologies.  Under this policy, electricity sold back to the utility company is growing in trade volume. With these recent changes in technology and policy, the purpose of this study is to develop a theory for pricing policy that allows the market to set directional prices.
Methodology
Consider a single electricity utility firm and a single, representative customer. Assume that the customer owns his generator. Electricity generated from the customer’s generator can be either consumed by the customer or sold to the utility firm. Also assume that these two parties are connected to each other with a single electric transmission line. In a traditional electric system, electricity flows from the utility firm to the customer. With the FIT policy, electricity may flow in the opposite direction under a different rate scheme. That is, consumers can sell the electricity they produce using their own generator back to the utility firm at a price different from the rates they would pay to the utility firm.


The consumer’s generator may not be a conventional thermal power generator. Rather, it may be photovoltaic (PV), wind powered, or powered by another renewable source. These generators may be more costly than conventional thermal generators; however, owing to the newer energy policy requirements, they are being widely promoted throughout the country. To cover such higher costs, the customer’s electricity selling price to the utility firm may be higher than his buying price from the firm.


Hereafter, we consider the behavior of the electricity customer who faces two electricity prices: One is the buying price that applies when electricity is purchased from the utility firm. The other is the selling price that applies when the electricity produced by the customer is sold back to the utility firm. We introduce the following notations:
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 welfare function of the customer
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 cost function of the customer’s generator
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: electricity produced by the customer
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: electricity purchased from the utility firm
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: electricity sold to the utility firm
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: buying price of electricity
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: selling price of electricity
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: composite goods other than electricity
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: upper limit of the budget constraint.
For the customer who faces the directional pricing scheme in electricity, the behavior is described by the following optimization problem:
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The constraint of Equation (3) (
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) represents a specific feature of the model in that electricity cannot flow in two directions at any given moment, and that the directions are always exclusive. Because of this constraint, the problem needs to be treated as mixed-integer programming (MIP). (There are many textbooks for mathematical programming, among which Hillier and Lieberman (1990) is a popular one).
Results

Solving the MIP problem numerically would be an easy task, but would not provide any insights. To derive generalized results, we rather solve the problem analytically. For this purpose, let us assume the following forms of utility and cost functions:
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 (The welfare function is quasi-linear),
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On the basis of the investigation of first order necessary conditions, we can construct demand or supply curves and the welfare gains for the representative customer. Because we have two prices for electricity, i.e., the buying price 
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 and the selling price 
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, the customer’s behavior is classified on the b-s plane. Figure 1 summarizes these results.
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Figure 1: Solution on the b-s plane
Conclusions

The model’s analytical solution depicts a complicated feature of directional pricing schemes. This indicates that the rate design has a higher degree of freedom than that of traditional electric utility pricing. The analysis presented here is preliminary in a sense that it only focuses on customer behavior; however, it is sufficient to show that typical market transaction and/or consumer behavior models studied so far in economic theory are not feasible for the analysis of emerging markets and policy issues with regard to electricity. We believe that our results contribute to a better understanding of rate design for newly defined electricity markets.
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