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Overview

By estimating changes in the cost function of Japan’s electricity supply system between 1970 and 2009, this paper attempts to evaluate the results of investments by electric power companies in constructing their own vertically-integrated power supply systems.

Over the aforementioned period, electricity demand and supply, along with Japan’s economy, have experienced rapidly changing phases of development. In the first half of these four decades (denoted as the first phase hereafter), supply increased to meet the imminent expanding demand. In the second half (the second phase hereafter), however, the aim was to achieve the higher efficiency that customers and regulators were seeking. In the first phase, by securing a fair rate of return on their investments, the regulator required electric power companies to ensure stable supply. Encouraged by these policies, they rapidly expanded their capacity to meet growing demand. On the other hand, in the second phase, backed by the tide of liberalization, the regulator amended policies to force cost-cutting, threatening to order divestures. In response to this new requirement, powe companies began to reduce their capital investments. Though total investment was curtailed in the second phase, power companies should have sought efficiency through innovation, not only in generation plants, but also in the grid and total supply systems.
The aim of this paper is to chart these changes while directly estimating the cost functions. Changes in the characteristics of the cost functions are considered to reflect changes in their primal policy. Firstly, when the primary goal of the system is to meet growing demand, the system may be constructed so that it is efficient when the capacity utilization rate is high. On the other hand, when the goal of the system is to increase cost-efficiency as a whole, the system may be constructed to be efficient even when the capacity utilization rate is relatively low. In the latter case, the system may be described as relatively more flexible in the sense that the system still works well even when a large part of the facilities are idle. Secondly, during the volatile economy of the second phase, if the system were to be constructed to be more efficient, this tendency could be captured by the distance between the short-run and long-run cost functions. The long-run cost function is defined as an envelopment of the short-run cost functions, and the short-run cost level should be equivalent to the long-run cost level if the output is at the optimal for the short-run. When the actual output deviates from the optimal level in the short-run, the cost level should increase following the short-run cost function, a situation common in the second phase volatile economy. Therefore, as the short-run cost function locates more apart from the long-run cost function, the short-run deviation of the capacity utilization rate from its optimal level should exhibit a more substantial cost increase. Thus, the gap between the long-run and short-run cost functions may exhibit additional measure of flexibility or robustness in the supply system. If these evaluation methods are deemed to be effective, they can be applied to evaluate another part of electrical supply system, a perspective that is different to absolute cost levels or simple indexes of technical efficiency.
Methods
The cost function, with which we explicitly examine the effect of capacity utilization levels, was investigated by Fuss and Waverman (1992) and other related papers. They employed the method to analyze differences in the cost structures of automobile industries in several countries. In estimating the trans-log cost function they assumed that, when a firm utilizes its entire capacity, it achieves the optimal efficiency. With this assumption, using production capacity and actual output as factors of the function, Fuss and Waverman (1992) estimated the cost structure. For the electricity industry it can not be assumed that when capacity is fully utilized, supply systems are designed to operate at maximum efficiency. The load factor has been persistently low especially in Japan. The power companies should therefore have paid special attention to this and adjusted their systems for this situation. In this paper, the cost functions are estimated under the assumption that the supply systems are designed to achieve maximum efficiency at a particular level of capacity utilization, being a level which can be less than 100 percent. Through this assumption, we can infer a target or policy in the system design of power companies. The planned optimal capacity utilization rate can be estimated through the coefficients of the estimated cost functions.
To evaluate another facet of the flexibility of the supply structure which captures the distance between the short-run and long-run cost functions, we examine the difference of the curvatures between the short-run and long-run cost functions in the neighborhood of the equilibrium. The curvature of the short-run cost function is expected to be stronger than that of the long-run as the latter is the envelopment of the former. Since the curvature of the short-run cost function at the equilibrium is much stronger, with a deviation of the capacity utilization rate from its optimal level, the cost increases at a more significant rate. When the supply structure is designed to be more flexible, the short-run deviation may not induce as much of an increase in the total cost. In contrast to this, an inflexible supply system suffers from significant cost increases with deviations from the equilibrium utilization rate. We expect the value of curvature to capture such tendencies. We tested the above hypothesis that the long-run cost function exhibits a gentler curvature relative to that of the short-run cost function, in other words more flexible in the second phase.
We used panel data of 9 integrated power companies in Japan between the years of 1970-2009. Trans-log cost functions with two share functions are estimated using the SURE model. The time period is divided into two phases, i.e. the first phase (1970-97) and the second phase (1998-2009). Estimations are carried out for each stage and the hypothesis that in the second phase, the total supply system was constructed to be more flexible is tested by comparing the estimated parameters. 
Results
The estimated optimal capacity utilization ratios are 66.1% and 49.3% percent for the first phase and second phase, respectively. Thus, we can follow the effect of policy changes on the power companies in Japan who have tried to adjust their supply system. The curvature of the short-run cost function was significantly larger than that of the long-run cost function in the first phase, while no significant differences were detected in the second phase. These results do not contradict our hypothesis that the supply system was constructed to be more flexible in the second phase relative to the first phase.
Conclusions

Estimating the changes in the cost function of the electricity supply system in Japan over the examined period, the outcomes of investments by power companies in constructing their own vertically-integrated systems can be identified in the flexibility of their cost structures. These are expressed as both the lowest optimal capacity utilization rate and the smallest distance between the long-run and short-run cost functions.

In seeking a smart grid system, some engineer says that power companies in Japan have already had such a system constructed for many years. If the identified evidence of structural change in cost functions corresponds to such achievements, the costly investments in previous years should be appreciated. Nevertheless, the electricity supply system develops over a long-term period. It may require many more years before the effects of recent regulation and the introduction of liberalization in the industry are evident.
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