
REGULATORY REFORM AND  NETWORK EXPANSION: THE CASE OF THE JAPANESE NATURAL GAS INDUSTRY 
Masahiro ISHII, Professor, Faculty of Economics, Sophia University
Phone +81(3)3219-3395, e-mail mishii@sophia.ac.jp
Satoru HASHIMOTO, Assistant Professor, Faculty of Economics, Teikyo University

Phone +81(42)678-3281, e-mail s-hashi@main.teikyo-u.ac.jp
Koichiro TEZUKA, Professor, College of Economics, Nihon University

Phone +81(3)3219-3395, e-mail tezuka.koichiro@nihon-u.ac.jp 

Overview

Regarding the network infrastructure industries such as gas, electricity, railway, road etc., how to invest, construct and expand their network is one of the important issues. As for the natural gas industry, after developed countries in EU such as the UK, France, Germany, and Italy had constructed pipeline networks respectively, they enforced a deregulation scheme that was mandated by EU commission. In contrast, some countries such as East European countries and Japan have not completed natural gas pipeline networks throughout the countries. However, these countries have to execute deregulation while continuing to invest pipelines to extend the network infrastructure. 
    Focusing on the retail market in Japan, the natural gas industry has been deregulated gradually since 1995. In the reform of 1995, the government introduced a measure allowing customers who demanded 2,000,000 m3 or more to purchase gas from suppliers outside of their area. In the reform of 1999, the measure was amended so that customers, whose demand is more than 1,000,000 m3, could purchase gas from other suppliers. In addition, the government deregulated the retail sales price. In the reform of 2003, the gas pipeline service company was established by legal decree, and the range of liberalization was extended to 500,000 m3 or more. Finally, the range of liberalization was enlarged to 100,000 m3 or more in 2007. A complete liberalization that includes households will be achieved in 2017. 
     At the end of 2012, the trunk pipeline (high pressure pipeline) was approximately 3000 km in length, which was reasonably lower than that in the US and EU. Despite this situation, the government decided to enforce the unbundling regulation that divides an incumbent into a pipeline network company and a supplier, and it will be introduced in 2017. 
    The unbundling regulation influences the degree of market competition between incumbents and new entrants. However, the government has never discussed a change of voluntary pipeline investments and an importance of pipeline network construction. Unless the voluntary and adequate investments are executed by network companies after enforcing the unbundling regulation, suppliers would be confronted with the increase of retail price in the areas having a poor pipeline network, or have to build storage facilities to maintain stable procurement. 
　Regarding these points, we examine how a network company commits to construct the pipeline network under the regulatory reform. In other words, we see the effects the vertical bundling/unbundling policies on the pipeline expansions.  To address this problem, we construct a theoretic model with expressing network expansions, and obtain some results from the model.  By using these results, we provide some implications with respect to the pipeline expansion policy, especially in Japan. 
   The full paper is organized as follows: We first explain the background and purpose of the study, and summarise the previous studies. Second, we propose the model, and show the results. Third, we briefly explain the case of the regulatory reform and pipeline expansions in the Japanese natural gas industry, and have some interpretations from the results. Lastly, we conclude the research.  

Methods

We develop an economic model to examine the interrelation between energy supply competition within a network and extension of the network infrastructure. It is assumed that a network is necessary for supplying a good to consumers, and any firms can not supply without it. Consumers are assumed to be distributed on the nonnegative real line according to an exponential distribution. An open interval from zero to a positive number denotes an initial network size. Our model has two-stages. In the first stage, a firm, which possesses the network, decides the investment for extending the network. In the second stage, only consumers in the extended network can buy the goods, and the price is determined by the demand and supply.

 Under these settings, we compare two cases: First, we consider only one firm possesses the network and supplies the goods, that is monopoly. Second, the network is owned by one firm, but the another two firms supply the goods within the network, i.e. so called vertical unbundling. In the latter case, the network company charges two suppliers a per-unit price for the use of network. Additionally, in the vertical unbundling case, we examine the effect of a pricing scheme, which is a kind of two-part tariff. Each supplier is required the per-unit price and interest free loan to the network company. The fund is provided to enlarge the network. Then, in other words, the pricing scheme makes the network company finance the investment without the capital cost.
Results and Conclusions
The derived theorems give us the following three main results:
(1) Compared with the monopoly case, the vertical unbundling does not necessarily cause the lower price.
(2) We assume that the monopolist splits up into the network company and the supplier, and that a different supplier with an identical cost structure enters this market. If the capital cost of the network company increases due to the corporate split, it does not expand the network as much as the monopolist does.
(3) When an adequate pricing scheme described above is chosen, the network is enlarged as much as the monopoly case
Based on these 3 results, we apply the model to the real situation for pipeline expansions in the Japanese natural gas industry, and provide some policy implications.  First, in the monopoly case, the firm invest the pipeline in the more extended level than the other cases.  Second, if the vertical unbundling is applied to the natural gas sector in Japan, the downturn in investment for piplene extention may occur. However, thirdly, the fear of the underinvestment problem can be mitigated by introducing the appropriate pricing scheme. In this case, the practical problem is how to built in the appropriate scheme in the  gas market in Japan. 
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