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1. Introduction 

   This study tried to examine the several issues regarding the unbundling regulation in Japan on the basis of case studies and the comparison of regulations in EU and the United States. 
   In Japan, nearly all of its natural gas is imported from overseas via LNG tankers. In 2013, 90.1% of Japan’s total natural gas was imported as LNG, 6.4% was produced domestically, and the remainder was generated from imported petroleum-based gas. Upstream wholesale companies (gatherers) are responsible for either producing gas from domestic natural gas fields or importing natural gas from overseas as LNG. In the transport pipeline network, these gatherers sell the natural gas to downstream local distribution utilities, and they supply LNG with tank trucks outside the area. 

   Figure 1 illustrates the characteristics of pipeline networks in Japan. In the transport pipeline network, these gatherers sell the natural gas to downstream local distribution utilities via the network, while they supply LNG with tank trucks outside the area. One of the characteristics of pipeline networks in Japan is that a pipeline network radiates from a LNG terminal. Moreover, a trunk pipeline (an interstate pipeline) between networks is not basically constructed. As of December 2015, we cannot transport gas from Tokyo to Osaka via pipelines. In short, gas distribution utilities constructed LNG terminals close to cities with large populations, and after considering costs and profits of pipeline construction, the utilities construct pipelines from the LNG terminals. As a result, pipeline networks in Japan are radiated from the LNG terminals (Figure 1). 
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Figure 1 The radiate pipelines in Japan

   Outside the pipeline network area, gas distribution utilities uses tank trucks to haul LNG. Therefore, pipelines and LNG tank trucks are reciprocally complemented. As of January 2015, 117 distribution utilities purchase gas via pipelines, while 81 utilities purchase LNG via tank trucks
. A few utilities purchase gas using both pipelines and tank trucks. 
   It is difficult to make product differentiation of natural gas (Sadorsky, 2001). Gas suppliers have to compete with others at only price. If an incumbent owns both a transport and a distribution activity, it is a barrier to entry for new entrants that use third party access of pipelines. In fact, the government in UK introduced unbundling regulation in order to increase new entrants and improve the retail market competition (Weir, 1999). 
2. Regulatory reforms and pipeline investments 
   Almost large incumbents (Tokyo gas, Osaka gas, etc.) own both transmission activities and distribution activities, that is, the structure of them is vertically integrated. To pursue more intensive market competition, newly regulatory reform will start in 2017. Because the government extends the range of liberalization to all customers including households, they will be able to choose suppliers. In 2022, the government will introduce the unbundling regulation that separates an incumbent into a transmission (a pipeline network company) and a distribution company (a supplier). The authority will enforce price regulation on the transmission companies in order to maintain a natural monopoly, while the distribution company, excluding noncompetition areas, in principle, will be confronted with competition in the retail market. However, the unbundling regulation has three serious issues as follows. 

1. The regulatory authority is going to introduce the unbundling regulation into only Tokyo, Osaka, and Nagoya areas in 2022. 

2. The price determination mechanism in Japan is quite different from in EU. It is called “Pancake mechanism”. This is that the access fee is depended on the pipeline length that third party companies used. 

3. The pipeline companies may be reluctant to invest new pipelines sufficiently after the unbundling regulation is started. 

   The unbundling regulation intends to improve domestic retail market competition. The common features distinguish the network industries, and provision of final product to the consumer relies upon a “network” such as transmission grid and railroad system. The content of market reform is that the network is a natural monopoly and the final services provided by the industry are potentially competitive (Lapuerta and Moselle, 1999). However, this market reform assumes that the network to provide final services has been completed throughout the country. If the unbundling regulation is enforced even in the case that the pipeline network is still poor in a country, and the country-wide network would not be constructed, the domestic retail market might be less competitive. 
   Figure 2 shows the change of the amount of pipeline investment in Japan. Due to the dependent on imported LNG, the amount of distribution pipelines exceeds that of transmission pipelines
. 
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Figure 2 Pipeline investments 

3. Case studies 

   Here, this study explores three cases of transmission pipeline investments. First, we introduce Ibaragi-Tochigi line project. This project was started by Tokyo Gas in 2011, and was completed in 2015. Second, we describe Himeji-Okayama line project. This project was started by Osaka Gas in 2010. Third, Mie-Shiga line is described, and it was started by the joint ownership of Osaka Gas and Chubu Electric Power co. in 2005. All projects have been already completed. 

Table 1 Pipeline investment 

	Pipeline Name
	Investors
	Complete
	Distance
	Diameter
	Costs ($)

	Ibaragi-Tochigi-line
	Tokyo-Gas
	2015
	81km
	600mm
	360million

	Himeji-Okayama-line
	Osaka-Gas
	2014
	86km
	600mm
	270million

	Mie-Shiga-line
	Chubu-Electric-power,

Osaka-Gas
	2014
	60km
	600mm
	180million


   First, we describe the detail of Ibaragi-Tochigi line. This construction was started by Tokyo Gas in 2011, and was completed in 2015. According to Tokyo Gas infrastructure plans, it constructed both LNG storage tank (23kl) and LPG storage tank (5kl) at Hitachi seaport, and then invested the transmission pipeline from Hitachi LNG port to Maoka (Tochigi prefecture) being approximately 81km in length. Tokyo Gas invested 11 billion dollars in the two storage tanks, and 360 million dollars in the pipeline not only to supply in Tokyo area but also to provide natural gas for consumers in areas around the pipeline itself. In particular, there are thermal power station of Kobe Steel Ltd. (42kwh×3 plants) and those of Tokyo Electric Power Corporation (60kwh×2 plants) in the vicinity. Also, there are the natural monopoly areas of Nihon Gas (Supplier) and Tobu Gas (Supplier). Tokyo Gas sells natural gas to those companies via this pipeline. 

   This pipeline investment is affected by the following two important factors. First, Tokyo Gas faced potential large gas demand volume in the vicinity. Second, Tokyo Gas had a strategy trying to obtain the gas demand volume. The two factors led Tokyo Gas to invest this pipeline. Hence, we found that in order to carry out a pipeline investment, we need two factors, being the prospect of large gas demand and the strategies of suppliers. 
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Figure 3 Ibaragi-Tochigi pipeline (Source: Agency for natural resources and energy)
   Next, we describe Himeji-Okayama line. This investment was started by Osaka Gas in 2005, being 86 km in length. The purpose of this investment is to obtain new customers in the vicinity of pipeline construction areas. In particular, because there are a number of factories and thermal power stations in the vicinity, where is out of Osaka Gas monopoly area, the company tried to obtain large volume customers
. This pipeline was completed in 2014, and the cost was approximately 270 million dollars. 

   There are also two reasons why this investment was made. First, Osaka Gas faced large volume of gas demand and estimated the large volume of demand exactly. Second, Osaka Gas planned to obtain the demand positively. Hence, the reason why the investment was practiced would be both the large volume of gas demand in the vicinity and the positive strategies of suppliers. 
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Figure 4 Himeji-Okayama line (Source: Agency for natural resources and energy) 

   Finally, we describe Mie-Shiga line. This pipeline is 60 km in length, and the pipeline investment forms the joint ownership of Osaka Gas and Chubu Electric Power Company. Although there is not large volume of gas demand in the vicinity of this pipeline, Osaka Gas constructed a pipeline of 20 km in length and Chubu Electric Power Company built a pipeline of 40 km in length. However, by completion of the pipeline, the LNG storage tank of Chubu Electric Power Company was tied to Osaka Gas pipeline network. Both companies basically aim to improve security level of supply respectively. Osaka Gas aims to improve the security level of gas supply corresponding with the increase of gas demand in Osaka area, while Chubu electric power company aims to secure natural gas supply into thermal power stations beyond the status quo. Hence, one of the purposes of investment intends to secure gas supply. 
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Figure 5 Mie-Shiga line (Source: Agency for natural resources and energy)
   We found that the common essentials of the three investments are affected by supplier strategies. New pipeline investments are determined by not only the potential demand size but also a company’s strategy going after bigger market share. In contrast, even if a supplier expects that there is few gas demand volume in a particular area, the suppliers might construct pipelines. In the case of Mie-Shiga line, despite of prospect of few demand volume in the vicinity, the suppliers invested pipelines in order to raise the security level of supply. Hence, new pipeline investments might be affected by the strategies of suppliers. 
4. Conclusions 

   In this study, on the basis of three case studies in Japan, we explored the relationship between regulatory reform and pipeline investments. The case studies indicate the two important factors. First, when a supplier develops positive strategies to obtain potential gas demand in a particular area, the supplier invests a pipeline in the area. Therefore, the strategies of a supplier would be more important than the potential gas demand volume in the area. Second, even if a supplier expects that there is not large volume of gas demand in a particular area, the supplier might invest pipelines in the area from viewpoint of improving its supply security level. Hence, we concluded that supplier strategies affect pipeline investments significantly, and moreover, the strategies of suppliers affect the investments more strongly than potential gas demand volume. 

   The unbundling regulation being introduced by the government plans to separate an incumbent into a transmission company with having pipeline infrastructure and a supplier. After practicing the regulation, the transport company needs to plan pipeline investments. However, because of the difficulty of getting information about supplier strategies, the transmission company might not be able to invest adequately. Also, even if the transmission company practices to invest a pipeline based on the sole information of potential gas demand volume, the investment risk increases significantly compared with the case having information of both potential demand and strategies. Therefore, the unbundling regulation would decrease pipeline investments. 

   Finally, the role of the government after practicing the unbundling regulation is to plan for pipeline infrastructure getting information of sales strategies from suppliers. And then, pipeline companies should invest pipelines on the basis of the plan. 

   In this paper, we could not explore other factors. Therefore, the other factors also need to be investigated and will be the focus of future work. 
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� For example, JAPEX (Japan Petroleum Exploration Co., Ltd) transports LNG from Niigata to Akita (approximately 300 km) using tank trucks in order to sell the LNG into utilities. 


� In Japan, we do not generally classify pipelines as transmission pipelines and distribution pipelines. This study defines high pressure pipelines (1 Mhp) as transmission pipelines, and defines middle and low pressure pipelines as distribution pipelines. 


� Osaka Gas plans to provide natural gas to Okayama Gas (supplier) via this pipeline, and to provide gas to Kansai electric power company in order to generate electricity. And there are a number of manufacturing factories in the vicinity of the pipeline. 
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