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Reviewonce every three years to promote measures forenergy supply and
demand in a long-term, comprehensive and well-planned manner

[Targets]
○ Establishment of energy security trusted by the people
○ Establishment of the basis forsustainable growth through overall solution of energy issues and

environmental issues
○ Active contribution to resolving energy issues in Asia and in the world
[Strategic points]
○ Energy conservation front runner plan (improvement of consumption efficiency by 30%or more)
○ Next-generation plan fortransportation energy (about 80% of dependence on oil)
○ New energy innovation plan
○ NuclearEnergy National Plan (30-40% of electricity generated)
○ Comprehensive strategy to secure resources (independent development ratio of 40%)
○ Asia energy cooperation strategy, etc.

Basic Act on Energy Policy
June 2002

Basic Energy Plan
Approved by the Cabinet in October 2003 and

revised in March 2007

New National Energy Strategy
May 2006

①Ensuring stable supply
②Adaptation to environment
③Utilization of market

principles

Cool Earth 50
May 2007

Reduction of worldwide greenhouse gas emissions
by half from the current level

Cool Earth – Innovative
Energy Technology Program

March 2008

Kyoto Protocol Target
Achievement Plan

Approved by the Cabinet in April
2005 and revised in March 2008

Long-term Supply/Demand
Outlook

May 2008 (Advisory Committee for
Natural Resources and Energy)

Reduce greenhouse gas emissions in 2008-
2012 by 6% from the baseline year

○Outlook forenergy supply and demand in 2010
→ Possibility of achievement of Kyoto Protocol
○Outlook forenergy supply and demand in 2030
→ Completed shape of NewNational Energy

Strategy

Development of Innovative
Technology

Action Plan for Achieving a
Low-carbon Society

Approved by the Cabinet in July 2008

As for Japan, reduce 60-80% from the
current level by 2050

In June 2009, Prime Minister Taro Aso announced a target
to reduce greenhouse gas emissions in 2020 by 15% from
the 2005 level as Japan’s medium-term target.
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Environmental Energy
Technology Innovation Plan

May 2008

Dissemination of Existing
Advanced Technology

○ Increase the proportion of “zero emission
generation resources” to more than 50% by around
2020

○ Increase the introduction rate of photovoltaicpower
generation tenfold by 2020 and 40 times by 2030

○ Increase the proportion of next-generation vehicles
among newvehicles sold to one in two by 2020

1. Promotion of Japan’s Energy and Environmental Policies



Encourage ① utilization of non-fossil energy sources, and ② effective utilization of fossil energy materials by energy suppliers (Electricity and gas suppliers and oil companies)

Proposed legislation concerning utilization of non-fossil energy sources and effective utilization of fossil energy materials by energy suppliers

Need to promote the efforts by energy suppliers
・Make it mandatory to increase the use of non-fossil generation resources such as to increase the ratio of non-

fossil generation resources including photovoltaic power and nuclear power to 50% or higher by 2020 (electricity
utilities)

・Make it mandatory to buy electricity generated by photovoltaic power at appropriate prices (electricity utilities)
・Make it mandatory to utilize biofuels and biogases (oil companies and gas suppliers)
・Make it mandatory to effectively utilize crude oil and natural gas (oil companies and gas suppliers)

・More than 80% of Japan’s energy supply
depends on fossil fuels

<Need to sophisticate energy supply structure>

[Primary energy supply share in Japan]
[Greenhouse gas emissions of Japan (2005)]

Review the policy on substitution for oil and change the target of promotion of development and introduction from “alternative energy to oil” to “non-fossil energy” (new energy, nuclear energy, etc.)

Decide and announce the guidelines on the non-fossil energy that electricity and gas suppliers and oil companies should introduce in their plants and business establishments
<Example>
・Electricity and gas suppliers, oil companies and local public entities should cooperate with each other and facilitate the construction of large-scale photovoltaic power

generation (mega solar) facilities.
・Further promote the introduction of new energy such as photovoltaic power generation at public infrastructures including roads, harbors, railroads, airports and others

Proposed legislation to partly revise the act for promotion of development and introduction of alternative energy to oil

* These are given when the situation of efforts taken are significantly
inadequate in light of acceptance criteria.

<Examples of<Examples of
specific measures>specific measures>

Recommendation/order*

Formulation and submission of plan
(Energy suppliers of more than a certain scale)

N2O
1.9%

HFCs
0.5% PFCs

0.4% SF6
0.3%

CH4
1.8%

CO2 emissions of non-
energy origin 6.7%

CO2 emissions of
energy origin

88.4%

Basic policy
(Formulated by Minister of Economy, Trade and Industry)
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2. Outline of the Proposed Legislation for Amendment of Alternative Energy Act and the Proposed
Legislation for Upgrading the Energy Supply Structure

[Japan’s dependence on foreign fossil fuels (2005)] [Changes in crude oil price (WTI)]

Acceptance criteria
(Obligate① and② to certain energy suppliers)
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Dependence on fossil fuel

Dependence on oil

・Most of fossil fuels depends on overseas sources ・ Upsurge of resource nationalism
・ Steep fluctuations of resource prices as a whole

・ Need to reduce CO2 emissions of energy origin

Need to encourage technology development
(Example)
・Technology development for production and storage of hydrogen and fuel cells in preparation for creation of

hydrogen society
・Technology development for non-conventional resources (methane hydrate and oil sand)
・Technology development for highly efficient decomposition of petroleum residuum
・Technology development for integrated gasification combined cycle (IGCC) power generation
・Technology development of utilization of cellulosic biomass such as wood



The action plan was prepared in July 2008 as the specific measures to be taken to achieve Japan’s target (the so-called
“Fukuda Vision”) to reduce greenhouse gas emissions by 60-80% from the present level as a long-term target to be
achieved by 2050.

1. Japan’s target
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3. Action Plan for Achieving a Low-carbon Society (July 2008)

① Reduce Japan’s emissions by 60-80% from the present level by 2050
② To allow the world’s total emissions to peak out over the next 10-20 years or so
③ Aim to reach an agreement of the international community concerning equal and fair rules on the next framework and announce

Japan’s national targets for total quantity at a proper timing in 2009

2. Innovative technology development and dissemination of existing advanced technology (gas-related)

- Fuel cell technology (reduce the cost of stationary fuel cells to 400,000 yen per kW around 2020-2030 and improve the durability
thereof up to 90,000 hours for full-scale dissemination)

- Promote the development of CCS (carbon capture and storage) technology
- Improve the performance of and reduce the cost of fuel cells as the basic technology for fuel cell vehicles
- High-efficiency water heaters: accelerate dissemination of latent heat recovery water heaters (2.91-3.26 million units)

3. Support for efforts of municipalities and the public (gas-related)

- Encourage effective utilization of resources and energy obtained from sewerage and facilitate energy use on a district-wide basis



4. Environmental Characteristics of Natural Gas

Source: IEA Natural Gas Prospects to 2010
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Source: BP Statistical Review of World Energy 2008
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5. Proved Reserves of Natural Gas in the World

Asia Pacific
8%

Middle East
41%

Russia
25%

North America/Latin America
9%

Europe
9%

Africa
8%

177.36
trillion m3

(60.3 years)



Source: IEA World Energy Outlook 2008
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6. Outlook for Natural Gas Demand in the World

(1 billionm3)

Others
Middle East
Former Soviet Union countries
Europe
North America
Other Asian countries
Japan
India
China



Production outlook of un-conventional natural
gas resources in the U.S.
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Source: U.S. Energy Information Administration (EIA)Source: U.S. Energy Information Administration (EIA)

7. Production Expansion of Un-conventional Natural Gas Resources in the U.S.

(1 trillion cubic feet)

Shale gas

Coalbed methane

Tight sand gas

Non-conventionalproduction/total
gas production

Shale gas resources existing across U.S.
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8. Outline of CBM Projects in Australia

Source: The Institute of Energy Economics, Japan, Survey Report on Natural Gas Supply/Demand Trends in Asia Pacific and Atlantic Markets (March 2009)

Project Operator Location of
construction site

Production capacity
(10,000 tons/year)

Scheduled year to
start production

Gladstone
Fisherman’s
Landing LNG

(Train 1)
LNG Limited/Golar LNG
Arrow Energy/Shell

Fisherman’s
Landing

(Gladstone)

150 2012

(Train 2) 150 2014

GLNG Santos/Petronas Curtis Island
(Gladstone) 300 2014

Sun LNG Sunshine Gas/Sojitz Corporation Gladstone 50 2012
Queensland Curtis
LNG

(Train 1)
BG/Queensland Gas Company Curtis Island

(Gladstone) 740 2013
(Train 2)

Southern Cross
LNG

(Train 1)
LNG Impel Curtis Island

(Gladstone)

70-130 2014
(Train 2) 70-130 Unknown
(Train 3) 70-130 Unknown

Australian Pacific
LNG

(Train 1)

Origin energy/ConocoPhillips Gladstone

350 2014
(Train 2) 350 2015
(Train 3) Unknown 2015 and beyond
(Train 4) Unknown 2015 and beyond

(Total 1,400)

Shell/Arrow Energy LNG Shell/Arrow Energy Curtis Island
(Gladstone) Unknown Unknown

Total 3,000-3,180



Source: BP Statistical Review of World Energy 2008

<1997> <2007>

Nearly
double
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9. Changes in the Amount of LNG Exported in the World

Indonesia

Algeria

Malaysia

Australia

Brunei

UAE

Qatar

U.S.

Libya

(9 countries) (15 countries)

Qatar
Malaysia
Indonesia
Algeria
Nigeria
Australia
Trinidad and Tobago
Egypt
Oman
Brunei
UAE
Equatorial Guinea
U.S.
Libya
Norway

81.25 million
tons

165 million
tons



Source: A document prepared by the Agency for Natural Resources and Energy based on press releases issued by respective companies concerned
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10. List of Japan’s Long-term LNG Contracts
【In production】 【Under development/planning】

Country
Project name

(Loading terminal name) Term of agreement/years
Purchase amount

(10,000 tons/year) Buyer (amount) Country
Project name

(Loading terminal name) Term of agreement/years
Purchase amount
(10,000 tons/year) Buyer (amount)

U.S. Alaska
(Kenai)

(Start in 1969)
April 1989-March 2009/20 years

123
Tokyo EPCo (92), Tokyo Gas (31) Tangguh 2010-2025/25 years 12 Tohoku EPCo (12)

Brunei Brunei
(Lumut)

(Start in 1972)
April 1993-March 2013/20 years

601 Tokyo EPCo (403), Tokyo Gas (124), Osaka Gas (74) 2011-2015/5 years 300

UAE Abu Dhabi
(Das Island)

(Start in 1977)
April 1994-March 2019/25 years

430
Tokyo EPCo (430)

Indonesia
Badak (’73, ’81) Extension

(Bontang)
2016-2020/5 years 200

Kansai EPCo, Chubu EPCo, Kyushu EPCo, Nippon Steel
Corporation, Osaka Gas, Toho Gas

Badak (1973)
(Bontang)

(Start in 1977)
January 2000-December 2010/11 years

Kansai EPCo (257), Chubu EPCo (215), Kyushu EPCo (156),
Osaka Gas (130), Nippon Steel Corporation (62), Toho Gas (25) April 2009-March 2015/6 years Osaka Gas (50)

Badak (1981)
(Bontang)

(Start in 1983)
April 2003-March 2011/8 years

Chubu EPCo (165), Kansai EPCo (88), Toho Gas (55), Osaka Gas
(44) April 2009-March 2016/7 years Chubu EPCo (50)

Badak IV
(Bontang)

January 1994-December 2013/20 years Osaka Gas (126.5), Tokyo Gas (92), Toho Gas (11.5) April 2009-March 2017/8 years Kansai EPCo (40)

MCGC
(Bontang)

February 1996-December 2015/20 years

1,467

Hiroshima Gas (21), Osaka Gas (11), Nihon Gas (8) April 2009-March 2017/8 years Tokyo Gas (53)

Indonesia

Arun II
(Lhokseumawe)

(Start in 1984)
January 2005-December 2009/5 years 96 Tohoku EPCo (83),Tokyo EPCo (13) April 2009-March 2017/8 years Tokyo EPCo (30)

NWS
(Withnell Bay) August 1989- March 2009/20years 733

Tokyo EPCo (118), Chubu EPCo (105), Kansai EPCo (113),
Chugoku EPCo (111), Kyushu EPCo (105), Osaka Gas (79), Tokyo
Gas (79), Toho Gas (23)

April 2009-March 2017/8 years Kyushu EPCo (70)

April 2004-March 2029/25 years Tokyo Gas (107), Toho Gas (30) April 2009-March 2019/10 years Toho Gas (76)

April 2004-March 2034/30 years Osaka Gas (100)

NWS
(Withnell Bay)

April 2009-March 2021/12 years

512

Chugoku EPCo (143)

FY2005-2019/14 years Tohoku EPCo (40) → from 2010 (100) April 2009-March 2024/15 years Kansai EPCo (50)→from 2015 (93)

2005-2028/23 years Shizuoka Gas (13) FY2010-2018/9 years Tohoku EPCo (100)

NWS Expansion
(Withnell Bay)

April 2006-March 2021/15 years

340

Kyushu EPCo (50)

NWS Expansion
(Withnell Bay)

April 2009-March 2024/15 years

210

Chubu EPCo (60)

Australia

Bayu-Undan
(Darwin)

January 2006-December 2022/17 years 300 Tokyo EPCo (200),Tokyo Gas (100) 2010-2035/25 years Tokyo Gas (120) *5 year extension option

(Start in 1983)
April 2003-March 2018/15 years Tokyo EPCo (480), Tokyo Gas (260) 2010-2035/25 years Osaka Gas (150)

October 1993-October 2013/20 years Saibu Gas (36)

Gorgon

2010-2035/25 years

420

Chubu EPCo (150)

Malaysia Satu
(MLNG I)
(Bintulu)

FY2005-2012/8 years

777.6

Hiroshima Gas (1.6) FY2010 (latter term)-2025/15 years Tokyo Gas (150-175) *5 year extension option

June 1995-March 2015/20 years Tokyo Gas (80), Osaka Gas (60), Kansai EPCo (42), Toho Gas (28)

Australia

Pluto
FY2010 (latter term)-2025/15 years

375
Kansai EPCo (175-200)

March 1996-March 2016/20 years Tohoku EPCo (50)
Malaysia Satu

(MLNG I)
(Bintulu)

October 2013-October 2028/15 years Saibu Gas (39)

June 1996-March 2016/20 years Shizuoka Gas (45)
Malaysia Tiga
(MLNG III)

(Bintulu)
April 2009-March 2024/15 years Osaka Gas (92)

Malaysia Dewer
(MLNG II)
(Bintulu)

June 1997-May 2017/20 years

320

Gas Bureau, City of Sendai (15) April 2010-March 2025/15 years Shikoku EPCo (42)

March 2003-March 2023/20 years Japan Petroleum Exploration Co., Ltd. (48)

Malaysia

(Note 2)
April 2011- March 2031/20 years

227

Chubu EPCo (54)

April 2004-March 2024/20 years
Tokyo Gas (34), Toho Gas (22), Osaka Gas (12)
(*In addition, 8 ships on a single year basis (approx. 48) and 44
options of a total of the 3 companies)

Qatar Qatar Gas 4 2010-2024/14 years 110 Marubeni Corporation (110)

April 2005-March 2025/20 years Tohoku EPCo (50) Oman Oman Expansion
(Qalhat)

January 2009-December 2025/17 years 80 Osaka Gas (80)

Malaysia

Malaysia Tiga
(MLNG III)

(Bintulu)

April 2007-March 2027/20 years

266

Toho Gas (52) April 2008-March 2028/20 years Hiroshima Gas (21)

January 1997-December 2012/25 years Chubu EPCo (400) April 2007-March 2029/22 years Tokyo EPCo (150)

1998-2021/24 years Tokyo Gas (35), Osaka Gas (35) April 2007-March 2031/24 years Tokyo Gas (110)

January 1999-December 2021/23 years Tohoku EPCo (52), Tokyo EPCo (20), Kansai EPCo (29), Chugoku
EPCo (12) April 2008-March 2031/23 years Osaka Gas (20)

Qatar Qatar Gas
(Ras Laffan)

January 1997-December 2021/25 years

600

Toho Gas (17) April 2009-March 2030/21 years Kyushu EPCo (50)

November 2000-December 2024/24 years Osaka Gas (66) April 2009-March 2033/24 years Toho Gas (50)

2006-2021/15 years Tokyo EPCo, Mitsubishi Corporation (total 80) (Note 1) April 2010-March 2030/20 years Tohoku EPCo (42)Oman
Oman

(Qalhat)
April 2006-March 2021/15 years

216

ITOCHU Corporation (Chugoku EPCo) (70) April 2010-March 2028/18 years Saibu Gas (0.85)

Total 6,269.6

Russia Sakhalin II
(Prigorodnoye)

April 2011-March 2026/15 years

493.85

Chubu EPCo (50)

Total 2,739.85

Note 1: The amount of LNG accepted by Mitsubishi Corp. is delivered to the U.S. TEPCO and Mitsubishi Corp. decide on destinations for LNG according to demand/supply conditions in LNG market
where they are involved in.

Note 2: A system not to limit the supply source to projects in Malaysia and import a necessary quantity from Bintulu gas liquefaction plant.
Note 3: If the quantity in the basic contract may fluctuate due to options, the maximum quantity is presented.
Note 4: Those that are now under development or planning may not be fully indicated because of hearing survey.



* Share of LNG in Japan’s natural gas supply is about 96%.
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<FY2008><FY2000><FY1995>

Source: Trade Statistics of Japan

11. Changes in the Countries from which Japan Imports LNG

U.S.
3%

Indonesia

Malaysia

Australia

Brunei

UAE

43.69 million
tons

53.19 million
tons

68.13 million
tons

U.S.

Indonesia

MalaysiaAustralia

Qatar

Brunei

UAE Indonesia

Malaysia

Australia

Qatar

Brunei

UAE

Oman

Nigeria

Egypt
U.S.

[Method of calculation]
Quantity of LNG imported / (quantity of natural gas produced in Japan + quantity of LNG imported)
= 68,310,000 tons / (2,720,000 tons (LNG equivalent) + 68,310,000 tons)
≒ 96.2%
Source: Quantity of natural gas produced in Japan: 2008 edition of Natural Gas Annual Report by Japan Natural Gas Association (the figures

represent the results in 2007)
Quantity of LNG imported: Trade Statistics of Japan (the figures represent the results in 2007)



[Crystal structure of methane hydrate]
The green triangle represents a methane
molecule and red balls represent water
molecules.

○Methane hydrate is a glacial substance in which methane
molecules (natural gas) are taken into water molecules under
low-temperature and high-pressure conditions. Methane
hydrate is expected to come into commercial use in the future
as an un-conventional type of fossil fuel.

○ A huge amount of methane hydrate is estimated to occur in the
sea around Japan. Methane hydrate is expected to be Japan’s
new domestic energy resource.

○However, methane hydrate exists in a solid state underground.
Unlike oil and natural gas, methane hydrate does not spout on
itself from wells drilled. Therefore, it is needed to develop new
production technology.

What is methane hydrate?What is methane hydrate?

[Example of estimated resource base of methane hydrate in Japan]
○ 1.1 trillion cubic meters in Eastern Nankai Trough (JOGMEC (2007))

(Equivalent to Japan’s 14-year consumption of natural gas)

<Reference> 7.4 trillion cubic meters around Japan (Sato of Advanced Industrial
Science and Technology (1996))
(Equivalent to Japan’s 90- to 100-year consumption of natural gas)

Note: Resource base→ occurrence of resources including the quantity that is not
economically and technically recoverable

Source: Materials of Petroleum Committee of the Advisory Committee for
Natural Resources and Energy (September 29, 2008) 12

1: Nansei Islands Trench
2: NankaiTrough
3: East of Boso

Peninsula
4: Offshore of Kashima-

Nada
5: Chishima Trench
6: Eastern margin of the

Japan Sea
7: Toyama Trough1

2

3
4

56

7

Areas where methane hydrate
is expected to occur

12. Present State of Development of Methane Hydrate

Distribution of methane hydrate in theDistribution of methane hydrate in the
sea around Japansea around Japan

[Core of methane hydrate]
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Source: IEA Energy Balances of OECD (Non-OECD) Countries 2008

13. Percentage of Natural Gas in Primary Energy Supply by Countries

Percentage of Primary Energy Supply by Countries

Japan

Others

Nuclear

Crude oil/petroleum products

Coal

Natural gas

China U.S. U.K. Germany France Italy Spain Russia



Note 1: The amount of gas sold is 46.04655 MJ (11,000 kcal per m3).
Note 2: The figures in ( ) represent composition ratios (%) and the figures in【】 represent

year-on-year increase or decrease (%).

Source: Current Production Survey on Gas Utility Business
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(7.7)
【6.0】

(53.6)
【24.5】

(13.0)
【3.4】

(25.8)
【1.0】

【13.1】

● The amount of gas sold increased by about 1.8 times in 12 years from 1996 to 2007.
● In breakdown by application, the amount of gas sold for industrial use increased by about 2.9 times, that for commercial use by

about 1.5 times, and that for residential use about 1.1 times, respectively.

14. Changes in the Amount of Gas Sold in Japan (General Gas Utility Business)

FY1970
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The Agency for Natural Resources and Energy of Ministry of International Trade and Industry (at the time) insisted that gas groups
should be integrated from the standpoints of consumers, gas equipment manufacturers and gas suppliers in consideration of the status of
low-calorie gas groups due to increased use of natural gas and future movement, and proposed the plan in January 1990 as the specific
measures to realize such integration.

Starting point

High-calorie gases (natural gas, propane-air gas and SNG)

Low-calorie gases (11 groups)

Integrated low-calorie gases (5 groups)
Integration of gas groups

Step 1

Step 2

■ Integrate all city gases into a high-calorie gas group by the end of 2010.
■ As for those gas suppliers that provide gases containing carbon monoxide, the plan was carried out about one year ahead of schedule

and the change to high-calorie gases was completed by the end of fiscal 2008 in the wake of the gas poisoning accident in Kitami,
Hokkaido in January 2007.

* The number of gas suppliers that introduced natural gas in their business at the end of IGF 21 Plan: 178 companies
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15. IGF 21 Plan (Integrated Gas Family 21)

Content of IGF21 Plan

(Competed in March 1995)

Change to high-calorie gases

(To be completed in
late 2010)



・ LNG terminal (in operation)

/

Source: A document prepared by the Agency for Natural Resource
and Energy based on materials of respective companies

/

Hakodate Minato Plant
Hokkaido Gas

5,000 kl (1 unit)

Ishikari LNG Terminal
Undetermined

2012 (plan)

Yoshinoura Thermal
Power Station

Okinawa EPCo
2012 (plan)

Hachinohe LNG Terminal
Nippon Oil Corporation
4,500 kl (1 unit)

Shin-Sendai Thermal
Power Station
Tohoku EPCo
2016 (plan)

Minato Works
Gas Bureau, City of Sendai
80,000 kl (1 unit)

Niigata Terminal
Nihonkai LNG Co., Ltd.

720,000 kl (8 units)

Naoetsu LNG Terminal
INPEX Corporation

2014 (plan)

LNG handling facilities of Joetsu Thermal Power Station
Chubu EPCo

2012 (plan)

Higashi-Ohgijima
Tokyo EPCo
540,000 kl (9 units)

Sodegaura LNG Terminal
Tokyo Gas, Tokyo EPCo
2,660,000 kl (35 units)

Futtsu Terminal
Tokyo EPCo
1,110,000 kl (10 units)

Ohgishima LNG Terminal
Tokyo Gas
600,000 kl (3 units)NegishiLNG Terminal

Tokyo Gas, Tokyo EPCo
1,180,000 kl (14 units)

Shimizu LNG SodeshiTerminal
Shimizu LNG Co., Ltd.
177,200 kl (2 units)

Chita LNG Terminal
Chita LNG Co., Ltd.
640,000 kl (7 units)

Chita LNG Joint Terminal
Toho Gas, Chubu EPCo
300,000 kl (4 units)

Chita Midorihama Works
Toho Gas
200,000 kl (1 unit)

Yokkaichi LNG Center
Chubu EPCo
320,000 kl (4 units)

LNG handling facilities of Kawagoe Thermal Power Station
Chubu EPCo

480,000 kl (4 units)

Yokkaichi Plant
Toho Gas

160,000 kl (2 units)

Sakai LNG Center
Sakai LNG Co., Inc.
420,000 kl (3 units)

Himeji LNG Terminal
KansaiEPCo

520,000 kl (7 units)

Chikko Plant
Okayama Gas

7,000 kl (1 unit)

Mizushima LNG Terminal
Mizushima LNG Group

160,000 kl (1 unit)

HatsukaichiPlant
Hiroshima Gas

170,000 kl (2 units)

Yanai Terminal
Chugoku EPCo

480,000 kl (6 units)

Fukuhoku Works
Saibu Gas

70,000 kl (2 units)

NagasakiWorks
Saibu Gas

35,000 kl (1 unit)

Kagoshima Works
Nihon Gas

86,000 kl (2 units)

Oita LNG Terminal
Oita LNG Co., Ltd.
460,000 kl (5 units)

Matsuyama Plant
Shikoku Gas

10,000 kl (1 unit)

Sakaide LNG Terminal
Sakaide LNG Co., Inc

2010 (plan)

Takamatsu Plant
Shikoku Gas

10,000 kl (1 unit)

Himeji Terminal
Osaka Gas

740,000 kl (8 units)

Wakayama Power Station
KansaiEPCo

2018 or later (plan)

Senboku Terminal II
Osaka Gas
1,585,000 kl (18 units)

Senboku Terminal I
Osaka Gas
180,000 kl (4 units)

Name not determined
Saibu Gas

2015 (plan)

Hitachi Terminal
Tokyo Gas
2017 (plan)
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16. Present State of Japan’s Pipelines, LNG Terminals, etc.

Tobata Terminal
Kitakyushu Liquefied Natural

Gas Co., Inc.
480,000 kl (8 units)

・ LNG terminal (under planning or construction)

・ Satellite terminal (in operation/under construction)
(Totalstorage capacity of 300 kl or more)

・ Satellite terminal for coasters (in operation)

・Main pipeline network

・Pipeline network under planning or construction



Source: IEA Natural Gas Information
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Lake Charles

Elba Island

Cove Point

Everett

LNG receiving terminal

Gulf Gateway

17. Networks of Trunk Pipelines for Natural Gas in the U.S.



Source: IEA Natural Gas Information
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18. Networks of Trunk Pipelines for Natural Gas in Europe



[Conventional type]

Energy-saving rate: 13%
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Source: The Japan Gas Association

19. Dissemination of High-efficiency Gas Water Heaters (Eco-Jozu)

Exhaust gas (approx. 200℃)

Primary heat
exchange
(copper)

Recover 80%

Burner

Water Gas Hot water

[Conventional type (efficiency: 80%)]

[Latent heat recovery type]
Exhaust gas (50-80℃) Secondary heat

exchanger

Secondary heat
exchanger (stainless)

Recover 15%

Primary heat
exchanger
(copper)

Recover 80%

Neutralizer

Water Gas Hot
water

Drain

[Latent heat recovery type (efficiency: 95%)]

[Eco-Jozu]

(10,000 units) [Changes in dissemination of latent heat recovery water heater (Eco-Jozu)]

Number of units disseminated (left axis)

(100 million yen)

Totalbudget (right axis)

FY2002 FY2003 FY2004 FY2005 FY2006 FY2007 FY2008 FY2009 FY2010

■ Recover latent heat in exhaust gas, which cannot be measured by thermometers, by changing steam in exhaust gas into water in
secondary heat exchangers, and drastically improve the thermal efficiency (energy-saving rate is about 13%).

■ A subsidy system for introduction of latent heat recovery water heaters was created in fiscal 2002, and the cost of introduction
thereof is partially subsidized.



Name of project Period of project Outline of project

Research on construction of pipeline networks for HCNG (fuel made by blending
5-20% of hydrogen into natural gas) in Asia

1998-2000 Development of line pipe materials for transportation of HCNG through existing natural gas
pipelines

WE-NET Phase II Research and Development Task 7
Development of hydrogen supply station

1999-2002 Production and demonstration test of natural gas reforming hydrogen station

Development of hydrogen production system by using new PSA system 2000-2004 Development of technology that contributes to downsizing of PSA system

Development of hydrogen separation type reforming technology 2000-2004 Technology development for natural gas reforming function and hydrogen refining function of
hydrogen production system

Research and development of process technology for co-production of high-
efficiency substances by non-equilibrium reaction system

2001-2002 Technology development that contributes to the development of systems to produce hydrogen from
naturalgas under a temperature condition of about 500℃with the utilization of waste heat from
plants and factories such as gas turbines and others as a premise

Development of key technology for safe utilization of hydrogen, development of
key technology common to hydrogen, and research on basic properties of hydrogen

2003-2004 Acquisition of safety data that contribute to deregulation of natural gas reforming hydrogen stations

Development of key technology for safe utilization of hydrogen, research and
development of hydrogen infrastructures, and development for commercialization
of natural gas reforming hydrogen production systems for hydrogen stations

2003-2005 Development, demonstrated operation and acquisition of hydrogen production systems for natural
gas reforming hydrogen stations

Development of key technology for safe utilization of hydrogen, development of
key technology common to hydrogen, international joint research, and development
of high-performance reforming technology that uses fluidized-bed catalysis and
membrane separation

2005-2006 Development of hydrogen production systems that use fluidized-bed catalysis and hydrogen
separation membrane, which are aimed at still higher performance of hydrogen separation reforming
technology

Survey on the possibility of utilization of HCNG technology for creation of
hydrogen energy society

2005-2006 Survey on the possibility of and the challenge to realize the utilization of HCNG technology as an
option of hydrogen utilization technology for creation of hydrogen energy society

Development of key technology for safe utilization of hydrogen, research and
development of hydrogen infrastructures, and development of membrane
technology for highly efficient hydrogen production

2005-2007 Development for sophistication of system engineering technology through improvement of
efficiency of hydrogen separation reformers, and research and development of element technologies
at material and component levels, which contribute to improvement of durability and cost reduction

Development of key technology for safe utilization of hydrogen, development of
key technology common to hydrogen --international joint research, and
development of high-performance reforming technology that uses fluidized-bed
catalysis and membrane separation, which use CO2 separation technology together

2006-2007 Development of high-performance reforming technology that uses fluidized-bed catalysis and
membrane separation, which use CO2 separation technology together, with an aim to development of
technology to produce hydrogen from natural gas

Technology development such as standardization of new utilization forms of fuel
cells, research on improvement of performance characteristics, and development of
FC platform trucks and hydrogen supply systems

2006-2011 Development of fuel cell turret vehicles powered by fuel cells and systems to supply hydrogen
produced from natural gas

Technology development projects for systems of production, transportation and
storage of hydrogen, and research and development for improvement of durability
and cost reduction of hydrogen separation type reformers

2008-2012 Development of element technology that contributes to improvement of performance, cost reduction,
extension of service life and improvement of maintainability of hydrogen separation membrane
modules with an aim to completion of hydrogen separation reformer technology

20. Fuel Cell and Hydrogen-related Projects of New Energy and Industrial Technology
Development Organization (NEDO)

20



Gas engine system Gas turbine system Fuel cell system

• Generate power by converting the energy of
combustion gas into reciprocation of pistons
through the processes of suction, compression,
ignition, combustion and exhaustion.

• This system recovers waste heat in cooling water
of engines and exhaust gas in the form of steam
or warm water and copes with power generation
capacity from 1 kW to several thousand kWs.

[Princip]

21Source: The Japan Gas Association

21. Cogeneration Systems

Mixture

Induction
valve
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Exhaust valve

Intake Compression
Ignition/

combustion Exhaust

[Principle]

Air
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Shaft
output
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Fuel gas
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Air
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Exhaust

[Principle ]

Electrode Electrode

Fuel
electrode

Air
electrode

• Generate power by converting the energy of
combustion gas into rotation of turbines through
the processes of suction, compression, ignition,
combustion and exhaustion.

• This system recovers heat of exhaust gas as steam
or warm water and copes with power generation
capacity of tens of kWs to tens of thousands of
kWs.

• Extract hydrogen from natural gas by using the
reaction that is the reverse of the electrolysis of
water, create electricity and water by having the
extracted hydrogen react with oxygen in the air,
and recover the heat generated at the same time
as steam or warm water.

• In 2009, PEFC (polymer electrolyte fuel cell) for
residential use is introduced on the market, and
SOFC (solid oxide fuel cell) whose power
generation efficiency is expected to be further
improved in the future is also expected to be
commercialized.



* The figures in parentheses represent the ratio of large-volume supply to the amount of gas sold by major ten gas suppliers and the number of eligible customers (the settled number).
Results in fiscal 2007

Expanded liberalization ofExpanded liberalization of
retail gas saleretail gas sale

2 million m3

(approx. 48%, 1,300 cases)
March 1995- Large-scale plants, etc.

Annual gas usage
contracted

Large scale

● Creation of large-volume supply
system

● Introduction of yardstick-wise
assessment system

● Introduction of material cost
adjustment system

■Implement evaluation and
verification of institutional
reforms of gas utility
business to date (from the
fall of 2007 )

■Then, start review of a
desirable shape of full
liberalizationwithout
missing timing
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22. Institutional reforms of Japan’s Gas Utility Business

Small scale

November 1999-

April 2004-

April 2007-

1 million m3

(approx. 53%, 2,200 cases)

0.5 million m3

(approx. 56%, 3,600 cases)

0.1 million m3

(approx. 63%, 11,700 cases)

Under 0.1 million m3

(100%, about 20.6 million cases)
Residential/small-scale

commercial use

● Japan started the market liberalization for customers consuming two million cubic meters or more in 1995. Since then, the
liberalization was expanded in stages in 1999 and 2004.

● The fourth institutional reform was carried out from April 2007 to expand the liberalization for customers consuming 100,000
cubic meters or more.

Manufacturing industries in
general
Large-scale commercial
facilities, etc.

Medium-scale plants
City hotels, etc.

Small-scale plants
Business hotels, etc.

● Review of regulations on rates
→ From approvalsystemto notification

system
(In the case where the interests of
customers are not impaired such as
price reduction)

● Greater flexibility in wholesale supply
system

→ From approvalsystemto notification
system

◎ Establishment of procedures for
wheeling

◎ Legalization of “connection and
supply” to make new market entries
easier and ensure transparency and
fairness of wheeling

→ (Four major gas suppliers only)

● Creation of gas pipeline business
● Review of regulations on large-volume

supply
→ From approvalsystemto notification

system
● Abolition of notification systemfor

wholesale supply
● Promotion of effective use of LNG

terminals

◎ Make it mandatory for all general gas
utilities and gas pipeline operators to
prepare, notify and announce their
wheeling service

◎ Legalization of prohibition of
interruption of information and
discriminative handling

● Establishment of gas supply rules on
low-pressure pipes

◎ Introduction of simple balancing rule

◎ Establishment of gas wheeling service
rules on low-pressure pipes

◎ Greater flexibility in rules on settings
of gas wheeling charges

→ Calculation of depreciation cost in
proportion to actualpipe usage in the
calculation of depreciation



● Since the commencement of liberalization, gas rates have been reduced by the decline in gas supply cost, and the number of new entrants
and their supply shares have been increased to a certain extent through the growth of gas sold mainly for industrial use and competition in
the liberalized fields. On the other hand, the number of available gas suppliers are not necessarily enough. The disparity between domestic
prices and the disparity between domestic and overseas prices, and other problems still exist.

●As for LNG (liquefied natural gas), stable procurement has been realized to date through long-term contracts of private businesses. On the
other hand, against the background of increasing demand for LNG in the world, the supply and demand balance of LNG is expected to
become tighter from now on.

● The establishment of infrastructures such as gas pipeline networks and LNG terminals, which are the keys for stable supply, is well
underway. On the other hand, pipeline networks between major cities and between LNG terminals have not been established yet. There is
still room for establishment of infrastructures.

● In addition to the electric power companies and others that newly enter into the gas market and the competition among city gas suppliers,
the competition between gas and other types of energy (electricity, LPG, etc.) is also expected to be further intensified. The business
environment of local gas suppliers is becoming increasingly difficult because of the rise in material prices, decrease in the number of
households, decrease in demand densities in service areas, intensified inter-energy competition and others. Regardless of public or private,
the moves for business transfer, merger, privatization and others have come to the surface.

Overall evaluation
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23. Evaluation of Institutional Reforms Achieved to Date

● Taking it into consideration that the gradual expansion of liberalization has yielded certain results to date, it is appropriate to consider
further expansion of liberalization.

● In consideration of the changes in the environment surrounding the gas industry, it is appropriate to conduct as necessary the review of
various systems (wheeling service system, gas rate system, etc.) for which measures have been taken to date.

Points to be reviewed from now on



Basic Energy Plan

[Desirable gas utility business]

New National Energy Strategy
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24. Position of Gas Utility Business under the Present Policy

● Ensure the access to pipelines in a fair and transparent manner and promote stable supply of gas with general gas utilities, which are the
main suppliers responsible to reliably supply gas under a consistent system from upstream to downstream sectors, as the central figures.

● Encourage the establishment of gas pipeline networks through provision of appropriate incentives for investments in pipelines, mutual
connection thereof and utilization thereof by third parties from the viewpoint of invigoration of the gas market and promotion of fair
competition concerning the gas pipeline networks as the basic infrastructure for gas supply in Japan.

●Utilize the market supervision and dispute settlement systems, maintain fair competitive environment, promote assurance of appropriate
business operation, and ensure the market where the competitions among gas suppliers and gaseous energies effectively function.

●Carefully review how to fully liberalize the gas utility business down to small-volume customers, including households, by giving sufficient
considerations to the last resort service and ensuring of universal service, the impact of ensuring safety on consumers in the case where
suppliers are frequently changed, the level of desire to newly enter small-volume and residential use markets, the impact on long-term LNG
contracts and supply infrastructure investments, etc.

[Development of clean use of fossil energy]

● Invigorate wide-area distribution of natural gas and continue to facilitate the establishment of gas pipeline networks that contribute to
expanded use of such networks through multilateral support, including provision of investment incentives.



“Fourthly, among fossil fuels, while giving considerations to the balance with other fossil fuels, the conversion into the energy of less CO2 emissions, particularly gaseous energy, will be promoted. In addition, while
promoting cleaner use of fuels themselves as to oil, coal, etc., the development and introduction of more efficient utilization technology such as improvement of power generation efficiency will be encouraged to reduce
CO2.”

Chapter 1 Section 2 2. Basic policy to adapt to environment
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25. Measures Related to Natural Gas in the Energy Basic Plan①

“An environment required to foster dissemination of heat pumps, thermal storage systems, storage batteries and gas cooling, which contribute to peak shift and peak cut of electricity demand in summer and have already
come into commercial use, will be created, and the understanding of the people about the significance and necessity of load leveling will be promoted.”

Chapter 2 Section 2 2. Promotion of load leveling measures

② Promotion of technology development for fuel cell vehicles

As for fuel cell vehicles, it is absolutely necessary to thoroughly reduce the cost of fuel cells themselves and further improve their durability and efficiency, and to establish the safe, simple, efficient and low-cost
technologies to produce, store and transport hydrogen. The technology development and demonstration research to solve these problems will be continuously promoted.

③ Promotion of dissemination of CNG vehicles and LP-gas vehicles

The introduction of CNG vehicles and LP-gas vehicles, which have already been commercialized and whose environmental loads are small, will be continuously facilitated by the establishment of fuel supply
infrastructures in proportion to the progress of introduction of such vehicles and the automobile tax and automobile acquisition tax, which are applied to those automobiles that satisfy certain environmental standards,
while paying attention to ensuring of cost efficiency as a major challenge to be addressed.

Chapter 2 Section 3 3. (3) Approaches to develop and disseminate electric vehicles, fuel cell vehicles, etc.

“The utilization of waste-to-energy derived from fossil fuels is not considered as a type of renewable energy but will be continuously promoted because of the significance of effective utilization of untapped energy.”

“The development and utilization of new technologies for energy storage and transportation, highly efficient technologies to produce fuels of biomass origin by capitalizing on bio-technologies, and innovative
technologies for advanced use of energy, which contribute to the dissemination and dramatic improvement of efficiency of renewable energy and to the diversification of energy sources, will be promoted.”

Chapter 2 Section 3 4. (1) Position of new energies in energy policies

In encouraging the development, introduction and utilization of new energy, the technology development to improve the cost efficiency and performance thereof will be continuously an important key. Particularly Japan
has superior technologies as to solar cells and fuel cells, which have a broad range of applications and are expected to yield the effect of job creation. Japan positions solar cells and fuel cells in a strategic field and
continue to carry out the technology development thereof. As for fuel cells, Japan will also promote the technology development that contributes to efficiency improvement throughout the overall process of utilization,
including production, transportation and storage of hydrogen fuel, in addition to the development of fuel cells themselves. Moreover, Japan will intensively expedite the development of energy storage technology such as
storage batteries, which is the key to surmount the output instability of photovoltaic and wind power generation and to disseminate solar cells and fuel cells, and which is also the core technology to expand the possibility
of new energy such as improvement of performance and cost reduction of electric vehicles. As for the technologies for wind power generation and production of fuels of biomass origin, which are being developed
strategically overseas, Japan will also address them in consideration of such overseas trends. Specifically, Japan will continue to develop new technical options to explore the possibility of energy such as the development
and dissemination of non-silicon solar cells, development of thin solar cells with silicon films, development of highly efficient technologies to produce bioethanol based on biotechnology, development of technologies to
utilize gases of biomass origin, development of next-generation storage battery technologies, thorough reduction of fuel cell cost, and others.

Chapter 2 Section 3 4. (4) Promotion of technology development of innovative advanced energy utilization
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25. Measures Related to Natural Gas in the Energy Basic Plan②

① Position of natural gas in energy policy

Naturalgas accounts for about 14% of Japan’s primary energy supply, and almost all quantity of natural gas depends on imports. However, naturalgas broadly occurs in geographically dispersed areas other than the
Middle East, and the share of natural gas imported to Japan from the Middle East is only about 20%. As natural gas is imported mainly under long-term contracts of about 20 years, natural gas supply is generally stable
and secured, and the fluctuations of natural gas prices are smaller than that of oil. Moreover, naturalgas is a clean energy as its environmental loads are relatively smaller than that of other fossil fuels. Naturalgas is an
important energy from the viewpoints of both stably supply and environmental protection. Therefore, Japan will continue to facilitate the introduction and utilization of natural gas in consideration of the balance with
other energy sources such as oil, coal, nuclear energy, etc.

② Approaches to smooth procurement and domestic distribution of natural gas

The demand for LNG is expected to rise across the world in the future. In such circumstances, gas suppliers and the government will strengthen their bargaining power to negotiate with resource-producingcountries to
ensure stable supply from overseas by reinforcing overall relations with gas resource producing countries and trying to diversify supply sources. From the viewpoints of construction of domestic gas supply
infrastructures, which is significantly behind other countries, and invigoration of wide-area distribution of gas, Japan will promote the construction of gas pipeline networks, mutual connection thereof and utilization
thereof by third parties through provision of investment incentives in pipelines and cooperation among administrative organizations concerned.

③ Measures for demand expansion

To increase the utilization of natural gas at power stations, plants and factories, buildings, commercial facilities and others, Japan will take subsidy measures, in addition to voluntary efforts of gas suppliers. In the field
of city gas, Japan will lower selling prices through the establishment of competitive environment, in addition to wider use of efficient natural gas cogeneration and distributed generation resources such as fuel cells.

Chapter 2 Section 3 5. (1) Introduction and utilization of natural gas

As distributed energy systems can install energy sources in the vicinities of demand areas, cogeneration makes it easy to effectively utilize waste heat from power generation. As a result, overall efficiency of energy
conversion can be increased depending on conditions. Moreover, the people can directly contact energy technologies and deepen the understanding about effective utilization of energy. As the number of customers who
can use one distributed energy system is limited, an advantage of avoiding the risk of widely spreading the impact of interruption of transportation routes due to earthquakes and damage from a storm and flood can be
expected. Moreover, the distributed energy systems that utilize renewable energy such as sunlight, wind power and biomass also contribute to measures against global warming.

Therefore, takingthe approaches to construction of distributed energy systems is an important challenge to consider an ideal picture of energy in the future. In the field of electric power, for example, it is important to
expedite the development of dissemination of distributed generation resources such as fuel cells, cogeneration, photovoltaic power generation, wind power generation, biomass power generation and others as well as new
electricity storage systems as those that coexist with large-scale centralized supply systems such as nuclear power generation, which is hailed as Japan’s main power source in the future.

In realities, on the other hand, the output of those systems that utilize natural energy such as photovoltaic power generation and wind power generation tends to fluctuate, and backup generation resources are absolutely
necessary. Moreover, as these systems are still under development, their costs are higher than that of conventional energy at present. Of the systems that use fossil fuels, etc., moreover, it can be considered that some types
of distributed energy systems cause problems from the viewpoint of the possibility of interruption of fuel transportation routes to applicable systems due to earthquakes and damage from a storm and flood, fluctuations of
fuel costs due to energy supply and demand conditions, and “adaptation to environment” such as CO2 emissions.

Therefore, to undertake efforts for the construction of distributed energy systems, while evaluating and surmounting such problems and seeking appropriate combination with large-scale centralized generation resources
such as nuclear power generation, Japan will consider desirable systems and support measures to promote distributed energy and the development and dissemination of devices and systems to supplement distributed energy.
At the same time, it is also necessary to pay sufficient attention to such viewpoints as “adaptation to environment,” “cost efficiency” and “energy efficiency.”

Chapter 2 Section 3 7. (2) Approaches to establish distributed energy system
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25. Measures Related to Natural Gas in the Energy Basic Plan③

Hydrogen is a zero emission energy medium when it is utilized. Hydrogen can theoretically be produced from non-fossil fuels. In this sense, hydrogen is an environment-friendly secondary energy. Fuel cells are
important core technology for hydrogen energy systems. If the development of stationary fuel cells is advanced, it will be possible to create highly efficient distributed energy systems that can simultaneously supply
electricity and heat. Moreover, if the development of fuel cell vehicles is advanced, it will be possible to substitute transport fuels and improve the efficiency of energy consumption, and thereby harmful substances such as
NOx and PM are not produced and CO2 emissions are reduced. Fuelcells, which have the effects of highly efficient utilization of energy, diversification of energy sources, reduction in environmental loads and others, are
expected to be utilized in a broad range of fields, including electronic appliances such as personal computers, portable terminals.

For greater utilization of fuel cells, Japan will focus its all energies on the development of fuel cells that are aimed at thoroughly reducing their costs and further improving their durability and efficiency. As for hydrogen
as the fuel of such fuel cells, there are large problems of handling and cost, in addition to the problem of energy loss in each phase of production, transportation and storage of hydrogen at present. Therefore, while
encouraging the establishment of safe, simple, efficient and low-cost technologies to produce, store and transport hydrogen, Japan will seek desirable establishment of infrastructures from a hardware point of view to
supply hydrogen, as well as desirable establishment of infrastructures from a software point of view, including the review of regulations on production, storage, transportation and utilization of hydrogen. Moreover, Japan
will play a leading role in demonstration and introduction in an early stage.

Though hydrogen is a zero emission energy medium when it is utilized, there are emissions of CO2 and others in the case where hydrogen is produced from fossil fuels. Therefore, the technology to produce hydrogen by
reforming fossil fuels will be improved to reduce CO2 emissions and make it easier to capture and store CO2. In the future, utilization of by-product hydrogen such as by-product gas at steelworks and means that emit CO2
as little as possible, for example, hydrogen production that does not depend on fossil fuels, such as hydrogen production that utilizes nuclear energy, sunlight and biomass, are expected to be commercialized.

Chapter 2 Section 3 7. (3) Approaches to the realization of hydrogen energy society

To ensure stable and inexpensive supply from overseas, gas suppliers and the government will reinforce overall relations with resource-producingcountries and enhance bargaining power to negotiate with the supply side
by trying to diversify supply sources, and try to strengthen the ability of procurement through the efforts to give flexibility to terms and conditions of long-term contracts. At the same time, it is important to promote
cooperation more than ever between the government and private sectors, taking it into consideration that the supply side is represented by government agencies in many cases. In addition, the demand for LNG is expected
to increase all over the world in the future. In such circumstances, it is necessary for Japan to maintain its comparative advantages for procurement. For this purpose, while promoting the introduction and utilization of
naturalgas in Japan, the government will promote strategic technology development that contributes to maintenance and acquisition of comparative advantages and relevant investment projects. If the countries from which
Japan procures natural gas are developing countries, Japan will facilitate strategic cooperation with them through measures for economic cooperation.

Chapter 2 Section 4 1. (4) Strengthening of natural gas procurement strategy

“To promote the development and introduction of methane hydrate that is expected to be a promising domestic energy resource, Japan will steadily foster the development of new production and prospecting technologies
and environmental impact assessment and others with an aim to commercialization in the future, keeping a period of about ten years in mind. In addition to measures against global warming issues, Japan will address the
development of technologies to capture and store carbon dioxide from the viewpoint of contribution to highly efficient recovery of petroleum and coal bed methane and to development of gas fields that have a high content
of carbon dioxide.”

Chapter 2 Section 4 1. (8) Promotion, etc. of technology development contributing to strengthen resources acquisition capability
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25. Measures Related to Natural Gas in the Energy Basic Plan④

As Japan’s emergency response system with oil stockpiles as the pillar was designed in the past when about 80% of Japan’s energy was dependent on oil, Japan will look out across energy sources as a whole again and
inspect them in consideration of the supply and demand status and other characteristics of respective energy sources. As for natural gas, the shift to natural gas is now in progress all over the world. In Japan, too, natural
gas is being introduced not only by the conversion sector and large businesses but also by the commercial sector and small-to-medium businesses. The introduction of natural gas is well underway throughout Japan.
Therefore, for example, Japan will review its desirable emergency response system from a medium-to-long term point of view by conducting feasibility studies on construction of underground gas storage facilities that
utilize exhausted natural gas fields in consideration of the progress of construction of natural gas pipeline networks in Japan.

Chapter 2 Section 6 3. Strengthening of cross-sectional cooperation of energy sources in emergency management

In preparation for shifting the energy demand structure in the transport sector, which depends 100% on oil, to the next generation, Japan will put forward the development of next-generation low-emission vehicles such as
electric vehicles and fuel cell vehicles, technology development for higher performance of and further cost reduction in fuel cells as the common basic technology essential to these vehicles, development of safe, simple
and low-cost technologies for production, storage and transportation of hydrogen, development of high-efficiency bioethanol production technology, and development of technologies for next-generation liquid fuels
including GTL, BTL, CTL and others.

Chapter 3 Section 2 3. Priority measures for technologies contributing to energy diversification of transport sector

“As for hydrogen utilization/fuel cells, technology development and demonstration tests will be intensively conducted to encourage the development and dissemination of fuel cell vehicles and stationary fuel cells for
houses, etc.”

“As for biomass energy, while working in concert with “Biomass Japan Strategy,” the technologies to efficiently convert biomass resources into useful energy will be developed.”

Chapter 3 Section 2 4. Priority measures for technologies relating to new energies

“As for methane hydrate, medium-to-long term approaches are necessary to realize commercial development. As methane hydrate is expected to contribute to stable energy supply to Japan, technology development for
commercial production of methane hydrate will be promoted.”

Chapter 3 Section 2 5. Priority measures for technologies contributing to ensuring stable supply and effective/clean use of fossil fuels
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26. Measures Related to Natural Gas in the New National Energy Strategy ①

II. 3. (3)④ Promotion measures for development/dissemination of electric vehicles, fuel cell vehicles, etc.

i) Measures for promotion of dissemination of electric vehicles and fuel cell vehicles

Aiming at further dissemination of hybrid vehicles, electric vehicles and fuel cell vehicles, which have already come into commercial use, measures for promotion of dissemination thereof such as subsidies for purchase
of such vehicles will be promoted.

ii) Implementation of intensive technology development of batteries for “new-generation vehicles”

Hybrid vehicles realize drastic reduction in fuel consumption by combining engines with motors and batteries, and electric vehicles and fuel cell vehicles use such clean energy as electricity and hydrogen and highly
efficient motors to travel. Such vehicles are defined as “new-generation vehicles.” Batteries are common basic technology essential to these new-generation vehicles. Therefore, the technology development that leads
to sophistication and cost reduction of batteries will be intensively conducted in collaboration with industry, academia and government.

iii) Promotion of technology development for fuel cell vehicles

As for fuel cell vehicles, technology development and research for demonstration will be continued as it is needed to solve such problems as thorough cost reduction and further improvement of durability and efficiency
of fuel cells, in addition to higher performance thereof, and establishment of safe, simple, efficient and low-cost technologies for hydrogen storage.

II. 4. (3)① Expansion of “demand” and “supply” by introduction support measures based on progress stages

ii) Medium-to-long term support for growth of new energies in the phase of preparation for takeoff

To create and expand the new energy market from a medium-to-long term point of view, the support of technology development and demonstration tests will be promoted aiming at encouraging competition among
technology options concerning innovative technologies such as solar cells that are made of new materials, storage batteries that contribute to reduction in fluctuations of output of wind power generation, and fuel cells
that are aimed at realizing hydrogen society, and the buds of “demand” and “supply” in the future will be raised.

II. 4. (3)② Formation of solid “industrial structure” through harmonization with surrounding related industries and regions

ii) Incubation of allied industries in the strategic fields such as fuel cells, storage batteries, etc.

In addition to solar cells, in the strategic industry fields such as fuel cells, storage batteries and others, cross-sectoralallied industries to support such fields will be incubated and developed, aiming at improving the cost
efficiency in the industrial structure as a whole.

II. 4. (3)③ Promotion of innovative advanced energy utilization

With super combustion and energy storage as key elements, the basic technologies to support the energy economy in the future such as those that make it possible to get out of dependence on fossil fuels will be developed.

The development and dissemination of innovative technologies, including effective utilization of fossil fuels themselves, will be facilitated, and advanced use of energy will be fostered.

Specifically, Japan will continue to develop new technology options to find new possibilities of energy such as development and dissemination of non-silicon solar cells, development of thin solar cells with silicon films,
development of highly efficient technologies to produce bioethanol by utilizing biotechnologies and others, development of technologies to utilize gases of biomass origin, development of next-generation storage battery
technologies, thorough reduction of fuel cell cost, development of technologies to expand the scope of utilization of heavy oil such as non-conventionaloil, development of methane hydrate production technologies,
integrated coal gasification combined cycle and others.
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26. Measures Related to Natural Gas in the New National Energy Strategy ②

II. 6. Comprehensive strategy for resource security (1) concept

For Japan as a country largely depending on its energy resources from overseas, ensuring stable supply of energy resources is an issue that is linked directly with national security.

Therefore, with the aim of ensuring stable supply of oil, natural gas and others to our country, Japan will promote measures in a strategic and comprehensive manner such as reinforcement of broad relations with resource-
rich countries, resource development in resource-rich countries through assistance to Japanese companies, diversification of supply sources and others.

... Japan’s development of oil and natural gas overseas is conducted under the initiative of private companies, and Japanese companies engaged in such development are strongly supported by the government’s resource
diplomacy and the risk money to be supplied by the agencies concerned. Under this basic concept, approaches will be strengthened. Moreover, Japan will reinforce the ability of procurement of natural gas through
intensive procurement in consideration of changes in the environment of energy market.

II. 6. Comprehensive strategy for resource security (3) Specific approaches ① reinforcement of strategic and comprehensive approaches to ensuring resources

ii) Reinforcement of support for oil and natural gas development companies

The international competition for resources is now being intensified. In order for our country to expedite the development of oil and natural gas under the initiative of private companies in such circumstances, Japan
will promote incubation and reinforcement of core companies that have international competitiveness, business scale and technical strength to play a central role in such development, and enhance the support for such
core companies and other oil and natural gas development companies by the government and other organizations concerned such as Japan Oil, Gas and Metals National Corporation.

For this purpose, Japan will expand and reinforce strategic cooperation with the organizations concerned and respective functions such as thorough reinforcement of risk money supply by Japan Oil, Gas and Metals
National Corporation, maintenance and reinforcement of supply of funds by a new policy-based financial institution (which is slated to be born after the integration of Japan Bank for International Cooperation and
others) which will take charge of financing system for resource development, and reinforcement of risk-taking capability by Nippon Export and Investment Insurance.

Promoting technology development for reinforcement of ability to acquire resources by capitalizing on Japan’s advanced technologies will enhance Japan’s appeal to resource-rich countries.

From such a point of view, Japan will make focused efforts for the development of natural gas utilization technology such as GTL (gas-to-liquid) production technology, methane hydrate production technology, technology
for exploration, development and production of oil and natural gas such as EOR (enhanced oil recovery) technology, DME (dimethyl ether) development and utilization technology, technology to convert heavy oil such as
non-conventionaloil into lighter oil and refining technology, technology for clean use of coal, and carbon storage technology.

II. 6. Comprehensive strategy for resource security (3) Specific approaches ② Promotion of strategic resource technology development

As for LNG, Japan will reinforce the support for strategic cooperation between companies and for strategic technology development that makes it easier to win comparative advantages in negotiations with resource-rich
countries, and the support to be provided to related investment projects through policy-based financing, in order for Japanese companies to continue to maintain their leadership in the international LNG market in the future
even in such circumstances where the demand for LNG increases in China and India.

Specifically, Japan will create a setting for promotion of strategic information sharing about analyses of global market, demand trends and others by major companies that procure natural gas, and reinforce support through
reflection of the technologies that reinforce procurement capability in the energy technology strategy and reflection of investment projects that reinforce procurement capability in the guidelines for resource security.

II. 6. Comprehensive strategy for resource security (3) Specific approaches ③ Reinforcement of natural gas procurement strategy
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26. Measures Related to Natural Gas in the New National Energy Strategy ③

II. 6. Comprehensive strategy for resource security (3) Specific approaches ④ Development of clean use of fossil energy

By promoting efficient and less-environment-load use of oil, natural gas and coal, which supply most of energy to our country, Japan will be an advanced fossil fuel demand country.

Specifically, Japan will facilitate expanded utilization of natural gas with less CO2 load in a broad range of fields such as thermal power generation and industrial sector, development and dissemination of clean coal
technology such as integrated coal gasification combined cycle and integrated coal gasification fuel cell combined cycle, development and dissemination of technology for effective utilization of oil residue, and
development and dissemination of technology for capture and storage of CO2 produced by use of fossil fuels.

In addition, Japan will also continue to promote the construction of gas pipeline networks that invigorate wide-area distribution of natural gas and contribute to expansion of utilization thereof through multifaceted support,
including provision of incentives for investments.

II. 8. Concept of emergency response (3) Specific approaches ② Establishment of emergency response system for natural gas

The shift to natural gas is now being accelerated all over the world. In Japan, too, fuel shift to and introduction of natural gas are being promoted not only in the conversion sector and large businesses but also in the
commercial sector and small-to-medium businesses. The introduction of natural gas is well advanced throughout Japan. Amid growing importance of natural gas, it is necessary to strengthen the domestic supply system
in preparation for an event of sharp decrease in supply volume due to contingencies in supplier countries.

Therefore, from the viewpoint of improvement of domestic supply security, Japan will conduct feasibility studies on the establishment of systems to cope with natural gas supply disruption and proceed with discussions to
realize such systems in the medium-to-long term by encouraging the private sector to take the initiative in constructing wide-area natural gas pipeline networks, and in parallel to establish underground gas storage facilities
by utilizing exhausted natural gas fields in proportion to the progress of pipeline network construction.
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27. Measures Related to Natural Gas in the Energy Technology Strategy (Technology
Strategy Map 2007)

② Fuel diversification in transport sector

As for fuel cell vehicles, it is essential to establish the infrastructures and safety measures for hydrogen production and supply as well as to establish the technologies to increase cruising range of fuel cell vehicles, and
thoroughly reduce the cost of fuel cells and improve the durability thereof.

③ Promotion of development and introduction of new energies

Japan’s fuel cells are top-ranked in the world, and intensive development with the aim of early commercialization is crucial. As for fuel cell vehicles, the technology development, which is aimed at increasing the cruising
range, thoroughly reducing the cost and improving the durability, is considered important. As for stationary fuel cells, the technology development to improve power generation efficiency and durability is important.
Moreover, the technology development for safe and efficient production, transportation and storage of hydrogen as the fuel is also required. Together with such technology development, it is also necessary to promote
approaches to incubation of allied industries and approaches to demonstration tests, support of introduction and others.

⑤ Ensuring stable supply and effective/clean use of fossil fuels

As for technology development, it is necessary to intensively address the development of technology for effective utilization of oil such as the technology for sophisticated integration of complexes to efficiently produce
petroleum products, etc., technology to refine un-conventional oil resources, technology for utilization of natural gas such as GTL (gas-to-liquid) production technology that is expected to contribute to development of new
naturalgas fields and expansion of utilization of new fuels, EOR (enhanced oil recovery) technology, technology for production of methane hydrate, technology for exploration, development and production of oil and
naturalgas, technology for highly efficient gasification of coal that is superior in supply stability, and reforming technology that leads to development of new applications. At the same time, it is also needed to promote the
approaches to reinforce the relations with resource-rich countries, consideration of construction of supply infrastructures for new fuels, and demonstration projects and others.
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28. Measures Related to Natural Gas in the Kyoto Protocol Target Achievement Plan①

Promotion of energy use on a district-wide basis

As efficient energy supply to multiple facilities and buildings, interchange of energy between facilities and buildings, and energy use on a district-wide basis such as utilization of untapped energy are expected to yield a
great effect of CO2 emissions reduction in districts, multiple pieces of new energy utilization equipment are intensively introduced into districts, blocks and buildings in consideration of characteristics of districts,
promotion entities, feasibility, etc., and the introduction and dissemination of highly environment-friendly district cooling and heating will be promoted.

For this purpose, a broad range of parties concerned such as the central government, local public entities, energy supplies, local developers and others cooperate with each other, and efficient energy is selected based on the
evaluation conducted fro the viewpoint of global environment and urban environment. To boost understanding and cooperation on the demand side such as users of buildings, those districts that have a possibility of
energy use on a district-wide basis are presented, leading model projects are implemented, and environmental improvement is promoted by provision of information, and thereby district-wise measures such as energy use
on a district-wide basis by multiple buildings in collaboration on a block level or on a district level and the utilization of urban planning schemes are continuously taken.

Approaches across the boundary of entities

To reduce CO2 emissions in buildings, apartment houses and facilities as a whole, approaches across the boundary of entities concerned such as owners and tenants of buildings and energy suppliers will be activated.

For this purpose, the approaches to energy operation management of areas as a whole, collective management of energy in multiple buildings and energy management of the entire facilities will be promoted by utilizing IT.

Support of development and dissemination of highly efficient energy-saving equipment

In the field of hot water supply that accounts for about 30% of energy consumption at households, devices that are superior in energy-saving performance compared with conventional systems are developed and
commercialized such as CO2 refrigerant heat pump water heaters, latent heat recovery water heaters and gas engine water heaters. To accelerate the dissemination of these devices, the introduction of them will be
supported, further dissemination of them will be promoted by gas suppliers, and technology development to downsize them and make it easier to install them will be encouraged.

Approaches in water supply and sewage systems and waste disposal

As for sewage system, energy-saving measures will be taken such as improvement of equipment operation and introduction of more efficient air diffusers in reactor tanks and more efficient sludge dehydrators, and
measures for new energy will be taken such as utilization of solid fuels of sewage sludge origin and digestion gas for power generation, and effective utilization of heat (sewage heat) of sewage and sewage effluent.

Promotion of measures dedicated for automobiles

The environment to expedite the dissemination of highly fuel efficient automobiles such as clean diesel vehicles as well as clean energy automobiles 27 (CEV: clean energy vehicle) that contribute to CO2 emissions
reduction such as electric vehicles, hybrid vehicles, natural-gas-powered vehicles, etc. will be established such as assistance measures including subsidy systems and tax breaks, systems for evaluation and announcement of
fuel economy and others.
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28. Measures Related to Natural Gas in the Kyoto Protocol Target Achievement Plan②

Reduction of carbon dioxide emissions intensity of electric power sector

Measures for electric power load leveling that contributes to CO2 emissions reduction will be taken by dissemination of heat pumps, thermal storage systems, storage batteries and gas cooling

Introduction and expanded use of natural gas

As natural gas is a clean energy whose environmental loads are relatively smaller than that of other fossil fuels and occurs in geographically dispersed areas other than the Middle East, the shift to and introduction and
expanded utilization of natural gas will be facilitated in consideration of balance with other energy sources such as nuclear energy and energy security.

Realization of hydrogen society

Hydrogen is an energy medium that does not emit carbon dioxide when it is utilized, and can also be produced from fossil fuels. In this sense, hydrogen is an environment-friendly secondary energy.

Therefore, Japan will address the technology development, formulation of standards and criteria and review of regulations for fuel cells and hydrogen production as the key technologies for hydrogen society, and encourage
early adoption and dissemination thereof. Moreover, the technology development for hydrogen production that does not emit carbon dioxide will be promoted such as conversion of nuclear energy and renewable energy
into hydrogen.

Expanded introduction of new energies, etc.

As new energy, which utilizes sunlight, solar heat, wind power, biomass and others, greatly contributes to measures against global warming, the introduction of new energy will be promoted by well-organized support of
the government. Moreover, the approaches to the introduction of new energy that is produced and consumed locally will be evaluated and the best practice will be shared by introduction of advanced examples.

・To invigorate domestic gas distribution, the establishment of environment for development of natural gas infrastructures will be promoted by the private sector in an integrated manner.

・Fuel conversion of boilers for industrial use to natural gas and conversion of gas species of city gas suppliers to natural gas will be promoted.

・To promote efficient utilization of natural gas, the efficiency of gas turbines and gas engines will be improved, and the introduction of natural gas cogeneration and high-efficiency gas cooling that also contributes to
measures for electric power load leveling will be facilitated.

・The technology development for GTL (gas-to-liquid) and DME (dimethyl ether) produced from natural gas and methane hydrate will be fostered and the introduction thereof will be promoted.

・Comprehensive plans for introduction of new energy will be developed, implemented and evaluated by local public entities. Biomass heat utilization will be promoted in collaboration with the promotion of Biomass
Nippon Strategy, and measures for widespread utilization of solar heat and heat from wastes will be taken.

Distributed generation resources such as wind power generation, biomass power generation, photovoltaic power generation and cogeneration systems (of high energy efficiency), and fuel cells and others will be introduced
in consideration of technical challenges for interconnection with existing networks. With this approach, the introduction of new energy will be promoted in local communities as a whole, and energy systems to reduce CO2
emissions will be realized. For this purpose, pace-setting model projects will be implemented, and technology development and demonstration will be promoted.

At the same time, the utilization of untapped energy (temperature difference energy of sewage, etc. and heat of snow and ice) and waste heat from waste incineration will be promoted by utilizing the characteristics of local
communities for efficient energy supply in local areas.
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28. Measures Related to Natural Gas in the Kyoto Protocol Target Achievement Plan③

Promotion of biomass utilization

For construction of biomass energy towns that have systems to efficiently and collectively utilize various biomass resources that locally occur as heat, electricity, fuels, materials and others, information is disseminated and
local activities are promoted, and the construction of facilities for biomass resource utilization, and technology development for conversion and utilization of biomass energy will be facilitated.

Promotion of technology development from mid- to long-term viewpoint

The projects for ultra-high efficiency energy-saving technology, innovative low-cost and high-efficiency photovoltaic power generation technology and fuel cell and hydrogen utilization technology, improvement of
efficiency of coal-fired power generation, CO2 capture and storage technology and green IT will be supported.
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29. Measures Related to Natural Gas in the Action Plan for Achieving a Low-carbon
Society

II 1 Innovative Technology Development (1) Steady implementation of roadmap of innovative technology development

Necessary budgets will be ensured to promote the development of the 21 innovative energy technologies to be intensively addressed as shown in “Cool Earth -- Innovative Energy Technology Program” (innovative
photovoltaic power generation to achieve drastic efficiency improvement and cost reduction (aiming at establishing the solar cell technology of which power generation efficiency is higher than 40% and power generation
cost is seven yen per kWh in or after 2030 by using new materials and new structures), technology to use hydrogen as a reducing agent instead of coke such as plug-in hybrid vehicles, electric vehicles, etc. and innovative
steelmaking process that reduce CO2 emissions by the technology to separate and capture CO2 (basic research started in fiscal 2008 and demonstration tests are scheduled to start in fiscal 2013, aiming at establishing the
technology to reduce CO2 emissions at steelworks by about 30% by 2030 in consideration of the costs of hydrogen production and separation, capture and storage of CO2), advanced nuclear power generation technology
such as the next-generation light water reactor and fuel cell technology (aiming at full-scale dissemination of stationary fuel cells by reducing the cost to 400,000 yen per kW and improving the durability up to 90,000
hours of operation in about 2020-2030), ultra-high efficiency heat pumps that are effective for air-conditioning and hot water supply, which account for about 50% of CO2 emissions in the commercial sector (aiming at
reducing the cost to three-fourths of the present level in 2030 and improving the efficiency 1.5 times, and reducing the cost to half of the present level in 2050 and improving the efficiency twice as much)).

II 2 Dissemination of existing advanced technology (3) Introduction of next-generation vehicles

To reduce CO2 emissions in the transport sector that accounts for about 20% of total CO2 emissions, while reinforcing the technical strength and competitiveness of Japanese automobile industry, Japan aims to achieve an
ambitious target to introduce next-generation automobiles (hybrid vehicles, electric vehicles, plug-in hybrid vehicles, fuel cell vehicles, clean diesel vehicles, CNG vehicles, etc.) at the rate of one in every two new vehicles
sold by 2020, compared with the present rate of one in about every 50 new vehicles sold.

Specifically, initial demand will be created by substantial assistance to the introduction of vehicles such as partial subsidization of purchase costs, and the enhancement of performance and cost reduction of vehicles will be
promoted by technology development of next-general cells, fuel cells, etc. as the basic technology for electric vehicles, plug-in hybrid vehicles and fuel cell vehicles (aiming at increasing the capacity of next-generation
cells by 1.5 times the present level and reducing the cost thereof to one-seventh by 2015, and increasing the capacity by seven times and reducing the cost to one-fortieth by 2030). To wipe out the uneasiness about a dead
battery, at the same time, infrastructures for charging equipment, including quick charging equipment (for example, the time required for charging at home can be shortened by quick charging from about seven hours to
about 30 minutes), will be constructed. Measures for traffic flow such as promotion of intelligent transport system (ITS) will be taken. Comprehensive approaches to improvement of image of clean diesel vehicles and
dissemination thereof and the commercialization of next-generation low-emission trucks and buses will be facilitated.

II 2 Dissemination of existing advanced technology (5) Acceleration of introduction of energy-saving TV sets, water heaters, air-conditioners and refrigerators

The dissemination of energy-saving appliances that have achieved the top-runner standards will be encouraged such as TV sets (of which the efficiency was improved by 15.3% from fiscal 2004 to fiscal 2008), air-
conditioners (22.4% from fiscal 2004 to fiscal 2010), and refrigerators (21.0% from fiscal 2004 to fiscal 2010).

The dissemination of high-efficiency water heaters will be accelerated with the targets of achieving 4,460,000-5,200,000 CO2 refrigerant heat pump water heaters and 2,910,000-3,260,000latent heat recovery water heaters
by fiscal 2010. The research and development of large liquid crystal displays and plasma displays, semiconductors, and innovative energy-saving air-conditioners that use refrigerant with less greenhouse effect will be
conducted, and the introduction of high-efficiency water heaters, energy-saving natural refrigerant freezers, etc. will be supported.

IV 2 Creation of low-carbon cities and districts (1) Creation of low-carbon cities and districts by making use of local characteristics

Preservation of green spaces and urban afforestation, effective utilization of resources and energy in sewers, energy use on a district-wide basis, and effective utilization of various resources and energy in rural villages,
mountainous villages and fishing villages will be promoted.
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30. Trends of Energy Consumption for Residential Use and Business Use
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Hot water supply
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Smart energy network is an energy network where various sources of heat and electricity are linked together by distributed energy systems*,
and infrastructures are linked between multiple customers who can mutually use heat and electricity. Moreover, it pursues the optimum
combination of energy in consideration of energy conservation, CO2 emissions reduction and cost saving under optimum control of both
supply and demand systems by using interactive information and communication technology (ICT).
* Combined heat and power system, energy interchange infrastructure, and renewable energy system.

Photovoltaic power
generation

Renewable energy system

Heat network

Electric power network

Information network

Improvement of effects of energy
conservation and CO2 emissions reduction
•Effective use of fossil fuel
•Introduction of renewable energy
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31. Conceptual Scheme of Smart Energy Network

Wind power
generation Solar heat Biogas

Energy demand

Methane
fermentation reaction

Energy interchange infrastructure

Combined heat and
power system

Gas engine cogeneration Fuel cell

Control system

Constituent elements of smart energy network
① Combined heat and power system
⇒ Gas cogeneration, fuel cell etc.

② Energy interchange infrastructure: integrated utilization of heat and
electricity
⇒ Interchange infrastructure of heat and electricity: heat
piping/power line

③ Renewable energy system: zero emission enery source
⇒ Photovoltaic power generation, solar heat, biogas, etc.

④ Control system (communication infrastructure): optimum control of
area supply/demand
⇒ “Visualization” of energy information, sensor network, control
software

City gas network



・Local production and consumption of energy is realized by the optimum management of combination of three types of batteries (solar cells, fuel cells and stationary
storage batteries).

・Demands for electricity and heat are met efficiently by the optimum operation of fuel cells and stationary battery.
・Moreover, energy-saving actions of customers are provoked by transparency of energy, and life styles are reviewed to effectively use energy produced in each local area.

City gas

Optimum management of energy
(Optimization from both sides of supply and demand)

Visualization of energy (CO2)

Floor heating

Lighting

Electric power system

① Combined heat and power system: fuel cell cogeneration for
residential use

② Energy interchange infrastructure : power line, cold and hot
water pipe, battery

③ Renewable energy: photovoltaic power generation, solar heat
④ Control system (communication infrastructure): ultrasonic

meter, energy hub

Stationary battery

(1) Heat and electricity optimization type for detached
house (the minimum unit of smart energy network)
Renewable energy is supplemented by fuel cells
and storage battery, and the effects of energy
conservation and CO2 emissions reduction in a
detached house are maximized.

Source: The Japan Gas Association, materials of
Mr. Nakagami (a committee member)

32. Type of Smart Energy Network (1)
(Optimization of heat and electricity in detached house)
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Desiccant air-conditioner

Energy HUB

Mist sauna

Thermal load

Cogeneration system
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GE

Commercial building type

(2) Heat and electricity optimization type for the
whole building (heat and electricity
interchange system in building)
Upon grasping the load pattern of each
customer, optimum control is applied to the
whole building. Under the initiative of
customer, the effects of energy conservation
and CO2 emissions reduction are maximized
by visualization of energy usage in the building.

① Combined heat and power system: fuel cell
cogeneration, etc.

② Energy interchange infrastructure: power line,
cold and hot water pipe

③ Renewable energy: photovoltaic power
generation, solar heat, etc.

④ Control system (communication
infrastructure): integrated management system
for building
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Heat NWElectric power NW
Communication

NW

District

Cogeneration

Photovoltaic
power

generation

Supply-demand
balance control system

Solar heat

City gas NW

Photovoltaic power
generation

City gas NW
GEGE

GEGE

Heat NWHeat
utilization

Heat utilization

Waste incineration
plants, etc.

(2) Heat and electricity optimization
type for the whole building

32. Type of Smart Energy Network (2)-(4)

Solar heat collector
panel

Waste heat input type cold
and hot water supplier

Hot water

Heat
Heat exchanger

Gas

Electricity

Heating Cooling

Residential building type

Energy interchange by fuel cell

Electric power NW
Cogeneration

Communication
NW

Heat NW

(3) Heat and electricity optimization type for district (heat and electricity
interchange system in district)
In a certain district, heat and electricity are interchanged under the
optimum control of multiple distributed energy systems and energy
demand at multiple places. The effects of energy conservation and
CO2 emissions reduction are maximized by the optimum utilization
of heat and electricity, while expanding the introduction of renewable
energy.

① Combined heat and power system: gas engine cogeneration, fuel cell
cogeneration, etc.

② Energy interchange infrastructure: power line, intra-regional heat
network

③ Renewable energy: photovoltaic power generation, solar heat, etc.
④ Control system: intra-regional supply-demand balance control system

(4) Heat and electricity optimization type for wide
area (optimum control of energy supply and
demand in a wide area by using distributed
energy systems)
In a certain district or between districts, heat
and electricity are effectively utilized under the
optimum control of multiple distributed energy
systems and energy demand at multiple places.
The effects of energy conservation and CO2
emissions reduction are maximized by the
optimum utilization of heat and electricity in a
wide area, while expanding the introduction of
renewable energy.

① Combined heat and power system: gas engine
cogeneration, fuel cell cogeneration, etc.

② Energy interchange infrastructure: power line,
intra-regional heat network, etc.

③ Renewable energy: photovoltaic power
generation, solar heat, etc.

④ Control system: supply-demand control system,
communication infrastructure

Supply-demand
balance control system

(4) Heat and electricity optimization
type for wide area

(3) Heat and electricity optimization
type for district



Nuclear energy Renewable energy

Heat energy Power

Fossil fuel

Electric energy Hydrogen
Fuel cell

Water electrolysis

Hydrogen is a secondary energy
41Source: Materials of Professor Ohta of Yokohama

National University Graduate School

33. Hydrogen Energy System



LNG terminal
Offgas: CO2

concentration is 70-90%

FCFC

FCFC

FCFC

FCFC

FCFC

Liquefied CO2 lorry, etc.

Highly-efficient separation
and recovery of CO2

Low-carbon
hydrogen

Fuel cell vehicle

Pure hydrogen fuel cell
apartment building

CO2 storage
facility or CO2

treatment
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CH4
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Heating

Hydrogen
City gas
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Hydrogen separation tube
(Pd alloy membrane)
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Hydrogen stations and apartment buildings equipped with hydrogen fuel cell
(CO2 recovery hydrogen production system in hydrogen community)

42Source: Tokyo Gas Co., Ltd.

34. Mechanism of Hydrogen Production by Reforming Natural Gas

Low-carbon
hydrogen

City gas

Highly-efficient hydrogen
production equipment

Hydrogen
Compression and

liquefaction of CO2

◆ Membrane reformer with reforming efficiency of 80% or more
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35. Conceptual Scheme of Local Hydrogen Network

Apartment building utilizing
pure hydrogen fuel cell (FC)

High-concentration
CO2

High-concentration
CO2

Fuel cell vehicle

Liquefied CO2 lorry



Source: Materials of Professor Yamazaki of Tokyo Institute of Technology Graduate School
“All About Polymer Electrolyte Fuel Cell” written and edited by Hiroyuki Uchida, Hironosuke Ikeda, Chiaki Iwakura, Yoshio Takasu and supervised by Hideo
Tamura, NTS Inc. 44

Thermal power generation

Fuel cell

36. Energy Conversion by Fuel Cells

Combustion
(burner)

Heat energy

Rotation
(turbine)

Mechanical
energy

Power generation
(generator)

Electric energy
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Waste heat

(to seawater) Electric energy

Heat energyElectrochemical reaction

Difference in energy conversion method of thermal power generation and fuel cell
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37. CO2 Emissions of Energy Origin by Sector in Japan

Industrial sector (plants and factories, etc.)

1,219 million
ton-CO2

Transport sector (vehicles, ships, etc.)

Commercial and other sectors (commerce,
service, business establishments, etc.)

Residential sector

Energy conversion sector (power plants, etc.)

Source: Ministry of the Environment, FY2007 Greenhouse
Gas Emissions in Japan (definite value)



Energy-saving system of which the exhaust heat recovery efficiency is increased by thermal storage and preheating by turns by
conducting burning process in two burners by turns, which have built-in heat reservoirs.

Mechanism of regenerative burner
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Regenerative burner

38. Mechanism of Regenerative Burner

Air preheating

Heat storage of
exhaust

Heat
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Change-over valve
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Heat
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Solution
burner

Materials
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Ｐ

200℃

CO2
H2O

(NOx≒ 0)

Oxygen combustion system + Nitrogen removal + High-performance heat exchange system + CO2 recovery system

Loss of exhaust gas ≒ 0

CO2 emissions ≒ 0

47

39. Mechanism of High-efficiency Combustion System

Mechanism of high-efficiency combustion system

Waste heat recovery

(Heat recovered to make hot water)

Exhaust gas
absorption

CO2 recovery

Oxygen

Natural gas

A system to separate in advance nitrogen component that is not involved in combustion and heating, thoroughly recover the
quantity of heat from exhaust gas, and also eventually separate and capture CO2 produced.



Customer
Biogas self-consumption facility
(Generate electricity/heat by cogeneration
systems, boilers, etc., and utilize biogas)

[Sewage plant]

Customer
Biogas production facility

(Sludge digestion tank, etc.)

Customer
Biogas processing facility

(Refining/boosting/heat
adjustment/add odor, etc.)

Operation stabilization and higher
efficiency by cofiring city gas and biogas

M

On-site
utilization

Surplus
biogas

On-site utilization

Received
through pipeline

[City gas production plant]

Utilization as a
raw material of

city gas 48

40. Method of Use of Biogas

[Brewery] [Food factory]

[Gas pipeline]

[Meters, etc.]
(Equipment necessary to receive

biogas through pipeline)



(For business use) solar heat + gas absorption type chiller (For residential use) solar heat+ latent heat recovery water heater

(コンクリート手すり)

(床水上)

Solar heat collector installed in part
of a balcony of an apartment house

Hot water supply

Energy and CO2 emissions are saved by feeding hot water from
solar panels into a GeneLink (absorption type to use exhaust
heat) to convert it into cold water, and using solar heat for
heating and cooling.
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Source: The Japan Gas Association

[Eco-Jozu]

41. Combination of High-efficiency Equipment and Solar Heat

Solar panel (Vacuum
tube type)

Solar heat hot
water

Hot water
(heating/hot

water supply)

Cold and hot
water (cooling
and heating)

City gas

Cooling tower

Hot water
storage tank

(Cooling) 80-90℃
(Heating) 60-70℃

GeneLink (exhaust
heat input type gas
absorption cold and
hot water heater)

Hot water
storage tank

Hot water from solar panels is stored in a hot water storage tank.
If backup is needed, energy conservation and CO2 emissions
reduction in heating and hot water supply are fostered by using a
latent heat recovery water heater.


