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Energy Resources and Technology

• -Development of Energy Technology Started with Power 
Revolution

• -Availability of Fossil Fuel Resources
• -Atomic Power (Nuclear Fission and Fusion) Technology and 

Resources
• - Supply Capability of Natural Energy and Technology
• -Energy Technology to Be Watched



Start of Power Revolution

Newcomen’s steam 
engine (utilizing 
vacuum power) 

Source：http://upload.wikimedia.org/wikipedia/commons/8/8e/Newcomens_Dampfmaschine_aus_Meyers_1890.png



Newcomen’s 
Steam Engine

Source：http://upload.wikimedia.org/wikipedia/commons/8/8e/Newcomens_Dampfmaschine_aus_Meyers_1890.png



From Power Revolution to the Age of Electricity and Cars
1712: Newcomen: steam engine
1769: Watt: separator-condenser (?) patented
1800: Volta: battery
1814: Stephenson: steam locomotive
1831: Faraday: the law of electro-genetic induction
1857: Colonel Drake: oil production
1860: Renoir: practical gas engine
1876: Otto: 4-cycle engine →1885: Daimler: petrol engine
1879: Edison: carbon lamp; Siemens: electric train 
1882: Edison: electric business (incorporated in 1881); power  system
1884: Parsons: steam turbine
1895: Diesel: compression ignition engine (diesel engine)
1903: Wright brothers: airplane
1938: Hahn: discovery of nuclear fission
1942: Fermi: nuclear reactor
1944: Whittle: jet plane (gas turbine)
1965: Gemini No. 5 equipped with fuel cell Steam engine

Electricity
Internal-combustion 
engine



Expanded transport networks in US ⇒ Slower infrastructure development

Speed of Technological Progress (1)

Source：A.Grubler: , Cambridge Univ. Press, 1998

‡



Transition from Horses to Cars in U.S.

Model Ｔ: 16million cars for 
1908－1926:  corresponds

160GW introduction in less 
than 20 years assuming 
10kW/car.

Shift in transportation mode from horse-and-buggy to automobile (USA) 
⇒Faster change in infrastructure technology

Speed of Technological Progress (2)

Source：A.Grubler: Technology and Global Change, Cambridge Univ. Press, 1998

‡



Innovation in Transport Technology and Expanded Mobility Demand (France)

Examples of Expanded Demand Brought by Technological Progress

Source：A.Grubler: Technology and Global Change, Cambridge Univ. Press, 1998

‡



Source: Kenji Yamaji, 2006, Energy, Environment and Economic Systems, Iwanami Shoten. Chart 2.4 (p.27).

Change in Composition of Global Primary Energy Resources,
Including Non-commercial Energy: Past and Future Prospect



Definitions of Energy Resources

• -- Confirmed reserves
• -- Yet-to-be-discovered resources
• -- Ultimate amount of recoverable resources:
• Cumulative usage + confirmed reserves + 

resources to be discovered
• -- Collection cost and collection technology 
• Primeval reserves, enhanced collection 

technology (EOR, etc.) …



Confirmed Reserves of Global Energy Resources
The number of years shows recoverable years 
( recoverable years = confirmed recoverable 
reserves/annual production; however, for uranium, 
there are sufficient amount in stock and the annual 
production (35 thousand tons) falls below annual 
demand (62 thousand tons). Therefore, for the 
recoverable years of uranium, confirmed recoverable 
r ese rves  were  d iv ided by annual  demand.) 

（Note 1)

The use of plutonium will extend the usable years of 
uranium by several times to some ten times longer.

(Note 2)

40 years

61years

227years

64years

984.2 
billion 
tons 
Coal

3.95 million tons

150 trillion  m3

1 trillion 46 billion bbl

Oil Natural gas Coal Uranium
End 2000 End 2000 End 2000 Jan.1999

Source: Drawing Book of Nuclear Power and Energy?

The 5th sheet(p.13)



A View That Petroleum Peak Use Will Come Before 2010

Source: Kenji Yamaji, 2006, Energy, Environment and Economic Systems, Iwanami Shoten. Chart 2-16 (p.45).

‡



Relations Between Conventional/Unconventional Resources 
& Crude Oil Prices

(US＄/bbl)

Oil-shale

Extra heavy oil 

Bitumen
Oil sandEOR 

colle 
ction 
rate : 
up to 
60%

EOR 
collection 
rate: up 
to 50%

Amount to 
be 

discovered

Remaining 
reserves 
confirmed

Amount 
already 

produced

Reference: Drawn based on the 
published data by Chevron, 
S.P.Holms.

Source :http://www．Meti．Go．jp/report/download files/g41004b02j.pdf,Report of Ministry of Economics, Trade & Industry (METI), p.19.
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Source:



Fission of U , Pu: approx. 200 MeV

（2TOE from fission of 1g U , Pu.）

DT fusion：１７．６MeV

‡

図１

Chart 1. Inter-nucleon Binding Energy & Nuclear Reaction Energy
Ｓｏｕｒｃｅ：

 

Masao Kitunezaki: Exposition: Nuclear Fusion, JAERI-M 90-150, Japan Atomic Energy Research Institute, (May 1996), p.9, Chart 1.

Deuterium

Fusion

Fission
Uranium

Neutron

Helium

Tritium

Atomic weight(=number of protons + number of neutrons)

B
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E
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E
nergy released (fusion)



D4

Natural abundance ratio of lithium isotope
Li6/Li7=7/93

：The reaction closest to 

practical application

Types of Fusion Reactions

Neutron (n) emission will cause the material to activate. 

Since tritium (T) is not naturally-occurring, it needs to be produced from lithium.



Will the Change Happen?
Light-Water Reactor→Fast-Breeder Reactor→Fusion Reactor

LWR, FBR and Fusion Reactor

‡

PF coil

Center solenoidal coil
TF coil support

Comparison of reactor vessel size of Tsuruga No.2 and Monju

Tsuruga No.2 (PWR): Electrical output of 1.16 million kWe

Monju (FBR prototype reactor): Electrical output of 280 thousand kWe

Vacuum case
Blanket module

Divertor

TF coil

Biologic shield

Cooling water piping

Cryostat

Coil current lead

Horizontal(parallel?)port

Shutoff panel

Divertor port

Coil supporting leg

Vacuum case pressure control tank

ITER tokamak reactor

Unit：m

ITER (fusion experimental reactor): Heat output of 1.5 million kWt ？

Comparison of reactor vessel size
‡ Kenji Yamaji, 990609 



A-32

‡

‡

Source：top：A.F. Henry, ”Nuclear Reactor Analysis”MIT Press, Fig.6.2(p263)
below：A.F. Henry, ”Nuclear Reactor Analysis”MIT Press, Fig.6.1(p263)



Composition of 1kg new fuel Composition of 1kg fuel taken out (30,000 MWd/T)  ‡

3%
235U

235U ember? 0.8%
236U converted 0.4%

Annihilation through fission (→FP)  1.8%*
Neutron 

97％
238U

Fast neutron 

Neutron Neutron 
Pu undergoes fission and annihilates 
(→FP) 1.0%*
Plutonium ember?                     0.9%

(incl. 0.6% of 239Pu & 241Pu?) 
TRU (trans-uranium) element  = 0.1%
238U undergoes fast fission 
and annihilate? (→FP)             0.2%*

238U ember?                   = 95%

*mark shows fission (approx. 3% in total). 

Approx. 30g undergo fission. (= equivalent to approx. 60t oil.) 
1ｋｇ

 
fuel of 3% uranium concentrate?

About 10 thousand-fold energy density 

(FP: fission product)

Uranium concentration 

4.5kg of 0.2% depleted uranium
(concentrated tail?)

Fuel burning in LWR

Source: Kenji Yamaji, 2006, Energy, Environment and Economic Systems, Iwanami Shoten. 
2006, Chart 2-17 (p.47).

Plutonium 
converted  
to TRU 

element? 

5.5kg natural uranium ( approx. 
40g 235U) 



‡

Country Reserves confirmed*1

Australia 930
Kazakhstan 854

Canada 437
South Africa 367

USA 348
Namibia 283

Brazil 262
Russia 175

Uzbekistan 172
Ukraine 131
Mongol 83
India 78
China 73
Niger 55
Japan 7
Others 288

Total 4,543

Adjusted total  *2 4,084

Table 8. Global Uranium Reserves by Country
(as of January 1, 2001)

(Unit: thousand tons U)

Data: OECD/NEA, IAEA URANIUM Resources, Production, Demand 2001.      ‡
(Note) *1: The tern “Reserves confirmed” here refers to “known resources”

in the  reference data.
*2: Adjusted total is the value less mining and refining losses.

Source: Atomic Energy Commission (ed.): White Paper on Atomic Energy, 2003 version (Dec., 2003), p.139.



Change in Uranium Production, Demand and Spot Price

Production (tU)

Demand (tU) 

Spot price 
(nominal)
Spot price
(2005 US$) 

*Balance between demand and supply is covered by commercial stock, nuclear disarmament HEU, re-concentration 
of depleted uranium, collected uranium, etc.

Source:http://www.jaea.go.jp/03/senryaku/seminar/06-10.pdf(p21)

Data of production & 
demand based on 
OECD/NEA-IAEA, 
2006.

Spot price based on 
Ux Consulting.
Real price adjusted 
based on US GDP real 
price deflator (June 
2006).

Real price(2005US$)

Demand (tU)

Nominal price Production (tU)
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Difference Between Thermal Power Generation & 
Atomic Power Generation

Steam

Water

Thermal
Power

Atomic 
Power

Burning oil, coal, gas, etc.

Boiler

Reactor

Uranium fission

Water

Steam

Feed-water pump

Transformer

Generator
Turbine

Steam condenser

Heated effluent

Cooling water 
(sea water)Feed-water

pump

Source:http://www.tepc-atomic.jp/library/zumen/pdf-data/all05.pdf    First sheet(p49)



出所：原子力事典ATOMICA

‡
Chart 2  Change in Capacity of  Atomic Power Generation 

Facilities in the World

Source:

In operation
Under construction
Being projected
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Amount of CO2 Emission by Power Source
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Source: http://www.fepc-atomic.jp/library/zumen/pdf-data/all05.pdf  9th sheet p45

[g- CO2 /kWh (net output?)] * CO2 Emission was calculated including all energy 
consumed, from mining raw materials to construction of 
generation facilities, etc. fuel transport, refining, operation, 
maintenance, etc. in addition to burning fuel for generation 
itself.
* Emission by atomic power includes those from currently 
planned domestic reprocessing of spent fuel, plu-thermal   
utilization (with one-time recycle presumed), high-level 
radioactive waste disposal, etc. 

Burning 
generation fuel
Facilities&
operations

G
eotherm

al
pow

erTypes of 
generation



Sun
(fusion energy) 

Direct reflection (30%) 

173,000 trillion W 

Short-wavelength radiation 
52,000 trillion W 

Direct conversion to heat:  81,000 trillion W 

Long-wavelength radiation  
(infrared ray) 

Moon

Evaporation, rainfall, etc. (23%) 40,000 trillion W
Winds, waves, etc.: 370 trillion W 

Photosynthesis: 80 trillion W →Plants 

Sea tide/current: 
8 trillion W 

Heat conduction:
32 trillion W

Volcano/hot springs
0.3 trillion W

Geothermal heatNatural energy

Nuclear  energy

Fossil energy

Energy consumption by humans
(approx. 13 trillion W)

Recycled energy

Production/wastes

Food/raw materials

Energy Balance of the Earth and Various Energy Resources ‡

‡

Source: Kenji Yamaji, Energy, Environment and Economic Systems, Iwanami Shoten, 2006. Chart 1.2 (p.19).



Natural Energy Poses Economic Efficiency Concerns 
Rather Than the Concerns about Amount of Resources 

In Case of Solar Battery

• Background information:
• Facility occupancy rate = actual output (kWh)/ (rating capacity of the facility (kWh) x 8,760 (h))
• Provided that the rating capacity of solar battery is 1kWh, then annual output will be about 1,000kWh 

under the insolation condition in Japan.
• Facility occupancy rate of solar battery is 11~12% (= 1,000/8,760); whereas it is 70~80% in case of 

thermal or atomic power. 

• Economic efficiency of solar battery generation:
• Facility cost: X yen/ kW
• Area required for installation: η as efficiency, 1/η (m2/kW); if η=10%, 10km2 for 1 million kW.
• Facility life: Y years
• Simple generation cost with discount rate* disregarded: X/1,000Y.
• X = 500 thousand yen, Y = 20 years → generation cost = ¥25/kWh.

• However, the above calculation seems too easy:
• 1) Discount rate (future money value should be discounted): as 3%/year, capital recovery coefficient 

for 20 years is 0.067 → annual capital cost of 0.067 X yen → generation cost = ¥33.5.
• 2) Electricity from solar battery is not always supplied as needed. → additional cost, including storage 

devices, required.



World Power Generation

‡

Coal Oil Gas Water Nuclear others Growth rate
Growth 
rate(%)(Trillion kWh)

(year)

Data: IEA  Energy Balance of OECD Countries& Energy Statistics and Balances of non-OECE Countries.

Source: Agency for Resources and Energy, P272, NO.223-1-5.



新エネルギー導入実績と導入目標新エネルギー導入実績と導入目標 New Energy in JapanNew Energy in Japan

838
万Kl

1072
万Kl

２００２年度 ２０１０年度目標

太陽光発電
１５．６万ｋｌ
（６３．７万ｋＷ）

１１８万ｋｌ
（４８２万ｋＷ）

風力発電
１８．９万ｋｌ
（４６．３万ｋＷ）

１３４万ｋｌ
（３００万ｋＷ）

廃棄物発電＋
バイオマス発電

１７４．６万ｋｌ
（１６１．８万ｋＷ）

５８６万ｋｌ
（４５０万ｋＷ）

太陽熱利用 ７４万ｋｌ ９０万ｋｌ

廃棄物熱利用 １６４万ｋｌ １８６万ｋｌ

バイオマス熱利用 ６８万ｋｌ ３０８万ｋｌ

未利用エネルギー ４．６万ｋｌ ５．０万ｋｌ

黒液・廃材等 ４７１万ｋｌ ４８３万ｋｌ

９９１万ｋｌ
（１．７％）

１，９１０万ｋｌ
（３％程度）

熱
利
用
分
野

合計
（対１次エネルギー供給比）

発
電
分
野

※発電分野及び熱利用分野の各内訳は、目標達成にあたっての目安
※１輸送用燃料におけるバイオマス由来燃料（５０万ｋｌ）を含む。
※２未利用ｴﾈﾙｷﾞｰには雪氷冷熱を含む。
※３黒液・廃材等はバイオマスの１つであり、発電として利用される分を一部含む。黒

液・廃材等の導入量は、エネルギーモデルにおける紙パの生産水準に依存するため、
モデルで内生的に試算されたもの。

※１

※３

Photovoltaic

Electric 
generation

Wind power

Waste power & 
Biomass power

Heat
Utilization

Solar heat

Waste heat

Biomass heat

Unutilized energy※２

Black liquor & Waste material

Sum
(Primary energy supply ratio)



Amount of Photovoltaic Systems Introduced
(10 thousand kW)

Generating Cost of Residential Photovoltaic Systems 
(10 thousand yen/kW)

666769
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システム価格

1kWh当たり

 
の発電コスト

260円/kWh

140円/kWh

120円/kWh

82円/kWh
72円/kWh 71円/kWh

65円/kWh

58円/kWh
52円/kWh

49円/kWh48円/kWh46円/kWh 46円/kWh

１９９３ １９９４ １９９５ １９９６ １９９７ １９９８ １９９９ ２０００ ２００１ ２００２ ２００３ ２００４ ２００５

~Present Status around Photovoltaic Generation in Japan~

▪

 

For PV generation, cost reduction to one fifth has been achieved, compared with that of the early 90’s.
▪

 

As a result, Japan has secured  a position as a world leader in technology and introduction.

‡ Data: Japan Photovoltaic Energy Association

Generating cost 
per kilowatt-hour

Power plant cost 
per kilowatt-hour

The total number of introduced 
residential photovoltaic system

The total number of introduced 
photovoltaic system



出典：ＩＥＡ

International Trends on Renewable EnergyInternational Trends on Renewable Energy
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World energy input (cumulative) and its growth

Share by country in energy input (cumulative)

ＭＷ World energy input (cumulative) and its growth

End 2001 End 2005

Germany ８７５３(35.6%) １８４２７(31.1%)

Spain ３３３５(13.6%) １００２８（16.9%)

USA ４２４５（17.2%) ９１４２（15.4%)

Japan ３００（1.2%) １１５０（1.9%)
World total ２４５７４(100%) ５９２０６(100%)

Share by country in the energy input (cumulative)

▪

 

In recent years, cumulative energy input by solar heat has been increasing at the annual rate of about 
40% over previous years throughout the world, while wind power is increasing by 20~25%.
▪

 

For solar heat, Germany has reached the same level as Japan in cumulative energy input. For wind 
power, Japan remains at a low level compared with major countries, although her share is increasing.

Solar Heat

出典：Windpower Monthly等

Wind Power
ＭＷ

PV

‡

Cumulative energy input
Growth rate over previous year 

Source: METI, http://www. meti. go. jp/committee/materials/downloadfiles/g61108d07j.pdf p14(15th sheet) 

Cumulative energy input 
Growth rate overprevious year 



Present Situation of Japan and Her Immediate GoalPresent Situation of Japan and Her Immediate Goal
~Positioning of Renewable Energy and Current Picture~~Positioning of Renewable Energy and Current Picture~

Renewable Energy

Heat area Power area

New Energy

Large hydro-electric systems, etc.

As?RPS

Solar heat

Use of
biomass heat

Others

Captive use Lineage? Influx

Japan Europe(EU15) USA

Hydraulic 
power

８．２％ １０．１％ ６．９％

Geothermal 
heat

０．３３％ ０．２０％ ０．３７％

Biomass １．２１％ １．３８％ １．３４％

Wind power ０．０９％ １．６２％ ０．２８％

Solar heat ０．０９％ ０．０２％ ０．０１％

Total ９．９％ １３．３％ ８．９％

Input proportion of renewable energy (in the area of electric power)
(Trilateral comparison)

▪
 

On the whole, Japan is in no way inferior to Europe and USA now 
in the input level of renewable energy in the area of electric power. 

Reference: Figures for Japan based on the data from Resources and 
Energy Agency. For other figures, IEA, Energy Balance of OECD 
Countries, 2003-2004.
Note: The power input includes captive use.                     

‡‡

Solar heat power generation 
Wind power generation

Biomass power generation 

Medium to smaller hydro-electric 
system, geothermal heat, etc.  

Source: METI, http://www.meti.go.jp/committee/materials/downloadfiles/g61108d07j.pdf p3(4th sheet)



Energy Technology to Be Watched

• ― Bio fuels
• ― Hydrogen
• ― New car technology
• ― Enhanced efficiency in energy conversion
• ― Lighting technology and heat pump
• ― CO2 collection and storage (CCS)
• ― Lifestyle options (though not of technology)



World Bio-ethanol Production Change in Ethanol Production in Major Countries
(Unit:10 thousand kl)

Brazil USA China

India Others

2004
(year)Note: Prepared based on the materials from Advisory Committee 

on Energy and Natural Resources.

Source: Development Bank of Japan, http://www.dbj.go.jp/japanese/download/pdf/indicate/no105.pdf p4,chart 12



□ Change in Sugarcane Production in Brazil

(Million tons) (10 thousand ML)

Sugarcane production

Ethanol production

For sugar For ethanol Ethanol production

Source: presented by Biomass Policy Office, Environmental Biomass Policy Section,
Minister’s Office of Ministry of Agriculture, Forestry and Fishery.



Bio-ethanol in U.S.
□ Change in Maize Production in the USA

(10 thousand ML)(Million tons)

Maize production

Ethanol production

For fodder, etc. For ethanol
(estimate) 

Ethanol production

Source: presented by Biomass Policy Office, Environmental Biomass Policy Section, Minister’s Office of Ministry of 
Agriculture, Forestry and Fishery.



In the tropics, palm oil is marked as bio-diesel material now.

Proportion of BDF Materials in EU

Sunflower 

oil14%

Soybean oil 
2%

Cooking 
oil waste, 
etc.   2%

Canola oil 
83%

BDF Production in EU  (unit: thousand tons) 

Germany: 
1,669;
53% 

France:
492;  

Italy: 
396; 

Czech: 
133; 

Poland: 
100 

Austria: 
85; 

Other:3 
09;10% 

Source: Right: http://www.meti.go.jp/commitee/materials/downloadfiles/g50525a40j.pdf  METI, The 20th Fuel Policy Sub-committee, p.26.
Left: House of Representatives Research Division and Ministry of Agriculture, Forestry and Fishery’s Research Office/Environment  Research Office, 

On the Use & Utilization of Biomass—with Emphasis on Bio-derived Fuels—, February, 2007, p.23. 
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エネルギーの輸送・貯蔵の効率

エ
ネ

ル
ギ
ー

の
変
換

性
・
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性
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高
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（
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の
エ

ネ
ル
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ー
変
換

技
術
に

お
け
る

実
質
的

エ
ク
セ

ル
ギ
ー

）

化学エネルギー化学エネルギー

電気エネルギー電気エネルギー

エネルギーは相互変換可能であ
るが、下の方向へはより容易に
効率よく変換できる。

長距離・大量・低コスト輸送や貯蔵に適した高密度性

水素

石油

天然ガス
廃棄物

石炭

大量輸送、低コスト輸送に適した
エネルギー形態。

電力は他の全てのエネルギー
形態へ変換可能。エネルギー
ディストリビューション分野
の優れもの。

様々なエネルギー形態の特性

いったん熱に変換する必要のない発
電技術（例えば燃料電池）の開発に
よる実質的エクセルギーの向上。

熱エネルギー熱エネルギー

高温排熱

低温排熱

ジュール熱の様なもったいない変換
はなるべく避け、可能な分はヒート
ポンプで環境からくみ上げる。

輸送にはあまり適さないが、ローカ
ルなグリッドで相互補完を行うとか、
電気、水素等のエネルギーに変換し
再循環することで、効率的運用を図
れる可能性の大きいエネルギー形態。

水素利用技術等水素利用技術等

地熱

熱化学分解
等

電気分解等

燃焼等

従来発電

Source: METI’s Energy Study Group (prepared by Tokyo Gas Co.,Ltd.) 

Characteristics by Energy Type and Role of Hydrogen

Characteristics of various types of energy

L
evel of energy convertibility and flexibility 

↑

(A
ctual exergy in the existing energy conversion technology) High density good for long distance, mass and low cost transport and storage. 

Efficiency of energy transport and storage 

Energy is inter- 
convertible and is easier 

and more efficient in 
downward conversion.

Electric energy

Chemical energy
Heat Energy

ElectrolysisConventional
generation

Hydrogen utilization 
technology, etc.

Hydrogen

Natural gas

Oil

Coal

Wastes

Low temperature 
exhaust heat

High temperature exhaust heat

Burning, etc.

Thermo chemical 
degradation, etc.

Energy type good for mass
and low cost transport. 

To improve real exergy by 
developing generation technology 
that would not require conversion 
to heat in advance (e.g., fuel cell). 

Pipe up from environment by 
heat pump as much as possible, 

avoiding wasteful conversion 
like Joule heat. 

An energy type most likely to 
realize efficient operation, by 
mutually complementing by 
local grid, though not so good 
for transport, or by converting 
to electric or hydrogen energy, 
etc. to recycle. 

Electric power is 
convertible to all other types 

of energy. An all-round 
champion in energy 

distribution area. 



出所：河合大洋、EIT Journal, 54, April 2007

History of Cars

N
um

ber of cars

Source: Taiyo  Kawai, EIT Journal, 54, April 2007, Chart 11 (p.38) 

Word first Benz
Gasoline engine

1986

Start-up performance/soft water (for boiler) Distance/charging time/power source

Steam cars Electric cars
Production of 
T type Ford

1913

Gasoline cars

Start-up performance/gear throws/fuel

It took 27 years for gasoline cars to dominate the market.
⇒ Fuel battery cars are worked on considering mid- to long-term perspectives as well. 



出所：JEF, Japan Spotlight, Sept./Oct. 2007Source: JEF, Japan Spotlight, Sept./Oct.2007 chart2.p19
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Plug-in Hybrid Electric Vehicle (PHEV)

• Expanded battery size allows hybrid car to make a trip of 
several tens of kilometers by electric power alone.

• The car may trip as electric vehicle for short distance, and for 
long distance as hybrid vehicle.       

Engine

Gas Tank

Battery

Motor

Hybrid Electric Vehicle

Engine

Gas Tank

Battery

Motor

Plug-in 
Hybrid Electric Vehicle

Battery

Motor

Electric Vehicle

Source: Hiwatari, Report of Central Research Institute of Electric Power Industry, L05008 
http://criepi.denken.or.jp/jp/pub/annual/2006/06kiban11.pdf, Chart 1, p.2. 



Realization of Highly-Efficient Thermal Power Generation

In the future, there will be a combination of high-temperature-type 
fuel batteries and gas turbines.

Air compressor 

Gas 
turbine

Output axis 

Steam turbine

Output axis 

Burner

Fuel 

Exhaust heat recovery boiler 

Chart 3.8  Combined Cycle and its T-S Linear Drawing

Steam 
condenser 

Cooling 
water

Source: Yasumasa Fujii, Yoichi Kaya, Energy Theory, Iwanami Shoten, Chart 3.8 (p.71)  ‡

Pump

Play
ton

cycle 

Rankine cycle 
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Realization of HighlyRealization of Highly--Efficient Natural Gas CogenerationEfficient Natural Gas Cogeneration

HHV36.9％

 
（LHV41％）
Primary energy 
conversion of 
energy saving 
power 

Dispersed power source can be used for cogeneration 
(combined heat and power).

G
eneration efficiency (%

) L
H

 

Source: Shigeru Muraki, EIT Journal, 54, April 2007, Chart 3 (p.20)

Lean burn Miller GE 8MW class large GE 

Gas engine

Lean burn GE 

Stoicimetry GE 

HCCI (20 kW class) 

Micro gas turbine
Micro gas engine 

Gas turbine
Simple cycle 

Cheng cycle, etc. 

Generating End Output (kW) 



LED



Enhanced Efficiency in Lighting Technology 
& Growth of Lighting Demand (UK)

Unit (100) Year 1800 Year 1900 Year 2000

Fuel unit price 

Technical 
efficiency 

Lighting unit 
price 

Lighting 
demand 

(22 pence/ kWh) 

(35 lumen-hrs/ kWh) 

￡5 thousand/million
lumen-hrs) 

(50 billion lumen-hrs) 

(Currency values were calculated by using the year 2000 as a base.) 

Extremely big rebound effect: whereas unit price is 1/3000, demand shows 30 thousand-fold growth. 

Enhanced technical efficiency had far more influences than lowered fuel unit price had. 

Source:



CO2 Collection and Storage: 
CCS Underground Storage/ Ocean Storage 

CO2 

CO2 

CO2 Underground disposal
(Aquifer storage) 

Ocean disposal 
（Deep-water 

storage） 

CO2 tanker Offshore station Thermal power plant, etc. 

CO2  Separation recovery Plant

Deeper than 

3,700m
Underground 
2,000~3,000m 

Pipe 
Pipe 

Marine disposal 
(Neritic filling) 



Source：JEF, Japan Spotlight, Sept./Oct. 2007
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