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Long-Range Technical Scenario for Grand Strategy 
for Global Warming

－Mechanism , Current conditions , and Effects of Global Warming
With a focus on the knowledge from the fourth report of the IPCC

－Ultimate Goal for Grand Strategy for Global Warming
Countermeasures under the uncertainty of science
Stabilization level for the concentration of GHG
Information on the countermeasures from the fourth report of the IPCC

－Study of Long-Range Technical Scenario of Grand Strategy for Global 
Warming
Fundamental structures of countermeasures against global warming
Composition of world energy model DNE21
Scenario of optimum strategy to stabilize atmospheric CO2 concentration 
at 550ppm

－Evaluation of Grand Strategy for Global Warming with Kaya Identity
－Basic Understanding about Grand Strategy for Global Warming



(IPCC第4次報告)

‡ 出所：IPCC、2007、WG1-AR4翻訳版、p13（15枚目）、図SPM-4
http://www.data.kishou.go.jp/climate/cpdinfo/ipcc/ar4/ipcc_ar4_wg1_spm_Jpn_rev2.pdf
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‡Source: IPCC,2007 WG1-AR4 translated text, p.13 (15th sheet), FigureSPM-4
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How is the Earth’s temperature determined?

F[w/m2] Earth

πR2FA
Reflection (visible radiation)

4πR２σT4

R

πR2
Sun

4πR2σT4 ＝πR2（1-A）F
T ＝ (1－A)F  1/4

4σ
Ａ（albedo）＝ 0.3 , F( Solar constant)=1368W/m2

σ（Stefan-Bozemann law of radiation)= 5.67×10-8 Wm-2K-4

T＝255K（－18℃）

G
reenhouse G

as4πR2σT’ 4

B

1－B

from
 the earth

to space

Ｂ: Trapping ratio of radiant energy with
greenhouse gas

T’ ＝ (1－A)F 1/4

4(1－B)σ

B＝0.4

T’＝288K  (15℃)

‡Source: Kenji Yamaji, System methodology of Energy, Environment, and  Economics. Iwanami-shoten, 2006 Figure 3-9 (p.87)

Black body radiation (infra-red ray)



水資源

Provisions

Ecosystem

Abnormal
phenomenon

Sudden irreversible risk

Water 
resource

The effects of foreseen climate change

Decrease in crop yields in many regions, especially in developing ones.

The prospects of increase in 
crop yields in high latitudes

Decrease in crop yields in 
many advanced regions

Major change in water use (One 
theory  holds that more than one 

billion people as a matter of course 
in many regions in Africa, 

ecosystem suffer a water shortage

Menace of rising 
sea levels in the 

Metropolis

Majority of ecosystems become impossible to 
maintain the status quo

Increase in intensity of rainstorm, fire in the forest, 
drought, flood, and heat wave

Increase the risk exposure on rapid and massive 
climate change

Extinction of 
piedmont glacier - 

Menace of decrease 
in water resources 

in some regions

Ecosystem of coral reef 
will be damaged 
irreversibly and  
catastrophically

Change of temperature in the world (in comparison with pre-industrialization)
0℃
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‡Source: Stern Review (Ministry of the Environment), Figure 2, p.5 (21st sheet)



‡Source :S. Rahmstorf, Nature, 2002

♦

 

Because Thermohaline

 

circulation (THC) arrest is likely to affect the weather systems, in the 
North Atlantic in particular, as well as to disturb the global ocean ecosystems, it is one of the 
standard countermeasures against global warming to avoid it from

 

a preventive point of view.

Thermohaline circulation arrest 
(Example of  irreversible risk)



Greenhouse Gas Emissions (1970-2004)

♦

 

GHG increased by about 70% between 1970 and 2004.
♦

 

Increase in CO2 is particularly prominent among others.
♦

 

CO2 from burning fossil fuel constitutes about 57%. 
♦

 

CO2 concentration in the atmosphere in 2005 was 379ppm.
♦

 

Equivalent CO2 concentration by GHG was 455 ppm-CO2eq.
♦

 

Equivalent CO2 concentration including aerosol was 375 ppm- 
CO2eq.

‡Source : IPCC WG3 AR4, SPM

‡Source : IPCC WG3 AR4, Ch.1 
Figure 1.1b(p103)

Y2004



Per capita GHG emissions by region（2004）

Annex I Non-Annex I
Population 19.7% 80.3%
GHG emissions 48% 52%
Per capita emissions 16.1 tCO2eq./cap 4.2 tCO2eq./cap

‡Source : IPCC WG3 AR4, SPM



Ultimate Goal for Grand Strategy for Global Warming 
(Framework Convention on Climate Change, the Second Clause)

• Target Level: Stabilize the concentration of greenhouse gases in 
the atmosphere with the level outside the reach of artificial 
interference, which is dangerous to climate system.

• Time boundary of Telesis: Achieve the target within a time frame 
when Ecosystems adapt climate change naturally without menace 
to food production and economic development  that can be 
promoted on sustain ably.



Signification of the goal to stabilize temperature at 2℃
 (Uncertainty of Climate Science)

Source: B. Hare & M. Meinshausen, “How much 
warming are we committed to and how much can be 
avoided?”

 

PIK Report No.93, 2004

The Probability of overshooting 
2℃ is estimated to be less than 10 to 
60 percent in Stabilized 
400ppmvCO2eq

Figure out the probability of 
overshooting 2℃

 

from the 
distribution of Probability Density 
of Eight Climate Sensitivities

http://www.pik-potsdam.de/research/publications/pikreports/.files/pr93.pdf、figure2, p12、figure8,p26

‡



Damage caused by Global Warning and costs for 
measures 

against it in each stabilization levelCO2濃度

(ppm)

等価CO2
濃度(ppm
CO2eq.)

産業革命以
降の気温上
昇幅(℃)

2050年の

CO2削減率

(00年比%)

2050年削減
費用(対GDP

比%)

温暖化影響
損失(対GDP

比%)

350-400 445-490 2.0-2.4 -85～-50

400-440 490-535 2.4-2.8 -60～-30

440-485 535-590 2.8-3.2 -30～+5 1.3
(-0～4)

485-570 590-710 3.2-4.0 +10～+60 0.5
(-1～2)

570-660 710-855 4.0-4.9 +25～+85 ― 1～5

660-790 855-1130 4.9-6.1 +90～+140 ― ―

出典）IPCC WG2 & WG3 AR4, SPMより整理

注）費用便益的には、削減費用と影響損失の和が最小になる濃度が望ましい

+5.5未満
 地域により損

失(+)／便益(-)
混在

すべての
地域で+

スターン・
レビュー？

EU提案

政府提案
（美しい星５０）

(http://www.rite.or.jp/Japanese/labo/sysken/about-global-warming/
download-data/Long-termTarget.pdf

‡

CO2 
concentration 

(ppm)

CO2 
Equivalence

concentrations

Range of temperature 
increasing before Industrial  

Revolution(℃)CO2 
concentration 

(ppm) 

CO2 
equivalence 
concentratio 

ns

Range of 
temperature 
increasing 

before Industrial  
Revolution(℃)

Percentage of 
reducing CO2   

in  2050
(year %)

Cost of
reducing     CO2
(against GDP %)

Losses caused
By global  Warning 

(against GDP %)

350-400 445-490 2.0-2.4 -85~-50
＋5.5未満

Loss(＋)/benefit(-)

Mixed in regions400-440 490-535 2.4-2.8 -60~-30

440-485 535-590 2.8-3.2 -30~＋5 1.3
（-0~4)

All regions +
485-570 590-710 3.2-4.0 +10~+60 0.5

(-1~2)

570-660 710-855 4.0-4.9 +25~+85 ― 1~5

660-790 855-1130 4.9-6.1 +25~+140 ― ―

EU proposal
Stern 

Review

Government 
Proposal

‡Source: Organized from the IPCC WG2 & WG3 AR4, SPM
Note) In cost benefit, it is recommended that the sum of reduction costs and effected losses are the minimum.



Emissions Process Required to Stabilize at Each Level

Category I (2.0–2.4ºC) Category II (2.4–2.8ºC) 

Category III (2.8–3.2ºC) Category IV (3.2–4.0ºC) 

Category V (4.0–4.9ºC) Category VI (4.9–6.1ºC) 

Emissions in 2050 compared with the 
year 2000
–85～–50%

–60～

–30～+5%
+10～+60%

+25～+85%

+90～+140%

Years when emissions reach a peak

EU Goal, Amount recommended by Stern, Amount 
declared by Prime Minister Abe

‡Source : IPCC WG3 AR4, SPM



Reduction Technology Required by Stabilized Levels

♦

 

The results of each model all suggest that more than half of the

 

primary energy supply 
comes from the renewables

 

in 2100. (A little too optimistic?) 
♦

 

Message: Also a large scale of biomass CCS application. 

Baseline

Category II: 3-3.6 W/m2; 490-540 ppm CO2eq.
Category IV: 4.5 W/m2; 650 ppm CO2eq. 

‡Source : IPCC WG3 AR4, Ch.3



2030年の経済ポテンシャル

There exists a potential to offset the world emissions increases or to reduce to less  than 
current level.
The numerical value which was able to reduce ideally from the lowest price region   in the 
world.
Most commonly, negative costs are supposed to be included in SRES scenario itself.

ボトムアップ評価 トップダウン評価

出典）IPCC WG3 AR4, SPMを基にRITEにて作成

0

10

20

30

40

50

60

70

80

2000 Low High Low High

G
H

G
 e

m
is

si
on

s 
(G

tC
O2

eq
.)

Red. by 0 $/tCO2eq.
Red. by 20 $/tCO2eq.
Red. by 50 $/tCO2eq.
Red. by 100 $/tCO2eq.
> 100$/tCO2eq.

A1B                                         B2
2030

0

10

20

30

40

50

60

70

80

2000 Low High Low High

G
H

G
 e

m
is

si
on

s 
(G

tC
O2

eq
.)

Red. by 0 $/tCO2eq.
Red. by 20 $/tCO2eq.
Red. by 50 $/tCO2eq.
Red. by 100 $/tCO2eq.
> 100$/tCO2eq.

A1B                                         B2
2030

‡

Potential of the economy in 2030
Bottom-up Evaluations Top-down Evaluations

Source: Created based on the IPCC WG3 AR4, SPM with RITE.



出所：山地憲治、「エネルギー・環境・経済システム論｣、岩波書店、2006年

‡

図3.11（p93）

Fundamental Structures of Grand Strategy for Global Warming

<<Human desire>>

V: Value of services for human

P=Physical output

E=Quantity required of energy

G=Emissions of greenhouse gas

C=Atmospheric greenhouse gas

I=Climate change impact

D=Damages due to climate change

D: Damages due to climate change

Grand Strategy for 
Global Warming

Post-corporealness (recycle)

Improve energy efficiency

De-carbonize in energy system

CO2 emissions

Climate change control

Ad equation

C: Cost for the Grand Strategy

V – D        Comparison        C

※Including final demand energy use

Source: Kenji Yamaji, System Methodology of Energy, Environment, and Economics
Iwanami-shoten, 2006  Figure3.11 (p93)



DNE21モデルの世界地域分割

西ヨーロッパ

中東・北アフリカ

サハラ以南の
アフリカ

その他の
アジア

計画経済圏アジア
日本

オセアニア

ラテンアメリカ

北アメリカ

旧ソ連・東ヨーロッパ

DNE21モデルについては下記の参考文献参照：

山地憲治、藤井康正：グローバルエネルギー戦略、電力新報社

 

１９９５年

Fujii, Y., K. Yamaji: Assessment of technological options in the global energy system for limiting the atmospheric CO2 concentration, 
Environmental Economics and Policy Studies, vol.1, pp.113-139 (1998)

新エネルギー・産業技術総合開発機構/（財）地球環境産業技術研究機構：「地球再生計画」の実施計画作成に関する調査事業報告書

 
（1994－2002）

‡

http://www.rite.or.jp/English/lab/syslab/research/new-earth/download-page/downloadable-data/dne21-manual.pdf, 図2-2、p6

World Regional Dismemberment of DNE 21 Model

North America

Latin America

Oceania

Former Soviet Union・East Europe

West Europe

Middle East・North Africa

All other 
AsiaSub-Saharan

Africa

Japan
Projected Economic Zone of  Asia

‡ See also the following with reference to DNE21 Model
Kenji Yamaji, Yasumasa Fujii: Global Energy Strategy, Denryoku-Shinposha (1995)

New Energy・Industrial Science and Technology Development Institution /(Foundation) Industrial Science and Technology
Research Institution : Business Report for Investigation of Enforcement Planning, “New Earth 21”, (1994 – 2002)



Technology for Reduction of CO2 Emissions

Promotion of Energy Saving
• Saving on ultimate demand (Vehicle fuel efficiency)
• Improvement in conversion efficiency
Fuel conversion
• Fuel conversion (Switch from coal to natural gas)
• Recyclable Energy, Nuclear Power
Sequestration, Resumption, Disposal of CO2
• CO2 resumption from Power Plant Emissions
• Underground disposal, Ocean disposal of CO2



Promotion of Energy Saving  
Improvement in Conversion Efficiency
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Fossil Fuel Resources
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出所：http://www.rite.or.jp/English/lab/syslab/research/new-earth/download-page/downloadable-data/dne21-manual.pdf, 図2-4、p10

‡

Produce cost for fossil energy
(U

S

＄/ equivalent of tons of oil)

Cumulative production volume in 200 or later 
(100million tons equivalent in oil)

Source: http//www.rite.or.jp/English/lab/syslab/research/new-earth/download-page/downloadable-data/dne21-manual.pdf,figure2-4, p.10

Oil
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Biomass Energy Resource
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‡

出所：http://www.rite.or.jp/English/lab/syslab/research/new-earth/download-page/downloadable-data/dne21-manual.pdf, 図2-5、p11

Modern Fuel Woods・Energy Crops
Wood Residues
Sawmill Residues
Timber Scraps
Cereal Harvest Residues
Sugar Cane Harvest Residues
Bagasse
Paper Scraps
Black Liquor
Kitchen Wastes
Animal Wastes (dry)
Animal Wastes (wet)
Human Feces

annual energy available supplies
(equivalent of 

10
0 m

illion tons of oil)

Christian Year

Source: http//www.rite.or.jp/English/lab/syslab/research/new-earth/download-page/downloadable-data/dne21-manual.pdf, figure2-5,p.11



Recyclable Energy Resource
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Nuclear Power Generation
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出所：http://www.rite.or.jp/English/lab/syslab/research/new-earth/download-page/downloadable-data/dne21-manual.pdf,図2-8、p14
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All other Africa
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All other Asia

Projected Economic 
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West Europe
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Source: http//www.rite.or.jp/English/lab/syslab/research/new-earth/download-page/downloadable-data/dne21-manual.pdf, figure2-8,p.14



Sequestration Resumption of CO2 
CO2 resumption from exhaust gas

• Chemical Absorption
A kind of Alkanolamine

40℃→
R-NH2 + H2 O + CO2 ⇔ R-NH3 HCO3

← 150℃

• Physical Absorption
Ｓｅｌｅｘｏｌ

 
process

Ｄｉｓｓｏｌｖｅ
 

CO2 Polyethylene glycol



CO2の処理
 

地中処理、海洋処理
 

CO2 

CO2 

CO2 Under ground disposal 

(deep sea storage) 

Ocean disposal
(deep sea storage)

CO2タンカー 洋上基地 火力発電所など 
 

Over 3,700m 
below ground 2,000~3,000m

Below ground 

Pipe 
Pipe 

Ocean disposal
（shallow water infusion）

‡

CO2 sequestration
resumption plant

Thermal power plant
CO2 Tanker Oceanic base station



Dispose of CO2 
Underground disposal, Ocean disposal
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Energy System Constitution

Natural Gas Splitting

Coal Gasification

Biomass Gasification

Coal Liquefaction

IGCC with CO  Rec.2

Biomass Liquefaction
(Fermentation)

Shift Reaction

CO2 Recovery

CO  Liquefaction2

CO  Compression2

CO  Injection2

Methane Synthesis

Methanol Synthesis

EOR
Gas Well
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Ocean

Methanol Synthesis
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Methanol
CO (pipeline)2 
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Water Electrolysis

Water Electrolysis

H  Liquefaction2 Hydrogen   (tanker)

Methane (tanker) 

Synthetic. Oil 
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Hydro
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Modern Fuel Woods
Wood Residues
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Timber Scraps

Cereal Harvest Residues
Sugarcane Harvest Resid.

Bagasse

Paper Scraps

Black Liquor

Kitchen Wastes

Animal Wastes

Human Feces

Synthetic Oil

Crude Oil

SOx

Syn.Oil

Oil Refinery
(Distillation)

Oil Refinery (Gasoline)

Biomass Liquefaction

Biomass Gasification
(Anaerobic Digestion)

Crude Oil 

Ethanol
Coal Cleaning

N.Gas power gen.

Meth. power gen.

Coal power gen.

H  power gen.2

Biomass
power gen.

Oil power gen.

Oil power gen.

Photov. power gen.

Hydro power gen.
Geoth. power gen.
Nuclear power gen.

Sorbent Injection
Wet limestone scrub.
Wellman-Lord

Sorbent Injection
Wet limestone scrub.
Wellman-Lord

SOx Rec. in End Use

SOx Rec.
in End Use

‡

Source：http://www.rite.or.jp/English/lab/syslab/research/new-earth/download-page/downloadable-data/dne21-manual.pdf, Figure 2-3、p7



Climate Change Module Outline
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Path of Stabilization for Atmospheric Co2 Concentration

Source: IPCC The 2nd report

There are so many routes of elimination to meet the concentration targets: they’re able to be determined. 
Routes of elimination to meet the concentration targets, Regional reduction amount, Choice of technology to realize the reduction 
is able to be determined by minimization of aggregate total cost in DNE21 model.

‡

http://www.aec.go.jp/jicst/NC/tyoki/chokei2004/chokei01/siryo2.pdf、p3
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Simulation cases 

Reference of the following model analysis:：K. Yamaji, Long-Range Strategy for the 
New Earth 21 Plan, Japan Review of International Affairs,1999, Vol.12, No.4, pp.267-282 

(1999)

Case CO2 constraints
1 BAU free
2 550ppm Global atmospheric CO2 concentration

at 550ppm in 2100
3 COP3 forever COP3 forever in Annex1 after 2010
4 300% after 2020:

Annex1:80% CO2 emissions at 1990
non-Annex1: 300% CO2 emissions at 1990
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Contributions of each 
technological option
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Principal Conclusions from 
The Analysis of DNE21 Model

• Stabilization of Global atmospheric CO2 concentration 
at 550ppm is possible

• Fossil Fuel combined with CCS will fulfill the crucial 
role for Grand Strategy for Global Warming

• Flexibility about the timing of reduction is important.
• Kyoto Protocol is an important starting point.
• Greenhouse Gas Emissions Reduction program will be 

incomplete without conducting in developing countries.



Kaya Identity

CO2＝（CO2 /Energy）×（Energy/GDP）×GDP
When X = (CO2/Energy), X shows carbon intensity of energy; 
Effect of CO2 Reduction taken by the choice of energy source. 
Also when Y = (Energy/GDP), Y shows energy source unit of 
GDP; Macro characteristic of Energy-saving system. The 
following formula is derived by time from the formula above.

To sum up, increasing rate of CO2 emission will be shown by 
the sum of X (Carbon intensity of energy), Y (energy source 
unit of GDP), and increasing rate of GDP.

 
dt

dGDP
GDPdt

dY
Ydt

dX
Xdt

dCO
CO

1111 2

2

++=

Source of Kaya Identity：Kaya, Y., K.Yamaji, R.Matsuhashi: Grand Strategy for Global Warming, Proceedings of the Government 
Symposium on Global Environment, Tokyo, September 1989



(1-0.025)50=0.97550=0.282

Y X

Base year for the reduction target is 1997 (current status) in England, 1990 in Germany and France.

figure 5: Improvement speed during the period from 2000 through 2050
needs to put into practice for low-carbon society
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Basic understanding on Grand Strategy for Global Warming

• Global Warming is actually on the move. And that the cause of it is Greenhouse Gas Emissions with 
human activities is identified by the IPCC. ⇒

 

Not only figuring out the phenomenon but also 
beginning to take full effect of the strategy for Global Warming on a global scale from the present 
moment. We should have a system of Environmental cost for Greenhouse Gas Emissions (conversely 
worth of reduction) to report clearly to society.

• However, science of anathermal (especially impact forecast) is still uncertainty. ⇒ Strategy should be 
moved into action promptly under the principle of preventive maintenance. But it is important to give 
much thought to uncertainty in the choice of strategy. It requires the implementation of energy 
saving, forestation and recycling which are also beneficial on a priority base besides strategy for 
Global Warming. In addition to that, taking measures to adapt land improvement in developing 
countries is also important with a certain level of global warming is seemingly inevitable.

• In the choice of strategy, the important thing is effectiveness and equitability among regions and 
generations. ⇒

 

Do all kinds of things to create mechanism, just like Kyoto Mechanism (emissions 
permit transaction, joint implementation, and CDM) instituted measures in a coordinated manner in 
the world. Global dissemination of the latest technology, International agreements about long-term 
root of elimination.

• It is a necessity for major countries with CO2 emission to participate in the strategy. ⇒

 

It’ll be 
incomplete without developing countries like China, India and the U.S. as a matter of course.

• Measures of the Kyoto Protocol which includes goal setting of CO2 emission by countries makes 
difficult to expand the number of countries participating in the strategy as an effective international 
system. ⇒

 

Not country-based but sectoral-based approach of primary emissions, energy saving 
would carry weight.

• Condition ordering is required for society to gain the acceptance of atomic energy and CCS (CO2 
resumption ・

 

reservoir) as well as energy saving and promotion of renewable renewal energy 
resources which easily gain public acceptance.

• Although technology holds the great possibility of reduction of global warming, to bring it reality, we 
should give greater importance to social dimensions (economical efficiency, international prevalence 
and social acceptance. 
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