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Second CIGS Symposium on climate change
Version for presentation 2011.09.16 Tokyo

Towards the harmony
- Principles for the new climate regime-

Science

I\

Equitability

Feasibility

Tetsuo YUHARA. Prof.
The Canon Institute for Global Studies
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T.Matsuno,K.et.al. "Stabilization of the CO, concentration via zero-emission in the next century-
Possibility of new emission pathway to stable climate” 26 Nov.2009 #1 CIGS Symposium
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B KERfh #1 Canon Institute for Global Studies Symposium 27 October 2009
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Region Total Primary Energy for Z650 1

[ Industrialized countries ]

» Total Primary Energy is
almost constant up to 2100.

» Share of fossil fuel gradually
decreases

> Alternatively, share of
renewable energy mainly

[

Developing countries ]

» Total Primary Energy

continuously increases up to
2100

> Peak of fossil fuel consumption

at 2040

» Both Nuclear and renewable

2

increases energy increase remarkably
18,000 18,000
16,000 16,000 —
14,000 14000 +— - .
o 1200 T Nudesr o 1o
O 10,000 \ O 10,000 -
£ o0 \ S o0
=~ 6,000 - | ~ 6,000 -
¢ Renewable >
4,000 -+ — 4,000 -
2,000 2,000 -
0 + 0 -
2000 2020 2040 2060 2080 2100 2000 2020 2040 2060 2080 2100
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Electricity: Global Power Generation of Z650
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2000 2020 2040 2060 2080 2100
Nuclear Power Capacity 2000 2030 2050 2100
(GWe) 370 810 1,800 2,600
13
Regional Equitability
Major industrialized and developing countries
CO2 Emissions
2030 2050
Region Ratioto | Ratioto | Ratioto | Ratioto | Ratioto Ratio to
1990 2005 REF of 1990 2005 REF of
levels levels 2030 levels levels 2050
World 1.60 1.20 0.82 1.00 0.75 0.46
InduStFialized 1.05 0.95 0.89 0.53 0.48 0.48
countries
USA 1.16 0.96 0.90 0.57 0.47 0.47
EUi1s 0.89 0.86 0.91 0.46 0.45 0.53
Japan 0.93 0.79 0.90 0.55 0.47 0.66
Develo.p ing 2.82 1.54 0.77 2.05 1.12 0.45
countries
China 2.77 1.48 0.74 1.53 0.82 0.37
India 3.42 1.91 0.72 2.83 1.57 0.37
ASEAN 3.74 1.64 0.80 3.41 1.50 0.57
YUHARA:Second CIGS Symposium on climate change 2011.09.16 Tokyo 14
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Additional Investments vs. Fuel Saving Benefits
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Global and regional emissions of Energy Related CO,

Global target (2005 level = 2)

169TTri invest)

Developing
| countries
(2005 level = 1)

$9Tri. (benefit)

Industrialized

countries

(2005 level = 1)
$5Tri. (benefit)

2000 2010 2020 2030 2040 2050

i 8 1 Tri/40FER =258 S E=2JkM £
FHEE2050F 80%HIE 7 —ATIE BINIRE $38Tri, ABEIRAYYE =- $10Tri;net$28Tri 15

Emission (Gt CO2)

CO2 emission reductions by sector

58

53 Energy conservation

48 Power generation
1

3 (renewable)

- Power generation

(nuclear)

33 Transportation

28 Stationary

> 7650 ccs

18

2010 2020 2030 2040 2050

Energy saving and renewable energy play an important role during
the whole period, while nuclear, transportation and CCS play an
increasing role during the later stage.

16
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Total Primary Energy

Total Primary Energy continuously increases up to 2100
Less energy consumptions in REF and Z650
More clean energy combination in Z650

35000
MTOE

30000

25000

20000

B Renewable

15000 - — mNuclear
10000 - H Fossil

5000 -

0 -

Changes of Primary Energy Mixture in Z650 (Fossil: Nuclear: Renewable)
7:1: 2 (2030) = 5: 2: 3 (2050) — 3: 2: 5 (2100)
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Enhanced international Mechanism
EFERDICEHBERFFMOER. SREETE

International Framework
Target, Technology, Finance

unding
on (by offset)

. ) Bilateral Offset Mechanism - . .
Developing Industrialized
Countries Technology Countries

Offset

To promote the low carbon technology deployment

To provide incentive to low carbon technology development

~ERTOA Ty LR, HEOREED (YT DR (Fy TS50 F—ER
FHITORELS LA T—DHE), BREHDHBEEDR 19

CIGSOHRAHEFE D IVIRE
EIRNT 5%

Accumulative Emissions (GtCO2) (2010-50)
BAU
1000
Domestic
Effort
800 ——
BAU
600 Domestic Z650
Effort
7650 Global Vision
Global Vision
400
Industrialized countries Developing countries

BAU: traditional development REF: energy conservation Z650: Low carbon vision

International cooperation is necessary to fill in the gap in developing
countries from domestic initiative to low carbon vision 20
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2030 2050 2100 2150
A-Baseline 0.56% 1.11% 3.14% 5.56%
A-CP6.0 0.55% 1.01% 2.15% 2.84%
A-CP4.5 0.51% 0.87% 1.55% 1.83%
A-CP3.7 0.49% 0.77% 1.14% 1.29%
A-CP3.0 0.47% 0.67% 0.84% 0.77%

Nordhaus, 2010(& 1+ 5 R EHOGDPHRE{L BT
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i 84 : Climatic Change, RCP4% %5, 2011

FEHEART, /LY,

PNNLO B #IZHNTH, 2.6W/m2iF1) A4 (2°CREL) DB RAIBMZAIL, th 71

71




EBETH—

e

K AR EHEMD
ZARIEERZEIZCDOLNT

R KRFEERMNE

ZLAT

THRILF—TFEEMNE L 2—

gtz —

FF F=

7l



73




CIGS #IKiEBEIE 2 RIL

SNETO) =R N NREEMD
BENERE(IZOLNT

2013%7H10H

RERFPEEFITHRR
BFEEg® SF#&=

All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo 1

HEADIRILEXFr—DBIMKFE (2007FEE)

BAR®DBiEEIFIEN4%---FEE TRIE !

X SHIPPING NOW 2009-2010& Y51 F

All Rights Reserved. © Prof. Ka}lgko Laboratory, TIS, University of Tokyo 2




BE20F LU EHWE-EZBFN—FICHKFICEE

B AREFERE20134£4 5181

All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo

IRILF—DARESYIRAAVOWNIZABARREFIZERLEN?

({8kWh) (kM) %)
12000 T
10000 - BAROREEENE (EkWh)
L=
iy
8000 g i
ol D BRFHOREEHELE(%) 1
R 60001+ P -
fr 5 18
B2 4000 - {2 R
R = Eg
2000 & LB OMALE KR 8
g
of
HADEZINZ (kM)

All Rights Reserved. © Prof. Kaygko Laboratory, IIS, University of Tokyo




RFADLEERT>KAOREEDZRIE
SHABRE O
SBAHSOLE
—COFLE B DB

REEEDRIBIEES LIz kLyvhh?

DFERAEFELIT>REMER L
QIR ERCEI>XKH T —OPTIONZE#D
@E4AIR/LT—1Em

(m

All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo

NARBEOESHEIL
0 EMERERMOELRESE
¢ EKEHEMIEIXOIHRIZHETEINS,
OFE1HK KRB (RA5—4—E>): USC
QFE2tH X EAFE (IGCC)
QFEIHML M) TILEESFHEE (IGFC)

® F1HRDEI[I—ECORRIE100FL L

LN,
& LNLS.BRRIZZTEY.,. ROHERIZFEH-T
AV

—-BEIBRHNLGTEEDRATHS
—EEFE—DEHREBAOFEN?

All Rights Reserved. © Prof. Kaygko Laboratory, IIS, University of Tokyo




KAREDESNRILDE)E

©
© O
©
g
\ 40FE/ET
5% (IRA)
5

All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo

\

F1HK XEFE2—EDEHK

® RASTHRIEREL, AR —EVZET BREE ., FRHZRENSEMEA,

® H100F LU EIChH-YRAFKBEEZX AT =M, HTUEREHN600°CEEZHUSC
ERRY | IFITERMHIBRA . £-9 TITHEIFUSCOEEFKHICA->TEY, EIR
i NEE IR O REE

BUDHEERAZRK[A—E > :500kW BRIEDFERERTSY—E > :700,0006W
(19054 ) (19954F)

All Rights Reserved. © Prof. Kaﬁko Laboratory, IIS, University of Tokyo




HmI[F—EDOH

44 FR(RFHATSUMA) HE-ZFEITXHE0T LY

All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo 9
o —
NH TSR DEREN
650 35
31.1(Gas Firing)
610
600 |- 2+ =g 593 50 30
AxumE
566
550 |- 538 24.2 22.6 R - 25
e
ARRUEAN >
O soof 20 %
X 450 R
e 450 15 i
® I
e s00 10 &
HERF T HiBER AT
350F 40 > . 5
300 I I I I I I 0
1945 1955 1965 1975 1985 1995 2005
&F
10

All Rights Reserved. © Prof. Kaygko Laboratory, IIS, University of Tokyo




RE(C)
900 HEGNDR—RIL
10 A EEfE 0 — T4
Co-base R .
800 ;Jiﬁ’i Ey
] ABEGSCHOEIELE
Ni-base
700 ' A-USCH§
Cr=
25% ——>
- 9~12%
Fe-base 600 ~ uscHi
2%
SC(HEERT)
M
500

All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo 11

= RMBEEDRDHT
H)—TRIRR

1000

©

o \\

\E/ \‘\

R \'\\\*\ 650°C

\ 00
10 1 1 1 1 111 1 1 1 1 L1 11 1 1 1 1
100 1000 10000 100000 1000000
B (Hr)

All Rights Reserved. © Prof. Ka})gko Laboratory, TIS, University of Tokyo 12




BEaH

BHAIL

BE
]
x5 HRHE—Es i [>=ﬁ;~m$
. HRAEEY
O HERER A A S
RER T L.
HEAH X
@— BRA—EY

—HTESLLL !

All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo

E2H  ATILEESRE . HRI—EV+ERRI—EY

> 1984 ZAHARANHRIZEB T TIO0OAKWIHEDE T IILEEHREZERL
> T=F2LGE(KE). Siemens(F1Y) D2K T RA—E U A—AD R EFEE

BEETAUIL
[HR4—E >+ HEH RAEAS
+EESI—E+FHEH]

\

7

=)

BEERE

F=LBARLERTHIHT
1600°CDARI—EVHEER L
L.t#HH{EZ)—FL2D2H5D
All Rights Reserved. © Prof. KaéJGko Laboratory, IIS, University of Tokyo

14




HAA—E>O—420D 45

Rt =EEITHF

All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo 15

RN \\\ el n___: ==
ARZ—EY FIRHE
= — |
N7 20wk | BRI—T42Y
~vk | IR
sl p §
i s
A \|_J A s
' N
Bl == .
SEI L N
Sag— T i

—
VLK
4L LSE Rt =28T%

All Rights Reserved. © Prof. Kaéliako Laboratory, TIS, University of Tokyo 16




FITIIVEERE (LNG)
[ ]

. RREHDOH IS 1E[1500°CHK]
sl EaREToImE (MACC, .ﬁm- 500MW )
93 % 100
1#3E7,821300°CH#E]
(ACC, 18- 350MW) o
500 49.0 % [
BT — {eo
0 =521 22[1100°CHR] EEEL
45.0F (CC, 18- 165MW) [mmEAKATEERE| %
42.7% | (zemin)
SN A 1 6.0
40.0 M/
9% Nt Esa%
35.0 : : ; . 4.0
1985 1990 1995 2000 2005 FY

BE(HHY ), X EBIBK %
H# - RERENRBETHIERSE 20014, p.30
All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo 17

2 RURAZARLEA,500CHRGTIV/INA Y A D)L

RIRBEANNE1-1FR5]: HAS0BFKW: #EMI 53% (BluRhESE%E, EEiR)

EEAKS—EY

FEER
HRE—EY
BRERKI—EY
Courtesy of Tokyo Electric Power Co.

All Rights Reserved. © Prof. Kaélfko Laboratory, TIS, University of Tokyo 18




FoR: ARARIEEESHE (IGCC)

HARAEFHLIUH R ER

]
1
r=¥od i #R4—EY
_ H AR
AR mzmeel 5404 | ¥
: .
1 a2
1
From ﬁﬂ(%g
*1

| HRE—EY
H To *1
1
1
1
i ER N
1
1

HHRARAS

IGCC: Integrated coal Gasification Combined Cycle
All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo 19

Al Fagiis wesed. @ Prof, haé,élxo Lacoratory, LS, Urneverciy of '1Jkyj 20




=S| A GIDLETE

INE R ER UL

ERRA

B RRETRIRDARAEZHRE
HARARA—E U THRBRIEEE TS
D THEEFHREMNAEE(GCC)
SENEIZMA ., M REE(C
AEEFHIERE R RAEZ D

HALIFDEGESETEELZ DI
BARRASTDOHETH S

® FHRINGDEIEALEF., CDHK
NRAEIFZERT & C LITKYULING
BEREZIGCCIZERMTED

HAA—E B
(LNGAHER R AEA)

LNG#=H ARARIETEEH

All Rights Reserved. © Prof. Kaélfko Laboratory, IIS, University of Tokyo




w3 .
AR RIEDHIE
HE
—>»| | IGCC
[IGFC]
_ H2
e BRERARAR
J = ARAR (SNG)
(BRE > BRA IR swe)
A VAR
1. BROHREIZKY., WAHAK TzybiE
& A g DME
OENERE Py

QiR ELE(F-TE L)
BT —EILAICE
©l|4=23¢ 2
2. ARERAHAEDE#E

TEZT

All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo 23

=

‘E%'—?—@F%@’\@;;—%% 500 5kWDIGCCE !

HELR NN REZMHEEESD 200B5kKW
[ %2005 kW IGCCE % !

[5)

:ItsajJJ?EHTAjJ IRERHRE N 20075kW
* 1005 kW IGCCEEER !

RERENLE NN HERHEESN 380FkW
[ * 100/5kW IGCCE IR !

* 100 kW IGCCE L !
AREZHIR: R THOERBAARKELRY
EERMENT (HEREEESD 162.585kW

CCP IGCC%JH%% 255kW

- —

All Rights Reserved. © Prof. Kaélgko Laboratory, TIS, University of Tokyo 24




MHEEBEDSHER |F3HR
FITINEERENON)TILFEEAN

R R EM(SOFC)+HRA—EV+EKRI—EY

D ERE . 250K W EEAH:1000MWik

> 2012F M BAI JapanfAHI TEERAN) TILESRED

ERITODIIMAIREY . BASEREZEHA)—FL TS !

All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo

5 {(AERC YD BRI B SSOFC OB R

(Solid Oxide Fuel Cell)
BIREICBEAT VEERDODH DI I VY
A % ffi
£31000°C 0D 18 T
L7 > THH ADL000°CORIETHHDT
Ky By 7 e LTaaREIcHL. SR
MBI HND ‘ i
RBLE LTOOBLE EHH M2 5 (o
HhCIEH, UAMREf & Uiz 720 3 0% L)
mﬁﬁ&ﬁhé
A BRI 3R
H 2T NI AR S FIH v EE

All Rights Reserved. © Prof. Kaélgko Laboratory, IIS, University of Tokyo




SOFC: [E{XfE{t¥El

EIHKDNARE
DY #L!

BRE I3vIX
(YSZ: 2o )La=7iL&a)

All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo 27
=m B PRt EMAER L AL (SOFC) DIEE
COtH2EEL LB RE AR
28

All Rights Reserved. © Prof. Kaél-7k0 Laboratory, IIS, University of Tokyo




Zr(Af) LY (31 ) D = THF RM—7EEZTO L EH

All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo 29

EFEsS FRRHEER BRI R T

(PEFC) e])
P H20D & H2, CO
kSR E ~80°C ~1,000°C

BH OEBRNI-HESREFT OSRD-OEERETRE
O EBDT-OFMILICPHLE OMELBAIVCHILGEDIZTETIE
O EMBEIIE N FIE ILE—B£Iz&YEhER2EIup
CH4+H20->CO+3H2-205kJ/mol

Hi& oMHEMERE O KB N HRERT
0L ARI7—LE
SOFCIZ

All Rights Reserved. © Prof. Kaélgko Laboratory, TIS, University of Tokyo 30




HEME (% LHV)

N 1 == (T = Ah 3 0
SOFCHE LU NITILEEHRBDENRM
70
6ol SOFC+GT,ST
L #A¥L |t (SOFC)
MBART I
4&-I_l_l-l-l_.-i i_'__‘;ﬂ?i‘ﬂﬂ’a._i Y
T
7 ) ege BEOXNDRERAD
30 HAL2I Aﬂ, IR (FE)
. . . . LHV:#140%
20, 10 100 1,000 10,000
R LD (KW)

HEREEEETO-ISVI 3V -ELOERRERHAICEHTIMHRS
ERIZEBERICAIF-TRIILF—DEMFIAIZDOT]
aA—YzRlb—lar-IRILF—FEFAE S—
http://www.ace.or.jp/web/chp/chp_0040.html

All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo

31

250kW SOFC Hybrid## (RRARFETHI/AT—3V)

SOFCERAUOHREI—EVDAEHE

ME55% (LHV)

NEDOZ7RYzHhk

All Rights Reserved. © Prof. Kaélgko Laboratory, IIS, University of Tokyo

32




)T ILESHEE (LNG)

A2 13— H) “Krso4” || N = 65%!
: Faa—ty
RBRAR == sorc _l
=M™ | “SFL7
11 (] ”» HE]R%
hvEVT HRE—EY
~—_ | |
0
ot B (S
et J\ — PR R
RN)TILEERE :

ERAHER(SOFC ) EHRE—EV-RRF—EVDAEHE

Source : Thermal & Nuclear Power (vol.52, No.10), 2001, p.129

All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo 33

RN)FTILREBIX=ZEBEHU

KAAR 65%: Bk 55%

R)ZILFEE:18m

« 3EBY

2T

| 1B T
(GEMRBET)

34

CEIREMRFVI IS MRAEELE, EER
All Rights Reserved. © Prof. Kaélﬁko Laboratory, IIS, University of Tokyo




‘SR -WE-HR O — KT
MO TEROERRNEEND

—11..

ZD37E M “Face to Face” H LSRG ELL ST

DIEfMLN KE j [\\\\7E1Trli5¢&?#f—m\

|

All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo 35

BT LEIcfEE {5
SEHLWOWEDADHREE N T AT KR

@ FALENT-EEIHE TEH R T4E., BiFF T2
TIBX G5 (L OEGERETE YR ZER)

ORHAKREXDRERINTFHFL
FIC<oL\DREREERF>TiRASHL

-

E
Mitsubishi AGM Zero Republic P47 Thunderbolt  North American P51 Mustang

All Rights Reserved. © Prof. Kaénfko Laboratory, TIS, University of Tokyo 36




FTIVIESFHKEDEAER 19844 & U5ERS

RIEEBNRFEEEM

All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo

37

92




8=
=

1. RFADOEFETERNAKBEOEMNAFERINLF T, LERHORERRIIR

W

BEDRETHASA—IRNF—tEF1 T BLTEKRIEEYILEL,
RKAREOREBRREIMEL-SDHRILEY)—EIZHSD
BIHADERI—EVEROBERANL., SOFE2HKDFTTILEGREORAIC
FEEIZRALL, #HFEE)—FTEFTIVEEHE. EKICIGCCEREDERZZS
RETHD,

R FAFETILE 31‘£HJC0) FITIVIEEH EEODF#J%%FHH:.’& 1< '\%'Ciaé

BB, B OB R — AR

6. MBHIDVWTERAARIIRET S LLE<ARDIAILEE,
“—DDNRTYMIFTRTOIE AN TIFESAELN

7. BARBEVNCEGRONEERERMFOLOISVEBHTERTHS, LHL
“EENTRT” LFPBOLGRFTYZBRFICIEEL, BERMNGET I a8 NIEESE
EBEEI<T %,

All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo

TRILF—RAERE (hoy—fzy) |BBE:

(F/Fkcal) G 31:‘

LNG:2.54%
JCOALE # kYR

All Rights Reserved. © Prof. Kaélgko Laboratory, TIS, University of Tokyo 40




=

HE

:

A

All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo 41
SR I
FA)HDENEM 20095 KEOENHE

ARKADSN—R F
=Ry
I

HAVIAINZTMDENRE

(FH RN D2E

tH 88: U.S. Energy Information Administration web site
42

All Rights Reserved. © Prof. Kaggko Laboratory, IIS, University of Tokyo




HEDTEE

(=g

-
.

T
mp
NE L]
>m

i=AD

YEDF BE

38.5%

7

< A% NHS *
Q\\ ‘
AKR hE S gy
./ \_27-4%! ’ L k49.8%,
68.3% ,M_]
. o ’ BREEHE
FA .

HRAH
18,900[TWh]
Y 30
, 24%
a6 ) ' \ > 41.0% | s
—‘ i
Josoxl | s1.9%x) s

| .

I5VA

IS5

[ENERGY BALANCES OF OECD COUNTRIES 2008 Edition

ENERGY BALANCES OF NON-OECD COUNTRIES 2008 Edition ]
IEA World Energy Outlook 2006

FUERL
>HEDERBRICEDHSIARNDDEIEIL40%
>BARTE27I%DNARICKIHRE

> FITKE,. =M., PE, AR TIIRENARIZCKEZIHEE

All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo

43
==
HROCO2HEHE
Al R NER T3 )L ¥ —{EBCO B PR
Z Ot 29.0% BERAHEE
27.3%
A=RNSUT 1.4% \ KE 22.0% s
/
\ / 27.3%0.3
7792 1.5% =8.2%
atl W E
1.6%

\— %9266%"[ _ﬁ%ﬁﬁl 6.2%
1497 1.7%;| thiE 22.0% F

&E 1.7% . L—m758% [EmE 7% | AR5 6%
14 2.0% B 4T% i ssion from ‘
. 19N 4.5% B : [EA CO2 Emission from fuel combustion
1%R 2.2% N4 3.0%

K - 2EMBRECIILERHE L 2—HP

PARKNDEBOEENSNKE. PEFEFCOHHELSL
>HBEDCO200#930%IF A R XK AL LHEH

>RRNADMEEI0%ME LTENE. BADOBHHED2ENELE S

All Rights Reserved. © Prof. Ka&gko Laboratory, TIS, University of Tokyo 44




|mRE

‘K1_15 CO2 HFH:IIEE-F%%E

® Conventional Unit

HEEE (AiR)
o 095
S usc
S o 082 IGCC
O . :
2 PERE (RiM) o QAé/ 0.70-0.72
o o 07 o IGEC
?ﬁ 0.61
¢ ) ;
A R (RRHR) I
S ® 053
© NGCC :GT1500deg-C
0'36\ 0.29
.
F'Jj)b%ﬁé%%i

All Rights Reserved. © Prof. Kaneko Laboratory, IIS, University of Tokyo 45

BAR®D A R FETIZLSCO,HlIB D AT REM

AREIEEOEERMAIXIGCCESIZIXIGFCMRINIZES

E 12K XE n |5 &
BAROBA#ER
60 - 60 - 60 - 16 - IS+ SEREHIRR
53 53 14.5
50 50 - 50 - 14~ "
2 12 -
% 40 40 - 40 - 9.4
) 10 -
E-3
1:%.'\ COMIHE CO2Hl3 2
k 30 - o /\ 30 - 30 - 8 -
> - 19.5 A
51 [ 6 -
~ 50 - 74 20 - COzHliE & 20 - 29,
12
4 -
10 - 10 - 5.7 1'4/\ 2 0 -
TN/ 5 -
0~ ! ! ! ' 0~ ' ' ' ' 0 - ! ! ! ! 0~ '
SR S S & £ B
FaSS FFL S &S5 S5 A
B S RO R R ¢ S &
’{S&‘ NG )6;\,_ INIRG ’{SQY NEEKC \ )’,?@
2 % . @

IGCCIFEMN T ERRRRDZWHE--KE-ZM- AR TREEDHNIZHR !

All Rights Reserved. © Prof. Ka@gko Laboratory, TIS, University of Tokyo 46




97




RFNORBNEEE

[2DLNT

(ERF KFRETF

BRI

BRI SER
I

KH Bx

&



99




CIGS HhERRBIES VRO L
- ERREREICRITTHATRAETEIIRILX—EDavEBERDORHI-
20134£7A 108 (XK) £AEER—IL

[[RFHDEEEEZEIZDLNT

-ZeHEDEER
-RF IO EEFEENA
" IRILF—RTLFH

KA f#t
HRI¥KRE

ZERBDZI—TDILH) (Reason, 1993)

AR T\

1%

KEOREXIEDOSIE !
REIEDOFE !

48T —REEE ! HRISRERS R D
YROBE ! BFAR

AR-RAT 0D #
B4 {ﬁﬂ& EEET !
Ea-VVIDS- ‘
\ AR
DB sta-sin| BERE| O

BB | gy | EEMEAD | BERER
PIERAEE | DRt LR

S T7a) 3 c
RRELEIR T™MI &)L Tr) JCO 28
\ 4 Y \ 4 A\ 4
1930 1980  ° 1995 °oozo1o

2

100




MBI OFmLNE 2T

O Loy R

[Heinrich® R | : H@KED 5
B EHTETHALHD
B BN DOELTUVREIC T SR D& EE
p|

O T1SO 31000: YRIZ AT AU —[RAI R UIEET ] DT (FEkX) KE

LOYIVAIVOZTYoY

B URTLBEREELTE MENGIKRERR 290K (ERZR) KE
LODEIEZ#kRSE A LEBMET HAK

B SO FHICRIIDOBIFEH®

EHOBLZHILLETAL

300D ARRKEE(EFX I Y W)
REBOEHGHEBXISHEED
HBEOBRWNEFEICHEIE

=¥/ \VrDBEHZTDLD

LI ZAD—H-T"ntg

O BEXROTAINIUN F—RNSUTREICRLONS
O EBEESNTOVENVEHARKOERISRNTLEICEEZETE
O BHEREET. BSNBHOLICH-ICHERITAIETHEICZEIR

ETAE

LZERE (K2 HKICELTHRITNHSN-LZER 4

101




LU ZADRENIC KL : EEE — 1 ST KERS

LoyTy B HE
ADRES i =En =7
SHFLRIL e $ BRA FHMH | *vkT—HH | O%a=4—>3 | HEH(SHS I™:: Pl
(WRSEE) | ~h(EEH) M G) (k5 %)
BA RBWERY | RREEOY | EEEED | — — CEAGEARSE | - RAEIE
i RYoBH YRHBH s
B | -EHARE: | WEGER | EROAE | BSOEE | BERSGE | aBERERd | EERES
BEEZR PSARREICL | SORBH #*E W) EELTEHR SR
%%?%“%ﬁ@ﬂ GERTO— | EBEEHE | AvziE
wiE A WEOIKAL;
- REH TR | WK -BAKEA |
# ARUMBE
B | BRONE: | EEHEDU | EFELED | FEFED | TVEELRT GRERE
M | S8ER. ROBEH YRVEE | WEHAF L (2F4) YRS ERR
JNE\S;’?;’&PSA: ¥ 4 X E-BHD HE/NE R
g?gf&vF EERMDEL %EEEL/
SRIFRIK ¥ ()
SR | EATORNE | EHROEE | SHERO AL T | - HHHEDE | - 2—h-Hht
(BES. %) | BHURE KE | EHE BEMH BB, BN | A -5 BOXE
9.1170-B.5b. | - @-FRY | -1>T5# 4 BFIEAERM | RARE A
RoBEHR | FUZOE N1 1% V-7 4 & (BB
i B IEEFE )
DA REHEEEL
- BRIZBRITEH. FILEHKEN
- EREAGR) . [BEETHEHABTREE]. H24.6. 5

- H

SITEEHITESYRI)TSV—AM]

Z8 (R EXH)

LUOYIIPRTL !

LY RD
- EHHIOURTEHE O R OB/ ME
« BT ARG (EAR—R)
- PR OEBRE R
- RBECABERUER(BB~—R)
- EERSEBA—X)

HBELTOEE (O1—F N\ O RT LDOFEIL

TR FE DX, VX D558 DiRZE

° /%/&7%'

-ERELEDYX

S =T =
ﬂ/bsﬂlbl

o BHEIENLDIFE(FRLN/IL, EFRN—X)
KFEFEEDEEBLIEHMS HEXDE D EE (I TE

o [XMDEAE | (FES FF. F) FEEEMTIL, HED 1L ETH#

o [FBDTRIE) (FE) . IREEEM THIETNE
RESHEMEZHETS-BFTEREHFBIDIVATLDEIL

2 (EFRL AN, ZEAN—X)

o IKE ARG

102




EBEFE—FHN 2011
HESERICLDIBRFHAREFTOKR

k2] 1)) R¥FF Rk pe 94 3 ERO®S
g #
HiEY 1 BEEL HEEIL ---
-4 | 1-3 | BBIREFL | HEFL BRE 9.1m
s 13.8m
(RBE: 13m)
ERE— 1-3 | HBIRI[ABILE | FHHEL RE: 5.7m
(1F) Hh A2 - 10m (1F1-4)
6 | REBE | PEFL  |ggm et
EREE= 1-4 BEEBR2EL | ABEELE R 5.2m
(2F) bR 12m
(RME: 6.5-7m,
. Locally >14m)
FEE= — EERaE)E | AEEILE Hhig 8m
(E%hE: 5.4m)

BEIhEERET !

=]

=g

Alnl

B D #3318 &t It 77 £t DA E

EREHG) . [ERRFHEHRMERESE]. TR 24 56 A20H

103




T2 BB (GEERE) ODBEE
YRORARD AV 1. REEE
<D
LOYIRRATL ! no

® B R
/4%%ﬁ§b5HWE
| EHSH AT L
~ (BhAY- B AO18EE)
SETFTOUT UMK
B.  (IZFryFr— PCVALL)

YRORRD A
2EeHEIRT L

S LI R FIF

d

A

REMEDRZ-REXIED L EEER
DEHZ D

3EREHRH UN—FKN\YT7)DEEE
AREERNIMNN)T)DFEL 9
[RFIFD T FEE M

Gen. IV International Forum

10
104




Gen. IV International Forumi= B I+ AT EIH
(Re., 5. BTLE. BEYER. 8hE, KFEHE, E. FUDL)

KFREE
|
B
iEhE
AR, KREE RZhEE
EBE S

# SMR(Small Modular Reactor) f R B %: MR LE. 7 HER. ZRIAH. EX-BEE 11

IR AV IVICEITHERLEDE R

-REIF (FEF) NTMAZ R E
REBREBER AT L (NHEZRERE) AT L: ADS %)

M3

[ LWRE LS

LWRE#L S
TIIH+HEF

MA: YA F—FOFF MK

EFAEREN\VI T PR KEF NSRS EIREFGRELOBMETRRMCE I IARMARORERESEROED A

(FH12 £3A318) 12

105




IRILEXE—RTLFE
BFHIT—XT79F(NuPO) EFBREE (NoFBR)
-HADHRE=

25,000
20,000
= 2050FEMN5MDFBRE A #L
\E, 15,000 \ -=-7650
-
=+—NuPO
&R
S 10,000
B =-<=NOFBR
3l
5,000 =
EFHTIT—RTYk X
: 2020 LIBFFER AL
0 T T T r 2 2 s A Y
1980 2000 2020 2040 2060 2080 2100 2120
-5,000 13

BFHI7x—XT7 9k (NuPO) £FBREE (NoFBR)
-FEIAXL

BRFHI7z—XT7IMIBREEEDHEHIR AN

=R 72 ok ] =
Cents/kWh Ak Iﬁéﬂf,ﬂz
l NoFBR
NuPO
2650

14
106




BFHI7T—XT7 9+ (NuPO) £FBREE (NoFBR)

—FHEBEOARNERR T4V

» BFNI—ZX7HLTIE, EMBEA MRS S b

T$ (2010 5EH D 2050 TH RH) - FIcRBRZ LET

2 SR Rz LE

15

RHEFLOBARBEE~TE

ENHRNELIREHY) r—RELLE (201245 )
-GDP:1.8%RA M (9.1 KA. FEEA—X)
SR T EAFEIER:3.4%RA MR

R EH 108 A

LB BRAEALE 2.0k M1E

-FERAMAFHE 2.3k (2.5M/KWhiE L)

(=) BERIRLXF—BFHRA MNEPIRILX—BHKREEL] 2011 £12 A22 8

107

16




BEF—SHEROIRINF—DRECRFHDES

O MR EERERMEEI RN —tEXa T ORBIITFE ! |

ORFHIZ=XTICDIF)AL, bR BIECRAEEERLTHLHILTHH -
O IEHEDOIRILF—F R SIaL—a0hDb)
B ITRILEF—aXMEHE
B BN REETHEROBRLIIR (BETREIRILT—ORMERE. &)

O RFHESEMICESR) S —EAREIC
B ZhFhoEOERREDREE
B hE., /UK. ASEANEEE (33 A ##5EH
B BERPVOMOBRMDOBIXZ—XT7OLEEYZS
B BENRI—X7OrT 545, BRZAREICOLE+EREND)

O #H5—FELCHTEENEBOAIE, HENEI—XT7IMNILES

OWRT, i —H TEEH L LEE EH]. R EF)eRETRE
O BENRELTCESE —FADS LN EDHMREHRICRETAE

IRNF—SRTLDEYA
OB EDCO2 HiHE B

58

BAU

53

48
a Eenergy saving
8 43 Power(Fired)
8 Power(RE)

38
_E m Power(Nuclear)
4 33 tranportation
:E o8 m stationary

CCS(other)
23 CCS(Power)
18 . ‘ ‘ 2650
2010 2020 2030 2040 2050

s FTBBLHCEFBIRILF—THD

o TBREOIEHSBEPIT,. 2030F E2050F TENBNT70%E45%DEIFICH ST D
+ NERIF. BETRERERFHTI0%E15%

+ CCS (RZ=EDOUXFEEE. Carbon Capture and Storage) [F2040FUE30% U EDSS
o EXREPIDFSIE. £HAED10-15%

108




TO—NUBER-BEMELIRIILT—RE

= B
D RRRR
BERIEASIY AT ADER
ULV
e = . g:z el
- ACISI - RIS IRILF— a)*IEgijg
e L, gégcz. IRILF—H - BB
DI SE@LL "I S BEREE
IHEBIRIL
F—ADEAK ?iﬁ#_[mggéow@]
 SRTE) CO2BEHD || (LEMAE HERR g
DER 0% SEBIME)
I Wy
BEm
w . _j 7
[ muERORS ENRA | gﬁéﬁﬁﬁﬁ'ﬁ%% §$bg‘éﬁl [@gmétﬁﬁ}
"RERA 2 ) CAVIS
FAFIA DHEE
bHHLrEORE NSRTIIE

DR @EHET & O piipgsscoEESs

19

e

Ql

RFARLUDUIINRTLTHY . hOREBEOBHEEICKY
BHALOYIUMEZRYDDOHS

Zetm L, FIEERLGEHR-CRFIFERSEARLERR N
BEDEFHRRARENEDLONTIND

HIRREIEEIRINF—EXL)T1EERIT NI RFHABXLAD
IRNF—RTHSD

BEUEDEDHIC, ETRILF— BERREIRLY—, KFN,
EBIRILF—DBREIRFERE. DR TORMEARENDE

20
109




Hh Bk R BE 1L HD (=
HlTHEAKFHAIZONT

X/ O—/N) B BE R 9T FR

F 4" HJ %‘bb,%\

R gE




111




CIGSHhBRRBE{ES R ™S L2013
78108 HE

HEE SV EH T2 AADEE LT
KhiZ 2D\ T

0 /U5 O— i\ LB BE TR ZE A
S E

HARDRE ERB
ElES

20054 Lt T, 2030&£2050F IZFNF N20%E50%HI
-BNARERTTOBNERIZCKYEREH

8,000
Canada
Others
UK 6,000
France
Australia 4,000 /_/—/ N——V—
Russia
2,000 +———= yd
South _/—"’_\’\—j
Korea O +——77m—TT"T T T T T T T T T T T
. 1995 2000 2005 2010
China .
——total ——United States EU
Germany ——Japan ——others

1 5 D CO2H R 1T B F 4K 5 (2000-05)

(A. Dechezlepretre, et al., 2009) REFEFOEH BB (USTOP)

112




ECEmMANTHH

15 World
10 - Target
5 - (Z650)
o]
2010 2050

IN—F )L CO2(2004)

(S.]. Davis and K. Calderira, 2010)

HADIRILF—EIRCO2
BEH = (20105F) (IEA, 2012)

TOP15T. 80%

TOP6T, 20504t FHE Ua (484
HKBERT. F$ 5758 (53%)

T, 41%

BROBEHXBICHGLLOR., by THEBEDOPEEKETHS

NRDEFTEDD

4 1tCO2/$1000

2 -

GDP&EH-YCO28EH E
(IEA, 2012)

20105, BARDOHHFREALIF
REKEDO6E]
PEKED14%

China

20%

Japan
19 JSA ——China
o Japan
1990 1995 2000 2005 2010
FEREEQOIRIILT—[RE

=[N KE FE
#8488 (2005) 130 123
21)>A(2005) 133 157
#K - R #K (2004) 100 144 202(2007)
£ (2000) 154 122(2007)
AimE S (2004) 113 151(2007)

H 8 RITE. Ecofys. IEEJ, ERIGE

113

HREEFEN
(NSF, 2012)




TERBRNTHH

-IRIBAEHE O [
hEEKE ISR H1TEIE B ADBERHTATRAR

LRI —EX )T DFER
HROAIRFEMEXKEOERRHAFEEMIE. BhD
IRILFE—tFa)TsDH

" EEBRFHOMEF - L
MEE TRILXF—IREEE
-EFEE R

ERFEHORE >7OTKEFHBDLRE
& EEXE(A—D—REEA D)

WIN-WINT3 1 "] gE A

United
China Japan
P States
Resources
Potential A X O
Technology
Capacity X A

Economic
Capacity

O
Rle-lsl;rlr.l]:cnes O X A
O

114




WIN-WINT3 1 R gEAY

)= TRILF—EEEFHTIRE (NSF2012)

- ROFv—ERE
AHIR&DIRE
B A BT
KIE: EREMEER
hE: EXt
IRILFT—RTLA

[ ARGE.REBE) |

——— [F2
| THRILE—fHE ]
[ IRILX—EE ]
— e
1

(oo D—D— =
| AR |

115




HKXHB DB (20104

BX XE thE
&R RE E:ZE@ AiX.RE
IRILEF—HERL . 2. .
T EE BT 83:5:12 83:8:9 92:7:1
ARAA ARNA wo
BRI REARKD REARKH  ARXT
[RFAH [RF A
HENE(%) 40 32 35
IRILF—HENE(%) 50 59 49
EE 59 80 48
B& 65 80 68
158 BAl 18 25 28
— AN H =Y {EZE (toe/capita) 1.33 3.40 0.56
H KD LLE (20104
BX *(E thE
AO(HFD%) 1.87(11) 4.54(4) 19.71(1)
GDP (tHFR D %) 8.99(3) 25.55(2) 7.96(4)
IRILF—HE (HRD%) 3.89(6) 17.36(2) 19.35(1)
IRILF—FhE = th {139
CO28EH (HFR D %) 3.69(6) 19.34(2) 23.44(1)
CO2[R B {sf 1139 = =
. . HEE $EE Bl
CO28iE AT 73 =) th 1§
BiREF X @) A

116




K

BHRET. NBETIRT VR

BX XE thE
RE AH-AXR RE

D)= IR F—HE
ARARIRIILF—IYHIR

e e B F N RE

’7‘)—‘/%‘?)1% ths. R¥7 CCS CCS
Bt £OIIvea BE
: Ex R4E R4 3]
IRILF—HEMER L :
IRILF—REHE
. - . Reverse
= R AT HES AT LA .
HY—USATREA L DRETL A
& EEDEKIEETIL
11
NN -~ e | —
HREVIVERDI=-HIC
— =] /=
(BETILETE XY)
- ; United States Japan China
arge | 200 | 05 2030 | 2050
CO2 Emission
(Ratio to 2005 levels) 0.96 0.47 1.48 0.82
Emission Intensity | 79 5 N N¢ | .
Energy Intensity
(TOE/GDP) 0.12 0.09 0.05 0.04 0.20 0.13
::ffEnergy Mix e Q i £ 3.1 v ) 1 ). D B
. N RE),;Eiiijgjf_fl: 8:1:1 ) 5, 5| 2211622162214
Power Generation
(FF: NE: RE) 7:2:1 | 3:4:3 | 4:4:2 | 3:4:3 ‘—4: 3:3 | 2:4:4

12

117




) | E A
=Rt DORIRERS (1)
B *rh A%
IRLF—REHGN+
SIEEHISa =4 = #E7=EA (2007)
B i (2008) (2008) e e
thE HIRREBRAAES D)V IRILT—1H (209)
25 1\ (2008) %E (2009) J70F—F(2013)
H*EFEEA (2013)
£ﬁﬁ{$ﬁ_—i“ E&JT‘TFE%*‘T;E E&ﬁ‘fFﬁﬁj‘TEE IE&JT‘TFE%*‘T;E
REH 5 SUDBRUOR RN
i e P57 ERBE I E
i JOSzoLElE BAXT A
S ECRREM BUR (BUA 7 ) &R FFEER
PRA ERBR 1% ik TRt
13
FI0mNAK
HATF 9 D1 I
Trilateral Agreement
United States Japan China
Technology Technology Technology
Fund Fund Fund

Standard, Regulation, IPR

R&D Center
Plant Maker
Implementation Center

Low Carbon Technologies
Plant
Business Model

\ 4

\ 4

Internal Application

External Deployment to Developing Countries

118

14




FEDH

> BARIE, HhECREREIGFIOHERE I DERICERT 572612,
SBEAAEAEVERBIBRBREORELY. 8L RifTHhEF->THRE
HICERBHE) T RE,

> BEEEHIFIIZEIT T, BXPIZHEBEKFEEEEHTEEZEAHY.
ZHEBAIZKY., REGAH#EZRETELIDALELT . IRILEF—F
;%'JZC;%ODEE{%\ EEBFHOMHERLICLENTE, SHIZEEE
EHTED,

> BRatipAHLY. BEEOEREHISELE-RAMBEIRILF—RXE
SYIREZREHL. 2 LEICER TESIRRFRRARZHEILITASE,
> BEOZEBBADERREZER . BT - ETE-EREEZHEAD
BHAREHELTAE,

> BFMEEICEDWT, BfiBAR -E-EFX - EREDTILT
Ot REHETETEAIVTISDEBENMFHDODR—XIZES,

119




120




121




122






	note1(A4).pdf
	Sheet1

	note1(A4).pdf
	Sheet1




