B

ek % - TH 8- REET - HATESA

Japan Atomic Energy Research Institute

JAERI-Research |||||H||l\||\Illlﬂlﬂlﬂiﬂlll)llllﬂ\ﬂl\llll\lllllll

99-015

& T 5 B bR REIB RS &
R+ NDIE]

1999538

BAEEFDMHRFR



RLKR— ML, BREFHFEAIRERCAHL T EMAREE T,

AFOME LRI, BRETFDURIFFEERTMIEFERE (T319-1195 KR IRFT
HEMEH) HT, BELBLCES G, 28, JoECHAEARET HLBESEH L
5 — (T319-1195 KT IHEPEIEN B AR T HHENN) CTHTIZL2EENHix b
ShoTBY ET,

This report is issued irregularly.
Inquiries about availability of the reports should be addressed to Research Information

Division, Department of Intellectual Resources, Japan Atomic Energy Research Institute,

Tokai-mura, Naka-gun, Ibaraki-ken, 319-1195, Japan.

© Japan Atomic Energy Research Institute, 1999
S FFEAT H A EF I 7ERr




JAERI-Research 99-015

BAOEIC 4 5 B LR FEHREE & R OBRE

AART AR REH R TRV F — 2 AT L
e R TH M-SR B - EE i

(19994 1 A28H%HE)

BOBEDOEM T RILF— ¥ 27 LEMNRIC ZRLRZOFHHIRE T > ¥ v VEBRICBT 557

WEiT>1z0 SHTICIE. AT LF -8B (1 EA) « TXAF—HEHRY X7 LT T0 75 A
(ETSAP) OFTHEMKELAZMARKALEFLVERB L. SHMRBIEZ1990F0 5
2050/EE T& L. SHOFFRELRE L TTRLF - —EXJELRE L1 o, LARE
Dt & AFARER. FFARFERTRLF—OFRATRERLE EEEE LT, N oDRTREN
DFT. EFAFEAOEE. “RLKEEIY - HEOHE, RAAXONAAIGEREE/ YT A —5
ELTEMDO IRV F—BR L F VA AR L. ZBURFEOHHBEBATHERT L. £0
R FFARANSOVESICRARNDEREIHEA L T BLRFOPEIIHCRETDH 5. [
I - BERIHHBRICED TS 30, BT HRRAICHNTRELBHAHEEZH Y. RATZAOFA
HEADAHTIEZRILRFEEHHIFETERVIEEORRER

HABAA : T319- 1195 RIRBIMBESHOH M2 — 4



JAERI-Research 99-015

CO: Emission Reduction Strategy and Roles of Nuclear Energy in Japan

Osamu SATO, Makoto SHIMODA, Kenji TATEMATSU and Yoshihiro TADOKORO
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Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 28, 1999)

An analysis was made on the potential and cost of reducing carbon dioxide (COz) emissions from
Japan’s long-term energy systems by using the MARKAL model, developed in the Energy Technology
Systems Analysis Programme (ETSAP) of International Energy Agency (IEA). Assuming future growths
of GDP, the demand for energy services was estimated for the analytical time horizon 1990-2050.
Assumptions were made also on prices and availability of fossil fuels, and on availability of nuclear
and renewable energy. CO; emissions and system costs were compared between energy demand and
supply scenarios defined with different assumptions on nuclear energy, a CO: disposal option, and
natural gas imports. Main results were as follows. Without nuclear energy, the CO. emissions will
hardly be reduced because of the increases of coal utilization. CO: disposal will be effective in reducing
the emissions, however at much higher costs than the case with nuclear energy. The expansion of

natural gas imports alone will not reduce the emissions at enough low levels.

Keywords: Energy System, Carbon Dioxide, Cost, MARKAL Model, Fossil Fuels, Nuclear Energy,
Renewable Energy
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# 3.2 {HLRREFHER

19904F 20004 20104 20204 20304  2050%
AR (BFH) 123.6 127.4 130.4 128.3 123.0 111.5
HHE(ER) 40.7 44.7 483 49.4 49.2 48.5
GDPHUER (%/4F) 2.21* 2.50 2.00 1.50 1.20
A PERERERL (%)
BRKESE 2.3 1.9 1.5 13 1.1 0.9
RLEE 42.7 42.6 42.9 42.6 42.4 42.2
OHLEMR) (10.3)  (9.1) (8.1) (7.5) (7.0) (6.3)
OB R) (18.4) (20.6) (22.9) (24.1) (24.9)  (26.3)
= HiE S 9.2 8.5 7.9 7.5 7.2 6.7
P—EREE 45.8 47.0 47.7 48.7 493 50.2
* 1994 ~2000FEDHUNE=3%
# 33 TRNLFXF—Hh - REE
19904F 20004 20104 20204 20304 20504
EMAEE(ERL)
ik 110. 97.5 95.0 92.5 90.0 85.0
AR 84.4 90.0 87.5 83.75 80.0 75.0
A - B 28.5 32.2 35.4 37.6 39.3 423
EEMEEDOFE I FNLF—FE(P])
{EF T3 (=r1%"-) 445, 495. 547. 586. 616. 667.
T ¥ (EEH 1015. 1400. 1443. 1468. 1485. 1511.
22 (AN 123. 127. 133. 137. 140. 146.
FOMPEHE 1558. 1937. 2381. 2744. 3060. 3654.
BARMAED = VX —FE(P))
%% 1009. 1291. 1567. 1817. 2029. 2432.
FRE 1199. 1607. 1956. 2226. 2404. 2574.
ENE@XE
% (10/& Akm) 1299. 1502. 1767. 2009. 2209. 2555.
4% (108h/km) 547. 596. 657. 715. 765. 849,

: 1. TRNLF—Y—ERFEOERE

BREE. EAMGEE KNV TRIER  RMAER
EDMMOER  FHTALF—RHE
CRAERM (EBRUOEE) : APHTALE—FE
EEEM . REXIRYOREE

2. B RNVF—DER

AR T RAX — BB Lo TERICAIA SN = L ¥ — (BBITRA
SN RAF =0, SMRA~OBBFICLHRR N ZFELFNNHO)
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# 3.4 W ABREHCES T ARG

(a) #AKRRH > R L
1990 1995 2000 2005 2010 2020 2030 2050
7 $/bbl 2276 1827 200 230 260 300 340 400
$/GJ 402 323 354 407 459 530 6.00 7.06
JEEHER $/GJ 202 1.85 200 208 215 225 235 250
— R R $/GJ 206 200 200 208 215 225 235 250
LNGUK) $/GJ 413 366 401 461 521 602 682 8.02
LNG(&) $/G] - - - 553 625 722 818 9.62
RKRUZ $bUO, 290 190 190 204 219 238 257 285
(b) B AR5 _LIRHIK
1990 1995 2000 2005 2010 2020 2030 2050
B Bkl 235 266 270 245 220 1.8 150 080
Em&nn
' M f8KIOE 0.18 0.05 011 016 020 025 030 040
7%  {BKIOE 0.17 025 025 025 025 024 023 020
LPG {SKIOE 0.19 019 023 024 025 029 033 040
T f8KIOE 0. 0. 0. 005 010 013 015 020
® {&KIOE 0. 0. 0. 005 010 015 020 030
HVV {EKIOE 0. 0. 0. 005 010 013 015 020
kR Bt 6520 6520 7200 7200 7200 7200 7200 7200
— R IR Ft 3630 5760 9500 14750 20000 40000 60000 70000
LNG ({£) Bt 3570 4280 5500 5750 6000 6500 7000 7000
LNG (%) Ft - - - 200 1000 2500 5000 11000
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#* 3.5 _EbRFEOHEHIREK

H H - A VA PEER %K
L BERE
B (EE. @A) kgCO,/GJ 74.4
LPG (&A) kgCO,/GJ 63.4
AV (EA) kgCO,/GJ 73.2
T (@A) kgCO,/GJ 73.6
T 1 (8 A) kgCO,/GJ 67.9
B2 (B A) kgCO,/GJ 74.2
Hib(E@A) kgCO,/GJ 75.6
SRR (EIE. #) kgCO,/GJ 95.1
— xR (EE. @A) kgCO,/GJ 92.5
mBMRILRBR kgCO,/GJ 92.5
LNG kgCO,/GJ 55.8
EPERIRA A kgCO,/GJ 55.8
BEZEY)
7V BEIR kgCO,/GJ 99.1
T A kgCO/kg : 809.
A NG ;
IR BERK kgCO/(ZAVN) 534.
A RS IE kX —FI FH (GEER)
FMERERS (TA77VME) kgCO,/GI(F 1) 1.88
LT EEE
LPG kgCO,/GJ 54.6
F74 kgCO,/GJ 62.6
— iR kgCO,/GJ 92.5
a—J 2 kgCO,/GJ 113.9
[EI BERTZE - Ao ftE FREE (F2RR)
ES R kgCO,/GJ 67.9
H kgCO,/G]J 74.9

H: 1. REORBERICIT, (K RABEAERAL,

2. ASHrCIE, —HIREH (ERESUTmARED [CPRHREE 52, —RIRELD722)>T
PREEIZ SN ER Sy R ONEIBRALZE - A BE RSN DR LD L O PR AR X 57 %
R B2 LELTUND, LIcio T, EEH BORHRICIZ EROPEREE R
Uiz, 7o, ZREIRF OB 3 2R BED EROPHEB IR L THRI

3. EROPEHRELIIRN, HARIO ZBLRFEHEHBA I RIS OAMN T, AR
}l/ﬂ’\:»—f/z:f‘_b“: =) iné%l*/bs\f‘—&ﬂﬂ:ﬁbfﬂﬂguKﬁ?ﬁﬂ%ﬁ&ﬁkto
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# 38 EBRRBERINFORMET—F

) WH | BEE | REF BRE MRS R
SERLWM 8 | (LR) WIES 2 & CIEoy-{
(%) (%) (Aw) | (B/w) | (FI/MI)
A (HER) 199095 30 60 41.0 202. 8.65 0.0628
2000-50 50 42.0
f it %838 30 70 gg.g 233. 9.98 0.0734
(FEEXARERE) 2020-50 38.0
G ihth %(9)38 30 70 gg.g 253. 109 0.0797
(EEEAHKH)  2020-50 36.0
AR (k) 1990-00 | 30 70 38.0 264. 11.0 0.148
2020-50 40.0
A% (1IGCC) 2000 30 70 43.0 314. 13.1 0.212
2010 45.0
2020-50 490
A% (MCFC) 2010 30 70 50.0 345. 14.4 0.233
2020 52.0
2050 54.0
LNG K} 1990 30 65 42.0 212, 9.08 -
2000-50 43.0
LNG # &%) 1990 | 30 65 45.0 256. 10.9 -
2010 55.0
2020 59.0
2050 61.1
LWR & 1990 30 75 FEQ 328. 15.0 0.123
1995-50 80
FBR % & 2000 30 80 FEQ 1312. 233 -
2020 656.
2030-50 459.
KH 60 532 FEQ 916. 16.3 -
e (KEH) 20 80 FEQ 600. 17.4 0.020
hz (EEH) 20 80 FEQ 900. 26.1 0.030
ABX (KEAH) 1995 20 125 FEQ 1490. 29.7 -
2000 561. 112
2010 337. 6.72
2050 303. 6.05
XX (SEA) 2015 20 12.5 FEQ 359. 7.15 -
2050 333, 6.66
&5 2000 20 24 FEQ 600. 24.8 -
2010 450. 18.6
2020 370. 15.3
2030 320. 133
AEMG (HERE) 20 70 |B%R 27. 276. 10.9 0.170
2 38
EE M 2000 20 70 BEX 433 307. 12.1 0.189
(PAFC) # 278
2010-50 276. 10.9 0.170
WRELE 1990-30 | 20 70 B& 556 331. 13.1 0.204
(MCFC) #m 278
2050 B 59.0
B 295
Hh# (ZA L 40) 20 90 FEQ 101. 10.1 0.153
BE#h (B OLH5) 2000 30 90 (cop 6.) 150. 9.3 0.058
2030-50 120. 7.4 0.046

(%) FEQMtATANF—MBETCHRATZANF —BEZ BRI L 2RI,
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BEH(BWHE) %ﬁ ﬁ' (2010 ELABREDOHF KR L)
#HEOHA BB 3. 45 | ( 5.8) 7. 8.5 10.
akKh
o il %% 29. 32. (2015 FELABEDOHFHHZ L)
IGCC o] 0.24 8. 40. 200. 250. | 300.
# 24t MCEC Bl — 0.5 10. 40. 60. 80.
LNG kA
e kR %% 44. 50. (2015 FELIBROFHZ 2 L)
40. 32.
#EYA4 N %EE 13.5 40. 70.
12,5 20. 30. 30. 30. 30.
HRY—¥ > bR 8. 12. 16. 20. 22.5 25.
BRI ANVY—HE
KA %EE 22.2 26.5 28. 28. 28. 28.
22.1 223 225 22,6 22.8 23.
H#h (KAL) %% 8% 2. 4. 47 53 6.
Mz (Sffikk) B ! 0.1 1. 3. 6. 9. 12.
et IR N NN
KBSk (RifR) ati} -~ (m%ﬁ) 7. (£%¢)35 40.
& FERB 0.02 0.3 4, 8. 9. 10.
ZOMAE
dJIRE LB 1. 1.3 1.4 1.5 1.5 1.5
COHRI—EY LB - 0.2 1. 5. 7.5 10.
k3 E %% %. 32. 36. 40. 425 45,
REOHHE (GWe)
e LR 5.4 10. 10. 10. 10. 10.
R B (PAFC) LR 0.2 5. 15. 20. 25. 30.
g (MCFC) | LR - 0.2 15. 40. 65. 90.
AALE (GWt
ﬁz( ) LB 7.7 12.5 17.2 22. 235 25.
Hb 24 LR 0.96 191 | 2.87 | 3.82 4.59 5.35
FEER (b-b°V7°) LR 0.2 2. 6. 10. 125 15.
JRFH
BEHI (GWe) LB 46. 70. 8s. 100. 113. 125.
il G N T I M A M A O S
EEhAE (GWt) LR — - 1. 10. 40. 80.

GE) T—, IHEMOEADBRNI L, 750 7 ZREABRHKN RN L E2TRT,
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2189 2000 2010%  2030%FLUE
£x40 4258 138 320 459
FEE 135 338 338
{2 h 6.4 16.1 16.1
R1S 134 334 66.7
BETH ;N 75 186 186
#ILT )3 16 41 4.1
R1S 386 902 1288
foEEs EIya) 18 46 46
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(1) CO.@UR
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AN L. ZOBITBLICHD LTV D, 2025 F£F Tid 1990 FOfiticgEZ [l > T,
2050 FEDALIEBEIE 243 B k1 (FHBE, UTRAL) THd, —RTAINVF—2EKIIEHD
LAMOY 7L 1990 £D 57%h> 5. 2050 FIZiX 28%F T T § %,
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