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one that should be selected.

The purpose of this study is to examine the long term impact of energy policies- translated into scenario settings- on the
power sector and to evaluate the policies in terms of economic efficiency, environmental impact, and energy security
simultaneously. At the core of this study is an optimization model to calculate the power generation mix in China through
2050 under certain scenario settings. While the projection of electricity demand over the same period was carried out by
using the least square regression approach. Based on the simulation results, a quantified evaluation of impacts on economics,
environment, and energy security (‘3E’) was taken out. The results suggested that there was no policy scenario that could
solve the ‘3E’trillima. However, in order to select a scenario that could answer the expectations best, a decision matrix
approach was deployed. In this approach, the scenarios were scored on economic efficiency, environmental impact, and
energy security, which form an evaluation matrix. By multiplying the evaluation matrix with another matrix indicating the
priority order of the 3 ‘E’s a ranking matrix could be yield. The scenario with the highest score in the ranking matrix is the

Keyword: China, Power Generation, Optimization Model, Decision Making

de=
1. 8=

2010 FITIEHEO—R= R X —EE L 25.2 FEA
B b (toe) 1L, KEZKOTHAR KO R/LF
—HBEEL 2o CLRY). PEOZIAX—FED 7H
FHNEAR TN D Z &0 h, REOREZNR T 2 OHEH
HAHICHEIML T\ D, BUE, PENFH#RRKRORELR
HABMETH . £z, ARSOBRERIFILEERE

THRIME L CE R RKIBRMEDO ERTH 5 LS T
W5, ZOEOREROT, PIEBUMITEREE DU LR
DR TH D LB L, BREEIG YRR O B2 & Akl L
TW5. FTHLRICT RV =2 AT MO T % fif ik
KDO—DE L THEEL TS,

HETIE, EEHMAT RLF—RIROIREZES Ak
O 481% HO TS, HEOBEFRRER T 7 HI9R03 0 R
KNTHD. BERERLOHEHIKIZE-T, 4%PED
BHTEIBIE MOV & PSR, FHEROE
ABRETHD. o T, =RV F—U AT LDRRHAL

CIXFTREROBA RN REETH 5.

BT T MIBR SN T OEAEMBEE LT 57

0, BUEOBORGHDEE, B, BLOmxrd—4L4%
g (Z20F) ICxt LEMMNREEL X 5. #£-T,

FEMMMNBIT D =R F—BORERTET DB, ZOE
KOREMNR R BEZFTMT 5 2 ERRER. hTEOF
BB OMRFICET ML LEI TR TV AR, &
BB 22 BOREE M T T kA gk 19 & 3Tk ),

& D WIER DOBUR OBUREREHS (ERR &R C3tmk), 7 U
— URBHAN ORFIE T OFHE Gk ¥) R EICRES
NTLEI T —AREZW. BE, —BESHET L& 5K
L, HEOKRFICLHRE, BE, BLO=xL¥
— LR~ RN e E BB OB 7E CCEk 1)
NHPEENOFEEREIC L > Tirbh s, =20, &
L2l =Y a VORBRDLVDNCEBERY TV A E 3 oD
B OB SREWICHHE L, HEOBR Y TV 4 & 5iR
T 20, BT 2MFHIA 2.

2. HRFE

ZOWSETIE, ABOPEOT R F— - BREBORO S
MPEEBEIL, BEOVFIAERETDH. KT U A
BOTHEORBEBMOMKREL L ZORMNZEE &
7w, BB, TRAX—ZEEE) OF *%@ﬂﬁ%ﬁé
BARIZITE EREET VT, 2050 FF TOHEODE
BhETNT 5. FRkoBEHFE %%A~z;,%ﬁ%/%J

WXL, IcibET LBV S 2 b—v 3 U ETWD,
a2 NN OBV Z IR S .

VIial—va VOfRND, FBORV T AICBIT D
B ORAEE = A b, CO, PEHA, I JUWREHNE &
EEHE L, TOBRI TV ADRE, B, X%
BRI 2 28 A EREMICTIT 5. %%_,74/
Yar~ My 2A0FEEZRAY, BEEREOBEOREE
H (Z20F) ITERIEMN %25 2, FBOREREORA T



IEEJ 2016 5

MiZEzF X752 LI0E>T, —EQOHE - =RLX
—EBRBREL IR 2 K EOR IR OB M2 EEMIORT
VAPAS

3. ETL

A THNEZEFTAD T L—L U — 2 %2R 1 IR,
(1) BHOFTFRES A R

2050 FFE TOHEDENFTEL, FEXEIM, FKEEHM,
& OMEBFC/TC, GDP, EBAMIKE, A0 (FEH
DFH) ZIAZEE (ko GDP, EAHMK, A0 ZEIMVELE
BELTANT D) LT DLUTOFHRERITIESFHER
FETNVERNTHAETS.

T /) 55 Z=A*(GDP GDP L% {IE )*( & JJ i #% ~ i 5 5o 14
E)*(N BAN SRR AE)

Thbb, FEE, FEE, TOMD 3OO, #
F (1981 4-~2012 4F) D& /1752, GDP, HEXEHE, A0
DERBENHEIFIFIZL Y, EE A, GDP HMEME, ik
SRR, AN DVBRPEIE A HERE T . FEE S o pEbEE 2 A
BHE LCTAHFEDET VICATIL, EiditBH a7k
TIEROBNFEELFHAETS.

BAEEEETMNC X 2 BIHEII T EOBTRIEEEDON
THEEZLEDTWS (B2). [RIE, REmEoZ(l L g
ERF DB = 2T Z L2 Lo T, BIRERIZHD HE
EHFADOT =T R TV B2 BND. 2Dk,
EE DT > GDP BIEAEIL 0.9 525 2050 £ T
WA 2 X5 I L T D, 2050 FREICHEICE
VT 2 EEETRFIFESIIEE O GDP BEMAEIX H AR D 1981 A~
2010 FFEORIRHFEEARYE (08 B) ICEET D LEE
TW5.

Solution for Various Scenarios

Power Investment Planning Primary. Decision Varibale
MINIMUM and MAXIMUM Condition by Type of Plant

pe
(Energy Mix) in Min & Max Capacity (50yrs: 2u14zuea)

Price Control Variable Condition
Rural Available Annual Capacity by Type/Unit

External Assumptions

‘Solution for Annual Optiimum Level
e et Fuel Prices Variable Conditions
Fuel Availability Demnad & (<) = Supply
T " Reserve Margin
su bs dy Options of Plant Min/Max Ope. hrs
Min/Max Capacity Peakload allocation
Capital Cost -
Thermal Efficiency
Plant Life Optimum Qbjectives (Annual
| cop | K lGcation Bl e oAl

CO2 Emission
Operating hours of ¥ o Grid Operation
each available

Total Demand

-Price Elasticity
-Income Elasticity
e e
C: y

1 EFADTL—LU—7

6000

5000 -

4000 -

3000 -

TWh

2000

1000 A

O > DS
9’ " L’ O
s

P B P P D PP S 0,0?

BEEX CRE mToft

R VAR -ARES
(HPFT) K2, SCHRY, &30 D% b IS EE MR

(2) | ORHELET L

B O DONTIL, BEAF O I S O 56 B R% i
DFEBER LIz LT, WEE LT D EE OB RS &
ST . RET AT 21 OREHN (FREBOFEMITER
2a~c |ZRT) EEfE LT, SREHEIMTOBEI AL
BRI 2 BUE LoD, BURY T U AHICERE L7l S
P2 T2 U 7o St 7 SRR R A IR 5

ELIZBW T X M (B2 FbETe) & H
LT 5. 272 L, AEFMCEWTEBE A TlE 2 <,
FEMICEHIC A X P ER/MNCT D 85 e %
EH#HHAELTRDOTWD., TROLEFEEHIIETT M T
20 A U723 OBREHE SR B & & BRI E (N E
FEJEARa A NEEBIEE UCHEM) Z3E, £77 0 b
EHETE A N PG RNEIZ IR S O BRI AL T
5. ZHUCHEDE 2050 4 (36 AR F TORR MR/ =
AN ERDHEFEEHMERDTND

B, RETNMIBWTIHENENDO XA I L DH3E
DRFEATTRER (FIRHIK) 265t e LTARD Z
EMTE, ZOBFERNZOLOEBIRERETDHZ LI
£V CO, DY R &% AR L T 572 E DI % AR
LTW5. £z, BEHIFEZE—27n—RFEI L R—
AD 2O, B2 IZiEAMKT, K, KGR s
WO RS, AV b A —=FOEZHTLHAL TS
ARETIVTIIFRE, FE¥E, ZOMD IS0 ¥ —I|25
T2 &AT 2 TV DRI Z & DM IF T > T2

VA Yy M= — L, E 77/%@547%%%31F@ﬁ
WIEIZIE 72t O &5 ANl I REHE M 02 WIEZ 9. AT
F T szif)/bﬁw& & LT FE I E R EREN AT

FAHREE L CWVWD. 7mE iy —7 m— K| ﬂbff?f;%*%ﬁﬁﬁf
1372 < BEWNTKEFCA MK I 2 BERICEI D B TH R E o
W%w%tbfmé,ﬁ%,EDVNwwﬁ%@mﬁméwﬂx
FEH/NCTHZ L E BB E T AR CTEER - A8
PEDREYMa A MR/ LONSEEAICEID S THERS.



IEEJ 2016 5

4. FIREHELELFIVADOERE
4.1 <o OH

FEOFE GDP IORIL 2020 F£F THEE 7.1%, 2035
- FE TR 4.3%, 2050 4FFE TR 3.4% L3 E LTV 5. 2050
0> GDP I 2012 K #EDK 5.4 512725, FEO AL
2035 FEITHY 142 {BICE LR, =2 7 U D2 & &M
EL TS, GDP & AHDEFEIZ OV T, HREITD
Harr—4 Cik®) 2RV Tn5.

30000 -~ r 1450
25000 - [ 1400
a c
g 20000 - r 1350 g
9 g
Q 15000 - r 1300 §
< =
K] £
= 10000 - r 1250
o
5000 */ - 1200
0 L e e e R R EEEEEE 1150
O M W AN N 0 o < NO M WO N 1 ©0
S o000 ddad AN NNMmMOMMm MO ST F I
S 0000000000000 9o o
N N NN NN AN AN AN AN AN AN NN AN NN
== GDP Population
B3 ZHEGDP L ANDOHE

HEOBEEITBIFIC L > TRESN TV DA, ik
FOTEEFE A T Lo TENMMN RS, RET LT
X, FEEEOBEBNFEE THT 5720, REFEEOES
BHEKEEZRE L, TOT—% %832 GBEOFHE
SUBHE & SCHR D~ ik WE B U L) fEkoE SR
4 (BEHME) 220, BREla A e oA v 7 LREER
AMICEEL, FR2%TEA LT EHEELTNS

10.80 -
10.64
1060 - -
10.43
10.40 | "
. 10.22
3 1020 - =
3 10.02
5 10.00 9.90 =
w
=] [ ]
9.80 -
9.60 -
9.40 T —
S O W O N & VW W O &N & VW W O N & VW 0 O
cococoococoo333333333S8
N AN NN NN NN NN NN NN N NN NN
R4 2EFHOESEEDOEE
4. 3 BRI

Filh, REBH A, AR, ROETHREBEOREMR (4
H) OBEIXLLTORITRT. FFRO F EE N Of Mm%
ILSERICE MR & BT 5 L4HE L TnD. HEOKRK
T AMREIEBUE, BOFIZ L O EE STV 523, 2020 4Ei
BICEBIEE V730 EMREL TN D, ARMEIZD

WL, EPIRE A EYEIC LTS, REB, 2014 4FE% 0
[E A TlAS O BTE & F UKL S 5 RIR A A [E Bk,
R EEWN O A RO FEIZOWTH ML TW5D.

R 1 RBHEREORE

Current  Current Price Compound
Price in USD/toe  Growth Rate (%)
Crude Oil USD/bbl 60.0 408.00 1.98
Natural Gas USD/Mbtu 7.0 314.38 1.38
Coal USD/t 80.9 131.71 0.58
Nuclear USD/MWh 9.33 108.51 0
() BIAEAmA% (current price) 1% 2014 4RI R D4 B ks K
H¥ThHD

(HFT) AEr & 0 EEBE

LA RBHMBEOREIR K

FFRBHAN OFHAFE L 2 2 MEEKE R 2a~c ITRT2
K & B A178 & OFARR= R F—Hili O3 E 2 2 b
EHEMERICL > TERTF LTS EREL TS, —F,
IKITRMEN R & DIEBEMICONT, ABICBHETE 5
A~ (M) BT TSN WD, ko=
A MIRAIZEF LTS ERTHD.

®2a HFREREHROKM, =X MR, SEHA%K

. Thermal
q . Max Min ..
Technology Eprmly | Operating Operating iR
(GW) (Years) (*11630kWh/
hr/yr hr/yr
toe)

oil1 0.01 20 7000 1] 0.3
oil 2 0.02 20 7000 0 0.35
Natural Gas Open Cycle 0.3 30 7000 1000 0.45
Natural Gas CCGT1 1.36 30 7000 1000 0.58
Natural Gas CCGT2 0.4 30 7000 1000 0.55
Coal Super Critical 1 0.56 40 7000 3000 0.46
Coal Super Critical 2 1.12 40 7000 3000 0.46
Coal Ultra Super Critical 0.95 40 7000 3000 0.46
Small Hydro 0.00037 80 4380 0 1
Large Hydro 1 6.277 80 4380 0 1
Large Hydro 2 4.783 80 4380 0 1
Geothermal 1 0.05 40 6132 3000 1
Geothermal 2 0.1 40 6132 3000 1
Geothermal 3 0.2 40 6132 3000 1
Biomass 0.025 20 3500 3000 0.2
Onshoer Wind 0.05 25 2028 0 1
Offshore Wind 0.1 25 4000 0 1
Solar PV 0.02 20 1752 0 1
CPR1000 1 60 7000 3000 1
CPR1000 1 60 7000 3000 1
AP1000 1.25 60 7000 3000 1

2 F2a~c lRENTE A MITRT 2013 E04 BETHD. 72
B, THTENZB W TRERIIO S 2 AW 235813 = X b
LEOPEIZFEE AR LI EE ATV S,



IEEJ 2016 5

K2 HFEBEHROEM, =& MR, SR

CAPEX

CAPEX  Weighted anual Cost OPEX

(Direct  Average

TR o) ostor (2 (o)
USD/kW  Capital ’
ess)

Oil 1 500 0.06 1  0.02600
0il 2 800 0.06 1  0.02600
Natural Gas Open Cycle 718 0.06 1  0.00650
Natural Gas CCGT1 583 0.06 1  0.00304
Natural Gas CCGT2 521 0.06 1  0.00304
Coal Super Critical 1 672 0.06 1 0.00168
Coal Super Critical 2 602 0.06 1 0.00151
Coal Ultra Super Critical 656 0.06 1 0.00164
Small Hydro 1800 0.06 1.01  0.00410
Large Hydro 1 757 0.06 1.01  0.00254
Large Hydro 2 896 0.06 1.01 0.00137
Geothermal 1 7000 0.06 1.01  0.01800
Geothermal 2 5000 0.06 1.01  0.01800
Geothermal 3 2567 0.06 1.01  0.01800
Biomass 2140 0.06 1 0.00430
Onshoer Wind 1541 0.1 0.99  0.01954
Offshore Wind 3680 0.1 0.99  0.04626
Solar PV 2878 0.1 0.99  0.01565
CPR1000 1748 0.06 1 0.00710
CPR1000 1763 0.06 1 0.00704
AP1000 2302 0.06 1  0.00928

20 HFHBEHROLM, =2 MRE, SEHR%K

co, NOX PM
Emission Emission Emission

Technology Factor (ton  Factor Factor
C/toe) (tonftoe) (ton/toe)
Oil 1 0.79 0.0502416 0.0005443
0il 2 0.79 0.0502416 0.0005443
Natural Gas Open Cycle 0.58 0.011723 0.0002093
Natural Gas CCGT1 0.58 0.011723 0.0002093
Natural Gas CCGT2 0.58 0.011723 0.0002093
Coal Super Critical 1 1.04 0.0125604 0.0016747
Coal Super Critical 2 1.04 0.0125604 0.0016747
Coal Ultra Super Critical 1.04 0.0125604 0.0016747
Small Hydro 0 0 0
Large Hydro 1 0 0 0
Large Hydro 2 0 0 0
Geothermal 1 0 0 0
Geothermal 2 0 0 0
Geothermal 3 0 0 0
Biomass 0 0 0
Onshoer Wind 0 0 0
Offshore Wind 0 0 0
Solar PV 0 0 0
CPR1000 0 0 0
CPR1000 0 0 0
AP1000 0 0 0

(HFF) SRS, SCHR, 2 Zoff v —% s MR b LI
BHEDRE

4.5 F ) FDEE

AT, TV T 7 LAy F U, [ RRTAT T b
T UA, BEOTCOHIET VA O=2>DF U4
%igv+9ﬁkbfﬁﬁbfwé.é%m,mqmﬁy
TV A EE L COHIBBREA T D Z & A HITRIC
%ﬁﬂ@m@ﬁ%&%7:—x7vk(&%%K%k)ﬁ

5 TEOBefe 7 =—X7 v T A) & (AR
HD) TCCS [BATF U A] ZRELE. %VTU%W%
EaRIITRT

£3 V)V AHE

vy F VT Y ARE

DL7r LA e OBUR 7 # A& B LTz 22 2 b oMb

B RFEETT OB L, T Od%
N AFBAR— R E MR o> TR A K
NN FEEEPIC /2D

Q@RI AL 7 b

GHGHI I A 17 % 5k 3% (20204F % T, GDP
2 72 1) COLHE H 13 20054F L. T 45%HI ek ; 2050
A F TIZCOMEH B 11 20054F & [A] UK e F CH

BCO,HIB > 7V A

CO I H AR & 3Rk L7z 5 2T, AR

e
QNG G 7 ==X T | Wit 72— X7 9 b5

COHI H A & 3R 2 728 A Bk J1IZCCS
ZEANTD

®CcsE A

MHv7rLrAF IS

L7 7 LAY F T, BUTOZRLX—HIRFE#
BRBEE D, 2014 I P EBUFIERRIGYI AR 5 72
B, TRAX—PEEICH LT, ARAMAEOHES, KK
HA « BERARRZ AN =72 ET ) =R LF—DEA
PERZER E LTITBHLTWS Cuik 2). £7-, @ﬁ
KOHT 2017 4EETHO Y Y — L EIROEAN HHE % 7%
t.v77vyxy+UﬁTu,mﬂ$ifu:®%Aa
FEMNFERR S 4, & BT 2017 4EH> 5 2050 4F % TiE 2017 4R %
TOHEANLY RO SN L OEAREZHEL TN D.
ATV AT, BATOFAFREZ R/L X — 0 @ EMHE H
BBER b SND & LT 5

QFBRHI A7 FF U A

ZOYF Y AT, 2014 FFLIRER K IR BT A BTk
RWERELTCHD. FAIOEBERSN—A L (FXTH
FU AR L) BUE & A URMERHERFT 2 & OFIENEE
BT TWAe, aX be/MEDORERE LT, FRERIICIE
KIRHT A K TIINBFERICB N CTRAROY =T b T
Hhb.

(3)CO, Hllisk H AR =R >~ Y A
A I U A, 2050 4 F TO CO, HIlE H A & 2Rk LoD,
e b RRFMEN S D BIUERLE R 5. PEBUFIL 2020 4F %
TIZ GDP 72 V) DIREBEH A % 2005 4F LT 40%~45%
U5 B2 3 Lz, 2050 4F % TOHIT H 5%
ER TN, CO, HEHEICHK L CHI E R 251 L7-5
DEBERFET 5728, 2050 4 £ TP CO, HEH &% 2005
Em@ifWﬁTézkéﬁwﬁﬁ&Lfﬂﬁbfwéﬁ

3 JET-77: 50GW, /K77 :330GW, KB k/L¥—: 70GW, EJ7
150GW, A F < A : 11GW
42014 4F 11 H 0K PREEEHREE T, PEBIFIL 2030 FIC



IEEJ 2016 5

7ed, BWHEMIZOWTITHFEO =R/ F—EHoO CO, HE
HED 48 (BIR) 2HFEFT2 2 L 2REE LT, B
FID CO, PEHBEHIB HIE 2R ET 5.

BEXBEMET7 =— X7 U R F U F

ZDOVF U AT COHIE TV A & A U CO, HilE B %
%éﬁ#é:&%mﬁ&boo BRI 2 B 4°
72— AT U N LIESGEORBERIET 5. MilheT -
—X7WBK$5%%H@@tﬁ:;of,@ﬁm%EL
Hh&H Y Or—A X VR T L ENTHRIND.

(5)CCS ¥ AT F U A+
ZDvF U A COHIEEAZENT D Z & ARl
TW5b. KU A TITARKINC CCS Hiffi 2 EA L1
DEBEMRFLT 5. CCS B O HAHRFE & = 2 RO B
?5%§%§4K%¢.

F 4 CCSEHOEME =2 DRk

CAPEX
e The mal c;‘_mi Weighted 2”;' orex € Nox  em
. in | Oirect 2 Emission N L

ccs Technology o (v )Operatl Operati ( 1163(1k Y Inv. Costof Reductio ” Factor F I e

ng hr/yr ng Re/YE e oe) Capital USD/kWh ‘c‘l"" o (ton/toe) (ton/ me)

USD/kW (Tech.Pro

gress)
Coal ASC with post 16 40 7000 3000 035 4519 006 0967 00197 01040 001256 0.00167
combustion CCS
Coal ASC with oxy
combustion CCS
CoallGCCwithCCS 082 40 7000 3000 0351 3800 006 0967 00175 01144 0.01256 000167

08 40 7000 3000 036 3656 006 0967 00170 00520 0.01256 0.00167

(HAT) SR D& SOk W% b LICER T

5. ¥Sal—La iR
5.1 BNFE
FRE O T 2050 4E(Z 11353TWh, 2013 4F (5320TWh)

D 2{EL OB ETFHT 5. 2k, BRI 5
Wh&r 7 =—X7 7 5L, BENEEIHRETS (K
504 L TEOM).

12000 11,353
11000 -
10000 -

9000 -

TWh

8000 -

7000 -

6000 -

5000

2022
2024
2026
2028

o N ¥ VW ®
S - - S
o o
N NN
P

== Reference  ====CO02 Emissions Reduction + Subsidy Phase-out

E5 2050 COFEOEHEE

BT AOPHEL2 C—27 T 7 M5 ERF LR, AFED
FHEIZZDORNATDOIIZ 728, 2030 FE0 BEENELUE S AL TVZR0.
S ETIVCHER SR REE - LB o A b L BB O E il
&ET5

¢ F4I1TBITFDH A MI2013 FED4 BIE

5.2&3FVAICH T BERER
OEEFIF

Reference
12,000

10000 m Nuclear
8,000 Other Renewables
Biomass
=
E 6,000 H Geothermal
M Hydro

4,000
Coal

2,000 M Natural Gas

m oil

NNNNNNNNNNNNN

Gas Shift
12,000

10,000 m Nuclear

Other Renewables

8,000
Biomass
6,000 Geothermal
. B Hydro

E
4,000
Coal
2,000 B Natural Gas
mOil
0
T O WO NTLRONYT 00O NT 0O
NNNNNNNNNNNNN IIISLER
SRRRSRRRRRRRARKRERER
CO, Emissions Reduction
12,000
10,000 m Nuclear
8,000 Other Renewables
Biomass
=
E 6,000 Geothermal
B Hydro
4,000
Coal
2,000 B Natural Gas
mOil

B6 &£+ FICRITIBEFER (Enb: L7y Lyv
AF VA, RERHT A7 v F VA, COHIETT U A)

L7 7 LY AUF U AT, ARKAIMRIAE L TR
DEIRTHDH, FOT =T H 2050 412 45%I2 FA 5
V77 LU AU U FFEBROBOR (AROEEEZINZ
D58 BT HUFIATHY, o THRAITIDOY
:7%@amﬁwam<.ﬁ® IR ITOFRR DI T2

G (RRHALT N FVA), RIHTADOFREE &I
£béV:Ti%bL%mb 2050 4F1Z 51.3%IC#E T 5 &
TR LCTW5B. CO,HIlE T U A DEWMERR A /5 &, 2050
O CO, DHNF AIEZERT D72 DITIE, REKI AT T
EFTiER<, BAEMRT XL F—EFRCR /108N



IEEJ 2016 5

PERSMFEL 22D, 2D )Y AT 2050 FEFEK I FRAE ]
RETRLE—BIFDT =7 ) 31.8%ITHOND.

(QCO, HIE >+ V A

CO, Emissions Reduction

12,000
10,000 M Nuclear
8,000 Other Renewables
Biomass
F
E 6,000 Geothermal
4,000
Coal
2000 H Natural Gas
moil
0
T O WO NTO®ONTO®RONT OO
SSoo98c583333833333333
NNNNNNNNNNNNNNNNNNN
CO, Reduction + Tariff Subsidy Phase-out
12,000
10,000 M Nuclear
8,000 Other Renewables
Biomass
=
E 6,000 Geothermal
4,000
Coal
2000 M Natural Gas
moil
0
T O WO NTO®ONTORONT OO
SSoo98c58333383333333
NNNNNNNNNNNNNNNNNNN
CO, Reduction + CCS
12,000
10,000 M Coal+CCS
M Nuclear
8,000 Other Renewables
= Biomass
2 6000
= M Geothermal
4,000 = Hydro
Coal
2,000 M Natural Gas
o moil

K7 COHIBIF VA TOERER (L5 : CO,HIM
TF U, BEESHEE T2 — X7 7 FF Y F, CCS
ATV )

CO, Mk B & 95 Z & ZHIHEIZ LT CO, Bl B Z
TV A %%H@ﬁ%$7m—x77%v+9¢
FONCCSEBALF VY AITRITHEFEHKEZR T8, K
5 2R LTZiEY %ﬁﬂ$%71—x77bzbf%,%
i %if“ﬁﬁ@“%ﬂb) KEWE(GIZZW. 65T, CO, Ml
WHERER ST A L ik LT, BREEICRT T 24
72 —XT7T v N LUTHEEMRITE EEER0. —F,

CO, Hilk B AR F VU A & T, CCSEATF U AT
FEHARED R LE =Dy = 7 N KBS/ L TS,
CO, HIMIC W TIE, MAERRET XL F— L AlRAkTI+
CCS AR D Z ENBEZOLND.

5.3&FVADEE

Q== k
8000 - 7,278 7,548
7000 - 6,255
6000 -
a 5000 -
7]
=
£ 4000 -
5 3000 |
2000 -
1000 -
0
Reference CO2 Reduction
(a) EE>F VA
8000 1 7,548 7,499 7,598

billion USD

7000
6000
5000
4000 -
3000
2000
1000 -
0

CO2 Reduction CO2& Subsudy
phase-out

(b) CO, Kl F1)F
B8 MEtax FEEOHRBERMOR= R R

2050 FEE TOFEITHRIC D BEFEE= A~ (BEt=
A MEte ; BI52E 5%, HER 2014 ) #E8ITRT. L
Ty LA F U AL 6 JK 2550 fE R Tieb K<, CCS
B LF Y AL 7 JK 5980 fE RV TR b Biv>. CO, MY
N, k] (RRSSFKRAR) BEROY =T RNE LT
FULUALF U FRREKHT AL T FF U FOREE= A
Mo > TV A (A FTBEFRIR D & = 7 03 LB IS )
;Dﬁw.abmﬁﬁﬁémvfjﬁkw&é& ERva
72— AT T MY AT HREIHERIC L DR
HEIA MKV, BREEICKT D4 E T 2 —XT
T NTBHE, BATENMNL, FHEEBICHTLIRED
Pl 2%,



IEEJ 2016 5

(2)CO, P & (3)CO, Il o> -1 % ]
. 29 4
5,000 28
4,500 - - 58 |
4,000 - 27
S 3,500 - 27 1
© 3,000 - ~
8 2,500 - 8, 26 26
§ 2,000 - g
T 3
€ 1,500 - 2 4 25
1,000 -
500 -
o 24 -
< W 0 O N < VW 00 O N & U 0 O N W 0 O
= H NN N NN NN N 0NN S S S S ST N
©O 0O 0O 0O OO0 09O 0 000 O O Q0 9O 9O O 23 . .
N N NN NN NN NN NN NN N NN NN
= Reference Gas CO2 Reduction Reduction Target Gas coz2 €02 & Subsidy ccs
Reduction phase-out
(a) EEZF VA B 10 &7 Y AD CO,HIEDFEHE DB
5,000 4

V77 LU RYF YA EHRL, v BN TO
4,000 - CO HI D& A (F 7= OHIER) 2K 10 125R
] T MERICE D E, CO, BIBIZIXIRAT A7 v U A
; DECH TR RBDDND Z W05, CCS T Y A0k =
e AR A BB, R A DAL £ R CCS
28D COHIRDINEN KR E W, A b &FET
0 HERBAAL T b FUF LY IR o TS,

million ton CO2
w
o
o
o

1,000 -

S O 0 O N & W 0 O N & O ¥ O N & VW 0 O
SEES8SsSEgEgsEzgiigeEs il s 1 \ L o
N N N N~ SJ QS SSS ~ N— Z = R R R
Cor iR Reduesion Tarset CO, HIE> U A (&Fh%E~_—RIC Lz EREHAD)

=== C02 Reduction & Subsidy phase-out CO2 Reduction & CCS

&7 2—AT 7 b U A) IZBWT CO, BT O E H

9 COZ;EFI':H% &ﬁiﬁfﬁgi*ﬂ/#““@i{fﬂy‘}/ﬁ\bﬁbj%%)%jx:{%'l\iﬁ‘5’?)5

CO, HIMDFEA T > a > THDHI ENyind (KFET
H3F U AICEIT D COPEHEDOHER AR 9 ITRT. R BB LTI SR Z BT T b0, i)
BIZEBL, WFROLF U ATH 2020 4T CO, Bl (28D CO, HITEDBEFEZARFE L 721
WHAE (BUFFIC L DRRE) T 22 &ntks. L~
P LY RLF U HICBT S CO BRI b %<, 2050 4 AFRRAAOM
DIFEEBINT I 5 CO Pk 13 448 3519 5 kU AEIT 7R

0, 2005 KHEDK 2 5 & 70 B, TR BRI AIZ Y xi,
7 b4 5L, COp PRHEITRIBICHIR G 2 Z L AAFRETH 800 -
%73, 2050 40D CO, Pt B2 2005 4F/KHEE THITT 512 g 0 1
Hbo ks )=  BEROYAZIEKT 5 2 & RLETH & 400 1
%. =] -

Reference =——Gasshift =——CO2reduction

(a) FEIFIF



IEEJ 2016 5

800 -

600 -

§4007
o
200
0 e I S o o o o S B L B e e e
S W 0 O N & VU 0 O N & U 00 O N & VW 0 O
o H AN N AN NN O o0 o0 N S S S S S N
O O O O O O O 0O O OO O O O o O o o o
N AN NN NN AN NN N AN N NN NN NN N
===CO02reduction
= CO2reduction & subsidy phaseout
= CO2reduction & CCS
(b) CO, BRI +YA
B11 REAORARIAEE
HrFUAICBIT 2 RENREIT AEE ROHSE 4K

MIZRT. V77 LAY T U AT, BFREROKCERN
FAIRKIITHDLN, RIHAKITOY =T HirxI1Z LR -
TV o T, BEARAT AOTRELMOT <. 2050
HEIZL T 7 LRV F Y FIIRBIT HREHORRY 2 DE
1Y 320bcm/AFEIZ72 Y, 2013 D) 13 155 L 725 (2013
RIS D RIRH AFEBERERD HIEE O RIRT A HE
I 24bem EHERFLTWB). ek, LT LY RTS
YA EHRT, RATATT MU A TIEREBEBHOKIK
HADEEIREITHZ S, 2O ) A TiL, 2050 £
HEHORRS ADOFEZIX 1043bcm/EIT/2 D, LT 7 L
A2 FVAD3IfEH B3 &70D. COHIBYFTUAT
X, AR XL X —FEOEBAJLRIC L > TREH A
DOFRENIREFNT 203, 2050 4D KIK AT A FFE F i 682bem/
FIZEL, V77 L AT T UAO 2 5B QLIA) L7,
TRk T CCS DHEAIZ L > T, [A U CO, Hlljs B A= % %9
DT DICKIAHT ADFTEIT S HICHIEH K S A3, 2050 4F1C
B2 EHARRA AOFTEEIL 625bem/4E, L7 7 LA
v%Jﬁmz%%&,ﬁ%@&%&d%i&w.

BTE, ARKIERDTHEICIT 2 EBRERO 9 FILL
FEEDTHD. PEOAR \m@ﬁﬂmﬁ T 7%
(2012 47) T, EOIEEHAOIENENEIRIKT L
TWDHEFAD. —J, 2007 FF0 b PEORKHT ADHEA

TR L, 2012 4R IZ KR A DEG ARITFEE DS 26%12 78 - 7=,

FDID, FIRH AR O =7 OHEINZLE, FEEERM
OEAKGFELEL 2D TFRENS. ZOFEKT, 1E
W&o T, RERTAKINIRRFIED DD 7 V) — I3 ER
WchHdn, FRERARRTSAOBENEZ D Z LT RL
F—LZRREOMEMEHI b 5.

6. BEROBERRTE
FROGHRERERD &, RiEMHE, BEEERZRLF
— R LN ) Z oD B R RS- LEEER YT

FIEI N ERGND. 2B, EROSHHERICL > TR
FIE, BREEME R OV p L X — 2R EOMIE 2> & & BUR &
TV AR U CTHR R A2 FTREIC S 2 k& LT, kO D
£ 57 TBORVF U ARHli~ b Y v 7 &) ZAERL LTz GF
MEDENE SFEWIE~ 1205 5 £ T 5 BFERER) . =
R, B, BREIME, = RLX LR L Vo TR
SEEOELEARD D ZLICLY, BEHKST) 2R
ARNCEHET D Z LR FREL T2 B

®5 BORVT VI~ Y v R

IRNF—
REE  “pompm

LIFLVR

S O]

CO,All 8
BIHEEBHEII—XF7I+
CCSE A

BOR L OBSFEHOESEIERIC L > TREBICABER >
FVAET X LI o0OF & U TR

(51 1] RRFTE > = L —22 (R0 > B 5t

FRFEE > =)L X — LRG> BBV D - — 2T, BUR
FOREFHEOELIAMN~ N v 7 AFTR 6 DL DITRD
(ERIEMN TRLEVOIX ). ZOEGEN~ N v 7 A
ZRDLOBORY T VAT~ MU v 7 AT AR R
BRBERT v ¥ v~ M) v Rbied (RT). BRFk
R OLEHTLHHE, MENICL 77 L AU U Fidkk
BEFERAEL LD,

®6 BROBESFHEOBLIEN B1)
EHEH 3
R 1
IRLF—RERE 2

LI7L2R
RARHRLIE

CO,HIl B
BESHEMIEI—RT7UL
CCSEA

[15 2] BRESME > = L 3 — 22 {0 > R

—J7, BREME> TR X —RRRE > RIFEMED 7 — I
BT, #HI1] ERUTFIET, KBORS TV A3 2
AR T xR T N v I AER ISR, D —
AT, BAEMICE XD L BIREMHET = —X7 7 b
(CO, HB A B & LT35E) IRBEE LW T A



IEEJ 2016 5

ThHD.

®8 BEROBSEFHOEFLIRL (B2)
EFME 1
M 3
IXNF—REFRRE 2

®9 KBORVTVAOREWRT X T (B2)

LI7L2 AR
KRARL I+

CO,Hl %
ESHEMMEIT—RTOL
CCSE A

7. £&OH

ARFFEEPE O TR X — - BEREORZ B2 L, FHEL
Rzt L 5 DOBER YT U A& 58%0E Lz, &b Fikx A
W, FEOR YT U AT B 2050 4 F CO BB Z KO
7o THIEEROIL, R, BREER DT RLX—Z4
PREE &0 D =00 B’ &[RRI 7o - B IR Ak o0 BB 1T
RNZ WG ole. ARKINDRYAEEDODL LT 7L
ATV FEIRFNE L TR R REOBLAN DR E
LA, BRBEVEIXIR. —07, KK A KT & HARES
FNF—DMAEDRIIRbRFERDH D7 V) — 4
TarThLIN, RERTABERN LRI Lz x L ¥
—ZRRFEDOER N HITEE L ARV,

DX IRRBUTIN T, IBORIFULZRD D701
T4 Var~ by AFEERE L. REH, R
[, TRAF—LZEREOE THERT TV AT LT,
MM 21TV, BoRS T U ARk~ b Y v 7 A& Bk
HTENTED. —EORFENE « BEME - =)L F—%4
TRIEDESFNANL (3 SOBEHROELIAN 3 F U r—A b8
o) ZRONE, SFBORV T VA OREN T X T %
BrCTRTIENAEL RS, ZhICL D RAEMICEEN
ROLEWVBIRY T U A, REOERK LI TE 5.

BEXM
1) CCS Cost Reduction Taskforce, The Potential for Reducing the
Costs of CCs in the UK, (2013),

https://www.gov.uk/government/uploads/system/uploads/attachme

nt_data/file/201021/CCS_Cost_Reduction_Taskforce_-_Final_Rep

(77 & AH 2014.11.05)

2) China Electricity Council; Analysis and Projection of
Electric Power Supply and Demand in 2014, (2014)

ort_-_May_2013.pdf

3)

4)

5)

6)

7

8)

9)

10)

11)

12)

13)

14)

http://www.cec.org.cn/guihuayutongji/gongxufenxi/dianligo
ngxufenxi/2014-02-25/117272.html (FEFED A, 77 &
A H 2014.11.05)

Dongjie Zhang, Linwei Ma, and et al.; A multi-period
superstructure optimisation model for the optimal planning
of China's power sector considering carbon dioxide
mitigation: Discussion on China's carbon mitigation policy
based on the model, Energy Policy, Volume 41, (2012),
173-183
International Energy Agency (IEA);

Statistics and Balances Database, (2013)

World Energy

IEA and ERI; Policy Options for Low-Carbon Power
Generation in China, designing a emission trading system
(2012).
https://www.iea.org/publications/insights/Insight_PolicyOpt
ions_LowCarbon_China.pdf (77 & % H 2014.11.05)
IEA and NEA; Projected Cost of Generating Electricity
(2010
http://www.iea.org/publications/freepublications/publicatio
n/projected_costs.pdf (72 & A H 2014.11.05)
WSNERES WA REOEREE 1MW BN
2 TYUTEEEOxT R LX— - EHEE, (2011),
127-154, tEHEVENBSNVE AR

WS E RS AR EOESFEE  F 1N, (2008),
577-622, tHFIENESVE AR
WHNEDRES  WEEOERFE F 1k
Jix, (2006), 305-334, Hh:[HiEAMESE A
WpohE RS s EE OB FE  H LR, (2003),
595-632, thIHIE NS E AR

WS E TRAE S AR EOBESFEE  F LW, (1998),
425-458, fHMH1E AR E A S

National Development and Reform Commission; Proposal

for China’s electricity sector,

edition),

1B

on Reinforcing Air Pollution Prevention and Mitigation for
the Energy (2014),
http://www.sdpc.gov.cn/gzdt/201405/t20140516_611843.ht
ml (REFEDH, 7272 AH 2014.11.05)

National Energy Administration; Electricity Consumption
in 2013, (2014),
http://www.nea.gov.cn/2014-01/14/c_133043689.htm (+
FEDH, T 7 AH 2014.11.05)

Brinckerhoff;
Model-2012 Update of Non-renewable Technologies

Industry,

Parsons Electricity = Generation Cost
(Prepared for the Department of Energy and Climate
(2012).
https://www.gov.uk/government/uploads/system/uploads/att

achment_data/file/65712/6884-electricity-gen-cost-model-2

Change),


https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/201021/CCS_Cost_Reduction_Taskforce_-_Final_Report_-_May_2013.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/201021/CCS_Cost_Reduction_Taskforce_-_Final_Report_-_May_2013.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/201021/CCS_Cost_Reduction_Taskforce_-_Final_Report_-_May_2013.pdf
http://www.cec.org.cn/guihuayutongji/gongxufenxi/dianligongxufenxi/2014-02-25/117272.html（中国語のみ，アクセス日2014.11.05
http://www.cec.org.cn/guihuayutongji/gongxufenxi/dianligongxufenxi/2014-02-25/117272.html（中国語のみ，アクセス日2014.11.05
http://www.cec.org.cn/guihuayutongji/gongxufenxi/dianligongxufenxi/2014-02-25/117272.html（中国語のみ，アクセス日2014.11.05
http://www.sciencedirect.com/science/article/pii/S0301421511008159?_rdoc=1&_fmt=full&_origin=ShoppingCart&_ct=1&_zone=rslt_list_item&md5=7b0707f16ff878e496b76d4315d901fd
http://www.sciencedirect.com/science/article/pii/S0301421511008159?_rdoc=1&_fmt=full&_origin=ShoppingCart&_ct=1&_zone=rslt_list_item&md5=7b0707f16ff878e496b76d4315d901fd
http://www.sciencedirect.com/science/article/pii/S0301421511008159?_rdoc=1&_fmt=full&_origin=ShoppingCart&_ct=1&_zone=rslt_list_item&md5=7b0707f16ff878e496b76d4315d901fd
http://www.sciencedirect.com/science/article/pii/S0301421511008159?_rdoc=1&_fmt=full&_origin=ShoppingCart&_ct=1&_zone=rslt_list_item&md5=7b0707f16ff878e496b76d4315d901fd
http://www.sciencedirect.com/science/article/pii/S0301421511008159?_rdoc=1&_fmt=full&_origin=ShoppingCart&_ct=1&_zone=rslt_list_item&md5=7b0707f16ff878e496b76d4315d901fd
https://www.iea.org/publications/insights/Insight_PolicyOptions_LowCarbon_China.pdf
https://www.iea.org/publications/insights/Insight_PolicyOptions_LowCarbon_China.pdf
http://www.iea.org/publications/freepublications/publication/projected_costs.pdf（アクセス日2014.11.05
http://www.iea.org/publications/freepublications/publication/projected_costs.pdf（アクセス日2014.11.05
http://www.sdpc.gov.cn/gzdt/201405/t20140516_611843.html（中国語のみ，アクセス日2014.11.05
http://www.sdpc.gov.cn/gzdt/201405/t20140516_611843.html（中国語のみ，アクセス日2014.11.05
http://www.nea.gov.cn/2014-01/14/c_133043689.htm（中国語のみ，アクセス日2014.11.05
http://www.nea.gov.cn/2014-01/14/c_133043689.htm（中国語のみ，アクセス日2014.11.05
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/65712/6884-electricity-gen-cost-model-2012-update.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/65712/6884-electricity-gen-cost-model-2012-update.pdf

IEEJ 2016 5

15)

16)

17)

012-update.pdf (72 & A H 2014.11.05)

Qixin Chen, Chongging Kang, and et al.; Preliminary
exploration on low-carbon technology roadmap of China’s
power sector, Energy, Volume 36, Issue 3, (2011),
1500-1512

World Bank
http://databank.worldbank.org/data/home.aspx (7 7 & &
A 2014.11.05)

Yande Dai, Yuezhong Zhu, and et al;

Databank.

Low Carbon

Pathway till 2050 for China — Analysis on Energy Demand

and Carbon Emissions under different Scenarios, #%i%HF

s (WEFEY v —F /1) , Volume 26 , (2010),

http://wenku.baidu.com/link?url=9Gdt6xbSQ-recbNIY-eVVP

tWOAJO04Httkii6tdKkLie89d94JvQVeS1lythgg5qMEJUBY _

Xgdsh8EeOyu_BXKYebTT8A_BphJwk_ITNEYRAKW
(77 AH 2015.08.12)

. report@tky.ieej.or.jp


http://www.sciencedirect.com/science/article/pii/S0360544211000168
http://www.sciencedirect.com/science/article/pii/S0360544211000168
http://www.sciencedirect.com/science/article/pii/S0360544211000168
http://databank.worldbank.org/data/home.aspx（アクセス日2014.11.05
http://databank.worldbank.org/data/home.aspx（アクセス日2014.11.05
http://www.sciencedirect.com/science/article/pii/S0360544211000168
http://wenku.baidu.com/link?url=9Gdt6xbSQ-recbNlY-eVPtWOAJ04Httkii6tdKkLie89d94JvQVeS1ytbgg5qMEJU8V_Xgdsb8EeOyu_BXKYebTT8A_BphJwk_ITNEYRdKW
http://wenku.baidu.com/link?url=9Gdt6xbSQ-recbNlY-eVPtWOAJ04Httkii6tdKkLie89d94JvQVeS1ytbgg5qMEJU8V_Xgdsb8EeOyu_BXKYebTT8A_BphJwk_ITNEYRdKW
http://wenku.baidu.com/link?url=9Gdt6xbSQ-recbNlY-eVPtWOAJ04Httkii6tdKkLie89d94JvQVeS1ytbgg5qMEJU8V_Xgdsb8EeOyu_BXKYebTT8A_BphJwk_ITNEYRdKW
http://wenku.baidu.com/link?url=9Gdt6xbSQ-recbNlY-eVPtWOAJ04Httkii6tdKkLie89d94JvQVeS1ytbgg5qMEJU8V_Xgdsb8EeOyu_BXKYebTT8A_BphJwk_ITNEYRdKW



