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1. fIREEREN

HE B 22011657 Fil 46 158 i ik 5 At 5
AL A FE 2025 FEPRPAE SR E30% ~ PR
FHES0% ~ FHAERER#EE20% 2 & ST BCEL B AR
(REJR/E > 2017a) » H AR SR E 20174 5
HUEEIMCEE4Y45.4% (REJRS > 2016) - {HARHE
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F2025F L 1E3.8 GW - 35 LUEEF [R404F

TBBE IR T RE R B AR TE AT B A2

*EENEE EEES: 03-47114004#2720, E-mail: s49130153@iner.gov.tw

Z3P9 - MR - TIMES-ED @ RIS

K& > ARACA]BEAE BRI {7(Carbon Capture and
Storage, CCS)fflTfMEBHEHZERE - M KET %
YR B i R Rk BR D T & = R L > AN SCHE
FHTIMES-ED (The Integrated MARKAL-EFOM
System - Elastic Demand)f&%Y - F& iy [E] {51 E%
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B o BRI > 22 30BOM B i A BB S R B g
(E.ONTEfa EE Y Maasvlakte T J§) » SEE A&
1,100 MW > HFRRIB0% Fy it 52 » 20% 2K H [ERE
AERVRHBREFE - 2017) - [IE K2 KEEE
20145 L8 E IR TR N 4 BEAKERRAH - T3l s
VR R T 2 PR R A B T s i A A Ty B A
THEZ—  [FlF AR 22 80T 2 HI BRI
(Badour et al., 2012) - SS{E [ 5EFR4EZHIHTSE
R R B Y A B BR T 7T LAAE R (8 2 B A S
TERT > SERCREES0% M AR E #k (Roni ef al.,
2017) 3 HAPARLERIL38)E » H A REEARE
PRRHHYAE TR » B RS2 [RS8 R 4
ERARE  JRBEEL BT 3% (G EE 0 2016)
BN T > AH ol S SR e g LA E
FEEUAR AR » LA A 50 MWet]) 45 298 8 £ i
(tangential boilers){F B R BEHE H - FARELEE
BB T - LA E R SR s
SRR B BV R BE Rl - H R A E RS LR
F520% (P 4B > 2018) -

B R SRR BE R IT FICCS — 4% » #
ETEFI AL EE R - B A R AR A B A ke
Rty AE R EAER T3 2 b A R A R A 5
FHEI(IEA, 2015 5 5RE{ > 2015) » 22414 E ¥R
B S BB R il DA AR B RO i - #E
FHECh AR - A E R B §Y > BOE 2R
=R ERARHHRISELG] - e I R 2 A
BYPRVEUS - T BUM B RIEELEMTEE
(Intergovernmental Panel on Climate Change,
IPCC)F By 2B IPRIRHHY £ 78 T 2o o BN 2 3t K.
TR B R R & I E -
Ml > CCSHfla M SRR R - (2 H Ik
AFHE A R E YR R i = tHET 2 HE
FEEE ) KA CO, B HIE fORRSERE - (E
F—RAYE - A BRI SRR il A gl
PMfER 2 e, - {HCCSHISE -

FAE19904F A - BRER BN A B a 4
ERDREE A - A BB SR S A A AR
RESS BB — B R BREAVR T 880 » BE1993 %
19944FHELT T LB W)/ 5 /K75 R L s RS I bt
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58 Hr e AR B i IREA K pulverized
fuel, PF) K7 8% (LR (fluidized bed, FB) » #ifsfE
BB s (A 8 ]2 E] S (Hein and Bemtgen,
1998) = fiNSE R 2 AME & Ky fil Bl e A Y RE TR OH
GET 0 VIREETUHE T190% Rk - n
ZF A A8 (greenhouse gas, GHG)HE &7 & 2 E
F 0 i ZhangFE N (20073 B LER L EY)
(cellulosic biomass)E Y BE 2 H —FE AN [GE]
TEIR 75 B A R g R R e A B Y
T8 » AT T A E Y RS
AR ER ARG 2 4 BRI B A -
HEEREL > FFEER 705t H A4
HRERE U AR T - A EIREA
MBS DA ) e B o BB g - T
K. V. NarayananfE. Natarajan (Narayanan and
Natarajan, 2007)fll#5 b B Ba sk PR AR B ) e
5T BIAESRI2EE20% ~ 40% F260% T - A A HE
JRL(AINOX }2 SO, F7) K H B R PE (AN RIS oK
KRR AT - AR [F A B AR
SRAESHRIURF M2 2 SURk(Ibrahim ez al., 2015)
INEPRET » A ZE R BRI 5 R I6E
PRETPMBEITE T - 45545 B pe B SR 5 0%
PR > B EEDI0%IPMEBERL - AR
EARE3.8% LM% - BIPMBERU FIe 2 & -
Kabir 5z Kumar (2012) B UREA [F] 4= E ) B
FRR B A an EHARE R R R - WA
FERI(E R~ 16 AEHRY E B YT B %
ST - B ARIGHGHER R R
BRY ~ ARARRIERY) RS T3 B F5957 21,004 kg
CO,./MWh ~ 967%1,014 CO,,/MWh 21,065 %
1,083 CO,,/MWh © [fijNussbaumer (2003)HIzZ %
R FEIOTAI(HCO ~ FRIK FAESE)
B HER - HOATHE R st R R L B =
B AN AR R B &N~ KR Cl
5 K 5y INOX K AR T I HRaS A - 22
BT8R (air staging) Kkl o7 4l (fuel staging) EAE
Rl ENOX PR £ TT7% - BV PMEEREY
7B - 5 8 A BV S R[]
HIEER R 7y S EERF M - Dais A (2008)FR#55C
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RREVSE R BT SR AR E YIRS S AR 7R
fRAHIERRE > BR R eSS ~ BRI s 2
SRENST ~ Py EEs (sintering) ~ J5YE R ARERTE -

WEIERRZEFL2012 220 1 34 56 ki B 9 2R
ERIFERESET (G T 0 2013) - Ho DU
R EN (2 BURFZRHIR) 8 B RS R84 B AR
ZTEFIE912,941.4 TI > A LIRS SRS RR Ry AR5
Z et e PN T A B B SR B T H AH B
WHgE - SERBUR - EERABEREERER
B RE FEEART I (RAL 1 SR AR I R A
P AE B SRS EE R E10% LT - TR &
RLPMRHE B B BORISEE I E20% LA T - 2
TR B BRIARE 288 Z W R AR TP A R
—BHE o A > BORBIREEAL A B AR
B R BER T Z AT AT R GGREEJR > 2013) » HA&E
SR AR A (R R S AU T A A R AR B
Reffe - BIanse s - LB A E R B R Y
SR RREE - BB ZREAEBRCNNS
mm) » 52 FEIRES Ry A AT B AR e (40
R ) BLA R HE T TR BE > mI T2 {ENOx fzSOx
AIPERE - B YRR E A& Z KRR A
BN > SPATPERPM, s FIELBIHS fEE - Ll
(28] P 9P SRR i 22 P B P R I e B B AL SR
(5] A= Y L e AR EDRIZEL BT - Rk ¥
ZESRT AP E - AR S S EL
SCRRHIBTFERCR - i —20 8 [ 5 ER 22 SR T A4k
TN SNET A - i F TIMES-EDR R BRG] £
BV ORISR IS 2 -

ARICE ST ER 2 E A 4H A R B BB
e 2 Rl e B EY - 1A R A B AR R
PRATA A B IR — GRS 3T BN SORE
S ER BB - U AR E R SR B i
R T PR Z 822 > ARHICO, &PM, 5 ~ SOx K&
NOXHJIMIBEA > FAARE IR IGREmAL » 554
R AR ER AV AE R TAE LAY TIMES-ED
FSE Ryt B AERY | RN RO FE
L i L

2. $AiTIR i Ed i st

B ) (biomass) FLHH Se R (co-firing) 7
flir =] o3 Fy B R B (direct co-firing) ~ [HF2R
J&(indirect co-firing) Fz i {7 & & (parallel co-
firing) - ot B R B2 i B (E Bl i IR YR
BERL G - R4 BB SRS R EETR - A
TR » BT AR 5 g B A B Y R I s 2
BYEEE - BEEORE - B ERE AN RS
B E M BV e RS L ASE - JRA E
PEE ASE A o ZAEUPR AE 2 (International
Energy Agency, IEA)RI R £ 4 55 I 48 5E (The
International Renewable Energy Agency, IRENA )
FE20134F AU 46 HI(IRENA, 2013) > EREEEE
Re e SRS L Pl s oA = & - HLE
RS S EE T o G A B B 5 Y i KR
BILPIEEARR » — MR E10% » BURSEAE
W IR B R R G R R B AR DA R
AA o R BRI B A DR - HFRAE
SALPRRALIE 2B H A A B i -
DLt [ R A VA pOPA R SR (fuel gas) - FEAT
Bk S AE A B IS VA E - F FRAEa BRI MR
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HEF% - ERIBERE AT T E SR EN A EY)
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BB ERAEE AR —E - HES
12 7 B & T8 BN EE ) 28l 1 o - (AR B YIS
HIPEES » AR [E AR B RARHAEAL - T
RLPREHAG % E (bulk density) - DUFIIFY A B AR
AR RCEGE - TESIERIIE R R D B
REfE KKy » DUR = BME SO A s » 4
"B EE (torrefaction) BRE AR AR fi AT g
SUBLERE B A BB — A E AR AR E R
FHEES EAFEZE - B — e EY)ER
¥H(biomass thermal treatment) /5% » Hi5E 4
BYIE— KRR i S AVIREE T T EORR
B > #BAERE T R200°CE300°C ~ FURZEZ/N
JA50°C/min - JREEER B b Fy [T RS 2 AR
o R ER AR ~ AR BV B SR
(syngas) » BEZNRHEER T ER/D A2 B YE £4930
wt.% > [HEfREELI0% 7 fEE NI R 2 A8

—H DERB108F6H

V) (FERER A EY 2 R R RERFAEEY)
= D R A R B R (T
2013 ; FEREJE » 2013) -

F A B A E BRI A > HARA [F]
BERMARAZR - HEEAE - BRiAEK
AR B R 1 HE 2. 548 » AR i35 b 3 T8 B
R » ARFBUERT R EH TRl se b DU (R
AR o MR IRE 20134 LIREIRIE By £
R R AR B GREER » 2013) - SRALY
6,534 2= W/ A (HA TR 55 49205.5557T(2015)/
ONWE) - HrR AR A B S R P B R TR A
B H AR ) - iR S BN £
» TjRanta (BE Sustainable, 2015)% A f5H 4=
B B(EAS B —T1190.4357T,(2015) -

F2F 51 B A R AR T W) BB e AR BE B
B - TEANFREAEYE BRI T - PAKKE

Tl AAERRACRITEEE)

1. FREER(2013)

. [EHE 4B R} B R X
BRI A — — YRR (JEE A
LRSI Wi T Wi | AR
(EFS(ZETT/NE) | 157.2~188.7 | 125.8~141.5 220~2673 173~220 94
2. B F5(2013) © DIRERRE B E 2R FRL - 4BREARLY205.5E70(2015)/ 2308
3. BE Sustainable (2015) : 190.4ZE77(2015)//\ME
5¥ ¢ BRI A R A B B A 22 DL20 1 SEESE T A AL A
22 AEBEWYEIE S SR > B R (RS B )
1. IRENA (2013)
WRBER Aty B Eifelms SPATRE
REJRASCER (%) 35~42 33~42 33~42
A e HEA HEE305E EEE 304 304
R A(ETT/AW) 443~567 3,090~4,121 1,648~2,576
AR A (H IS E AL %) 2.5~3.5 5 4
PR A (25 7T/kWh) 0.023~0.07 0.052~0.134 0.072~0.155
2. ETRI (2014)
R 2013 2020 2030 2040 2050
A5 70/ kWe) 353 324 296 275 254
3. IEA (2015)
e f L e 2 TEL 220304F > 4= /BE AR B P R REER A F50.067 2£0.109(Z£71(2015)/
FIHERAGTTMW) KWh) > BEBEEEEL0.115%50.171 (3575(2015)kWh)

it ¢ R TYIR AR s s 2 D201 S S5 TT R AR
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TR T 255 B A= T8 ) L 9 VL VR R Al it °E Y R A Ak
RIT443 8 56TFETT/KW » SEATIRNEEFs 1,648 %
2,576FT0/kW » T RS8R 553,090 454,121
JC(IRENA, 2013) » 2T FHEL Y 100%HY 48 1A
RHER - B ARG o BRI
HyMaasvlaktelff & FAREEE ML - WA SR 1853 Bl
it > HELARE R SR B R AR fy 367
(2015)/kWe » &Ry PABLEE e B A 1,011 357
(2015)/kWHJ36% (IEA, 2015) « A4k » ETRIFIEE
i A= B B e LB T R Y B R R AN 72 2011 3 4%
F5353FTT/kWe » W B a5 A BE R fi 228 1 12
FEIRR » F20504F £52542551/kWe (EU, 2014) -
H Ri120%H 4 P B e VR e > 5% iy EAH & B
o HEIES0%AREB ILRIER T L H B e
AIATHY > RS —ACEMRTY 5% o BEAVRBEL
FHRFERERERNES - B RDEE10%
(IRENA, 2013) ¢
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3. =B YPERAIR R IR I R
RIS HERT

BV B R A RAS BRI — B2 & 5T
PR EHVRRE - —Aesl R RE AR EREE - B
Hfi & ERRAIESS - SO, HRlE T BN
{BERREL - MNOAYIEEL - RIFE S VAR -
‘& &= [h(Equivalence ratio)fIARI A S E &&=
Grass B TEER(RBERIEBIVREGRET - &
A B AR B B L PR RE A R CO
PR (GEESERE > 2017) - JREDIZERR T GRIEL
2012) » ks N2 R & ¥INOx K SO, HYFF &
FERK  TEEEZE RN 20 E RS SR 5
T AN HEEEYGEECOFBER I -
NOx [ SO, B &V - B4 "EYRhnttel
A COFE B NEINOX £SO, Bk /VHI#EEs ;
B ER R ERENEREMICRET -
NOXHER E T ERIELFI(< 20%)FF 2= R AKX

L 1= A A0 B R B0 A R MR e > NOxHE
TRCAITBR SRS 0 > SO, BEE RIBE ANt B~ 3%
D -

FI3E RPN R BB R Y R
ez (Badour et al., 2012 ; Dai et al., 2008 ;
Jia et al., 2016) » ZEFGHER - I AEEPHUL
AL FTE(RSO, B1CO, HEf > ENOx
PR RE /D B 8 HrE R R ELIE S % by
IZE20% » SO, HY R E R4 7£ 10,0000 72
40,0000 (LAMIAZ 7E By A B AR » 1 T8 SR
EERAIS = A 5 CO, YR E30357E5,000
MF 220,000 - Al B o= FL YR E = RH
& (Grabowski, 2004) - fER&EAL T HEROT A
ISR E AR BRI hn 2 SERE > AT B
BREBRLERIB T ANHREHCGREE
2013) » lHINAEEYIFK ~ CaE LR &S
YRR A A BEARIONL - BEPM, I & ELfE
R NES ST

TR B 42 B ) B e R T PMBE T 2 28
% » RFHE— R ZET RGF R TFIM
AR B A2 B PRI e R R R il 2 38 IR o SR
JR2004) ¥ FHEINEHER > KBNS RS
FYIHEALRA 2 Eh AR =B &
ZERITH AW G A PM,, R 2
88,2127 ~ NOX B i 22 #453,7907T ~ SOx Fy i 2=
24591990 5 Tfi &R (2018) DL201 S =g
Fy B BRI SRS £51.907 NT/kWh ~ A
SH1.678 NT/kWh ~ #£570.873 NT/kWh - F4f7%1]
B ERRHREE % FTHERCO, SRR TN Y
K HEINBRANREEE 2% - HRIEIERT
2T EBREEERL » BERFAFFRILER
Al 3F Ry EE I3 VARSI AR(NEEDS, 2009) -
546 » Goodkind Fz Polasky (2013)8% 5 » SO,f(I
NOXBEI T4 B AL TAEMEPM, s F1 B BEHRR IR
A MEPM, s FEERIRA A HIPM, B - A1
MG R RS H AR EER - —

'PM, s IR R 53 Ry R AL HEPM, s FIETAEMEPM, 5 » H AP T4 MEPM, s RAEHFIEIR R P L2 B SR K L IR
CALERS R A > EAEERIR ~ R ~ (b3 - PRENEE AR HRPM, s ATBEY) - 40 ¢ BREIEYI(SOx) ~ HaE
{EPI(NOX) ~ SHERMEARELE - FERR PRI - RRH R 2 B S0t - 4APM, s - HEEMAEEEHE

BATEBERIRE - 2015) -
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=3 EIMERA B R PR SR RS S
PR E PRI LR 2 L BB T 7]
DI PR | - fErasfe B AERZAZ B (frecboard)ICO ~ NOx
(1.6 MWth) < REHER JZSO, HYRE
+ SO,  COFNOXH BN T F A 2L
et e e W & EE BRI B -
~ N [=1 .\/\‘ ‘/&5\1 P “/El‘i A Ve Y L 4 N
Fibkepme | D AECUER BRCIIER L s penpmnpsitopim - m
e RS TIARSHET » TSR BT IR
SRR 5 4t (agglomeration) R 52
o JH £F %) i . JRN. .
BERRRASRIBE | o PSR T VTR | o0, igt70s : s s 12% ¢
(175 MWe) /<1 mm NOxH18%
< REHEE R
- P R RDF S5 &
. . e HHVcoal =14,388 ; HHVRDFI1 = NOxJak/ 2 83% ;
VIR 3 )
ﬁ&@%ﬁgﬁ 12,9552 SO, Jak/17% 5
>4 SINN

o 12%FEpR
<SRG A B wi%

PR N50%

200 MWekEmig

« 20% A E A B AL
« JEIEELE20% (RURVETE ) K 55% (5
SRIEIET)

RIRENGER - PM, s FERCER SR IREE
BESEIRFAE S T =R IR PM, 5 FF
JREI55%

BRI LIREA
i

* AFAARELELE
< JEBLE 1 20% ~ 50% ~ 80%52100%

SO, BINOXHIHFEL R H AR Bt
Hy RS EERE T s

oy B ST R i
JEU R Sk
(Grabowski, 2004)

RN © 2R SR~ 10% 57
i}

- BRI | 10 1% R
L

HFEESO, B1CO, HE » {HNOXHE
Rt I o rTRE Rk D El R s

ZF 1 (1) RDF (Refuse Derived Fuel) @ BEE)1 14 00Fl 5 (2) HHV: higher heating value

4 PREHABEARTHERICO, FATAL T2 SN R de4)

e 0
R PR BB - R T
e IS LM O | T st - e
S536ETT/E ~ PM, 5 19,4775/ | o b e LSl
ASSERTL  Phss AT | b e RN
NEEDS (2009) 10,9305 721 e 2R o FHAEIEFTA S T ERR A RE &
lopsasung Wl » e A A
20254F. : CO,25~403E7T/IfF HIERINE A
* 20504F : CO,61~150E 1./H R
R B S - B R
Eeofys 2014) | CO, 30570/ B ~ R R B R
SR >
7750, AINOXHERC &  F A IR
. | ML AR M, 3
Goodkindand | 5022 TELT BN ST | B AOPML B - 24T
Polasky (2013) \ 23 DEIEN AT 10 S| FHE R RE AR R G E

T/

R - — R LA BRI EE T Y R
e

it @ RPFTHHI B B EE R 2 D201 S5 R A ]
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feE LA SR E S T4 K £ - BURECO,
HNER R AN A Ry 28 35 TT /W 22 97 35 7T/ 7 il
(EEA, 2008) » fiNEEDSHYIFZEH5H » NOXHI4h
R A20104F F54,5362E 70/ > PM, 5 £519,477
FIU/E - HEEZE NG 0 - 220204 NOx
55,3520/ - PM, 5 F519,23235 70/ - ASHF
%22 FHiSOR AL a AR R 2 BT HEIR
HICO, INH A F523. 5B T/ME(20204E) 25 1158
TC/ME(20504F) ~ PM, ; £524,5708( 7T/MH(20204F)
Z120,340807T/IH(20504F) ~ NOX /55, 7228(07T
/ME(20204F) 2 28,026E( TC/MH(20504F) ~ SOx
20,7 148 7C/ME(20204F) %5 101,453 B0 7T/ (2050
) -

4. TIMES-ED{E BT E5R A

&2 Fr 7R A TIMES -ED S R A RS S5 B
TIMESHE A 2 FHIEAFE 1976 AT i I AYETSAP
(Energy Technology Systems Analysis Program)
sFEED - R 1978FFIAR HHI3E (BEJF ~ &€
o B ZGER T E » 25070 T
HI250E T 7EtstE T (E ] - EZARMEEER220
FESOFMEEBR ~ BIREE — B R 4
LA - BB RPN B R o Y RE
TGRSR - TIMES A A] /£ 2 IHRE R 7R
K~ HERE - BefalR &R iR AR(ACOo, KE H
2) I RERRETR 2SR/ NI > 6 AT R 25 e
HTREIR R A\ RSB EE A Rl BRI Y B .

BAU - CO, i - &
FRERBRS

tEtRaRE ¥

b3

ﬂdmag

AE R 3 il
RESFHE

SRR EARERER AEIR &M A At
AR REREN
REDMTRER A
BEYIRR

e o AL > 2B TIMESTE AT TRE TR BUR R
15 T DL e Ui e PR A BRI B EE 1R Ry
HBE B HIET REIR BRI 2 28 (R - ZEFHf
BYBURFHEEZ R > P& th i IR R T
RETRBCITAY I - M o0 48 P RE R 2 E BHE T T
HEHRETRIBABORE -

5. IR G EARELE R

TR$E FalE R S B B AT - AR TIMES-
EDHEAY o A= 8 fL L SRRl Y 2 B e A
RSFRFI - HHARAPM, s ~ NOx K SOXHYHER (%
B G B SR AR E AR » FEFHTIMES-
EDAYHEST 2 JOHEHIER: - PM, 5 ~ NOx 5ZSOx
203 HE E L B IR IR T T 22 BT 4HEIR
EEHAY  (THERRE > 2018) » HipE
JIFEHIPM, s BERL H 4883.6% ~ SOx/%36% ~
NOx £517.3% » A e By EEZHFRUR 5
2014 ZF20164FPM, 5 ~ SOx FZNOxHY4EHET & HL
HERERESRHFROTHERRE - 2017) - H
FeLL2013 8 J72E G LLAF Ry & RV B JT 0P
HEEGE 2R - 1A BB A
22 EkJia et al., 2016)3K 15 »

AR RS TG IR B R b SR B4
Z AR LA 3R - H R SR AR
BRI Y £ 2B 1 - HAHE A R
PR A B S R R AIEHERY CO, HET - 28
M E I E A LR R Z RS > (HEH

ERARR LS
CO, AR %I

BERRABERINER - TER

RERBURBRERCO,BERIEZ
SEKRR

[&2 TIMES-EDfREAIREZEERI(F# (G > 2016)
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FTH DERBI08F6S

%5  TIMES-EDEIEIS B E (AHIE)

HH st
(ERESE B BARHERS FE20204F Ry LA HY2E » BMERIESRHI66% - H H AT
AERESRIEA | BB A BRI PR E SR - E20504F - B HINEHE

F520204E1790%

A R Y

fEREs Ry R B R B R AR 36%

FRANG A ERAS
PM, ~ NOxFSOx |« HERHYHERAEL © PM,, 0.0039 ~ NOx 0.08 52SOx 0.052
HEU&E(kt/P)) o AR HERUAEL ¢ PM, 0.00575 ~ NOx 0.044 K, SOx 0.052
1.6
1.4 - e . : —
1.2
m 1
W
0.8
e
= 0.6 =
0.4
0o | B S
= E iR R IR
0 T T
2020 2030 2040 2050

&3 PASRELPAEAREH 2 S B R (AT e g 5)

PORESREASEE R AR HET S R PAREE
FRAEERREA G S - 980 - IR Ry SR i R G
1% L B SR A 4B Y il B A e »
AR H R A TR R A TR -

5.1 151 E%5T
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Influence of Biomass and Coal Co-firing on the
Power Construction

Chia-Yu Han'"  Jyh-Jun Chen'

ABSTRACT

According to “Taipower 10610 project”, the installed capacity of coal power plant increases 3.8GW
from 2015 to 2025, but the generation mix of coal-fired including private owned company decreases from
45.4% to 30% during 2016-2025. Thus, it is expected part of coal-fired units newly installed will be idle
after 2030 due to the carbon reduction. The paper proposes the replacing coal with bi-coal (co-firing of coal
and bi-coal) as alternative to solve the idle coal-fired units by scenario studies and TIMES-ED simulation.
The influence of emissions of particulate matter (PM) by co-firing of coal and bi-coal on the generation mix
is also considered in terms of external cost. The scenarios proposed in the paper include business as usual
(BAU), scenarios 1, 2 and 3 in terms of ratio of co-firing, in which the BAU does not consider the carbon
reduction, but scenario 1-3 takes the “NDC” and “Greenhouse Gas Reduction and Management Act” into
account. Among the scenario 1-3, scenario 1 does not consider the co-firing of coal and bio-coal, but it is
assumed 20% in 2020 and increases linearly to 40% and 80% respectively in scenarios 2 and 3. Based on
the results, the 60% of co-firing in 2040 and 80% in 2050 in scenario 3 can be as alternative for the idle
coal-fired units, but it is not in scenario 2. In scenario 3, the emission factor of coal-fired generation with
co-firing is more beneficial for carbon reduction than the gas-fired generation after 2040; on the other hand,
due to the limitation of the available zero-carbon technologies and installed capacity, the generation of co-
firing by bi-coal and coal correspondingly increases. Therefore, it shows that in order to achieve the target
of carbon reduction in 2050, the development of zero-carbon generation technology, such as wind power
and PV, is the first priority and then is the low-carbon co-firing technology. If the external cost of PM is
considered in scenario 3, the mix generation of coal-fired is larger compared with the one in scenario 2
(40% co-firing in 2050). It can conclude the ratio of co-firing of coal and bi-coal is one of the key points
for the development in the future. The insufficient for biomass and cost is the main issue for increasing the
co-firing ratio. The results in the paper can clarify the role of bio-coal and coal co-firing technology in the
carbon reduction path, and provide the reference for future technology deployment.
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