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Whole-life-cycle carbon assessment and economic analysis of a biomass
gasification coupled co-firing power generation system
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Abstract: [Objective] Biomass gasification-coupled co-firing is a feasible low-carbon retrofit route for existing
coal-fired units. This study evaluates the carbon reduction effect and economic performance of a biomass
gasification-coupled co-firing power system based on a 640 MW coal-fired unit. The effects of different co-firing
ratios are examined at 70%, 50%, and 30% load, so as to provide a basis for low-carbon upgrading of large coal-
fired power plants, flexible power system operation, and future engineering practice. [Methods] A framework
integrating life cycle assessment (LCA) and techno-economic analysis (TEA) was built. Pure-coal cases and
biomass gasification-coupled co-firing cases were compared under different loads and co-firing ratios. The system
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boundary included fuel supply, biomass gasification, coupled combustion, power generation, auxiliary material use,
and emission control. Fossil-based CO; emission intensity was used to assess the direct carbon reduction caused by
biomass substitution, while global warming potential (GWP) was used to measure life-cycle greenhouse gas
emissions. Economic performance was assessed by levelized cost of electricity (LCOE) and electricity profit.
Biochar revenue and carbon trading revenue were also included to test their effects on system profitability. [Results]
The results show that biomass gasification-coupled co-firing can greatly reduce the overall fossil-based CO»
emission intensity of the system. Compared with the corresponding pure-coal cases, the 15% co-firing cases reduce
fossil-based CO, emissions by 16.9%, 11.5%, and 10.9% at 70%, 50%, and 30% load, respectively. Contribution
analysis shows that direct combustion is still the main emission source, accounting for about 60%~70% of total
emissions. Thus, the overall emission reduction is mainly driven by the substitution of fossil coal with biomass-
derived syngas. In terms of life-cycle greenhouse gas emissions, the GWP of CO70-15, CO50-15, and CO30-15
decreases by 17.3%, 15.1%, and 17.8%, respectively, compared with the corresponding pure-coal benchmarks.
[Conclusion] Economically, the coupled system generally has a higher LCOE than the pure-coal benchmark because
of added biomass supply, gasification, and system integration costs. However, when biochar revenue and carbon
trading revenue are included, electricity profit rises with the co-firing ratio. Overall, biomass gasification-coupled
co-firing can reduce fossil-based CO> emissions and life-cycle greenhouse gas emissions, while showing a certain
level of economic feasibility for large coal-fired units in practice. These findings further indicate that the proposed
system can support low-carbon retrofitting of coal-fired power plants when biomass use, by-product recovery, and
carbon market mechanisms are jointly considered.
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Fig.1 Schematic diagram of the boundary of the biomass
gasification coupling system
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2 4 B EHE 2

2.1 B CO, HERBRE

AL L F) CO» HETBUR EE A VAN (I AR A 52 AR Ik
HEBCR IR EAR bR . AP AR & HOR B
R E AR R EAR,  (HIRHRA 52 BACEE B2 il
EZHHIBITIRE . B, GLEEL TH%
PE I AL F) COn HERUGR BT E AT, A7
IRHERCR AR -

B 2 06F B 7 AR 00 A7 B HE AT COo HE

http://rIfd.cbpt.cnki.net

B, FFEEX AR TS ke A K CO2 AT T 73
fift. HFRAFASR I, MES R TR
AR COHER FEFEAR M a %S, HEES e ik &,
BRHE BRI, RN 1.7%~18.8%.

b B hetidem, LW COL FEHEBUA B i)
. RN PR, AR BREGE
(15 FRURSCR B AR S R AR IR (e b VR T, 3K 1R
M CO HE. A S, VIR G ShEAE
] Vg g 7R 7 Ay 0 ] P A T SEBRAR AT U CO HETR S P
BEAR,  ELUBHERN S e L 5 v T 384 58

0 A i B A7 e

1000

800

600

kg CO,/MWh

400

200

B2 B CO HEE

Fig.2 CO: emission per unit electricity

2.2 CO, HE SR mk 51 3 4

ASC AR B T A B 500 11 56 B A 2 A I 48
NSRS RGBS . v T B A
VIR T8 S AR A A o S SR A 32 1)
o, DX BL CO, HEMTTRRIEAT
ZERINE 3 B, BB 3 AT LA, BRI
Heil & RGRHEN EBRIR, EAF S B
BeLb 25 R o B BRHEUR K 60%~70%, 1M 7E (8] 84
AT, BEEB RS, ERITR s
B o7 LR AR, A= SR SBR[ SR 28 o L B
IR




XX 2 XX

kg CO,/MWh

g

kg CO,/MWh

g

1000

BB AT AE AT A BB, SR
K 4 from. ATLVEH, AV RAMEY S
TR B TR, AU EE 70%,

e B

PC70 CO70-5 CO70-10 CO70-15

a) 70% 571 fnf L350 B 22/ (R R

[ e A

PCs0 CO50-5 CO50-10 CO50-15

©) 50% 571 A 150 2/ (B e R

I i B

PC30 CO30-5 CO30-10 CO30-15

€) 30% 7 frf Lt B3/ ] 2 FE i

[ e S B (%)

[l e B (%)

[AEHEICA . (%)

[ AR S AU T AOGE N RO

PC70 CO70-5 CO70-10 CO70-15

b) 70% 1 fiif 1350 A1 FEHE s 4 B

D A T U TR U 15 5E SR 1SR

PC50 CO50-5 CO50-10 CO50-15

d) 50% ffuar T4t B B2 HE B Rk

B E I U TR G R RSO R

PC30 C0O30-5 C030-10 CO30-15

1) 30% %7 faf L0 (A1 FE HE Ak 20 ik

3 &MrEx CoHEmbtt

Fig.3 CO: emission share of each stage

B AR I RE P AR 245 220,

http://rlfd.cbpt.cnki.net




HFER

6 #A% &

| Rl atld gt 0 Aomic B ARk

100%

o
S
S

=
S
2

AR b

e
3
53

| [se| (S| [sisel| |Seey |Se
20% |
0 L L L
3 o o o o o &
Y & & N & & 5 N &
™ & & v, & & e & R

4 HYIRIFT CO HEML At

Fig.4 CO: emission share from biomass stages

MR GEARI AL A E IS, BRI BRHEL
43 S . MR, AP R I
BRI RG0S HE R A R ke 0,
FRGRIRHEROR E ZRIE T AR B AR, T
IR RS T Py R B HE B AR . BRI,
FESCPRAE I AR, BE RO BRI S L 4iE
ITIREZRIMILE R R, DRy KIESHHREEHER
ICHER 77
2.3 & @ B EIMR NI

CREZMTHEI A R, R GuiR = SR HEK
A dr AR WKl 5 Fros. H, Bl Sa)fEs T
& TR JEE T PC100 [19284k, Hid PC100 T
BLIE GWP A 1 247 kg CO2-eq/MW * ho M 5a)r]

SERAG IS (GWP) (kg CO, eq)

efb e L] PSR MU T EES
E UEPERSEN E I E es ] E WRSIT R

IEE&QEEEEQ
| 2% |

100%

95% |-

90% -

AIREIRTH S (GWP)

s o Q

N NG N >
& P & &

o < O ¢
& < & X

S S P
Qb Q\' LQ'\

b) GWP KIE 4 #t
& 5 GWP TR HMAIRL

Fig.5 GWP variation and composition

U, TR A, e T, S AT

PR HLRERER N, AT = A — e R B BB HE O 2
Hr, PC70. PC50 F1 PC30 A% T PC100 1) GWP
SN 3.3%. 3.0%F1 6.2%.

HATAEMRANEE S, & LRI HE
IR R » 7E 70%- 50%A11 30% 1 fi 264F 5 15%
B4 T BLEO AR T L AR IcHE M P 53 38 17.3%
15.1% 17.8%. Z55RFH, VRGBT
AN [E) s RSP 35 B A B I = SRR 7

Bl sbygh T A FEHEBCRIETE GWP H 1 DTk -
AT, EEREHS AR 2 RS0 = Sk
HEB BRI, (5 EE 60%~70%. BEE BB,
AR a8k S A SR R PO R B
Tho AHRRTT S, AW AL R B HE e R 40
HeRCH 0 & PR, PR R G R = S AR HE AL
2 TR

http://rIfd.cbpt.cnki.net

3.1 TS BB R AR LA R T LA
FUELLEE LA (levelized cost of electricity,
LCOR) 2y Akt R &5 nl AT M I B FE AR,
HT SRS R0 7SN & S Ak 2 A
B, JFOCR TR NG, RERATHATEEL
RAEFENM . NEETFNAFE LI T RERLHTE,
KM LCOE #HATZR &t HatF AT
nC,,+C;
)t

I )
_ +tz=1: (@+r

t

= (1+r)

AN Co N TFHECE A TAWIUGTERE ;s Com N
BATHEY R, DI HTE I 2.5%1t; Croniihel ok
H: ECNSEREE; r AR, B 8%; NlAFEz
TR KEL 7 200 h; IEATHERE 20 #. FFE U

C @

e

m

M=




ik #%
Bix

XX 2 XX 7

s&, AL LCOE AT it R 40K HL A «

ANFETHL T RGEH)-EAGEE LA LCOE 4 &
6 . BUAKE, S RGP LCOE ¥k
TAET o XFEELHT RGBT L
IBATREREIGIN, (ERARMAIIBAT AL m . B
Bleltdm, BRIEFERD, SR PBA TR %
R [E I AP A IS I, S BURRL A K A2
ko

PA CO50-10 T A%, H LCOE A 0.466 T
/(KW = h), T RLAE T, Ui B EG S A&
BRI A 2 5 B R AR o 3 —
SR E BRI T, CO70-15 Al CO30-15 1)
LCOE 435 0.422. 0.572 JG/(kW *h), CO30-15 %%
CO70-15 $#EEZ) 35.5%. XFEMAEMFIBLELT,
IS AT 12 47 23 0 35 TBOK [ 5 4% B ML AT 4E 4 A
IR 1. B, SRS RGE A AN
SR tb sz, W5 KSR 1R
WIEIZATH 5T, RAGHE AT H i — B O
G RENIRAE ]

0.5

S
IS

LCOE/(JG-(kW-h)-1)
=) =)
T

o

Q 5 © & &® 5 Q & N 5 & &
Qc”\ AQ/\Q '\\Y\ ,\Q’\ QCJ & A Qc\' N '\_Q'\ '\,Q'\
(S Sl

S & & >
& © SR RS

B 6 TRILAT ARG FHENLERMA LCOE
Fig.6 LCOE of the system under different conditions

RNHE— IR R I LCOE (R4 K &, LA
CO50-10 LA AIEAE, TEMIESEENE50%. F
IZATIHE N 4 000~8 000 h (VG P JE LCOE
EYE T, R 7.

http://rIfd.cbpt.cnki.net

0.60

0.55

h)™)

= 0.50

LCOE/(JG-(kW
=
wh

0.40

— AT B
0.35 REsAT e

— AEIE AT/

-40 220 20 40

0
AR FEE 1%

7 FAELEERRLA LCOE HUR M 54T
Fig.7 Sensitivity analysis for LCOE

Kl 7 R BORINASXT LCOE B52m i i 3%
A 7 T AR B Al B AR 4 £50% ), LCOE H
0.322 J6/(kW *h)ZELZE 0.609 JT/(kW-h); A4
WAL TN, LCOE Z8{LIEEZ) 0.034 7T
/(KW -h)o 1% 3 B2 B TR TE R R ES R AT K
EL A

U AEIZ AT /N B0 LCOE B 38 1 [H] 540
MAEIEATI K H 4 000 h 3 h0%E 8 000 h i, LCOE
i 0.582 J0/(kW-h) F 4% 0.451 JC/(kW-h), ZS{LiE
FE5 0.131 76/(kW-h).

SGERRB, RN AP E BTN B R
i SALRE & RGE T USSR T R 2. WL
EIBAT /AN B NS, B S R R R R
[N s N 1] 8 R AN 7 N P o
YN H AR SIS T N B T, SRS &R
GUNAGHE B ME G TR, =il
AFISAT /NI ECT B, B A o R 3 A
LCOE.

3.2 CO, BHERR A

BT CO2 PR REAS F T 2 AR AE S BHAH ] sk
HEE AT FINATTRCE, 2 HEBA SRR &
Biabr. Fk, ALERETHRZESRAZRTH
HitE . HXRITEALNLGE), SRIE 3.

Ce,l _Ce,O ><106 (3)
ecoz,o - eco2 1
K Ceac HHNL CONHHERLA; Cetn Ceo 537 H
A THURN R A far 354 T LCOE; ecozi~ ecozo
I3 R LT AATR CO HEBG FhR 1. 0 43
ARG OO E T, 108 2 A s R4

CCAC =




8 kA% R

HFER

R 3 COBHERR A
Tab.3 CO: emission reduction costs
N . LCOE e R i

T i e (kWhy! ke (N{W «hy ?jf?g:

PC70 0.402 1000.5
CO70-5 PC70 0.420 917.6 212.8
CO70-10 PC70 0.421 874.9 150.0
CO70-15 PC70 0.422 841.7 126.2

PC50 0.44 970.4
CO50-5 PC50 0.465 959.0 2128.4
C0O50-10 PC50 0.466 933.0 680.4
CO50-15 PC50 0.467 871.5 269.5

PC30 0.53 951.7
C030-5 PC30 0.569 910.5 959.1
CO30-10 PC30 0.570 867.7 485.1
C0O30-15 PC30 0.572 834.7 359.4

BIRKE, BEEBRER, RFEAIHHEK
ARENEFES ., RPESBEILETRA RS
HERCR . BL 15%35 0 T A1, CO70-15. COS50-
15 1 CO30-15 AL COn HER A5 518 126.2.
269.5. 359.4 Ju/t. BEAE A 70%FEAK A 30%,
PNLIEHERR A I BTt =, HoH CO30-15 MR A
R CO70-15 1 2.8 fi5. X FEEREH TR AMIZITH
BUA R TR, [ ISS [ 5 5 5% A 75 0y e 381 56 />
PR B b, 580 kR B T R ARG
R, EAHEIBRELL 26N, KPRt 45r
PEEA B .

3.3 BB S

SRS RGBT AR T A 451,

5 I e R B IR S W s I G . RGFE

LI A P s 24
R= Relectricity + Rcarbon + Rchar + Rpeak (4)

ﬁ [:lj : Re]ectricity j"j% EELI&EL]_, Rearbon y‘jﬁﬁéﬁ% q&ﬁ;ﬁ[lo]:
Rchar yﬂf’i%?fi@)—i Fll:l]:l LI&?ILIT” Rpeak y‘jiﬁ m%%l\mljj LI&I%[E[ZS] °
ANRZAT TN R G E R i & 8 i

180000

160000

140000

T

120000

100000

T

80000

T

iR/ 7T 7T

60000

T

FEHi 2 (JT/kWh)

40000

20000

0F

http://rIfd.cbpt.cnki.net

8 REEITIRATARGE B
Fig.8 System electricity revenue under different operating
conditions
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Fig.9 Profit sensitivity analysis
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