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Table 1 ~ Scale of judgment matrix
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1 i, WILER RS g 1
2 iTGE b uR R EH 3
3 ek Ive i A 5
4 ITGE L Te R R 7
5 iJLE W TR R 9
6 IR ILRAEE 1/3
7 IJCR I TR AR E 1/5
8 ITGE LRGN 2 1/7
9 i JCE e R i AN FE L 1/9
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Table 2 Approximate and ultimate analysis of cornstalk

Tolk5r#r/ad,% TCRIIi/ad. % A kg
FC 4 A [C] [H] [0] [N] [S]
9.4 16.8 70.7 3.2 39.24 4.92 424 0.81 0.12 15.09
22 REHR o [ arrw |
RSO 0 LA 5 L T BT R .
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S R ST RE FRL B3R 1 SR [ A
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T Y AR A 1 kg/(e EOK) L TR
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TR i, 2% R AR A = 5 R A Tl B e
To K it FH B9 20 N BT (P,05) EFAE (K.0) 14351
0.0344.0.0114.,0.03945 kg/m?*, £ Ky 1.2 kg/m™®,
Hrb BA R HEN 2.5% ",
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L IR 1431 kKWh/ (e 2E9 B0 Fe [ v g
A= PTG e HE T UL AR 3, I B B T PR 4.

#*3 EEAETLEMHEE " (g/GT)

Table 3 Pollutant emissions of power generation(g/GJ)

R4 EMFEREREEGEABRERS T (g/MWh)
Table 4 Inventory results of BCP(g/MWh)

[HC] [CO] [PM,] [NOJ [SO.  [CO)  [CH. [N:O]

12.93 134.6 65.45 775.32 467.67 263760.55 3.05 2.84

233 &Yz

iz i By B A5 18 i i ik B R LBl AR B HE
5% A Wy B 42 20 km, i T H g 51 %%
RUGE Z  JRRL R S5, IV 42.64 MJ/kg, TTFE 3.498
ke/(t W) o MRAE 5 ¢ FRIER 4 75 Y W HE L &R
BT s B B ISR HERL, PRI 4.
234 AYrd) strhrE

Z B BT P A 8 A 58 5 ) 32 Ly AR ) T R e
gl . BTG 1A Co, T A
17 0.05% , 131 0, &R 6%, C0O,.S0,.CO )
HE B AR A o SE R E, v] A SO, K 8.4x107
m*/(kg A= ¥))% ), CO, Jg 0.7298 m*/ (kg A=) i) , CO

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

WG AR ERE sRbBe &b
BAR 165.23 0.20 0 0
K2 58.80 0 0 0
HC 7.0 0.94 25.02 0
co 50.40 9.72 90.97  4475.61
PM,o 51.80 4.73 3.41 206.36
NO, 40740 3356 15920  887.98
S0, 320.60  33.74 19.56  3355.74
CO, -1618505 1902228 15373.86 2004382
CH, 2.80 0.22 1.23 0
N,0 1.40 0.20 0.61 0
COD 39.20 2.66 0 0

AL 520 0 1.2 0 4410

.

iﬁfﬁ; — —  48x10'  —
7K — — — 3x10°

AR FEHL/

kwf ;%th] — 20.034 — —

EYBUHAER . — — — 1.4x10°

S 2.39x107° m'/ (kg AW ), THHAEBUN 476
m’/ (kg W) o K FRLBY By AR 14 11 1 I S K 4
AR B, K43 () F 22 153 /& K Na,Ca.Mg. Al
G4 R ALY SRR HIETCfEF P I, T ImfE
SACREAE T, AR SR DR R R 90% , fH S I
AN A I AR B B AR K R FHE
FFRUE PMo 1 FUVFHERHR BE B 30 mg/m’, 3 525
SERBEC 1.4, PR E 800 ~ 900 °C, NO, Y HEC R
M 133.25 mg/m™ " EEA TR AT 15 NO, i HE
R R 6.34x107 kgl (kg T KFF) , PEILFE 4.

2.4 INEFIMIESY

2.4.1 BRI 52 Rbn Ak
HRAE LCA HEBOE 5, A% I8 6 FhEREE 2k
R & BRAE BE (GWP) L Rk (AP) | JE 1k 2% ¥5 e
(POF) & E 1L (EP) AgFEAEFE (HTP) | 4K % 5
PI(SW) . 78 SCHETff 22 CML2010 8 ™, 2
2 VI I8 5% ) 24 0 114) 6 0 2 25 W KT e W AH I 1 24
s AT, B2 (3) TR A TS G % A [R) BR 5 52 1)
FAN IR B E A EP;o
EP,=% Q. XEF, (3)
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U, EP, ——5 j BRI 52 0 2 1 4 BRI 52 0l 1
{H, g ZHWHAWh; Q, —45 j R85 5 i 2 7
T WA HECR: , o/kWh EF, ——5 j FhaRBE R
M 2R b W A R A, DLk 5

x5 SLRURERMYLERT

Table 5 Equivalent factors of pollutants

GWP/ Sy co. €O CH, N,O
kg CO,-kg”  [HF 1 2 25 298
AP/ HY S0, NO, — —
kg SO,-kg™! K+ 1 0.7 — —
EP/ HgY N NO. N0 COD

kgNO, kg [HF 442 135 27 0.23
POF/ YY) HC €O S0, CH,
kg CHy-kg? A 0398 0.027 0.048  0.006

HTP/ HYY k% PM,  NO. SO,
kg CGH.CL-kg' [HF 18 082 12  0.09
SW/ mY R — — —
kglEl & k' T 1 — — —
TERINAE TS0 AEW Bk K H,

kg Fe kg™ A+ 0 1.35 0.00085 0.098

R T AE TSR] IR 5 e S 2 8] ) LB RN
Ii) P18 A58 52 i S R AR oA L 7R SC AN 414 R B 52 1)
KSR AT, R (4) o FRUEAL IR B B0
BE L 6,

ST AW B R K B DA R A R R A R
AL, A& 2 Jr , BEIR I AR R R I — R A
2, PR BT AR 4 21 BT 5 S AL ST T RS AR
2 AR MR R E SR Ot Ts g A
e £ 75 A S BV % 540 o

[ adehz | [Fhnewm ]| [ ogn |

R

K2 AHPJZRIRGHREIE]
Fig. 2 The structure of analytic hierarchy process(AHP)
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M a (i) AL F Wk, ), k=1~ 4 (5 BIXF B 4
BRME DX R b TR AR ) — s bR 2 T R
THFE TN IR T 5 1 19 5 10%) F B 2 DR b T S, oA S
AT T 3 FE LT P AL ST, A A R TH
FESTIRERZNN B N BT IR IS AE=PAIR 5210 5 C A B2 R T
FE<IRBER M . ANk 7 Fiom .

®1 —RISFEMNNEITE

\ NEP, =EP, /RR‘”f N @) Table 7 The weight of first index layer
Krfr, NEP,—5 j #hIAEE 2 i IR EAL J5 1Y 2R T G SEE RE()
S VB, N - AR/ T BUBT ; RR, ——55 j PP 3REE 52 VIR E 1 ) 067
M) 2 T[4y A B R B 0, A SR FH 1990 AT 6 A v A FREERN 112 1 0.33
PN LS 7S A S R A 1.5 3 1.00
F6 EVIREMEBERGEHIRENIMELINEE BERIHAE 1 1 0.50
Table 6 Normalized environmental impact values of BCP B I 1 1 0.50
SR A S IREEE RPN - AF A FURY LA 2 2 1.00
GWP 48.88 BEIRIHAE 1 172 0.33
POF 225.27 C B 2 1 0.67
AP 41.76 ) 3 1.5 1.00
EP 26.42 TRARARIZ T 6 Fh PR 5 m A 2 [A] fY)  2E
HTP 0.20 PE AR Y8 BT 26 40 £ B AS [R5, AR S48 A
SW 17.57 EERYE DX R B kAR SCER [ 11, 13 1
242 JZIREEHAY FE T 6 PR RZ M S AR B 2 ] () B

BT IR WIS ML, b A W) o B4R A i R G A
SV 255 75 18 T BTIRIH AR MIPREE R, o g

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.
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Table 8 The weight of six impact categories for three perspectives

GWP AP EP POF HTP SW S

GWP 1 2 3 4 5 6 0.381

AP 12 1 2 3 4 5 0.252

EP 1/3 12 1 2 3 4 0.160

FRME(h=1) POF 1/4 1/3 12 1 2 3 0.101
HTP 1/5 1/4 1/3 1/2 1 2 0.064

SW 1/6 1/5 1/4 1/3 12 1 0.042

A 2.450 4283 7.083 10.833 15.500 21.000 1.000

GWP 1 1/6 1/6 1/4 1/4 2 0.049

AP 5 1 1 3 3 6 0.320

EP 5 1 1 3 3 6 0.320

X I (k=2) POF 3 1/3 1/3 1 1 4 0.132
HTP 3 1/3 1/3 1 1 4 0.132

SW 1/2 1/5 1/5 1/3 1/3 1 0.046

A 23.000 3.033 3.033 8.583 8.583 17.500 1.000

GWP 1 12 1/3 1/4 1/5 1/6 0.042

AP 2 1 12 13 1/4 1/5 0.064

EP 3 2 1 12 1/3 1/4 0.100

R (k=3) POF 4 3 2 1 0 1/3 0.160
HTP 5 4 3 2 1 12 0.251

SW 6 5 4 3 2 1 0.381

LA 21.000 15.500 10.833 7.083 3.831 2.450 1.000

SRS RN AR A A = W R 1 GWP AP L E B K, 4303k 32.74% F1 18.49% ;
End, =Y NEP,xW,, (5) X g P A R U2 AP A EP, 43 ik 24.39% Al

A, End—h WA T L35 IR B WEE, A - 4F
B FUI s NEP——FRUEAL S 1S j Tl ERIE 52 e 2

TR IREE R MR , N - 45775 FUIS 5 W
J RHERSER M 2 R AL, I3 8.

k ALFR T 2R

3 HRiE
3.1 AREMRA TEMREBIMERN

f 3 ] UL, AN TR T R R RS B far G TN
[] , G A P 1 R 7 ey e K, R M e/ AR
Yy 5 ELHR % HL TR) — i B 5 e S ARl 1) R B R
W A B R 25 S AT de R IR B Y
i) 2% 7 ¥ ok POF, 5 40% DL I, S & o my ¥
HTP, AP.EP K GWP 7E4 WA i A i KL
0 HBE T AR AN R A T 22 5. R

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.
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Fig. 3 Contributions of different environmental impact

categories for four perspectives
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By BE, i T A 24 Ak AR i HL 3 2 LA KAk R A
FE R HE 2 51 EP 1 HTP, EP H 35.66% %
HF N B, 15.33%k 3 A8 A 7™ 1 32 HE
HTP 1 30.94% % A A& 25 i 2k, 17.47% K H AL IE
A R B2 HE R, PRI A= 0 I AR i B s /D4 245
AT %) 38 2R 6 A 0 RS AT & L B IR M B L LA
B Lo 3, PR KA AR K o o i A ] 7 K o
CO., i 4= 9 I LR L 4 A A JEL I v WP A 52
P EREAL.

(N SEEETT ELRY)

10.51 4.23 22.73 0.013 0.75
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Fig. 4  Contributions of different process to environmental

impact categories
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Fig. 5 Comparison of integrated environmental impact index
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9,
R BMELBHEASH
Table 9  Parameters of coal-fired power generation units

R A+ DAY BRI

(USC-DeS-DeN) (USC)
L2 /MW 1000 1000
KR % 42 42
PN FEE kgee-kWh! 0.293 0.293
IR/ % 4.8 3
JRBR AR 1% ARA R 96 —
JBLAE AR 3% i 85 —

AR SC N A BRI A B0 DRI FE S IR BERZ 0 (A)
W, K U A 2R G5 1) IR 5 W RN B U T FE R
FERRAE HE NN

AR = RIRHL - YT (7)
(RIS H, + A 0 )2
AR TEIL R 10, R 10 o] WL M LT C

R R R R e Pl A ) O LA R L A PR B S T 28
RUFEARY TR, EZRFRAY RS NS &1, &
TR 329 K s 90% T AR R AR AT IRTSCRT T, iR &
H, R RE A RIBR s 1 [T WSCR HT2RA 30% 1 60% 5 7
— 7 AR AR K B BE I CO., HLA [ DI RE
A5 4 A A SRR COL HERI 3 T R, IR LR = 4%
7 7 g7 B B A0 FRAIR 2D 60% . WHRIHE % o 22 G5 it
A7 W7 WL A 40 B IS, USC-DeS-DeN 4> A= i J& 11 1
POF AP EP L)} HTP (W5 48 bR 84K F A4
TEM KRS, B EMRAR B A NS =1L,
{EL 5 55 75 Y A 1A A B HE R, A L Sk Y
USC-DeS-DeN 7EMEE T AN B A& s, %t
L& R ARG MNEE AR ITE IR, 4 BCP RA K
HLRICRAL 17% 0, 255 R i 48 b L 2 T
USC-DeS-DeN #AME & HL R S8, 124 BCP R4 = F
25%M} , L5G R EE S I T USC-DeS-DeN #A1E A&
MRS, 25 LAl UL, SREUS 8 /> NO. . SO, HE &
P 5 A2 ) o R A P AR R R R AT A i S R T o AR
IS A A 3B o

R10 EYFREREBSREL B

Table 10  Comparison of BCP and coal-fired power generation

17%BCP/  25%BCP/ USC-DeS-DeN/  USC/ EFRAE
Bt NAFERE N4 PNEX N-4EH USC-DeS-DeN  USC 5 17%  USC-DeS-DeN  USC 5j25%
HER  FHRA T LA HEH 5 17%BCP/% BCP/% 55 25%BCP/% BCP/%
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Integrated impact index for different power
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LIFE CYCLE ASSESSMENT OF BIOMASS COMBUSTION POWER
GENERATION BASED ON ANALYTIC HIERARCHY PROCESS

Bu Shouzhen, Xiao Jun, Shen Laihong, Chen Lulu

(Key Laboratory of Energy Thermal Conversion and Control of Ministry of Education , School of Energy and Environment ,
Southeast University, Nanjing 210096, China)

Abstract: The environmental impact of biomass combustion power generation (BCP) was evaluated from three
perspectives (global, regional and local) based on LCA and AHP. The integrated performance evaluation of the
environmental impact and resource consumption of BCP was carried out and compared with that of coal-fired power units.
The results show that the environmental load is the largest from the global perspective, and the most significant
environmental impact category is photochemical ozone formation. In addition, the growth process and the power
generation process contribute more to the environmental impact burden. The integrated environmental impact indicator
decreases by 57% with the increase of power generation efficiency from 15% to 35%. Compared to ultra-supereritical coal-
fired generation with DeN and DeS, the global warming, resource consumption and integrated index of BCP with
efficiency of 25% are decreased by 87.18%, 60.71% and 13.27%, respectively.

Keywords: life cycle assessment; analytic hierarchy process; biomass combustion power generation ; integrated impact
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