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Abstract: Based on environmental impact and resource consumption, a comprehensive evaluation model for life cycle of direct combus-
tion power generation system of pruned apple tree branches was established and analyzed. Results showed that comprehensive perform-
ance index of direct combustion power generation of pruned apple tree branches ranged from 0.055 to 0.225(person * year)/
(10000 kW « h), and effect of environmental impact on comprehensive performance was much greater than that of resource consumption,
and characteristics were local > equal > regional > global. The maximum value of direct combustion power generation of pruned apple
tree branches was only 57.25% of the minimum value of coal-fired power generation, showing a good advantage. Comprehensive per-
formance of direct combustion power generation of pruned apple tree branches was most sensitive to total amount of solid waste and raw
material consumption rate. Therefore, effective management and disposal of solid waste, as well as improvement of quality of biomass
boilers and fuels, can further improve environmental benefits of direct combustion power generation of pruned apple tree branches. Res-
ults of this study could provide theoretical basis and reference data for research of direct combustion power generation system based on

pruned fruit tree branches.
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consumption
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AWFFT LIBEHL AR 2x1.5 J7 kW AW Bk L &
GNWFFERTGE, A& HLETE] 6 000 h, A0 B L H
B 18.7% BEHCERMME SR S5 IR, L3
PRI 1 R,

ZRGERH 75 th BRI, AFA L 18 000
T3 kW « h, FRRHETTRERIEFER 1.004 13 kg/ (kW *h) o
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Tab. 1 Proximate analysis and ultimate analysis of pruned
apple tree branches

T H il

K53 1% 1.30

T R 5 1% 76.57
K53 1% 3.30

[#] 7 Bk /% 18.83

N/% 0.76

Cl% 4753

T AT H/% 5.78
0/% 41.25

S/% 0.08

fRHAAE/ (MT * kgD 16.52
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Fig. 1 Hierarchical chart
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Tab.2 Environmental impact type weight

. BE A7
A
GWP AP EP POF HTP SW
A ER T 0.381 0.252 0.160 0.101 0.064 0.042
[X 455 P 0.057 0.320 0.320 0.132 0.132 0.039
J& 3 1 0.044 0.102 0.102 0.173 0.290 0.290
[F] &5 4 0.167 0.167 0.167 0.167 0.167 0.167
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Tab.3 Environmental impact and resource consumption weights

K& —— LR rp———
K55 5 A WIRHFE B
A=B 0.50 0.50
A>B 0.67 0.33
A<B 0.33 0.67

FEXTFLVE AN ARTR], AR P F8 bR /MR E, 3
R MG E 3 PGS A FRPRANE
1.3 £&APTNERESZFHR

A i SR I 3R 48 0 5 S BE BY B Ak A KT
B EME R BES R, /AR R BHMAHR 4
AP B, SERBHE BT AL A% IR & HL IR B R R T 4%
B B 7 A A L R TSR R 9 U T A T A A T 2
Jilo

XTSRS T an M B A A . — RN
B B3 ST 18 % TR il 3 JOT 3 1l 1980 9 18 31 E R AR 58 5
TOEHTEBATH B TE R R AR R A K R
BRI =2 1 B REFL IR B BRI R F s =R R F B B A
AR SDS+SCR EBAGHEL T-25

REEIIBEAL A 1000 KW » h H 5 i J 0995 Y 4
HE il A BT IR ARG, AR A R R Gk SR B A 4
e 2 Fis .
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Fig. 2 Life cycle assessment system boundary and material exchange
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Tk, RS RME BBk 1 2 AN B AT 3 R 5
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Tab. 4 Life cycle inventory of pruned apple tree branches direct combustion power generation system

R85 5 R 5 UV G A KB B W B B b B R B A
CO,/[kg * (Ji kW + h)'] ~17 400 194 0.4 17 500 312
CH,/[kg * (Ji kW = hy'] 0.289 0.499 0.236 0 1.02
N,O/[kg * (J7 kW « h)™'] 0.004 17 0.002 68 0.002 84 0 0.009 70
f7 NOy/[kg * (Ji kW « h)'] 0.165 0.708 0.0205 3.04 4.12
5 SO,/Tkg * (J7 kW * h)™'] 0.308 0.614 0.0625 2.13 3.12
5 CO/[kg * (Ji kW = h)™'] 0.063 7 0.162 0.196 38.1 385
e HC/[kg * (Ji kW = h)™'] 0.003 97 0.0428 0.105 0 0.152
L] PM10/[kg * (J7 kW * hy!] 0.000 364 0.0158 0 0.609 0.625
£l COD/[kg * (Ji kW * h)'] 0.0370 0.0227 0.0995 0 0.159
i [f] 4 B2 3290/ kg « (Ji kW * h) ] 14.5 7.13 0.159 929 951
TN/[kg * (Ji kW * h)'] 5.46 0 0 0 5.46
NH,-N/[kg * (J kW « h)™'] 0.0611 0.001 38 0.002 84 0 0.006 53
4K 2 /[kg + (Ji kW « hy'] 0.006 75 0 0 0 0.006 75
L 77 /[(kW  h) « (Ji kW « h)!] 0 183 0 0 183
% J5i i /[kg + (JT kW < hy'v] 0.002 24 0 13.9 0 13.9
I PR/ (kg + (JT kW + hy'] 0.0255 0 0.733 0 0.759
H RS/ kg » T kW « h)'] 0.000 906 0 0 0 0.000 906
#E Jii B A7 2K A /Tkg + (JT kW + hy '] 0 0 0 348 348
K /Tkg « (Ji kW * h)'] 0 0 0 31.0 31.0
x5 MELZHRFEGEAHEE
Tab. 5 Life cycle inventory of coal-fired power generation system
TR 85 5w Je R T KE IF R B B I i B B R B s
CO,/[kg * (Ji kW « h)'] 10.1 2.38 11 800 11800
CH,/[kg * (Ji kW « h)™'] 5.26 0.000 567 0.0796 534
F78 N,O/[kg * (i kW * hy!] 0.000 0770 0.000 384 0.003 17 0.003 21
iy NOy/[kg * (Ji kW * h)™'] 0.0240 0.0670 6.44 6.53
V5 SO,/[kg * (/i kW * h)™'] 0.092 4 0.0390 2.72 2.85
S CO/[kg * (Ji kW = h)™'] 0.001 31 0.0670 1.33 1.40
LYl HC/[kg * (J7 kW * h)'] 0 0.0156 0.159 0.175
HE PM10/[kg * (Ji kW « hy'] 0.0286 386 0.935 387
s COD/[kg * (Ji kW * h)'] 120 0 0.176 120
[ 44 B #24 / (kg « (JT kW = h)'] 116 0 942 1060
NH;-N/[kg * (Ji kW * h)™'] 0.009 37 0 0.089 4 0.098 8
" B S /LKW + h) « (JT kW « h) '] 97.3 0 504 602
:‘ Ji i / (kg « (J3 kW = hy™'] 2.41 13.5 0 15.9
ﬁ bR/ kg « (T kW « hy'] 35.6 38.9 3810 3890
i KRS /kg + (JT kW * hy'] 0 00 447 44.7
e Jii 6% f3 2K £/ kg » (J7 kW hy] 6 440 0 31000 37500
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21 WEHMFEH T
211 RIR% b RGFFHR AL

PR K HL 2R G0 11 A% 52 i 0 (D6 EE AN 3 o
Pl PR A AR B SO RRAE = 1 J7 kW « h B, BN
B A O0F BRBE T 7 A S e A REAE AR V(B . SRR L WA
W, SRR R B9 B 5 A kK HLE GWP. AP, EP,
HTP 1 SW iX 5 i JR 55 52 e 288 28U v 2 A 45 B (2 ny 0
B, HIRBE S W S 0 AL o B R R 3.47%.
81.05%. 86.41%. 1.83% £l 89.94%. ifij X} F POF, 3¢

IR YA 2% MR A o BRI e LY 183.85%, & MfE—
TEE BRI 8 R . ZRE X HERBT, RASERN &
BYRE 2% ELR A L LU IR H o PR I A g, AR
PLTE GWP. EP F1 HTP.
2.1.2 RRIA T &R 2R 501

] 4 SRy S BEAAE B R 5% LR R AR AN R A I 1Y
IEES AR BE, JHS PRAE 5 e VR Ih 2 BR MR A
TR 0.138 (N < 4F) / (JT kW *h) , Fefm h Rk
MATF0329 (N <4E) /(FTkWeh) , FERENH
9 SW X Ry s PR B 2 L SR 4, SR
16 By A 2% ELIA & LR R 1) 2 52 e ARl SW>AP
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B3 WHABRGEMEZNEEITLL
Fig.3 Comparison of environmental impact potential of two power
generation systems

B4 AEAABTREZWERSH
Fig. 4 Distribution of environmental impact types from
different perspectives
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Fig. 5 Distribution of different environmental impact types at
different stages
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A KB Bl o A VR B e ki, FL{E 1.74 £ COy/t
BEBTR Gk o AHAT TRRIE R L, SEIRE BT R 2% M R
HLX) GWP F5Z M0 1] LAZME AT AR Sk E— 119 ] P4 Ak
T, AW AT DU R I e i A RO ARRE IR, Tk
KH RS,

£ EP J7ifl, SEARMHE TR 5% B R A AR KB B
[ 5 E ik 99.82%, H BRI 7E F IR 7E A K B By
A R i FH 5 i i Ok o o e Y AUt T e 2
0w RAHE N,O #m,  LA KO b 7K i 2K 1
WRTETS e, AL, A RUIEAS BT LLAE R AT fE e 0 35
BRI, B m KR i,

7t AP, POF, HTP I SW J5 i, 3FHMHE 37K &
FLRA R HLTE R BB BORR S 8 T A, He A
9 71.02%., 84.85%. 74.11% Hl 97.71%. ¢ FH & 5
RSkt B, BT R IR E SR HERSN, 8
2B NO,. SO, #1 PM10, X EEHB 5[ AP, POF
FIHTP M EZRE ., B, KRB ER SW 3%
SRR e 5 BRI B AE W I KRR A B S Y A B AR
VaE-

R HL I BRI 8 BT R 2% B % F X R 3
TS () e E B B, SEARWB BT R R R be, A
A ST R T HE. BT, FREEXT KA
HYPHE T, CAIA TR 5 B BUR FI S i
T X TERREFY LB, 5752 — R
%\%[11.1210
22 HREFEITEMSH

XoF S A6 B B 2% TR v A i I v ) B R
FERU UEAT T AL, o AR]85 FUAS [R] B Bt 1) 9 U5
THFE S o e 6 fsk 7 fis . ERMB IR E
PR B U TR AE TR 0.0146 (N < 4E ) /(T
kW e h) , {CHIRBER ) 3.01%, HEE S A, 7
SERMAE B RS ELR R B, BB A KA R
(47.00% ) , H &k 2 J7 ( 38.68%) Fi 5 il
(13.66%) o H#E 6 A%, XFF3ERRHE 5T R 4 EHER
REE , IR IHAE R 2R Th 7R WA B BOFI & FL R B
i HE B R 38.68% Fil 47.04%, {EUCHE B BE %l R

F6 REXIAFHESLL

Tab. 6  Proportion of resource consumption in different types

A %
HL g J5 P KIRA Jii Bt A K A K
38.68 13.66 0.61 0.000 885 47.00 0.04

x7 TEAMBRBARHEFRSL

Tab. 7 Proportion of resource consumption in different stages

L. %
KB B W B By 1 i I Bx KB B
0.02 38.68 14.25 47.04
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Fig. 6 Proportion distribution and comprehensive performance
index under different weights
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Fig. 7 Sensitivity analysis of comprehensive performance

(42%) , AAEFRART AR RIS, WA
HHE Z2 R TiAL BT 2 RESR THHAORE A

3 #WIE

A A AN FZ IR Wik S A, dar T8
T 2RI 5 1) 5 U5 R 1) S SRR B R % TR R HL Y
A SN Tl R S o i DG B = S T 2 1 W i
KPP 485 S SR & r X L, IRl B S B e Bt
TRE A ein i

(1) SERMHEBTRLAS BB R HL I S PR BE 52 i v (i
0.0138~0.0329 (N «4E) / (JTkW+h) , JFEHR
i P> [F] A > DB > 2 BRI A RRAE . SW SRR &
YR AR ELR & H I R A BT R, O AP
POF. WAl B BORE, MbEgm 2k A A K
B Bt A & FL B B

(2) SERBHEBTRSR ER A FR R B IEIHFERR(H 0.014 6
(N <4) /(7KW «h) o MBTBORTEIERIZS & o
BLRT , SFEABHE BT R 5% A & HL B U5 T FE T R TR
TR B BB A KA TEAE s HOH IS B B
FIIERE AT RE

(3) 3ERMAE B9 KL% ELBR R 25 5 1T T8 b
0.055~0.0225 (N < 4F) / (JT kW« h) . HIFEEZ
LR VERE M B KT IR AE . 75 oh, SR
16 B A% 4% ELRR K L IO 255 B VAN J6 s Bt RABL AU A B
HL f/IMELIY 57.25%, 6B A R A et o

(4) BUEMES TR, FERRBITESEM AR
B 2 P R T [T S i 40 i TR DRl 9 A 23R i Ay UG
TR IR FEAT SR 5 ] 2 NI X R SR A
RO PR, ARG A ) 0 B o Rk & 5 1 el i
REE— 2L BT R IE BT A 5% ELMR & L SR B A 2

Sk

(1] BRE, %, MIAE, % SRS TR e R BEH A



T R ITEUR R R R RS E G AN 55

[2]

[5]

(6]

FErbE B AT (0] ERFERR, 2023, 51(1): 514-522.
LV Junfu, JIANG Ling, KE Xiwei, etal. Future of circulating fluid-
ized bed combustion technology in China for carbon neutralization[J].
Coal Science and Technology, 2023, 51(1): 514-522.

W, I, XA, 5. TRER LR AR Y B E AR i B R
JribRe ], WEHREOR, 2022, 28(3): 32-40.

HU Nan, TAN Xuemei, LIU Shijie, etal. Research progress on
power generation of biomass direct combustion in circulating fluidized
bed[J]. Clean Coal Technology, 2022, 28(3): 32-40.

XNRT, BOERE, N, R R H AR N RAEMRS RIS
R ABRISHEOR AL AT (1) A TRE2A4R, 2022, 38(10): 239-248.
LIU Chengyu, HE Zhengchu, LU Xiaolong. Optimization analysis of
carbon emission reduction from crop straw collection and transportation
under the sustainable development goals[J]. Transactions of the Chinese
Society of Agricultural Engineering, 2022, 38(10): 239-248.
AW KT IE AR R R TR 85 (1], SRR,
2021, 38(1): 121-127.

DENG Xiuxin. Thoughts on the development of China's fruit industry
[J]. Journal of Fruit Science, 2021, 38(1): 121-127.

WUTHE, WEDRR, B, AL AR RN O ik KA Al
Wroat e U], BRI TR, 2022, 12(6): 2148-2156.

XIE Minghui, MAN Hecheng, DUAN Huabo, etal. Research pro-
gress on the life cycle impact assessment methods and their localization in
China[J].
12(6): 2148-2156.

B o5 . A= 4 B o) IR 2 i 19 2 i ) BT £ T R B B A O
f5[D]. FIAL: RERZE, 2018.

TAO Wei. Integrated evaluation of biomass jet-fuel based on LCA and

Journal of Environmental Engineering Technology, 2022,

its data quality analysis[D]. Nanjing: Southeast University, 2018.

[7]

[8]

[9]

[10]

[11]

[12]

===
KE A

[D]. FEAT:

ARy 5 IR AR ORE Y 2= i R DA B RO T DA
REIR, 2016.

YUAN Yanyan. Life cycle assessment (LCA) and data quality analysis
of vehicle fuel from biomass[D].
2016.

ZOEE, AR, BE, . YGRS IR R A B R
WA LT, AL T%4R, 2021, 72(12): 6311-6327.

YUN Huimin, DAI Jianjun, LI Hui, etal.

Nanjing: Southeast University,

Economic and environ-
mental assessment of biomass coupled coal-fired power generation
[J]. CIESC Journal, 2021, 72(12): 6311-6327.

XIHE, WREL, ST, SR T BRI 251 R i A B A R AR 7
SR CRDI . DUR LA KRG E = N 1I]. B
WHFT, 2020, 40(4): 248-253.

LIU Jianjun, CHEN Hong, MA lJinyu. Study on the relationship
between crop yield and carbon footprint based on environmental Kuznets
curve model: taking rice production in Heilongjiang Province as an ex-
ample[J]. 2020,
40(4) : 248-253.

BECZE . R Y A IR A (D). KR R TR
2011.

Science and Technology Management Research,

WU Minjun. The life cycle assessment of coal-fired power generation
[D]. Taiyuan: Taiyuan University of Technology, 2011.

LUOY, WUY, MAS, etal. Utilization of coal fly ash in China: a
mini-review on challenges and future directions[J]. Environmental Sci-
ence and Pollution Research, 2021, 28(15): 18727-18740.
WANGJ, WANGR, ZHUY, ectal. Lifecycle assessment and envir-
onmental cost accounting of coal-fired power generation in China

[J]. Energy Policy, 2018, 115: 374-384.



