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WA B AR kB, SCElE =PRI
ST : ABRATHEE(E (Global Warming Potential,
GWP) . 5L (Acidification Potential, AP) Al
NZKFEEE (Human Toxicity Potential, HTP) , 43#7
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Table 1 Emission inventories of different power generation
technologies /(kg-a™)

KA
Power
generation
technology
BAREKR S
Biogas direct
fired power
generation

AU L

CO, (00} CHy NOx PM SO,

5.11x10" 1.03x107 5.37x10° 8.72x10™* 1.69x10* 3.18x107

R 4.98x10" 0
Biogas fuel
cells generate
WA FL
Coal-fired
power
generation
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2.1.1 RBERaH AT
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Table 2 Equivalent factors for different environmental
impact categories

MBS HERT 27531k
Environment category Equivalent factor References
A=ERAFIE Global warming Co,=1,C0= §’2§H4= 25, NOx = [40]
HEEBR 1L Acidification S0, =1,NO,=0.7 [41]
A58 Human toxicity  SO,=100, NO, =65, CO =1 [35, 42]

SEAFR 1 PORFEZRELS Y HEGE AR 2 TRIREE
MRS ERN T, RIEAR (D HEEH AT
SRR (R (e, THE SR E 3.

R = Fofr J& R A o AN [R] 288 1) A 858 5 i 98 7 11 115
SERR I PRI R IR EE R R, RS
SCMEVEHE /> TN 21.84, 7.15x1072 1 5.21. B EMRKEH
A TR AR FH PR 55 1 19 ot R 58 28031 1) S M 9 (L eI, A
BT R EEAR, =FABRHEE SN 96.37%.

94.7%- 92.78%. VALK LR AR ARSI 2R
TEE W PR A, — PR Bl & 53 0N 79.58% - 82.8%.
99.76%. VA THRR I K A 42 BRAR W2 RO IR B3 R A0 9 Fo B
52 23] o e BN 1 L IR AT g A2 RO T2 H AR A S 1R
e, A8 O RAR A R LI R TR & PR AR 2 1 CHL A NO,
Ak, T EORE RN ISR ER G 1 B TF. AT Ll ik
PEFHE SRR I R 2R . B R L BOR T2 4
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Table 3 Potential of different power generation technologies for

environmental impacts (kg-a™)
e
FONA) GWP AP HTP
Impact category
HARERE S

. . . 7.93x10™ 3.79x10° 3.76x10™!
Biogas direct fired power generation

VAR . Biogas fuel cells generate 446 1.23x1072 1.23x1072
PRI )R B Coal-fired power generation 21.84 7.15x107 521

2.1.2 RBIREEFH R QAT

£ 3 WEE HEE R R AN E R B AR S NI R
W) 5 31 () 5 T AR B, R A L3RS EL A AT AR [ e FEL B R
S PR B 0 (S A S SRR T o T B A b v AL A AR
(B TE 55 PR 553 5 M TR AL, S (7] 2558 5 M 288 031) 1) B 5558 5 il
FrRUEATB M ATl A 2 (2) THEL. 78 A [F] 6 PR 5 5
FAR, L 5 2B A S AN [F) A F 5 90 R RRE 7 % R 4
MR EANE], SCH BT R FE AT Ak, RS EIR
FRAS 5K 2 B TR RV B2, ¥ )8 T A i %t
JRRERALR AP, R, &R EH%E0PYA H
IR E K F1E RS I AN AR B AR bR AL 5 A B8 52
TEARL DDA B35 5 M 5 L DA S 8 3 558 5 1) 7 A 114) &5
L% 4.

*4 AERERARTERESIMEENEE

Table 4 Potential value of environmental impact after standardization of different power generation technologies

e ez s e 1990 443 AL RIS AU e e
SRS st 1y K R e
7 R i = H [ -
'1?ypes of " EE& 0 ‘Envu’onmentfdl 1990 global ﬂ DI Environmental impact ~ Weighted ‘Total
environmental Power generation technology impact potential Weight factor . . environmental
loads J(kg-a™) benchmark potential after environmental impact load
£ value /(kg-a™) standardization impact P
T
. TR . 7.93x10™ 9.11x10” 1.89x10° 2.15x107
Biogas direct fired power generation R
GWP . . NN . 8.7 x10° 0.208 § : i
TBAURL I K B Biogas fuel cells generate 4.46 5.13%x10™ 1.07x10™ 8.55x10
JABER ML Coal-fired power generation 21.84 2.51x10° 5.22x10™ 2.97x10™
HARERR 3 4 s
Biogas direct fired power generation 3.79x10 10510 14510 /
AP ey S g o 5 36 0.138 ¥ P
WS BRE IR  HL Biogas fuel cells generate 1.23x10 3.24x10 4.72x10 /
RIS HL Coal-fired power generation 7.15x107 1.99x107 2.74x10™ /
71 A= R R
4 BERR . 3.76x10" 6.15x10 2.14x107 /
Biogas direct fired power generation
HTP y . NN . _ 6.11 0.348 R ’
VBASREL B % L Biogas fuel cells generate  1.23x 1072 2.01x10° 7.01x10™ /
PRI HL Coal-fired power generation 521 8.53x10™ 2.97x10" /
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Table 5 List of capital inflows and outflows of different power

generation technologies (Yuan-MW™)
Hof g VUAEE EEET GEER FER
Technolo Scale Initial ~ Operational Operating Annual
gy investment investments  profit profit
HAEBRE

Biogas direct fired 2MW 41820205 1410938 7540921 6129 983

power generation
VAR R A A

Biogas fuel cells
generate electricity

TR
Coal-fired power 1320 MW 3555566 1816338 2288748 472410
generation

WRIEE 5 FPIIEE AL, T H BUBAIAR SCBOR B
FER IR TR A FBOARAE Hh [ 5 R e 1] i 4
BN FEA AL, HRIA s BRI 5 A,
AR BB R RS TR, R, Ik
LR K. AR B TR L A R
BRI, BRBEACHII 5 e, B 2R A
SERG A K 0B BRI T2 = AR
PR AR R A, R AR P R R S BRI A AL
I HL 7 e FE Al Hy A1 CH, %5 R R 3 B 3 A it

800 kW 46 620 000 4 045580 1605695 740 740

TR ERR BRI H 5 VE SRR L FEL I A BT ER
PR, B T RO ER R HBR TR
WHFCE A2 Ah, 5RO BRI R AR
SAERHR B & AT A . R E NN, HAE
PRR BRI A IR B ZE 0L, IV B
BORTERIIR TG IS E W 255 125 2 DAFIIR AR A R
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T KEWI, EHERTZEx®E, HEMEN ST
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R H T EOR R RN 3 Bl b A RIUR
A LAIE b B = S SN R R AT SO A S i i
25048]
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Table 6 Economic evaluation results of different power
generation technologies

A -
Technology Scale Dynamic NPV/ oy %
pay-back (Yuan-MW ) IRR/%
period/a °
HRERKH
Biogas direct fired power 2 MW 12.03 1361246 13.49
generation
TESRRE L K R
Biogas fuel cells generate 800 kW >20 / -9.08
electricity

1320MW  14.50 423 933 11.88

Coal-fired power generation

HRIETR 6 1 =Fh & LA FIREARZ 5 DA 45 SR R B
WAREMRK BT H LG, BRI EIb A B
TiH A AT LB B APPN FR bR, A
SERRE AR BAERI (12.032) , HITEREE
AR (14.50 ) , SRR R TEZ AT I T
NI EHIIE NG A (320 ) o Y LIFILE I
e br B, g KB EARKNHNEERES
( 1361246 Yuan/MW ) , B 2 =& B & B R
(423 933 Yuan/MW) , JASRARL R R AR IS 5 #A G
RS AR DA RIS AP FE RIS, AR ERK
HL AR I ERUR 25 e i (13.49%) , BHZ S IRIEE R HL i
PRI R (11.88%) , AARH L 43 A Py B 23 R
A& (-9.08%) . PEBU AT Zeblim, 1A R I H
BRI K 256 RE, A BB I H AR
RATE R 4T MR = T R A S R
B E PRI ZE R, TUH BA AT . EAREH
Wk I H B AT IR ER S A, T H AR & TAT
Mo TSR R LR ML, A BEMRKEREAR G E
KRR 2], Rk, R RSB R B AR IR
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Abstract: At present, the problems of energy depletion and environmental pollution caused by non renewable energy such as
oil and coal have seriously hindered the sustainable development of our society. Biomass energy is a reliable low-carbon
alternative energy with renewable, clean and other characteristics. Therefore, the energy transformation to renewable energy is
crucial to China's development. Research shows that China has rich biomass resources. For example, agricultural wastes can be
used to produce biogas by anaerobic fermentation of agricultural wastes straw, which can reduce a lot of carbon emissions.
Therefore, it is of great significance for China's development to make full and reasonable use of this resource. This paper
discusses two types of biogas power generation technologies using straw as raw material, namely, traditional biogas direct
combustion power generation technology and biogas fuel cell power generation technology. Based on life cycle assessment
(LCA) and time value dynamic analysis method, the feasibility of two types of biogas power generation technologies is
comprehensively evaluated from both environmental and economic aspects. The feasibility of this technology is compared
with that of coal-fired power generation technology, and the feasibility of straw biogas power generation technology in both
economic and environmental aspects is discussed. In the feasibility analysis of environmental benefits, three potential values of
environmental impact categories are considered: global warming (GWP), environmental acidification (AP) and human toxicity
(HTP). The environmental impact potential of the three power generation technologies is calculated according to the
equivalence factor of each environmental category. After the environmental impact potentials are standardized, the total
environmental impact loads of different environmental categories are obtained. The analysis of the total environmental impact
is consistent with the judgment of the environmental benefits of the three power generation technologies. The economic
feasibility analysis adopts the dynamic analysis method of time value, and selects the dynamic investment payback period,
internal rate of return and net present value as the analysis indicators. According to literature review, find representative power
plants, and calculate dynamic payback period, net present value and internal rate of return by referring to capital input and
output data of power plants. According to the calculation results, the economic feasibility of different power generation
technologies is comprehensively analyzed. The results show that the biogas fuel cell power generation technology is the best in
terms of total environmental impact, and the total environmental impact load is 8.55x10™, followed by biogas direct
combustion power generation technology, with a total environmental impact load of 2.15x102. Compared with coal-fired
power generation technology (2.97x10™), the emission reduction rate reached 99.71% and 92.76% respectively. In terms of
economic benefits, when the dynamic payback period and NPV are taken as indicators, the payback period of the straw biogas
direct fired power generation project is the shortest (12.03 years), the NPV in the operation period can reach
1361246 Yuan/MW, and the economic benefits are the best; The second is coal-fired power generation project (14.5 years),
with a net present value of 423 933 Yuan/MW; The dynamic payback period of biogas fuel cell power generation project is
more than 20 years, and there is no surplus during operation. Therefore, compared with biogas fuel cell power generation
technology, biogas direct combustion power generation technology has more significant economic benefits. This shows that
biogas direct fired power generation technology will remain one of the best power generation technologies to replace coal-fired
power generation in the future.

Keywords: straw; biogas power generation; economic analysis; life cycle assessment; environmental load
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