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WFSU 5 g i AR T2 4 N 8 m?® FHVH S
TR, BB ER R FRARSFERE IS 2608, —
GENT TR 514 400 A1 800 kg, 77 H4 300 m.
ARG, A5 20 a, A I s L4
FH 2 000 B2l 1% Fi1 600 kg FERR £h /K o

WEFTI H bsAE AR P R IS TR Ay S 30
FREE 5w (1) = BRI IR AL A R OCBEERT, VPA AR
PR A TR Ay IR I Re o e, A BB AR
J AR TR S S

AWFREGEE 2 AR A TR A S MRS TS
GHE O B AR A TR R e im e R R
SEHL T REDRFE R . 1 B (M BEFE ST G HE L
D AN IE T REAE S ST HE G 20 WA R )
FHHE  ERUEA T BRI G Rk T 4 ANy
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3) PO T AR A eI A A LA I e RE S v
WIHER, AR BRI A BB 4) Wb T HT
VAR TEIROA T TR AR A B I A= iy 8 U ) RE E L5 95
WIHER . VP EIShEE G 1 AN IR P A hIEAT 1 a
IR 7] o
1.2 BELH

T S AR TR A A RS B
FEE AR BN SR G e R . R
R 1 A o R e AR S5 7 e HE s 32 Bk A iR SA R
Wa), A R T PRl AR R KR RN SO A% 1
A Al R RERE ey G HEIBG  HE TR 1 43 ) K FH 38 Al 2%
B R ge g U281, A e HAD IR (. 8
AAE SRR 2 8 TR HE I VS B, BLEE CO,s
CO. NO, 1 VOC, IHHEB 735124 20 700, 500, 400
H1 400 mg/N-m’U ), FEFFRIE FE 0 E 4 vH S R e JsUR i 4
FIEE G T HIRRR R, FEFTAE R R B G 1A CO,s
CO. CH4;. NH;. NO,. VOC. PM,, %%, HHIREREEK
JH T 6] L 25 (AT 8 ST, g 3 SOR T IR ek L
w DB ISR S %, R A B Wi E
IHY L 0.6% 0.5%K1 0.4%tt, HERUEI K TN, TP
1 COD M3 2 I 5.25%- 5.34%F1 5.58%"%), <
FIFH W LA RHESO ;s HERUBA AL B IESE 1K) CH, A1 NH;
FRIHETBCR 23 0k 3.48 kg H1 7.43 kg, VSR 1) NH; HE
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D PRI TR A P AR 3 A AT S i e, R
iy JE 0 32 Y G () HE TR B S WK 1) 55 TR E 5 4
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B3 PRI AE R LR A IR 2K R 43 ) LA 20% 5% F1 5%
T B4 75 T 4 B 5 ok TR AR A e H g el
PR iy JE 0 RS 5 HE R BRI 95 1 g 4 10
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Table 1 Reference value for life cycle assessment of household
biogas project

BRI R 2R CXA FEMEE
AERE MJ 56 877.88
= N kg 7192.98
IR A kg 56.14

Stk kg 34.72
EHE kg 10.70
N kg 20.14

B JA HEAT T REIRHE R AL VP, T AR LAV S
TRESEILA Y RE PR v R B B A e
T REHIR 2 FERATR
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S TS UM R R RERE . S HEBUR KT
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Table 2 Life cycle inventory of energy depletion and emissions for a 8 m® household biogas project
W HiHERUkg .
CO, CH, co SO, NH; NO, NO, VOC  PMy N TP COD MJ
GekE s HAMESE  99.10 0 0.10 8.34 0 0.46 0.35 0 2.65 0 0 0 970.47
PRI s 64.17 0 0.16 0 0 0.12 0.09 0.12 0 0 0 0 0
fRAEEAY 97007 235 0.78 1.83 0.13 2.72 2.04 0.43 1.30 0 0 0 14 810.49
/g;ii% BEJEREAC 378.05 0 0.49 3.71 0 2.20 1.65 0.12 5.87 0 0 0 6 489.69
Wb RFFRUAE 22171 025 8.25 0.06 0.19 0.37 0.27 2.30 0.84 0 0 0 0
FIEFIH] 0 20.88 0 0 4.68 0 0 0 0 0.74 0.63 6.83 0
T e B 1406.56  23.48 9.26 -2.74 5.00 4.70 3.53 2.72 5.37 0.74 0.63 6.83 22 270.65
F: NOCHEEMNWY: VOC WERIEGHALGY: PMo AT BRI TN %G TP b EBE, COD MibZedmsA . Fh.

2.2 IaiEn
2.2.1 TR EA

ST 8 m® AR VR TR A oy S T B R R W2
2, MHATLUE W, FRVAA TR ay B RE I FE M &
PR R AN s, L A AR RERE A
R AR R R AR B A P R A Q2D T ek o
S H B AR IR 1) SRR AK 27 BERL A5 () B2 R 1 7 sk, JLep
DRI RE A AR S B ) 7% R A 0 A i, 3 A PRI Dk o [l
WA R LIRS 32, B JE 2 U A 7 2 B A I A
FEARJEL, BEFEIR o
2.2.2 RARRE

TS TR AR A R I HE BT 32 B = SR CO, CHY
M CO (3 3). 3R 3 nJ4, CO, e m A, HikE
CHyo CO, iHERN T2k FALIE AR AR AR, Sorp
TENEXT A I AR IR T A N 1 5 3K ATtk 25 2D T
PRABA =8 T R e FE T HEY) Oy — AN 8 m S
VAT R AR P AR 1) 78 A m) 3 e AR A A 9 2 = 3k
P 73k 1 020.98 kg HUGE AR, W SEHLE %
AIEAE 379.04 kgo FEFEIR IR RS T CH, 1K E
HEHE BEAh, VAR R B ] LB S R R
A e T 95D il A AR PRI, B0 B IL AR iy T
FERNVE 7o T VA TR S T S B A IR K
M RHERE 714 2 081.87 kg, HUAHHA TLREEIE S EITHE
JI 163.79 kg Ji, —A 8 m® 7 I T REAE Al Se it
S 1 918.08 kg

£3 PRBSIREGANEBEENLRES

Table 3 Life cycle greenhouse effect reduction potential of

household biogas project kg

CO, CH, Cco

A -99.10 0 -0.21

WA -64.17 0 -0.31

T EAR 970.07 49.35 1.55

AR 378.05 0 0.99

FEFFRI A 221.71 5.16 16.51
IR 0 438.48 0

& i 1406.56 492.99 18.53

SR TR iy WA BERR AL TS e dE SO,

NO, Il NH; (5§ 4). i R =4 wi AN R HE
ORI AL S AW & ihik 8.75 kg, HirP /it g 3G 2Ry
) SO, FEif e K, 15 95. 31%. 1B FlVHAR T ALE I
. FEATEAHFCI ., REdR RS, BEMAT R
TEAH SCER AT IRBE MR AL 5 G (R H i, B iiA 39.28 kg,
o SR R R AR 2 AN ERAT SEI AR kR = 23]
T4.77%H1 13.38%. A=ty Jal G 1H SE kR & 30.52 kg,
X ISR AT A R R E
F*4 PHBSRIREGRRNERUBESRN

Table 4 Life cycle acidification effect reduction potential of

household biogas project kg
SO, NO, NH;
AR I -8.34 -0.32 0
HAAEH 0 -0.09 0
33 ik = 2 1.83 1.90 0.24
PR 3.71 1.54 0
FEFERIA 0.06 0.26 0.36
IR 0 0 29.37
& i 274 3.29 29.97

J AR TR A d B B ek 25 S A s e B4
VOC. CO il CH, (& 5), ARG <A 6
AT A1 0.08 kg, Forp A A FHHERT vOC Xt
ek 2 AL T T TR Y 94.12%. I S A TR
W, BT 4 ADNETSEELR G A AT R R HE R A
2.16 kg, SEHIFEE 2.07 kgo FEFFA) S0 Bl HE BB e
%, 15 1.63 kg, HH VOC Mkl 84.68%. 14k, 1k
JIE AR AR A 7 2 A S TR ) e A 27 S A v G sk v 0 2
A4 0.30 F1 0.08 kg, XIetb =5 AL s 1k AL 2] T
—EMEM .

J AT R A v J I B SR Ak i (1) 32 5 e )
4 NH;. NO,. TN. TP fl COD (% 6). /< ithgti& A
AL 2 AR B B RS B4 0.08 kg, 1
Ho B RN LB = AL 9.15 kg, S HE
9.08 kg, oA EHREE T & BN HrodeR]
FSEEL & S R e i R, 91.27%. &%
BEFENE YT, NHy s E R, & 61.14%; H
K& TP F1 COD, 437l il 21.18%F1 7.52%.
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Table 5 Life cycle photochemical oxidation effect reduction
potential of household biogas project

kg
vOC Cco CH,
WA IS 0 0 0
AT -0.07 0 0
T EAR 0.26 0.02 0.02
AR 0.07 0.01 0
FEFERH 1.38 0.25 0
HISFIH 0 0 0.15
& it 1.63 0.28 0.16

*k6 PRBSIRBEWEAHEEFRUBEE
Tabel 6 Life cycle eutrophication effect reduction potential of
household biogas project

kg

NH; NO, TN TP COD
WA 0 -0.06 0 0 0
AT 0 -0.02 0 0 0
IR AR 0.05 0.35 0 0 0
AR 0 0.29 0 0 0
TR 0.07 0.05 0 0 0

WA 5.44 0 0.31 1.92 0.68

& it 5.55 0.61 0.31 1.92 0.68

S AR A i S AR 1 5 0 1) 2 5 e )
1 SOy NO, FI PMyy (K 7), JHSIMELEFIE<AEH] 2
ANIRTE A iy LTSN AR R Yk 2.87 kg, Hrp
SO, NO, #1 PM;o 73l i 90.24%. 18.47%F1 8.71%. il
P RAARCRE R, T 4 AN
V5 IR 1Ak 7.27 kg, M SO,. NO, Al PMy,
ST 23.91% 65.49%F1 10.59% . FERFACFIALAEARAR
SEPLE RO, 40 Ik 3.69 Al 3.14 kg BT R
AT A A, T AR A i R S B
NARTEETS GePig b 5 3.90 kg.

*7 PRBSIREWEHAKSEREE
Table 7 Life cycle human toxicity effect reduction potential of

household biogas project

kg

SO, NO, PM,o

A G -2.59 -0.42 0.25
A 0 -0.11 0

e AEEAR 0.57 2.45 0.12

BRI 1.15 1.98 0.56

TR 0.02 0.33 0.08
b el 0 0 0

& it -0.85 423 0.52

2.2.3 AREAL

SKHT 2000 At 5N IRIE s i BN VR AL
Tt 2 iy S U39 0 R 2 A T A v e Ak 3 B 43 38 45 oy
REDRCHEFE A, 2500, REVRFEM . AN . IREER
foy etk E . BE TR NIRRT 6 BRIRBER IR

Y45 B HEE S 790 0.3916.0.2667+0.5437.0.0555.
0.8484 Fl1 0.1935, FKox /" A TR A dn B L E &
T REHERL R 23 A 1 TSR B 2 i ) 2000 4R
NI 39.16% 26.67%- 54.37%- 5.55%- 84.84%
F119.35%. wI UL, AT RE Ao R DG o R AL
IR 1 A0 AN R YR FE 0 52 10 RO AE A 8.3, Xl &
SR RN AR 1 S5 A5 5 1 PR % A ke BB R VE

3 #5itit

AR LA [ CHURSEHE ) Y G 8 m? A TR
foil, N AR A RS A BT ik, ek AT R A R
£ Ge U5 #6515 Y HE s DA T 7 R VAR )
FEB I R BRI T e g R AT T T T
BT RS VPN . A5 RR I, P AR TR R
IR ST 7= 40 A7 R0R A A5 0 A iy TSI B 71
PRCHE R T A RE I REARE RS YR, R
PRGBS . 1 AN 8 m® /A S TR TR B
FE . IRETRAL . BEVRFEME . WESN . ANRREPERDE
AN 6 PRI S I (1R Yk A FH 40 S AH 1 T2k
IREE v 7 2000 AEHF AN KF 1) 84.84%. 54.37%.
39.16%- 26.67%- 19.35%FH1 5.55%.

PR TR Ay B s R BRI AN B
e A S A NN e (AL ST R E  B B N |
ARG P S5 PR B 5w (R R B B A BB P E . 3
AT 7 (k> 2 kR 111 7 8 S 1) SRR AL R i T
WO T NH; R TG WS B Hi: SRBERAHE 11
PR I 3 R R 259 ORI D 1R NH, 45k 5 0.
PR AR 1K SO, HEJS; 7 3 EOk A A
RES R RRACRIVE BT 20, Wl 045 RE U 5 SR AL 2 R
MRRAR, T REI A S 35 ek /> T 32 R 1 eI e e A
(IR SRS N AR TG R R B B AL 2535 e (R HE

D, B BV AR CRE AN T DASRAS ] 4 3 0
87 O g N S e R S N T = DG i e il N B G
] A AT e A7 P 7 R A S G RN A T T v et B A
U R EEH -
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Life cycle energy conservation and emissions reduction benefits of rural
household biogas project

Wang Mingxin', Xia Xunfeng?, Chai Yuhong’, Liu Jianguo®
(1.College of Environmental and Safety Engineering, Changzhou University, Changzhou 213164, China;
2.China Environmental Science Research Institute, Beijing 100012, China)

Abstract: The calculation and evaluation of energy conservation and emissions reduction benefits of the rural household
biogas project and its up stream and down stream sectors can provide decision making basis for whole process
environmental management of the rural household biogas project and rural renewable energy development. In this paper,
life cycle assessment method was established with inventory of a typical 8 m’ rural household biogas project and then
the net energy conservation and emission reduction benefits were calculated and evaluated. The results showed that the
life cycle reduction potentials of eutrophication, acidification, energy depletion, greenhouse effect, human toxicity and
photochemical oxidation impacts of a typical 8 m® household biogas project accounted for 84.84%, 54.37%, 39.16%,
27.67%, 19.35% and 5.55% of the relevant environmental impact potential per capita in the world in 2000, showing a
significant net energy conservation and emissions reduction benefits. Therefore, the development of rural household
biogas project plays a significant role in alleviating the fossil energy shortage situation and controlling the agricultural
non-point source pollution in rural areas.

Key words: energy conservation, emission control, life cycle, household biogas project, inventory analysis



