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LIFE CYCLE ASSESSMENT OF VEHICLE GAS
PRODUCED BY KITCHEN WASTE

ABSTRACT

In recent years, urbanization process continues to accelerate in china,
hence the amount of car ownership continues to grow. With the
increasingly severe resource and environmental situation, searching for
clean renewable energy substitute for traditional fuel has become a hot
topic among all walks of life. This research object focuses on biomass
vehicle fuel gas produced by anaerobic fermentation of kitchen waste,
and takes the Nanning restaurant kitchen waste resource treatment project
as an example. By using the life cycle assessment (LCA) method to
evaluate the whole biomass vehicle gas about its impact on environment
and this result was compared with traditional diesel. The main work and
research are as follows:

Firstly, the analysis of China's energy situation, as China's car
ownership continues to increase, the city's environmental air quality is
deteriorating, the search for clean and renewable energy to replace
traditional fuels is imminent.

Secondly, it introduces the theory and methods of life cycle

assessment, analyzes the merits and limitations of this evaluation method.



Thirdly, based on the example of the Nanning restaurant kitchen
waste resource treatment project, a life cycle analysis model of biomass
vehicle gas was constructed to analyze the primary energy consumption
and emission of the life cycle of the biomass vehicle gas. The results
show that: the primary energy consumption and pollutant emissions of
biomass gas are lower than traditional diesel.

Fourthly, based on the six types of environmental impacts of EU,
GWP, AP, HTP, POCP and AQP, the environmental impact assessment of
biomass gas life cycle is conducted. The evaluation results show that the
environmental impacts of various types of biomass gas in the whole life
cycle are lower than that of traditional diesel, its overall environmental
impact is 32.88% lower than that of diesel.

Finally, through sensitivity analysis, the results show that: the whole
life cycle environmental impact of biomass fuel gas decreases with the
decrease of coal-power ratio. When the coal-to-electricity ratio fell to
55%, the primary energy consumption of biomass gas for the entire life
cycle decreased by 17.1%, the overall environmental impact decreased by
11.56%. On this basis, this paper proposes some suggestions for
improving the development of biomass gas.

KEY WORDS: Kitchen Waste; Biomass Gas; Life Cycle Assessment;

Energy Saving; Emission Reduction
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Fig. 3-1 The disposal project of kitchen garbage in Nanning

ZAUE KN B RT3 12 (HURSE AR SR 1220 B hi kLS,

CELLTER YL ML, RUA LA B 3 235 5 2 i e oy i i S AT gL

.

R RV AR it (T B Al R 6 IR0 CONGD 1%
WAL GB 18047-2017 CASFE GRS (O ey sk o IX R A R i i
PR T8 2 BHER AN R SR " (o MR GB 17258-2011 <7/ T TAi K
ROCBATIDY SR AN ORI 2 F VAT 77 09 20 MPas 23 BOKC7R U 30
L~300 L, IR A-40 'C~65 C. Uil ([ ey Ay 15 11,

20



I KRS TR A A S i 3N B EF AR A I AR A R IR

IS E 1 H R A ER T RN 32 . R B S it SORCIE LA I

Z427,

ZELEE
I
i+
¥
AIEE
¥
LA
I
el
¥
[z,
r i Hoy '
FEH TENTENMNE ]
‘ 'y
TP B
T
RRPR S
¥
FEEEE

i
¥

BRHLRR
!
FRMS ONG

il

Bk % TR }

EREEFA ]

fizww

i
=
b=l

T,

53

)
F
b=

I - RExEHE

A

Pl

\_d\__ux_zg_ﬂ_Jx_._/

B 32 TP EARERLENGR L7t

Fig. 3-2 The process of kitchen waste disposal project in Nanning

3.3 RFiHFT

B hg B R SRR A7 L i ZE AR O A A DTS L, S AR 80T
R G E R SIOR IR A, Rt ios . bR AR RS RE . W
HFACAL B N AR RNE AT T FETR S g 24 o O (e B3R AR 3 B 43 8 ok
MR R oy OB, 4Rk &RB . AL, 5 H ML Kk,
R UL AR - R, ANMEAH TG L 29 R EmE xR Gk, 3
WO M AT A RUE, SRR EATF RN E 2 N SR AT &R TR S TR
HEFEA T3V BT8R AN 74 1K

21



STEARS LIRS X B IR A T AR Y RS B BT

3.4 FwEEAS TR AR

W BRI ARG A L A EEE B (ERGE) - BREBT B (31
PWOALEE . REURRE . BRI MIAERNEAT 3 M B HP RN B R R
BB AT R, SbiRE T & BRI Ao Za BB IR RET s BRBHY
BT B b oz E A bRt T oG, fead A . SRR AR R
FUETZHERRA, I EmReb ik, FzTi RS RR AR
AN TP B

AT TR AR IR S g3t AT 0t b o3 ¥, 2wt Fo i TR R B
R ELBY BRAR BRI B B (WTP) , KR0S T RO IRRHIY T B R
(PTW). A4 2 RS0 A ds A IR S 1 A 3-3.

SR
4 Ltk AN ‘\\ TR
R iR
R B HAEHT B 8= B || —>
J/— B <j voc
co
R BE MR ] KA '_*iWﬂMi/y k»iﬁ@ﬁ ) NO
A O ) *
+ PMIO
CHa
N0
Seim L fE
50,
/l\ /|\ CO,
— KA
S

B 3-3 AR F R £ 4R
Fig.3-3 Life cycle of biomass vehicle gas

3.41 LM ER

LR E B b B, BREERNSE . BIR AR RE KR
BZ JOB RS2 NI, FOP AT AR GEIR AR A HE: [
I AT — 3079 TV AR BEVRAE L B B RO TERLIT R L #0RL A 77 LU il 38 ey S B B A
LA RN, XM AR Z TN T RS, REUHEIREENR .

22



IFERSTAFESeX R BFRUIR A I A R A BRI

BABRREEMRERRSEwRBR LHFH BT X AT HE s H
T, MHEAPRFMSITHEFNRE, ITURAS N THEEREESSFH.

% s WK —IRBEIRHAER AN E, ]!
E =¢e +te, +e, (3-1D
AH: g, e e, FHIAKE s FTHBR . RN RASHIHEER,
W R (WTP) M—IREEIRHEFEESR B, N

Epp=Y" E, (3-2)

s=]

B S HHME | HHERIE RS op, . B

€D, = D,y + Py + €Dy + D3y (3-3)

Reb: o, HEsHH MREME. EF. MAB) FENS | HEBISE;
Pu~ Dy~ Py FIINE s FHHEAMFEMER. FERARRIAHEL L

BB (PR, 475, EHD W% i HHEER .
MW (WTP) R3S i MR BB, A:

EFyp = Z:=1 €Dsi (34)

(D BRBREVYRELIRERT. BENRESZA™ER, SURE
MBS BB B S e ORI B — IR BESR T 76, RYUSIETHIR EHTHE
Hsem, EX LW BN —KEERERE. R BROHRE e dES, bk
ZE A S AR BT EFERRHER LR BRHEE .

(2) MM BRIEFREIERN: EFERARSEFIRES, SIS R
HIVEFEAIE AR R LU R R BRIV S #E. SR — KRR,
T LML B — IR RESRVE R N FTH FERI FERE ,  ZE3L R B BRI — IR BE TR #E.
BB BIHR R DS : BSERYRSE HBE: FrE R Bt A g R
FHHERE: MRA T R AT E FK T E RN TG s HRE

23



FTE RSO A S TIe SN BEFLIB A = A AU T A MITHE

3.4.2 TisME

TiEB R EWEITH R, THHBRHBREAENRERBRSBAERET
HHERE . REHBUERAE: AR ERFENHB RN EF PR &
— M RETN KV EHATIRREE: H—F RS T EIR 0 R,

SO B BRSO R IE SRR . SO : I RRE KA % x
HEREBKESH WD615.00Q K HIFRIKIINERRRIEN, 2% GB
18352.5-2013 A BEREBEFUHIRRERUE & (FEHELMB) ) w7,
KRR RN AL ELRIBITREERY 13 THE, UBESEEEINER
BAERBRELFET 7. XM KRSV LHEPRIKRE RS 40%EL L6
B, HRERATERE 1640 t ZH R RRFIERFRKERBTAREESR.
VEABEE RN E 4.2 45,

3.5 FENGH

FEHET N ER, o T THRERRAAETE L6, e T R5U
5, FREAMHREE B, THEBBRNOTES, RAWETERERREKRBEE
FERBSKAER RS ITRE, HETREOBTEEEEM.

24



FTEHRS T RGOS Tie EFIIR A = A Y AR MNMITE U

FME BERELMRESFEFRRSNEGERFZRS

AR PR N EMBIRST M, B BRI SLAER, 7
WE=BHEREG AP TERE, X EMRERARSEE SR — RS
HAESTERYHBGEAT 24T, RIS RS R S ERSMET LB 1T, NEk
FESHR I A EE R YR F ARSI R,

4.1 BEEE BB

E SR OTE B R SRS, RIER AR ARSI BARTTREER
A dr FSVP BISR BB IR, EREEIE KRB RETT G RIHER . R 40E
HE bR a AT BTN R, BEEMEEERET EAREEREE
PISMATFR R STR -

REHE BT ATEEN B, FREREEENEMBIEEEANEMREA
BRRERRABIEBBRATE L2808 (nsk. B8, £HRE SR ERED (8
FEEBITR. BREAER. BEEHS) KRS HERYHEEE. BT GaBi &
A= v R S VPAN B R 0 B3R PR AR R v E A OB PR IR I S5 3 TZHRoR K
SETIERSLK, EEMKBNSCREEE, X RS EIN MBI E A%
FRERSEFRER. B4 SCR A EREEE EZRT T OB . MHERA
XEHIEL AT, MEEEEREGERIT N —BERE, RRERTELER
RIS .

FREHH NRFETEMRERARIBRERSEMENET AL ERRE
HILER i, TR RS A ar AR 4 R 5 S BEAT XS HL 34T, 3R B4
Yol 2 R IRSUR R BRI RE TR A O S0, X AR R BUSE i A o PR A dE . &
MEEMRARRERAE YR ERBRIN LGRS, TAEmRACHEELE
BRI SCHRBERIARG . St R B — PR AB YR FE S HE RO SR IR SR, 1% 00ER
ETRENSSHFEEL SRERBFEITR. FREh. B4, B R&
BREARTHAT T it . BEBIHEELR 4-1.

25



IFEXRS TR H-EHAR E - RBR R AT HABITDr

Ao4-1 5h LBy — R BER A5 IR HEA
Table 4-1 Primary energy consumption and environment emission of diesel in WTP

BEFE VOC CO NOx PMio SO2 CH. N2O CO.

(GI/G)) (¢Gh) (g/GN) (G (¢G)) (¢Gh) (@G) (gG)) (¢Gl)

HH

LR 1.395 8.51 6.37 77.7 7.33 1413 14267 0.28 31359

LR RSB B E EREEE AN A, BREURE R EAERE
IR RE T HEERNEFHEE RENRE SIS 2WHIR. # (013 FEHEA
HELY Git, RERERESBREER 74.41%, HIKAKE 17.16%. I

E AR 1E LER 4-2,
£ 422013 & B & A gk
Table 4-2 Power structure ratio of China in 2013

RE BRERE BRERE BRKE K RN ] HoAth

Batke% 7441 0.11 2.19 17.16 2.07 1.97 2.09

YRR 4-2 WIH, MR BAASR R SRELKHEER 2.3%, HRAKE
—IRBEIR RN HERE . S KA AR A RETR, ARG IR
KEHIAHREE, B3 H 3R E R R T — IR BERVE FERTHEBUE L . Forp RIE
R BB 51 FSCIR™, U A A P DL R it e R B R (D R RE A R I
SRR, FIARIELER I BRROAR SRR, MO b 3 E AR B — IR BE TR
PSS, L 43,

A 43 PEE AL TR RS HK

Table 4-3 Primary energy consumption and emission of China electric power production

R VOC CO NOx  PMio SOa CH, N0 CO2

(GI/G)) (¢GI) (gGN) (@GN (¢/G)) (¢Gh) (¢G) (¢G)) (g/GI)

iH

s Ec 326 2645 4148 88091 51.57 10505 850.19 094 341483

Fi 243 19.68 30.87 65549 3837 7817 632.63 070 254098

EEMFRERBRAREN BT, RAEFHEIEICETFr e T
AR E AR, BBt R EASRBE IR . R )5, EHMREE
WAEFEABA PMo MRHR, B S RBEATHEEBEREET, W S0 1
HBuk D . ETFEABEED CH A N0 MHEEIER, EERKEXMZE, K
Bl RA AT R KT LA Bt , BB R BB A S R HRE IR >, A0k
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Table 4-4 Emission quantity of biogas combustion

B VOC(gm®)  CO(gm®) NOx(gm?®) COx(g/m?)

HER A 0.4048 0.5238 0.4048 213.9

BARLE T UM BREDREMZTI B, TRE A e iR FE R ReFnys i He
BRI —FREET R 6 RHTRRRE: H—MREd T
AR GHERR. AR XBREEFSONTEEREANE SR
WD615.00Q i B IEAS K ENHIENRIGHENL, &% GB 18352.5-2013 (RAIRE
BROHEBRRERNET & (PEERNEBD ) frE, XA ZHEPT AR EEL
FRZITRIERE 13 THE, LS AWARINERRSEREHET TR,
PRI E BERE KBRSV 40% L E TG E, BXEBATLARE 16~40

t BT ARREFNERBREERBTAZEZELET.
£ 4-5 ESBATHIRA SEAE S HEAK

Table 4-5 Energy consumption and emission of the function stage of vehicles

Beft VOC CO NOx PMp SO» CHi NO CO;

7 ,,
(MIfam) (gkm) (ghkm) (gkm) (gkm) (gkm) (ghm) (ghm) (ghkm) *
Sent 1482 185 395 684 103 029 0.004 0017 932.06
EMRERBS 1358 121 348  6.23 - 0.13 0.001 0.015 861.84

S IS AT BOSE R YE SRR R % RIS E B AT I B SR SR

4.2 EHIFR

ASCUARE 7 R F bR AL FEIR B O, T E ) T A AR R PR T
AT EE, BREL 12 LTART, FT 2015 F2 B EXE™. ERHEE
PRELE LU 50

ZI0 E I B H AR bk 220 B, AN HE S 100m*, BRI
FH55%. ATEBLRWEHEMIIRESL 40 8, HWREHISUZU (B S,
QL11009KARY) , ZFERAMRBERBEZSELIERASEH KN (RS
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Fig. 4-1 Kitchen waste Collection truck
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Table 4-6 Encrgy consumption and environment emission of garbage trucks

A VOC  CO NOx  PMp  SO»  CHy  NoO CO-
W
(MJ/km) (g'knmy) (g'km)  (gkm)y  (gkm)  (g'kmy  (gkm)  (gkm) (g’km)

Biyeqs 7.84 0.98 0.74 0.28 0.55 0.15  0.002  0.009 403.96

VB B ANRE R RGO R L T, S0 COL NOx. SOL M IERCE 5 2 5 H
HEchsdE o JE TR Sk ok

4.3 RS

FR B0 SC TR SR R AR I U el B e A T (R
e I RV e R RENE A Y €2 I B 4 X R U2 o ST/ e o s M VA R R
M* />( fu&]]ji“ 7 }l/J\
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Table 4-7 Primary energy consumption and emission data ot the biomass vehicle fuel gas

e Voc coO NOx PMi  SO» CHy N-O CO-

gl
{(MJ/kmy

(wlhm) (gkmy (gkm) (gkm) (gkm) (gkm) (gkm) (gkm)

[3iebi g 20.67 0.13  0.09 1S 0.108 2094 211  0.004 46474
sl WU 0 [.85 3935 684 1.03 029 0.004 0017 932.06
gl W 2067 198 404 799 1138 2123 201 0.021 13968

P 549 0.28 0.26 [19 0.16 1333 1.3 0003 52185
S VTN o ,
e RIS 0 1.21 348 0 6.23 0 0.13 0001 0015 86184

GGRADETRY 549 .49 374 7.42 0.16 13.66 113 0.018 1383.09

PP A s s R IR ORET LA LE ¥ 422 00 o
A P AT AR T O ARSI FE S L AL S G IC 73.44% . JL
LGV D g Se i s R Al ek el 1 AR AR Oy 1 310 &8 bl b g )0y
o, JUSTRTE - CREUE, I LU AN ST - IKREMTRE L IC T {52l
HHOE AT UL, R ™ R R O R AR 2R 4 R A A i s

MJ/km

consumption

o

energy

Primary

Diesel T R
B 42 A B AR MR ik sl b &R e A fe g feaf il
Fig, 4-2 Life eycle’s primary encrgy consumption comparison between biomass vehicle gas and

conventional digsel
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FERSTRMEHITIEX B BESLIR 7 A A BRREY L BRI

BONAEYR ERRSEEF SRR EERRE B, RE R E= KK
FME R, FERERER BTSRRI ™E, FTEYRERRS L
B 2 HE A BB & R Gseih

& 4-3(a)F, YR ER BRSO EAESE B VOC HEB L Fi 55K 24.75%,
IXPFEFEREH A & B VOC HEE S BE R ERBN TN R, £YWREAR
ARG B S H 81%F1 93%. E 4-3(b)d, EMRERRSIK LAY Co
HER B ARG IR 7.43%, FEFRENN CO HERU 48 3 B4 FF 7E MBI T WY
B, YRR A AL B 5 93%F1 98%. B 4-3(c), S4EME T4
VIR ZE RS NOx HE B L G5 M 7.13%. X EEFEERARS LS
BEGWH, WMEEERT M, BrUUEYR RS NOx HEm bt A S
>

Bl 4-3(d) . FTLUE A AT, EMREABRSOLE GRS PMo
WRLHER LA Gi i 2> 85.94%. XRFNEVMRERARSERFIREPEELR
FEEERIRL, TR ARLEENLE TR BAR A HORLHER, B8 25 AR SO HE I AR
NTFEEH.

Bl 4-3(e), YR E RS 24 6 A B SO HE BB 4 5e i > 35.66%,
PRFHBREL ) SO HERUEREE 2EBRRL O L URB B, 25 FE MR/ A0 583 43 B &5 B 99.0%.
98.6%. XRFAEE BT REABRBMAS, BLEIALLE, Hpdh
KI5 S TREERTIEFRBET : MM E, RETF 2016 & 12 A F sk
) GB 19147-2013 (ZERLEM(V)) IrEd, KIERETREFSHEE (R
F 10mg/kg) , BFIIXFEFARIE TR B i SO HEEH A o

B 4-3(0F, EYRERBRSAEMEEN CO IS MM ETRK, HFf
PREHE b TR B & Bt B, ERRSN L. THMBR S BIHA
33%- 67%, SRHIN b, MBSO AN 38%. 62%.
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IEASR LIRS WX BB AR A2 7 A A RBY AT A MR

4.4 FE/NG

(AR PR B B3R R R B AR 7= 22 R RS R AR o B R e R S HE RO A L
SHZAIEAT TR, IR YR RS A f R &I R REREAHE K
BATTHE, RETEBLIRREKEREERRSE 48 K sere i dms
&.

(2) EeEGR G, EMRERBRO—REEHFELESERHIE
73.44%, T WA= ARRIX —HRBR & T Be SR BT .

(3) EEEAAY, BERRERE™ERBIPHERBNEEZER
FHEEMBE, EURERARSEEMEHKN VOC. CO. NO« ~ PMio. SO

CHss N20 #1 CO, HEMELAEGLM 4 HK 24.75% 7.43%. 7.13%- 85.94%-

35.66% 46.5%. 14.29%. 0.94%; FFHEAEIH VOC. CO F1 NOx HEAER F EH
FR7EIRRL ) TR ER
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FTERSTLIEIFA-SMIEX B BFIIB A TF A PG W R IAITBr

FLE BENOIREFERRSEE B RRERmITN

RUSCSR 4 EiRgihes T BRFN R AT ERRSHARBRAER, XE¥X
AR RHATHE— PR, 7508 B A AR AR A dr I S ma P4

5.1 FASHEK

AT HITEF IR R E KB A= E RS E R RPN, BERN
BYmERNER L, WHERSTTRSRETREN, BRESEIRYMES.
F R E T — KA R (BU) . 23R (GWP) . BLiEH (AP) « A
RBE (HTP) . X{LEEE (POCP) MISEK#EES (AQP) AR MI
RIS VIR 2 R S S SRR AT 2 K1 . MR ERRSEE GRS
BRE SR ERELIE 5-1 iR,

= & B H W

F TEBE —IRBEIRE FE EU(MD)
> FERE > BeR R
vOC A FRAFEE GWP
2 (kg COz-eq/kg)
mEES — o H BRI A1 AP
] NOx (kg SO2-eq/kg)
PMio ANEHFEEHTP
(kg ANEE/kg)
> EHELT > S RHER _i SO,
Je{k2E A pOCP
Chs (kg C2Hs-eq/kg)
N,0
KEBE 5 AQP
COz ( kg )

B 5-1 £AHkERRIAGAHFH L LR

Fig. 5-1 Classification and characterization of life cycle list for biomass vehicles gas
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(1) —KEEIEIHFE (EU)
—IRBEIRIEFE (Energy Use) , HIFBAE M AHI—REEENEE. HEAX W
T
EU=Z Zeu,.j (5-1

A,

eu, 1658 1 I j F—REEIRHITHAEER.
(2) NEEHEESH (HTP)

AEB S (Health Toxic Potential) , #84E7y A #I5 R HRES A\ HE
BT, ACRAS kg FRUHBAGERNESHIAGER (kg) B

tERR . HEARWT:
HTP=Y) HIF em, (5-2)

A,
HTPEAGRABTE i RN AN EEEERET;

m IeEMABTE i HEROEE (ko) .

A 51 AREHBHE T
Table 5-1 Potential factor of HTP

534 HTP(kg AEE /g 559
co 0.012
NOx 0.78
SO2 1.2

(3) EMAMEES (GWP)
AFRATAEWESY (Global Warming Potential) , &4 v J& 1 o i35 et He ot
EFRTERMLWES, XL CO oEA, FKAS kg I CO» BERFR.
HEARMT:
GWP=) GWP,em, (5-3)
A,
GWP A ARIFE i M5 RWKNERTREBRET:

m, TeEan AR | M RMNHEE (k) .
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£ 52 AREBEHHFE T

Table 5-2 Potential factor of GWP
539 GWP (kg CO2-eq/kg)
CO, 1
CH4 25
N.O 298

4 BRALER (AP)
TS R H S BRI R K, R IRAK AR, FT5 R REE
B, FHBEEANKERE. BRILE P (Acid Potential), BI¥E 4 4y B s L MHHE
BRI AIES, AL SO B, KA kg SO HE(SOreq KRR
HEARMT:
AP=) AP em, (5-4)

AH,
AP A a AR | T RYNBRILERE T,

m 1658 i BT RMNHEE (kg) .

£ 53 BbEAEETF™
Table 5-3 Potential factor of AP
e AP (kg SO2-eq/kg)
SO; 1
NOx 0.7

(5) SBEBIEF(AQP)

[SBREZHFRTEYHB=ERAREE, BHTURE, REANET
WERG. SHERES (Air Quality Potential) , RIEEMAHRTIERZ/NT 100
m KBRS RIHERBU B IR /). A3 R K B PMio —FhERLYS 349,
WAL PMyo KIS IEHE T4 1.

HEARMT:

AQP=Y"m, (5-5)

A,
m, $eEaARITE i TH PMo HERE (kg) .
(6) FMFEBFEHEHPOCP)
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et F R 1875 LW K HC 1 NOx 3248 4R 1E i R A2 Yefb 2 & B 7=
EZRERY, BESHERMRETERA EANCRRIRECHEE. L%
HHZ 33 (Photochemical Ozone Creation Potential ) , RI$54 a4y B B 5 e HE
BRBOCEEERIE T, ACLUZIBCHY)NERE, RS kg Z4F(CoHaeq)
HEAXWT:
POCP=Y POCP,em, (5-6)

A,
POCP.RyEm AP i s R R E RS E T

m, Ry B E | 5 EMHRE (k) .

£ 54 AFRERLRTF
Table 5-4 Potential factor of POCP

V)] POCP (kg C2H4-eq/kg)
C:H, 1
NOx 0.028
CH. 0.006

52 H— 5=
5.2.1 V13—

FEXT AR 2 TR A A R S BB AT R S L R, B T
KRB E 25— A, BTN R FF R R B AR,
ET TSRS AR (BFRE—LE) FEH 0T LM,

(1) P70 A B R FE SRR B HE A

P A 0 = T T 9 ¥ 5 T R SRR R O 1 A R RS e
MUSHENE, DU, BIAT/AR G i R TR T B (A
X —EREEESHAAGE (usk. oA R,

(2) 4 5 900 FE A 10 A RIS ) B VB B R A

(3) HAMEE, Pl ERET R RGRAERED, BETHEH KRR
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TOEFERAF e, WRA—EEENFRE REERHTRES T
AT T RECRU AP R BB EZ R, IR R BIE R &

KEEHE, BCRAUTHHEAE, WR 5-5 iR,

£ 55 R da—iqE
Table 5-5 The normalized basis of each influence type

A LE i $fE s
RRERSEH (B 5.48E+04 MI/A
NEFHERS (HTP) 1.09E+05 g A
ERTERES (GWP) 7.11E+06 gA
BRALEE (AP) 5.40E+04 gA
HERES(AQP) 4.53E+04 g A
e Z #EH(POCP) 7.06E-+02 gA

5.2.2 iR

AL RTE N E K RPIEREEE T M A HK, RERFL RN ERE
FER AN BALHINE, BEREFRNE—BWHENR, EF 076K
EmTEE . HRTREENENZ AU SGERENRZRENR, H
i AR RN S RN BRI U R LR U E S HERN— L. itk
A—MEERRENTE, HEGTRMERTREmAIENEES, —HR
&2 A RRBR LEE X RFRITHRA.

BRI A REMRBENNERTERA S —E, IBERBTAFEEER
KM ERERRTERE, HEEEKEEFKBERBIR. A BB R &
RS ZEFRE R R AR A EEE™ . BRSO 21
BUUTEAN B IRERE. BRarisMmiE bk, EHE 70 £R, BRELEZE
KEHAR T.L Saaty 1R BT ERMFTRIBOTEE, 23T HER LEZAAT
o HANEELRKERR T EARANRANAFNENER, METRERS
WAREPPO RAKEEYE, NTO™ R RZEURERRBBUES €%
AT HERHRE J KB K.

RER TR FAREERMERNFTERE T, R T S RRE LA
RYWHER . BENER TR mR BT MRUS, BIAR HREa TP
trigts, NMIET#—BFRELER . NEETNZREAMILKRE A,
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FARE&ERXRE KB REREFN PRRTEER/NARE IR, el
FEFARTERNER. i TEHARTPNRA GaBi P RFEIKHRSH, HIf
AHEREERE, AR RESE IR . E0RY, BETBRERE
T HARER E EER AR R IR &AM R BT T IR L. B335

B R R E RBINE 5-6 Prow.

£.5-6 BHRERHRE'
Table 5-6 Weight of each influence type

FmR EU HTP GWP AP AQP POCP
BE 0.134  0.267 0.16 0.106 0.114 0.121

5.3 EMER

RIES 3 BAEYMRERRS RESSEH K Ao RRPRRmRER, XALX
BTk KTHE T ik R EREE, SRR b 2, BT REIAMRERARS

LS B fr AR R ML S R, R 5. 7 fTs.
£ 57 AMRERRAAE R0 G AR A IERE R

Table 5-7 The characteristic results of the life cycle environmental impact of biomass vehicle gas

and traditional diesel
m E EU HTP GWP AP AQP POCP
(MJ/km) (A{&E g/km) (g CO2eq/km) (g SO2eq/km) (PM10 g/km) (g C2H4eq/km)
ERHrB 7.23 452 210.84 3.79 0.07 0.02
BB 13.44 21.51 307.84 17.96 0.04 0.02
-y ~
BITH R 0 5.73 937.23 5.08 1.03 0.19
S4GRAYE 2067 31.76 1468.72 26.82 1.138 024
JREH B 1.89 2.45 117.64 2.05 0.1 0.01
gyp  BEBR 36 14.72 43336 12.32 0.06 0.03
EHRR mrnm 0 5.06 866.34 449 0 0.17
SEMEAE 549 22.23 1417.33 18.86 0.16 0.21

RERRAEAL LS AT IH— R AU, ENRY B 314 M B E RS AL Gise
R4 AR MBS R, R 5-8 FTR.

38



TFTEASTREMLHMICX AR BF LR 2 72 R R NEY £ B IR

£ 5-8 AMRERARAFEREMGEGRARTEY A ENLLER
Table 5-8 The quantitative results of the life cycle environmental impact of biomass vehicle gas
and traditional diesel

HE EU HTP GWP AP AQP POCP 4R&TFO

FERIBTEBE  1.77E-05 1.11E-05 4.74E-06 7.44E-06 1.76E-07 3.43E-06 4.45E-05
teg; WREIBTBY  3.29E-05 527E-05 6.93E-06 3.53E-05 1.01E-07 3.43E-06 1.31E-04
SH Z4TMEL 0.00E+00 1.40E-05 2.11E-05 9.97E-06 2.59E-06 3.26E-05 8.03E-05

24 A 5.05E-05 7.78E-05 3.31E-05 S5.26E-05 2.86E-06 4.11E-05 2.58E-04

FERIBTEB:  4.62E-06 6.00E-06 2.65E-06 4.02E-06 2.52E-07 1.71E-06 1.93E-05
iz PEIBTBr  8.80E-06 3.61E-05 9.75E-06 242E-05 1.51E-07 S5.14E-06 8.41E-05
IR Z47HrB 0.00E+00 124E-05 195E-05 881E-06 0.00E+00 2.91E-05 6.98E-05

245 MEAH 1.348-05 545E-05 3.19E-05 3.70E-05 4.03E-07 3.60E-05 1.73E-04

5.4 3t th

MBI ER, YR ERRS EEREREGTRBEHSMBE. &35
SR MR DL R SR A VPO AR AT X LT, 2T H BAEDR ERRSBRLNR
Bk AL

(1) HRS-THRSBWHELERTH: EEAEVYREARSBNRES
SCHE AT AL ERRE, MR SLF. Hd, NRHE SRR RE,
SEWAY AQP WA IR K, K F 8594%, HIRMKIKA: EU(T3.44%)~
HTP(30.01%)- AP(29.68%)« POCP(12.5%). GWP(3.5%); MIEHEELEEK A
BERXE, SR HEAXAELWMAYUNRERLRER H:
EU>HTP>AP>POCP>AQP>GWP; MM JREZERMKIAERE, EVWREARS
(7 44 o JB HA PR B8 5 157 LA G SR 1R 32.88%.. EHULTAT L, XTEHLfE4Tstmipiik,
BENFREFERRSE —BARBEEHM R L.

(2) FEFBRRLIK 24 dr B S P SRR v 2K Bt Lu & 5-2 Biom. AT, X
BB A A B B, 43 HTP B2V K, X AQP &/, I HmFhiK
f4 4 i R HXE GWP USRI Z1R/D, (UK 3.63%. TEAEYMRFRABSHES
BEH, &R ERBEEAIHEF A: HTP>AP>POCP>GWP>EU>AQP.
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Fig. 5-2 Comparison of the envirommental impacts types in the lite cycle
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Fig.5-3 Comparison of the environmental impacts types in the life cycle (percentage )
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C3 Y PG A iy 056 B B P B2 SR ¢y o L A LE 14 5-3 1o
s, PR RCEL T IR B B S R R S F o A
FOWRE T WRBLEY BLAS AT HTP FLAP (8200 e K. SEaIERL Y Eo o HTP fEAP (1)

TR AQP LA

o L T D D L N 67.74% . 67 11%, AR AN A B
B LTy 66.24% . 65.41%:

BT S AT B B #5 A GWP I POCP [1 5
Wi fe A ARls TR BOAT GWP fIEPOCP R £ LEA v i 190y Ll ol
63.75% 79.32%, AU AR TS T B L o v 61.13% 0 80.83%,.

]
o
o
m
©
5

Synthetical assessment value
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Fig. S-4 Compartson of synthetical assessment of environmental impact i cach stages of life

cycle
Chr Lo AR R 5 S ) L DI Ve B B 2o 5 vl A LR ¢ 54
I PO PR A IR Ol i D 0D T B DY IR B S 0 ML Al

(G, TR P R 28 Bz TP Fe L al o0 i IG 56.76%0 . 35.94%,, 12,989,

FH L o B SR ot R T R IR P P R W g TR SRR P P s T

A FL
CSY R A A i L e TERRELE e Bl £ PO M B

T BTHEA Ao i Ll 48,619 40.35% . JX TG I M Pt A
JRRRIEN By TEREFE 4 o B LB L & T WREDTEE . R TENLHENY 700000 |-
A AT TR ol i P g R O T U S AR e R T R
NO FIESOs. i POCE TR 4 T vz LFIROL 2 00l s U iNOx O il &
g AR L D e G RE L DN SR TH LA Uy

E



FE RS LIRS X B BF IR 2, A5 ] R4 8Y A S B ARR T

NEBATREREDR ERRIOARTE. NERSITRARRE, &8
AT KIIEARFGRE, SHH BT HD SRR

5.5 SIS

RN ST E MBS MTREMIZRGITNERNRE, #FTRWE
BN, REBRIERENEMmZ b, B xFHENENE, BTk

2, ARk DR BUR S IR IR 3% . SRS B R TR BT TR Tk
THE M R —F RGP HE™ ™ BB MTERIES R BB S
FERBGURM TR FrEERERES T, REEER—MRAHF -4
AHEERRRERN, HERETR, SRR RO PO RR
BRI ERBREBMESTERBEEERETHE R RIS
T, SWFF SR E R EE R FN R, IR E L5 R
BE, BEBERERREERRE. B TEYREARSSETRBER - E R
M R%, EMERARRKENTEZINEENHERRER, AETRES, ¥
A AV RER RS S E 0 A BETEURME SR, RABRERBUREST
e

&t bRt R IR E R B AR 7= 2 RSB A i R A 4 R T 4,
RERREEHTEDRERRSHENBYERSHBREWRA. T, &
SRR T YR RETE R LA FAR PT B AR BRUR B (ke R IR B

e HEE) BANEHEE, MR LI A R IR S A o B B R R R HE U B
M .

ARIERI SCATE L P AR R R BRSO, S IR B 5 SR BRI
5179 0% 20%. 40%- 80%. 100%AFIEREITIHE, BHEADRERBSE
A A R — IR BEIR T FERE AR B LU BB R R, W 5-5 FoR. BEF W, &9
REABSEEMGBH —KEEERESHEALFABESEXRR, HetdaaH—
YR RV FE B oL L 5 B 1 KT S
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Iig. 5-5 The ctfect of coal power proportion on the primary energy consunmption of life L)LI&

~

P DR i T b P G0 O Ee Pl ) 2020 SR IER LT (e R
850 {CASLEG e ] ) 2020 TR LE )y S0 AR TR
A I RRENGTT R N 4.5SMI/Km . B B EN BOFBRAC 17000, [ HE
| O i BB DL LM AR T CRO A i DA BHA P i B UL ST £
L T Ly S5O, R AR AT A A ) IO e SR T S SR R
Beartb . i 5-9 0.

o S-9 Lkl 80 A G B ST 4% e

Table 3-9 The cftect of coal power proportion on lite cycle assessment

AR 30 pu HTP GWP AP AQP POCP &t il i

THALGE 13405 SASE-05 0 3 191-05 0 3.70B-05 0 4.031-07  3.601:-05 1.731-04

RRRIT ] LITE-05 0 SLSTE-05 0 2051-05 0 3.07E-05 0 3532107 3.000-05 153104

R L [7.16% [7.250, 7.829, [7.03", [2.66", 0.00% [1.567,

R P ST U B L PR TR N E o S ST A N I e L U RN 1 ST Bl
b EE O b BRE T T156% BT POCP S (AR 2 v i
SN TR (S B R e TR SRR e A TR 17,250 TGk
JEUCITT6%) . APCIT.03%0) . AQPI2.66%), GWP(7.52%) 11X §- 0 g 1y ')
N B S S S R TR LIS I TR T T B U T e R ER LT B I o K R e I
VAL L 10 & R BT 3 P 2 s 2 i D B DL R T A I R s ] S
A T 0] 20 T 7

R AL DA I LS E AR SN Pl R B B S N A T R U I el PR R

IN

PRI DR BT L AR AT I R e 1 TR Y

43



PR AR TRTTHRIECX B BF AR A 7= 25 A R A9 A S5 B BRIR T

H e AGEH, RANBRAREGTRANFEBEXERR, RERERBNEE
MR, RBREREVMRERBS L o AR SRERNE &R, M E£D
RERBSULRE T HFENERAE T2 EEHNR .

5.6 HiHEIN

it BL XA YR RS R S SR U o, SR AYIRE
RSB RPN G R, AR AT St

(1) MHRERDER, HIOKE. REBFKHEE B S E-RIESR
Bl

LR RS ESE SRR b E R, B A T KBRS Rk
B XEREUBER BN ENEHEWNEFETINIRER. BEiTRERER 70%
PA_E MR A IR, AT BT SR X T 7K BE VRN st B R AR P E IR
FIRHERIAREEFT S EREBREK, ERKEIRIRE . BRI, BERIR
BT X7 A KBRS R HER . TU/KEE. KEEAIKRH 68 B BR YR & s
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