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1.1 BERRTHHESHE

BRI RIE . B, S . SRR ERIR RIS GRS . B . LSRR
TR T, WFRRRER AR AR, BHAT, REBRSIOTFRPHE, MELUNRA RN LGS
W AR B b 3 = A B A TR TR, DR A PR G AT S A 2R SRy 2 B R e T A e s ™
At SIS R R TR B i A= TG B3 LU h 50.809%1%), 45 & KT A= i bk i i A AR ST 3
A A 7, 2012 4E3) 2021 452 06], RETTEERSR H A 2 588 t+d ™ K ZE 4 672 t-d',
BT 1.8 4%, AXHPERWM 0.19 kg-(A\-d) T K2 0.34 kg-(A-d) ',

AAF I BRI ™= e A TE L, ANFSE ARG KGR R, T Python JIURISHTT45 X
PR 73 A FEE, POI (point of interest ) Fidiik B Trf@iilEl, i GIS HlfERF MR R4 4
A (K1) o #SEF 2023 4F 7 A Kty 52 821 FERMA, Hrhg K amiimnsg, 54
15.74%, TIXREMLUAT 1.91%, HAMRE A, AR TRERERIEE . S56K 1 FAoRET AN
B, KETTHOAK (LK, X, APEX ., WX, iR IX, dbiX ) AH 54T 28.05%, 1%
R HE 32.29%; FRIRPUIX (R . FEHEX ., JURIX . HEEX ) A0 2926%, BIRHAAN L
28.43%; JLARTLIX (@i X FHRIX . B IX . #EX . TIIX ) NE 5 27.78%, BRI &
23.53%., HETRET —IH O ZEEHHFAB), Bt A 2 400 t-d7', Ho e aviiik &
600 t-d™'o X, HULISIXK . FRIRPU XRNERER X AT AR R R L e sh bl oy . gi—lits . &
PIRALAL S, BT M B A SR BR 5 B0 X ] DA e A 7oA ooy 4 Ak PR il SR R I
B3RS HAAT HUE T A AL PR AR . 735, I LR HERAIE S A RS, 256 (R Bhf A i
FARRE ) BRI A1 RE T R B HAR RN 19%. SR1, KR BB b 2111
SEPRALBE A B U 109%~70% , KRBT BRI R T RECE 1.90%~13.30%

S DRI R G AL BT
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Fig. 1 Distribution of catering units and food wastes treatment plants in Tianjin city
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1.2 BEREIRBGEIER

Kl BT E2A4 2 MR B Gz 7720, BIBUR 32 S 028 BH TGz A i 4k -0 i ik iioz
(£ 1) . BIFFESFEWGETT AR . PRV EERER LS, ARSI % . BUNWBUE IR
AR AT . Al = SR BGE AR AT R FH T S s A& B B G2 TAE, B B oiGz sy AR
B A SOGE A R B AR TAE, AR T BON £ S ilczs 77 U in g5 msl [FRF, 5 oe Komih &
AL T IAR S A B T oK 5 B ™ A B A T R i, SR E R B RGa i, £5 TIR e R
fabe . T bfeE s DR I BCRAS B 77, BRI BRCR . T HULSIX . kY
X FNEETEAT X A B3 A s K H A BT, H—F AR LSRGz 3, BUNEFR IR T
1A o IRR T X AR A AR R A, XK, B XA IR T s lies , X i AR Jot by 3 Ak
L.

R 1 REHRELIRIOE IR

Table 1 Current situation of food wastes collection and transportation methods in Tianjin city

I K Wz et e
HIFES R ORI 5 FARURTE . WGERRREA BRI R
S ¢@x§%§§mg\ AT RO, R, A GBI RN, T

FRAREFE 1 X5 DX B AR B WGz AR TIAE, PET DX, &M TIIX R DX A b ) S
EHARE RN 20 km; FRENIX, LR, EEHIX, FTHXALH SEAUGEAE 30 km; i HEGRE XALEET 7
TORCFR AT FERAVEIK AN, . BRI, PG ERRK, 2070 50 km,

1.3 EFLIRAES)

FRAE COSERETHA Dt Jm iR (2019—2035 4% ) ) , BERIRAAPERE 2T 16 X, HX )
PO P IX RIS X G % 58, e T X AT XA 4% DX S PR BB 2 MR B S AL B A H A
O R TR B A H H A EEEUIR AN 2 Fs, o 9 RAHR) W SR BT RIRAL BV 55, HeRRAbEE
TN e AR, IRATHEM ., ke ki 3 R BT AT 1), BIKEIALTTHAEEEAE ) 1800 t-d™, JHAh:
WAL PEEE ) 600 t-d7', JE3T 2400 t-d7' . SRAIEIRARE T ZMAFE R 600 t-d™, JREAEMTZH N 1
250 t-d', HACSRASER AR T Z ., WX EE, ubosIX ., BRI | i X R PR SEH A A iR &
FIRIRAL T 2., AR R FH AR K B R A A AR, 1 25 5 A SR DR P A o X A A
B SmRAG, ZeE AU AR, SR B S A IS RPN . BRI KRR BBk Ak

2 REHEEBICE IR

Table 2 Status of food wastes treatment plant in Tianjin city

haes % i A SEFRRAE (t-d™) FEHEARI T
1 HER X AR s g A B L 7S X FIFRI DU IX R G2 T X 600 [ioya

2 IR X S A BT IR IX 400 IR (B
3 PNIESeg s AKX, FARX 400 PREHAL ()
4 JeIREEA ) eI BRI XS 200 PRAIH AL

5 PHELR A P X SR X 200 IR

6 FREE R SR A A T HHEFIX 50 IREIH L

7 M X B e A b T ] X 200 Bk

8 T X AR A EE T X 200 BepE

9 FHCX AR BT SR AL B FIHLX 150 Bl

&t — 164X 2 400 —
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PRI AL BRI AR BB HE, — 7 i FRREIR R A, SRl AR, 55— s br ot sl s
AR BRI GE SRR, TCEmE TR .
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AR (life cycle assessment, LCA ) 1A TN, HACEAE TXHEY S BLAR S AR AR
feptam . BHER, JEXHEYEBR R ISR T !, AT E T S A5 A HE AR T 20K
HIFg R 3 28, HAPRATH L A FENRIR AR, —3t 4 SRAbBRERER, A EM 0. REthA
Z R TR AL P BE I RE RIEFE . WIIEFE, RS AAEREE T L IS HER . YRR, I
1 t BRI ATIRE T, RGN 2 s,
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Fig.2 Boundary of disposal route system for food wastes

22 HEBESH

AT 4 SRR e R A B ARG SE R TR 78 . SRR DU S . Hoi
ARBTTH BRI IEFESS B IR A IR RS TRHC A TN, EREELIEFE S SEPR TS — 2. DRI PR A Zerh
BRI ANTS R ERBIR BN 1:1, 15 IRFMEL RS PEATS M, J5 2L s AL B ARTEADT ST 0
Fl, AMiEE,

1) HAEARREIC, Wiz, Bus BITrTs B S 20k H A SamiE e, AR BrAb X%
FSERTE LS BUSGZ PR ANR], AR 1 s IR A FIAR SR BN 4 BRERZRIIGE PR T &
TR FES A GE 20 50 km ., BB AR RIS ERIGE 1A% 20 km . FRAIRSATHIL SRR LKA (IR AR
B2k ) IGE AR 20 km, PRI SRR L LR (TIRIRAERZR ) Wuz4% 30 km, ffiFHZERE 5t/
BIFRIRGE FGE!, SEEIFE 0.22 L-km™', SEIHHEBCEEE S5 E VR B RIGE 4248 i A i o 3T A
Pl 0 ) es R ITCH S HE A ELE S, BAMES IR,

TALEE, A BRI AN B R G0 o WK A H 2R G RS A b S AL PR AR G AR R A FICR 4
WSSOI ) 3 3 - R 2 e+ BRI BR A T, JeE A R A BRI A3 |- 2 - R e e+l
KB e e+ BRab+ R4 Ty, B2 iR &ATCHEEL, R . SRBUKAL. ik
Bl BRZerEhIAE . IR E BT EZRNGYE . ZEEI TR, KGR AZEGZ N, SRR
W— e AR, B BB 2B K, Bmik ABERe R I, 15l MBS IERHETYIT, 5
ZLENE NS, SAMIROCERV R RN EIFMICE, BAMES R IR TR, WAL B TS JeHE
HCELRS NH, . H,S UK, FEGUE FIEERCR N 95%, JCAZHERIK NH, . H,S KRN ISEE BRI 5% i1
B BEhek B AN EEFEFE 7.98 kWht!, Sl R AR ZR 5 H R AU LR A T BRI FEYS S 5.04 kWhet!,
PP R RAE KR TAL FREEFE 6 kWh-t ',
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SHTE . BRI RINIVE TR A AR OAL, BRI . BRI HLURK 3 5. K
NBEKHEAT, Thorik EWRRHIRAS SN, FpoKik 255005 EE ( LHARIRRR ) RSG5 E
PRATHILR G . A B Ao EEA RN A L. iR A B A & F S EAR B B
FEX R 9.14 kWh-t'', HUMRAA KR AEZ I BE B FEFE N 9.81 kWhet!, PipRIPR SN 14.80 kWh-t',

ihEdRAl. TRl RGUEXTHIMIE I T, DR B AR B 2, (RIS AR 98% LA
o FERRAAE IRIMAL, FhAE A, 4 SREEIMIRIRA R AR 1.04 kWhet'!' 4 SRR IVALETR
I TGS X, PR D S BOR RS2 T R R i R B AR 25 5, R A R AR T iuE
XIEE RN 2L, BRI SRS, FRRBUGE ML F S RGai=, A SRS RGaRCR FGE 5t
i BEhe R HLI AR T TGS IR IR S B D, B, B RBER O 32, BRI AN
Ko

15KANEL, T4 TG KA BB TR FHE R T AARR, iZ BT AN TR ALE 1 T R E PR K
P, B ARG YRR E R s, ISR B TR R . ER AR RS AR A
HL BTG KA B L FE R 19.47 kWhet'', FRMUDR S B ZR . W IR] DR ARU IS e —AH 20 &5 I FLAFE 23 501 R 7.90
kWh-t' 55 13.48 kWh-t ',

2) AREARRIC, SRR, SiRAEEARFRMEYACE TR | W, SEEERN TR
JfRis (SRHABA VR T ) AT Hed R, (HAFE IS B AL AL, =i el E ik AP,
e AT IR A L iR R EACR LS C/N R 2SI T LA A B DR A
7=, AT LASEEUAE DA MR R E 6, AWFIEBEE 23R P A HUIE, RIS I8t = A5 B I i AR 5
AR P, 1 t BB AT =4 200 kg AHUIE, IR, BE. #i8E, nTLIER 40% M TZA
AE. 100% B9 TAlLBEAE A TALERAEDS ) $REERZ 0 K T3 H eBlance-CLCD Database!'”, M4 & i & BERS £ nY
oz XK, S5 SRR IR IR SR 6%, 1 RIS AT LA™ 803 kg AEMISEI™, AE15Euh
PURTE 38.81~46.27 MI-kg ' Z a1, SIR(EHCFIEL 42.54 MI-kg', SEIMHAVE 46.27 MIkg', i 1 kg &
WISERT LAERAL 0.92 kg 449

bk, PR R SRR SR (LA PR 2, (AR Sk . AENR, SECL A
BERRRIRINE . ANSE S be & FL SR A AL PR B AN B RE SRR B S AT 4% 100 t-d ™', A& ek
Zerd TR AN — A0 538 T TMBR IR A METIEE, RN EI=5ME , KA B 5 Kb P R Gt —
SEAbEE AR T2 s i Ea T 0.58 ¢FU™, BEAETE S AR et fe ks . #1
A MK IR AT, A B RE AR TR FE (B E AN Rl () = U RCR I TN, Rl RAE
2100 KJkg™!, KRHZER 30%2, [#d&kH 101.50 kWh-t',

B RAATH AL SR AR . IREATHACBAR B AR . RS geie K b M B NSO 1z 0
FHFRBIRIRALFERY, R B Sl AR R S ] o R T B AR B LA B PGz ™ AN
JE, SEBRA RO TR 20% ZiA7 . ANIIUERRREE BB ZEEdE, ASAbPRIE A SR B S
PRI DA T . W A S AR, PRk DR AR 2 FL T AE R 36.36 kWhet !, 52Xk HGE 1Y
32 kWhet ! AT, G =AE 87.50 m® VAR 0.39 t Vi, VA I R m+ TR A T 2
BRE R A . VS AR B 435 Hh A A ot AT Bl R bk .

IMRIRAATH AL SR AR . DRI IR F o R ER, SRAANS TR . SRR ANk 77X
SRR o ZFEARAMN BRI B B 3 PR — DRAEIH AL R ) FRAL A D, 34 mT LS LR Fe 4 B TR) ik
PRAECTRIR D, A ek RAZGIR ATE A AT SRR, Ml WANG 252 (A, BB
15UeIH NGRS B S A U ARCR, [FIRFA R 548 108 Jo-t" BZE AR . DR R E IR h & BT b,
ARG VEEERHBIR LGN 121, DUCEAMSRY b o s SR80, T THARIN) /N 2IREE LS
HILH, $EERYIERRCR . SR ELRRERUK G, 5K KRS, BT RHEAANL
EFPIRTEK, LGS AR P AMECE R . PRI A ) RBGE A PR ETEL T, 724
91.19 m* FU ' BT R, 0.40 tFU " B A TE SR e B R H

3) BRI SR, Z5A ERICE AR T A 4 ZARFEEARSITHA I, BdEi e 3
FT7R o
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*®3 LaRHNESR
Table 3 Life cycle data inventory

LN B miRAEERZ ROt BUMPCEIRL MRS
B BIR t 1 1 1 1
e e — — — — (1)
HiA
Seiih L 4.40 1.76 1.76 3.52
GV kWh 61.49 38.42 35.36 4425
Co, kg 5.62x10 3.51x10 3.23x10 3.96x10
Cco ke 1.18x107 1.74x1072 4.58x107? 478x107?
CH, kg 2.60x107 4.47x107 2.00x107 2.00x107
SO, ke 3.20x10°7 1.74x1072 2.10x107? 2.05x1072
NH, kg 1.97x10™! 1.58x10" 2.04x107 2.55x10™
H,S kg 1.97x10™ 2.40x107 8.40x10°7° 9.58x107
NO, ke 3.86x102 4.09x10" 3.54x1072 7.98x1072
HCI ke 3.05x107 3.86x107 1.28x107 1.02x107?
Linh
N,0 kg — 1.28x107° 2.91x107° 2.91x107°
COD kg 3.01x10™" 1.32x10°7 3.01x10" 7.12x1072
BOD ke 2.54x107 3.95x10°* 1.43x107! 2.54x107
NH,-N kg — 1.44x107* 2.39%107 470107
TN kg — 1.54x1072 437x1072 2.67x1072
LA ke 200 — — —
R kWh — 101.50 239.36 248.39
ikl kg 60 8 25.60 50

IE: R RGTON DY PR B R AR, BORSUERIMCEDR; ()AL b5
VeI, (HAitAL

2.3 FIiEs

ST X HE B B B B A TR VERE B HEY . AR B B T R RIFHIE . BR,
ZERE S, KRR GY, LU AE =G st Nz, el e i S (GWP) | iRfbis
71 (AP) | &EFM (EP) | Jefb2#ss (PS) . AMKEEME (HTP) | Jokid) (Particle ) 6 FhEREZMTZE
EWERPEN SRR, FERTAS B BE BRI TAE B, Sl X 4552 M R AR AL T A A5 B BE A RS I v 7
PR A — A AU A A A B B PR EE AE 4L, DALEST PENEIR, BURAEE 2 DMEOARPERE.

1) FEiEfl. FRAEALT T H R SR A s 2 i AN R 5 LA Rl — S A o G — I STl T
JEEERIIAG TR, RAPY T RBOE TR, 252 R I I 1)  i ROk A AR, HA AN
X (1) P,

Cj=x.-X, ()

K. CFRFHEACEUE; j FORATGEAAY; x FoRT5YPHBICREUE; z FonIa)E TR—ABEm ey
ARG X oY m R

2) WS RHIHE 1990 AR AV IAEG TR, YRR AR RN A
TIHATIH— AL FUMBORAE T35, 2Rz . ik . &85, o2 ss . ARSI DL AR 4 53 51 LA
CO,. SO,. NO, . C,H,. 1,4-—45# (1,4-DCB) HI PM10 NZ MW, 6 Fgm2SRIng AL Yt | Kefi sl
ARG AN 4 Fr.
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H—fEitA A= (2) . &4 DENERIEIRE: AMHEREEFNE
C; Table 4 Environmental impact potential standard in China:

N;= S_, ) Equivalent reference value and weight per capita
kGt A= 3) Fin. M2 Ve HEHERAL S
R=N,w 3) RRRALIR 8700 kg CO,-eq 0.208

. — " — s 744 kg SO,- )
Kefrs NFORA ORI R, N s b
CHARHEAH; S JoRIBelin; R Forsibly P s KeNOrea 128
SR w FA T 2R Jetber iz 0.48 kg C,H,-eq 0.158
1y PN 6.11 kg 1,4-DCB- 0.348
3 BRI i £ 14-DCB-eq

WURLH) 18 kg PM10-eq 0.148

3.1 IMERRE NS
YIRS S RERHAR, AT

SIHERE ARG, FRELRREUR, R2ei o]
THEI ARSI /7, 4 SRBRLREREE IR ) I .
K3, m —0.005

SEARE /15 CO,. CH,. N,O. NOy % S 010l
EEHHF N, 4 FBAMAREEENE  Z oos!

Bk TGS SEIA P AL B B ) 3 0020}
IHFE, 5 ARYAN 52 fF5eah . ik, @ 5 -oost
SRR GBS PHLARRE . i 00301
GERA R TR BRAERE ). RiRRIH 00351

GERRE 2SR LR LUk ~0.040°
AERIREUGRRELS, LA | AR AL T LA R SRR MR AR
206.10 kg CO,-eq, FEAGtET Fnild KB A L

HUIERRHISRERSHN K= A A, 25 E3 JER&mARNINENLE S

BRI AL PR A AR A BRI 25 o % LU AR AR Fig.3 Environmental impact potential of each impact type
FPIE R AR R BRSSP, IR DRI

oz, WAL KA BT IEFE T 2 Reat, (UM TR T E 20 I RNhAE, AP R DR R i
Het R TR, A ARG, A AR RIeses P, Rk — 22 F i FEH R

SRR AL AN E IR F 2525 SO,. H,S. NH;. NOy SFWIATSEN . s BT iy SampR e oA
SO,. NOy FAUME, Rt ftszming FEZRIE, FIKEERT BRI 25 5 ds AR B B A B R v i FL AR D
THFE SR R AT 1 FZ RN FOR AL BT SR R e Bt 2l H,S . NH, 5UA, Rl AR LR
Moz PrRmaE, WFERZ, HILEA RS SR, ST EEFRMEJ), COD. BOD &t
W FENER, EPFEEKAIIRT, A HE S B2 koK. BRivz4h, BIEF R ESRE
AR Z —

Hefb22 % 32525 CH,. CO. VOCs SFW BRI . 1E 4 FPEgdert, SRt Zntib: s ),
iK% 0.08 kg C,H,-eq, FBERZMETT 5 EAY 23.40%, JERAETHEREORE T ZH) CH,. CO S50k, 1]
PIE A B be it s R g AL R G PR BB e 22 RS 5Em . A5 EIGE B, B R AU S AP a] R 4R
PREEIIE 0.06 kg C,H,-eq, 5 T sl R 0.02 kg C,H,-eq, Wi erhi mli R Rk T
WL CO Sk,

MNEBEHERPRA)Z 2] NOy. SO,. PMI10 S5 BTAs2in, TESIREEmE )i il FEIEH
TREFELUK T AR E, B4 T RkE PM10. NOy. SO, ¥, XU 40 i5e k],
A B II  ATR A R HU AR T 1 R AT LD 11.59% 14 1,4-DB eq Fl 23.88% HJ PM10 eq. HiIHTT
W, AR L ZE A R Fsl D o b A PRI L UETs G HE R . il R IR 2 ELA o Ok s i v
774 8.05 kg PM10 eq, 4#KK HHLITIHFE. Bobek B EAT S s P AREEMESE e T, 724 0.72 kg 1,4-
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DCB eq. 1R TUKHMBELEH BRI T AWHER I SCSEEATY, i P RbEIR I | MR . M
e et XA 5% B IR T S 2R NOy AU B HIIE 7= ) NOy, RIS/ PREERE

BRI 4T

Bl R AT RREE T R TR A, AN IR Ab B
LEHARATOAAAE 2T, BN T B
BARBARATCAN 00T, 4 MNMBREARFELE AT
PREZ R0 G fur omik 5 FL N 5 TR . LA G
L IR ) ST R R BT, R
AT ik i B A R ReFER m , IRES
MRS RNZ . 1, R RERARRSLIGE
AR, BT SR bR A A SR
P, nlLiGE Ao B ol i AR eI
1B FRAREEM A Rd D5 YR . BEbe Ak H 2k
rRAS e BT DTk LIk B 51.06%, FEURBERT
AP E REHAMAREA F YT, e 7k
TCABEME 15 s TR T5 KA IS, 520
W AR 28.53%, FEEERET
Tk, A IEAE T 20 . SR
SRR SRS R AR HE OE = AR A IR
AFROCRIIA ., FEERERIHEFERIS I HE AR
HITERX 2 NRTT, T 2 R T RS T ) 5t
Mk H 22 SR B EGE R BT, PRR] R4
BRERIMGE PR, TFERHFEE 24, Wikk
FRERT LT T AEA A L S X B3 NS e A 7
i
33

3.2

REEIHFE

P 4 X 4 Fikb BREKR A RE R AR A B4 T
T, R AR A RERE T B e R A
BTT, (HAVIRRERENY 43.58%, HIFHTE T —
T FE R R AR Y LR E LT, 75 B AR R

R5 BEARBTIMEH
Table 5 Environmental emissions inventory for
each technical unit

e

R A BB S SEBR K LR O IR SRR D[R] DR AL R

Wiz 1.51x107 6.05x10°* 6.05x107* 1.21x10°°
AR 4.64x107* 7.35x107* 4.64x10™* 5.53x107*
=tHE 8.42x107 8.42x107* 9.04x107* 1.36x107°
MAEEEAlE  9.58x107° 9.58x107° 9.58x107° 9.58x10°°
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Life cycle assessments of the integrated model for collection, transportation
and disposal of food wastes: A case study of Tianjin city

SHAO Zhifei'?, HUHE Taoli'**", MENG Xiaoshan®*, WU Dan'*?, LEI Tingzhou'??, CHEN Yong*>**

1. School of Environmental Science and Engineering, Changzhou University, Changzhou 213164, China; 2. Institute of Urban &
Rural Mining Research, Changzhou University, Changzhou 213164, China; 3. Changzhou Key Laboratory of Biomass Green
Safe & High Value Utilization, Changzhou 213614, China; 4. Guangzhou Institute of Energy Conversion, Chinese Academy of
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Abstract Under the background of the continuous promotion of garbage classification and the construction of
“zero-free city” in China, the integration of collection, transportation, disposal and utilization for food wastes
has become an important link in the industry chain of urban solid waste recycling. Taking Tianjin City as an
example, this study used Geographic information System (ArcGIS) to analyze the characteristics of food wastes
production and discharge in Tianjin City, obtained the information of collection and transportation mode through
field investigation, and summarized four treatment technical routes, which are high-temperature fermentation,
incineration power generation, anaerobic and co-anaerobic digestion. Life cycle assessment (LCA) was used to
evaluate the environmental impacts of the integrated mode of collection, transportation and disposal for food
wastes. The results indicated that all four routes had environmental benefits, and the value of net environmental
impact potential from low to high were high-temperature fermentation route (—0.030 8), co-anaerobic route
(—0.029 9), mono-anaerobic route (—0.024 5) and incineration route (—0.005 7), respectively. The sensitivity
analysis indicatesd that increasing the oil extraction rate from food wastes and reducing the transportation
distance could both reduce the environmental impact potential. Besides, optimizing the three-phase separation
technology to enhance the oil extraction rate is identified as a more feasible and efficient approach to reduce the
environmental impact potential.

Keywords life cycle assessment; food waste; environmental impact; sensitivity analysis
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