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Fig.1  Schematic process diagram of food waste treatment model
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Fig.2  Carbon emission research boundaries

of three models

electricity )Jg% I:F‘ ﬁﬁ%%tﬁﬁﬂ E/(J %"fﬁ EE;%% o

B AR ThHEAE I H A AR, BT S R B 200 (R RIRHEACIUH , B

HLFE(AL T

v, ATUMERN S B COHER K, AR¥E BP B HE RO A AS , H0.997

A T4 S A o PR AR P9 5 IR S TR 4B B, DR 7 2 2 HLAS B OB B9 CHL AN, O 25 %8 X

PRI CH, TN, O B4 BR7E B2 1k fiE

S3HJE CO, MY 28 . 31045,
Quci = W QA

1 CH, I N,O 3 ZAYBRHFICN -
)

s Que i CHLEIN,O FUBRHEALE B, LCOL I, kg Wo W AFAUEACA IR ALY Bt 20 HEAE ™

P, P ALY o A IR B Y 88.2% , kg Qe IR AL B AR T

IPCC #E## CH, I HE

WHT R4 g - kg B, NLOWHEIE 75030 g - kg 33 ; A, Ky CH,88N,0 Y CO, 3T R %L,

2.1.3 R M R AL A A it A2 64 8RR HE R
FEREA F= IR EREFE . R HERGE R . & B %

L AT, e T ARRE AR I e R R R T A S BRHET

ZIUEYIE L R AP, T LU AL AE 21T

M 2 B ISR i N,O Jo2H SUR s



452 SO A N 9134

BN RIVRNT 5%, ZBEASTT . [R]IAS 25 R AT 7= 4 0 s AL AR P ol R v A9 2 A2 i (1RO % 42 A IR
i R D — RS R R R, O — R HEAL P W R AR ) o D) 4R ey 3 A A DL R A
[ TIRFE
W, =W,0C(M,./Mc)p (5)
Ko WO BB A A HUIER S R PR &5 0 A ™ i =, JAIFES N 5% € W HERE ™ &
MAROCR i, AU R N 3.08%; M. M o3 IR FBREY 5> Tt s p A HEIE ™ 5 9 A %08 ]
RO RN 70% .
Xof IR B I 1A
E o, weiueion = W (Py + o) (6)
KA Eoueion HHENE = SRS CO,MHER , kg & WIRRMBFEREL, B 1.55; y AbriERR
COHER N+, H4E BP  ERRHERGT 4%, H2.493; o MIREMHBAERE, 0.45kWh - kg,
22 EHRXRELEEN
2.2.1 4R 3B Hy i A2 69 AR HE A
A RRER A, Wi 58 b e X — 20, WA I B2,
222 BB IR BAL T A2 0 B HE AR
L ARA R BER & B, BORE RIRE RN ICA L, FEAThidE . RS AH
FET IR A BHE . TRAE AR R
E o, weric = WC i, B (7)
K B ameoe HIREIE I RERLFE A2 09 CO MR, kg5 €y WK TR AL AE .
TR 225, SEH ARG () AL AR(E AL T 25~38 kWh - ¢ 22 [R] T SR B 55 H 4 2
AEJ1 200 tASSEF B R AL TS, HUE 32 kWh -t
AN, 5 B SRR AR A L, H L3 A A -
Eco,ia = WCjiact (3)
e Eeo, o A PETE AL BRI T FE 7= 25 (1 COHERURE . kgs € ERDIMFR DAY SE I FE, B
03L-t',
223 JREGE T IRACHK) A 6 B HE R
St b A AL B AR TR AR TRSE PR T — 2R BRI . TR E R4S CH, . O, b
W H,S FINH,, CH 2 ZEAIETERRIRAA, o AR A Bk & e, DI b Ak A R HER b i e HE
T2 ph PRARTE AU L R AR Bl D A
E o, iucionr = Wivop )
P Eoo o FIHRHAI G R CO08HER , kg w WHEHAEFL KA TRHE R, %
FIZESEPR T AR, BUESO m - 'y v AR e, ARSI R 60%; ¢ MRS T R AA R,
PHWFEE R 80% 5 o N I BEARAUE & 28, IRBAERRHIRAL T, OBEVERESR, 11 kWh - L7
W WESEHYAERKTLHNA . . FEEFRYE, oL IE S T 3R, 2 ke
G T ACAEA 77 5 b 9 R T FE SRR, DT S BB IBHERICR . AR N T R R AR L
NEAHE R BRI HE B, 7 kR 2.1.3, FIEBIEW AR IARE, AR A ml, Fe TN Eis
B, M AR IR . AN ASBIFTE 22w TR N AR A FH I 3 B i HE



524 ML A AR RIS [a] W AR -4k T A ) B HE A SR L 453

23 HHAFELEERENX
2.3.1 M 4EEE Hy AR AR HE K

T B A MR, R s f 5 A PR 58 1 BB — 3k, CR s ERy, AR HEL
FIH AT RS W 2.1,
232 o X R A2 64 B HE Ak

H A3 AR o oy 0 M 38 25 PR A SR F — Rk ik i, MEARE AR PE e 4, Mg H CH, . N,0 74
JORHL, AbPR R AR HE L 35 IR A RERE . i B COLHER R -

Eco, iz = WN.B (10)

K2 B sir HOTEORAEHLFE A2 CO R, kgs NN BEUENE S & AL AR, T AR
WA AT, SRR AR 0 A0 HLFE(ELAL T 60~200 kWh ' Z B, IZETFE BB B, 4007
J2 FH AL ST PR X T A BB BN [R Pra s A . R TR RAMI R iR EENE R, HEE W g
S, B, N RREFE A = RERE 2 MG B, TETHARE 20 SIUE 60 kWh - '(IF 5 1, T S 1He S
550 % 200 kWh - (155 2).
233 RAE M R RACHR) A it A2 69 2% 8, HE 2L R

A3 S HE AT 7= B TR AR ik AR 5 A v s AR IR — 3, R HERSON T A S 0 2.1.3,
3 #£RE5iF
31 BRHMBRETESER

T 5 LIRS RN 3 s o IR B o, B v X AU NE >4 rh =0 IR S8 R > 43 U 4R
HERE o 3 Pt = rb ok ity Ak PR A L RE AR 2 HE O e R R . Bbah, R rhaUHENE 09 B g il i v 2 7
A CH,. N,O W TEAHLBURHL, Hrh XA AT ZME . BEFESFR i, B T aeHEm™>, Mk
RGBT DR A > o3 B A M =4 rh U MR NE . AR5 R U S MR NE R AR A A [ R
RS PR ] S b PSR, Bt S AR b A MERE = AR ] o MENE 7 eI A A MU AR I 254 7 4 3
FI LA A A NE A 7= Al AR . DA = WVE M . VR AT A DB AR AR IE ], o
PSR DR AR K T S TR A2 — S T e, T DU A e, BBl HERICR I i, AR B oAk
R B S A AR HE BB SRR N, A5 BUR RIS 2 A HE R R, B U R > A
BT R I > 4R U SRR I -
32 HEHAEERAITE »

XFF AR AL BB, SR FHAS [6] A W 4 T 2 25 38 i | e
TRHERC A 25 5. R4 iR, B SRR s i R
1 [ BE g CO, HE i i 0 503.72 kg 45 2 [ Bt 4 315.60 kg,
P, X Toriia, s ey 2 co, HEil s 503.72
ke, HEH BT R COHEIE N 819.32 k. BLAM, £
T CHE AR 25 5 18 iR R DR A, 7 AR AN ] 2 H ki
L0 CH, M N0 H Wit B bbbz . Bl . PR 55

6 -

~

WU HER (PACO, i)t

(T % 1 B i itk
2 BB R
HEHH v v i g

TR T BAMGRE . AECRMEREEALF , RFRR mwfjﬁ%
KB J 2 3o B B T AL B, 4 24 T MR R s

AOBRHER, [ kA 2000kE G 1 B 0 s i s B TR S K s o i T B S B BT 1)
RIEY, Mo, PR, IR, AR Fig.3 Total carbon emission from food waste
T, H CH,. N,O PR R ] 20 A E R e disposal with three models(scenario 1)



FARTC RN I3 ——5 v Ak 8K 4 Jof bz 3 LA

454 woE OB o i 134
AL 2 AR5 B 15 9B BRHERCERE ) 760.91 kg 500 -
SRTIT LR I 4 K 4 RS, BRE K E 5
AR, 1E60~200 kWh - CHEHNE SR, WHER o |
I REREACTI 5T, 58 sl HE AR e LA — OB = doo)
RS B R AR E AR, i HATI60 S 00l
kWh - t"HK £ 91.5 kWh - ' LA I, HIzE4E e84y ity gzw_ I
AROBR RO SR B, M PR B R
100

RERCI R0 LN S e WS R 1 £ ) @ A s G W 2 |
HLFESN 200 kWh - '3, e R mHER R 24 X
1y 2.445%, WKL) EARF (& 5) . B, EEIUE Rk
S R A I T SR MR R A BRI, FEZR U B AT A
Py T TR RN IR T, BT RAE ) SR Ak
Aot ab B, AR AL, A AR I LA, R
AT R T-B, A RBAE K 45 H A B Xz an DA R /b
T R S Ty T A
33 FRERERX&EXL

AR R A AR, PR 4R & I A BB AR s ok A
PR T AR E AR AR . 2 Fh AR rp AR ) WA 32 Hi i R B
HEB i AR ], R IR AR X 30 e fin A S T W3 B 4 3T
HOm T HeRcE, H R A HURE AR AR B> TR E R
RTCLH N HER ., DR A e W) AT LA AT 37845 09 B8 AL A
M, BT RAER ., HEAEIES TR HZA, h b
YERE SRR IR A AR R AT A, PRI HE A K DUk
FRARNG Ol T S B Dol HE 23 ] J2 - S HE T 7 22 1% (WL T 6)
PG, DB HERC Y fR B o b, IR 2 — P sk o iy
RCRB (R 48 o B AR B 7 5. ek, ARWRE HiE AR R
180 m* - v, FBERY R 60%, B ARBRIE & H A RUR)
FH 0 80%, 5 HHIHFFE B SR B[R] 28 TR Bl 5
B3 1 R A& B AR LA B TR AR AR 2l 0 B R LA i R e AR
BRI A v A RORI T2, ) DR A 5 AR ) e D 2 (1] AT
DLt — 24Tt

AHIGEANBRHER A BE AT T LA b 3 R Jot sy 3 Ak #
B, FESCBRA I, WZEA F IR BN A
WA dh RO A R RENRERE SRS
B
4 i

BRI (LCO, )/

K5

Fi 1Bz ki H2BGBk

K4z i i A [ B Bk HER

Fig.4 Carbon emission at different transportation stages

12 T TG SR
Ao b HE AL RE
10 F PRI HERL
ol B AL R A
(I 55 1 B3z ihFe
6 @ %Z&Qﬁiﬂ]ﬁ
I {EWGE e
4 b I 34 R
2 i HHHHH
O -
2k
I
-22
X X AYHIK
=il R LW ISR
AN TR Jof 7 3 A BRASE R HEIC B 2 (1 57 2)

Fig.5 Total carbon emission from food waste disposal

BHE RE(LCO,} )t

251

(=]
(=)

W
T

(=)
T

W
T

0

with three models(scenario 2)

UNE ¥4

LSRN

Ko A1 oy Ak BB AR BRI 2 1)

Fig.6  Carbon emission space from food waste

disposal with different treatment technologies

1) Lhrb g 07 BT o ), 456 SEBRya ph s ORI THAR X e 1 3 i o i Ak BB S BB HE
Ko BERRMBRAHR S, 2 P U EOEIE > 0 B EOEAE > 2 sUR R
2) 43R A i 4 5 T R RO, HJEH AR % SR I JEH 2R i, T D A (LA



524 TR A S AN [ W B -4 B A B B HE A B0 0T L 455

CO,71)760.91 kg, fHANSR AL AL H H AT 60 kWh - ' HK 2 91.5 kWh - ' LL B, 38553015 i s
AR UAS A BRI, ORI AT RET-BE, R H il FLE -
3) AR B B HE R B AR FLIRHEAON, (235, BAR 00 FCRBsi s DR A MR A 22075 . PRI

SRR IR AR T b A BT
S £ X
(1] UERAS, (T2 . 28 a3 PR AR D S8 B A IR 58 RS, FH A2 J2 1. B4R 5 T, 2017, 17(6): 188-196.

(2] DUdME, Rmame . 4854y b P R 5T E R[], 4k (M, 2016(6): 62-63.

(3] SKRECTS, ki, FPHPE . 2 B3l % s AL 3B ARRE AR ). Hh VAR, 2012, 30(1): 22-26.

[4] MAEDEH P. SHAHA B, ADAM M, et al. Comparative economic and environmental assessments of centralizedand decen-
tralised seawater desalination options [J]. Desalination, 2015, 376(16): 25-34.

(5] FBIGH], T3, XhEeE . & e by 3 v A A BEE AR B 5E E R ()], BHEBIHT T4, 2018, 15(7): 143-144.

[6] AHAMED A, YIN K, NG B, et al. Life cycle assessment of the present and proposed food waste management technologies
from environmental and economic impact perspectives[J]. Journal of Cleaner Production, 2016, 131: 607-614.

(7] FEHERL. 35K FRFT Y ] Se SRR HEEB/OL). [2018-08-01]. http://www.tanjiaoyi.com/article-20283-1.html, 2017.

[8] EVANS T D. Climate change impacts of food waste diversion to anaerobic digesters[J]. Proceedings of the Water Environ-
ment Federation, 2009, 3: 1056-1076.

[9] BECKER A M, YU K, STADLER L B, et al. Co-management of domestic wastewater and food waste: A life cycle comparison
of alternative food waste diversion strategies|J]. Bioresource Technology, 2017, 223: 131-140.

(10] ThitHe, skoAH#e, 31k, 55 . 48 0 0 S0OR S Ak 57 ) e A o A oo iR 8 SO HE RCRPF 5 (0], ¥ o Rl K 2 2 4
2013, 47(2): 202-205.

(11 e, MG, ks 485t b g A B0y 5 R LR HE L /3B [T]. 3A8E TRR2A4R, 2017, 11(2): 673-682.

[12] LUBETSKY J, STEINER B A, LANZA R. 2006 IPCC Guidelines for National Greenhouse Gas Inventories[M]. Kanagawa: In-
stitute for Global Environmental Strategies, 2006.

[13] BERNSTAD A K, JANSEN J L C. Review of comparative LCAs of food waste management systems: Current status and poten-
tial improvements [J]. Waste Management, 2012, 32(12): 2439-2455.

[14] #Z3F, Zeanin, SIL03E | BB 00 43E BAE A Tl FE BB HE R R PRI FE 0] VR4 4R, 2015(4): 37-40.

[15] Fbf, Whv, (v, 55 . 3l XU AR St B R A AR s [T, £ F BB AR 2442, 2008, 26(3): 4-8.

[16] WEFAFH, nh2r, B/, 5 . AUat T AR TG R AL B TR = SURHE O LB (). R SR, 2010, 33(9): 116-124.

[17] KIBLER K M, REINHART D, HAWKINS C, et al. Food waste and the food-energy-water nexus: A review of food waste man-
agement alternatives[J]. Waste Management, 2018, 74: 52-62.

(18] Xt BRIk, HrthsE, 45 . AR5 A5 kb B T 25 ARRFERL . o E 4Kk HEK, 2010, 26(17): 106-108.

[19] NGNIKAM E, TANAWA E, ROUSSEAUX P, et al. Evaluation of the potentialities to reduce greenhouse gases (GHG) emis-
sions resulting from various treatments of municipal solid wastes (MSW) in moist tropical climates: Application to Yaounde
[J]. Waste Management & Research, 2002, 20(6): 501-513.

[20] YASIN N H M, MUMTAZ T, HASSAN M A, et al. Food waste and food processing waste for biohydrogen production: A re-

view[]]. Journal of Environmental Management, 2013, 130(1): 375-385.



456 SO A N 9134

[21] INGRAO C, FACCILONGO N, DI G L, et al. Food waste recovery into energy in a circular economy perspective: A compre-
hensive review of aspects related to plant operation and environmental assessment[J]. Journal of Cleaner Production, 2018,
196: 869-892.

[22] ZE3, B0, A0 A0 S 3R A ST B B HE RO RN BHE SR B ()], b I FREE AL, 2011, 31(2): 259-264.

[23] SAER A, LANSING S, DAVITT N H, et al. Life cycle assessment of a food waste composting system: environmental impact
hotspots|J]. Journal of Cleaner Production, 2013, 52(4): 234-244.

[24] BRITO L, COUTINHO J, SMITH S. Methods to improve the composting process of the solid fraction of dairy cattle slurry[J].
Bioresource Technology, 2008, 99(18): 8955-8960.

[25] ENRIQUE C G, WALL D M, O'SHEA R, et al. An economic and carbon analysis of biomethane production from food waste
to be used as a transport fuel in Mexico[J]. Journal of Cleaner Production, 2018, 196: 852-862.

[26] akFEAE, SkGLT, TTTIN, 25 . & B R S & Bt 25 7= 20 B IR 40 BT[], VRS, 2016, 34(4): 8-12.

[27] BRAEIE . TR AR T3 AR AL B Jod 1 9 7V U BIFSE D). bt dE Rt TR, 2013.

(AL o4 20, R pets, KA @)

Comparison of carbon emission estimation among different “collection-disposal”
modes for food waste
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Abstract In order to illustrate carbon emissions from food waste disposal, a city of southern China was taken
as a research objective. In combination with its field survey data, the carbon emission amounts from three typical
food waste disposal modes, such as centralized aerobic composting, centralized anaerobic digestion, and
decentralized aerobic composting, were compared and studied. Results show that the total carbon emission of the
centralized composting was the highest, while the centralized anaerobic was the lowest among three modes.
Decentralized disposal mode reduced the unorganized and transportation carbon emission. Under the measures
of advanced energy saving and power consumption control, it could realize 760.91 kg (calculated as CO,) carbon
emission reduction compared with centralized aerobic composting mode. The biogas production in anaerobic
digestion alleviated the carbon emission from food waste. Ideally, its carbon emission reduction space could
reach 22 times that of aerobic composting, which rendered anaerobic digestion a green and low-carbon disposal
option for the practices of resources, harmlessness and reduction of food waste.

Keywords food waste carbon emission; centralized aerobic composting; decentralized aerobic composting;

centralized anaerobic digestion; carbon emission reduction





