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W E RASRRES AN RSB A T AN B SR AE B R AT PR, DA B T R AR Y
Jof 4 B Ak R FHE AR T S O LR A b A BRI B R A AT 438 SERE R . IRE KR EE (R
AERTREERT A RE . AR S 3 A b B T ) L A AU (B BH G B R R AL RS BT ) R, @ S B A
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4k E o b, VR HE IR (4 2R BT 5 T (—0.189) AR B M TH FE R (35.25%) ¥ R M e f o SEIRAE T A BEAR vh 3R 8%
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I 2R 0 4 o 4% 33 v ) A ML 2 A R IERE A 956 BH G 5 HE NS FRBL a8 I ™ 45 5 =X, (HHEAE Y
7 1 TR FROR LB R JR IS 5SROI R 1 o S Ay by S R A O, AR bR, EREE
A3 E Rz, ABAEAEIR A MLE IR . TS AR AR AR R T DL A B R A — 2 R BR
Ve, TEEDERIR 2RI 2T, A0S W VAl BRAT S5 4 b 3 Ak R FHE AR 45 e o d 2

& A I PEA J5 7% (Life Cycle Assessment, LCA) BE &2 & VA 7= 2k 22 40 R A BHFR . in T
P A At BRI . ABE R I, R I S TR A [ A A A RO R, B
12 0 T A B R PEAR ST BRI, LCA RS RE R Ak R R IE I 1 —EE, B
R EAGE AL, MM TORFRER TR 2 . Bk, SZARGUT 55U 78 A 4w J&l 1) i) FE il
g R R T, B T A A R 20 B (Exergy Life Cycle Analysis, ELCA), LA
T B #E (Cumulative Exergy Consumption, CExC) A PEM 848 ,, AL T AN Al 8 i 72 5 84009 0 RE 43t
JeW, ELCA g H Inl — Wy s it it AL R I 9 0T . B & A RE VR IH #E, 72 TP B B A A B MR, BT,
ELCA 7E PFA A e g . AR HL AR GE . AR S il 4 56 w3 REFE 1Y B JRAL T4 s B T — R 51 ;.
FH . BEAE EDULA R LB [A] 2k B2 (0 B0 ) 22 58 3 1 S Ak 7120, SR1MT, ELCA 7EJ5f 4 b 3l kb &
I 388k 1) T 5 K TH A T R e 2423

ABFTE I T4tk A F W B AR, SR JH LCA Fl ELCA 175 vk Xt 3% [ 17 3% 23 2 i S8 780 %) J6f A d 3% ek
A ARIETIEN . Hh LCAMH TR BE R, b 5 {035 5K b 28 5% HE B0 R BR 4
ELCA Hl Titfbigm %k, [R5 8 AL 72 rh B (B 1Y e /B 25 5 o BT B R IR 3% R A
A MBS 2 M, 03D Ak SCHR A, B0 7 A R 22 o AR ] A 3T A B 1D HE R R AR
AT TC IR T i 5%
1 7%

H2 P5 [ PR bR 1L 2H 40 (International Organization for Standardization, 1SO) 14040 £ %1 5 #E ',
LCA 1) FEAHE 42 45 B br FYE [ SC . W 350 . sEma iR s SRR 4 1~ 20 38 . ELCA 7k 78
LCA [ 5ah I, SRS e s FEdR A, FLIPMAESR 5 LCA —3L.
L1 TR RERR

AW 5T BEHL 4 25 B Jof A by AL R EOR - iR i AEBE & L ST, IR L I8 S2. 44Uk
NE S3 FIIE I S4. Horp, BE5E & H RN A [ A BREE R 5 DR AR R IR R 4% 2 ST 1) B U Ak Ak B
T WA N e A AR A LT, 76 2 SN Tz SRR gy b B, AR
[ XF HE 4

1) BB R HL (S1). AEB8 & HL S48 B AE 850~1 100 °C F P72 4E B iR MRS, FERR b b R A7 P4 58
A RERVRIEHE SRS R LA P AR AR BT ARSI TC A B AR B, AR ST BEER M T
U T A B LA HE B A BT (b B 3x750 +d ), A E R S HA T IR G Ak Bs . KT
PN A e 5 RIS B AR A7 & i SRR AR G, AL AL B, A 5T 4 R BT Ay 3 S At ks 3
B AL B AR AT & I P R AR R M R B, SRR IR R EUK L T K L I R BT Y HE
AR IR L R A

2) PRA KW (S2). IR WE RS ST, IR S 32 W A o AR o 4% a7 3 v i A L
VIR Sf R ICALY , e A e S ERVR AR S8R, IR L e R e AR TR K E R
AL G % = R R LA A H 5 TR R A B0 B K L R 53 2, Wi /KU B3 W3k & 05 K Ab 3
THE W AT RS E . AR BB A E T IS, X3 AR AL E RS HE 5 ke
S2-a. THEHENL S2-b FITAH M I S2-¢ 4T T BAK 3 HT .

S2-a, S2-b T T I T HE 400 t-d™" 14 i 4% by 3 v il T DR AU A I R AE AN [ R 391 49 A [] I
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2o S2-ath, VHEY S EAHMEIRBESE] FBALE, SRR IZEE AN 1976.89 KIkg ™', [F]
R PAE LTS A . R F e TS G R SRR o %) e 0 A R M A R TR v S R
MIFEFE . IREHAEIR A L BEHEIE, HIh S2-b R45.

S2-c BE W AT 17 HE 200 ¢-d ™ B A b iR T R R BE R R, R 5 AR T B s
oW T = SRR, A B9 R O [R) A% AR fk % 1] 22 51 25 (Intergovernmental Panel on
Climate Change, IPCC) $ H} iR R HEATIH5 (T SCHRTFR IPCC B ), A5 78 25 18 T nf A= W R %, 3
FH T 55 4 B 3 = A i B TN B 3 2o %o R IS VR R AT R AR R (KR 57.17%, AT KA ML
T 9.72%), TIIFEAREE N LB,

3) W AHENE (S3). M AMENE R AE A SRR T R S A W o A 2 3 b 9 A BT 43 i
AR, BAMAEDAET S50, 5208 58 58 5RO, AR Ak P 5
AN, EBRHT S EMIX . ARFIE A T PGB HEIE S3-a FIALER AT S3-b 2 i A AL H A

S3-a WIS B 4 A LR ILEE G (HALE R 1.5¢d™), 2030d AR, AUARRAUE) B
) 20% . BHOG B3 T0030 385 ' A9 3% 358 66 70 43 A FH R BHBE , inss sl A o S3-b 326 A & 4 A3 VT bl 3
AE RO (HARBRE 34 t-dY), AbFE T 2040 35« WA BE-HL 25 4 80 % - SR HEAE 3 AN B B, Jof 4% B il
I BB AL AR 0 v e B SR R I 24 h PR o0 i O A LI JRURL . FEIEAT 7~10 h 9 1 4R ME AT Ak 3
BNy 25.6%

4) S (S4)., S4 W A SR BTN TR AR T N IR B Ay B3 S A TR A . R
TR R by Uiz —HE I R 52— 5 % B 5 £ 4 (High Density Polyethylene, HDPE) i 7 i —IH IS,
WA K, AT 9T SR FH TPCC SR 1480 J6f 4 iy 3 LML iod A ) JECHEAS0RD 2 FL o, TG T A 43 L He
71 . HPDE [ 45 508 U5 Az 16 a7 0 S 1 740080 .
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Fig. 1 Life cycle system boundary of four types of kitchen waste treatment and utilization technology
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LS4, FICHFRRITEI A SI~S4 AT AR, AL AR U0 A b AR BIAL BT, B
Wiz ok B nl 2, Pzt R 5 A A R A e B, BOR R R GEIR Y 22 e B/ o WA T
5N A R B0 255 25 I8 T R GUH S B W SO AR A R A S, LA i ) i e
AR TR o BEXS A R T, e T RERE, SR R A O IC R 2 A 7 AH [ 0 7 o ol
B B PRI HE S RE DRI AE

S1~S4 ¥ Mz AT AL B /Y T 20, Bk A B T s TS SR . AT A Bl
I TN AL B 1 ¢ R B (I REIT) BUARHETT S
1.3 £a AT A%

1) B8 55 2k 4w J8 3 PE #r LCA. A BIF 58 % ] LCA (1) Recipe Midpoint J5 ¥ , 5 ¥ 55 5 mi & 1k 0
163, BRI BEM W AT R S Bk B[R] R 1 3T Recipe Midpoint ARSI 2 R FHE 2 4
CRETE Y IR TR AL B R AL S Table 1 Environment impact categories and characterization

unit based on Recipe Midpoint
R, THBRA RS M 2R B ) f 9 22 57, B 4453

— = . " b7 A St SEAF AT R ifi
b N )24 i (Person Equivalent, PE) fit) 37 5% 52 AR R HEAE AL PR T
V) > N = IJ/E N
N B Y A BT O, e 1y e P 0,0 172x10%

Recipe Midpoint 77 7% [ 16 ZEIAE 2 M 2 A | kR

) NN e g ) . AT REVRIHFE kg oil eq. 1.02x107
m:‘$1i&ﬁ{‘/ﬁﬂflﬁ%o MR ZEHIR B Gabi PN E kg 1,4-DB eq. 3.39x10°
SO&hMQ%EHH@ﬁ% - PGSR T kg 1,4-DB eq. 4.50%107
“,2)Jﬁi un H%ﬁ_m EL?AO Tﬁﬁh LB . WP A kg 1,4-DB eq. 4.06x107
# /éf% (CExC) (] ELCA PR AR bR . CExC 2 - P25 <o, To1e10:
16 R GE R i N F R TR 20 R T A B i AR T Kt . 3 75010°
\ R e A 1 24 A frJE ‘
FERI A FARBTIE A A 2 HE, B A A N — ke 14 DB cq .
BBy BARTY, CExC % JE T 2R U™ i 7 2 4 [
N =} 2 b WK EEFHR kg P eq. 1.54
HABRAES:, RERS IO REELAY M BT, T e , ;
o - - HL B S kBq Co-60 eq. to air 1.43x10
EEXEA R BEIRACH 1 A B R BE K, R A 4
, N . . . 5 Annual crop eq.'y 1.62x10
FRAESLABRAE ALY, e RIS, ,
R AR (1) XN RS e .
4*/\/\ A nCExC /\‘/LAEEJ %Eiﬁﬁ kgcueq 833)(10'6
FUBR 7 90 55 A B0 0 90 19 CExC R
o S ~ R RETE RS S
B, REVTAN R RE TN FE S HALBOR, (HB 24 kg NOx eq. 3:63x10
K, BafemBBRESG, WX Q) TR, epeenamm ik -
s e NETHEN SN - kg NOX eq. 86x107
UN 5 JEH B 2R GEHET Y 75 G 1y ) 313955 vl 42 2 7K fiEhe g
-, TR 2 A BRI 5 e DF- i A RE IR AL T A ST kg CFC-11 eq. 142
FHEVEE T R G0 HEMAY ELCA J7iE™). 35 Rlis L kg SO, eq. 2.44x10°
52 0 7 R T (AbatEx) W45 SO A AR TG G ) s kg 1.4-DB eq. 6.11x10°

T 5 B R B T 2 K BT FE o TE nepe B BE: 1) RIESGE R ieq 2R bRtk 2 bt (equivalent), BIP-H4E45
oy L TR 2 AbatEx, B BR B 00 8 1 A Ak NI BN S B ER BT () L)

B (Mapmcexe)» W Q) PR, B 8RR K75 B HE AL R by o
(Ouseful)CExC (1)

TNlcexc =
(Ienergy + Imaterials)CEXC

(Ouseful )CExC — AbatEx

T AbatCExC = (

2

Icncrgy + Imatcrials )CExC
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e TH O R AFNET U 5 O HET VA W 3 Ly T Tonaterias 9 0 AT BE 5 704 J5 5
CEXC AN [EY 5 BRI FE, MJ; AbatEx 3B 52 M I ER 40, MJ.
14 FBESH
MR TG SC B R e o3 AT, g il A5 21 38 2 Frs i 2 A A B TS B, IR BE B 3R .
T3 NK ARG EEY R AR R FE (CExC) I 3275 e W <R /Y 35 55 714 B 52 Wi 48 (AbatEx),
e ffi BB WY B R] Z BN o B AR b AR S AR A R R AR S, TR BRI AR, (UF IR

R2 BRGEEGEARNBESE (ETLE1tFRNIR
Table 2 Life cycle data inventory of each system (based on 1t kitchen waste treated)

2t il ;o SIFERER L SRR S3-aBHYEREAL  S3-bHLARAAL sS4l
alfiitisehe  bIHMEMEND VR IR
Cipa) kWh 23.89 30.27 27.49 26.18 19.98 60.00 1.76
B L 0.86 0.67 0.54 1.05 - — 1.26
EX 3] kg — 0.15 0.15 0.34 — — —
A bk kg — 0.22 0.22 0.14 — — —
HA K kg 451 0.69 — — — — —
MR kg 0.20 0.03 — — — — —
2K kg 1.84 0.28 — — — — —
HDPE kg — — — 0.09 — — 0.45
o CiW] kWh 161.99 168.92 144.00 162.80 — — 79.39
ek kg — — 53.16 — 200.00 256.00 —
NH, kg — 9.21x107™"  2.31x107  1.95x107 — — 1.15x107
H,S kg — 3.00x107*  3.83x107  2.98x107° 4.27x10™ 5.62x107° 1.15x107
CH, kg — — — 1.71 — — 7.24
N,0 kg — 291107 291E-03  1.34x107 — — —
SRR NO, kg 3.64x10"  5.61x102 — — — — —
SO, kg 457107 7.06x107  3.81x10*  1.23x10° 2.28x107° 1.91x107 —
HCI kg 8.34x107  1.28x1072 — — — — —
Cco kg 1.76x107"  2.70x107 — — — _ _
BT kg TEQ 276107 4.25x107" — — — _ _
NH,-N kg 1.44x107*  1.52x107  1.52x10°  3.30x10™ 2.34x10°2 2.62x10*  3.30x10"
COD kg 1.32x107°  2.17x107"  2.17x107"  6.85x10"" 4.30x10°7 7.25x107  6.85x10™
BOD kg 3.95x107*  2.54x107  2.54x107 3.95x107 1.80x10° 2.83x102  3.95x1072
T-N kg 1.54x102  3.51x107  3.51x107  2.75x107 3.41x107 4.46x10°  2.75x10!
T-P kg 7.11x10°  238x10°  2.38x107°  2.38x107 2.34x10°° 5.12x10°  2.38x10°
lEZ SEF L] cd kg 1.32x10°  2.90x10°  2.90x10°  5.00x10°° 437x10°° 297x10°  5.00x10°°
Cu kg 7.64x107°  3.25x107°  3.25x107  4.90x107° 1.49%10°° 1.49x107*  4.90x10°
Cr kg 1.29%10°  9.28x10°  9.28x10°  1.55x10°° 8.10x107 4.46x10*  1.55x10°°
Pb kg 3.69x10°  1.16x107*  1.16x10*  2.35x107° 4.37x10°° 297x10*  2.35x10°°
Zn kg 2.82x107°  479x107*  4.79x107*  4.50x107° 9.81x10°° 5.94x10*  4.50x10°°

Ni kg 1.05%107° 1.00x10*  1.00x10™*  1.15x10™* 3.27x107° 2.97x107* 1.15x107*
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&2
SRR KT
78] i Pfy SIAEREALH S3-afHLEHEAL  S3-bHLARALAE  S43HM
alliftBEhe  bIEHEAL  ciEiE I
Zntosoil kg 3.65x107%  7.27x107°  2.15x10°  4.14x107 3.64x107 5.34x102  3.85x10”"
Cutosoil kg 3.63x10°  837x107*  1.00x10°  4.90x1072 1.07x107? 1.66x102  6.94x102
Pb to soil kg 1721072 1.78x10°  9.75x10*  1.03x10° 1.68x107 8.58x10°  3.00x107?
FITSHY Cdtosoil kg 1.16x107°  9.70x107°  1.70x107°  8.74x107° 2.92x107* 3.58x10*  4.12x107*
Crtosoil kg 1.31x10*  4.63x10°  6.65x10*  2.44x10°* 2.13x107 1.67x102  2.50x10
As to soil kg 8.68x107*  1.49x10° 2.95x10* 1.58x10° 1.19x107° 2.56x107 1.33x10°°
Hgtosoil kg 2.72x10°  1.94x107  2.81x10°  5.28x107° — — 5.35x107*

IE: RN RGTON N PR R AR, SRR R .

*3 BRI BMIEE (CExC) R IR HRR S M 4 (AbatEx) &

Table 3 Cumulative exergy consumption (CExC) and abatement exergy (AbatEx) value of materials MJ

Yy HDPE HAK  WEMER Sl &K A 8 co, SO, NOy CH, N0 Co
TR AE 80.90 9.96 247.00 5320 7732 3270 11.61 — @ — — — —
IREEIH BRI — — — — — — — 586 57.00 16.00 66.32 268.06 19.32

j‘(ﬁj}( [21] [34] [35] [18] (18] [19] [35] [21] [21] [21] [36] [36] [36]

“—FRRZH TG RN AEECC PRI R e

24
2 HR5E
2.1 HE @ BEEEN
&l 2 s i A4 Y & (PE) HE bR ifEfb S
AN TR) Ak B R AR B 4 A A TR I 3R B8 R i 1L5r

S5 3 i A & i

1.23

1, ﬁﬁ3A$ TR ER T . R % A o
B ATRAIA . 5 Sy 1 B A R T T §
%ﬁﬁ%m@moﬁEM@%mﬁﬁﬁ%mw I o
FRAE 7 i TR g @i%\\\\ .

S3. S2-b M S2-a I ¥ BR B 5 WA {5 K 17, S | oom lal — '_
FWI 3 AL I R R RS, B RS E sl 1 LJ
1 W T L 9 G T 7 2k 0 FRE HE 0 556
/E\:EF! ’ S3 t&ﬂﬂiﬁﬁ@%fﬁ%ﬂﬂ%\%ﬂﬁ%ﬁ j}: -1.0t S1 S2-a S2-b S2-¢ S3-a S3-b S4

25 PR S S A 3 N 7 A N 1 Al 2 B B2 &RGNEHEBTEE0ESN
B PR AL 28 1k 20%~30%, T A5 3% [ i 6T Fig. 2 Life cycle environmental impacts of each system
AR AHUT, TG S8 2 IR BE G0 . S3-a 94 o Ak FR T 677 1L S3-b 1K 2.8%, B BH G 7 4t
NEPRI5E R A AL T HLAF UL , FE LR, — 2 ML A iS5 28 IH A B8 2 0 ) 4E 45 UL 24 his % 5
TR RO P HEAE o B SR 30 d, A BT 2 7RI T) AN T 45 I B R, HL R R R B AR
BT HL A UL AP,
Xof b DR A T ol RS ) B 19 A PR B ey, A0 3 iz, BRBE 52 0 22 S 78 TV W R T K Ak BRER
o MBS AT AR A2 S2-b, -0.188, PIMEALAT AL ML 1 v WA HLT, X BRI 1Y 1E 1] i 25 e
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R 1T 05— 5 A P T, AEHE AR Acb 3o 52 di o

U I B R RS IR B IR B TS G
S1 By bR AL PR BE 7 faf o 0.137, X PR 58 i

RS IATPSER, — R AR A ML R o 4

BRI B T 8 & 5 1 NO,, SO, Mt — 2k

HEALSR SR J)/PE

b

—-0.188
AT R RS TR B AR B K R A 03t s2a 82-b S2-c
MR AR AL 2 100 KT kg ', BEbE IS 3 REXBRAGSHHNESARTELMN
ZERIB R IR IR AL B BE Fig. 3 Life cycle environmental impacts of anaerobic
S itk 2 53 BT R [ ek B PR AR B 5 fermentation system
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Fig. 4 Different life cycle environmental impacts of each system
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[l 05 R Y AR BR 858 A fr, ¢ P 30 e X JoF A o 0% 1740 A ) D R sl A A AR Ak RN £k A BE TR T RE 1 AR
IR . HAR RS, RS S3 MTTmk i 3, nl 4 2253 kg CO, Mk, WA
BL 1% v 2 AL R ME N [T Sl e 1 A A BB IR A TH AR s 0 S2. S1 1 S4, Myad s v A . BE b Ik
A6 ol SO I H ) A ME A A IR R B AR B S TR, 3 3 PRI 2% B H ) R R ORI IR
R

NARFEME (WLIE 4(c)) A HE A= 25 B 1 (WL 4(d)) EZ AN Fis gt fin, Horb &4 e v
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Abstract  With the implementation of the source-separated municipal solid waste collection in China, an
increasing amount of kitchen waste is collected and transported separately. Therefore, the treatment and
utilization of kitchen waste have become one of the greatest challenges we face. Under such circumstances,
thorough investigations to assess an environmentally friendly and energy-efficient treatment and utilization
technology of kitchen waste are of great significance. Environmental life cycle assessment (LCA) and exergetic
life cycle assessment (ELCA) methods were used to quantitatively assess environmental burden and energy
conversion efficiency of four typical kitchen waste treatment and utilization technologies, namely, incineration,
anaerobic fermentation (the digestate treatment methods after anaerobic fermentation including incineration,
composting or landfill), aerobic composting (including aerobic composting under sunlight and mechanical
aerobic composting) and landfill. Data in this research used for the comparison was mainly based on field
investigation and sampling. The standardized environmental burden was an indicator of LCA, which was
positively correlated with the degree of environmental impact. The results of the four technologies were aerobic
composting, anaerobic fermentation, incineration and landfill, from low to high. ELCA was assessed by
cumulative exergy consumption efficiency and the energy conversion efficiency is positively correlated with its
value. The results of the four technologies from high to low were aerobic composting, anaerobic fermentation,
incineration and landfill. Regarding aerobic composting, the sunlight case had a lower environmental impact
(—0.366), whereas the cumulative exergy consumption efficiency of mechanical aerobic composting was higher
(83.53%). In terms of the digestate treatment methods after anaerobic fermentation, the composting of digestates
was the most recommended option, with the best environmental impact (—0.189) and cumulative exergy
consumption efficiency (35.25%). The landfill had the highest environmental burden (1.231) and the lowest
cumulative exergy consumption efficiency (9.76%) among all technologies. The results obtained from this
research could serve as a theoretical basis for the development and application of clean and efficient technology
for kitchen waste treatment and utilization.

Keywords life cycle assessment; exergetic life cycle assessment; kitchen waste; cumulative exergy

consumption



