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2w A PR T (Life Cycle Assessment, LCA) 8 &2 & ¥4 7= i i R 8 R AFREF R . i T
PRI AR R A REIR . FREER I, P A Sy 2 PEA R A A A SO Y, B
12 0 T R AL B R B PEAR U, SR, LCA I RE L R EARIE A A — e, IR %
RS AL, WA TORFREE BT 25 . R, SZARGUT 45U 78 Ak i JA 1) i) B i
g R R T, B T A A R 1 90 B (Exergy Life Cycle Analysis, ELCA), LA
T2 JH #E (Cumulative Exergy Consumption, CExC) N PEM$8 48, PEAL T A 0l 106 o F2 5 20 vl FH e 45
AU, ELCA R H R — Wy & S AL R R4 5t . BB (BRI IH AR, ZE17M b B AR, Hiar,
ELCA TEVPAG A 8% . RREHLR G . B S 25 55 = e FE A e T Ak TS 3 T — R 41
H . BEAE EDULA A LB [A] 2 2 (9 30y 2 58 35 R I AR v 7120, SR, ELCA 7EJsf 4y b 3l b &
IR 5 35 Bt 5 M TH AT i R i 2420

ARWFFR T A an B AR, SR LCA Fl ELCA B9 7 X0 38 [ b e 43 2 J L 7Y 1) Jaf 4 b7 3 Ak
BRI . Hh LCA M Tt b IR 552,k 50 {075 18R i B0 55 HE 0 R BRAE 5
ELCA H Fitfbig ik, [RIET 25 iR Ak ok 78 v B A0 (B ) g o 0 T 25 5 o T AT 28l R TR 7 R
IS L ESHE o B, e/ S H SCRRAG SRS 7 AR R 25 o AR ARG AT O T A B 1D A A [ R R AL
FIH AT TC B IR T i i Rt 52
1 75

2 45 [ Br b 1 1k 241 21 (International Organization for Standardization, 1SO) 14040 & %] 45 #E 12,
LCA (1 HEAHE 2L A 45 H bR AYE [ 5 SC . 16 B0 0T . 2w PP Al R g ke 4 2P 98 . ELCA Jrik 1
LCA myEh I, RS A RE i FE bR, HOFMAESL 5 LCA —3.
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T WM N e A AR A PLT, 76 2 W )z JE AL gy b &, R
% AR 2

1) BB A& HL (S1). B8R & WL 248 B AE 850~1 100 °C F = A= iR AW AL, FEH b b BE AT 38 o e
A BRERVRIEHE SRS R LA A AR, T AR B TC TR B BE e, AR ST BRI T
Pl A U SR LA HE D AE BT (Wb B 3x750 t-d ") b, R AR B S HAh N IR S AR . BT
B A 5 BRI AR & B B OE AR OCPERT, Ch AL B, AR Y e IR Ay 4 3 5 A 4 3%
A B B e I PP R R A A i, SRR A RR UK WA K L ISR BT e HE iR
A5 IR LA T AL o

2) IR KW (S2). IREALWERAEB A ST, R IR SR W A o A8 ot 4 a3 v i A L
VIR R ALY, A LA H G ERTE AR, S IRNE, RAEUR B R A IR R A R
FA Gk B NR AL A s VIR RS0 K BIL T 40 5, WK S 1Y s Wk TG K Ab 3,
THE W BT R 22 m Ak & . AR5 BSR4, X 3 DAL B RS0 . THIBE R
S2-a. {HEHENE S2-b FIVA I S2-¢ #EAT T H AR 5347 .

S2-a, S2-b BEHLAY I T U T 400 t-d™" A9 o 4% dar 3 v il DR AR e B R AR AN [ B ) AN ] T
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2o S2-ath, BB BAHPIIIBE L] HBAL B, RIS X IHEE N 1976.89 Kl kg, [A]
FEAR A LU R . R i TS e HE TS B o % A i ) A U M T A (R R S R
PFREHFE . RBSEIRA KEHENE, B S2-b R4:.

S2-c 3 B 2 AT M T L 200 t-d 7 BB PR TR A R BEH R, HH M 5 AR S B 42
ol T = SRR, A B 5T R R ] % AR 6 & 1] 2 B 25 (Intergovernmental Panel on
Climate Change, IPCC) # H fyBE R JE A7 1158 (R SCRJAR IPCC A AL, B A 2% (8 T ] A= W B %, il
FHF I x4 37 A a9 T B 3 o 0 & I S TR M EA T R A A (UK 57.17%, AT AR A ALKk
TR 9.72%), PRI K

3) GF A HENE (S3). AF A MENE R AEA AT, R AF S8 A WK I 4% 7 S b ) A BIL ST 0 i A
AEMA LT, BAMAEYA R TS 50 A, A8 BLE 5 5 I RECO I Ak 3 AR
AN, FENHT S EMIX . AP T DGR HEAE S3-a FIAL AR UL S3-b 2 R A HEAEHI AR

S3-a WA AR S AR E 2 A LB (H B 1.5¢d"), £930d e, MBIk b
W 20% FAOG B 10 HK 325 06 A0 3% 35 8 7 40 A R FHBE,  In i sAE o S3-b 128 HUAY J2& 4 A T VIR AR
RE ey (H AR 34 ¢d7"), AbEE T 2 HiAb B -HLE8 4 AR BE- F SR MERL 3 AN B B, 6T 4% 17 33l
b R ML AR ) v TR A S R T 24 b PR o g O A AL JEORE, FEEAT 7~10 ho B SR ME R 2 b B
AL 25.6%.

4) S (S4). S4 BEER A2 AU M H AT B ISR, et by S R OR A B . W
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Fig. 1 Life cycle system boundary of four types of kitchen waste treatment and utilization technology
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HS4, T ICHRRIEIH S1~S4 BFF 5 W FK o AN 8 0 ok B At AR BN A B, Ty
Wz S AT 20, Pz RS AL B R R AR s g N, HORRI RS 22 78N PTEN
PN A A U 0 M 2R G 25 08 T R0 SN BT ) o FRE i A A Bk, B i AR
A B T HE R . BT AR B =0, ands gy o BERE, SR TR ARGE 43 e ek 25 AR 7 R [R) A 7 o ok
B ) PRI HE IS RE VR AR

SI~S4 ¥R IIB T A T, Bk A MR . T @St 55 . AW e Fcis
BT A AL BE 1 ¢ B4y by P (P REFROT) BARIETTHEA
1.3 @ BAEITENAEE

1) PR 5% A i 8 WA IE 4 LCA. A BF 5% 2% ] LCA 1Y Recipe Midpoint J7 35 , K R 55 52 mi & 1L 4
1625, MRS Sk ias|F &1 ET Recipe Midpoint 593 52 52 M 2 B % H4E & {1

TS IR R AL B R VAL S Table | Environment impact categories and characterization

o s L o unit based on Recipe Midpoint
K, THBRAS [F S SR A B A 25 5, e A5 5

— " S E)Z e ﬂ ?:/J‘.E ;4 7\‘
B 1 A2 2t (Person Equivalent, PE) fi) 5 5 % EISPV RS FRAE SR kR T
N r—3 ,lﬂy‘r: A
KN DL LR g R BT T co,e 720
ine Midpoint 75 ¥ [ 16 F TRk L 26wl s
{{eclpeLMldlion‘lt Ik 16 ﬁ‘ﬂfj‘i’y i 2 A | % S keoil e Loa10
ﬁifiﬁﬁ{ﬁﬂ'ﬁ? o MXRZSHIIK H GaBi P e 14-DB cq. o1’
8.0 EE FII]J;J:/H;@;:F/DI $}\\/ﬁ:o U /\MK%@-‘IHEEEJ?F kg 1,4-DB eq. 4.50x107
“/2)”%% unﬁlxﬂ}%ﬂ:m EL?AO ii??n DA : — e 14-DB e £ 0610
J TH #E (pExc) 1EH §L§A WM HEFR . CExC & - VS e N
18 R G i N A SR IR 2 R B 4 A o R T Kt o 510"
; ok % B 1 B3 =k [ '
FERY A AR IR Rk, BA2da R A e 14 DB cq a1
1y AR, CEXC 2% 18 T 4k U™ i 75 22 4 4 S
S PN =) N PN =) HOKEHI kg P eq. 1.54
HAEMRE R, RS MR GERA M. T i , ,
ey 1 g i T b LB AR AT kBq Co-60 eq. to air 1.43x10
FEXFAR R B | Ay R P, L )
P —va N . . , 45 H Annual crop eq.'y 1.62x10
SRR AT 5, RS T ACE THR R S — .
URIMMRACR (1) VBB e .
Bt 5 B i 0 P e Cuce e’
. o A E&J I CExC BRI o et .
H, BEVPME RGN A= IHAE SRR, Hl Py kg NOx eq. 5.6310
K, e AREM S, WX )R epeaspm sk ©86r10
T N - kg NOX eq. 86x107
W2 &I BR 2R G HE LAY TS Y9 2 BR8] #5252 7K e g
S, DN RT 25 A PR BE 5 e DA A RE R L AL TE AL S FE kg CFC-11 eq. 14.2
33T R G0 FHEAY ELCA J kP, 3R i bk kg SO, eq. 2.44x10?
S 00 71 152 M (AbatEx) W9k 52 SR SR T5 2L ) itk 25 kg 1.4-DB eq. 6.11x10°

T B B BRI 2 K F AT FE o TE nepe B ¥E: 1) BRIERLIT (e R bRE Y ik (equivalent), BISF-34H4E4
o 7 Th R 35 AbatEx, RIS BRES B 00 I 192 4 4L NI B 18 2R U 5

H (lernc)s W Q) BT, (MR F R WHE R
(Ouessc O

Tlcexc =
(Ienergy + Imaterials)CEXC

(Ousetu)cexc — AbatEx

2

T]AbatCExC =
(I energy +1 materials )CExC
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A TH O R4 AT T s Opna FET BT W 5 Ly T Lrenias 9 AT BE 5 R 5T 5
CExC N A[FY R BEUHIEFE, MJ; AbatEx NIRRT R, MJ,
1.4 FBESH
FR A T SC AR B A3 AT, Gt il 45 210 2 2 7 1) 4 26 A A B0 v B, TR D BB PR R .
RINE ARG EEY A F B FE (CExC) M 3 B 15 Y 4 /<M A9 30 55 31 B 52 1 4 (AbatEx),
Lo B D Y BT 2SN T . AR B RAVE A A R AR s, ERR R H AR, (B B

®2 BRGEEGRAYNKESSE (ETLE1tFRLURP)
Table 2 Life cycle data inventory of each system (based on 1t kitchen waste treated)

S2PRA K
2%t ESi) Hf o SIFER AL S3-aBHYEIEHEAE  S3-bHLERAUE  S4ii
alfl i Ehe bIHMMENL ol
i) 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
£ kg — 0.15 0.15 0.34 — — —
Alesk kg — 0.22 0.22 0.14 — — —
A
HA K kg 451 0.69 — — — — —
TS kg 0.20 0.03 — — — — —
£ZV/N kg 1.84 0.28 — — — — —
HDPE kg — — — 0.09 — — 0.45
o LiW| 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 — — 1.15%107
H,S kg — 3.00x107*  3.83x107*  2.98x107 4.27x107™* 5.62x10°  1.15x107
CH, kg — — — 1.71 — — 7.24
N,0 kg — 291107 291E-03  1.34x107 — — —
SRR NO, kg 3.64x107"  5.61x107 — — — — —
SO, kg 4.57x10"  7.06x107  3.81x10™  1.23x107 2.28x107° 1.91x107 —
HCI kg 8.34x107  1.28x1072 — _ _ _ o
co kg 1.76x107"  2.70x107 — — — — —
TUEYEE kg TEQ  2.76x107"°  4.25x107" — — — — —
NH,~N kg 1.44x107  1.52x107  1.52x107  3.30x107' 2.34x107° 2.62x107"  3.30x107
COD kg 1.32x10°  2.17x107"  2.17x107"  6.85x10™" 4.30x10°7 7.25x107  6.85x107!
BOD kg 3.95x10%  2.54x107  2.54x107  3.95x107 1.80x10°° 2.83x10°  3.95x107
TN kg 1.54x102  3.51x10%  3.51x10%  2.75%10" 3.41x107 4.46x10°  2.75%10™
T-P kg 7.11x107°  2.38x107  2.38x107°  2.38x107° 2.34x107° 5.12x107°  2.38x107°
[E7SEE 7] cd kg 1.32x10°  2.90x10°  2.90x10°  5.00x10°° 4.37x10°° 2.97x10°  5.00x10°
Cu kg 7.64x10°  3.25x107°  3.25x107°  4.90x107° 1.49x10°° 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°  1.16x10*  1.16x107*  2.35x107 437x107° 297107 2.35x107
Zn kg 2.82x10°  479x107*  4.79x10*  4.50x107° 9.81x10°* 5.94x10*  4.50x10°°

Ni kg 1.05x10°  1.00x10™*  1.00x10™*  1.15x107* 3.27x107 297107 1.15x107*
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HR2
S2 IR A K I
7] 7 AL SIEEBRLH S3-alf B HERE  S3-bHLARAE  S4dH
alfBi B bIHEHEAR  ciRA I

Zntosoil kg 3.65x107%  7.27x107°  2.15x107°  4.14x10? 3.64x107 534x107  3.85x10"
Cutosoil kg 3.63x10°  837x107*  1.00x107  4.90x1072 1.07x107? 1.66x1072  6.94x1072
Pbtosoil kg 17210 1.78x10°  9.75x10™*  1.03x107 1.68x10°2 8.58x10°  3.00x107

F#T5HY) Cdtosoil kg 1.16x10°  9.70x107°  1.70x10°  8.74x107° 2.92x107 3.58x10*  4.12x10°*
Crtosoil kg 1.31x10™*  4.63x10°  6.65x107*  2.44x10™ 2.13x107 1.67x102  2.50x1072
Astosoil kg 8.68x10*  1.49x10° 2.95x10*  1.58x107 1.19x107 2.56x10°  1.33x107
Hgtosoil kg 2.72x10°  1.94x10°  2.81x107°  5.28x10°° — — 5.35x107

T —FORZRGI N RE R B AT, SORBCR BIARS S

*3 BRI BMMIHEE (CExC) R IFEEH RS20 4 (AbatEx) &

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

L/ HDPE HAK  TEMEs  S4m Uk A’ @A co, SO, NOy CH, NO (O
TR AR 80.90 9.96 247.00 5320 7732 3270 1161 — — — — —
PRBE M B A — — — — — — 586 57.00 16.00 6632 268.06 19.32

)‘Cﬁk [21] [34] 35] [18] [18] [19] [35] [21] [21] [21] [36] 36] [36]

TE: iz FIe R RIS S o A

=N
2 HFER51E
2.1 EHRBEFMN

Pl 2 B 9 B A3 it (PE) S bR AL R ety o b B S o o]

TR [ A ] AR B0 4 2 o L 300 R B S o 15y s

91, ﬁﬁ3¢¢ R FR T« 0 K R T D |

SIS 35 Sy HE R A B W) K [ 0 T =

%ﬁﬁﬁ%%moﬁEM@%mﬁﬁ@%rﬁ £ osp 193

SR e IE T - N N s NN
S3. S2-b B S2-a i ¥+ FR 5 5 W E K 1 5 L{ﬁﬂgL4 T

FEWI5X 3 FhAb B R BRI IR B . W RS E sl 1 LJ

] W 6 L 9 R G B 7 2 B PR 0 5556

/H\ZEP, S3ﬁ&ﬂ[ﬂ£¢ﬁﬂ’ﬂ%fﬁ%ﬂﬂ%’zfﬂﬁ%ﬁ, 3‘3 -1.0L S1 S2-a S2-b S2-¢ S3-a S3-b S4

0[5 DR 2 5T A 0 I 7 A R 1 5 b 4 B B2 #RENESERFERWED

B IERMEE AL 2 8 1k 209%~30%., W] A5 2 11U 6 Fig. 2 Life cycle environmental impacts of each system
I EAE LT, MRS 2 IR A fr . S3-a (AR E AL IR 7467 L S3-b 1K 2.8%,  RIVBH Y s 3t
NEERBE R BRI OL T AL AR L, SEHIRE I, — 2 AL a8 UL 75 2500 #6382 i 455 U HL 24 hiz #%
TR RS 30 d, N FE BT S T K IR TR] A IR 4 B B e R, HC R 4 e R O B A
BT HLas AL BEAK R,
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Yk RIILIAG R S2-a, AT R A S VKA O AL B TR
X VA T 1) P YR o 7 T 2 v VA M AR e B B, 03| ERBUEHBKRGIF & GiF

T LS T HRTE PRI HE Al s R BR AL A S2-¢ B
e I — 2 Y EE F7, (UM DA T Ab PR o R P 3
MRS Rl R E B IE RS IR 5 G

02l 0,93

i 3% 71/PE

7
2

B
By

ST H bR HEAL FR 55 103 8 0.137, X BB % :
LU OS2I, — S B LR HO R 52 4 =
WRBSTE IR T B A R NO,, SO, B I K b 3T
SRS Y M HERCOY; R A B  K R 03l s2a 526 S2-c
. T EERA E AL 2 100 KIkg', & keid 72 3 RELABAGEITNEGAPITERZN
R RIB R IR T BB Fig. 3 Life cycle environmental impacts of anaerobic
W HE 25 53 R [ Ak SRR 1 B fermentation system
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Fig. 4 Different life cycle environmental impacts of each system
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[l T i VR DA IR PR BE Gy, 3 3 ok o o A s % A Ak B ) D T ki 4 AR Ak AN Ak A B TR S 3 AR
IIREERZm . HARI S, A% S3 M Timki %, nl#E% 2253 kg CO, Y w M A fbigm, WA
BILAD 1) v e A S5 S S Tl gk i T fH A BE VR A VH AR 5 I S2. ST IS4, Myimad VA U4 . F bk
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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
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