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HOFEAT LCA, 5 AD T2 L, & SRR M AR s
A BIBEN T 40.9% F1 130.0% , — YK BE J5 G i 4 T
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fuel cells, MFC) il MEC iX 3 Fp T 20 LCA, KA T AD
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Flow chart of anaerobic biogas production process from kitchen waste
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ﬁgg{ B R B AD-MEC HBG T2 2R i J8 1 PPA0 3 2003 M Bl o
- WA ) 00 2 A T e R v i AR S Y R s . AR

SR T B P SR A B R 4 T
. I g—( BRI 1.
g MR PTLAD ST HIEECREDK F1E @ TS0 MEC
' i * SRR F1 SCHRFIT AN FRIR TR . UL T 27T B 4
D e ERE R SRR R R K AN B ERT R4 i 5 L
fiih E%l ml fﬂi%l iEEJ]E“l AR S HY ML, 5 s 6 A5 A ML

AT IR, S A SOBEIE ATl 7K 2 B AL o3 2 i i, R AR R
BHEA AD HIT, AD TSR SE AR SR AR A% L I
A %ﬁl REHE PR EE N (35+2) °C, S AR 2 R AL 77 A B S 4% A T

a. AD-MECH& T2

Yk A MEC b MEC [N #5 R % MEC, Hig 8k

- % m - 3 E0 5T A CREVELIBE ) TR 00 (KO IR 4 . REUEDN RE

I i 2 x FOHLEE, SMINHLIE 0.8 V 5% Christy % R I S2PRIE UL

i AR A 0.8 V A1 LR T IF R 60 MEC 18 S0 SR AR 9T . 2 %1%

o MEC T2 Ab BB K R RGE I LR #6457 BF9E , t1 W] 0.8 V
PrOTTR R, o S0 L FE T3R5 LR 0 RS e R R TR AE Y . IR, 2548
%¢ %ﬂ %Q ”%l GV A ORI 0.8V AMIHLIE , 45 4 ML 77 Al U5

b. AD T THFEM RIS T K % 55 v A 22 75 403 (chemical

K2 ADMIAD-MEC T2 RGN oxygen denand , COD) ZH5 2 O T BIAL (1000 L) N #E L8177

Fig. 2 System boundaries for AD-MEC and AD processes f MEC AbBRERPT ) R BERIAYIR Y COD ZER#(70%) ', BP
B TTAL AR BB RGBS B, o 3ot T SR P A A AL 2

L4 EmEERSH gk | BB P R PSR R A2 B 5 TR K U v . ST e (4

A i JE S 54347 (life eycle inventory, LCI) &I BT 7 V853 15 5 VR AL BRI | I A 28 181 Y o i 1 4 3 15 A TR
Az i R 1 v 5 R AR DG s A (B0 At CHETSO = WEEFIAW . [T B B oC s L )T FE R 7.47 kWhit P1EL,
£1 FERERAD-MEC RE =85 L1
Table 1 Data list of biogas production AD-MEC process from food waste

S A i
LINE
5 Wl AD-MEC AD PR BREESRIE | 2% W AD-MEC  AD AV BURRIE
BEAEI 1541 15.41 t o ARE
Wkt B P 0.092  0.092 ¢ AR
7K 73 73 t &=
oAb 3 —
2t 237 237 v Al
AETR /- 1)1 038 038 t iie=
WA 220.3 2203  kWh R4
RAEfE BBUE R 6.7 6.7 kWh  SCER[21]
K 147.56 m’
ik
: Y NG 0.024 kg
AT [8.22-23]
iR i 4.2 kg
el B 1.39 300  kWh
NH; 035 kg
ER
H.S 0015 kg
VEKALEL BER EEWal 24039 80132 kWh  3CHk[24] SS 6.16 kg SCHik[24]
%K COD 154 771 kg
A 1.14 kg
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TGS . VHWCR B+ £ 16 4 B (membrane
bio-reactor, MBR)” T 2 #EA7T AL PR, JE W1 Je ik A & S
FBRFAR AL A A, K JE AT =80 A0 R48E, 1
K% MBR 2 bR B A% 15 e ik b Ja HE I, H K OK BTk 21 (s
IR EE A HE bR ), Hodh 3 B2 575 Ye ) R B 7Y (supended
solids, SS) .COD FLEAL, M B 4372 236,100 F1 21 mg/L. A
WAL BRIRAS L U4 RE g 44.53 kWhit WRE, [ 43 25 AR W
A FRERAT 7 A 1 B R RS NHS A HLS, Horfr NH; ) HE
FCAE A 4.9 mg/m®, HaS AOHERLHE 7 0.12 mg/m*™,
1.5 HMAE
151 FdEn2k

3 1 PR ) B Ay B 3 AD Al AD-MEC #i& T2 # v 4%
BT I A BT R A AV AR PR B S R R AT 4y
2, IR B B AR S AR AL (GWP) W) RE TR TH
FE(PED) JKFIRIEAE(WU) JRIL(AP) B EFRIL(EP) , B4k
IR 2.

®2 IMEMMMEBRIERR

Table 2 Environmental impact index

B78 A IR K A X2
SMEE(CGWP) kg CO, eq

I ARETRIHAE(PED) MJ
IKBEIRIHFE(WU) kg

R fk (AP) kg SO, eq

B ETML(EP) kg POY eq

1.5.2 F#fEfk
P AN [ 49 S5 PR 58 7 £ 114 5 e 2 R T R [, (R G52

Wi e BE AT BT AN [R] R iP5 ™ 2 o PR R A D R EE R M 2R
RUrh AN [R) 9 B AT 1A, 38 2K A ) 9 B [ — PR35 52 0
R (1 TR BE AT R AL H e RRIE AR A R
eFootprint F14 R S8 P B AY 2 i KT ol T A R

NS H X6 % 28 BRI 5 1 2 1 119 DT R AR B i <
1.5.3  ARifEfe 5 koAl

ZFFIE AL TR 5 75 3 45 Bl ) Jo X AN [] 28 5 5 1 218 L 114
TR A, AHXE L LUBEAN [) PR3 5 1 S TR P45 52 1 255 (1 1Y
BTHR , DR T e ST A v A v R [ 35 R i 2SR 2 (i)
HA AT HApER,

TIRLITAR 28 MR AR 25 55 52 1) S 1 39 ST R/ N 2 AN )
FRBE 5 M IS T8 (1) 52 M AS ., 5 P I3 5 M 218 TR 74 B 458 52 Tl 1k
HIE LA A8 —A Tk F A A S —F8 4577, SR 2000 4F
TH 5 N4 R 358 5 g VR AL AE S B 52 i 35 7 {2 A 70 i Ak
INBTAS TR . PRI R s o Ak e e (i B A L3R 3.

F3 2000 FHFAHRERINEE

Table 3 World per capita environmental impact potential in 2000

WEEEWSEA AiESEE(E/ (N -a) S
GWP 6869 0.12
PED 2590457 0.11
WU 88003 0.11
AP 52.26 0.12
EP 1.9 0.11

1.5.4  NHiE BE ST HT

K CLCD Ju s 374 75 2: 647 LCA ¥4, 7E eFootprint
BF R G 58 OV A AL BAOBCHE 19 AN i o BETEAG , BRI
LCA 5 RY v BAT 8 AN 0 A2 B2 1) SC B8 G, 37 i o5 gk 25 40 ot
T2

2 GREIR
2.1 RERIEES T
AD Fll AD-MEC T 204 7= R A M0 IR 52 52 W 25 5 (B R AE

b FRAEARTTE DL LT CML2001 PR A R A IBGEAG I
B ML TR AR IR 4 B,

Fx4 FERLIRAD-MECHIAD F=BR A EARREZINBELER

Table 4 Life cycle environmental impact potential results of AD-MEC and AD biogas production by using kitchen waste

FHIEfL FrifEf I mLE A H
R A et
AD-MEC AD AD-MEC AD AD-MEC AD
GWP 1.03x10° 1.69x10° 1.49x10 2.46x107 1.79x107* 2.96x107°
PED 1.22x10° 2.07x10° 4.71x10™ 8.01x10™ 5.18x107° 8.81x107
WU 8.64x10° 1.12x10° 9.82x107° 1.22x10™ 1.08x107 1.40x107
AP 4.05%x10™ 8.05x107" 7.76X10°7 1.54x10° 9.31x10™* 1.85x10™
EP 3.13x10 1.05x10™ 1.65x10° 5.54x10 1.81x107° 6.09x107*

5 AD T. A, AD-MEC T. % FF 85 5% M 25 & {i
GWP.PED WU AP Hl EP ¥ {EMET AD T2, Hidr WU Hi
WA R, I F] 92.29% , WU S WRBEAS T2 K 5 U5 4 FE AU 1

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

BERZ, AD T2 1% BP BT B i ad F2 /K R P =K = w5, AD-
MEC & T2 THRHAITH) MEC 53R n] [ IS B U5
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YRR, WU ST AD T2 7.7%. EP BLE &
FEALRY BB S0, AD T 2575 K AL BB 5077 26 ) NH. Tl L
Heloh EE5THE, AD-MEC #3& T. 281 %F COD Fgd At —
AR FRAL ST BT ffy, 5 AD T2 A0 E EP 2 vE(E
iU 70.28% , 7 1.81x10°, AP J BefiR P S A4 HE I A8 1 B0
BRI, 5 AD T2 M, AD-MEC #84 T. 2 MEC 1 #2i#
Ik AR AL S Ak TR A R A 1 R DD e SRR, 5 AD T
A% Bt S A R Ak 2 W B AR R L AP 5 ) TR (1 Uk
49.68%, K 9.31x107, fBHp4E7E MEC "FEE3L T CO, I i
R DA [ B AT AL A W AR S TP e 5 A B 98.3%
H.S #5842 25 Bk, [ B 3R A 46 7 R B 0RE , I MEC 7EV8 X
ik TS B IS T AT N AT S . PED R BN T
ZREIRIEAE , AD-MEC #5451 2030 3 7= v 1 1 i 41 i 1 4%
AL RE F 4R = T AR 7= PR e T 7, 73R4S 50 =
PR 7= A RISk T TR AL FRANTA S Ak i R RE VR T FE
W5 AD TZAHLE, PED FER T 41.2%, 4 5.18x10°, GWP JZ
Wi a AR HERGE B2, 5 AD T2 4H ., AD-MEC ¥4
T EHE CO U HE 7 A & 3% 5Tik , GWP MK T 39.53%,
1.79x10°, MEC i B2 194 W) IR AT i Ak COL 38 J5 7= 1 F ot ik
12 KRB S0 30%~40%11) CO,9E—H 5640 g Wbt . XL
IR MEC T ZA#HT VR AR BT, f0E A H e & s 4 v
] 97.0%, CO M FEREALE 3% LU T . 28 1, R AD-MEC #i
B L LTI A B m E AR IR AL, 25 IR B i (5 AD
T2 AH A AR
2.2 IMEZITTEGR ST

S B A B3 TR A A TR B A R 25 A (B AT, T
J& AD Fl AD-MEC $6 T.2 45 4b 3 5 50 A [] B4 58 5% i 215 24
R TTBRIE AR BT . AD Fl AD-MEC #8-4 T. 204 5T (10 BR 5% Tk
EZSEE, WK 3a Fias, AD T2 PT.BP Fl ST NIREE 5
Wil f) 32 B2 SRR, AD BRLOTEE R/, Horh PT BT/ GWP
A1 PED 158 52 W A 19 22 2R IE , 7 40 45.81% Al
43.71% . |1 T HOK i UL BEBA ST BN i, i R A
PREIR I FER A, MEMI I A GWP SEM A, T H S I RE R
KT % i IR SAARHERL L, ST Hoekt EP B3R BT
Wi VR (L BTk B K, A 70.44% 35X 32 B2 T T5 /K Ak BE BT
HEFREE Y SS.COD FLEVA 27 K & B F LK . BP T
JE WU S B2 v (B W 2Bk TR, ek 91.49%, T AD
TR L Gk 2 W A TR R Atk 2 TR K R IR TH FE
WKL WU STk . A1lE] 3b iR, AD-MEC & 1.2
1 PT 1 ST i EREE 2 M (1) EZETTERIE , MEC F1 AD FRITHZ I
N, AD-MEC 4 T 201 PT BAICHE4 055 5 0 i
o7 L3RR, & GWP . PED WU il AP PR35 52 i v {8 i) = 22
TR R, TTER R A E 4 iR 79.64% L 78.24% | 92.66% Fl
73.54%., ST JIC% GWP .PED AP Fl EP (3REE52 0 T 57
BRI T PT G0, STRR R & 04 51 19.69% . 21.05% .

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

25.6% 1 33.88%, 5 AD T2 ST BLITXT FRBE 52 I (1) BTk %
HAT—E, T MEC Bont & R0 43T A0 TR B2 A RINA
EAL R TTER 6 WU STk S 25 5 W E L AD AR WU
OB IR 325 IR S 4k B0, AD-MEC #4250 WU BTk
PEEZN PT H0G, Al WL, 300 T MEC BGH) AD-MEC &
T 25T ek A 0T PR B 5 W B R S R ) DTk R . RIS
PT BTG 118 FA K fife Ak B AR i Ay o — 2 s/ i =5 SR
AT AR A 58 XL A e

100
80F
X F i %
1\3 60 7 / :
X 7 //
40} Y
%
20l 7,
O=PED Gwp WU AP EP
PRI I
EPT [EAD ZABP [CIST
a. AD T2
100
801
X 60f
2
e
ﬁ 40
20F
O="PED GwP WU AP EP
PREG 2 2
ESPT [@AD B4 MEC [IST
b. AD-MEC T &

B3 BB AD K AD-MEC T 2R =1 8%
S SRR IR AT

Fig. 3 Analysis of environmental impact contribution

sources of AD or AD-MEC process for anaerobic biogas

production from kitchen waste

T AR K S A B AR FH K A B AV i 4 i W ) 349 I
b, A5 FITF R340 5 Bk gt R i 5, 2 i Tt 4 s 35
BATFER W R A B AR SR I AR K 5% 5 34
FET R K, SR WU T GWP RS I (B 7E AD-MEC
DUHR A e e o 38 A0 B = A ARl WSORT R FH S ] i — 2P R AIR B
BEREWAVEE . UL BT AL B (4 5 7K [ P 28 1B K A 19
A ¥R B TT , ANAN R R T K B IR R R 8 T A AU D ks
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Yela) i, LTI, A SCXE AD Al AD-MEC T 25 19 7k 7 =Xk
TAHleAk K ST BRLITARBR S (14 2 /K 43 B FH 2 PT BoC /K ok
HAE AT I LCA 75%] AD FI AD-MEC #4& T2 = EA 0
WU F 55 52 Wi 2 1 1) BTR3R 4300 s 6.7% 11 61.48% ., 25
RFEW R AD-MEC #34 T 23178 A s S R 8 P9 , el
K R T2, AT A 808 A K IR TEFE  GE T A AR
IR 2P0 84 25
23 AHEESMH

B TR PP S5 H UL S, BT T AU SO R BT R
W 28 0 ) 28 R 2 FEAE 19.13%~34.53% 22 ) . Hidp, 45 53
AU B B s (R 23 )8 WU I PED, AN 2 53 31 34.53%
H1 32.65% o it PHI0 48 bR AN 52 FE T2 ik e K A9 350 2 T Ak 2L
I, Rt o i — A R 4 AL fE U B SR T ER A, nT i — 2
Ik LCA &5 3RMANTNE B

=5 LCAHBR=EITMHER

Table 5 LCA data quality assessment results

HBE5 LCA ZERAR 5 TR

Byl ERPIS B2 /% (95% & {7 1X [])
GWP 1.03x10? +30.78 [71,134]

PED 1.22x10° +32.65 [8.22x10,1.62x10°]
WU 8.64x10° +34.53 [5.66%10%,1.16x10]
AP 438x10"  £19.83  [3.52x10",5.25%107]
EP 463107 £19.13  [3.75x102,5.52x107|

3 4 it

XTI AD #il AD-MEC #G T AWM BRI MG, &
Bl AD-MEC ¥4 T. 2 # GWP.PED WU . AP Fll EP J& & 1%
T AD T2, AD-MEC #4200 PT F ST Ry Stk R Ky
Mot

2)AD-MEC HB4 T 203 2 VW R B R T AR S Ak 4
T, A 8020 T BP ST HLI0%F WU EP Fl AP 4845 (1 4% 51
Wk 2 R A 5k B 92.29% . 70.28% Fl 49.68% ., Hit,
MEC BT 1) 45 28 FR5% 52 i 28 AU 1) GTRR R 35 b e ik . & WA
AD-MEC #84 T. 202 —FICRERE . = RE VR [l Uie % 1) ot A s 3¢
REIRfL T 2.

3) IR EN T AR AEER R M2 5, XF AD-MEC #§4 T
AL B ST BT Ab IS (9 % K %8 3 PT 0Ty
IK VRIS IATAT , WU AT 32— 25 I8 61.48% , AT A5 ik /1>
TR IR T AERT FREE A 500
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LIFE CYCLE ASSESSMENT OF COUPLING PROCESS OF ANAEROBIC
DIGESTION AND MICROBIAL ELECTROLYSIS CELLS FOR
METHANE PRODUCTION FROM FOODWASTE

Guo Meixin'*, Zhu Yusen'?, Guo Meng'?, Li Mingxiao’, Qi Xuejiao’, Jia Xuan'?

(1. State Environmental Protection Key Laboratory of Food Chain Pollution Control , Beijing Technology and Business University
Beijing 100048, China; 2. Key Laboratory of Cleaner Production and Integrated Resource Utilization of China National Light Industry ,
Beijing 100048, Chinas; 3. State Key Laboratory of Environmental Criteria and Risk Assessment ,

Chinese Research Academy of Environmental Sciences , Beijing 100012, China)

Abstract: Anaerobic digestion (AD) is the mainstream process for clean energy utilization of food waste. By constructing a coupled
process (AD-MEC) of AD and microbial electrolysis cells (MEC) , the environmental impacts of AD and AD-MEC, which produced
methane by treating food waste, were compared based on whole life cycle assessment (LCA). The environmental impact contribution of
each functional unit was analyzed, and an optimization scheme was proposed. The results showed that compared with the traditional AD
process, the potential environmental impacts of the new AD-MEC were lower than those of the AD in terms of eutrophication, climate
change, water consumption, acidification and primary energy consumption, with reduction ratios of 70.28% , 39.53% , 92.29% ,
49.68% and 41.2% respectively. The analysis of the contributing sources revealed that the pretreatment and wastewater treatment units
of the coupled AD-MEC process were the main contributors to the environmental impact, with the MEC and AD units having a smaller
impact. Based on the result, the coupled AD-MEC was optimized and the effluent from the wastewater treatment unit was reused in the
pre-treatment unit. The potential environmental impact of water consumption was further reduced by 61.48%. Therefore, the AD-MEC
coupled process for biogas production from food waste has significant economic and ecological value by effectively reducing the
environmental impact and resource consumption of the food waste treatment process through the in-depth utilization of the biogas slurry,
the purification and quality of the biogas and the reuse of the wastewater.

Keywords: food waste; anaerobic digestion; microbial electrocatalysis; methane; whole life cycle assessment; contribution source

analysis
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