Fal% B3 o5 TR Vol.41 No.3
2023 4E 3 H Environmental Engineering Mar. 2023

DOI: 10. 13205/j. hjge. 202303026
SRS AR T TR, A 24 A DR GEU A AU T AR A T IR A B A i RN [T, 3R TR ,2023,41(3) :192-201.

B2 A DR A R ST A B B IR0 9 BHLAE o o) B A

ke HhEE RFAR KRFHA &0 W R msmt

(1. A RBIERFEEAR (TH) BAOA R, B 210093; 2. & PH2%, B 210029;
3. B LR A PR B R A 5 A 5T e 4 A I A F] L, RS AT 210093)

M OE ALY T AERAMTHEEARI AT RA K, ERAKRR-LEA-LFRRAELZHE
b B E R AR - R -F AR (RTO)-AA- BB AN ENBREARHAMFASRAEH TS, AL
A JE 3 o xﬂi%f filaﬂﬁfﬂi%ﬂm TR ARk ir, EREW BB FRABELILHEZENE
BN ARER, BA R EAGHREREMEFUITHE T, TE &), %8 E BN EE A R E T A F
7.53%x10° kg coz_m,:‘é ATARKH 47 1.21x10° 7T, %’rlmis@&vakﬁﬁ%%é@ﬁHﬁ,ﬂﬁiﬁé@%iﬁmﬁéaﬁﬁo
IR R Fo K R0 AR A e B AT Y R E 3R

LIFE CYCLE ASSESSMENT OF COORDINATED TREATMENT OF WASTE GAS POLLUTION AND
CARBON REDUCTION IN ANAEROBIC POND IN A PHARMACEUTICAL FACTORY

ZHANG Jiwen', XU Zunzhu', ZHANG Yuwei', CHEN Yugqi®, JIN Xiaoxian', LIU Dong', LU Zhaoyang'*"
(1. NJU Environmental Technologies of Nanjing University Jiangsu Co. , Ltd,Nanjing 210093, China;
2. Jinling High School, Nanjing 210029, China; 3. The Group of Nanjing University Academy of Environmental
Planning & Design, Nanjing 210093, China)

Abstract: In response to the environmental protection goal of “reducing pollution and carbon, collaborative governance,
improving” , a new process of equivalent greenhouse gas and malodorous gas treatment based on the original “water absorption-
photocatalysis-chemical absorption” treatment process had been transformed into a “ water absorption-alkali absorption-
regenerative incineration ( RTO) -quench-alkali absorption,” which aimed at greenhouse gas methane and malodorous gas of
the anaerobic tank in the sewage station of the pharmaceutical industry. Life cycle assessment (LCA) was used to implement
characteristic and standardized analysis of the environmental impact of the waste gas treatment process. The results showed that
the significant environmental impact of the original and new waste gas treatment process was global warming. Through the
greenhouse gas reduction calculation and economic evaluation, compared with the original process, the new process could
reach the annual greenhouse effect reduction value of 7. 53x10° kg CO,., and an economic benefit of RMB 1. 21x 10°. The
new process provided a theoretical basis for comprehensively developing the pharmaceutical industry’s environmental,
technological , economic, and social benefits while achieving efficient waste gas treatment.

Keywords: gas of the anaerobic tank; coordinated treatment of waste gas pollution and carbon reduction; life cycle

assessment; greenhouse effect
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Figure 1 Original process for waste gas treatment for the sewage station
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Figure 2 New process for waste gas treatment of the sewage station

B IR RIEARTAE B R S, Bk NH, (H,S %
TCHLG SR T B B AR XS J5 22 5 #5 iY JE iok i Ak 2R
RGN TR TR L BRR TR 95% , 285 /i
Ab 3 AR BR 55 ) #E N RTO 38 2 5 8 e 52 31
Pk, RTO X 4% % 4k &% B A LY ((malidor
volatile organic compounds, MVOC, DA NMHC i) #1
CH, ZiBR3H 99% , AL R MM Rt LBl ik

) 99% , L2V I R R AR YRS, R BR
RTO $E K8 )5 = ) /b J B =9

TABGE T 5 R AR AL L L3R 1,
TEFHRUGE T, 3 T4 AR B 42 7, Al i
A2 DB12/524—2020¢ KT Tl Ak ¥ & A
BILAHE A 0 b o ) BRI 25K mT 52 B0 975 e e ™ 1Y)
R E R,



194 woE L & B4 s
®1 REBESLBEIZESHRER 2 AwBFEARBHREAE

Table 1 Exhaust gas emission from the anaerobic tank LCA B—FhiE = i T A BT sh A e i 3R 82
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Figure 3 Technology roadmap of life cycle assessment
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Figure 4 System boundary and research scope of LCA
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Table 2 Life cycle inventory of waste gas treatment process in anaerobic tank of the sewage station
T 2 RS AR WA
DRt 2 R fEkE W R 5 4.63x10* kW - h KL 1 & JAERHL 1 &
ESa N R 7)) A ¥R R 5 6.13x10° kW - h  JZAFE 1 G BEBHAKE1E BEHR1LE
RESEELEIE T RTO %%t 9.49x10° kW - b ERUBL 1 & B ABL 1 & ERAL L £ 2% 32 1
TZ ARBTERAR 1
JR bR G 5.24x10* kW - b JNZE 1 G MEHRKE 1 G BB &
HT5 R 80 1.61x10° kW - h  HEE1H
ZjFE RTO J B BE 5 32% i 1 1.08x10° t —
RTO i 6 Ve 5 32% T ik 2.73%10% t —
HAHE RTO RSB )53 6.00x10% m® —
IR b & <Ak REAE L@ 4.77x10* kW - h AR RHL 1 &
MRTZ KRG 1.61x10° kW - h  JEH/KE 1A
et RS 1.23x10° kW - h LR & 1 &
2= R G 1.17x10° kW - b MZHF 1 & Bkl 1 &
HE RS 1.41x10° kW - h R 16 JRERA 1 &
245 FE WA TR 3.97x10' t —
i R 2.50%10° t —

2.3 A& RRH et R

A A S 35 DA SR X A i R B B A
) 1 G DRI AR RIS LA B HE ORCHE AT 8 T s 2 HE
J¥, 38 A R A b 8 A oK T U HE R e AL 3R R T
A, AT 53 BT DT 6 52 BT 368 1 1 45 S IR B 500

ARG Sima Pro FA4 , PP 15 7K 3k DR 480 b 22
LI PR TS Y 5 e 1 STk . Bk R A R
1 ¥ Ecoinvent £ 4 2 | WK 88 A A 8 91 2 % B0 E
(Europe life cycle database, ELCD) | /1 [# 4 i J& ] &
F B4 2 ( Chinese life cycle database, CLCD ) 25 2 fir

JE I B 2 05 kL, R CML-TA baseline v3. 05/
EU25 M3 M7 i, @57 T LCA 7
2.3.1 FRAEALAREAY

R T AR 70 B S5 Bt A 35 52 i) 4 X6 o 119 KN | 45
TIE AL 48 b3 38 A AH G I S 5T 0 o (5 AR IR AR 2 i
DR 10 3¢ BRI, 45 2R G0 v BT AT ) 2 3R 858 HE RS 1)
M SR R AIE AR 23 AT 2 3 2o B R — A 5 2 A Y
N[5 4 J5 2 A R B B — 1 BT, DTG R B 32 2
iy JE BH 2R 48 %6 I 5 ) ) K

AT R F Y i B IR R AE Al B AR



196 HooBE

T i %41

T RS Je MRS A 5 22 A X B R R A S AR 09 Y
SR, PR 3 AV TS Y A R S e 2K R Y R
AEAEL , AT A5 EERH X B Re AE Ak 36 A, BIVRT J3 B X 2R
B W, T R R b B O
X (1) (2), W%, il B1T Sima Pro B 3 A4
i Ji) AR AU 2% v ] R 748 AR 9 RRE AL 45 2R
EF; = EFnmppenn + BV +
EFipamn + BV (1)
EP, = Y EP, = Y O, X EF, (2)
A EF, O A i A B9 5 b BR BT S e 2R AR R 5
5 e W 0 4 AE i ; EP, g 2R i A I A 2 b BRI 5
Wiy 24 0 Y BR B8 52 R R AR AR EP, W AR fm LI 565 0 b
15 YL I E R PR R R i 2 R B4 PR S5 R R R (EL; O,
Ry A i S S 7 R ER R e 2R AL 5 RS e
E NS o
BT 5K PRI G R s A KR
BRI VOCs %35 Qe Wy, fig U508 #E 5 K R s S
HE & 22 24500 50 A RS54 1, RIS RIS 44 A
J&, 7 CML-IA baseline 1 & Jt GWP, ODP, AP
POCP HT 5 FFAEAL TR bR SEATPEHT
1) GWP S48 Wi 2= M 0T T % 200 Y 5T Bk, 1
B CO, M HREE R K/ Ry SEME(H . 2) ODP /298 & %
BOR R AR B A R EUZ R v R A, R I —
=P BE (CFC-11) M SRBESZ i K /N SEE(E, 3)
AP 275 QI S BRIk B B 2 SO, 1)
IBESZ e KN HEEME . 4) POCP 248 Ktttk
V5 YL PR B R e P 0 (CLH,) B PR EE R
KANREEMEAE , 5) HT J2& 48 31 58 b A 2 9 B xk A4
T o817 i BRE 400 I AL, B 1, 4- T UOR 1Y 5 i R
/NIy BEUEE
2.3.2 FpifEfLis Y
P A ASE AR 2 5 3 K A 24 A ol 75 K ok PR ATt R
AURE BT 2R 2 A O 0 8 P ) S A PR
2B A= i JE A PR 2% P B B e 28 AR RE A {38 o A v
PR 1 J5 e A5 0y 8 — (B, (AR T 5 o S T 1) 4% R 5 3
M S AVRRAE A B A AT LM, AR iEAL IR 242k 1 CML-
TA baseline V3.05/EU25-Normalization/Weighting Set
(‘http;//cml. leiden. edu/software/data-cmlia. html ) ,
o AR AT LR a2 B A BT 2 A i A 4 Y
RHEFR B S M 2R AL I B AS i — 2D 43 A 1 1l 3 26 31 B
SR SRR T . TR R TR (3) .

SD, = > SD, =c¢Y (Q, xEF,) (3)
. SD, Sy A A S Y A 5 R A A R 2 R A A oA
B 5 SD,, S A= i JEL 30T 1) 55 i 0 B30 53 ) 288 D 0 55
iy Ge W (bR HEAGAE 5 ¢ bR HEAL IR 7
AT ST PR 5 ) 24 0 1y 35 BRI B 4 R A 1
TG 25 SR8 B i R VE R A — AR SR, WL 3,
3 BEEMRELEFCS

Table 3 Summary of standardized factors for eigenvalues
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Figure 5 Characterisite value of global warming potential (GWP)
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Figure 6 Characteristic value of acidification (AP)
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Figure 7 Characteristic value of photochemical oxidation (POCP)
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Figure 8 Characteristic value of ozone layer depletion (ODP)
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Figure 9  Characteristic value of human toxicity (HT)
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Table 4 Calculation results of standardized model
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Table 5 Calculation results by sensitivity analysis

TLRS TZEZH GWP AP HT POCP ODP
FEApE ftha Il I\ 1 I
LA A I IIr 1 1 I
RIRS LA i I I 1 1 1
FEAa il I I I I i1}
T2 SRR PN I I I I i}

AR 75 7K o DR STt I Ui B T B0 AT A b
YA BRI 0 BT 45 2R 6 o 245 47l P R B T
VSRR AT R TS R AR A B 1) AR
RTO T2 Al i MR8 e 19 T TR 3 CHL, , B IR R U0 2R
B 2 RS Y B2 o (EU R RO B R A IR A R
(i Cco,) . B, J5 2T 5 Ak ik B R A R S IR
2L R /S (T S 5 3 NS (A ey GVAIDEZ R A Y
fof o 2) fb R R R M LCA TFA 45 R Ao U R
R, 2 B A bR HE A TR 3 R AR B A s 1T g
FE , DT AT &% W AR IR B AR ) PR B AT . 3) JESL R
AR BT 2 A A i JA IR L o3 B 4% T 0 9 e 1
fof SRR SR B TS M S R, DUs & S B0k #
REFE (25 4E MARE S I IR bR A e I 7 % o
3.4 RS

A Az i J] S0 R R T 2 i R I Y B D
{H, BRI T RS 25— BB R R <
Ah BT 2R e bras AT Bl . T R BRI Xt
15 7K ol PRARC T > il = A 1) ek P[] 2 A B T
A il Jo SRR TR R I R 5 5 2R BE AT S0 R IR AN E
P TR AR L 6,

F6 FTHEESWITHER

Table 6 Result of uncertainty analysis
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Table 7 Carbon footprint of each stage of the

exhaust gas treatment process of anaerobic tank
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Table 8 Calculation of heat recovery value of RTO system
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Table 9 Greenhouse gas reduction effect accounting
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