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Table 1 Comparison of different carbon emission accounting methods
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Table 2 The main accounting formula of carbon

emissions
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Fig.1 Waste lead battery crushing and sorting process flow chart

R B E K +CO, W—» i —| Al | Ramems s | ek

B

A | ki

2 JREYE ML U T 2

Fig.2 Process flow chart of pre-desulfurization of waste lead battery ammonium method
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Fig.4 Schematic diagram of the accounting boundary of recycled lead enterprises
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Table 3 Summary of emission sources of each process

E LEPZIRre HAl AR

TR VAR JE B Gl A I W Gl AT CO, iy H:Athy
i R T

R M

it % % v

b Vv v v v

IR v v v v v

A Vv v

AT FRE T A A HE O S0 K i i I HE R R
$90.610 1t CO,-(MW-h) - 7ER AR | BT AR
T 2022 4F R AT REATC A5 Ml Bk HEBOAZ 5 K
{14y EL R HERL P 7824 0 0. 581 0t CO, - (MW +h) ™',
A SCIRWFAR FE Sy 2023 4, BRI A, 9 HE ik R B
0.5810t CO,-(MW-h) =", £EBHAEIL 50 A HERk A
FHUE R 2.862 t CO, - (1) ' RIRF M ALt
HEdil K7 BUE 2 0. 056 t CO, - (G)) ~ ( RERSHRA
AEIBAE 2 99% , KSR A5 Aor A & de & U Ky

15.3 %103t C- (G 1),
2.4 WHHEHMRZEZERSSH

FEF R A A 2023 AR5 BRAS I, X R AT
B FL L T T B R e HE I S i A T A% BRL B
A ERINE S Fis,

HH L S AT, PR 4 85 L S A 8 032 o B 1) itk
HE R 0.380 t CO,/h, FHorp A HE L 1 0 A F4
T 7= A B TR HE RO = Kk — AR B R R
AT HA R R, A AR 433 B B A ik HE O LT 100%



. 104 - T EHKRE & S 4 BIETE

SO o pe i
5 s | o BEIRAE R R R
o o A REHER
T 0L oI AR S
S = A BT T
ﬁ%ﬁ 1.5 | m HAb e
ﬁ
= 1.0F
&
i |
0 l .an i ]
WA E WY BB (SRS RS

P i e T
B 5 PR A b s TR B Bk iR
(Hf .t CO,/h)
Fig.5 Carbon emissions from each process

segment of recycling waste lead-acid

batteries (unit; t CO,/h)

KTV A HL 7 B8 7 AR R T2 R, A
TR 5336 B BRI 1 s 22 BR R A ] T e R BETITVE
P 22 500 5 | 6 ) i I 30 e 2 A AV IR A R B B
A T AR IE R B B i S e HE S 2

A 5 B B S HE B R 0. 460 t CO,/h,
Forp e W A H T B AR 0 TR) B2 HE L BEUR (£
1) VB R IR 2% 19 B 4 HE R B ( R SRR
WRIpe B 42 HE Ao A o5 o B B ik HE ey
44.37% 38.53% F1 17. 10% , 3 F E R HET 4
A HAT T B Az 114 1] 422 HE i R H: A HE 38 AT R
ZHEL .

T UGB A B 1 S HE S o4 1. 900 ¢ CO,/h,
g A H T 2 A e e R HE A R R HE
TR TR B e e A ARl ) 14 AR T 3%
77 A ) ) 2 HE TR A HE SR 53 ) o P A o B A e
HEBL ) 34. 67% 31.55% 29. 60% Fl 4. 18% , H fig
TEAE R SR L I N5 5 | ) L HE P T R
FEHER, BEAh, BUBLAR By B T — S22 B
TR R A B 2 v Ak, FR 2R E TR 5 | RS B e ik o
B AAEARTRNE R B BE = A T AR TR Bk B BE B 2
e HECR

TR AT TR A I B 1) BB HE B 5. 047 ¢
CO,/h, HrP OB RARA) BABR B HRR  RETR (48
7) AR R A R FH 4 1 ] 42 HE T, o B OB HE
(BRTR S o3fr A A Ak ) 1 I R g 0 2%
Az 14 TR e-FIF s AR At R T3 53 1) o 1 O 5 e B B A
Wk HE W Y 52.32% . 28.32% 12.18% .7.05% Fi

0. 13% , WA A I 731 9% 7 A 1 ) 42 HE 5T #4 K
FHER

FELE R 170 R I I B %) A B HE IO A 0. 860 t
CO,/h, Frb el A FE 738 2 7™ A 1 1) 2 HE TBORn AR
BEHCRIRR) BRBE ELEEHERC A3 590 7 R A A 5 B B
WRHER Y 98. 71% F1 1. 29% , 1 T &5 at F2 FI RE IR AE
R SRR A 5 RS 1) B HE R v W A BT B
A 1 TR HE ORI At S T 408 R HE

g it — 25 BT A AT L AR HEBCRRAE | B 1 4
B R [T PR A [t HE AOK 5 ) ik HE BRI L 2R 1 T
Giit, S5 E 6 R ;AR T Bk e L ge it
meE 7 fiw,

Kl 6 W], BRI be B HEHOR iz B ik
(1) — S ARRHE RO , R L™ A 1 — Ak e o o TRT ik
A FERRHE R 31.57% . I AHL ST 3 A
F14) ) 22 HIE R o i HE R H 1Y 28, 31% , 238 — K —
AALIRHERCIR . AN, BEVRAE oy Jrb Ak a5 1 BB
HEIC B AR e AR 2 e A 1 ) 4 HE
JHC R Al HE 43 ) ok HE RN B Y 18.58%
14. 04% .6.50% F1 1. 00%

1.00%

6:50% 31,579 72 KREHRBSHE B

o BRI R R R A (O HE B
i e

= AT B O HE B

g VA BT B

o, W HEABREEAR
14.04%— 18.58%

6 JREYE R Al R HOR IRBR HE R B
Fig.6 Analysis of carbon emissions from different
sources of carbon emissions from the recycling of

used lead batteries

B 7 0, AR IR A P T B [Rad 72 o e K Y
TR T B i T B A R ik %
TR R 1Y 58. 36% ; HLUR 2 TR AR T B | H
SRR B s 5 R e o35 T B, 43 i) o R Al
) 21.98% 9.95% 5.32% F14.39% .,

PLEJEFEAT L 4 H 90% (1) JY -15 R G E Y
TRHERCEE AL, B Tl 2B P2 48 5 R B/ INB B A 25 H
thik BEBE 1 35 vh, TN R Ge i AL HLAR 1 K
21 v/h, 4F3847 4 300 h, H A AR b i A 3K 7 1 1
S MR SEPRARE A P B BT S PR Is AT IS AT AT A
I



PR PRV AR T A ST - 105 -

21.98%
Rk
m i
= LR
= A Pk
& AL

Bl 7 By b s T Bl HE B

Fig.7 Analysis of carbon emissions at each stage

58.36%

of the recycling process for used lead batteries

3 RgiHREER

AR T T S R AR AR R LA
[ T B A B s TG, o 4 T 20 RE AT B HE T A%
BT EE,

1) JEF MU R 53126~ B F00 I At (KR 1Y
RS T2 A E A b R A3 e I B it
SEGER B KA ARG R B B R TR B B A
PR RIRA MR B B i Bl HE R 393124 0.380 t CO,/h
0.460 t CO,/h.0.860 t CO,/h 1.900 t CO,/h.5.047 t
CO,/h, X 46— S ALRRHE BAE Ar T LAE R R A7 | TR
KT LA —EACRHEBZ T R

2) AR Be B R (%) L 4 HE O P AR B T
TR KB HE RO, U= v e AL T 2% A=
(T EEHERR R BHER 5 | ) ELREHE R o A meHE
W 31.57% , 85 K 3 A4 T B, H A A TR B B
B KB BE B B H RS R B B o R AE o5 B A S
96.71% 2. 89% M1 0. 40% . &+ A H, J7 78 2% 7=k
{4 B B2 HE A o7 s e HE ik 2 1Y) 28.31% , ¥ & 5 AT
J B, e R R M B B ISR A o B A R 32
B AR R B B R0 5 B B TR A o L 43
34.69% 26.91% 15.52% 14. 54% 1 8. 34% .

3) WA HEYE T T8 AR 2 T B
IR o T, L R UM AR T B, (IR e T B
(RRHE B 5 S HE B 19 58.36% , ¥ e 5 Fliik HE
JHCUE I R Rk e BB HE i TT kA 5 L i
52.32% , BRI AE N SR A4 RE a8 ) B HE i R
FEHE A T B 7 AR B 1] 422 HE OR HC At HE
W TTHRE A A Bk 28.32% (12, 18% 7. 05% I
0.13% . MGG T B i fie HE s B HE it 1Y)
21.98% , ¥ K 4 Pl HERICUR | HL rpode A A 7 2%

7 R TRIEHEL | R B HE R S I AT 2
A= 1 T) 2 HE s, H At HE o R A Le g )
34.67% 31.55% 29. 60% F14.18%

4) ARIEAS ST BIRAE AT, 0 P A BTl
ARBIUAM B B8 7310~ 5 0 [ 0 J2R LA A 7 i —
B el AR DU R 0 8 B S v T 1 S5 S Y
T WAL S S HE i R 2

5) REAT AV AR P A A | v <5 B 7R S Al R
R B R B PR 7 e 2 )t I 468 7 214 K 4 A% B 1
B AL SE B A R R, TR SRR v B RO S Y
HERRTE

[ 2753k ]

(1] hEA R T Prey. 2022 i EA 668 &R [ M].
Jent: i d Tl e, 202261 -84
China Non-Ferrous Metals Industry Association. 2022 China non-
ferrous metal development report [ M ]. Beijing: Metallurgical
Industry Press, 2022 :61 —84.

(2] 2. FrEE R IR Ve R X I o A MRS M i ()] (e
17,2024 ,40(1) .71 =77.

YANG Jianbo. Analysis of regional distribution and environmental

attributes of lead-based solid waste resources [ J |. Sustainable

Mining and Metallurgy,2024,40(1) ;71 -=77.

(3] WHIIE, BOF, ZEMEPE A3 E R AE B AN E R SR
WsE[J]. WPEH ), 2010(6) :31 -33.

GARI Magai, ZHAO Hui, LI Weidan. Studies on solar power

replenishment system for electric vehicle [ J ]. Shanxi Electric

Power, 2010(6) :31 —33.

(4] Tl AfEBAERINAIT. Tl A0S e s b R o 1A 2R
B (LEJTH(2024)7 %) [EB/OL]. [2024-09-12].
https: // www. gov. cn/zhengce/zhengceku/202402/ content _
6933519. htm, 2024.

General Office of the Ministry of Industry and Information

Technology.  Guidelines for the construction of carbon

neutralisation standard system in the industrial field ( Department

of Industry and Information Technology Section (2024 ] No. 7)

[EB/OL]. [2024-09-127. https: // www. gov. en/zhengce/

zhengceku/202402/ content_6933519. htm, 2024.

[5] BERLEHRERS. TIPS ik 2 500 5 BA R 0 2
JLLEB/OL]. [2024-09-12]. https: // www. gov. cn/zhengce/
zhengeeku/202311/ content_6917087. htm, 2023.

National Development and Reform Commission, etc. Opinions on

accelerating the establishment of a product carbon footprint

management system [ EB/OL]. [2024-09-12]. hitps: // www.
gov. cn/zhengce/zhengeeku/202311/ content _ 6917087. htm,

2023.

[6] IPCC. 2006 IPCC Guidelines for National Greenhouse Gas
Inventory [ EB/OL]. [2024-09-127. https: // www. ipcc-nggip.
iges. or. jp/public/2006gl/index. html, 2006.



- 106 - T E A & %4 MBI
(7] HERERBCEEZIMAT. KLFEESE=H 10 Mk albiiE 7775062. pdf, 2015.

[10]

[11]

SRS Ik WS (alAT) s L (R R
(2015)1722 5) [EB/OL]. [2024-09-127. hitps: // www.
ndre. gov. cen/xxgk/zcfb/tz/201511/120151111 _ 963496. html?
state =123, 2015.

General Office of the and Reform

National Development

Commission. Notice on the issuance of the Third batch of
greenhouse gas accounting methods and reporting guidelines for
enterprises in 10 industries (trial implementation). ( Development
and Reform Office Climate(2015)No. 1722) [ EB/OL]. [2024-
09-12]. https: / www. ndrc. gov. en/xxgk/zcfb/tz/201511/
20151111_963496. himl? state =123, 2015.
E R B IEUCERIVAIT. HALA (5 8 16 HR A0 S i ol A
i AR 55 T 1 5 R 4 R (AT ) (R o A
(2015)1722 5) [EB/OL]. [2024-09-127]. hitps: // www.
ndre. gov. en/xxgk/zcfb/t2/201511/W020190905506435474174.
pdf, 2015.
General Office of the National Development and Reform
Commission. Greenhouse gas emission accounting methods and
reporting guidelines for other non-ferrous metal smelting and rolling
processing enterprises ( trial implementation) ( Development and
Reform Office Climate[2015)No. 1722) [ EB/OL]. [2024-09-
12]. https: / www. ndre. gov. en/xxgk/zcfh/t2/201511/
W020190905506435474174. pdf, 2015.
LW B, 275, 5. ERSR R 5 EERTER T EE R
EBAZ SR R XS], P E TR, 2024, 26(4)
1-12.
BIAN Shaoqing, YANG Shanshan, YANG Xiu, et al. Strategies
to improve china’s carbon accounting system under international
green trade barriers[ J]. Strategic Study of CAE, 2024, 26(4) .
1-12.
T, EEIR, AU, A, BRANES A Y Y RE R R R
Bl [)]. HBETREER, 2022, 16(10) :3469 - 3477.
ZHOU Cong , GUO Jianbo , YANG Chunming, et al. Analysis
of energy conservation and carbon emission reduction in waste
lead-acid battery recycling[ J]. Chinese Journal of Environmental
Engineering, 2022, 16(10) ;3469 —3477.
AN RS R BB RIS, PR TS R BA AT HOR
15F5[ EB/OL]. [2024-09-127. https: / www. mee. gov. cn/
gkml/hbb/bgg/201502/W020150227400557775062. pdf, 2015.
Ministry of Environmental Protection of the People’s Republic of
China. Technical guide to the prevention and control of pollution

in recycled lead smelting [ EB/OL]. [2024-09-12]. hitps: /
www. mee. gov. cn/gkml/hbb/bgg/201502/W02015022740055

[12]

[13]

[14]

[15]

[16]

PPN RSN [ AL A PRI AR. BV A AT B i S R A B AR
A R Tl - HA 4R HI 864.3—2018[S]. Jbat.
[ FRETR 2 A, 2018.

Ministry of Ecology and Environment of the People’s Republic of
China. Application for pollution discharge license and issuance of
technical specifications non-ferrous metal industry-recycled
metals: HJ 864. 3—2018 [ S].
Science Press, 2018.

RT, BRE, WU, . R E b IR AT R
HRIELT]. PEA MRS, 2023, 5(1):2 -15.

ZHANG Junfeng, CHEN Biao, HUANG Yan, et al. Current

Beijing: China Environmental

research and future trends of spent/discarded lead-acid batteries
recycling technology [ J]. China Nonferrous Metallurgy, 2023,
5(1):2-15.

MRz, skRF, BF, 5 BRI R IR BOR 515 g
Yk CO, WA LT]. WIE R 2224 (A RBLRR) ,
2021, 43.1 -17.

CHEN Biao, ZHANG Junfeng, HUANG Yan, et al. Resource
recycling technology for waste lead-acid batteries followed
pollutants and CO, reducing at source[ J]. Journal of Xiangtan
University ( Natural Science Edition) , 2021, 43:1 -7.

FPAE N RSN AL A BRI, (ARSI I AT 58 Tk
il T 3 M HE TR A5 4 R 56 T A E ) (BRI S
(2021)9 5 )[EB/OL]. [2024-09-127. https: // www. mee.
gov. cn/xxgk2018/xxgk/xxgk05,/202103/120210330 _ 826728.
html, 2021.

Ministry of Ecology of the People’s Republic of China. Notice of
the general office of the ministry of ecology and environment on
strengthening the management of greenhouse gas emission reports
of enterprises ( Environmental Climate(2021)No.9) [ EB/OL].
[2024-09 -12]. https: / www. mee. gov. cn/xxgk2018/xxgk/
xxgk05/202103/120210330_826728. html, 2021.

A NRIEFNE A S IRET AR, ¢ T 2022 E A% <
PR A AR OG B 5 A A9 R0 (BRI /M B (2022)
111 5)[EB/OL]. [2024-09-127. htips: / www. mee. gov.
cn/xxgk2018/xxgk/xxgk06,/202203 /120220315 _971468. html,
2022.

Ministry of Ecology of the People’s Republic of China. Notice on
doing a good job in the key work related to the management of
enterprise greenhouse gas emission reports in 2022 ( Climate
Letter of the Environmental Office (2022 ) No. 111) [ EB/OL].
[2024-09 12 ]. hitps: / www. mee. gov. cn/xxgk2018/xxgk/
xxgk06/202203/120220315_971468. html, 2022.



2025 48 A% 4 BOWEE . BAEEV T AR R T2 HE RO B 5 - 107 -

Research on carbon emission accounting of clean production
technology in recycled lead industry
HE Shuang' , WANG Shirong' , CHEN Biao”, LI Xinqing', LIU Xingwang' , ZHANG Junfeng'
(1. College of Environment and Resource, Xiangtan University, Xiangtan 411105, China;
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Abstract: The establishment of a carbon dioxide emission accounting method in the industrial industry is of
important guiding significance for dealing with climate change. Based on the standardised development of carbon
emission accounting in the recycled lead industry, the carbon emission accounting method of the recycled lead
industry has been sorted out and determined. With the clean recycling technology of waste lead batteries (‘automatic
crushing and sorting-lead paste pre-desulphurisation-low-temperature melting Refining) is represented, and carbon
emissions are accounted for the whole process with each recycling section as the accounting unit. We are committed
to filling the gap in the carbon emission evaluation standards in the field of recycled lead, which is conducive to
guiding and standardising the production and development of the recycled lead industry. The accounting results
show that the processing capacity of waste lead batteries is 150 000 t/a of mechanical crushing and sorting-lead
paste pre-desulphurisation-low-temperature smelting of recycled lead clean production process, waste lead batteries
in the crushing and sorting stage, lead grid melting stage, crude lead electrolytic refining stage, lead paste pre-
desulphurisation stage, desulphurisation lead paste low-temperature melting stage carbon The emissions are 0. 380 t
CO,/h, 0.460 t CO,/h, 0.860 t CO,/h, 1.900 t CO,/h, 5.047 t CO,/h respectively. These carbon dioxide
emission indicators can also be used as the same industry and similar technology enterprises. The carbon dioxide
emission accounting coefficient of the industry. Based on the results of carbon emission accounting, the
characteristics of carbon emissions in the recycled lead industry are analysed. Direct emissions caused by fuel
combustion are the largest source of carbon emissions in the recycled lead cleaning process, accounting for 31. 57%
of the total carbon emissions. The low-temperature smelting section is the largest carbon emission section of the
recycled lead cleaning process, and its carbon emissions account for 58. 36% of the total carbon emissions.

Key words: recycled lead; waste lead-acid batteries; carbon emissions; carbon accounting; carbon emission re-

duction



