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Calculation and analysis of carbon emissions and emission reduction potential of livestock and poultry

manure in Qinhuangdao City under the background of the carbon peaking and carbon neutrality

QI Haiyun"**, ZHAO Zhongbao">*, LIU Shengyang”, LI Fengxin', GENG Shigang"**

(1. Hebei University of Environmental Engineering, Qinhuangdao 066102, China; 2. Hebei Key Laboratory of Agroecological Safety,
Qinhuangdao 066102, China; 3. Key Research and Cultivation Base of Humanities and Social Sciences in Higher Education Institutions in
Hebei Province, Qinhuangdao 066102, China); 4. Nanjing Forestry University, Nanjing 210037, China)

Abstract: In order to clarify the current situation of carbon emissions from livestock and poultry manure and the carbon emission reduction
potential in Qinhuangdao City, this study investigated greenhouse gas emissions from livestock and poultry manure management, using
livestock and poultry population data from four major types in Qinhuangdao City from 2013 to 2022 as activity level data. A baseline
scenario was established through field surveys. The emission factor method and multi—factor grey model were used to calculate the current
carbon emissions from livestock and poultry manure in Qinhuangdao, predict their dynamic trends, and assess carbon reduction potential
under different management scenarios. The results show that, from 2013 to 2022, the carbon emissions from livestock and poultry manure
in Qinhuangdao City showed a trend of rising, then falling, followed by a slow rise; pigs and cattle are the main sources of carbon emissions;
under the baseline scenario, the COze of livestock and poultry manure emissions in Qinhuangdao City is expected to reach 1 379 000 t by

2030 and will be in a continuous upward trend. Under the two low—carbon scenarios of full biogas production and full composting, carbon
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emissions will be reduced by 453 600 t and 650 000 t respectively by 2030. Under the scenario of dynamic adjustment of management

methods, the inflection point of carbon emissions from livestock and poultry manure can be achieved in 2028.

Keywords: livestock and poultry manure; carbon emissions; multi—factor grey model; Qinhuangdao; Carbon reduction potentia; resource

utilization
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Table 1 Main livestock and poultry stocks in Qinhuangdao City from 2013 to 2022 (head)

Livestocli%zf.d poultry 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
bid 1489800 1476400 1474900 1377300 1121000 1050200 895000 943 200 976 900 1040 500
4 215700 221 000 214 800 170 000 148 200 109 300 126 500 134 800 140 000 151 700
¥+ 1155100 1209500 1149000 1159400 980200 880 100 875 400 890 300 927 600 954 600
K& 17310 100 17 442900 17 041700 17 842000 16580600 14056700 14498300 14959000 15461600 15836500

www.daes.org.an




m@g 264

VRER Rty F45EF1H

] 5 T 2 MR T B I 201918 1T IR ST 4
B M ML P AR B9 CHL S N0 HR I, 55 2 2
B BSE 0L, AR N R KB R AR
B I B R AR AOBRHERL . CHL R NO 31550
I

Ecu, = Y (Nerry X VSir.p) X AWMS 1,50, X

T.S.P

ET(r.s.r)) /1 000
Ex,o=1{ Z{ 2[(N(T,P) X Nexr.p)) X AWMS 1.5.p)] +
T.P

ﬂ
28
K Een 2 CHaHFCR  kg-a™ s N RS RE, Sk
VSir.p 8 A AR Y45 PR [ R (VS) HE i L kg 3K -
a s AWMS rs.p HFRFEIR TSRS HL R 58 VS 1Y EL
Bl 5 EF 5.0 R AS [ 28 (45 B0 22 490 A B ) CHL HE i IR
T kg kg Exo i Ny O HE L kg a™ s Nowrm W E B
AR RHRI kg Sk a5 Nuws S b5 AR
SERE R kg o HP RS (SR RATNAL  EF ol
NO FIHERL IR - kg-kg s S ARSI RS, THE S
TP POl A R G IR AE 7™ R 5 5 44/28 S N.O-N
HER R e COHERT &

o BRI RIS PR KT 0 B & 2 ARG T
SR ST R P RRHE R - 3B A S

EF ) = (V87 % 365)[ Bo(r) X 0.67 X

MCFs,
A~ 100

K EF o R CHAEN T kg-a™s VS, A H 4% K [
TR2T5 77 A i kg - d7'50.67 S CH 1 B BE IR TSR T
kg e m™; Boo A FEMH A B K CH AR T=RE JT , m® - kg
MCFs. R CH AR EL, Y05 kR SMRIX

N2O FIHERCA F A R -

EF o300 = Z[ (EFx 0500 + EFx0585.m.1) %

Neags} X EF(s5)) X

X AWMS(]SA)]

APr)]x 1077
NoO B E AR AR A T3 A R
EFx,05.00 = Nexr X ( ;EF,,_A, X MSr.;) X ‘2‘—:

N:O Bl HE R R T3 AR -
EF 0,50 = Nexr X [ (0.01% 20% + 0.007 5) %

Fr AC leachMS 44
X MSy, X —
00 X g

A EFvosem00 0 NoO HIEHERCR 7, kg-a™ -3k
EF 055w 7 N,O [BIHZHELH F kg a3k EFp
N>O-N HHEHE N+, kg kg ™'50.01.0.007 5 M itk 12

P 1%) WHARTY

T HE B NoO-N [ 42 HE i H 5 kg - kg '3 20% R <AK
05 15 RIS B A9 L % 5 Fracians IR A2 01 BT
AR LB, AT B E5% s MSr, B TRV B S
(A2 75 6 5 b AR 275 A B X B o R, %0 SR
SERAS IRV AEAE , 8 CHL 5 NLO HERC B 3T 8l COse,
A TR
1.4 SERRXEERME

FREE BSOS R A F
TR TG 1% o b 0T 2 5L 05 T R OR B B SR A DR T
TR A>T, B 5T 2R FBOR \285% 7 SR A7 A2 i 270 e [
R4 IR TR 78 2 19 T R & & A
15 LIRS T

HARE R B AR XOO8 4 2 58) ., K
BT AR R X (2013—2022 A8 WL 1) .
BUR A 5P (R R ST & Holk gt
ok IR ) Rk, (8 3875 25 A R R U AR S E
TR BRI G . ATKNE B HOll =i 5 Aol
STE E A S AR PG R 2.5% HESRL

(D)X IR PP A HEA T — U B, LA 55 B AL -

PUB=YPi)

EV (=Y F.(1)

(2) P Ao T 7
dx(l)
dt

Y A SE vy

XO(k)+aXV (k)=bip"" (k) +b:EV (k) +c

)T (/N =31k

A B S AR R 2K Y=B0, S5 1n & 0=
[a,b ,bz,C]TE/‘]%/J\:ﬁﬁﬁﬂ?:

6=(B"B)"'B'Y

(4) )3 Yol 1y 7% -

b2

X“)(k)=[Xm(1)—QP(”(k)—fE(”(k)—E]e”’(k’lu
a

a a

+ XV = blP(1)+b2E(1)+c

ﬁpm(k)_l_ﬁEm(k)_'_g
a a a

1.5 BB HEE hE

HR A 23 5L 5 T 7 5 200 S P A HRAE 0 1 4
T, e 2024 F R R LT HA & & FEHE
RN, & 2 R K AR T %2 2033 4F 28 5 5
W& SR, AT B HE I, B SR 5.
o R R BT A & &2 E A T HAER
A L B R R o Ry 4 AR T AR 1



T, R T8 5 B 1T B B AR W 1 W43 265

T e =R BB T T A A S 2 X R T HE A Ab
T 5 1 000 55 I i R 0k kg 4 R Ak TR ARG B S
FHRLZRAE 52 RE 5t = B HECR B0 AR, B mT 75
S PR BT RS HEE . TR E A
FEHENE AR TR A AR HE AR 3 Fh A 385 A A R 1
i, LATE 2030 A R SC B 243 5L 59 T 5 8 S e HE i
RENP A M B R
1.5.1 KLgkifse

Xif 28 B B T 2024 4F 15 AR MEL B B RN
A LSRR, B 8 2 2 BARGEAF AL AL 2
FAE TR Ao 3R R, ZEAIBRAS B A2
St A R 2RI G 5 2 S i
TR 3758 3 1) 7 65 250 4 B0 RS 450 0 - ARG A
15% , MENE AL 3] &5 65% , HIVEIH A iti 20% . R ZE
PR L1 g 22 5 09 T PUA A R R 5 S A T HE
R
1.5.2 il VETHS AR 5

WF5E R I, 3 8 S0 1) IR Uk b 3 VR TR <
ANLAT LA CHLHERL , 18 BE4R (LT 1 R IR b
SRRH L RE R T SR AR SR BB TR AT B iR T
JRITAAL, B b AR 3 2 e R A UR
B9 CHa ™ i, FRKE CHL AT 58 A 5 09 R 5 A el HE o
Prbm SR 2R BOR B B R AR HE LR & REFE T 43038 1) )
(GB/T 2589—2008 ) 1 L 7 1) 50 L A 455 okl VA A<y
T DB HE >0,
1.5.3 2 HEAE A BRACGAS I

HE R A PRASE AN AN — PR A 1 28 i A AR X
] B0 HLAT KA I A . T 2 O it FH 2
SECR H N0 A HE M R R R — R
X B 2 A Ao HE A 4 AT BLRE AT e HE v
B, EAeTHRI E SR AR R R
NE AR AR AT W A S A AR B i ML i, 5% 50
FERE VR T 7= A Ak A . U5 T FETEA T BB 0T L LA
UL HETE I, A B RS R T A HE A A
rp e A B HE T DL S A AILAE 5 A R ) B4 AR R Sk
XPURHEVE T4 T oA

1.5.4 R B 15 5

DA T AL HE 5] Ay 2 i/ DR A7 A 3 Al R 1Y
B HE O 5 25 FE F A9 R I HERL £ FRAS | B
SEPRIA M AR A BUR , AR TR LB 2% B 3
ARAHIAT DXCHK, O B /D i A [RGB A EE ] (<59% ), L
2o B AR 3 2R B SN, e A S
2030 47 RS2 BURRHEHOE KB B P A

2 HRESW

2.1 BRHEMMRZELERE S0

X} 2013—2022 4F 7% 5L 5 1 & & 2 n f HE o
SRR BRI S P B d s (& 1),
2013—2014 ik HE A = 3G, R 2 Z 8 & & /- b
T SRR IR FE FLAE Y R 1 52 4% Gt 1 28 i 45
J5 A AR AT A8 i = SR HE . 2015—2019
A A AR AR M B A S, 3 43 7 B 4 R FH SR
FIE A AR B A PR it , (0 A5 B HE TSR e 2. H
J&,2020—2022 4, H AR IR B AR B9 4E) J1 BE R K
KABH FEE AR K, AR
W BT ARG IR R 6%

HF 2020240 F R TINABEA R 5HEMEE
PRS0 o HE AR £ 47 43 B (€1 2 81 3) , CHL il N,O
R 32 Bk ARG o FEAE CHLHERCH 19 5 E

701 -

60 r

501

(10° t COze)

401

T & AR
Greenhouse gas emissions/

301

2012 2014 2016 2018 2020 2022
Ay Year

Bl Z2EHIE 10 aBHEREEE
Figure 1 Trend of carbon emissions in Qinhuangdao City

over the past decade
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Table 2 Characteristics and implementation orientation of livestock and poultry manure management methods
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Figure 2 Proportion of CH4 emissions from livestock and poultry

manure in Qinhuangdao City
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Figure 3 Proportion of N2O emissions from livestock and poultry

manure in Qinhuangdao City
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Table 3 Inventory of four major livestock and poultry in

Qinhuangdao City in the future(head)

FA) Year ¥ Pig - Cattle 2F Sheep Z & Poultry
2030 1350 000 183 500 1201 000 19 070 000
2031 1373 500 184 000 1212800 19312 400
2032 1391 200 184 200 1220 500 19 502 700
2033 1 402 800 184 900 1223700 19 638 100

R4 FERBTAREILE COHM(F L
Table 4 CO,e emissions in Qinhuangdao City in the
next few years(10*t)
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Table 5 Carbon emission inflection point paths under dynamic adjustment scenarios of management methods
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Year  Solid storage/% Composting disposal/%  Biogas production/% Low—carbon coverage rate/% Carbon emission/(10*t) Annual growth rate/%

2023 15 65 20
2024 12 68 20
2025 10 71 19
2026 8 74 18
2027 6 71 17
2028 5 80 15
2029 5 82 13
2030 5 85 10

TR el /7 1) AR
85 126.5 6.00
88 130.2 2.90
90 132.1 1.50
92 133.2 0.80
94 133.6 0.30
95 133.5 -0.07
95 132.8 -0.5
95 131.9 -0.12
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