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Village-scale greenhouse gas emission accounting methodology and empirical study: a case of
Yixili Village in Henan Province
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Abstract: Background, aim, and scope The study of greenhouse gas (GHG) emission at the village-scale plays
an essential fundamental role in promoting low-carbon management and sustainable development in urban and
rural areas. However, the current research on village-scale GHG emission accounting is still relatively blank,

mainly due to the lack of integrated analysis methodology and research paradigms. Materials and methods The
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data were obtained mainly from on-site surveys, statistical yearbooks, and periodical literature. For the collection
of micro-level data, based on IPCC national greenhouse gases emission inventory and provincial greenhouse
gases inventory, the corresponding greenhouse gas emission sources were identified. Then, the village-level
greenhouse gases emission sources were divided into seven categories, including industrial activities, agricultural
production, tertiary industry, household, livestock breeding, infrastructure, and fisheries. With one year as the
time unit, the life cycle assessment method was adopted to study the greenhouse gas emission accounting and
structure of the surveyed village. Results The main activity of greenhouse gas emission consisted of agricultural
production, livestock breeding, household, and infrastructure, and both direct emission and indirect emissions
were considered. The per capita GHG emissions in 2020 were 5.20 t, and the average household emissions
were 20.01 t. The residential emissions account for 84.80%, followed by infrastructure, agricultural production,
and livestock breeding, accounting for 8.46%, 6.45%, and 0.29%, respectively. The direct and indirect GHG
emissions were 852 t and 7153 t, accounting for 10.64% and 89.36%, respectively. Discussion We argue that
a more complete and systematic accounting framework for village GHG emissions needs to be constructed to
account for GHG emissions more accurately at the village-scale. However, because the study villages mainly rely
on agricultural cultivation and outworking as their livelihoods, the specific GHG emission processes related to
rural industries and tertiary industries were not considered when conducting the accounting. We also stated that
there are still different degrees of differences in the selection of emission coefficients due to various influencing
factors such as region and time and space, and the refinement of coefficients should be strengthened in the future.
Conclusions Based on identifying GHG emission sources in the Yixili Village, an accounting framework for GHG
emission sources at the village-scale was designed, and the 2020 emissions of the case village were accounted
for. Carrying out the GHG emission accounting study in villages can help to understand the sources and structural
composition of GHG emissions and provide scientific ideas for rural low-carbon governance at high spatial and
temporal resolutions. Recommendations and perspectives Rural areas are emerging greenhouse gases emission
growth points in China. To achieve more accurate dynamic accounting, statistics, and research on human activity
data in village and town areas should be strengthened, an extensive database should be established, and research
on emission factors should be enhanced to improve the accuracy of calculations. It also strengthens rural low-
carbon governance and promotes green transformation.

Key words: village-scale; GHG emission sources; low carbon development; human-natural relationship
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Tab. 1 Accounting framework of greenhouse gases in village
(AR HER 3l TN LN =S HEZ
Indicator system Activities Types of greenhouse gases Category
A B AT LR AL 2% o
Organic carbon loss from farmland tillage :
RHAAEHA (FIC. FECHFFTEH ) - AR
Nitrogen input (nitrogenous fertilizer, manure, and straw returning) : Direct emission
FBE. SERPRISCR A RS T FE
2 e . . L . . CO,
Diesel consumption during tilling, sowing, and harvesting
Agricultural i T
. RARGURE PR AR
production o o ) ) N,O
Atmospheric nitrogen deposition and nitrogen leaching and runoff
TR A2 TP TR s @ [aTEE7E i
Embodied carbon emission of fertilizer, pesticide, and seed : Indirect emission
TEE AN TR IBURLHL 1T AE co
Electricity consumption of irrigation and corn threshing :
BRI AR, BRI Hisk o
Coal, gasoline, LPG, straw, wood :
A i B sk Je AR S &5 @ AR
Domestic waste transportation and sanitary landfill o : Direct emission
HETE
%N CH,
ERAE Wastewater
Resident and H, 6 [a] e
living Electricity : Indirect emission
ARREIRRT S g5 B K. SR, REREIR SRS BT
Pfd . sl S, SCRBE R, HAbRT S SRS W
Non-energy goods and services: food, clothing, residence, household equipment CO, X o
. . . L Indirect emission
supplies and services, health care, transportation and communication, culture,
education, and recreation, other goods and services
AW T BAERE o
Energy consumption during construction :
SRR DR b b 3 .
. P - L . EHARL
. Energy consumption during building demolition and waste building materials CO, . o
HEAl Direct emission
treatment
Infrastructure PP, Ab
HIWISATH BAERE o
Energy consumption during the operation phase of the building :
fEsanrp o5 [ AR
Building materials : Indirect emission
Sl s R
=B . . : CH, )
- " Animal enteric fermentation BRI
ivestoc!
e Direct emissi
breeding SIS CH,. N,O irect emission

Animal manure management

2.1
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W AR LA 1o A = A R HETL ( West and Marland,
2002; Huangetal., 2017; JE&fE, 2018) , F%
R AR RZS . FERE. WO, BERF. R
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Fig. 1 Identification of GHG emission sources at village-scale based on Material Flow Model
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Tab.2 Greenhouse gas emission sources and emission coefficient of agricultural production
Tt Ei e Z:75 Sk
Carbon sources Emission coefficient References
— -1
AL N CO,: 7.76 kg kg .
e = - - Wik, 2015
i WAL P,O; CO,: 233 kg kg
Fertilizer & (Chen S et al., 2015 )
HRfE K,0 CO,: 0.66 kg kg
FRHEF]  Herbicide CO,: 23.10kg kg
b — - ’ EE AR, 2011 (ShiLGetal,2011) ;
o W15 Insecticide CO,: 18.70 kg kg
Pesticide - - o Lal R, 2004
KIE7  Sterilant CO,: 14.30 kg kg
T /NFE  Wheat CO,: 0.40 kg kg s ZERI4E, 2011 (ShiL Getal., 2011) ;
Seed K Comn CO,: 3.85kg kg’ West and Marland, 2002
5 £IH%:, 2017 (ZuoHJetal,2017) ;
i - CO,: 345kg-kg” i (ZuwoHlela )
Diesel S ZRI4E, 2011 (ShiL Getal., 2011)
[ 4%, 2018 (HeYQetal.,2018) ;
i - CO,: 1146.2 kg -hm™ ﬁ%ﬁké‘f (HeYQeta )
Tilling {hEBE4%, 2021 (WuG Y etal., 2021 )
2019 4F BT H i D o B HE A 7
EE,j.]. B CO,: 8587 kg-(MW-h) Cl.lin.a regional.grid ba.seline emission factors for the 2019
Electricity emission reduction project ( https://www.mee.gov.cn/ywgz/
ydqhbh/wsqtkz/202012/£20201229 815386.shtml )
AR FHL N,O HEjL A% A Nitrogen input N;0: 0.0057 kg kg BRI ERF AR (RX47)

N,O emissions Z UL Nitrogen deposition

N,O: 0.01kg kg

Provincial greenhouse gas inventory compilation guidelines (trial)

W /AR
Nitrogen leaching/runoff

from agricultural
land

N,0: 0.0075 kg-kg™'

( http://www.cbesd.org.cn/sjk/nengyuan/standard/home/
20140113/download/shengjiwenshigiti.pdf )

# 3 AIFREIRAHT R ERE R B = A HR R4
Tab. 3 Standard coal coefficient and greenhouse gas
emission coefficient of different energy

G PrimuE 25 HER R AL
e Standard coal Emission
Energy . o . =i
coefficient/(kgce-kg )  coefficient/(t-t )
74l Gasoline 1.4714 C: 0.5538
% Coal 0.7143 C: 0.7559
WA LPG 1.7143 C: 0.5042

Ak AR R -5 R 55 i = A HE il S A HE T
i CUKAR . B, 28, YEAHLEE ) FnaEm
(B KR, SRR RS ) fEFF R A7
it FH 3 AR b A A e AR HE TR (o) e A
2016) , HEAXWT CRIFWE, 2013) .

E=X1xL

J=1
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Ao E AR AR R B 5 IR 55 i EE AR HE
(kg) 5 LA JHRAEI AN e (JT) ;
LN AT HHE R B 285 50 HT vt EL s B
5 A SCER T N RIE 2R s B 1], &k
Wei et al. (2007 ) FIEEH (2015) AFFEHHEKR
BOFIE, ik 4 s,

A B O S MRHE R B R B I . B
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A TS B — AR A AR L B AR Y, I B
TGz 3 ir Jg B AR B . AR 3 b 3 HE R
=AM (E,, kg) R ART (A
45 02011) .

E,=E;x28+E, (10)
K Eq b AR CH, Hiiti (kg) 5 E R
17 3 WS B S B 3 RE S8 7 AR 1) CO, HE i Bt
(kg) ; 28 2 CH, WGTERGIR(E (IPCC, 2014) .

AR CH, HEBUER: Eq ATARYE DL A2t
B(FRFARSE, 2022) -

E;=GXDXDXMXFx16+12 (11)
Korf: GHAFERIE (kg) 5 D ATREMA L
B, HL14% (IPCC, 2006) ; Dy K SZBR 5 fift () Al
W fil G HLRR LA, B 50% (IPCC, 2006) ; M H
HIEEIE 7, B 100%; FONIEEES $ CH, fRFL
Fefil, B 50% (IPCC, 2006) ; 16/12 4 C 5 CH,
e R AL

B R MU s iy I RE S A iR & SUAHE
JitiE E, ATARAE LT A (IPCC, 2006) :

E=XxC, (12)
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A X MR (kg) , G MEMIRER
HE R AL

AR KR AR HE T 3 AR K HE T R
ANV B I A R AR, TR A
T (IPCC, 2006) :

E,=PXBXW.X365x28 (13)
A E, MATEE KR E SRR E (kg) ;
PRHEMANDE (N); BREATARE, W
0.04 kg- A"-d™" (IPCC, 2006) ; W, W Ei&EKH
T SRR N T (LA CH, i), H0.06 kg kg
(BOD) (IPCC, 2006) , 28 A CH, E7EH4IE (4
(FR) (1PCC, 2014)

K4 ERATRN I H IR AR R A
Tab. 4 Greenhouse gas coefficient of household
consumption items

HE R %/ (kg- ot ™)

TH 2RI H . .
o Emission coefficient
Consumption items i
/(kg-yuan ')
&4 Food 0.076
K% Clothing 0.064
JEfE  Residence 1.018
FIEBLA i SR 55
Household equipment 0.031
supplies and services
. i
SRR 0.080
Transportation and communication
B FE R D
Culture, education, and recreation '
EEy7{#f#  Health care 0.058
HAth  Other 0.064

2.3

S et B R IR R AR . BRI RS
(FH#, 2019) o — s, 6l =<k
He F B IR @AM R = . EHE T (EM iz
A TARE ) | BT YRR MR
POEHFTIRCRIA (#E0E4E, 20135 #&E, 2013) .
Wi 17 B Bl = AR HE 3 2 B R #E
Ay il T AR Bl AR HE I R 2R R T
PEARETRINAE (REE K, 2015) o WHIN L
Jiti T-REVE T AE LA F1o0 3, AR SCEL K RE R T #E 7
A= ) = SRR A B R AR TR = AR HE R
o, LA TR R TR BT R R A TR
B S s, A AERBR IH B 56l
T (PR BRP AT RE) , WAFHE
JE K e AR AR, A D IR = AR HE

(E,, kg) IHAXSM (GB/T 51366—2019,
BSEHEBOT AR ) CrhAe N RS E A 55
WS B E R T B AR, 2019)

E,=E, +E, (14)
Krf: E, @M e R (kg) 5 E CHisHid
e (kg) o

WM B E E, TARYE (GB/T 51366—
2019, #FEHECTE AR ) (AR AR A E
A B FTk & g 3 A K i 3 A R R
2019 ) 1A

En=Y, MxH,x - (15)
30

A M OES i R EEEM AR R (kg B,
), VAR b 12 B T BN R TR M R L5 4,
BT R A I AR A i THAE (2014) (%
5) 5 H ONeR i M HER AR, %A (GB/T
51366—2019, ERBAMITEIRME) (AR
SN AL 5 R & A B R 5 11 3 M B A B
Ry, 2019) , WICRLHIHE R, SR SCHETH AR
BEHCRIRE P —FE R A (22.8kg'm ™, LA CO, i)
PEATIRER s 1730 Dy st SR RE 21 47 i 55 91 45 i 30
P2 e, IR T OUR AR 7N [ B o i
G HEHTTRER 2 LRI IRE RS540 30 a
( https://www.chinabuilding.com.cn/article-665.
html ) .

iz i AR HE R E. v AR R (GB/T 51366 —
2019, AFEAHBOTEARE) (PR ANRILRIE
PR & B MIE S i i B PR R, 2019)
BEX

Ec:z]‘/[ixDiXOi (16)
i=1

Kb DO i REM S HEER (km) , T
fif BR RORZ LB ISR RL, i E AR Z A
BRI, H A e S G — B GBI I L3
FEES 25 km; O, 55 i M Bk =0 (G—ik
U AV B 4o ) T B9 SRy e R (R HEL 2
e, BL0.286 kgt '-km ' (A AR I AIE 1R B A0
WS AR R T B LA, 2019) .
2.4
BEEFMRESAEHIRIE N ST HRANE
YIR A r= B BE E = o T A b A AR (W
MRS, 2017) , FEALFEEARAERE ., T
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it B A R E SRR, EE W E kS
Y CH, HEl. & &2 M5 M CH, M N,O
Hoil, &gt i PR E AN & &=
AT AR R E A AR, BB IR R SUAHE
BORETFRARIT (BREEESE, 2020) -

E,=E, x28+E,,*x265 (17)
Krf: B, WEEWIE KM CH, HEilE (kg) ;
E, NEBIM N0 HEiltE (kg) o &E P A
Jof it 2 SUAHE R B3R 6.

RS AFEZERUEE AR R A AR UAHR R £
Tab. 5 Consumption and greenhouse gas emission
coefficient of different types of residential building materials

JHAEH  Consumption

N HER R AL
R file R 45k TEIRA5E Emission
Materials Brick-wood Brick-concrete .
coefficient
structure structure
TKie
ijt 10kg-m” 166 kg-m 735kg-t"
ement
z?ﬁl 0.864 kg-m™ 23 kg-m” 2050 kgt
ce
zﬁl% 0.845 kg-m™ 1.8 kg m™ 1130 kgt
ass
fite 312H-m? 250 Ht-m” 29 8 ke
o ‘m
Solid brick 312 block-m™> 250 block -m* =
I 38 F-m” 90 A -m” :
22.8kg-m”
Tile 38 piece-m” 90 piece-m &
[ _ _ ~
G/_t 675kg-m > 422kg-m> 251 kgt
T1
fﬁ( 80 kg 'm ™ 27.17kg-m” 747 kgt
1me
éjﬁpEl - 1367 kg-m™ 2.18 kg -t
rave

K6 BRI AR R
Tab. 6 Greenhouse gas emission coefficient of livestock
Hifii: kg-3k '-a' Unit: kg-head '-a™!
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ol — 0.020 0.020
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ﬁa? 0.254 0.080 0.020
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Fig. 2 Structure of greenhouse gases emission
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