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Greenhouse Gas Emissions from Major Energy Consumption in Wheat Production in China

LI Feng

(School of Environment, Renmin University of China, Beijing 100872, China)

Abstract; Agricultural production is a main source of greenhouse gas( GHG ) emission. However, there is limited information available about
estimates of GHG emissions from agriculture—related energy consumption in China. Here we developed a method based on agricultural inputs
and their costs to estimate energy consumption and GHG emissions in crop production. By bottom—up analysis and statistics, we found that
major agricultural inputs included chemical fertilizer, manure, pesticides, plastic films, machinery and energy. In wheat production, the total
GHG emissions were 378 million tons carbon dioxide equivalent, or 18.23 tons carbon dioxide equivalent per hectare in China in 2010, of
which emissions from major agricultural inputs were about 88 million tons carbon dioxide equivalent, accounting for 23.30% of the total GHG
emissions. The carbon dioxide absorbed by wheat was about 307 million tons in China in 2010, being 81.25% of the total GHG emissions. The
net emissions from wheat production were 71 million tons. Calculation showed that the wheat yields should be 6.83 tons per hectare so that
zero emissions of GHGs could be obtained in wheat production (total GHGs emissions equals total GHGs absorption by wheat ).

Keywords: climate change; agricultural production; wheat; greenhouse gases; energy consumption; carbon sink
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Table 1 Main inputs and output in wheat production per unit area

in China in 2010
SN aEe giHA
F 7= kg - hm™ 5 550.30
ABHEZR/E - hm™? 1777.35
RFNETRIIG-hm™ 147.15
A2 3%/5C - hm? 196.05
RNEFR /T - h? 0.60
TR 2%/5T - hm™ 1 811.40
FRRLB) ) 28/5T - hm™ 5.40

&2 HE 2010 FAEEFRAAERLIEERIT4E

Table 2 Amounts of pure fertilizers for wheat production per unit

area in China in 2010

Gii TN % kg hm™ S
feeyra a4t 377.25
LA 145.20

RER 121.50
178373 23.40
HA N 0.30
2. 1A 16.50
TR 13.95
3R 1.35
A 0.90
4SRN 214.20
(HEEM 211.50
Ak 60.90
SEREAN 113.55
(2)iR AT 2.70

REFE AR 2 AR HE T R 2L

P[] AR PR 2% B REAE SR AR (P I
TolAFSE 2005 4E—2006 4E )8 FE 2004 4F rh 1B
FRZ BT BERE A 1 55549 kg JiE -t FR 2.1 032,57
kWhet JREE, fi IR & B A RERE I AE AR L
S 2010 47 R 2 1B REFRE o ARk (b 15 RRISHE &
JEHAL 2013)™ FR[E 2005 41 2010 A KA A
BT ZE A RERESY BN 1650 kg FRUESRE -t F1 1587 kg
PR, (B 2004—2010 HA 8] GEFEHE [ & L%
TR, U] 2010 4EBERE R 2004 AERERERY 95.45% . H L
TR [ 2010 45 RUHESEL R R A IHHE N 1 484.76
kg B! JRE AL HLFEN 985.62 kWh-t! JRE  FK[H
JE A S AR R 48 R ECH 0.714 3 kg FRifESE -kg
JECIEE 3R ] LT 2010 AR HLARAE Sy 333 g bR
SEkWh™ (FPE LR ST AR 455, 2013),

I A B3P [ 2010 45 A IR SRE PR 2K 1 B REFRE (HE
FEC B0 AR MESERE ) 1 388.78 kg AR ififi 17! JR

A VLA A B AT 2 ) RERE AR e e i A
AR R REFEAKE, ARHEFR E 2010 455 a7
REFETTEL,

(2)WNE  FRE 2010 4F 1—11 J = B AL = 3r
4B 1701 J7 t, E N TR 1200 97t 224720, 3B 3k
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HRAE 2007 4 4 ] 22 HE R KSR HZ R 45
N 245 (BEIEA T IE A PPN Fe A R (K
A7), I BERRES A " 275 REFEITAN SEME(E S 15 kg bR
WESE o, S BRI 4l AA AL — i LR 16%
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Table 3 Reference values for calculating pure fertilizers for

compound fertilizers in China

Pratiyy R 4k B
A 18% 12%
FAAE 46% 24%
ENig: ] 12%

TE: BORBRIE T (LTl e 22 115538

1.2.2 RFEN5HT

FIEFIRF AR SRS A E A2
HE RSPk GRS 2R P R AR R
T M1 55 8 GE AU FE , AN R s SRR HAELL
Bl2Eitar, b A b il RAEA: = i AR = S HE R
it ABFUECE R FENE R AL REAEHE R S ARIE
SR KA ) AR A AE RERE AN S, THEA5 B
EALNE R REAE R , S AG SR RN A 7 i B REFE
1.2.3 K2435

MR Crp YT BRISCHE & R 44 2013), FR1E 2011
SN R LR G REREN 1.294 ARl - R
24, H 2010 R 14.1%, 1545 H R E 2010 41024
KRR P LR A RERE N 151 e bRifEfiE -+ R 2,
1.2.4 REERITHT

AR B LR R 06 AR S LR A T e
RBARE = BERE . ARBECH T ReviHE & e di i
2013), FKIE 2010 4EA: P~ LI I 2R -G REFE 950
kg PRI -t 205 o
1.2.5 FAGTVEAY 3% AR AL 50 1 9% o bt

FRIE 2010 H/NZ A P AR GTAE M 2R kL 3
J18% 41 1816.80 i -hm=, H i HERE 2 rh K 3% R
81.60 JG-hm2, 1BR/K %50 1 735.20 JC-hm™?, AL
fis e TR 12010 4F /N2 Az P ML L AR L 80 12
K AR FHSE M o AR S0 TR FH Sk Bk il R %<
I AR HA S B RERE
L3 BESEKIRLCHH
1.3.1 FEREFER A M A= CO, HEL

FRIE ARGNE AR 25 ARRREA: P i FEREFEIN CO, HE
WA A 7 1 FEREFE 5 BN AR HERE Y CO, HEL R AL
FHAEHA TAL A

AL BRI COL HETCINEE - bR o B A P >
B 29 307 kJ-kg™ AR (2050 H [E G U5 FRsHE L
WFFEIREIZH , 2009) , 38 TPCC [H 41 %8 SR 248
2006 4E RIS . MERER CO, HERECh
99 650 kgCO,- 10 42 kI, AT H HAARHERE R CO,
HERCE S 2.92 kgCO,- kg FRifEfit

A FFI S8 LR BE ) CO, HEfc PE AT 15 55 B 5S
YRV FRRL 1) 1 LhA TS b RO T35 CO, HETL
T S8 0 1 BB TR R BN 42 652 k) kg B4
(2050 H [ He P A HE O 98 PR 4H L, 2009), M4
IPCC ¥ % ARHE B S48/ 2006 47 Ji H 4 3 1) 44
BHIEL CO, RECH 74 100 kgCO,+10 fC kI, AT
B R AT SR e HE iR CO, &R 3.16 kgCO, kg™
Sei.

1.3.2 RIBME AR NO HEfl

/NG A 7 v R el R SRR T HE i — E R A N0
IPCC i % SARHE B S48/ 2006 A hiH, ZAE Y
NLO HEC I Fi% € R 1% (B A 43 b, NO VAR
%D

FEREFNAR RN 3 5 RIE R - R FNEA S P
& P RN R ORAE R HE AR SR 2, A
W VB A8 R TR EL B R AR, AT LB R ()2 45 Rl
P FNEBLAR & A R W B =R AR SO E B
B AN 5 B AR B34 08 5 AR ] 45345
TR 2010 /N A = B TR BUR RAE AP R OT &R
A 16.65 kg-hm™?, MG A LB H &8
. BAIEEAS T R AR R R OCRBAGE,
/N AR 7 i AR R A R A NLO HET R

IPCC 55 TR PEAR e 45 26 — AR ik v N0
[ 100 47 R IR 23500 R 298 4~ CO, 2 AL
DAL ZECH NLO #5858 CO, i,

1.3.3 /N R P B CO, HEL

INEAERK SRR R AE T 25 HEL CO,, i
ALY A AE R HERL CObo MR SCHR A A i B
FESLH LS B IR EAR B CO, HEiom &, it At 27
¥R 262 mgem-h', HEE RS Y 120~400
mg - m?-h™2 AT L% SCHRIIF I 45 SR 1 3%
2010 AF/NFZ A= R CO, HERGE AR A

RPECEAM AR LT T (BITAR)) , IR E /N 5B
S ARACHL X B/ N RN AR 75~85 d, B I
Z R AR A R AR -/ INEZ ) INAZ
AR R ORI B 2R 317 R AT /N2 R e 4
), B/ NE R 90~120 d, Bk#E/NAZE SR 230~280
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do 5 AR SCHRIR [ 4 /N2 AR 230 d /A2 90 d
G E R G R s Amgds, FRIE 2010 44/ =5
LRy 94.51% /WA P il 5.49% , LIA/INE
INGE R SR DA i FL A A R, AR SCHESE R
[ 2010 /N AR INATHE Y 222.32 d,

P THEFR E 2010 45N A b B 22 1 CO, HiE
i
1.3.4 /NZZ A =1 36 7 RN I = S o i

AN A AL T RTINS A
Fr SR BIINAZE R R AR . N ARG R E D
A BRI CO, @ AR , S it T/
7 10 327 A R = it o AR RIS B R v /NG AR
PRI, BOBR /N ARG Y CO, [ 2 1R R AR Tk
15537

INGE F2 R ) B T AR R RO B AR & T
FMUEITA)), 3 E/INEZ B 1 F 2 Al B 1 oL
HE S ARIEAT R E R E A b TR N
FrE SRR E AT L 2R 36.79% (I 4).

JINZE R ) B A BT AR RO B AR 2 T
FMEITA) Y, 3 /NFE Rl = b i 5 = 7™t ol o
Fe B 22h 1101, 45 /N2 R B i o ARG/ N2 /I
i BN EERS . R RO AR LT T (B1TAR) ), 3
FE]/INZZ R 1) AR B O i 40 L AR A DG AR
SrEE T, TR ER SR E S
32.70% (R 5)

14 BEFEMBAMIEOHT

HRAE A 7 it AR 25 RN Gt , AR 25 AR B A
ST LR RS T, R AR AA 2010 AR
SR AR

BN TR A A AR 1Al SR AR PR b R 24 Tl
AR 2011)P, GEi AR 2010 4EVTIRE WA LA

x4 RENEMHFHEELERSREQHRBE S
Table 4 Main chemical components and their carbon percentages

of wheat grain in China

gy FE/NZE B E 43 L %% TR E 5y L/ %
Kay 10.4
e 69.8 40.00%
BB 13.5 50.00%
Jg Wiy 2.1 50.00%
HLET 2 24 44.44%
ToHLER 1.8

VE  BORMRE CRO B AR 285 T BT 4O ) B A AR 24 AR
511

xS REEENEEAFRSRESHRAS L
Table 5 Main chemical components and their carbon percentages

of wheat straw

RS T/ N R Hh BT | 43 L/ % TR 53 6%
HILF4E 37.0 44.44
R 2.7 50.00
HUR Sy 9.8
FLARIDG 1.1 50.00

KA 13.5
TR ) 35.9 40.00

VE VORI R 28 T I T40)) BT S s
i
A AR 2 Al (A B R (WL 6), Ak i it
2009—2010 4 8 £ 4 25 478 i AR 2yt s, Horp
2010 4F: 2 5 54.5 6 ke, REH 75.4 TC ke, B
TR 853 Ji-kg™o TIEATHI AR 2 A AN
50 ARG A A —3 B SRR LR
FIEACHE Z B S5 At v A A1 1) S 500 R AR — S AR
) 5% e I A0 2% 5% 2 A A% ) I A A 1Y) 2010 48
10 7 A% i 37 W Bcs , B iR (80%L 7)) 4 5 %
22.23 JG-kg!, AR (40% A7) )R 22.1 TC-ke!,
A (20%7K591)500 mL AHHE A 19 JG- . Ui
R [ 4 25 Tk 4% 201 1) 50380 15 i 4 255
PN As SEA ST 7 W 45 R AAF]. =48 2010 4Rk 2y
SN AT R 67.50 TG -k AR 2GR, LItk
YE TR E 2010 4R R 25 B RS AT HE, TR
A 7= i AR 25 BRI 4 P A 25 B R B 5 A
Ji

BT ST AR TR A S Tl AN A A A B AR
E A% 2011), FR[E 2010 R FEMIE T R EER L
W BRI SE T 0 500 1 A & 12 A Gk iy F
PIESY 5 13.21 JG kg 7.23 JG kg™, DLMAE WAESE
SRS AT, R A = AR I 25 PR g
A EANFH GV, R sl 2 PR A ) i i

%R 6 L% ML LFR=4 2010 FR G Gt HE
Table 6 Statistics of pesticide enterprises in Jiangsu, Zhejiang and

Shandong Provinces in 2010

gy SOPRZM P R S

B/ FPHEMLTE Tt k&G -kg?
LI 23 236.11 31.42 75.14
Wit 36 94.95 19.71 48.17
AR 55 115.54 17.37 66.52

TE: PORMRIR P AR 2 Tl AR 45 201 1) R4



1046

KA IMERF 217 ERRET IR

Fz7 RE 2010 F/hEZEFEMAREEREREE
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Table 7 Estimation of GHG emissions from main energy

consumption of wheat production per unit area in China in 2010

fEEE N4 kgCO,+ hm™ fE5AE
L FHREFERA SR HETL 3 229.05
(DARAE A 7= s R HE R 2 269.80
A 1 204.65
A 6.75
A 15.15
IR 1043.25
()R FNELE F=HEi 187.95
(3)ge A= HEik 12.90
(4) e A= 7= HEjik 0.15
(5)FGTAEAL FURRL 58 77 o FH-HE K 758.25
2 AN it FHE R 1017.45
3/NAEHE R B S 13 979.55
/it 18 226.05
2 ZREHGH

2.1 RESMEHEA

WRAE FIR T RS S A AR T R
a2 PR R REREHET  EUIEAE SRR NLO HE L K/
A b e iR R = AR (LER 7)), A
FR I 2010 457Nz A T AR L & AR HECA 9 199.05
kgCO,-hm=,
22 BRiCE5H

MR IR 2010 45 /NZ BAAL TR 3277 7 4, LA
e b R/INAZ 77 SRR S SR, T DA S LT
FUNZ 77 S B BRIC A 8 (CO, 2438 ) 0« E 7= il S
7 486.95 kgCO,-hm™, fll 7 i 4 £ 7 321.20 kgCO,-
hm?, 411 14 808.15 kgCO,-hm™,
23 BRESEHM MBS

A ST S S HE ORI A e v F AR 25 X

&8 KE 2010 FhEEFIREMERRESEHN
L E R
Table 8 GHG emissions and sinks in wheat production per unit
area in China in 2010

. v T 7
TS M2 kkgﬁ({lloiﬁflm/’z kg é%){jlf;’%jxi
T SAHE R 18 226.05 3.28
R4 (CO, M5 -14 808.15 —2.67
FeHE R 3 417.90 0.62

=" RN

AN AR TR R B R A A B A T RERE L AUIE
HEOR 22 H CO, HERUE AR = SARHERL  F /N2 iz
T BIRRAGAF A A RRIL . 28 b gs R, KA
2010 AF/NFZ A P R I Il o AU AR /N T RE TR A
NRAE = HEf i (L3 8), P Y L 1129 0.81:1, 45+
HECE: >l 3 417.90 kgCO,-hm™, AR = /N7 327
TR, FEE 2010 AEARAE ™ 1 kg /NAZ F277 5k, CO, 1Y
R 0.62 kg,

HRAE/INZZ A 7 1 T 2 AR HIE s i R B /N
ORI AERE S, AT RATTEEAS 2010 4EFR H/NE A
P T RHE RO - = E 29 6 831.45 kg-
hm?2, BV, /NZ2 P2 i AR T A I /22 R BUMIRE R
PRI, /INZZ 7 i 8 UL (B /N 22 R e By
SRR 4E

S EUNEZ IR E SR AR E RS
S sl A A B, TR 2010 4E /NG 77 R
11 518.08 J7 t, iz F iR s it #E55 , Fe I 2010 45
INFEE TP HEROR E SR L R 3.78 121 CO, i, /NEE
A PRI R AR S G CO, JEAE B2 3.07 {4t
CO,, M= RN HE R 298 0.71 42,1 €O,

B BE/INAZE A ok B P L A LT R N R A AR
b, $% I IPCC ARl AR P i &= SARHE O 5 Az, )
INGE A PR B ARHERCH B R AR AT AE T HE
iGN R A = 7 O g A MR e 18l ey g = R
H, E 2010 A/ A R ELRRRESR A S A HE
JHCFR N AP W SCHE R 2 MR o 4 246.5 kg
CO, it -hm?, R4 1 kg /N HEOR % <4 0.77
kg CO, Mit, 4 [E/NE A = HEROR 2= AR50 0.88
{1 CO, 4k,

3 1tig

3.1 BAEAmBESEHBRSHALILER

H1 TR M (5 R IR [a] By BEANR], ASBIE 5
I E 2010 AFABHE | ARZGRIA NG AL = 1 R A HETL
FACE H A E RIS 5 A STk 1 AR A
BRZEF (IR 9). (OALIERHRR R 8 A ST
(1 R TR PR 3R G AR S L S bl 3 SRR B A 7 e A
BEFEHE L 70 5 J2 West S5 PG 25 R 2.8.,0.45,
35.11 47 (2) AR HER R B A SCIN B F [ 2010 4F
RAGHE R B West 55 B HAE PN 58 25 ] &
B 0.26 51 0.24 15 (3) 4R B HET 2 55, A SCi
BRI N AT R R 0.15 4 ASBEFE
SRR F 2R 2010 AR ERYIERIE B, 1T IR
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Table 9 Comparisons of GHG emission coefficients during production of fertilizers , pesticides and
plastic mulch estimated in this research with those in literature
AR 2010 4 FREL A R SCHRIN S,
EyiN 4R R EyiN £ R SCHRSK U5
HORBESE PR R PTACR A FHEL 8.82  kgCOykg™ IRAAULHT4L i RIEYTA R R 857.54 kgC -t Hr4i [25]

A BTl B A PR 5.63
IR A A R 0.27
Tt B A A P 1.4
SRS G pa )T ai i A r=HEK 15.49
B R AT 4l A P HE R 2.82
A Pl R REREHEIL 4.40

kgCO,-kg™ 4li F A2 Ak
kgCO,-kg™ 4li F A Ak
kgCO,-kg™ LA T4l
keCO, kg™ FRAREFPTAI R
kgCO, kg™ 2}

R 25 E 7 R R REREHERL 277 kg COx kg™ ZJf

kgCO,- kg™ A ML EALYT 4l

BRACT B T4 AL —BEROBRATEL 165.09  keCov' el TLAfL —BE  [25]

BRALAE B COL K 1.80 €Ot Jrai Fi4 b — 8% [30-31]

PREHTAL AL B 12028 kgCet! ARSI [25]
BIEAE =R COLHEX 1.50 1CO " Pratiffb  [30-31]

IR B BB HE B 4 702.38 kgC-t! [25]

A% HUR B RRHE A 4931.93 kgC-t! [25]

IR BRHE L 5177.52 kgC-t! [25]

WLt HEeHE R 493 kgC-kg' K2 [26]

AR NE TR HE L 5.18 kgC-kg™ I [27]

SCHR PR £ R IR — ik 4D 80 AEARAN 90 4E AR
FIHEAE . West AL HE R BUR MRS
1987 AEJAA BRI A= 7= | iz AU A PR 255
REAE, HAGSE ARG HE R BOR M 58 [ 1987 43¢
Bk RERERE, 454G 35 1996 4 FH BRI 5 i A=
7 B E AR £R S RERE . BT H ST AR
HG AR 2GR R BOE 5| A 56 R [F 2 5250
2 X PN SCHR A HE 1 245 HE T8 2R Bk e P — 2
FEICHRZ U5 | T3 ] ) Rl A 7 HE R

5 FEMEREOE TR R (B & SR O RIS A5 Al
SEABRIE AR IE B CO, HEBCGR B I, A SO A 1Y
PEERRES | 5d pa R AL E AR 7 R R RRAE 2 il HAG R
L2 0.15 A7 10.32 4 SFIESES | I R B0
TEE PR AR Tk B4 4 (IFA, International Fertilizer
Industry Association )2009 5 —{3 4l 45 ( Fertilizers, Cli—
mate Change and Enhancing Agricultural Productivity
Sustainably ) F2HERERS FPBEAL I FE R B SLA L HE
SRR, HAZ R ETESTME  E R AE(2013) J5 2L A5
hUkZEGI . HEBIEM R 2 H A P REFEZE 4K
K, JCHIE R BERR S 5 AL BEAT 1 B BEAE 22 50
10 455 (| 5K J ol 22 51 25 2007 4F 4 J1 A ity (o
NEAT ML A P PR R R IR R (A7), IR R BRI
H 24 AR SO SO BRI A= 7 BEAE R T T B AH DG
BN G o LT RIRE A DAL AR OS2 R AR DGR
X ARG B Y BEAE ZR BRI 53

S R B AR SRR A HERCR B, A 5 A
WFFEI S HE 2R BB 11 A 58 4 X o, Xt Sk

FBAAAEREFMIRARNZ —. F 8 West B FFMEAE
W STHK R AR RE A 24 HE i 28 K o 58 1 25 e T4
PEMEEAF RN, HAFAEARACE S | AR 2253, P AT
FER AT E R REFEBA R L REAERR A T TS
32 AR AMEREERTRM T —SRANF
RTINS

(1) FZREFEM I REFE T 1 ARG Bk ik . ABE
FEO TR B i B RERE (R 58 1 020 A AR
REAE , A T Z55 REAE , B INBR B A L5 il TR
VR ARIEAL L) S 7 TR AR

(2)ER53 3 B X R BT I EARAE IS et 58
PE—2B 583 . TPCC SRR 3 AT B 2B X ALK
i DR AL , DU 59 T 32 R REAE A i B8 A= 7
S AR HE A, AN A5 AR FH PR G R s Hh T sb
25 E L CO, HECH SRS , AN FEAG 3 22 FH IR
HERL CO, BRE, BT T WFFE N 5N A HE
i, B FNBRE SR ; AR S R ISR AT
A E AR TR, A R — MR B -
FANLAN BRI B REIEHE AR R Y o AR T i
ZEptIE P A TR L

4 ZEig

(1)FRIE 2010 4/ A Pl = A i HE U S A
37844t CO, M, FAL7 AR 18.23 1 CO, hm?,
o FRRRREA AR RN AL AR DG = A
HE LA 0.88 12 £ CO, M, FAf I RHEIGE )y 425
CO-hm?, 1 23.30%; HoAth Ay 27 FH P HEFS i
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(2)2010 45 /N Az 7= 1) 32 77 i AT 7= i R 4R
T2y 3.07 12 t COy, /N FE A 7= 2 2 HE I 24
81.25% 5 HERCE 21k 0.71 42 v, BT TR R H g
14.81 t COohm™, i HEL i 294 3.42 1 CO,hm™,

(3) Fbdge Nz A i AR 2 AR AR HE ORI B T 4
77,2010 /N A P e BRI AR HE ORI 4R 1 °F
i 298 6.83 t-hm2,
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