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Emission Inventory of Greenhouse Gases from Agricultural Residues

Combustion: A Case Study of Jiangsu Province

LIU Li-hua, JIANG Jing-yan, ZONG Liang-gang

(College of Resources and Environmental Sciences, Agricultural University, Nanjing, 210095, China)

Abstract ; Burning of agricultural crop residues was a major source greenhouse gases. In this study, the proportion of crop straws (rice,
wheat, maize, oil rape, cotton and soja) in Jiangsu used as household fuel and direct open burning in different periods (1990-1995,
1996-2000, 2001-2005 and 2006-2008 ) was estimated through questionnaire. The emission factors of CO,, CO, CH,and N,O from
the above six types of crop straws were calculated by the simulated burning experiment. Thus the emission inventory of greenhouse gases
from crop straws burning was established according to above the burning percentages and emission factors, ratios of dry residues to
production and crop productions of different periods in Jiangsu province. Results indicated that emission factors of CO,, CO, CH,and
N, O depended on crop straw type. The emission factors of CO, and CH, were higher for oil rape straw than the other straws, while the
maize and the rice straw had the higher N,0 and CO emission factor. Emission inventory of greenhouse gases from agricultural residues
burning in Jiangsu province showed, the annual average global warming potential (GWP) of six tested crop straws were estimated to be
9. 18 (rice straw), 4.35 (wheat straw) , 2. 55 (maize straw) , 1. 63 (oil rape straw) , 0. 55 ( cotton straw) and 0. 39 (soja straw) Tg
CO, equivalent, respectively. Among the four study periods, the annual average GWP had no obvious difference between the 1990-
1995 and 2006-2008 periods, while the maximal annual average GWP(23. 83 Tg CO, equivalent) happened in the 1996-2000 period,
and the minimum (20.30 Tg CO, equivalent) in 1996-2000 period.
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Table 1 ~ Percentage of different use patterns for different crop straws during recent years in Jiangsu province/%
FiFF I A 1990 ~ 1995 4f 1996 ~ 2000 4F 2001 ~2005 4F 2006 ~ 2008 4F
F R pe 65.58 £4.20 61.74 £3.80 22.44 £4.79 17.72 £5.21
K G FH [ #h e 15.12 £1.91 19.91 £3. 41 56. 10 £ 4. 44 52.58 £5.24
He 19.30 +0. 15 18.35 £4.39 21.46 +3.47 29.71 0. 50
F R pe 58.80 5. 85 55.00 £6.28 11.47 £3.20 7.44 £2.08
INEE T[] #4458 24.98 +5. 86 29.27 £6.22 68.46 £3.49 60.27 +3. 84
He 16.22 +2.18 15.72 +1.38 20.07 =1.06 32.29 £1.90
P Y 68.55 £1.69 66.82 2. 82 38.53 £10.29 28.52 £9. 04
ok FH [ 4 16.09 £3.78 17.30 +3. 50 48.02 +7. 66 52.38 £5.86
He 15.36 +1.06 15.89 +1.90 13.44 +0.18 19.10 0. 21
F R 49. 14 £10.72 44.26 £14. 85 24.86 +12. 88 25.78 £12.33
THSE FH [ 4 e 36. 43 +10. 00 37.54 +12. 65 53.35 +15.68 30. 65 £10. 02
He 14.43 +0.75 18.20 +3.98 21.79 +1.20 43.57 +9. 60
F R 85.84 +7.13 85.84 +7.13 80.52 + 10. 44 79. 84 +10.97
46 T i) 448 e 10.20 5. 18 10.18 £5.18 12.64 +7.03 13.38 +7.65
e 3.96 +1.29 3.98 +1.27 6.84 +£0.55 6.78 +0.51
KN 87.50 +12. 50 87.50 +12.50 87.50 +12. 50 87.50 £12. 50
PN FH ] 448 e 0. 00 0. 00 00. 0 0. 00 00. 0 0. 00 00.0 0. 00
He 12.50 +6. 19 12.50 +6. 19 12.50 6. 19 12.50 +6. 19
KA 80.70 +3. 06 81.65 3. 60 78.54 +4. 61 70.29 +5.22
INEE 83.78 +5.86 84.28 +£6.25 79.93 £3.34 67.71 £2.96
P S R 84.64 £2.73 84.11 £3.16 86.56 +8.98 80.90 +7. 45
i 85.57 +10. 36 81.80 +13.75 78.21 +14.28 56.43 £11.17
46 96.04 6. 16 96.02 6. 15 93.16 +8.73 93.22 +9. 31
PN 87.50 £6.25 87.50 +6.25 87.50 £6.25 87.50 £6.25
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FORAE, B RBEFFEE N ] 2979 9 min,

WAL 1(b) Bz M AERE AT R B8 7 2R B 4% R <A



54 XA 45 < ARl 5% B AR o U B UM HE BT BT A . LAY 94 o 1) 1245

. | (2) FKAGREHE . (b) RAEREFT
2 :F S 400!
%1000 : !
eid ! H
% s00| ! 200!
= | :
@]
0 0! .
E-]
5 15}
X
i 101
B
Q S5t
z =
0
L 10} 041!
g .
805 02}
S .
0 04
2
S gt 4
=
%
S 4t 2}
8 .
[V} ATTETTIRTIINTITITITRTINnT, HTTTETIIRTII TR TR T TR TR NIRRT TR T AR TIIR AT oy, L L L L L B L L L L L L 1 L e
0 10 20 30 40 50 60 70 80 90 0 1.0 20 30 40 50 60 7.0 80

f/min

t/min

FEl i F(flaming ) 278 B B B A BE TT 4, S (smoldering ) & 7 1o K By BEBK B T 4R
E1 ABEAMBEBTRETENI HSEREBEETLES

Fig.1 Variation in concentrations of four gases during the periods of rice straw and cotton straw burning experiments
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min 7547, M5 #F AR K B B, CH, 728 46 ¥ 3 5 7K A5
FEFFA —2, BARAEH ATE , Al BB 5 R AE A5 AT AR o
ROomBEEA R
2.2.2  FEFHIABER R A 5

2 R 6 B HE KRS AT K B B A AR B HE A
T H iSRS A A RS R Co, M CH, HER A F
[(795.71 = 26.38) g/kg#l(3.40 = 1.27) g/kg],
AR EAGHR S N,O HEBHEF[(0.12 +
0.01) g/kg ], 1M /K fF #5 #F CO HE it H ¥ & &
[(44.12 + 0.36) g/kg]. RWFFHE K CH, A
N, O HEC K 7 F1E A A 2 N BLUER B8 e 1 A
—%, 5 1PCC $81'" vh CH, Ml N,O Bt AW
4,0 COo, A1 CO HEak K+ % = 4 ot 58 45 R i
NTOT IO B YRR T2 A

R B T S HF 5 3802 M DR 0 8 AR A
/INTT BB A A P 7 T A D DR — T T 32 0k b A% 1 1Y
i) . R aok A v AR SR IO A 50 R R AR (3 RO
JE KA R A ) 1222 S i HE IR TR AR
R AT R XU i | s SRR, BT R

+

F2 HIKIEMREFMEE CO,.CO.CH, F1N,0 Y
HHBAF" /g-kg !
Table 2 Emission factors of CO,, CO, CH, and N, 0O from

. . _1
various crop straws burning/g-kg

AT

Sk Co, co CH, N, 0

KAE  656.27 £26.15 44.12£0.36 2.19+0.73 0.11 £0.01
/NFE 586.39 £20.25 22.19%0.77 2.22+0.12  0.05 +0.002
FEK  620.72 +47.56 43.25 +3.31 2.95£0.17 0.12 +0.01
M3 795.71 £26.38 32.61 £1.08 3.40+1.27 0.06 +0.02
KE 543.11 £57.86 29.41 £3.13 2.89 £0.65 0.09 +0.01
HifE 464.14 £2.96 24.88 £0.16 1.8220.58 0.05=0.01

1) HERCR T 0 4 kg T R 7™ Az B A

PR BE IR BE HE LA R b 2 AT A 58 4 5 Rk % Ak
CO, .CO Htfi /. 53 — 77 i 5 BE RS FF i 22 AL P 5
A0, IRS FE AR S BRR  B  E AR 1000
7 3 PR AR A S = AR T LA N, 0 iRk
T B RN S REATA B RS A — 2 BRI A&
AR A R KR R OKR AR AN RN, O HE Tk
R (I SRS AT BR A1) . T €O, . CO HETR N 1
RNGTERBR A s iR R BRI E V. N
AP A A LU AE B b f g, €O, HE PR 1~ A X R
PR, RER AT A L /b (H Co, HElc N 11
PO I AR fe/dN 3 AT RE S RS AT R AL RCR A K.
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Table 3 Value of C, N and the conversion of gaseous

carbon of the different tested straws/%

(LR S C N C/N WAL R
KA 36. 62 1.02 35.90 54. 49
N 36. 46 0.32 113.94 46.92
FEok 39.73 1.46 27.21 47.83
e 38.74 1.21 32.02 60. 28
K 40. 65 1.76 24. 45 40. 08
LilFia 43. 04 0. 69 58.90 32.20

HALRCRE AR R A I T R o & X TR R
i TR SR . AR R HE R RS A TR Y
i, D TR R Y A A Bk B AR A CO, |
CO Fl CH, W&, AL AR 45 - 03 3. Arhal LA
A 2 AR VR i e Ak 3830 3k A AR D DR AT BB R
FEFHIR AN 78 4, T B0k BB Ak UKL P | £ e A
Pl 7 AR DL 0 R b o B P A MR Y
5 LR 0 BA B B S M AF T UL TR R R AT R )
S, ik B L €O,  CO SR AR LE ik (& &)
Wb 3T €O, CO HEH A /.

x4

2.2.3  FHEFFIRGEIR = S MHE RS

H 3 V& A 2 0 R AT U Y B —
SR AR = 5 0 B AT AL S A M = ¢,
x R, A\ M RoRFEFF 75 € WAEW ™ & R,
K ELA L (PEW RS FERFRLEL ) . AE 9 7 5 v] AR 48 Y5
BTG EURE . MEY 0 A RS EBLIR]
FIYEY B BT LE T 5 b A Kb X R AE Y 22 7
WA 2 0. ARk R EEY SR AR R R
e i A 32 R R AT AR A Ll R AR T AR AR X
b, AR 2 R FH 28 A E RO Y A P K RS
INEE EK MR AR KR E AR 1, 1,
2,2, 3 F0 1.5 RS FIR R L RIVL I8 48 MR -
TR E D RS FF = & A 2050 1 F 5 4 B B
Jr AR R ) A R AR B i 4 i O 3.608. 60
3806.37 . 3259. 83F13 541. 87 /7 t. MR HEAH AT 7 & FlI
[7] 5 235 5 v B o 1 BB B L9 O i — D o SRS AT
BRPERD (1 BR A FF K 3 & &, B LURS FF T 9 it &
). 85 A R HEBR 7 i E T VLI AR K 6
Tl DL A AE W s A A b iR 25 MR AR 2 HETIO0G 2R, 45
RILE 4.

IREEERBRENETRREETSEEIHERFLY

Table 4 Emission inventory of greenhouse gases from crop straws combustion during recent years in Jiangsu province

s 1) B B SAEF 7K F INEE ESP/S =g Liixia N At Bt GWP/Tg

CO,/Tg 8.58 4.80 2.37 1.21 0.63 0.30 17.88
) CO/Tg 0.58 0.18 0.16 0.05 0.03 0.02 1.02

1990 ~ 1995 4£ " 22.26
CH,/Gg 28.62 18.16 11.25 5.17 2.46 1.59 67.26
N,0/Gg 1.44 0. 42 0. 46 0.09 0.07 0.05 2.52
CO,/Tg 9. 80 4.41 2.58 1.41 0.52 0.38 19. 11
CO/Tg 0. 66 0.17 0.18 0.06 0.03 0.02 1.11

1996 ~2000 4 23.83
CH,/Gg 32.71 16. 69 12.25 6. 04 2.04 2.09 71.78
N,0/Gg 1. 64 0.38 0.50 0.11 0.06 0.07 2.75
CO,/Tg 8.03 3.16 2.22 1.99 0.49 0.39 16.37
CO/Tg 0.54 0.12 0.15 0.08 0.03 0.02 0.94

2001 ~2005 4F 20. 30
CH,/Gg 26.79 11.96 10.53 8.49 1.91 2.09 61.77
N,0/Gg 1.35 0.27 0.43 0.15 0.05 0. 07 2.32
C0,/Tg 7.89 4.36 2.33 1. 65 0. 44 0.38 17. 05
CO/Tg 0.53 0.16 0.16 0.07 0.02 0.02 0.97

2006 ~ 2008 4F 21.22
CH,/Gg 26. 33 16. 49 11.08 7.03 1.73 2.02 64. 69
N,0/Gg 1.32 0.38 0.45 0.12 0.05 0. 06 2.39

YEWIFERT GWP/Tg 9.18 4.35 2.55 1.63 0.55 0.39 — —

1)GWP N4 CO, LR H

4 R 6 R ALY R B IR = AR HE L &
KN R . KFE >/ > Bk > EE > e > K
LR IPCC BRLE, CO CH, FI N,0 F4E R ¥
TR T A ( global warming potential, GWP) ko]
CO, 1.9, 25 1 298 £ it — Lt A R VE W) 75 #F
FRAF 2 4 BRI W 3 (3R 4) |, 45 R R WK R 5 AF IR

PE 77 A R T U Y AR 38 A BRI R W ok, R
INEFERT , KGR RS/ B4 2R 5 195 Rl AR AR X
A LI LIRS -2 S A O L /NAE RS Bl e 1o A
A= i B e AR e, A L b GRS A 7 R A AR AR
T R I TR A A A AR M A A
KA KL | B 4% 3 T AR GR)RE) L 1) 45 /0N | R R
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