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1.2 REEVERERTEE

AR SR [ R I ST VR A TR R
FEFF R R e . IRPEE S AR, B
FIEE RIRFELLN"™ s B e A VRS AT R A e i
1.3 BREBRES=ENHE

CO Fl CO, S MRHE il i A5 FT 4 k¢ CO. CO,
HEBR - (CO ik A 1 102.2 glkg, CO, HEJSA 1
1390.4 g/kg) VN GREFT AR RANTSAS, FEAT 442
R R H 2 B CO M CO, SUAHE, A% &
Hoftg R meR s R RS B R E ARG
FT 25 RAEBERE L CO Fll CO, 5 H 25 B 1 El g5l ok
AT
1.4 REEVEFEMROEE

IKFEREFER BV H B NEFEAT R A R
oy FORFEFFRUR EREFTFR A 2l F5FF AR
TS5, AN, i 2 mm Ji, FREC— 2 i
EIFSFT CBCTHE BN A S B REAA AN
VL A T WA= = R R L S VA B2 Sl REE RN
A (O (BB #1 <0.5%) , KN as B T Db,
LL 20°C-min™ FHiE % N4, A %) 500°C 5 4i 4 4 h,
K IRdr, FARA R, A7 AR SN a8 [ 44
Wy 5 2R R
1.5 H¥RFEEREGRENTE

LY/ p T 87 M /N W

;7=§%x100%) (1

K, o BWIRFEE, Y5 m RNVEEE N AEIR T
TR, g5 M OJBON RN 28 E N A RS R
T, Jgo

AW [ e 2 R AR 2

CS =1 xc,. x100% (2)
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1.6 A ZE

AW IR )77 B AR BRI E , AR I
e C. N IJTR TR T AGE (Vario EL I,
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2.1 2001-2010 FHEREBIEMFEFH =

i 10 a >k, P EREEYREF &M 2001 4
f) 4.6x10° t 313 2010 4Ef¥) 5.8x10° t, 4ES-Hy7
20 5.1x10%t (£ 1) . M 2003 FEFFAR, EAA
s g, JHEdma i~ 5. L 2010
NG, RORREAF R R R RS R R
41.6%, FENATRICHIX 248 0 S AL X Can
Wb WEESE) L AERMIX (i 4D MR (i

R A K SRR, A RS
FEP i1 32.5%, FEMAG TR (il L.
JUARRITTVAE) R MX CIYEVE L VLR,
ARHLAE) JesRdb Cansffed Apysg Canpd)ip
IRy ANEREAT R AR BRI AR 3
A, 255 20.3%, TR TR CnhZR. 2
MRLIREE) « g (A e Jetedt Cmimrd) 4%
DX FRAG R B AR A AT R
5.6%.

F 1 2001—2010 F£HEREBIEMFETZ=E

Table 1 National estimated amounts of grain crop residue

10°t
A IEERS N EP/S FEN Bk
Year Rice Wheat Corn Bean Total

2001 172.25 96.69 156.30 35.10 460.35
2002 169.30 93.00 166.19 38.32 466.82
2003 155.84 89.08 158.69 36.38 439.99
2004 173.72 94.71 178.49 38.17 485.09
2005 175.17 100.37 190.93 36.90 503.37
2006 176.27 111.72 207.70 34.26 529.95
2007 180.45 112.58 208.65 29.41 531.10
2008 186.14 115.84 227.30 34.94 564.22
2009 189.25 118.57 224.64 33.01 565.47
2010 189.89 118.64 242.83 32.43 583.78

2.2 2001-2010 EFERBIEMFEITRIRE

M 2 ATLLE 1, 2001—2010 4F 1 [ 1E )
REAEFS AT iR AR 240 1.13x10% t, 29 oM Er A
PIREFT BRI 21.6%, HAREARFT 0.41x10°%t, /)
FRHFF 0.22x10% t, FORFEFT 0.42x10°% t, G RALFF
0.08x10% t, 73 B4 A BB AR RS FT A A1 B A e i
(17 36.2%. 19.8%. 36.9%7% 7.1%.

%2 HERBEMEFERRIKE

Table 2 National estimated amounts of grain crop residue by
burning in field

10°t
Ty R N K HE St
Year Rice Wheat Corn Bean Total
2001 39.89 20.53 33.55 8.07 102.03
2002 39.00 19.62 35.62 8.80 103.03
2003 35.79 18.99 33.77 8.59 97.14
2004 40.01 20.17 38.04 8.89 107.11
2005 40.23 21.44 40.51 8.46 110.64
2006 40.84 23.05 42.69 8.32 114.90
2007 41.59 24.29 44.36 6.41 116.65
2008 42.89 24.98 48.30 7.95 124.12
2009 43.60 25.31 47.73 7.47 124.11
2010 43.99 25.36 51.70 7.31 128.36
:\L/zérj;gﬁe 40.78 22.37 41.63 8.03 112.81




% 14 1)

ZRERAE: R R R IRS AT AE G HER i A e A A i o PO A 4 3

2.3 2001-2010 £+ ERBIEMFEFTE XK CO.
CO, R i HER 2

Y 2001—2010 “EHE&4E . HIRXAIEEE
TASFT R RAEHe R (£ 2) , 454 CO I CO, Fik
DR 7 5 o DR S A E RS T % R AERERE T CO.
CO, FLEBRE W% 3. 2001—2010 4 EHRE/EY)
TR R RAEHEHEU CO. CO, AR AR B Y hE4E
1.15x10". 1.57x10% Fl 4.77x10t. 7fH M 2003 4 —
G HE T B AR A R RS B 0 38 0 1T A
W b, 21 2010 A & FIHEBGRE R 2003 AEHE N T
32.1%.
%3 HERSEMEFEXRRLE CO. CO, REmHINE

Table 3 CO, CO, and total carbon emission from grain crop
residue burned in field

10°t

,‘é‘ | e L

s COfbicR  CO bR PR

g T Total carbon

Year CO emission CO; emission L
emission

2001 10.43 141.87 43.16
2002 10.53 143.26 43.58
2003 9.93 135.07 41.09
2004 10.95 148.93 45.31
2005 11.31 153.84 46.80
2006 11.74 159.76 48.60
2007 11.92 162.19 49.34
2008 12.69 172.58 52.50
2009 12.68 172.57 52.50
2010 13.12 178.47 54.30
F-¥J{E Average 11.53 156.854 47.718

2.4 HEMREHRE. FEEEKRE

M 4 FTUE W, RS VEDRS AT 64 1 AR Mok
P, R SRERT A R e, SRR N
FERFAEMIIR « 5005 52 TOKFEFTAE MR FK R RS AR A=
Wik, PP SIELN 63.2%, AWK E AR
AR, i KEREF =R %, BARP4 RN
30%, [hlfZF-144 18.7%.

F4 EMREHRE. FERERE
Table 4 Carbon content, yield and carbon sequestration ration

of biochar
e 5y A A A T ES
Carbon content/%  Biochar yield/%  Carbon sequestration/%

KR 57.19 3214 18.38
Rice
N

Wheat 62.89 31.71 19.94

EXK 59.76 30.34 18.13
Corn

K 72.84 25.43 1853

Soybeén

2.5 2001-2010 £ HERBIENDREITELED R
Bk HE

M 5 AT LA H, 2001—2010 4E 4 [E R 4
FERT AR A0 () [ B B P45 0 0.96x20° t, FLr e
BREFF AW R il 0.33%x10° t, /INEFEFT AL R
ARk 0.21x10° t, KK FEAT A4 M o [ w5 Ay
0.36x10° t, KEAGFT M B M 0.06x10° t,
FC o3 00 o 2R £ 1 ) RS T A= 4 ok ] B S 1
34.1%. 21.9%. 37.2%F 6.8%.

%5 2001—2010 & H ER BIEMFEF L E DR AIERR
BHMEE
Table 5 National estimated of carbon sequestrating amount
by turning crop residue into biochar

10°t
EA iR N K FES B
Year Rice Wheat Corn Bean Total
2001 31.68 19.28 28.34 6.50 85.80
2002 31.13 18.54 30.13 7.10 86.91
2003 28.66 17.76 28.77 6.74 81.93
2004 31.95 18.89 32.36 7.07 90.26
2005 32.21 20.01 34.62 6.84 93.68
2006 32.42 22.28 37.66 6.35 98.70
2007 33.19 22.45 37.83 5.45 98.91
2008 34.23 23.10 41.21 6.47 105.01
2009 34.80 23.64 40.73 6.12 105.29
2010 34.92 23.66 44.02 6.01 108.61
P 32.52 20.96 35.57 6.47 95.51
Average

2.6 2010 FHESEATRENTE. RHENERE
MxERENHE

M 6 FTLLE Y, 2010 4F 1 [E R A VR A AT
HOMALS], FEENEALGARNA fy CGEIBTL.
W R, AR b VIR, k. DU,
M. WS L CTE) , X 12 BIRER
FEr=st by 814 EOR S E RS FF = 1) 73.9%. AR A
VEDPREFT [l B it R B E iRy, AEDRE
VEYIREFT AL [ B s 1.09x10%. KA {EAAS
FEAE BeRHE R = B4R XSO AR HIX . Rk
XA Rg, HRHECE 4 R G 78.2%.
S e RS FF 1 = B 4k O 2R R AT o /b
0.26x10% BHERCR, I/ 3T — IR HE R, WL
FEFT 3 AL A AR ) IR 2 AT B A2
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%6 2010 FHEZETREMEDBFRERHEINEREYRERKRSE
Table 6 Provincial estimated amount of carbon emission by crop residue burning and carbon sequestration by biochar in 2010

10*t
FEAT SR LI s SR AT A 2L R

A FhiFr HpeitriE CO s CO, HF ik WAFiE FR&E Carbon sequestration il it Carbon

Province Straw Straw burning  CO emission CO; emission  Carbon emission by turning total straw into  sequestration by turning
biochar straw burning into biochar

BT 146.73 0 0 0 0 27.14 0

R 196.00 0 0 0 0 36.57 0

woodb 3444.41 688.88 70.40 957.82 291.40 647.77 160.25

i 1330.20 266.04 27.19 369.90 112.53 245.66 64.58

e 2534.65 0 0 0 0 463.93 0

o7 2087.14 417.43 42.66 580.39 176.57 379.83 98.29

S 3491.26 1047.38 107.04 1456.28 443.04 635.14 252.50

EY/AIN 6097.45 1829.23 186.95 2543.37 773.77 1115.78 436.65

(S 11351 0 0 0 21.16 0

PN/ 3237.02 971.11 99.25 1350.23 410.78 610.63 193.93

WL 722.79 216.84 22.16 301.49 91.72 133.28 41.38

7 3221.72 644.34 65.85 895.90 272.56 610.78 133.40

W 546.53 163.96 16.76 227.97 69.35 100.46 31.01

M} 1864.01 372.80 38.10 518.34 157.70 342.68 67.96

th 2R 4940.65 1482.20 151.48 2060.84 626.97 934.66 340.07

b 2] 6031.00 1206.20 123.27 1677.10 510.22 1152.66 268.07

Wk 2297.72 459.54 46.97 638.95 194.39 427.05 90.96

W 2740.21 548.04 56.01 762.00 231.82 503.34 102.90

TR 1159.11 347.73 35.54 483.49 147.09 212.85 65.38

| 1414.58 282.92 28.91 393.37 119.67 259.35 55.57

W 150.44 45.13 4.61 62.75 19.09 27.63 8.46

g OK 966.65 193.33 19.76 268.81 81.78 177.65 41.54

g 2991.89 598.38 61.15 831.99 253.11 554.74 126.58

oM 1072.46 214.49 21.92 298.23 90.73 196.16 47.62

= ™ 1621.13 324.23 33.14 450.80 137.15 296.81 73.60

[N 33.38 0 0 0 0 6.52 0

B G 1300.63 260.13 26.58 361.68 110.03 243.84 60.99

oA 857.88 85.79 8.77 119.28 36.29 160.46 20.58

HOW 67.63 0.00 0.00 0.00 0.00 13.02 0.00

TR 373.89 37.39 3.82 51.99 15.82 69.29 8.54

B aE 1325.44 132.54 13.55 184.29 56.07 252.26 30.09

psyan 58378.11 12836.05 1311.84 17847.26 5429.65 10859.1 2820.9

Ee B WG SR
Note: No data of Hong Kong, Macao and Taiwan
3 i B 3.2 FEMHEUIEMRERSE
AR ) 7 R N0 Tk e T R e B AR ) R

3.1 ERREHANE e, AR I A R S R 2 B AR A e T

R VR IAEAT 8 R AEReR COL CO, il & R T EB MUl AL et i 41
S3H% 1.15%107, 1.57x10° t, 3X—4E Gk LY R, i 400~600°CHESL R, ARG AL
X gt T Ry 5 4 SR 35010, BRIAHI SR T 1 REFTAE MR 72 5 30%
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B 2L Y 5T 5 ORE R A g R R g m D212
Zimmerman fiff 57 1 6 B AW iSRRI 4 B A
NI R, EFRAM N R 1 a, 8
LA, S H X 2 A=k 100 a ] R ik did 2k 3%~
26%°1, Hamer 26511, 23 60 d (i BB
7%, KL 0.8% T KFEFFAEY R (350°C) | 0.7%HEZ7
TR YR (350°C) F0.3% R AE R (800°C)
W6k COLP, A A 43 b 4 o A4 s 43
fit, 40 Bruun SERFITRIHZ T 115 d FIREFE 3%~
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SENFIY RIS 2] 3 a (R FE, 4.4%F 8.5% 8504
W A43 WIAELF SRR SRS AT R0 LBk o2, (1
TCRIAE 4 [ S 1 4D Aok e AR Bl L (5 AR D R — 843

AR IN, A K FEREFT AR et A B4 2
we, T ERG H AT AR 0.2x10% 2%, X —AF oY 4
RRUAHIE ST K REREFT A4 7% [ B iy 0.33x10° ¢ 4
s Okimori 5445, R mk AT E VRS FF IR
SR AL Ry A SRR N L A AR, T D
2.3x10° t CO, fHF?; Lehmann 54211, 4%
T R PEAE AT AT ik 9.5%10° t27); Lenton 25
H, 2100 £ NG ST CO, &) 1/4 nf LLE
UL AL B 2L 1 8 i 3 A7 280,

AL, AR E R EOK, AR R AR
W — R A IS A SR, EREY)
IR WA AR UE IR B o, AR AE R R e
PEL A it 3 AR = AR R . B
IR AE IR BT v ) B AE B AR R VR P R
Wi, A R AR A I B 2 T B SR, N 24 IR TT
JEFHICHIFTT, A UERA -2 TR DAk 3R 1 Ay e [ e o
PEOCHE S FE . bAh, RS E YRS B A
WAKE] (K 6) , FEERELRILHIX ., ERH
X\ R X R T A X HE A 7y, R 2 AR I
DX TF R ML R E RS RT AR e bl s Tu it %, A
S5 ST ST T AE 2 e A

4 5 g
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Estimation of carbon emission from burning and carbon sequestration
from biochar producing using crop straw in China

Li Feiyue'?, Wang Jianfei'™
(1. College of Urban Construction and Environment Science, Anhui Science and Technology University, Fengyang, 233100, China;
2. School of Environmental Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: The common management of straw is burning in the field, which is considered as a convenient and
economical method for farmers to deal with them in China. However, the burning of straw enhances the release of
greenhouse gases including CO,. Turning crop residues into biochar under low temperature (usually<700°C) and
limited oxygen conditions has been recently proven as a promising approach for the long term carbon
sequestration. However, up to now, the quantity of carbon emission from crop straw burning and the potential of
carbon sequestration by turning straw into biochar in China are still unavailable. Hence, in this paper, the quantity
was estimated. Based on the data of crop yield from 2001 to 2010 in China, the major straw (rice, wheat, corn and
soybean) output was calculated according to the ratio of grain to straw. The proportion and amount of burned
straw were quantitatively analyzed. The total amounts of CO and CO, emission were estimated according to the
emission factors derived from references, and the total carbon emission was calculated based on the CO and CO,
emission without thinking of the other forms of C emission. Moreover, biochars were derived from major crop
straw under lab conditions (a typical slow pyrolysis process, heated in a muffle furnace at a speed of
approximately 20°C min™ under limited oxygen and held at 500°C for 4 h) and the carbon sequestration amount
of biochars were estimated according to the carbon contents and yields of biochars. The results showed that
annually production of crop straw in China was about 5.1x10° t, and about 21.6% of them were burned, which led
to high CO, CO, and carbon emission, which were about 1.15x10’. 1.57x10® and 4.77x10’ t, respectively.
Meanwhile, the average carbon contents and yields of biochars were 63.2% and 30%, respectively. Although the
stability of biochar and the effect of pyrolysis temperature on the carbon sequestration were not studied in this
study, the annually carbon sequestration amount by turning straw into biochars was 0.96x108 t and about half of
carbon emission was decreased annually if the amount of burned straw was turned into biochar, which indicated
that turning straw into biochar was a promising approach for straw management.

Key words: straw, emission control, carbon, straw burning, carbon sequestration, biocha
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