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Life Cycle Energy Consumption and Greenhouse Gas Emissions of Wheat—Rice Rotation System with Straw

Returning

YANG Juan, WANG Chang—quan®, BAT Gen—chuan, YOU Lai—yong, YI Yun-liang, HUANG Fan, LI Xi—xi

(College of Resources and Environment, Sichuan Agricultural University, Chengdu 611130, China )

Abstract; In this study, we used life cycle inventory(LCI) to analyze the energy consumption and greenhouse gas emissions of wheat-rice
rotation system with straw returning at each phase of the life cycle. Global warming potential (GWP) of this system was also evaluated. The
life cycle of the wheat—-rice rotation system was divided into three phases—raw material mining, agricultural supply production and crop
growing. Three straw returning rates were designed ; chemical fertilizer only(N1 ), chemical fertilizer plus whole rice straw returning(N1+S),
and chemical fertilizer plus half rice straw returning(N1+0.5S ). We found that agricultural supply production ( nitrogen fertilizer production )
and raw material mining accounted for nearly 70% of energy consumption of the whole life cycle, while cropland was the main source of
GHG emissions. In N1+S and N1+0.5S treatments, crop yields increased by 14.31% and 15.46%, while CO, emission per tonne of yields
decreased by 27.05% and 31.23%, and N,O emission by 17.74% and 14.51%, but CH4 emissions increased by 39.56% and 12.38%, re—
spectively, compared with no straw returning. However, straw returning significantly decreased GWP on 20— and 100- year time scales. Our
findings indicate that applications of straw and nitrogen fertilizer could help to reduce energy consumption and GWP in wheat-rice systems.
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Figure 1 Schematic diagram of sampling chambers for

greenhouse gases
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Figure 2 L.CA system boundary of wheat-tice system
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Table 1 Energy consumption and greenhouse gas emissions for mining and producing one unit of raw materials

SRLSURTER CE ™ REU FERE Energy

e R TR % SUAHERAE T Greenhouse

JERL consumption per unit material mining( production) Energy coefficient/ gas emission factors
Raw material i y R MJ-kg? MJ-(kW-h)",
Raﬁfil/kg Cru(}/;f {Tﬂ/kg Natiélz‘;g;:/mﬂ ; MJ-m™ CO/kg CHykg
I JEHE Raw coal/kg 1.00 8.59x10™ 5.13x10°® 20.91 0.062 0 9.32x10°
Primary energy JE7H Crude oil/kg 1.27x107 1.30 2.11x10° 41.82 0.080 0 7.86x107°
KRS, Natural gas/m® 1.18x107 3.27x107 1.32 38.93 0.074 8 7.32x10°°
KR REIR 4E7i Diesel fuel/kg 4.73x107 1.31 7.87x10° 42.55 0.220 0 2.15%x10*
Secondary energy Hi, /] Electricity/kW +h 0.58 1.44x107 9.69x10* 3.60 1.070 0 2.60x107°
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Table 2 Demands for raw materials for per tonne of crop yields in different treatments

IR REVRIHFE & Secondary energy consumption

: ; b Bt VIR K it Primary energy demand
Abs A GF A FE [ Bt Agricultural supply szﬂl*ﬁl” £t Crop ¢ o
Treatment growing
HE Coal/t-t™ Hi Sy Electricity/kW-h«t" %53l Diesel fuel/t-t"  JF Raw coal/kg-t™ Jji] Crude oil/kg+t™ KRS, Natural gas/m’«t™!
N1 0.19 103.02 0.060 59.94 0.079 0.000 079
NI+S 0.16 89.90 0.053 52.30 0.069 0.000 069
N1+0.5S 0.16 89.90 0.052 52.30 0.069 0.000 069
%3 IEMBATRRE (4 MR "
Table 3 Consumption of urea(pure nitrogen ) Y= Z Fx24(n=1,2,3,---,365) (4)

per tonne of crop yield

PRZE (4l N ke
LB FE Treatment Consumption of urea(pure nitrogen )/t+t™
FZ= Wheat FHZ= Rice
N1 0.033 0.022
NI1+S 0.031 0.017
N1+0.58 0.030 0.018
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Table 4 Energy consumption and greenhouse gas emissions for

producing 1 tonne of urea(pure nitrogen )

PRI HAERE R Energy IR HEIL CO, 2kt

g e . ;
JR‘ {ijj Consumption of urea Equivalent CO, of urea
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J& Coal 71 923.52 436023
H1 77 Electricity 6 743.88 ’
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Table 5 Material inputs and outputs during plant growing
SH Ttem 4b5H Treatment YA Material inputs ;ﬁﬁ%%%& Energy co?ﬁ"iciem/i
# 7% Wheat % Rice  MJ-kg \MJ-(kW-h)™ MJ-m”
Ak % B Chemical nitrogen fertilizer/kg * hm™ N1 180.00 180.00 64.11
NI1+S
N1+0.58
F&#T Straw/kg+ hm™ N1 0.00 0.00 14.05(F5H)16.38(FF)
NI1+S 5250.00 7 500.00
N1+0.58 2 625.00 3 750.00
2} Pesticides/kg-hm? N1 1.98 1.98 100.50
NI1+S
N1+0.55
4E7H Diesel fuel(machinery ) (FL# )/kghm> N1 186.95 208.59 42.55
NI1+S 210.64 230.36
N1+0.55 183.75 211.25
558)1 /] Labor/ A\ -h™'+hm™ N1 150.00 345.00 21.12
NI1+S 210.00 405.00
N1+0.58 180.00 375.00
7o Yield/kg-hm™ N1 5 803.00 8 184.00 —
NI1+S 5917.00 10 405.00
N1+0.55 6 459.00 10 086.00

AR E E AR, A CO, M, I
(PR ; R R AR B8 A P FIVE A =26 i
IR BL GHG HET - 2 F oy SR, an=Xi(8)
FIm o

EF=E, +n,xE, +nxE\ (7)

EFF=EF +EF+EF; (8)
K EF 925G GWP {30y CHy XTRL T CO, 124
%’E&kﬁ,nz j‘j N,O Xj‘@:‘F CO, E/‘J %,l%’f%?&’EFF j‘jé
A i JE LS GWP B s EF, J J5ORHF R B BE i 25
GWP fE; EF, ARG A 7 B 25 & GWP A EFs 2h
e HFE BT B 25 -G GWP fH.

2 HRAWH
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2.1.1 JERH R B B

AT LU NAE R T o KRR PR IR T R AR R ARG
FFEASIE AR BE(NT ) 5 &, o 6 83272 MJ -t Huid H
A BRI 14% 2240, TAS FF 4 A FH AR P N1+S 5
A AR N1+0.5S T 255, W4k 6 R . 4%
AL IR GE A 7 o B T SRR RE YY) LA H RIAR B B
15 8% ti A, /INAE ZE K AR 2 R 42.19%~70.06% . Ji At
RS SAHE I R AR IR TR AR K R

TG AE 77 1 R R RHIR B B CO, CH, R4, F5FF
i AR B AN I8 FH AR BRYECHE CO, 29 14% | 38 CH,
25 13%,,
2.1.2 RBTH B B

FEFFANE FHAREE N1 R 2 A= P FERE LU RS FT 4
IS N1+S FEFF A H AR EE N1+0.5S 43515 13.78%
14.02%,CO, et 2B R, W3k 7,
2.1.3 AR A I B 5

A R FE B B REAE R 2R TEA ™™ 1t /hE (1t
IKFE R R AR HURFE ST 55 8 T A AR 2 4%
AFTS IR FERFES:, W 8 FrR. FEAF 4 il AL
B P A FH A B RE FEAS I HH Ah B BB FE 43 0] I
5.15%.9.03%.

fe A R, BRAEY) ™ SR E AU CO,,
N,O \CH, (1) 2R HE L & W% 9. A ELFRS FF AR H Ak
B, AEFE I A AR R A 7 B E S AR R ) Ak
CO, [T 12.90%~26.33%, N,O HEil F3 & 78/
&7, CH, HE R 2K TS . Bftagic i
A H AR PR NO HE S i 4 0l B IR 21.57% Fn
16.98%, 15 B 1 55 i A 2Bt F T A RO b AR
A H NLO (A HEGH 1, X — 4521 5 a8 3 7k
FUR SIS —8 SRR H AL H, FE A
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Table 6 Energy consumption and greenhouse gas emissions during mining and transportation of raw materials

A7 1 AR TR JEURT R AERE

Energy consumption of raw material

A7 1 AR TR JRURL T SR il 2 A

Greenhouse gas emissions of raw material mining scaled for

JbH A i SR IR B mining scaled for per tonne of per tonne of crop yield/kg-t™
Treatment Life cycle stage crop yield/MJ-t" o, CH,
7 Wheat 52 Rice 7 Wheat 52 Rice 7 Wheat 52 Rice

N1 A GEHBE Agricultural supplies 2 130.36 1 421.10 74.93 49.99 0.730 0 0.490 0
FIAERBE crop growing 1.881.19 1 400.07 7.534 5.61 0.007 4 0.005 0
4t Sum 4011.55 2 821.17 82.46 55.60 0.740 0 0.495 0
NI+S  R¥EBBE Agricultural supplies 2 003.75 111751 70.48 39.31 0.690 0 0.390 0
R BE crop growing 1769.35 1101.22 7.09 4.41 0.006 9 0.004 1
A Sum 3773.10 221872 7157 4372 0.700 0 0.394 0
N1+0.58  AHEF Bt Agricultural supplies 1 965.00 1 149.80 69.12 40.44 0.680 0 0.400 0
FFE Y B crop growing 1 735.26 1 136.05 6.95 4.55 0.006 8 0.004 0
&7t Sum 3 700.26 2 285.85 76.07 44.99 0.690 0 0.400 0

R REEFHRERLBESEHR

Table 7 Energy consumption and greenhouse gas emissions during urea(pure nitrogen) production

PREE (Bl N) AT HERE PRFR (8 N)E =1 2 24 CO, ik
Kb Treatment Energy consumption of urea production/MJ -t Equivalent CO, of urea production/kg -t
EZ Wheat #4Z Rice 41t Sum #% 2% Wheat #4Z= Rice 41t Sum

N1 2 594.45 1 730.68 4325.13 143.79 95.92 239.71

NI+S 2 440.26 1 360.95 3 801.21 135.25 75.43 210.68

N1+0.5S 2 393.06 1 400.28 3793.34 132.63 77.61 210.24

% 8 KHEMEMEREFEMI-)
Table 8 Energy consumption during crop growing(MJ-t™)
AT Treatment MBI FESE )Machineryf Diesel fuel) R Pesticidis A Labor)s P
7 Wheat 52 Rice 7 Wheat 52 Rice 7 Wheat #4Z Rice
N1 1457.17 1 084.49 36.46 24.31 580.43 890.32 4073.18
NI1+S 1 370.54 853.00 34.29 19.12 764.29 822.07 3 863.31
N1+0.55 1344.13 879.98 33.63 19.73 642.49 785.25 3705.21
RO RAMEMREESEHER (kg-t")
Table 9 Greenhouse gas emissions during crop growing(kg-t™)
Jb B CO, N,O CH,
Treatment 7% Wheat  f§Z Rice  #ilSum %% Wheat  f§ZE Rice  &3FSum %% Wheat  f§Z Rice 43} Sum

N1 4 149.06 4 477.76 9 577.89 0.491 0.132 0.62 0.176 18.91 19.09
NI1+S 3619.28 3 915.18 8 341.76 0.472 0.042 0.51 0.835 37.82 38.66
N1+0.58 3 142.67 3912.82 7 055.49 0.469 0.065 0.53 0.094 37.10 22.35

I FH A FR A A AL BRRE 2 CH, HERUR 4 51 3
in 89.33% .56.41%., iX 2 THERG HEKSMT
25 IR YIS SR B T s i, S e TR
GO 1 E IR G A, 3 CH, 1R & A
Hegke,

XoFFREFEA I H AR FE N1, F5FF 2 8 b 5
N1+0.5S, Ff PR 7 A TR = AU HE R L 3% 10, Horp

NP REHT R R A2 . R REFEA
AR AR AT, BAE ™ 1o /NER T oK 5
VEZEREARAGEHR CO, 4351100 1 564.84 .1 394.37 kg-
', HERL CH, 435100 1.96 .1.71 kgt
2.1.4 A iV BRI A

WA “/NEEIKFE RetER A A RE
FE i E SAHERCE SR TS IR 11 R, Al LA



R 10 FEFHRRIBEESEHER (kg-t)
Table 10 Greenhouse gas emissions from straw burning(kg-t™)
CO, CH,
KbFH Treatment - — —
# 7% Wheat FZ= Rice A1 Sum # 7% Wheat TEiZ= Rice A1t Sum

N1 1 001.93 562.91 1 564.84 0.824 1.134 1.96

N1+S — — — — — —
N1+0.5S 925.28 469.09 1394.37 0.761 0.945 1.71

B BRUIRTHFE B R A AL IR R A 9E (R ) A=
FEBVES  ArEn ik 11 157.85.9793.03 ., 9 779.45 MJ -t
7 A A S I S RERE Y 71.71%~73.26% , T %2 i T4
REAE = BE TR P RO EAR 3, R T REIR AR Bl
A R T AR R TR ST R AR R —
WHER , DRIt AE A= R REFE DTAR S . R AFIE H
A B N1+S N1+0.5S b AN iA H AL P N1 RE #E R I
11.53% 12.95% , Ut W #4513k 5, BB A R FEARAE
Py i) A R I REAE o T 3 SUACHR AR 32 24 TR Ak -
FE BBy, oA N1+S.N1+0.5S v N1 43 50 HE CO,
27.05% .31.23% , I N,O 17.74% .14.51% ,{H. CH, HF
T HIHE TN 39.56% . 12.38%
22 RESKIEERER

25 A BRHE R R = SRR CO, i, 4540
FHLLE T P B 1] RUBE T 9 3 = MR 4 RO I v
(GWP)n 12, Z5FEH 18 20 4F 100 4F P~ [E]
REF b, &40 GWP f25°0 NI1>N1+S>N1+0.5S8, 78
PO BSFE] RUBE b, A5 AT 4 i i FH AP il AR B AR
FH 3 5 AU 4 BRI LV S RO I8 AR B N1 & 2%
REAR, Hordr 20 45 ROBE |43 5 FEAR 12.60% .23.98%,
100 4ERUEE b 43 IREAIR 21.37% .28.26% .

* 12 ZFABERABESEERESR-+)

Table 12 Global warming potential of each treatment(t-t")

b T2 SR TE S Greenhouse gas warming potential
Treatment 20 4 100 4F
N1 6.58a 5.92a
N1+S 5.75b 4.65b
N1+0.58 5.00b 4.25h

T : RIS NG R R A BRI 25 5 8 %, P<0.05

3 Itig

ABIESE iz FTAE i AN 7 1 RS AT 28 BT B9
“HRERCAEAR AR ZS R GE AR TR REAE S == A
HECEAT 703 Hr o AHSCBIR R AP, R5AT 6 HH RERAE
IR BRSO A U R SR A Nk
AYTE SR, HS A R RE S B A B3 7R
R AT RS FRIE AL LEAN A H AL PR3 1490~
15% , 7" i YIS 22 R il A2 7™ B BEA ™ 2%
UG AH DR 1B (1 e /ZNZERT 1 e KA ) B9
REFE el = UAHR T &

TE“ A R 7R AEZE 1 o/ 1o KREAE - 1A=
i S R, A5 AL PRAERER 32 S AR A SRR R By

F11 “E RIS EREIEEAITA (gt

Table 11 Life cycle inventory of energy consumption and greenhouse gas emissions in a functional unit crop production system (kg-t™)

He i IR BE BEFE 2 S AR HEL Greenhouse gas emissions/kg et

AL Treatment Life cycle stage Energy consumption/MJ -t co, N.O CH.
NI JECRLE T Bt Raw material mining 6 832.72 138.06 — 1.23
A HEB Bt Agricultural supply production 4325.13 239.71 — —

PR Bt Crop growing 4073.18 10 569.42 0.62 27.08

£t Sum 15 231.03 10 947.19 0.62 28.31

NI+S JEURFB B Raw material mining 5991.82 121.29 — 1.09
AR GTHEE Agricultural supply production 3801.21 210.68 — —

AR Bt Crop growing 3 863.31 7 653.61 0.51 45775

41t Sum 13 656.34 7 985.58 0.51 46.84

N1+0.5S JEUELB B Raw material mining 5986.11 121.06 — 1.09
R FEHBE Agricultural supply production 3793.34 210.24 — —

KB Crop growing 3705.21 7 196.23 0.53 31.22

&1t Sum 13 484.66 752753 0.53 32.31
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B st CRIE) A= BB, i 2 A A IRERE Y 70%
LA T JERFE R B B SRR i LA AR B8 A 77 By
BT St R 3, DA Tl IR AR 7= A i TR S A
TEIHAER EZEAAT . WP R R AR Tolk b
ABEFERANCAE P~ R PR BEFE 10.11%~21.34%, [#AI%
W CO, HECR 37.25%~52.94% . R Tl Settb s A
PRI FH AR ) 2 AT S IES T s AR At 3 SR HE ik
A RGER

T SARHE R ) S RS W E Tk F Rl B B o
5% 2R B, R A3 FH A5 280N vt P R34 e FH 1 458
CO, Fl CH, P HERCGHE & , HAEAB 5T H , i FRFF 8
FE P38 7 2800, (AR B AR ™ ek Tl 2 A o
FoAe A S BB R . AR AR - AR At AU
I ARL T 4 TS 0 W R ) R B AR A, R A
Vi B AR ETEE T, it AU AT 98D 309%0~60% , H
ST R O 98/ UM A 7 as R e i P 6 R il = A
Hefif, DR, FE o FHRPE B BER FH RS AT H G A /IR
PRt , 1V RS IR T A REHRE St D IR G e o

TELOM R T AR H I A0 2ok BT R BT T WL 15 2
S ABIF Y B 2 R = SRR ), T AR
wERPEN i, BRI ERNAN, SRR R
fb. EEFRE . NSRRI 2 055 5 0 7
71, 55V B R A T HE R FLIRSR AN o AH OGRS 4
H R AR R A R G R A= A A, PR
T B R IR & 8 IR AN, i 4 /NEE A K A
BIPREE s i KRR IR ™), DRt , RS A8 2%
PR 2 -7 A 7 e AR A R A B S e RN A
FEIF

Fh R A R O AR S R G
I REFE SR B2, WE 2228 e SRR TR AW A 77 4%
HOARMDN R E SRR S PR Tl #8, EE E
Z BRI AR IR 252 B K Al # . R
Az A JE A O % 1) R e i B ARG G2 A
BN Z AR SY B AR T

4 Hig

TR XS 22 - AR AR 7 R G oA —
EEVER  fER T SRR AT VR E
Y77 i LA IR AR IR 5138 A0 14.31% . 15.46% . TE 7
e AT, REFE I 2R AR TE IR R LA
(ERE) A7 BB, o 2B an A 71.719%~73.26% ,
T I 2 ASCACHE R ) 32 22 8 A AE AR R AE Y B o R AT i
FH 3 AT RRAR B VR 7™ a2 1 A PR L % AU HE ik B

20 4 100 4FRUEE b BRIGH TS, — e R B e
BAEAEYI A B ERSEHEROE ) o MR A 7= 4 2E i A
WL  FFRE R A O PR 5290 (9 7
A AR L
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