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Environment impact assessment of organic and conventional soybean production

with LCA method in China Northeast Plain
LUO Yan, QIAO Yuhui®, WU Wenliang

Department of Environment and Resources, China Agriculture University, Beijing 100094, China

Abstract; The environmental impacts of the growing global trade with organic products during both production and transport
have gained increasing attention. One of main organic export products in China namely soybean was studied using the life
cycle assessment method, the DNDC model and on site survey in the northeastern region to quantify the impact of resource
depletion and environmental impact. The environment hotspots in the life cycle for three different types of soybean
production were identified: Exported Organic Soybean ( EOS), Locally-consumed Organic Soybean (LOS) and Locally-
consumed Conventional Soybean (LCS).

Data for agricultural inputs were obtained directly from 29 organic and 14 conventional soybean farmers who filled in
questionnaires for the growing season 2006—2007. Data on the transportation and fertilizers were obtained from the retailers
and the trade company. For the DNDC model, data for soil conditions and climate were obtained from the local government,
own analysis selected samples and from the organic trade company. This study focused on global warming, resource
depletion, eutrophication, acidification and ecological toxicity as impact categories for LCIA. Normalization references for
global warming, eutrophication and acidification are specific for China whereas normalization references for resource
depletion and ecological toxicity are global due to lack of emission data for those two categories. Expert judgment was used

to get the weighting factors.
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The results showed that resource depletion, acidification and global warming potential accounted for a considerable
fraction of total environment impact with about 30% for each item while eutrophication and eco-toxicity only accounted for
less than 10% respectively. EOS showed the highest value for energy consumption compared to LOS and LCS.
Transportation contributed the most and the fraction in EOS can reach as high as 95% , but it was also considerable for LCS
and LOS. Besides, production of fertilizer depleted 11% of the resource for LCS. The EOS and LCS showed almost the same
acidification potential followed by LOS. SO, emitted from transport stage was the main reason for this, which was due to
energy consumption and burning of fuel. During production, conventional soybeans emitted 716 gSO,-equiv. /t compared to
590 gS0,-equiv. /t from organic soybeans mainly due to more machinery hours in the field. The agricultural input production
stage emitted 788 g SO,-equiv. /t for conventional soybeans, especially for the production of phosphorous fertilizer. EOS
had the highest global warming potential and locally-consuming soybeans minimized carbon dioxide emission. The carbon
dioxide emission from transport ranged from 784 kg CO,-equiv. /t to 1477 kg CO,-equiv. /t which accountted for a large
fraction in the life cycle. Eutrophication potential of L.CS was 1.8 and 1.4 times greater than that from LOS and EOS. The
agricultural input production stage was the most significant and contributes to 55% of the total amount. In the farming
stage, organic soybeans emitted almost 640 g NO,-equiv/t which was greater than conventional soybeans because of higher
input of N. In LCS, ecological toxicity potential accounts for 8% of environmental impact. Considering all the factors for
environment impact, LOS was most environment-friendly option which can reduce the environmental impacts by 33% and
31% compared to EOS and LCS. Locally produced organic soybeans consumed in China could reduce CO, emission and
energy consumption by 47% and 33% respectively. This could also decrease acidification and eutrophication risk by 19%
and 46% compared to EOS and LCS. LOS would therefore not only decrease resource depletion, but also met the

requirements for pollution reduction. Thus, locally consumed organic products are environmentally favorable.

Key Words: life cycle assessment; organic soybean; conventional soybean; environmental impact
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*1 AEAXZEGEBHER
Table 1 LCA descriptions of different soybean

Az i A 1Y) TiH

A JE

A

LOS EOS LCS LOS EOS
Life cycle Ttem Life cycle Item
2 44
AL/ (h/hm) 242 242 B/ 103 103 102
Machine I Truck
. 3 FizkhrB , L
HEAR/ (/) 13.6  13.6  Transportation /e 3773 3772 2000
Compost stage Train
2 -
TEAE/ (kg/hm”) 148 0 0 R/ 0 0 22555
Fertilizer Tanker
o 2 JEE /K
LT FF/ (kg/hn ) 55.38  56.79  56.79 Mk 21,14 0 0
Production stage Seeds Coal
=] 2 oS - .
%E.;..J/(L/hm ) 5 0 0 gk B AW " EQ,jj(kW h) 29.30 0 0
Herbicide B B Electricity
AR 2 Farming input ; k
T$,!J/(kyhn1 ) 0.8 0 0 ing inp WEH"/ kg 36,91 0 0
Pesticide production stage Phosphorus
=N 2 N
PR/ (kg/hm? ) 3125 2822 2822 E}{Eh/kg 2.34 0 0
Yield 0il

1.2 Wk

A Ml A= iy JE VTN S0 2 A AT £ Bt A 2B 7= 30 Sl 5 | R B A ) R AR S A AR ™ Hh 5 R T i Y 25 17
i Z MBI 2R, AP A A 77 16 Sh A BRI TS A | BEVR TS RE LA BT A BE 22 B )
1.2.1 Hipg X 5EFERe

TR LA 1 ¢ KT DI BE SR TT, PP AR R R WA = B Hbr i iy e ft . EEaFERGW
Az st BB AP A GBS B (1)
1.2.2 JEHRHT

5 BT R T A R PR B BERY B IO R ST AT BB SR TR GR 1Y 7= i R W A . ARBESE
IR L A3 WA B B, 57— B B 3 3 R ) 5 SO i A R e 9 , A A R S A 6 AR F B U 2
PREFRAEAF R 7 a0 RO o AR BT 5 A TSR AR P b T AR R LR P O AR SR AR
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1 BfFREXIER
Fig. 1 LCA system boundary of soybean

AW PR B AR i AN =0 AR ) 55 B, st T H R B A RIS o0, o 5 K
SAMEMTAE R (R 1), B BOREE I R G EE, AT 0 B T ARG E PR G &
Ay A PRI BRI RE R AIRBEHE R A A PR R R S3T IES Qe S P [ AR X Al A
BRGFHIFAFTA T & DNDC BRI | SR A MR 78 3R R ATk ) AR BLHE R BN
(R BEARA S F B T ) A5 00 A0 A P2 3R PRI 375 3% A = B A AR g ) U BRI AR 5 AR A A e B
DT PR R WAL e T RE R R e B E  HE O (3R 2) o B H IR R B AR S B T ) O R
Simapro FXAFEE EARAHZ 5 1 km - kg THFE IR 8 K05 Y HER R (2 2) o Rk A= = 3895 2R ] DNDC BiAY,
BLA R P (R S5),
F2 AP UATREEFRS RUEFRFRERFFTHANGHES

Table 2 Input-output inventory of farming input production, production and transportation for 1t soybean

w A o 37 AI’T‘% - \ .
RV 5 # AR Wi fiHkT WK
Farming input Transportation . )
. Item Amount Item Organic soy Conventional soy
production stage stage
P
k?‘/kg 21.14 EEjj/,MJ 27.80 20.97
Coal Electricity
B/ k.W/h) 29.30 J(i /M 549.40 414.47
Electricity Train Coal
A Input W /k 53/ M
U se 36.21 il 216.80 163.55
Phosphorus Diesel
J kg /M)
2.34 183.1 2439.
0il 3 o oil 83.10 39.80
Truck /Mg
COD/g 65.06 . 121.15 1614.26
Diesel
N JlA=gy /IA‘./M
€0, /kg 84.25 ik SR /M 5864.00 0
Tanker Diesel
Cco/ 48.78 CO,/k 829.04 495.57
it Output 8 2
NHj;-N/g 110. 40 CO/kg 0.73 2.11
N,0/g 251.55 REMNY/ kg 2.48 1.20
S0,/g 213.55 S0,/kg 4.39 3.74
NO/g 210.18 NH;-N/g 0.28 5.50
CH,/g 23.54 NO3/g 3.52 11.40

# BT AL PEER TR B R S T R LR

1.2.3 S
IS RS PR TN FLE SRR ZE IR AR ST BE B ORI #E 2 BRAE IR 55 371k KRR 1k
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I=A
7

IR TEAN , FRAE AR AR R i R Tk 2 B T2 &8 8 — ) 2 Bk AR
W AR AE AL AR (32 3) . SRR EAL AR ALK F M. AL J.
i 55 78 USES-LCA , B L 1,4-DCB Sy 3 i >4 &

PRUEACTEIE R B P T 2075 IR 2800 R SRR N DL R U A5 2207 T 9 R 3R | AR BT S b AL R R T
BT LL 1990 4F- He iz AR 37 ) v R PR3
PEASTRMEbRE , A I REMELL 1995 AR LATH SIS TS g B

TERE AN RIS IRALTE I, SR P2 AT 4015, RINE 200 3 5 WA G & MR A © g xd B JLAR
[F) A BRBESEE BEATINAE T 23, SR T SO R AT AR L B T 0B RN AT 20 RURE  foe Jo AN AT 315

®3 MIEHMEHEN

L id)

Table 3 Character model of environment impact

WP AR AL R (3 4) 1 G340 TR i SR A ST B R T AR A

ARRAR IR e wEIM PHRIHAE
Global warming Acidification Eutrophication Resource depletion
TR AT AT o A
THEIR 1 k K/ M,
Molecular kg CO,/kg Molecular kg SO,/kg Molecular kg NO,/kg BRI 1 kg HALHF/M]
Resource Factor
formula formula formula
CO, 1 S0, 1 NO, 1 J& Coal 20.209
co 2 NH; 1.88 NO 2.07 4590 Diesel 42.652
N,0 290 NO 1.07 NH,4 3.64 JE3H 0il 41.816
CH, 25 CN 2.38 1kW-h 3.6
*4 HEREZEITNIRELEL
Table 4 Normalization values for different impact categories
BT Impact categories A7 Units FEMEH Normalization values
L BRAFRE Global warming kg CO,-Y#/a 8700
& E 371 Eutrophication kg NO,; -2 H/a 62
iRk Acidification kg Soz-ﬁﬁ/a 41
WRIEFE Resource depletion MJ/a 56877.88
A A Ecological toxicity 1,4-DCB-Y4%t/a 24.56
£S5 DNDC BEUHEITHR
Table S5 The result of DNDC model
N A/ (kg/hm?) N it /(kg/hm?) N -1l
N input N output N balance
o A
Proparty Fertilizer/ EHER AU BF e NO3 N,0 N NO RE
i N fixation N deposit Seeds Plant 3 ? ? Total
compost
5]
ﬁELjFJ‘ 100.2 139.4 11.4 3.6 223.4 1 5.4 14.1 0.4 +10.3
Organic soy
A i _\ﬁz_
ALK 46. 1 138.3 11.4 3.7 248.8 0.8 4.3 11.2 0.3 -65.9

Conventional soy

1.2.4 DNDC &7l

DNDC A5 7502 [ ] RUBE 9 A4 Wtk Ak 2 i B AR . DNDC ASE D AR 250K 2l R 28 (B A0M | 38 Al Je A
G FAEE S (RIS R SR pH (B Eh FA AL S YRR 2 ) Ko A WA s Kot kb
SR ER FR AL, TSR BT C N FI/K 53 A st R AL 24 AR R H T L SZBRG T 1989 4F 71 23 10 £
A TR E 7 [ B A AL 5 R b DX A DA B R AR R AR SR I BE LA A (Y
Ipik AH 8 A HLAE B 3 A H BT IR0 04T R A AL A L5 R0 42. 96 ¢/kg, &
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VS AT 45 5 SCHREE T 2 30 B AT H A B AE A T R 45 R AE B B
ERNH

2.1 RIEEmIE
2.1.1 EERAFBEEE

L2 a] DL, EOS Ax iy Jii) 1A 4R AR 18 PR 85 52 i v (B I K, T LAGA B 2171 kg CO,- i/t 431 /&
LOS . LCS 9 1.47 £5F01 1. 42 5, Horb ALK 5209 K B2 B 4 BRAR R 5Tk 3 de K, 2 BRAR R 1 IR S5 5 1 15
1B 7 B 529% —68% , LA A9 LK G BT o He B d5e K, AR B A 7= B BE K 0 4 RS R VR A o 1Y
32% —47% (A HUK T A P2 0 A BRAR BB E 2 W MRG0 1. 2 3% XT38 MUK B A P2k it |t AU AR A B 1Y
BN ARG A P i B T I A RAR R (W PR BT SE A, o7 B T BRI 1%
2.1.2 EEFMEE

MR BRI LA 1 (B 3) ,LCS & E AR i K, 88 T 1639.35 ¢ NO,- 44 /t, 735172 LOS
EOS I 1. 77 {581 1. 42 4% Forfofe I AR 7= R 8 A7 B B B B SR AL oT ik R i b 2, 0T A HLR ok
Uk, A B 1 55% 5 B NTH 2R A LR AR B B BTk B T 70% o B RIAE 7 R ARG A 7 I BV ER
SRR IR K o B MW 1Y 55% i A s B B T 28% N 17% o Bt DAE LK TR
ARG T B BOV B E SRR B R A (A K

P& 3.1 g/kg, MR LA HLBTF48 5 500 37.20 o/kg, BRI HN 1.53 g/kg, AL
B
2

2500 - 1800 ~

e 8
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= 2000 - o Z 1400 O -
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2 o 800 L
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LCS
3 EEFUKEMMEE

Fig.3 Life cycle eutrophication impact index of soybean

E2 £KETERFMEZMEE

Fig. 2 Life cycle global warming impact index of soybean

2.1.3 FIRIEFERE

MEL 4 FETLIE Y, EOS BEIRIEAEM R R MR K, 43102 LCS LOS 1y 1.26 f5F1 1. 46 i, H iz fi b B
XTHEIIHFE DTk AR R . %P Bt EOS By BT IRTHAE & B HA A A Y 95% & ENTH R KRG 1.5 %, KRS
()32 4 B B ) R R TH AE(E AR B T 80% £, A FAE =B Br, & IR T DR Ay By T AR AL P o [ S TR AT
TEAH R BRI TEFE A MRG0 1.4 %5, BUAN, F RUR G A B AW A = BRI TE FE 2 T A R 1%,
FE R A R B L 7 R AR B T FE
2.1.4 Ffbil

EOS Fl LCS MR AL RIS VAR T , 202 LOS 19 1. 17 1%, A B F 8 Eis a5 HE my S0, % ik
MK (S, b7 R BRI M V(B 72% —89% ., A%V A 7= i BE 0 K S Rk S AR (R HE Bl S A LK
L2 A PR bR TR IN T 43S R A TR AR AL R ] 3K 8 37,1 h, LR ALK 2 12,9 h, LK
GAEAREI T SR 21 SO, o AR B A A 77 0 HIR B AR 7 ORI Y R A R Ak B B 5 1) BT R
%415.01%

A A EEERE  PE A 5 R RO S AR 7 e A v A 247 R I e R0 A 8 P X A5 s B S
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Fig.4 Life cycle energy depletion potential of soybean Fig. 5 Life cycle acidification impact index of soybean
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Table 6 Life cycle aggregate environmental impact index of soybean

SEEA TSI 2 f Lk ;
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YLV FE Energy depletion 56878 0.18 0. 02266 0.01608 0.01850
HEAFE Ecological toxicity 24.56 0.23 0 0 0.005849
LEATEEL Aggregate index — — 0.07208 0.05405 0.07078
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