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Estimation of Carbon Emission and LCA (Life Cycle Assessment)
from Soybean (Glycine max L.) Production System
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This study was carried out to estimate carbon emission using LCA (Life Cycle Assessment) and to establish
LCI (Life Cycle Inventory) database of soybean production system. Based on collecting the data for
operating LCI, it was shown that input of organic fertilizer was value of 3.10E+00 kg kg'1 soybean and it
of mineral fertilizer was 4.57E-01 kg kg'1 soybean for soybean cultivation. It was the highest value among
input for soybean production. And direct field emission was 1.48E-01 kg kg'1 soybean during soybean
cropping. The result of LCI analysis focussed on greenhouse gas (GHG) was showed that carbon footprint
was 3.36E+00 kg COz-eq kg'1 soybean. Especially CO; for 71% of the GHG emission. Also of the GHG
emission CH4, and N,O were estimated to be 18% and 11%, respectively. It might be due to emit from
mainly fertilizer production (92%) and soybean cultivation (7%) for soybean production system. N,O was
emitted from soybean cropping for 67% of the GHG emission. In CO»-eq. value, CO; and N,O were 2.36E+
00 kg COsr-eq. kg'1 soybean and 3.50E-01 kg CO»-eq. kg'1 soybean, respectively. With LCIA (Life Cycle
Impact Assessment) for soybean production system, it was observed that the process of fertilizer production
might be contributed to approximately 90% of GWP (global warming potential). Characterization value of
GWP was 3.36E+00 kg CO,-eq kg™
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Fig. 1. System boundary (gate to gate) for production of soybean.
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Fig. 2. Carbon footprint of soybean system calculated by LCIL.

Table 1. Impact categories in LCIA (by MKE, Ministry of knowledge Economy methodology).

Impcat categories Abbreviation Unit
Abiotic resource Depletion ADP 1 yr'
Global Warming Potential GWP kg CO»-eq. kg'1
Ozone Depletion potential ODP kg CFC-eq. kg’
Acidification Potential AP kg SO,-eq. kg'1
Eutrophication Potential EP kg PO -eq. kg
Photochemical Ozone Creation Potential POCP kg C,Hs-eq. kg'1
Human Toxicity Potential HTP kg 1,4 DCB-eq. kg‘1
Freshwater Aquatic Ecotoxicity Potential FAETP kg 1,4 DCB-eq. kg'1
Marine Aquatic Ecotoxicty Potential MAETP kg 1,4 DCB-eq. kg‘1
Terrestrial Ecotoxicity Potential TETP kg 1,4 DCB-eq. kg'1
house Gases)«= OJAFSFELA (COy). UﬂFJ' (CHy), oFAkst ol A3t} 7HAT= A9 ARslo|tt (ISO 14040).
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Ao gt *J%%kii AJ8HlE} (Table 1), A Q
A BAAA (kg COy—eq.) = FHE7t Tt AAEARA JHEE PASS (4.1.3)
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o]7|4, GWP (Global Warming Potential, A]G-2 ?Edﬂl- ol =k
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AbEl Zro 2 CHy= 21, N20+ 310, HFC—134a”} 1300, T 7)etie] = 21 kg AMF O EojE gl o
HFC—-152a+ 140, HFC-23< 11700, SF6-< 23900, A WE B2 (SHE Zeam), oux] (d7], s
PFOs= 65009] gk b=t (IPCC 2001). Hodg)oke 717} 3 10E+00 kg, 4.57E-01 kg, 6.29E—02
kg, 8.48E—02 kgo|lth. UsAtoA F2 HiEH= &
Mot FekMIt (Life Cycle Impact Assessment) A7} COp, CHy, NoOO|TF (IPCC 2001, Lee and Suh,
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Table 2. Data of inputs and outputs for the production of soybean.

Input/Output Unit Quantity Data source
Input kg'1 product
seed, seedling kg 7.19E-02 agro-livestock incomes data (RDA, 2007)
composts kg 3.10E+00 incomes data (RDA, 2007)
N fertilizers kg 7.02E-03 incomes data (RDA, 2007)
K fertilizer kg 2.34E-03 incomes data (RDA, 2007)
compound fertilizers kg 3.18E-01 incomes data (RDA, 2007; KFIA, 2007)
lime kg 8.48E-02 incomes data (RDA, 2007)
silicate fertilizer kg 4.44E-02 incomes data (RDA, 2007)
pesticides kg 2.25E-03 Agrochemical year book, Agrochemical use guide book

(KCPA, 2007a, b)
electricity kw 2.57E-02 incomes data (RDA, 2007)
fossil feul L 4.89E-02 incomes data (RDA, 2007)
vinyl m 1.41E-02 incomes data (RDA, 2007)
pot kg 6.29E-02
Output
direct emissions kg 1.48E-01 IPCC 1996
(CO,, CHs4, N2O)
waste treatment kg 5.62E-02 KWA, 2007
MIFAFF, 2004

product (soybean) kg 1.00E+00 incomes data (RDA, 2007)
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Fig. 3. Contribution of soybean productin system to environmental effects with one kilogram of soybean production by LCIA.

stel Age As WjEEol 148501 ket
7|ABR (84%), 7714 R (12%)= QA FYUZe] 96%
A, hee Sug mato] 9% EeuEE
FA8FATH (Table 2).

F A AEOlN o] GO WEHE Sk
= kg COs—eq kg soybean T = AFESE BHAAIZ O
2 FEAEY, WEPAA 8% 6t A7k o
4 EHRE st Ay HEEA% 43E Fig. 20 U
St BAAT B AL Sauns g
3.36E+00 kg COs,—eq kg ' soybean$lT}, CO,, CH,

Ll

Wi

N,09] COy—eq. 3} AL 717} 2. 36E+00, 6.41E-01,
3.50E-01 kg COs—eq kg ' soybeant} LAlZpA ub
AJeF v]2S v|WshE CO.7t 71%, CH, 18%, N,O 11%
o]tk

HMubd gergot 3 AR it Aoy 9
F7h A (B4 vEAA, weRdal A
AR AL, olluA] gator FREske] Zpzke] FIH
of Wigt 3 7I9=E Fig. 30 Uik T A
A Sl AFREEAS (GWP)O oF 12%9] 7]l

—1N off ok

o=



902 At o)A - 44

- AH - %3 - o} oleu)

CFC-14

SF6

HFC-23

HFC-152a

HFC-134a

N20

CH4

| = Soybean
production (Field
— emission)

L |
-‘ ™ Fert. Productin

i

1

7 Pesticide
production

Energy production
(used cropping)

. "™ Agricultural
[ materials
production

£8 = Waste treatment

0% 20% 40%

Contribution rate

Fig. 4. Contribution to GHG emission of soybean production system.

L 52

UER Sl o2 JgFHTol= A JFS FX
Ao R Bhylth FaAuof o5t obitshA 49
7|HjE2 GWPE] a3k 7]o)lAtelt}t (Bouwman, 1990).
BolshibstE AAdHFolA SHE Zu ALkl ot
S 719=Tt oF 30% =S UERiTE sebgAr
TR F2 AHEA BHHTAA 10% We 2] 7=
£ B, RE FERF M Z 9FE = A2

e

PR

H]BAMFE Ol 9T, GWPS] S4ERES 3 36E+00%ct,

Al (Interpretation) LCI X0z ARHE He|A
AAA G S A Hlg AR, s A4, ol
YA AR, A A, 384, HI71EA
g3y or FEsto] T Agoa st 2AVIAE
347 71 &2 Bttt (Fig. 4). COx= H|EAYAF
(¢F 92%) 1t FAAE (F 1%)0lA == WAL, N0
o] Fa WAL F A4 (oF 67w v]EAP4E (OF
32%) 0|31t} CHs H|mAdAto] Aol Aol tiFis 2t
ARy, Aol WAYS= 227k (CO,, CHa, N:20)
o] FRUJNL FTAAMELE Qg AR et
AH|® Alge] 7]R1E H7|29] opitela o] Hhgo]
Att (Lee and Suh, 1993). FA4HAIA A WA=
C0y9} NyOx ZHzZ} 2.36E+00 kg COy kg ', 1,13E-03
kg N;O kg 't} Shin 59 d7Z43 F 27] % ha
T otiteA A AR F5E Fd 4.7 kg N,O,
24 3.0 kg N,OST} (Shin et al, 2003)

A2 A F7RE AleE AS vRe 53t
TPE7EA = v 2 B4R H|ZAGo] o WA ER
HREYS S0l FaHY 7] Hod Zlow %
AT E3 FAEY] A ZERbAkel FAulel <
gt Aoy 9 A EFlol| avprl HapgE el gk
= Y= PHES o] doT ASE AREHIL

r

i ot

o o
£ =

FoEe g, F71E BlE, A (SEE &
amh, odA (A7), sHdR)%Fe 22t 3.10E+00 kg
kg! soybean, 4 57E-01 kg kg ! soybean, 6,29E—02
kg kg ' soybean, 8.48E-02 kg kg ' soybean©|3l
I, T BAEARA st AR ti7|HiEE (CO.,
CHy, N;0)9] HjZe2 1 48E-01 kg kg ' soybean%l
o Lo B4 AT F AAAAS) sadus) 4He
3.36E+00 kg COs—eq kg ' soybean®lil, &Al7}A Hb
Ak vj=22 vwshd CO.7f 71%, CH4 18%, NoO 11%
o|%ith. COx= BIEAAL (oF 92%)3 FAAL (OF 7%)0l)
A = AEAL, No09] o Y T AAE (oF
67%) 7 B2t (OF 32%) <=0l Rh=tl, COz, N202] CO2—eq.
A &L 7Hz7 2 36E+00 kg COs—eq kg ' soybean
7} 3.50E-01 kg COs—eq kg ' soybean$it} HitA
FFG7 SPAT GWP EAIZES 3.36E+00 kg
COz—eq kg 93l T AJAtT vl K4ato] Fagt ¥el

| At

o] 2
o

e

e

MO

Bouwman, A.F. 1990. Exchange of greenhouse gases
between terrestrial ecosystems and atmosphere. pp. 61-127.
In Bouwman, A.F. (Ed) Soils and greenhouse effect.
Wiley, Chicchester, USA.

Dalgaard, R., N. Halberg, 1.S. Kristensen, and I. Larsen.
2003. Proceeding from the 4th International Conference,
Bygholm, Denmark, An LC Inventory based on repre-
sentative and coherent farm types.

Hong, S.B., S.J. Lee, Y.H. Kim, Y.S. Hwang, K.H. Yoon,



2o akmpgel A WASH=

S.I. Lee, M.Y. Nam, L.S. Song, 1.Y. Baek, HK. Kim,
and M.G. Choung. 2010. Variation of protein, oil, fatty acid,
and sugar contents in black soybean cultivars according to
different latitudes. Korean J. Environ. Agr. 29:120-128.

IPCC (Intergovernmental Pannel on Climate Change), 2001.
Climate change 2001, Radioactive forcing of climate change,
The scientific basis. Cambridge University press, UK. pp.
388-390.

IPCC 2006. 2006 IPCC Guidelines for national greenhouse
gas inventories, Prepared by the National Greenhouse
Gas Inventories Programme, Eggleston H.S., L. Buendia,
K. Miwa, T. Ngara, and K. Tanabe (eds). IGES, Japan.

ISO (International Organization for Standardization). 2006.
ISO 14040:2006(E) Environmental Management - Life
Cycle Assessment - Principles and Framework.

KCPA (Korea Crop Protection association). 2007a. Agro-
chemical use guide book. Korea Crop Protection association.
Seoul, Korea.

KCPA (Korea Crop Protection association). 2007b. Agro-
chemical year book. Korea Crop Protection association.
Seoul, Korea.

KFIA (Korea Fertilizer Industry Association). 2007. Fertilizer
production data. Korea Fertilizer Industry Association.
Seoul, Korea. www.fert-kfia.or.kr.

KWA (Korea Waste Association). 2007. Agricultural waste
data. Korea Waste Association. Seoul, Korea. www.

2HfEF A 9 A gt 903

kwaste.or.kr/data/.

Lee, S.K. and J.S. Suh. 1993. Emission of Greenhouse in
the agricultural environment. 1. The cropping system
and emssion of the greenhouse -CO,, CHa, N>O- under
different cropping system. Journal of Korean soc. soil
sci. fert. 26:49-56.

MIFAFF (Ministry for Food, Agriculture, Forestry and
Fisheres). 2004. A study on Establishing effective man-
agement system for equipped agricultural input wastes.
C2004-A1. Ministry for Food, Agriculture, Forestry and
Fisheres. Seoul, Korea.

Nam, J.J., Y.S. Ok, B.S. Choi, S.T. Lim, Y.S. Jung, Y.S.
Jang, and J.E. Yang. 2008. Methodology of life cycle
assessment (LCA) for environmental impact assessment
of winter rapeseed in double-cropping system with rice.
Korean J. Environ. Agr. 27:205-210.

Ok, H.C., Y.H. Jeong, J.C. Jeong, O.S. Lee, C.W. C.G.
Kim, and C.G. Cho. 2008. Yield and isoflavone contents
of soybean cultivar in highland area. Kor. J. Crop Sci.
53:102-109.

RDA (Rural Development Administration). 2008. 2007
Agro-livestock incomes data book. Rural Development
Administration. Suwon, Korea.

Shin, Y.K. JJW. Ahn, M.H. Koh, and J.C. Shim. 2003.
Emission of greenhouse gases from upland rice and
soybeen. Korean J. Soil Sci. Fert. 36:256-262.





