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This study was carried out to find out major factors to mitigate carbon emission using Life Cycle Assessment
(LCA). System boundary of LCA was confined from sowing to packaging during vegetable production. Input
amount of agri-materials was calculated on 2007 Income reference of white radish, chinese cabbage and chive
produced at open field and film house published by Rural Development Administration. Domestic data and
Ecoinvent data were used for emission factors of each agri-material based on the 1996 TPCC guideline. Carbon
footprint of white radish was 0.19 kg CO, kg'1 at open fields, 0.133 kg CO; kg'1 at film house, that of chinese
cabbage was 0.22 kg CO, kg at open fields, 0.19 kg CO, kg™ at film house, and that of chive was 0.66 kg CO; kg™
at open fields and 1.04 kg CO, kg'1 at film house. The high carbon footprint of chive was related to lower vegetable
production and higher fuel usage as compared to white radish and Chinese cabbage. The mean proportion of carbon
emission was 35.7% during the manufacturing byproduct fertilizer; white radish at open fields was 50.6%, white
radish at film house 13.1%, Chinese cabbage at outdoor 38.4%, Chinese cabbage at film house 34.0%, chive at
outdoor 50.6%, and chive at film house 36.0% Carbon emission, on average, for the step of manufacturing and
combustion accounted for 16.1% of the total emission; white radish at open fields was 4.3% white radish at film
house 15.6%, Chinese cabbage at open fields 6.9% Chinese cabbage at film house 19.0%, chive at open fields
12.5%, and chive at film house 29.1% On the while, mean proportion of carbon footprint for the step of N,O
emission was 29.2% white radish at open fields was 39.2% white radish at film house 41.9%, Chinese cabbage at
open fields 34.4%, Chinese cabbage at film house 23.1%, chive at open fields 28.8%, and chive at film house
17.1% Fertilizer was the primary factor and fuel was the secondary factor for carbon emission among the
vegetables of this study. It was suggested to use Heug-To-Ram web-service system, http://soil.rda.go.kr, for the
scientific fertilization based on soil testing, and for increase of energy efficiency to produce low carbon vegetable.

Key words: White radish, Chinese cabbage, Chive, Life Cycle Assessment, Carbon footprint

Proportion of CO, emission from the steps of production of white radish, Chinese cabbage, and chives cultivated at open
fields and film house.

CO» emission step Items White radish Chinese cabbage Chives

Open fields Film house Open fields Film house Open fields Film house

Byproduct fertilizer 50.6 13.1 384 34.0 42.5 36.0

Single fertilizer 1.4 14 2.0 1.9 0.8 0.5

Manufacturing Composite fertilizer 12.0 26.2 13.5 7.5 12.8 5.6

agro-materials ~ Agricultural chemicals 0.0 0.1 0.0 12.6 0.0 0.0

Fuel 0.3 7.9 34 15.5 9.1 17.1

Other agro-materials 1.3 1.4 3.1 1.4 1.6 1.1

Vegetable Fuel combustion 4.0 7.7 35 35 34 22.0

cultivation N;O emission 30.2 41.9 344 23.1 28.8 17.1

Disposal .Of Vinyl, PVC et al 0.3 0.3 1.4 0.5 1.0 0.6

agro-materials

CO, emission (kg CO»-eq. kg'l) 1.90E-01 1.33E-01 2.21E-01 1.87E-01 6.56E-01 1.04E+00

Crop yield (Mg ha™) 59.2 69.6 63.5 93.0 374 58.5

*Corresponding author : Phone: +82632382421, Fax: +82632383822, E-mail: ledb419@korea.kr
§Acknowledgernent: This study was carried out with the support of Cooperative Research Program for Agricultural Science and
Technology Development (Project No. PJ0078742012), Rural Development Administration, Republic of Korea.
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Introduction
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Fig. 1. Framework for life cycle assessment in production of subjected vegetables.



Lee Deog Bae, Jung Sun Chull, So Kyu Ho, Kim Gun Yeob, Jeong Hyun Cheol, and Sonn Yeon Gyu 459

oF SORE, 1A AZAY Y F A ShaelEt
5ol el Thoret Aol o NOUAIE, HA)

pi

o] #7]of w2 7| 2o HiEESE A5

Hapd GItollA 7PEat MigtAkel & dAtolA 3
Agol| AAE HEREEES AFHR et
”dlfl'% ASES e R fFads AR A
W, HlREY T YARARA o] iRt e Rsk=
?%‘ifi‘ji A 5 A7) ARgo) 7HsRE AR
SAA 2 7EEste] o) 2 Qg B ke aEsiR] oF
ek glofeso] 27t EASHA] obe wefu|E o] -9 49
S AATH 4= Q17| wof o]Z elementary flowd}al 7}
stol SeIEEL 35 A 493 4 sl i
oAt QlRae] S e B ReR Beld)
A 2 tﬂOIEi Azte] oleie SOz Ak,

(

I
,ol-r

=)

kru

£ o

ol

mgoaw;onrmgmm
)
1?

SN B ATA ot AAA) T, o)

T Oz=
~ EXE]EE

ﬂ]iﬁ =+

oA Bt viE2 AAlE 1 kg DPHE Tk o=
soREQJee HEAgAe) A, okl (Kor, Crop
Protection Association,, 2007A)2} s
Crop Protection Association,, 2007B)E& 7|&o 2 Z&EH
S IS A8 A48 ALl 3
AollA WA= Hd, FAE 5 #JrlEdS dsHrlE
ZAHAFRE (Korea Environment Cooperation, 2007; Ministry
of Agriculture and Forest, 2001)¢] w&} A9t} of7]
A dlolel 571 9 B AL A0 AAE JhEd A2
59 olue] FAl Hlolelel A H AARA Sy AlFAE
2GS FIE0R S ) 8 A9 AT 018
Stolm, WAl SolA AgetE Z1as MEos s 5

o) Aglolu fA AlElol e dlolelE olgatelc

Ay 2174 (Life Cycle Inventory Analysis)< X474

5OpEAHA (Kor,

5 Akl Rkl ol A iRt A~ EQJo] PASS (4.1.9)F
ARGSIQIEE FAbE Bl it eaAl = & 5 (2010)
9] ARE, 7IE Aol st SR AlS= = EcoinventAl
9] dlo]g|Ho]A (Thomas & Thomas, 2007)E ©]-8-8FAT.
Ay HERAET} aba ABAEA oA B s 24
7EAE O R g vk A2 A (1)) o g APYste]
ow Zpz7to) QiAo thet AREAl 4] (2), (3)F Tt

o] eradgeF (kg CO—eq kg ) @

= 2(AM, VC, WT)

— AM (Agro—materials Manufacture) : AR A|ZHA|
ofj Al BhAAYRF

— VC (Vegetable Cultivation) : &4 AjujetA o A] Bax

ey

— WT(Waste Treatment) : =AY 7|2} oA ehark
AeF

AM = 3 (FE, VC, FF, CB) @)

— FE (Fertilizer) : B|BA|ZTA oA etiubael (HA)
=H, ddug, HeH|=)

— AC (Agrichemical) : S-oFA| ZThHAo] 4] ErAurAyey

— FF (Fossil Fuel) | 48 AR A zxAANA &
S

— CB (Coverage/Binding) : T&EA], ZE v & 5 =
AR o] A=Al A AR

VC = 2 (FF comb,, N;O emission) (3)

— Fossil Fuel Combustion : =2F¢& A7 A4
of3t ehup,

— N;O Emission : Z=rof A opAksha A Whago] wkE
B

HBARBO| T} ELARMANZE A SRR Q1o
o2 2Rl Hi7] wiEE2 1996 IPCC HiEAITE 48

Table 1. Emission factors and low-heating values of agricultural energy.

Emission factor (kg I

Low-heating value

Fuel 3

CO;, CH4 N>O (MIJ/L, NM")
Light oil 74,100 3.9 39 354
Kerosene 71,900 0.6 35
Heavy oil 77,400 0.6 39.1
Gasoline(Transfer) 69,300 33 32 31
Gas(Butane/LPG) 63,100 0.1 45.7
Natural gas 64,200 0.6 40
Anthracite 98,300 1.5 19.3

Intergovernmental Panel on Climate Change. 1996. The Revised 1996 IPCC Guideline for National Greenhouse Gas Inventories.
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Table 2. Proportion of CO; emission from the steps of production of white radish, Chinese cabbage, and chives cultivated at open

fields and film house.
o White radish Chinese cabbage Chives
CO, emission step Items - - -
Open fields Film house Open fields Film house Open fields Film house
Byproduct fertilizer 50.6 13.1 38.4 34.0 42.5 36.0
Single fertilizer 1.4 1.4 2.0 1.9 0.8 0.5
i ) Composite fertilizer 12.0 26.2 13.5 7.5 12.8 5.6
Manufacturing agro-materials . .
Agricultural chemicals 0.0 0.1 0.0 12.6 0.0 0.0
Fuel 0.3 7.9 34 15.5 9.1 17.1
Other agro-materials 1.3 1.4 3.1 1.4 1.6 1.1
Vegetable Fuel combustion 4.0 7.7 35 3.5 34 22.0
cultivation N>O emission 30.2 41.9 344 23.1 28.8 17.1
Disposal of agro-materials Vinyl, PVC et al 0.3 0.3 1.4 0.5 1.0 0.6
CO, emission (kg COxeq. kg") 1.90E-01  1.33E-01 2.21E-01 1.87E-01  6.56E-01  1.04E+00
Crop yield (Mg ha™) 59.2 69.6 63.5 93.0 374 58.5
oA oA otk AulEL FAbE BlE Al JJH‘* NN T E F davkeS sibE e s U Ae
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Table 3. Fertilizer recommendation based on soil testing for vegetable cultivation.

Items

Contents

Address and area of land

Vegetable farm land

Kinds and age of crop

Texture, category, drainage, characteristics of soil

Nutrient content of each farmland

Soil testing and nutrients criteria

Nutrients managing criteria

Fertilizer Recommendation

Recommended fertilization of nitrogen, phosphate, potassium, compost and lime

for each farm address

al, 2019), v hAAES Shdfska olek

A 4% vl FHE A8k 4o Fasky,
& HBERE =ollA CHO| wiEde Hlugt 235 Hd
faAgo2 AT ha 3.29 kg®| CH7F EAYE | Hs|
SO A5 92.1%, ka4 H]&E Q] LCU (Latex Coated
Urea)& ARE-31H 2HEF0] 80.2% =22 Yot (Kim
et al, 2009)1 s}t E3F ¥ WASE U= 165 H|REE=
ddnlz ofn] AzARA EaAgo] 12,1% 4o]
(Jung et al, 2012) ©|& ARESIH BRAWHEFo| Lo HE
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T BE Bhr|R @go] B @hu| et =EEH ¥
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Conclusions

& A= A9k AVAEIA] A Aol =8
Y g a8 ekl dl-eee AAstaAt 3=

o ARl A A APHSIE A4 5]

FE SRR gstglon, oluf FlEls FAA ol
FROAMGHE FEATH 20079E FEAEARA

A4 1 kg AAAEPY F TAE COx= =4 - 0.19 kg,

AAAE] B 0,13 kg, wA] HJZ= 022 kg, A4 HI|Z 0,19
kg, =R 5¥3 0,66 kg, AlDEZ= 1,04 kgo|it}.

A Aol YAAAE CO0) A ES B, F4b
= HR AlxTA oA Bt 35.7%7F A=, =4 T
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26.2%, w=A| viS= 13,5%, A AuiA] viS== 13,5%, Al
A S 7.5% A B 12.8%, AEAMIA] F5=
5.6%31ct, AR Aot ARETA A Hat 16.1%2] o]4t
shekart AEglen, FEHRs A = 4.3%, AA
AfA] = 15,6%, =A] Bl 6.9%, Al AuiA] viE=
19.0%, =R F3= 12.5%, A AEjA] = 29, 1%% T

oiRA A WATA oA = Hat 29.2%9] oliksbetATt
o, FEHEE A 771 39.2%, Al AuiA|
L7} 41,.9%, =R w57} 34.4%, A/ AJElR] 87T 23,1%,
2] By} 98 8%, Al AufR] H=r}b 17.1%% T
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