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Estimation of Carbon Emission and LCA (Life Cycle Assessment)
from Pepper (Capsicum annuum L.) Production System

Kyu-Ho So*, Jung-Ah Park', Jinho Huh', Kyo-Moon Shim, Jong-Hee Ryu,
Gun-Yeob Kim, Hyun-Cheol Jeong, and Deog-Bae Lee

National Academy of Agricultural Science, Suwon, 441-707, Korea
! Econetwork Co., Ltd. Seoul, 137-888, Korea

LCA (Life Cycle Assessment) carried out to estimate carbon footprint and to establish of LCI (Life Cycle
Inventory) database of pepper production system. Pepper production system was categorized the field
cropping (redpepper) and the greenhouse cropping (greenpepper) according to pepper cropping type. The
results of collecting data for establishing LCI D/B showed that input of fertilizer for redpepper production
was more than that for greenpepper production system. The value of fertilizer input was 2.55E+00 kg kg'1
redpepper and 7.74E-01 kg kg'1 greenpepper. Amount of pesticide input were 5.38E-03 kg kg'1 redpepper
and 2.98E-04 kg kg'1 greenpepper. The value of field direct emission (CO,, CHs, N2O) were 5.84E-01 kg kg'1
redpepper and 2.81E+00 greenpepper, respectively. The result of LCI analysis focussed on the greenhouse
gas (GHG), it was observed that the values of carbon footprint were 4.13E+00 kg CO;-eq. kg'1 for redpepper
and 4.70E+00 kg CO»-eq. kg'1 for greenpepper; especially for 90% and 6% of CO, emission from fertilizer
and pepper production, respectively. N,O was emitted from the process of N fertilizer production (76 %) and
pepper production (23%). The emission value of CO; from greenhouse production was more higher
than it of field production system. The result of LCIA (Life Cycle Impact Assessment) was showed that
characterization of values of GWP (Global Warming Potential) were 4.13E+00 kg CO»-eq. kg'1 for field
production system and 4.70E+00 kg CO:-eq. kg'l for greenhouse production system. It was observed that
the process of fertilizer prodcution might be contributed to approximately 52% for redpepper production
system and 48% for greenpepper production system of GWP.
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Fig. 1. System boundary (gate to gate) for production of pepper.
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Table 1. Impact categories in LCIA (by MKE, Ministry of Knowledge Economy Methodology).

Impcat categories Abbreviation Unit
Abiotic resource Depletion ADP 1 yr'1
Global Warming Potential GWP kg CO»-¢eq. kg‘1
Ozone Depletion potential ODP kg CFC-eq. kg'1
Acidification Potential AP kg SO»-eq. kg’
Eutrophication Potential EP kg PO43'-eq. kg'1
Photochemical Ozone Creation Potential POCP kg CoHyeq. kg’
Human Toxicity Potential HTP kg 1,4 DCB-eq. kg"1
Freshwater Aquatic Ecotoxicity Potential FAETP kg 1,4 DCB-eq. kg’

Marine Aquatic Ecotoxicty Potential
Terrestrial Ecotoxicity Potential

MAETP kg 1,4 DCB-eq. kg'
TETP kg 1,4 DCB-eq. kg’
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Table 2. Data of inputs and outputs for the production of pepper.

Quantity
Input/Output Unit Red pepper Green pepper Data source
(field) (greenhouse)
Input - kg‘1 product (pepper) -------------
seed, seedling kg 1.01E+00 3.85E-01 agro-livestock incomes data (RDA, 2007)
composts kg 1.75E+00 7.10E-01 incomes data (RDA, 2007)
N fertilizers kg 2.39E-02 4.59E-03 incomes data (RDA, 2007)
P fertilizers kg 1.57E-04 4.47E-03 incomes data (RDA, 2007)
K fertilizer kg 1.97E-03 1.40E-03 incomes data (RDA, 2007)
compound fertilizers kg 6.53E-01 421E-02 incomes data (RDA, 2007; KFIA, 2007
lime kg 1.10E-02 8.36E-03 iincomes data (RDA, 2007)
Boron kg - 7.58E-05 incomes data (RDA, 2007)
silicate fertilizer kg 1.08E-01 3.03E-03 incomes data (RDA, 2007)
pesticides kg 5.38E-03 2.98E-04 Agrochemical year book, Agrochemical use guide
book (KCPAa, 2007, KCPAb, 2007)
electricity kw 2.21E-01 6.68E-01 incomes data (RDA, 2007)
fossil feul L 1.94E-01 9.86E-01 incomes data (RDA, 2007)
vinyl m 2.12E-02 3.63E-03 incomes data (RDA, 2007)
felt m 2.13E-02 2.98E-02 incomes data (RDA, 2007)
straw kg - 9.97E-03 incomes data (RDA, 2007)
pot kg - 1.27E-03 incomes data (RDA, 2007)
Output
direct emissions kg 5.84E-01 2.81E+00 IPCC 1996
(CO,, CHs4, N,0)
waste treatment kg 9.55E-03 8.04E-03 KWA, 2007, MIFAFF, 2004
product (pepper) kg 1.00E+00 1.00E+00 incomes data (RDA, 2007)
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Fig. 2. Carbon footprint calculated by LCI of pepper production system.
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Fig. 3. Comparison of characterization value between red pepper and green pepper production system.

o] Bhio] wWopy] wjEoZ Ttk COz—eq. 2 3
AFRE COz, No0O9] HilE T Z=AAH)7F 22t 3.12E+00,
5.30E-01 kg COs—eq. kg ' redpepper©]i, A]dAu|
7} Z42F 4.29E+00, 1.75E-01 kg COs—eq. kg = green—
pepper©| ik,

Moty gt Ady Gt 2 Alged
3} (GWP)R o thgt 7= =2 AN (A1) 7) oF
52%, AAAHY (E1LF) oF 48%E A9 v G H
AL, A FQlo] Word =X Aufr} FE}s)t AEEAY
d FFHF (POCP) oA Al et oF 10% HE =
Zlo=E Bk AEHEAd G 3 EedEHE
(FAETP)I} EFAE=4] (TETP)] 7% AlAAH)
ZIAE7Y =92, A=A HTP) I e =4
(MAETP)= AldAu7E 2 7|9 E Bt oA
FUEYS A7 E5s] FuFe] Wokal, A
o] B2 AAAEZE A wobs =AduE I
F9] Hgko] Yo Yehd Ao dE it GWPY
E4J81gke w7} 4.13E+00 kg COx—eq. kg ', Al
AAYEI7} 4. 70E+00 kg COs—eq. kg ‘o] SIT},

10 ox rlo o

b

5lA (Interpretation) LCI & 2
A ] g A e HE A, F

2 WAsHE COz, N:0F o= 3470 IAF
vl skt (Fig. 4). AFAgatold WAsk= COxe=
AR (Rl 2R Wl HiEE AL, vRe} o
UA ROl A HAs= COxe WA A H (Al <]
HiEwFo] WiTh ol FE2 =AIAHIe BlEFEITo]

Ao A AT WA A u7E ARl BRkAL, A

O Ao M o] opitelda WA ojrteieta WY A
Fe R Yehd Ao® gy, o] Hof opilst

Ano] Aol A 2 wAYe WavRe Ho

A= 1Tt
aHRE Rk F=UdS 2AEE W, 259
A A= BlmAIE] Aol iRt el Higt o
7 daEE 2 5 e ZIERl adlelw, Ald
A= 53] oo B84 AmARge] o A+t
2a8g Zlo= geEn,
Q of

DEAYLAA ] gt g AE FHIRs] flste] *
AAER (a5 ef AR (29 2 FEste] LCT data—
base F&stal A FFE7HE B WA SHY
¥ BT LCI 52 9ttt 95 FU= vi&
= APgA 113 1 kg AR MR ARSEES =X AER7F
2.55E+00 kg kg ' redpepper® AlAAJu}<] 7. 74E-01
kg kg ' greenpepper RT} WITh wof Bl A
Ajuie} AlHAEN7}E Z2t2E 5 38E-03 kg kg redpepper,
2.98E-04 kg kg ' greenpepper O & =X|Zjujo] 4]
FORREEo] X =8tk FA F 7|2 viEE
CO,, CHy, N,09] e Ww2]3137} 5 84E-01 kg kg |
redpepper, 2.81E+00 greenpepperz AlAiFE7} =



Kl

Fo) AakabgolA] WS

ez

ox
e
2

ox

o,
N

N

909

CO; emission
3.0E+H00
25E+H0
~  20EH0
gg: = Red pepper
B,
T 1SEHD
&
o)
5] u (Green pepper
£ 10E+00 (greent
3.0E-01 4
00E+00 L zeze fﬂ.
pepper production  Fert. Productin Pesticide Energy production  Agricultural Waste treatment
(Field emission) production (used cropping) materials
production
N0 emizsion
12E-03
10E.03 - J.gi-’!é
" = Red pepper
£
X
B
Q
= u Green pepper
= (greent
i
pepper production  Fert. Productin Pesticide Energy production  Agricultural Waste treatment
(Field emission) production (used cropping) materials
production

Fig. 4. Comparison of GHG emission (CO, and N;O) between red pepper and green pepper production system.

ek 5 Ak Alol ik ghAATEIAd Y A AT}
A A 7T 4.13E+00 kg COs—eq. kg ' redpepper, A4
AW E3127} 4, 70E+00 kg COs—eq. kg greenpepper
Ak, AR (FELF) = COEAY ROl Wotal, w=AA)
v (A1) CH.eF NoO A¥Fo] wholth Haby o
F7E At GWPe S48k A A ul7E 4,18E+00
kg COs—eq. kg ', AJ&ANI7} 4.70E+00 kg COs—eq.
kg 'O, GWPHF] tigh r]oiw wx|Aul7} oF
52%, AAH) oF 48%= Ao B35t

o] 2
o

e

e

MO

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.

Jeong, C.S., J.N. Park, J.H. Kyoung, J.P. Kang, and K.W.
Kwak. 2006. Development of cropping type and method
for marketing of red pepper and red sweet pepper during
off-season in winter-time. J. Agr. Sci. 17:169-174.

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



910 458 - 9o} BB - A

Kramer, K.J., H.C. Moll, S. Nonhebel, and H.C. Wilting.
1999. Greenhouse gas emissions related to Dutch food
consumption. Energy Policy. 27:203-216.

KWA (Korea Waste Association). 2007. Agricultural waste
data. Korea Waste Association. Seoul, Korea. www.kwaste.
or.kr/data/.

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

3] 1AG - AU - o)

p

NAQS (National Agricultural production Quality management
Service). 2006. cultivation trend of Major crops.

Nonhebel, S. 2004. On resource use in food production
systems: the value of livestock as ‘rest-stream upgrading
system’. Ecological Economics. 48:221-230.

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

Shin, J.D., D.K. Lim, G.Y. Kim, M.H. Park, M.H. Koh,
and K.C. Eom. 2003. Korean J. Environ. Agr. 22:41-46.





