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Application of LCA Methodology on Lettuce Cropping Systems in
Protected Cultivation

Jong-Hee Ryu* and Kye-Hoon Kim
Department of Environmental Horticulture, The University of Seoul, Seoul 130-743, Korea

The adoption of carbon foot print system is being activated mostly in the developed countries as one of the
long-term response towards tightened up regulations and standards on carbon emission in the agricultural
sector. The Korean Ministry of Environment excluded the primary agricultural products from the carbon foot
print system due to lack of LCI (life cycle inventory) database in agriculture. Therefore, the research on and
establishment of LCI database in the agriculture for adoption of carbon foot print system is urgent.
Development of LCA (life cycle assessment) methodology for application of LCA to agricultural environment
in Korea is also very important. Application of LCA methodology to agricultural environment in Korea is an
early stage. Therefore, this study was carried out to find out the effect of lettuce cultivation on agricultural
environment by establishing LLCA methodology. Data collection of agricultural input and output for
establishing LCI was carried out by collecting statistical data and documents on income from agro and
livestock products prepared by RDA. LCA methodology for agriculture was reviewed by investigating LCA
methodology and LCA applications of foreign countries. Results based on 1 kg of lettuce production showed
that inputs including N, P, organic fertilizers, compound fertilizers and crop protectants were the main sources
of major emission factor during lettuce cropping process. The amount of inputs considering the amount of
active ingredients was required to estimate the actual quantity of the inputs used. Major emissions due to
agricultural activities were N,O (emission to air) and NO;/PQ, (emission to water) from fertilizers, organic
compounds from pesticides and air pollutants from fossil fuel combustion in using agricultural machines. The
softwares for LCIA (life cycle impact assessment) and LCA used in Korea are ‘PASS’ and ‘TOTAL’ which
have been developed by the Ministry of Knowledge Economy and the Ministry of Environment. However, the
models used for the softwares are the ones developed in foreign countries. In the future, development of
models and optimization of factors for characterization, normalization and weighting suitable to Korean
agricultural environment need to be done for more precise LCA analysis in the agricultural area.

Key words: LCA, LCIA, Lettuce, Protected cultivation
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Minerals ——»
- phoshate rock

- potash

- limestone

Fossil fuels

- natural gas

- oil

Raw materials

- fossil fuels

+ minerals sl .
Emissions to air, land

+ process gas
b g or water

. » - greenhouse gases

Industrial process * nutrients

- fertilizers (NOs~, PO4", etc)
+ plant protection substances + heavy metals

- electricity - pesticides

+ other emissions

- coal
Land

(CH4, CO, particles,
S0z, VOC, etc.)
— Solid wastes

Agriculture process

- seedling

- soil preparation

- fertilizer application
- plant protection

- harvest

\system boundary

functional unit: 1 kg of lettuce

Fig. 1. System boundary(cradle-to-gate), relevant in-and output, and funtional unit of lettuce production

system (Brentrup et al., 2004).

. . Indirect emissions
Electricity —> Seedling

v

Fertilizer soil

Inventory) light oil - preparation

v

from sub-system

—> Direct field emissions

Electricity N . L.
AIA BEH 0 mz w WOl oA A ferfilier «—3| Consponing | o :Disect & indicect
J"]' =1 1= Tl X UH =270 1__7:"01] —1 :H' o pesticides and growing emissions
A2E BAE 7EeR BYEL HiEEHE ZE 2F 7
=0 -r}o ul= Vg KX A]
== "]EJ 7]0%140“ 7'(‘!‘01 e} 09:]‘?_]— == ;[_Lo Irrigation harvesting Transport
gtk BEREAS fleiA A o9 A4S st ¥
FaFo WE d=9 dHolH9 =4, ALL ASel & Fig. 2. The life cycle of lettuce production system.
FEEZ G5 g4 3T dold Y 5 W 3
=°l disto] AT (Fig. 2). 7 3789 & 4 12,061.3 % 10a ‘2 A4 7} EQlgre =xeko| ]
e fote] BdE &, dr 2 A7) 59 oA A alo] AW =o EolEe Urhyglth 71%wl7t 1 kg
&, Avet wore] T B AR AT Hasit o] Aeky|Zoll} UnERAl 19} ZHO| AL 3HAL
A H5524S A% 929 dolE a3 ds=x Ao A B3AMo] InaE ELET 9 1,9 Huct
Ah, BEEACE B2 EARAE A 2AF & S o]o] Apgo] T EYT}
o] o] At ARl Eokgulo] WA FA 2 AuidA o] £
Al AEAEiol A FAR] ahES SEA] £ P4 AS 2] g a0t} /\]H]Ek_o_ AuiEke] o|afelAl, A
of Pt dub#o]lBR Fig, 29F o] FH, =AY, gl A A So] e, e e 5o A
A 9 A, o] 4gAR AEAAS AAIAE A W& eo] wat An] 2829} Eolgk ARl zpo]7} gtk
ofstnt. wEHS AFAAAAY drEdR VEs AR S 7% g e o, j—_-r—A]H]%k—g— Ax WA
T 7Y fboltt. upgEF A2 WA, AY, 2} ©% 7.0 kg 102, £A=20 33] 4.5 kg 10a |,
Fejol wek zolzh oy, wF EEAMIAIR Eul= WS 1500 kg 102, ow AJHl= WA= 3.0 kg
TR 2008 S SHe) A8 HEFE 04706 AL qoalolr), HEHAEASARANN SHE A B
102 o, 2008 THEAEAEARA (FEUTH. molwbe WA 8.7 kg 1027, 84 4.0 kg 1027, &

2009)¢] AT (Aohe] #E3F 1.9

-1
dL 10a , X 7) A8 ® 2,966.4 kg 10a ', Al 4.7 kg 10a', &
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Table 1. List of LCIA methodologies.

Methodology Country of origin Developed by

CML2002 Netherlands CML (Instite of Environmental Science, an institute at
Leiden University)

Eco-indicator 99 Netherlands PRé (PRé consultants)

EDIP97-EDIP2003 Denmark DTU (Technical University of Denmark)

EPS2000 Sweden IVL (Swedish Environmental Research Institute)

Impact 2002+ Switzerland EPFL (Ecole Polytechnique Fédéral de Lausanne)

LIME Japan AIST (National Institue of Advanced Industrial Science
and Technology)

LUCAS Canada CIRAIG (Interuniversity Research Centre for the Life
Cycle of Products, Processes and Services)

ReCiPe Netherlands RUN+PRe+CMLARIVM (RIVM. National Institute for
Public Health and the Environment)

Swiss Ecoscarcity 07 Switzerland E2+ESU-services (ESU-service Ltd.)

TRACI USA US EPA (US Environmental Protection Agency)

MEEuP Netherlands VhK (VhK Research & Development)

Source: ILCD (International Reference Life Cycle Data System) handbook (EC, JRC, 2010b).

pdstar Stk UdHE+s 7p7| 9 ARG A, ok a8y 7| JFEFEC] LCA A+ HHu HEY
AEdAt71d 5, vt Aol 71 gdsiA g 35 + gle A AR s A9E
W Eo] digt o] o]FofX|aL Qla, Y2 F2 AT} (Table 2). 1714 EXARE (land use)d} A4
o] dA7|e 508 LCIAMHE] oigh A7t H2 vy 8 =¢dl S GFHFoIH B3| EX
oj]Folx|aL Qtt, I} w=ro] AL AR ST AL FEEsl AHFFE e ol X &
FHOE LCIA HE 9 LCAY gt A5 4=34staL gubel LCIA ZE o= 239tE]o] QA v} ®gh
ek -yl AR T olA] JEeE PASS HPgste] A AL SA4e %S skl Bt
o} "TOTAL’ Z2IHoA A8kl Q= HapgFF3 HdS ARt ok, CML 2002 (UEsh=)o) ¢
7F e 2 UEHE CML ¥HE $4HCE, EuP A= dS s, a5, SHEANLRE Al&ststo]
(FH351AARY), 1IPCC, UNEP 5 Zt 7|HolA 3 B7Eskach Y& LIME W EdA s EAANE HFE
oH FFF7PIHS Addst=, dFHTe A5 A9 EXAZ} EXARGO R RSN, AFHARE ofy
Aefo] 7hgsHe s EofQlth (Table 1), AEAAR), F7A4d, BEALORE AlEskste] H7h
A F¥FH7H= 273 (classification), 5733 gl =] TRACI W EoA = =4S et
(characterization), A4F%} (normalization), 7}53} Hel e dEdE JIFHFE AlEsian d9l= 2
(weighting) o] A= FAE] et o7 E7sF 9 SHdwlael IHE HEFsEd § 7IeEdE ARl
543} dAl= APy 7ol ek 1SO 14040 ofF+4 =42 FAsH, sy HHEAEY] SR
of &aht, K ARIEh e} 7153} Bl AARte R stof] gk 7= TIEEE ot ASke®E ALt
(Brentrup et al., 2001), A3lel 7ha3tol ohgh ¥y Hr}, oA v TRl 543t ArEt
2ol gt A} =A4IA Fejrtelo] ofFojRaL qlrt. FFHT, HEAE, BT mdS aAHoR Fel
73t Sl A SE5EAA F5E QIHIER Elojo gttt TejBR ZF JIFHFe HEE= 543
dlolelE 3ol st dARA, FFHFE & nge 7)12E 4 ¢ AU 52 vEEAQl AFA
2= A ol A AHgste] SE54TE HEE Bl AEE gehdelal Ve or {ash @
e el ) o s i R e B B Rl o i g g S ojojof gttt Mipd FFE7I| AR FFHTE A
HAof| HalstHA A TdHEAete] #Ag Fa g9 o, deE JPFHFES 24 o Alade 3=
L& o ZESHA ol ¢ ks HEEA AdiE = EE oS EEE 4 Qv xEE i
B7ksk= Aoltt, A #EF> ZF ¥ A 52 % o7 o]Folxof gt} (EC JRC, 2010a).
Hi &SRS dhgste] A B 9FS veRdoh diFE LCIA =3jollA AA| IS FrlstH 72+ &

LoA ATES) JYUFE AL ATEAM MeE  WRE BEsE M= shie BRRs v
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Table 2. List of impact categories (environmental effects) in LCIA.

Impact category

Unit LCIA methodology

Depletion of abiotic resources

Land use

Climate change (global warming)
Stratospheric ozone depletion

Human toxicity

Ecotoxicity

Photo-oxidant formation (‘summer smog’)
Acidification

Nutrification (eutrophication)

kg OE (crude oil-eq.),
o (natural gas),
kg (mierals)
NDI (naturalness degradation indicator)
kg CO»r-¢q.
kg CFCl1-eq.
DALY (human toxicity),
kg 1,4-DCB-eq. (ecotoxcity)
kg ethylene-eq.

SETAC-Europe Working
Group on LCIA (WIA-2)'

kg SO»-eq.

kg NOx-eq. (terrestrial),
kg PO43'-eq. (aquatic)

Non renewable resources
- without energy content
- with energy content

Renewable resources
- without energy content
- with energy content

Electricity consumption

Global warming potential

(greenhouse gases)

Ozone depletion potential

Acidification potential

Eutrophication

(oxygen depletion)

Photochemical ozone creation potential

Hazardous waste

kg
MJ

kg

MJ

kWh
kg CO»r-eq. EPD (Environmental product
eclaration), SEMC (Swedish

kg Rll-eq. Environmental Managent Council)

mol H+/ g max
g 0, / g max

kg Ethene-Eq.

Non-hazardous waste ke
kg
Abiotic resources depletion kg
Global warming potential kg COr-¢q. MKE
Ozone depletion potential kg CFC-eq.

Source: ' Brentrup et al., 2001,

Fok Aol Waskt, SHSHAL ol stel 2
g Eo] EXof uh= JFgRrst A (BA4E A4
is (Maeng et al,, 1999), Zr IAAHFZ

Impact category indicator; = ;(Ej or ) x CFy;
(1
7|14, JFHFXE(EAS 7L, impact category
indicator;) = 7599 & FaFdFo ok A EGE 1 B
= R, (emission or release) = 7]5%%] & wlEFH /
T2 AAAWEF i CF;, (characterization facter) =
Amep o oapEE ol et 7ol
EASIA S0t} (Brentrup et al., 2004).

= A7 gdbiEEe 54 edade] oigt

ed j &2 A
=5 vehle
548 A=

*ILCD handbook (EC, JRC, 2010b).

ARl 71=E 23Rt ghol). dlE =W, Fig. 39
Al NH;9| AHgatel Fejefsto] izt 7ok 493t &
3RS Uetdl= 71E=2 (9D POsoll tiste] 0,134)
o HSFE 7HAH 0.13 POs—eq., HAYBI 7|2 E
2l SOz thalo] 1.88H19] AFS-4E 1.88 SOs—eq. 2
A 4 QAL o] AL A3 At gt o744
3t A7t oW e aTte] digh A 7o=rt
t} ( 2003).

[T w2t Z“ﬂﬁ]
43t Ag7F Aed Aok A9 52 AAHH
EX3} ALmus Aest

Frlaeo] AL wiA=
9t} (Shin, 2008), UurA o
785, A2t e
F AlZref ek ob:)};é‘ Lo Il B 5

Brentrup et al,,

Jlm
oX,

o HI o %0 flo Jlm
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&

297t
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Table 2. List of impact categories (environmental effects) in LCIA (continued.)
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Impact category Unit LCIA methodology
Acidification potential kkg PS OO éj_eeq'
Eutrophication potential ki Czlfh-eg.
;lzlcr)rtl(;ihf;g:iccaiiyozone creation potential MKE (Ministry of Knowledge
. - . kg 1,4 DCB-eq. Economy, Republic of Korea)
Aquatic ecotoxicity potential
Marine aquatic ecotoxicity potential ke 1.4 DCB-cq.
Terrestrial ecotoxicity potential ke 1.4 DCB-cq.
kg 1,4 DCB-eq.
Climate change kg CO»r-eq.
Stratospheric ozone depletion kg CFCl1-eq.
Human toxicity kg 1,4DCB-eq.
Photo oxidant formation kg ethylene-eq.
Acidification kg SO»-eq.
Eutrophication kg POs -eq.
EcotoI))dcity s CML 2002'
-freshwater aquatic kg 1,4DCB-¢eq. (CML, Netherands)
-marine aquatic kg 1,4DCB-eq.
-terrestrial kg 1,4DCB-eq.
Impacts of land use
-land competition . yr

Resource consumption

kg antimony eq.

Urban air pollution
Indoor air pollution
Global warming
Ozone layer depletion
Human toxicity
Photochemical ozone
Acidification
eutrophication (aquatic)
Ecotoxicity

Land use

Resource consumption
-Fossil fuels (energy)
-Mineral resources

kg CO»r-eq.
kg CFCl1-eq.
kg benzene-eq.
kg ethylene-eq.
kg SO»-eq.
kg PO43'-eq.
kg benzene-eq.
nr’. yr (occupation),
m’ (transformation)

MIJ (energy),
1/resourse reserve (mineral)

LIME
(AIST, Japan)

-Biotic resources
Waste

Niose

Climate change
Ozone depletion
Human toxicity
-cancer
-noncancer
-criteria pollutants
smog formation
Acidification
eutrophication (aquatic)
Ecotoxicity

fossil feul use

1/resourse reserve (mineral)

CO»r-eq.
CFCl11-eq.

benzene-eq (cancer), toluene-eq
(noncancer),
DALYs (Caltox model)
g NOx-eq./m
H-+moles-eq.
N-eq.
2,4-dichlorophenoxyacetic acid

TRACT
(US EPA, USA)

Source: | Brentrup et al., 2001,

*ILCD handbook (EC, JRC,

2010b).
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Single emission Characterization factor

N Impact categories
inventory

(Equivalence factor)

CO2 1
0 310\ Global warming
/M (COz-eq.)
CH,
0.42
NO3 ’/M Eutrophication
Net /3_%/ (POs-eq.)
Peot 0.3
0.13 1.88 Acidification
NH3
/»/' (SO2-eq.)
NOx 1
SOz 0.42 Summer smog
voC -

(CzHs-eq.)

Fig. 3. Aggregation (classification and characterization)
of emssions by the Eco-indicator 95 method (Brentrup
et al., 2001).

Table 3. Scale on environmental effect of impact categories.

Environmental effect  Impact category

Resourse depletion
Global warming
Ozone depletion

Global

- Human toxicity

- Ecotoxicity

- Acid-oxidant Formulation
- Eutrophication

- Odour

- Noise

Occupational health

Soild waste(Municipal & Hazardous
waste)

Dispersion of heat

Continental/Regional

Local

Source: Shin, 2008.

ol =EE HH
oF wCk, et B4 Selelol AgH 5
Sob Bt e F2 gty Lﬂabz—% 7)
FoF 3 wyo] AL (Table 3).
Fo Aud P71 Slotel
S HE Aol Aol Basi. e TR
3 o] Hgol= of
Aol s
AFehe 7k S4skE
e Amdssl 3 1418}01

@) 9Is

[e)
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©
©
3

=

My
rlo

T = 51114194
ARgstofof gtk aEu #A ZURtE}
2 712 29| skl oiF unE B4
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