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Application of LCA on Lettuce Cropping System by
Bottom-up Methodology in Protected Cultivation

Jong-Hee Ryu*, Kye-Hoon Kim', Gun-Yeob Kim, Kyu-ho So, and Kee-kyung Kang

National Academy of Agricultural Science, Suwon, 441-707, Korea
]Department of Environmental Horticulture, The University of Seoul, Seoul 130-743, Korea

This study was conducted to apply LCA (Life cycle assessment) methodology to lettuce (Lactuca sativa 1.)
production systems in Namyang-ju as a case study. Five lettuce growing farms with three different farming
systems (two farms with organic farming system, one farm with a system without agricultural chemicals and
two farms with conventional farming system) were selected at Namyangju city of Gyeonggi-province in
Korea. The input data for LCA were collected by interviewing with the farmers. The system boundary was set
at a cropping season without heating and cooling system for reducing uncertainties in data collection and
calculation. Sensitivity analysis was carried out to find out the effect of type and amount of fertilizer and
energy use on GHG (Greenhouse Gas) emission. The results of establishing GTG (Gate-to-Gate) inventory
revealed that the quantity of fertilizer and energy input had the largest value in producing 1 kg lettuce, the
amount of pesticide input the smallest. The amount of electricity input was the largest in all farms except farm
1 which purchased seedlings from outside. The quantity of direct field emission of CO,, CHs and N,O from
farm 1 to farm 5 were 6.79E-03 (farm 1), 8.10E-03 (farm 2), 1.82E-02 (farm 3), 7.51E-02 (faom 4) and
1.61E-02 (farm 5) kg kg'1 lettuce, respectively. According to the result of LCI analysis focused on GHG, it was
observed that CO; emission was 2.92E-01 (farm 1), 3.76E-01 (farm 2), 4.11E-01 (farm 3), 9.40E-01 (farm 4)
and 5.37E-01 kg CO, kg'1 lettuce (farm 5), respectively. Carbon dioxide contribute to the most GHG emission.
Carbon dioxide was mainly emitted in the process of energy production, which occupied 67 ~91% of CO;
emission from every production process from 5 farms. Due to higher proportion of CO, emission from
production of compound fertilizer in conventional crop system, conventional crop system had lower
proportion of CO; emission from energy production than organic crop system did. With increasing inorganic
fertilizer input, the process of lettuce cultivation covered higher proportion in N,O emission. Therefore, farms
1 and 2 covered 87% of total N,O emission; and farm 3 covered 64%. The carbon footprints from farm 1 to
farm S were 3.40E-01 (farm 1), 4.31E-01 (farm 2), 5.32E-01 (farm 3), 1.08E+00 (farm 4) and 6.14E-01 (farm
5) kg COr-eq. kg'1 lettuce, respectively. Results of sensitivity analysis revealed the soybean meal was the most
sensitive among 4 types of fertilizer. The value of compound fertilizer was the least sensitive among every
fertilizer imput. Electricity showed the largest sensitivity on CO, emission. However, the value of N,O
variation was almost zero.

Key words: LCA, Lettuce (Lactuca sativa L.), Carbon footprint, Namyang-ju
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Fig. 1. System boundary of lettuce production system.
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Table 1. Agricultural practice for lettuce cultivation in the study locations during one cropping season.

Farm 1 Farm 2 Farm 3 Farm 4 Farm 5
(Conventional farming) (Conventional farming)
Fields () 5,280 13,200 4,950 825 1,584
Framing period (year) 9 11 2 4 4
Seedling No Yes Yes Yes Yes
Fertilization - Basal application of - Basal application of - Basal application of - Basal application of - Basal application of
fertilizer were applied 1 fertilizer were applied fertilizer were applied  fertilizer were applied fertilizer were applied
time per one cropping 1 time per one cropping 1 time per one cropping 1 time per one 1 time per one
season: season: Compost, season: Compost, cropping season: cropping season:
Compost, Compound Compound fert. Compound fert. Soybean meal Soybean meal
fert. (21-17-17) (21-17-17) (21-17-17)
- Additional fertilizer was - Additional fertilzer was - Additional fertilzer was
applied 6 times per one  applied 7 times per one  applied 6 times per one
cropping season: Urea cropping season: Urea cropping season: Urea
Pesticide Pesticide (Emamectin Pesticide (Copper oxyc- Biotic pesticide was Biotic pesticide was Biotic pesticide was
benzoatic) was applied  hloride dimenthomorph) — applied 7-8 times per  applied 6-7 times per  applied 9-10 times per
89 times per one was applied 8-9 times  one cropping season one cropping season one cropping season
cropping season per one cropping season
Irrigation Drip-watering Drip-watering Drip-watering Drip-watering Drip-watering
Mulching No YES (HDPE) YES (HDPE) YES (HDPE) YES (HDPE)
Heating No No No No No
Cropping system Greenhouse (LDPE) Greenhouse (LDPE) Greenhouse (LDPE) Greenhouse (LDPE) Greenhouse (LDPE)
Yiled (kg 10 a™) 4410 4310 2,910 1,680 3,680
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Table 2. General information of input energy.
Trial farm Energy Input spot Input method Tractor type (Power)
One cropping season
Farm 1 Diesel Soil preparation 20 minutes (by tractor)
. . . . 21HP
(Conventional Diesel Plowing 20 minutes (by tractor) (self-propelled machine)
farming) Electricity Irrigation Every fourth day (after planting)
Diesel Soil preparation 15 minutes (by tractor)
Farm 2 . . . Rotary-30HP
Diesel Pl 1
(Conventional esel owing 5 Ammutes (by trac‘tor) Plough-25HP
farming) Electrici Irrigati Twice a day (seedling), (self-propelled machine)
cetricity gation every fourth day (after planting)
Diesel Subsoiling 40 minutes (by tractor)
Farm 3 Diesel Soil preparation 10 minutes (by tractor) IS{utt)soﬂgnggHiL
. . 0 -
arming withou esel owin, minutes tractor .
(F thout Diesel Plowing 10 mi (by ) Plo\jnri]'ng-lOHP
i | chemical . . .
agricultural chemical) Electricity Irrigation Twice a day (scedling), (self-propelled machine)
every fourth day (after planting)
Diesel Soil preparation 20 minutes (by tractor)
Farm4 . . .
( 821 anic Diesel Plowing 20 minutes (by tractor) 35HP
. ; ; (self-propelled machine)
farming) Electrici Iiicati Twice a day (seedling),
cetricity gation every fourth day (after planting)
Farmn S Diesel Soil preparation 20 minutes (by tractor) Rotarv-3SHP
arm . . . otary-
Diesel Pl 2
(Oraanic ese owing 0 .mmutes (by trac.tor) Plough-10HP
farming) Electricity Trrigation Twice a day (seedling), (self-propelled machine)

every fifth day (after planting)
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Table 3. Comparison of lettuce productivity between cropping season.

Cropping season Spring Summer Fall
Growth duration
Feb. ~M May ~ Aug. .~Dec.
(Month) cb ay ay ~Aug Sep ec
Frequencies of leaf harvesting 7~9 3~5 7~9
4,410 (Farm 1) 1125 (Farm 1) 4,410 (Farm 1)

4310 (Farm 2)
2,910 (Farm 3)
1,680 (Farm 4)
3,680 (Farm 5)

Yield (kg 10a™)

1313 (Farm 2)
960 (Farm 3)
776 Farm 4)
1080 (Farm 5)

4310 (Farm 2)
2,910 (Farm 3)
1,680 (Farm 4)
3,680 (Farm 5)
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Fig. 2. CO, emission from lettuce production system.

Table 4. Data of input and output for LCI of lettuce production (GTG).

Input/Output Unit Quantity Data source Linked inventory DB

Farm 1

Input kg product

Seedling hill 5.10E+00 Survey

Composts kg 4.24E-02 Survey Ecoinvent (compost at plant)

Urea kg 7.65E-03 Survey Ecoinvent (urea, as N, at regional
storehouse (46% N))

Compound fertilizers kg 1.53E-02 Survey, KFIA 2007 Ecoinvent, MKE', ME (urea,

(21-17-17) ammonium sulphate, thomas meal,
potassium sulphate, potassium chloride)

Pesticides kg 1.36E-04 Survey Ecoinvent (pesticide unspecified)

Electricity kw 4.33E-01 Survey MKE (electricity)

Fossil feul kg 2.19E-03 Survey MKE (diesel)

Vinyl (LDPE) kg 7.78E-04 Survey MKE (HDPE)

Output

Direct emissions kg 6.79E-03 IPCC 1996

(CO,, CH4, N;O)

Vinyl wastes kg 1.98E-04 KWA, 2007 MKE (waste LDPE Incineration, mixed

MIFAFF, 2004 Plastics Landfill0

Product (lettuce) kg 1.00E+00

Farm 2

Input kg product

Seed L 6.10E+00 Survey

Composts kg 4.83E-02 Survey Ecoinvent (compost at plant)

Urea kg 9.15E-03 Survey Ecoinvent (urea, as N, at regional
storehouse (46% N))

Compound fertilizers kg 1.57E-02 Survey, KFIA 2007 Ecoinvent, MKE, ME (urea, ammonium

(21-17-17) sulphate, thomas meal, potassium
sulphate, potassium chloride)

Pesticides kg 5.23E-05 Survey Ecoinvent (pesticide unspecified)

Electricity kw 5.92E-01 Survey MKE (electricity)

Fossil feul kg 2.62E-03 Survey MKE (diesel)

Vinyl (HDPE) kg 7.97E-04 Survey MKE (LDPE)

Vinyl (LDPE) kg 3.98E-04 Survey MKE (HDPE)

Output

Direct emissions kg 8.10E-03 IPCC 1996

(CO,, CH4, N2O)

Vinyl wastes kg 3.05E-04 KWA, 2007 MKE (waste HDPE, LDPE Incineration,

MIFAFF, 2004 mixed Plastics Landfill0
Product (lettuce) kg 1.00E+00

"MKE, Ministry of Knowledge Economy, Republic of Korea; ME, Ministry of Environment.



Table 4. Data of input and output for LCI of lettuce production (continued).

e w4 A% 1201

Input/Output Unit Quantity Data source Linked inventory DB

Farm 3

Input kg'1 product

Seed L 1.03E+01 Survey

Composts kg 1.10E-01 Survey Ecoinvent (compost at plant)

Urea kg 2.75E-02 Survey Ecoinvent (urea, as N, at regional

storehouse (46% N))

Electricity kw 5.63E-01 Survey MKE' (electricity)

Fossil feul kg 5.91E-03 Survey MKE (diesel)

Vinyl (HDPE) kg 7.71E-04 Survey MKE (LDPE)

Vinyl (LDPE) kg 4.33E-04 Survey MKE (HDPE)

Output

Direct emissions kg 1.82E-02 IPCC 1996

(CO,, CHs, NO)

Vinyl wastes kg 3.07E-04 KWA, 2007 MKE (waste HDPE, LDPE Incineration,
MIFAFF, 2004 mixed Plastics Landfill)

Product (lettuce) kg 1.00E+00

Farm 4

Input kg'1 product

Seed L 1.79E+01 Survey

Organic fert. kg 2.14E-01 Survey Ecoinvent (soybean at plant)

Electricity kw 1.65E+00 Survey MKE (electricity)

Fossil feul kg 2.46E-02 Survey MKE (diesel)

Vinyl (HDPE) kg 1.31E-03 Survey MKE (LDPE)

Vinyl (LDPE) kg 6.53E-04 Survey MKE (HDPE)

Output

Direct emissions kg 7.51E-02 IPCC 1996

(CO,, CHs, NO)

Vinyl wastes kg 8.40E-01 KWA, 2007 MKE (waste HDPE, LDPE Incineration,
MIFAFF, 2004 mixed Plastics Landfill)

Product (lettuce) kg 1.00E+00

Farm 5

Input kg product

Seed L 1.22E+01 Survey

Organic fert. kg 1.22E-01 Survey Ecoinvent (soybean at plant)

Electricity kw 1.00E+00 Survey MKE (electricity)

Fossil feul kg 5.27E-03 Survey MKE (diesel)

Vinyl (HDPE) kg 6.60E-04 Survey MKE (LDPE)

Vinyl (LDPE) kg 3.30E-04 Survey MKE (HDPE)

Output

Direct emissions kg 1.61E-02 IPCC 1996

(CO,, CHs, N2O)

Vinyl wastes kg 2.52E-04 KWA, 2007 MKE (waste HDPE, LDPE Incineration,
MIFAFF, 2004 mixed Plastics Landfill)

Product (lettuce) kg 1.00E+00

"MKE, Ministry of Knowledge Economy, Republic of Korea.

theo] EH], FH] =02 el a40f fEkS £t
£ 571 30lA= T olilEiRtA WARE 5 @A 3]
22%, FHPHAE B0 T80 HFaS Eydch kS F
doh= 571 4, 5= 22 1%L} 6%«1 2y HlS-S ekt
(Fig. 3).

HRER g B e BE 5711, 2k H)
RAONA] 22k 62t 60%0] Y W22 Wlw, Aau]R

=7} mE 9% UERG T, Eah]|E AR
%% e AdTh o5 & o g waye]

Y Q908 E| Ly Ag)m-oi 1,].14143} S_L,_g} ko, /\l

o} 12%%t} (Fig. 4).
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Fig. 3. Contribution rate of lettuce production process to CQO, emission.
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Fig. 4. Contribution rate of lettuce production process to CH; emission.
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Fig. 5. Contribution rate of lettuce production process to N>O emission.

obiBH At 57} 1, 2004 Bl TH] AbAle] ofgh Ay
o] Z}7t 8579} 867, LAY BHL T 7L mE
A 2%, BRI A2} 5%2} 3% WA v

T %5713, 4, 5 obksbalL wAle] TR bo] UMy
34 Fol WASH: R0 tepon] A WA o
~90%2 A3t (Fig, ).

ARG 57} S ASAAL 1A A F oluA) (4
7], ) AABAO) ol Alsterauta o] 7H Zlizd)
71T BN oliksteka wajo] 1 Rle|glet, o)t
sheba wpale] sk 7144 2R HFL 7L, 27 24
7k 74%9F 19%%3L, 57t 80] T0%Sic), 57} 4, 5o)l A= 7t
7} 93%9} 0472 VIR I}, A7) RO QI o|Alstet

2

oo

s

FAERS e o v x] Tl a9l Aol Hlgte] 10°

QHEAQ) 9918 o] ouix] Fql el o3 Wy

1o oX P~
;‘.:]'”ru

=1

FES ARt (Fig, 2), wigh Y= ojiksieta
of Zro] ZJgAYAtol 25t vgt A vl ujustgl L, A
712440l oJgh WhAgo] thE-S XpR|6F9 AL, HA| ARk
Al A718A 9] Afg&ol F7PER 242 22% (57 1), 26%
(71 2), 43% (571 3), 87% (57} 4), 88% (57} 5)9tt
(Fig. 3). oPAIald A HAE o|x] EJar(d7], 47
of o5t A2 7] 4ke] ogt WAjo] tiFE-E 2|51
A, AA 3 FollA A71E7gol &gt obitabal A HhgRF
H)Z8 =711, 27} 2k 5%9) 6%9L, B7) 38, 4, 5 %
%= UEbgTh (Fig, 5).



A% 57HE SO SHe bottom-up 4] LA WHES] SUA 48 1203
120E+00
1.0SE+00)
1D0E+00 ﬁ—
=
" i
E 200E-01 :l:.,
o g
i1 % suE01
S 600E01 & ™ Fanl
8 ” Faon2
.;f = Faom3
2 4.00E-01 - = Faon 4
8 B Fam
]
& 200201
o = nﬁ
coz CH4 H20 HFCe SHS
Fig. 6. Carbon footprint of lettuce production system calculated by LCIA (Life Cycle Inventory Analysis).
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Fig. 7. Mean of sensitivity analysis on soybean meal input.

5AA] (LDPE, HDPE)®] 7-9- GHG WAj=Fo] =3] uu]|
sttt A5 1 kg T FUHFS A8 v (LDPE)o] &
= 57N v B2 {2 UERIOY, GHG AR
HDPE F7go] @okth HDPE A§4to] LDPE A4+ F7gd Rk
ojikslekA, wgh, opikslA A WHAYRFo] oF 10~20% Wk

= 7P fARE S vERch
Ay EERA0R Agd 7F 2438} 7k RS
COy—eq. 2 BHiksto] Bha Ad4 kS ATt (Fig. 6). Al
A AT LA S A A 72 F7PEE 217 83,40E-01
(7} 1), 4.31E-01 (37} 2), 5.32E-01 (37} 3), 1.08E+00
(37} 4), 6.14E-01 (37} 5) kg COs—eq. kg ' lettuce%iTt.
o] ZF CO7t &k Ao A A|eh= H]F2 57 1, 2= 2
86%, 87%AIL, %7} 3 1%, %7} 4, 5= 88%Att. CH,2)
HZ2 571, 2% 4%, 57} 32 2%, &7t 4, 5= 1%%ch
N:O= 57F 1, 200X ZH2F 10%, 9%2] H]5-& YERa,
571 32 21%, 57} 4, 55 11%= YERTh BH|E A835)
= 57, 2 BHAAL S IAekE CHLY) Yo R wha
JA oA CHZF AHA|8l= HIFo] T2 F7tel Hlsto] tha
A UEbT 71 39 A9 NoO7F AHR[8h= HlFo] =4
Uelt=t] o= 84H|R o] F7F 3004 7H wet7]

wolt}, IR oA A g Algol ofste]
Al opibshE A WA @ AH R Ao 23t JFo] ot
2 vlgd vjgte] & AR Tt o]AL A=

i

Fig. 8. Mean of sensitivity analysis on urea input.
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A LFebg T, 1 ehgol vk, olAlsteia vehge, 7
W aaAgY sl diat 2 ezked

BE Qo 240 NgE BAGAE 24 A8 W
ol Jg EQollAl HjZEE obiIBld A e} mg

o fate] Hste] vl H& =ttt A AT a4 ARERF
< 10% Zo]H ofals A= oF 4.1%, W 2,1%, oJAtstet
A 1.29% Aa E & 5 S A= Usikt (Fig 8).

EH] AR WSt that w71 1, 29 A7EAAYEE W
Sh= wgte] 7P =9kl tho] oRAlEREAGal, of4kst

Sha 94 WskRol 71 WSkt (Fig, 9). R, £

=

—=— CH4

o 30 a0 /-I'IJ/ 0 10 20 30 0 . W20
«

-3

Fig. 9. Mean of sensitivity analysis on compost input.
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Fig. 10. Mean of sensitivity analysis on compound fertilizer
input.

S wie W] vl wenw ojzlo] RIzhE Ao 7}
= t} (Amlinger et
2008). A4} ERIAEE 10% 292w, HEAY
E 4 0.7% a8
b perte

BulE ALgeRs g4 7t 1, 20 wigke BAZEnE
Fig. 100] Ueblgleh, £4E 47H4] H]5 FolA] S3Hs
WL A1 e, BN AT b AR nE
, OMARAAO) NI TL P kAL, wgt oj4kst
of Mgt 7o) B ke e, opisrAe)
P b A Uehd 2 B Age wste] e
ol K9] opikabE A A uETF HaF 7P & 290
2 A=}t (Peterson et al,, 2006), E3F EH]EQ]
10% o Ad 571 A5 A A NN opitatE A
o] oF1,9%, W[gto] 0.6%, o]AFeFetA7} 0,7% &=

= 24E I
7] ALg slol W RIZHE RS oluksiEkaT} 7}
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Fig. 11. Mean of sensitivity analysis on electricity input.
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Fig. 12. Comparison of carbon footprint on lettuce production system in summer and fall cropping season.
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MATE 7k 2719} vlmste] Fig, 120] vhebdich AR
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