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ABSTRACT

Purpose: The main objective of this study was to analyze the domestic pesticide process through life cycle
assessment (LCA). The subjects of this study were ten kinds of specific pesticide processes by formulation type.
These produce over 93 percent of pesticides in Korea. The reference flow is defined as the ‘product of 1 kg of
pesticide’ and site-specific annual data was collected for LCA. Thus, this study accumulated basic information on
the environmental impact of pesticides and agriculture, and also contributes to the advancement of a certification
program and strengthens climate change response capability in South Korea.
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Eole}, Al7kA nalg g om At
A 7R3t A4 H 7 (Life Cycle Assessment: LCA)E 7]+&
o= s, v, oUX]|, 7|eFs A, AR A 0] AR
2 A7k WEAGE Foto] Bokalc Ba) LAk i)
EA= 7 ARAHES (Life Cycle Inventory: LCI) H]o]
gHo]A7F ZEE AL glom, ol AR SRl AFSA
AR A oF 4007 o)} HolEHlo]|AE Zdstslt. 12
U @A) Gelsh] AR A ATHRE dlolelo]Ant
SEA] ot 39| AmE ¢8-Sk Jlon 2AVEA viE
o e/ e SOl ZAIE A7 E AL Qle ERjE o
AlolA= FHEoFe] theket 247EA wiEsF 4 At
APl ot, tiREe] Ats ARErt 7IHe &8st
Alato] wiE=F AFA (Lee et al, 2014), nR=9] wi&sF AHY
(Yoon et al,, 2012), Al A EEle Hlze] Wz A4
(lung et, al. 2012)2} o] A1 Aot A v 91
A=Ak 53] ARt FibE Aol tigt At A=
HoAo] e/ AEIE F5EA] 237] whzel siel Ak=
£ Qggoma ) ARS ehleb) wlsR) Fak 2
o] Qlrt. o]e} Zro] F¢ FRol A= 247k TR A, A
£ 9 o7} ghlei) AREIL Qlont HER B SE
gk SR Bl Qs ATE ARgolch vl g3k v)
oA oln] AER A0 MY ErE A7 EsHA X
syeolon], o] ajo] HagEs doleulolxrt ofu]
A FEEo] Utk L AlTZJIHE (Ecoinvent)E Al
22 o] BN YREL| gt HIYEEES oF 70
A o|AF st o, A9 World Food LCA Database
i = AEHTA HMabydEs glofeHo] 7Y Zho|=at
e AT Yk Eak vRelE wU (US.
Department of Agriculture: USDA)O|A] 3512 Adtz]ol A
WY EE dojgHo]AE Tkl glow, ul=9] ofka
Sl Ygzi=2] Blonk ConsultantsolA] g A
V2 Wil ATE WEHOR Salela olck. olef 2
o] sfjejolAl= AR OA|L}; T MR rE At 2
SHA| ZIRg=aL QLo ol ob7EA] dAtE ARIZE
QIk. webA] B oA eloke] | Fust Tl A=
of AL, £AKA Ml Abge) Bk W S Shul
3 ABHEA] 7| FWE T 7|2 FAY Ane olmet
FEE B9 /1Tl ool ol 7ulE BHow My A
el AR EA F 1050] dte] RS Sasiel

Journal of Climate Change Research 2019, Vol. 10, No. 4

o} olF Boto] ARHEA YA T et LA vjE

$ RO QAo AE W) B Fse 247t
22 g ARe] Motk T AR EA| Alle] HHESl &
A7 whEe WS

2. Mz H 2

21 wy=
B ool WA AT FYHOR AT
% ol TRPAR) B2k 7)) AabgE gkt A

Y7 = A #2317 (International  Organization for
Standardization: 1SO)2] 140403} 140440] &7stal QJoH,
AlE 2 A2 Auby F¢t FYEE e Akt oyA,
HiEEE 2 AlE 17150 &S ARslelal o] g
7ol miAl= A G B7Fske ol (ISO 14040,
2006; ISO 14044, 2006).

Life cycle assessment framework ‘\

T

Goal and scope =
definkion

N

Direct applications:

= Product development
and improvement

- Strategic planning
- Public policy making
- Marketing

- Other

Inventory -
analysis

Inerpretation te

N

/

Fig. 1. Stages of an LCA based on ISO 14040.
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Table 1. Subject of research (Agrochemical Year Book, 2016)

Categories

Major Minor (Subject)

Annual Production (kg) Cumulative Market Share (%)

' Emulsifiable concentrate
Emulsifiable concentrate
Soluble concentrate

Wettable powder
Wettable powder Suspension concentrate
Water dispersible granule
Granule Granule
Water soluble powder
Water soluble powder

Water soluble granule

Dustable powder

Dustable powder
Fine granule

4,538,499 56.3%
2,976,911 93.2%
5,182,654 76.2%
1,181,973 93.5%
406,990 99.5%
3,368,232 99.4%
97,261 86.3%
15,404 100.0%
63,305 91.4%
5,946 100.0%
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Target System Boundary

Extraction Transportation Manufacturing Use Disposal
Technical/ Recycle/Landfill
Carrier /Incineration

Fig. 2. System boundary of the study.

Table 2. Data quality requirement

Types of boundary

Up/Down Stream (LCI DB)

Target (Manufacturing)

Time-related boundary

Geographical boundary Korea

Technical boundary

Up-to-date technology

Up-to-date period 2016

Site specific

Site specific
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(Product) it F4HE- (Co-product)®] ¥t Esof stnf 2%
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& A7A2] SRSk 247K §3F B3 (CO; emissions)

I} vl-gEF B2 (Non-CO, emissions)2 F-2510] AXSFRALE

g daR Qlste] WA= E A0l LA7kA &
¥} 2250 CO, CHy, N;O7} Qlom, daAbgafa) Sake
sotol 4 (D= o1
st &R AltetAnh

CO, Bmissions = Y j (Fuel; X LHV, < 1076 x Ef;) (1)
Fuelj= st dad A8 (kg L E= Nm'), LHVj= <
B ANHS 9 7o g HElsl] $Jste] Agsts &

e (kg/MJ, LMJ = Nm'/MJ)YS oJush, o2 TJ ©+¢]

Table 3. Data collection category

AEHSHIC| 2A7IA HiEZ Bt 365

ST éxéffldr 2 kel A
2 2~ Table 49]

1 9] 2A7EA vl E4ol= CO, NOx, SOx, TSP,
PMI10, VOC, NH37} Q1o Hapgdg7ialof e arefsfjof
gtk ol A2l FakE vA[A] ot 1 gte
PR (Impact Category)©f| +0}71 ol 2 A-ollA
T 7le 7] 9= MiEHS the 24 ()9 Zo] AP
Bli=g

Non— CO, Emissions = Y j (Fuelj X Efmmhj) 2)

Fuelii= $loF 518 shaele AF8eF (ton, kI T A
m)olu, 7Iet 7|2 dEae] WAL Efother (kg /

Data Source

LCI DB Information

Category Material
Site Calculation Estimation Ref. Year
Ancillary material Industrial water ME" 2003
Electricity 0 MOTIE” 2000
Steam o MOTIE 2003
LNG o ME 2007
Energy
LPG O MOTIE 2006
Diesel o] MOTIE 2001
Kerosene o] MOTIE 2006
Air emissions o - -
General waste ME 2003
Waste
Designated waste ME 2003
Waste water ME 2012
a) MOTIE : Ministry Of Trade, Industry & Energy
b) ME : Ministry of Environment
Table 4. CO, emission factor and heating value of fuel
) Emission factor (kg/TJ)
Fuel types Net heating value
CO; CH,4 N,O
Diesel 352 MJ/L 74,100 3.0 0.6
Kerosene 34.2 MJ/L 71,900 3.0 0.6
LPG 58.4 MJ/Nm’ 63,100 1.0 0.1
LNG 38.9 MJ/Nm’ 56,100 1.0 0.1
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Table 5. Non-CO, emission factor of fuel

23121 - O|K|A - AM[SH - FAH - 0|FAl - QUAE

ol = o O =

(Wettable powder), A (Granule), UA3SHA] (Water
dispersible granule), Q4584 (Water soluble granule), -3
Al (Emulsifiable concentrate), A|3A| (Fine granule), <~8-A]|
(Water soluble powder) & 107} A& o] sfdol= 2-=ESA|
O] Az FAol it 8 FS A o2 AFsiqict A
T3}t diks i ARERSAIG Al 3 AR
HiEREO R AT 4= 9lon, XA A= Table 69 LEf
Ack

AF2te}t FFE7E Ak 8A4 Az 3o SE P
0] 0.468 kgCOnq. / fu. 22 7} =3k, A 7] ARgof wh
2 e AAY 91.9%E AA|sh= Aoz el
HhA A Al 3789] A28 A= 0.0481 kgCOx.
fues F 1019 AEHoA Az 578 W 5 7H =
< AE YeRiiglon, A719] gFFo] 54.6%, AR
¢axo ofgt th7fulEe] 311%R & HlES Holal itk
19 22 doe oA AlxEes e AEEoA Y
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ST A Al A A S SR 4 s Ao T
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4.4 o MEo| HiEZ LPYEA JHM

AP 2A7RS S AR de] Rl Adas At
SUTAIE = HRE, oYX, 7IEFsAA, AERoAlolA &
Aohs 27 HlEFe APgsk=s sl ok & g
A 283 Aol Sdet WaE Ageial e v
& AlRjef mhE NO 7St A= o] w247}
& HlEEE A HiERe R A, O 9] RYEdEs A=
GAlCA sk A7 e I Hle e ® A
St ok W&, oflUlA], 7IERs A - S ARlE
AR, sEFolA IR =7 AR dlofeHo] A
AL o A oAl SylolA 28 7hset bl

il

o

il

Emission factor

Fuel types Unit
(60] NOx SOx TSP PM VOoC NH;
Diesel kg/kl 0.6 2.4 17 0.24 0.22 0.03 0.096
Kerosene kg/kl 0.6 24 17 0.24 0.22 0.03 0.096
LPG kg/kl 0.384 1.157 0.005 0.036 0.036 0.06 0.013
LNG g/m’ 1.344 3.7 0.01 0.03 0.03 0.18 0.051
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AR 712 715 Batsto] 3k
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7R 71 Batsto]
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AR 71 Q1o chet 71k Aol TG T A
AERTA A7EA wjEAS A= Table 89 lJrEhHo%
t}. ole} o] AERTA|L] A% TAYE LAVRA ujE AR

< A= W 7S wilE AP WA o] iAol 28
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39

P 4 gk 2 el Foe
A7k A HASRE

ot} Ae] HEn5A
PALS TR (3)9] Almt e

rlo n

PestiddeEF} = (EF.

J» Technical

+ EF,

jsProcess

S Hltlo] Active ingredient ) (3)

EFj, Technical®} Ratioj, Active ingredient:= 7| Ao
Al B SR 7IE o2 YAl thgt AT} faddE
H|Z oJu|s}H, EFj, Process= 2R TA| Al 3o st
27 viE Aol EF, ProcessE ARtAll, AAl, A=
Al, 2dA 71Eem =E551] fleiA 2 At AE o

45 2 HELSH HEQ| 24IIA HIESEF ot

=7} AT ZhE 232 20308 BAU tiH] 37%E o
Pap7| §isto] HiE AFUR AL viE BFL o
sk, A 71 ol wiETH Aol ARG (HEEANA
715 29 SHECOy) E= A 71 (5 A= 71 129 53
E£C0)0R Hstn] sEe P54 U= FAs
Qt}. oju] 50071 oAkl AA|I=0| _JUH_E ol AFIRF
SATIA SRS AP 9 W arslar 9)om, ek (Korean
Allowance Unit: KAU)S ZI3HA] Q== U/ QIT L A7}

S} o] WAL

1) Table 19] goll wtet 758 A A%

Az 34 &

=0
=2

W% AS sk ik W A hgel o ¢
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Table 6. Environmental impact results of target pesticide process

Target process

Environmental impact

Global Warming Abiotic Resource

Acidification Eutrophication Oxidant Depletion

Photochemical

(kg CO;, Depletion (kg SO, (kg PO,’- (kg CFCI11 Ozone Creation

eq./f.u.a)) (kg antimony./fu.)  eq./fu.) eq./fu.) eq./fu.) (kg CoHy eq./fu.)
Dustable powder 1.13E-01 6.88E-04 2.09E-04 3.72E-05 1.30E-10 3.26E-06
Soluble concentrate 1.08E-01 6.23E-04 4.09E-04 3.93E-05 1.79E-09 1.50E-04
Suspension concentrate 1.35E-01 7.59E-04 9.39E-04 5.60E-05 4.39E-09 5.38E-04
Wettable powder 1.65E-01 9.95E-04 3.99E-04 5.63E-05 1.18E-09 6.70E-05
Granule 1.18E-01 6.70E-04 6.07E-04 4.69E-05 3.24E-09 2.82E-04
Water dispersible granule 4.07E-01 2.48E-03 1.31E-03 1.38E-04 4.29E-09 4.51E-04
Water soluble granule 2.18E-01 1.30E-03 491E-04 7.10E-05 2.11E-09 4.15E-05
Emulsifiable concentrate 1.00E-01 5.91E-04 2.83E-04 3.33E-05 7.10E-10 7.30E-05
Fine granule 4.81E-02 2.69E-04 1.33E-04 1.85E-05 9.05E-10 1.63E-05
Water soluble powder 4.68E-01 2.85E-03 1.82E-03 1.66E-04 6.02E-09 7.97E-04

¥ fu. : Functional Unit
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Table 7. Average production of pesticide by specific formulation type

Fungicides Insecticides Herbicides Plant-growth regulators
Formulation type Production Ratio Production Ratio Production Ratio  Production Ratio
(kg) (%) (kg) (%) (kg) (%) (kg) (%)
Dustable powder 28,657 0.5 40,592 0.7 - - 2 0.0
Water soluble powder 14,564 0.2 96,821 1.6 1,193 0.0 86 0.0
Wettable powder 4,653,588 74.6 841,095 13.9 562,470 14.9 669,327 89.1
Emulsifiable concentrate 543,636 8.7 3,778,029 62.4 2,151,800 57.2 63,750 8.5
Granule 1,001,487 16.0 1,298,665 21.4 1,048,003 27.8 17,855 24

Table 8. Emission factor of pesticide by product type

EFtechnical (kgCOZeq~/ kg) Ratioactive ingredient (%) EFprocess (kgCOZeq-/ kg)

Pesticide EFproquet (kKgCOzeq./kg)

Product
A B C A*B+C
Fungicides 9.15 31.7 0.159 3.06
Insecticides 9.36 17.3 0.122 1.74
Herbicides 8.56 14.8 0.118 1.38
Plant-growth regulators 7.59 23.2 0.167 1.93
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