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ABSTRACT

This is a preliminary study for development of a national LCI Database that should be established to reduce greenhouse gas
emissions in the agricultural sector, and that considers distributions, use, and disposal stages, which were limited in evaluation
due to the absence of data that guarantee representatives. The subjects of the study were apples, and the life cycle assessment
was conducted under the assumption of fresh food (agricultural products processed products). Especially considering the difference
in distribution process form production to consumer, the production regions were calculated separately in Gyeongsangbuk-do
(Yeongju, Andong, Uiseong) and Chungcheongbuk-do (Cheongju). Accordingly, the result shows that the distribution phase has
the largest impact on the life cycle for the apple. Since it is difficult to clearly measure the transport distance of the distribution
stage, the carrying cost in the distribution process was used as indirect data, and the disposal stage was calculated by setting
a scenario in consideration of apple peels, etc. The results of this study are intended to be used as an example of calculating
GHG emissions for downstream processes of domestic agricultural products, prior to estimating and regulating the carbon footprint

of imported agricultural products in line with the global issue of imposing carbon tax on imported goods between countries.

Key words: Environmental Product Declaration, Life Cycle Assessment, System Boundary, Greenhouse Gas, Global

Warming, Low Carbon Agriculture
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Table 1. Summary of preliminary research 1

Functional unit Apple 1kg

Raw material

extraction Manufacturing

‘ Use ’ ‘ Disposal ’

‘ Distribution

System boundary

Not - Direct emission calculation : IPCC 1996 Guideline applied
ote
- Excluding transportation of raw materials to production phase

o Agta 55ARE ASAZ(AH) (Foundation of agri, AZANAE AL A A 236t -5 D AR, 7]
tech, commercialization & transfer, 2020) 52 Aot Ut ot =71 Y A B3 59 AR}

F 1A APATE AeA 5FANE ASAEY] 9 2 2oty Al B4 e oA FoAe] A2AAg2
oAl Atatof thet AFEA|FolH, Atke] YE AHFEFH Al 25k e

Table 2. Summary of preliminary research 2

Functional unit Apple 1 kg

Manufacturing

System boundary

. Distribution Use Disposal
extraction

Raw material ’

- - Direct emission calculation : IPCC 2006 Guideline applied
ote
- Excluding transportation of raw materials to production phase

o Life cycle assessment (LCA) of apple (Davida o] AL, AX viEF F 83.3%7} AJAF o]Fof| A HHAY

Johansson, 2015) o, ojggjol= A4k o] FFo] APFoA oY X]
Al 1A AP A= Aol AAE 9 AL o] B (E AR7F P70 FERATE 46.6%2] MiEFS A=

i, 24 D A2A % (cold storage))F-E AHj71A] 9] F-5 gRelstAT.

= A&"AF A ZIsEoch AR AFHELEN A9

Table 3. Summary of preliminary research 3

Functional unit Apple 1 kg

Manufacturing

Raw material
extraction

System boundary

Distribution ‘ Use ’ ‘ Disposal ’

- Direct emission calculation : change to fossil — electricity

Note . . . . .
- Including transportation of raw materials to production phase (scenario)
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o Life cycle assessment of apples at a country level the A& AAEAAC EFSICE AJAE 0]Z 9] HjEFo|
case study of Italy (Filippo, 2016) 75.0%2] ¥iEHE AATS Aokt

vl HA APt E ARe] AAREE RS (Ll ml) 7t

Table 4. Summary of preliminary research 4

Functional unit Apple 1 kg

System boundary Manufacturing

Raw material
extraction

Distribution ‘ Use ’ ‘ Disposal ’

- Direct emission calculation : simulation, fuel consumption — distance

Note
- Including transportation of raw materials to production phase (scenario)
o International EPD PCR (International EPD, 2019) o] H7|GAVA S A AEAA O Zsic) Eo|A}gHo
AL A APATE AR R SAREY) dR] & HlE Aol ofdt gmuol, opiskus 5o A
&, S5, 5985 )9 BARH 2 HrlE A2 5 EF HWiEAsE AASL A
Table 5. Summary of preliminary research 5
Functional unit Apple 1 kg
Raw material : S A
System boundary T Manufacturing ‘ Distribution ’ ‘ Use ’ ‘ Disposal ’
- Direct emission calculation : IPCC 2006 Guideline applied
- Including transportation of raw materials to production phase (scenario)
Note - Transportation from final production, storage of the product to distribution platform
- Customer or consumer use of the product
- End of life processes of any wasted part of the product
9 B2
- [ S w—
2.1. MapHm7} diH= Goal & Scope Definition <>
A3 PI7HLCA; Life Cycle Assessment)= LA HEZE o I . e yce D Embon Neuta
i g N B Life Cycle Inventory Analysis <——» R + Response to )
(International Standard)C. 2 |EH A|E°] &HAHS H7} I envrmarl egltors
sh PHiEoln, SRUAL thedt o] 4uAR 74
HO1 (ilq'(lso’ 20063). Assessment

Fig. 3. ISO 14040 Life cycle assessment framework
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Table 6. Data quality requirement
Category Raw material extraction Manufacturing Distribution Use and Disposal
Time-realated coverage 2018 2018
Yeongju
. Secondary data Gyeongsangbuk-do, Gyeong-buk Andong Secondary data
Geographical coverage .
(Unable to collect the Chungcheongbuk-do Uiseong (Unable to collect the
primary data) Chung-buk Chungju primary data)
Selection of random farms from conventional farms to
Technology coverage .
smart farms (regional average)
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2.2.4. HO|f X1t LCI DB &8
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Fig. 7. Distribution route of apple by region (Korea Agro-Fisheries & Food Trade Corporation, 2019)
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Table 7. The amount of diesel used to transport apples at the Chungcheongbuk—do (Chungju)

Shipping phase Wholesale phase Retail phase Total
2019 Carrying cost
800 won/10 kg 204 won/10 kg 30,000 won/500 kg -
Productivity 1,965 kg 157,200 won 40,860 won 117,900 won 315,186 won
Diesel average cost 1,333 won/L 118 L 30L 88 L 236 L
The amount of diesel transported per kilogram of apples 2.58E-01 L/kg

Table 8. The amount of diesel used to transport apples at the Gyeongsangbuk-do (Uiseong)

Shipping phase Wholesale phase Retail phase Total
2019 Carrying cost
900 won/10 kg 204 won/10 kg 30,000 won/500 kg -
Productivity 1,937 kg 174,303 won 39,509 won 116,202 won 330,014 won
Diesel average cost 1,328 won/L 131L 30L 87L 248 L

The amount of diesel transported per kilogram of apples

1.28E-01 L/kg

The proportion of distribution 60%
Table 9. The amount of diesel used to transport apples at the Gyeongsangbuk-do (Andong)
Shipping phase Wholesale phase Retail phase Total
2019 Carrying cost
850 won/10 kg 204 won/10 kg 30,000 won/500 kg -
Productivity 1,862 kg 158,304 won 37,993 won 111,744 won 308,041 won
Diesel average cost 1,330 won/L 119L 29L 84 L 232 L

The amount of diesel transported per kilogram of apples

1.25E-01 L/kg

The proportion of distribution 70%
Table 10. The amount of diesel used to transport apples at the Gyeongsangbuk—-do (Yeongju)
Shipping phase Wholesale phase Retail phase Total
2019 Carrying cost
900 won/10 kg 204 won/10 kg 30,000 won/500 kg -
Productivity 2,725 kg 245,275 won 55,596 won 163,517 won 464,387 won
Diesel average cost 1,340 won/L 183 L 41L 122 L 346 L

The amount of diesel transported per kilogram of apples

1.27E-01 L/kg

The proportion of distribution

75%

Table 11. The revised amount of diesel used to transport apples at Gyeongsangbuk-do

Category Productivity ratio Relative productivity ratio Transport diesel (Revised) Transport diesel
Uiseong 14.0% 23.7% 2.67E-01 L/kg 6.32E-02 L/kg
Andong 17.6% 29.8% 2.66E-01 L/kg 7.92E-02 L/kg
Yeongju 27.5% 46.5% 2.64E-01 L/kg 1.23E-01 L/kg
Gyeongsangbuk-do 100.0% - - 2.65E-01 L/kg

Journal of Climate Change Research 2022, Vol. 13, No. 2
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A2 A4 Qulehy, F2E 7|AE HE
S Fasto] treo] AR A AU g viEte g AXt
5} th(Rural Development Administration National Instit

ute of Agricultural Sciences, 2016).

Table 12. Electricity usage scenario for storing
agricultural products

Note

10,810 kg
2,185.893 kWh
(85,687 won 7. 39.2 won/kWh)
0.202 kWh/kg

Category

The amount of apple storage

Electricity usage

Input unit for storage

2.2.5. H7| AL4E|

H7|G4 A= Z271EE4]E A& DB (Rural Development
Administration, 2021)E Z115l0] AM9] Ho HU7| &S
18 9 {718 H7IEE AEE AoE 7HEeH,
#7144 H71E9 A ve2 R A 67
E T4 2 AL F-E(Ministry of Environment,
2020)5+9{T}.

Table 13. Disposal rate by apple variety

B Granny Smith Jonatan

Category | Fuji apple Average
apple* apple

Apple 12% 13% 18% 14.3%

* ‘Apple, Granny Smith, peeling Raw’

Table 14. Disposal scenario of agricultural products

Volume-rate Seperate
Category disposal system garbage Total Ratio
: Combustibility | : Food waste
Landfill 328.9 149.6 478.5 3.0%
Incineration 958.9 336.8 1,295.7 8.2%
Recycle 350.1 13,773.1 14,123.2 | 88.8%
Total 1,637.9 14,259.5 15,897.4 | 100.0%

2.2.6. HIOJE +XZut

473 delgt 75 MEos Ao,
Hahy YAER et 2

209

Table 15. The result of data collection (Summary,
Chungcheongbuk-do)

LCA phase Category Name Input/Output
Animal compost | 7.23E-02 kg/kg
Fertilizer | Calcium sulfate | 4.59E-03 kg/kg
) Urea 9.18E-04 kg/kg
Raw material — —
. Pesticide Insecticide 8.71E-05 kg/kg
extraction
Electricity 6.09E-02 kWh/kg
Energy -
Diesel 1.43E-02 kg/kg
Direct emission
Energy 1.66E-02 L/kg
. (CO»)
Manufacturing - —
. Direct emission
Fertilizer 2.22E-03 kg/kg
(N20)
Storage (35%) | 7.08E-02 kWh/kg
Distribution L03E-01 kek
Distribution Energy (65%) ' i ge
Direct emission
1.20E-01 L/kg
(COy)
Landfill 4.31E-03 kg/kg
. Apple peels,
Disposal et Incineration 1.17E-02 kg/kg
Recycle 1.27E-01 kg/kg

Table 16. The result of data collection (Summary,
Gyeongsangbuk-do)

LCA phase Category Name Input/Output
Animal compost | 8.98E-01 kg/kg
Fertilizer | Calcium sulfate | 4.45E-02 kg/kg
Urea 6.00E-03 kg/kg
Raw material . .
. Pesticide Insecticide 6.32E-05 kg/kg
extraction
Electricity 1.05E-01 kWh/kg
Energy
Diesel 1.43E-02 kg/kg
Direct emission
Energy 1.66E-02 L/kg
. (COy)
Manufacturing - —
Direct emission
Fertilizer 1.34E-03 kg/kg
(N20)
Storage (30%) | 6.08E-02 kWh/kg
Distribution 1.09E-01 kek
Distribution Energy (70%) SO e
Direct emission
1.27E-01 L/kg
(COy)
Landfill 4.31E-03 kg/kg
. Apple peels,
Disposal . Incineration 1.17E-02 kg/kg
etc
Recycle 1.27E-01 kg/kg

http://www.ekscc.re.kr
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Fig. 8. CO, emission through the distribution step (percentage)

23.1%

13.8% 12.5%

= .

Raw material extraction Manufacturing

= Chungcheongbuk-do Apple

78.2%

62.3%

09% 07%

Distribution Disposal

Gyeongsangbuk-do Apple

Fig. 9. CO2 emission through the whole life cycle by region (percentage)

2.3. g71Zx

Al g rE HPHEL IPCC 2006 Guideline 2+
1on, &8H HEAss IEE 4 AGSdAdE
= 27} LCI gloJgHo]A%} 39] Ecoinvent 2.0 211
o}@‘r«} A AT}, A3t FgstA R A4S viE
F 719%rt 7MY =2 AR UEgon, I FoAE

FEolA e 57 A8l 9t AFALT F8 MEF T
]_o o] o7 r_q.o]—;]oh;]-

1 8= AxTAl= 97 JA7F Qs Ao2 g9l
EQlt} ol= Al A& &, 2 EYEAE) Sl
w2t HeE= BlE 9 oyA] AHEE HARE Qg Ao
2 FHH, I AR 5&2X5H] o2 AR 7]
e 8 ~ 11T wiafl, BA ol ©E P +GE 2018

F

Journal of Climate Change Research 2022, Vol. 13, No. 2

g 7]L0] ZE 119C, A& 12.7CEH AER o] A
A 120 2H o|F HAst] ATt SAA AHgo] Wk
Ao woteE]7] wjEolct.

3. 28

AFEAS 1T v, AT oKt the 271
o dolg 22 BAsHEe] aFHck A WA, AL Ll
DB} 52 Aghh 5342 ASATN B8PS 1Y
o, oI g 617kl 432l U £ ol )
o] WA, BPe] ST SAE E2L 4170l
& Ao o] S dole] w9 44lo] Wasicl.



SIPSES ZEI TN bt Al BRI LY 211

= WA, A R7tE AAA R R E
AAE Bikots DA sibEel H7IE o thA] Akl
Az FEse A LHsfoF etk o] WOl 2
ATolA= 294 dirgdo] FEE folHe FAR +
2 A Aoz RE AR +EA=7
F7FE|ofoF ARt Mypgo] =Tl HEE 4 9l

2 uF 5

2 Aot
32 z22
NF7lehe BA FolA Be A BaFHS

Rt =85 st 9low, £5] EUQA 2021d &
AZHZAGHFAYZ(CBAM,; Carbon Border Adjustment
Mechanism)=  AFstlow, oldl= E74H EU
ETS(Emissions Trading System)* & A4 H 2|7} scope
13} 25 ZSHsla Qlct 20219 € ®E EU ©4AH
ZAMAYZES A AMEU commission, 2021a)o] 4]
EU 9y £ EF] g ga=H4A gz 574
AlFol A=A, 20220 =0 tiAf AFL &
Z FA7F olojd Aoz Holth E3H EJHA
goods)9] Aol WA ©a HEF
(embedded carbon emissions)S 1 HT AS OJ:L‘EF}_]_
wom, T Frd dATAHRGWAYSE At
commission, 2021b)o| A& A&EQ] 2] - ZHuj&H } o}
Yk, AlE 4955 (upstream)7hA] E7g5k] WA H

S ZFdoF shH, ofo thet APYHEE el d
= AgGstal ot ofof we}, ©es] AlEY it
AEFdS dol ARF(FED)ol 24 %i“H§ %
24 - B2 9] Za4o] tifdo wet, gaxBdEAgm
AYELZ Scope 32 Zff7} o FH ]iﬁﬂ g
ZAEAYZANA Y A o]f7t AF HpgolAe] &
A HiEF AgolH, A& ”Z.LEHOH w2} FAHEO] S
Ao Z3E Fe, AAAAT 4 & AFZHANAAH
FAEES FEedAClA 9 W& Tt 7 S85HA
a2 Zolth. olo wet, @YY 4= LCI DB 7
A E s4bEo] HA I A B 7IoA 9] 752 AlE
slsto] Age F-go] FastH, oA Ag4itstol w
= & A7t £ SAEY 5 AR
HEo] A HiET Bl A, AAYE
22 £ g ACE woEn

e

(complex

<] o

l=0
E{l o_>t,

F

AL

B ATEER)R $ENSY ATAIFEATHE |
PJ014797042021)9] o] o]af o]=ojx AT},

References

Asia-Pacific Economic Cooperation, Ministry of Trade,
Industry and Energy. 2004. The practice guidelines of
ISO 14040 series.

Davida Johansson. 2015. Life cycle assessment (LCA) of
apples — A comparison between apples produced in
Sweden, Italy and Argentina. Swedish University of
Agricultural sciences.

European Commission. 2021a. Proposal for a Regulation
of the FEuropean Parliament and of the council
establishing a carbon border adjustment mechanism.

European Commission. 2021b. Draft report on the council
for a regulation of the European Parliament and of the
Council establishing a carbon border adjustment
mechanism.

Filippo. 2016. Life cycle assessment of apples at a
country level the case of Italy. Proceeings of the 9th
International Conference on Life Cycle Assessment in
the Agri-Food Sector Life; 2014 Oct 8~Oct 15; San
Francisco, USA : LCA food.

Foundation of Agri, Tech, Commercialization & Transfer.
2018. Introduction of Low Carbon Certification Label.

Foundation of Agri, Tech, Commercialization & Transfer.
2020. Common guidelines for calculating greenhouse
gas emissions from agricultural products.

International EPD. 2019. Fruits and Nuts
category classification UN CPC 013.

ISO. 2006a. ISO 14040:2006 Environmental management -
Life cycle assessment - Principles and framework.
ISO. 2006b. ISO 14044:2006 Environmental management -
Life cycle assessment - Requirements and guidelines.
Joint ministries. 2021. 2030 Nationally Determined

Contribution (NDC) Enhanced Proposal
Korea Agro-Fisheries & Food Trade Corporation. 2019.

product

http://www.ekscc.re.kr



212 3

0
P>
b

ol

Distribution status by items.

Korea Environmental Industry & Technology Institute.
2018. Current Status and prospects of Low Carbon
Certification Label.

Korea National Oil Corporation. 2021. Average Selling
price by region.

Lee, D. B, Jung, S. C, So, K. H, Kim, G. Y. and
Jeong, H. C. 2014. A Study on Carbon Footprint and
Mitigation for Low Carbon Apple Production Using
Life Cycle Assessment. Korea Journal of Climate
Change Research.

Ministry of Environment. 2020. Status of waste generation

and treatment.

Journal of Climate Change Research 2022, Vol. 13, No. 2

- OX|

- S

Ministry of Food and Drug Safety. 2016. Manual for
determining whether processed food is applicable.

Rural Development Administration. 2018. Agricultural and
livestock income data book (Kyeongsangbuk-do &
Chungcheongbuk-do).

Rural Development Administration. 2021. Korean Food
Composition Table.

Rural Development Administration National Institute of

Sciences.  2016.

technology in CA container, pre-drying, and storage

Agricultural Development  of

for improveing quality of agricultural produce. Korea:

Rural Development Administration. Final Report.



	하위흐름을 포함한 전과정에서의 국산 사과 탄소발자국 산정
	ABSTRACT
	1. 서론
	2. 본론
	3. 결론
	References


