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ABSTRACT

In the domestic agricultural sector, the trend toward electrification of energy sources is rapidly increasing due to the impact
of high oil prices and the spread of smart technologies. It is thus necessary to understand the current status of indirect
greenhouse gas (GHG) emissions in the agricultural sector. In this study, indirect GHG emissions from the agricultural sector
due to electricity use were estimated using public data (Input-Output tables, statistics, etc.) published in other sectors, and
found to be 7.3 million tons CO,eq. (2020). Specifically, indirect GHG emissions by agricultural and livestock sectors were
1.4 million tons COseq. in the vegetable sector, 0.8 million tons CO,eq. in the fruit sector, 1.0 million tons COseq. in the
pig sector, and 0.9 million tons CO,eq. in the Korean beef sector. In addition, the indirect GHG emissions per cultivated
area in the cultivation sector (tons CO,eq./ha) were 23.245 tons CO,eq./ha for the floriculture sector and 6.395 tons COeq./ha
for the vegetable sector, and the indirect GHG emissions in the livestock sector (CO,eq./slaughtered animal) were 1.13609
tons COseq./slaughtered animal for the Korean cattle/beef cattle sector and 0.05720 tons CO,eq./slaughtered animal for the
pig sector. The indirect GHG inventory of the agricultural energy sector prepared based on the results of this study is expected

to be used to inform carbon neutrality and energy neutrality transition policies in the agricultural energy sector.
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Table 1. Usage trends by type of power contract
(Unit: 10°MWh, %)
Year Residental General Educational Industrial Agricultural .Stre.et Midnight SUM
lighting power
2007 55,681 82,208 5,304 194,936 8,215 2,794 19,467 368,605
2008 57,877 86,820 5,783 203,429 8,869 2,847 19,391 385,017
2009 59,427 89,609 6,465 207,114 9,671 2,954 19,121 394,362
2010 63,200 97,402 7,453 232,529 10,654 3,081 19,690 434,008
2011 63,524 99,498 7,568 251,339 11,232 3,145 18,607 454,911
2012 65,484 101,584 7,860 257,933 12,776 3,158 17,620 466,415
2013 65,815 102,189 7,947 265,277 13,866 3,156 16,496 474,745
2014 64,457 100,753 7,438 272,383 14,505 3,221 14,658 477,414
2015 65,618 103,671 7,691 273,366 15,702 3,341 14,074 483,464
2016 68,057 108,616 8,079 278,809 16,580 3,462 13,416 497,018
2017 68,544 111,298 8,316 285,969 17,251 3,557 12,811 507,746
2018 72,895 116,933 8,678 292,998 18,504 3,582 12,558 526,147
2019 72,639 116,224 8,561 289,239 18,882 3,571 11,379 520,495
2020 76,303 113,637 7,515 278,659 19,029 3,507 10,616 509,268
2021 79,915 119,550 8,423 291,333 20,603 3,444 10,162 533,431
Aver. rate(%) 14.2% 22.0% 1.6% 55.1% 3.1% 0.7% 3.3% 100.0%
CAGR" (%) 2.4% 2.5% 3.1% 2.7% 6.3% 1.4% -4.2% 2.5%

"CAGR: Compound annual growth rate (%)
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Fig. 1. Trends in agricultural electricity usage by region (2007 ~2021)
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Table 2. Output and input commodity sector classfications (based on agricultural, forestry and fishery goods)

Output commodity

Input commodity

(A) Agricultural, forestry and fishery goods

(01) Crops
(011) Grains and other edible crops (45) Electricity supply
(0111) Rice (450) Electricity supply

(0112) Wheat and Miscellaneous grains
(0113) Beans
(0114) Potatoes

(012) Vegetables and fruits

(4501) Hydropower

(0121) Vegetables
(0122) Fruits
(019) Other crops
(0191) Floriculture
(0192) Medicinal crops
(0193) Leaf tobacco
(0194) Natural rubber
(0195) Seeds
(0196) Other edible crops
(0199) Other non-edible crops.
(02) Animals
(021) Cattle
(0211) Dairy
(0212) Cattle
(029) Other animals
(0291) Pig
(0292) Poultry
(0299) Other animals
(03) Forest goods

(04) Fishery goods

(05) Agri., fore. and fish. related services

(4502) Thermal power
(4503) Nuclear power
(4504) Self generation
(4505) New and Renewable energy

(46) Gas, steam, hot water supply

(D) Electricity, Gas and Steam supply

Source: Bank of Korea Economic Statistics System (2024)(Author reconstruction).
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Table 3. Facilities related to plants and animals
Categories Subcategories
O Seedling cultivation facility O Crop cultivation facility
Crop cultivation facilities O Mushroom cultivation facility O Greenhouse
O Farm hut
O Livestock house O Hatchery
. . O Slaughterhouse O Livestock warehouse
Livestock facilities ) . o . . .
O Livestock exercise facility QO Laboratory animal breeding facility
O Livestock market O Other livestock facilities
O Sericulture O Beekeeping
Other . . - e
O Fish farming facility O Other related facilities
Source: V-World (2024)(Author reconstruction)
Table 4. Emission factors for the power sector
COz CH4 Nzo COzeq.

Classification
(t CO/MWh)

(kg CH/MWh)

(kg N,O/MWh) (t CO2eq./MWh)

Emission factor 0.4567 0.0036 0.0085 0.4591
Source: GIR (2018)
2020 A& AATME V| ERE AdEE AR E 8 AEske T v s
(Bank of Korea Economic Statistics System, 2024)5 &-&
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Table 5. Comparison of electricity bills by data type

(Unit: million won, %)

Year A B C B/A (%) CIA (%) C/B (%)
2015 738,403 739,959 703,440 100.2 95.3 95.1
2016 807,726 783,694 741,950 97.0 91.9 94.7
2017 736,071 817,104 772,534 111.0 105.0 94.5
2018 832,641 873,643 825,368 104.9 99.1 94.5
2019 806,013 897,256 840,150 111.3 104.2 93.6
2020 1,022,527 917,569 839,070 89.7 82.1 91.4
SUM, Aver. 4,943,381 5,029,224 4,722,512 101.7 95.5 93.9

A: Electricity bills in input-output tables, B: Electricity bills in contract type, C: Electricity bills in industry classfication

(million won) Annual Electricity bills Trends (2015—2020)
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Fig. 3. Annual electricity bills trends (2015 ~ 2020)
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Table 6. Indirect GHG emissions in the agricultural sector and their percentage by sector (%)(2020)
(Unit: ton, ton COseq., %)

Agricultural sector CO; (ton) CH4 (ton) N;O (ton) | COseq. (ton) Ratio (%)
Rice 638,009 5.03 11.87 641,297 8.7%
Crops Wheat etc. 152,054 1.20 2.83 152,838 2.1%
Beans 78,380 0.62 1.46 78,784 1.1%
Potatoes 164,143 1.29 3.06 164,989 2.2%
Vegetables 1,396,187 11.01 25.99 1,403,381 19.1%
Vegetables and fruits

Fruits 770,832 6.08 14.35 774,304 10.5%

Floriculture 99,418 0.78 1.85 99,930 1.4% 52.2%
Medicinal crops 48,273 0.38 0.90 48,522 0.7%
Leaf tobacco 13,516 0.11 0.25 13,585 0.2%
Other crops Natural rubber 0 0.00 0.00 0 0.0%
Seeds 198,438 1.56 3.69 199,460 2.7%
Other edible crops 238,262 1.88 4.43 239,490 3.3%
Other non-edible crops. 15,313 0.12 0.29 15,392 0.2%
Dairy 613,581 4.84 11.42 616,742 8.4%
Cattle 939,690 7.41 17.49 944,532 12.9%

Animals Pig 1,043,008 8.22 19.41 1,048,383 14.3% 47.8%
Poultry 807,664 6.37 15.03 811,826 11.1%
Other animals 90,914 0.72 1.69 91,382 1.2%

SUM 7,307,682 57.60 136.01 7,345,337 100.0% 100.0%

¥GWP (global warming potential): CO,=1, CH4=28, N,0=265

€O, eq. (ton) Indirect greenhouse gas emissions by agricultural sector (2020)
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Fig. 4. Indirect GHG emissions in the agriculture sector (2020)
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Table 7. Indirect GHG emissions per unit by the cultivation sector (2020)

(Unit: ton COeq., ha, ton, 10° Flower, kg)

Agricultural sector CO,eq. (ton) | Area (ha) Production (ton) Data COxeq. CO2q.
source (ton/ha) (kg/kg)
Rice 641,297 726,432 4,713,162 A 0.883 0.136
Wheat etc. 152,838 67,077 273,647 A 2279 0.559
Crops
Beans 78,784 66,735 98,677 A 1.181 0.798
Potatoes 164,989 45,861 883,121 A 3.598 0.187
Vegetables and Vegetables® 1,403,381 219,457 8,486,364 B 6.395 0.165
fruits Fruits 774,804 156,738 1,975,538 A 4.943 0.392
Floriculture 99,930 4,299 746,403" C 23.245 0.134"
Medicinal crops® 48,522 93,444 278,563 D, E 0.519 0.174
Leaf tobacco 13,585 3,979 9,585 F 3414 1.417
Other crops Natural rubber 0 - -

Seeds 199,460 824,300 45,721 0.242 4.363

Other edible 239,490 167,028 - A 1.434

Other non-edible 15,392 56,258 ) A 0.274

Source: A: MAFRA (2022), B: MAFRA (2021c), C: MAFRA (2021b), D: MAFRA (2021a), E: NIHHS (2024),

G: MAFRA (2021¢)

a) Total field and facility cultivation data.

b) Unit : 10*flower, ton/10°flower.

F: Statistics Korea (2020a),

¢) Including special crops, medicinal crops, ginseng, mushrooms, etc.

d) Dry leaf tobacco production.

e) No data available.
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Fig. 5. Indirect GHG emissions per unit by the cultivation sector (2020)
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F Al 0.29526 kg COseq./LO] 7+ L4747} & E
Ao g FHEJTH4

S B4 Ak Aol UAT, AYstE Bl whet
S5 AT 1 2A7A wiESF Zfo|7t Eol 4
= A0 & Ueytt 202349 578 £F, oF 1T 5HS AR
S7He LR Al FH A ZIHMAFRA, 2024a)
qAE T ST A7 B AY APRFEKWY
W) AHA(1,061), 7 - £-9(842), HA(112), H(49), 27
(1DHE EXET. o] AL Ao & A o] &8

g HEATE A8, 0 247 v AT 2

]

e oz
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Hhe -

Tt 0.487 ton COzeq./ 55, 292 0.387 ton
CO.eq./55, FA] 0.051 ton COzeq./ 5, 7H= 0.028 ton
COxq/F52 AU W, 2 Aol 20204 7]
% 239 48RS 0 LWl METe Aas
1.50497 ton COseq./55=, F-8-F 0.28078 ton CO,eq./F
%, HA]  0.09464 ton COzeq./ 75, 7F= 0.00425 ton
COq /S5 AEI0] AR 2AF AT} Afol7} G
Aoz BAH

olefat Aol Mla el PUE Aol Hro|
A FA%E ZAL HHE BUA (Bottom-Up Approach) ¥4]
o, & HF= TDA (Top-Down Approach) Hr4]o]t}.
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Table 8. Indirect GHG emissions per unit by the livestock sector (2020)
(Unit: ton CO,eq., number of animals, L)

. . Data (Raise) (Slaughter)
Animals COaeq. Raise Slaughter, milk Source COseq. COneq.

(ton) (number of animals, 10°L) (ton/num.) (ton/num.)

Dairy 616,742 409,805 2,088,786 A 1.50497 0.29526%
Cattle 944,532 3,363,925 831,389 B 0.28078 1.13609
Pig 1,048,383 11,078,032 18,329,952 B 0.09464 0.05720
Poultry 811,826 191,018,465 1,137,386x10° C 0.00425 0.00071

Other animals 91,382 D -

Source: A: Korea Dairy Committee (2024), B: KAPE (2021), C: Livestock Product Safety Management System (2024)
a) Unit: kg/L (milk)
b) No data available

B
AN B 5ol olele o] Urk. Yurmoz o  FITE mUETSL A EUES Adste] Alojshe
£ 24 7oA TDA 941} BUA Hrdo] ol3) ofivx] A AR AA 52 FAskaL o 22 of

o Indirect GHG emissions per raised aniamls (ton/num.) Indirect GHG emissions per slaughted animals
on/num.) (kg/L)
1.6 1.50497 19 1.13609
14
1.0
1.2
L0 0.8
0.8 0.6
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0.2 0.09464 l 0.05720
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00 . - 0.00425 00 — 0.000
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(a) Based on raised animals (b) Based on slaughted animals
Fig. 6. Indirect GHG emissions per unit by the livestock sector (2020)
U¥rH 0 & BUA W Al A E R4S Foto] 44. Y FE ANLE S
298 A o8 Feo] Fsaht, 44 ARS] 98, vl _ ) _
vl Wj2Qlo] 91 g Hmylo] ZEALY o] Lad 22 U o8 RofllAe BE&A odA #EE st
_ - 2 3 =z A|A A QTFQ
o 7A=3t 2 g7 =k vhd, TDA Hre 27} 2k T o A&, 7 5 A U 71A°E ArY ouA] AR
_ =] =L 1
L REY 3% 52 /Mo A4S R opfx  =HETEL Afsks ofiA dH  AlAH(Energy
WAs, REE BARNE 5 o PRI FPL gAFg  Menagement sysiem, EMS)E =4, £F3tl AUt &
2 9lo}, Wpale oWlEs 2oz wjZelw HA FEAAE sk A2 W 714 9 Aejd 18 &
o]
=~
Gill
4k

Azlo] v]i, AZo] WMo o|2ojAof iy, A T F2O] AR v AR Hieh 2AL
42 vES dAoH, AVER B AUESARA]
$3, #E5t= Holy B HEFE(Korean Standards &
Certification, 2020)19 A& o %] A HoJE FE2

15) GAEEOE S5H AHYU] Hof A0kEF 57 dole] FZ(SPSX KOAT-0009-7470:2020000 4 oI HRE 18)30] 5
EE AFOR Y, AT WL %2 FUSHES o] o] AvtEoIA] AFHT Uk A L Hud AP AeF 5
ol ofeiul, AnkESA 712 Ho|E|HY(SPS-X KOAT-0009-T474~7475)014] 54, Beldtt ouix Bl dolelt AQulgu %
SgdH] A7 %, e Aol
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Table 9. Average Indirect GHG emissions per facility area (kg CO.eq./m?)

(Unit: Number, %, m% kWh, kg COzeq.)

Number of Number of Analysis rate Average power Average GHG
Types of facilities by purpose buildings buildings analyzed (BIACA) usage per 2area emissions per azrea
(A) B) (kWh/m") (kg COzeq./m%)
Seedling cultivation facility 1,182 251 21.2% 15.15 6.9555
Crop cultivation facility 2,401 854 35.6% 5.09 2.3357
Mush. cultivation facility 4,331 1,179 27.2% 12.27 5.6321
Greenhouse 837 355 42.4% 16.95 7.7816
Farm hut 1,948 664 34.1% 18.00 8.2636
Livestock house 131,150 22,198 16.9% 7.33 3.3663
Hatchery 184 43 23.4% 11.31 5.1905
Slaughterhouse 1 109 29 26.6% 11.85 5.4392
Slaughterhouse 2 (poultry) 57 8 14.0% 4.85 2.2264
Livestock warehouse 583 111 19.0% 13.94 6.4015
Livestock market 53 42 79.2% 16.97 7.7901
Laboratory facility 37 7 18.9% 30.09 13.8121
Livestock exercise facility 64 8 12.5% 30.94 14.2038
Animal quarantine station 12 0 - - -
Artificial insemination center 10 0 - - -
livestock facilities 41 0 - - -
Other livestock facilities 930 159 17.1% 8.56 3.9309
Other related facilities 29,755 5,817 19.5% 9.83 4.5143
SUM, AVERAGE 173,684 31,725 18.3% 8.11 3.7250
] &Stk H WY W e AR AL 18.00 kWh/m’ S
ol £ AfolM Al AY A&l tig HAa 2 7P w%om, ZIEAY 1697 kWhin?, 24 16.95
o] ¥ mote giolo] FEFFROIN FANT Y= & kWhim?, FHUGAA 15,15 kWhin®, 71837 13.94
¥ ABYHL AE ouA] Holee AMEL /N0 kWhin, HAAUAL 1227 kWhin® 5¢] 402 % 7
2 mjsto] FA Frol AldE A AR B4t o UEwth 181 A9 wiEASE F-8ste] E4%
AL, T 2AVEA HiEEE S5 A APAA, AES AT AldE WE o H
AT 2604247049 5 - AE BAAA dHolgE  2A7FA B &3 (kg COseq./m’) HEAFL 8.2636
FAAE 7R A3 AT FAE TIAEL kgCOweq/m’q 7P &9koH, 7FEAE 7.7901 kg
173,68470 & FAA ] ARt Qe ACE EAFGCS  COeq/m’, =4 7.7816 kg COeq/m’, FTHBE{FAIAL
o, o] glojgle] FAXE 7|E0 & AE YA to]E 6.9555 kg COzeq./m’, 7FE-83L  6.4015 kg COzeq./m’,
£ WA 23 39658749 & - A BHEAE Hiet B A EIAL 5.6321 kg COzeq/m’ G082 HA|E|Glc}.

[e]
A A4S ARE 2T 5 YAk ohn, ARESE,
539, Au)E Holg Tejste] wWA g A
AHGFUWh/m?) dlolele] 49l @ 5t9] 10%E A2t
31,7257 A(FA AT 173,6847]4 & 2F 18.3% =) H)
oJHE T B-AT ALY HF A A8

WK LAk RS stk B4 A3 A4

T A Bl AT BE AU FHWhin)
o] Box plot chart 2Hd gt A3} gloje] A2l 7go]A
49 9 319 10%2 AT F BAGASE 2 A
WAL, B AUREAL, SAF SO Qb wglelA wo) ul
oyt o470l BTHe AS SHelstsict. olejst B4 2
B 7% ABAEAL, HARNA, AR Th2A] g
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Power usage per area of agricultural facilities (kWh/m?)
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Fig. 7. Power usage per area of agricultural facilities (kWh/m?)
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of oA A% APolix 32 I 52 Ssiol = H A
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