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Emission Factor
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ABSTRACT

Hydrogen is gaining attention as a carbon-free energy source, but electrolytic hydrogen shows large variations in carbon
intensity depending on the electricity source. This study calculated Korea's electricity emission factors (2001-2035) and com-
pared the carbon intensity of hydrogen production for AKL and PEM electrolysis technologies. Based on 2024 emission
factor, the carbon intensities were 33.69 and 35.09 kg CO,eq/kg H, for AKL, and PEM, respectively, with most emissions
arising from indirect emissions due to electricity use. Scenario analysis showed that only the 100% nuclear power scenario
satisfied the Grade 2 clean hydrogen criterion, while none of the scenarios met the target hydrogen price, confirming the
need for government-level institutional supplementation.
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Fig. 1. The schematic diagram of AKL [16]
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Fig. 2. The schematic diagram of PEM and SOEC [16, 19].
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Table 1. Comparison of water consumption and electrical efficiency among AKL, PEM, and SOEC

Pure water Stack power System power
Type of electrolyzer consumption consumption consumption References
(kgH,O/kgH,) (kWh/kgH,) (kWh/kgH,)
N/A 51.30 N/A [14] Paper
10.00 50.00 N/A [21] Commercial
N/A 49.40 N/A [22] Commercial
AKL 9.10 51.90 N/A [23] Commercial
N/A 49.00 N/A [24] Paper
N/A 56.50 64.00 [25] Paper
N/A 56.60 64.40 [26] Paper
AKL Ave. 9.55 52.10 64.20 -
N/A 55.60 N/A [14] Paper
N/A 58.00 N/A [24] Paper
N/A 56.50 66.50 [25] Paper
N/A 54.90 67.20 [26] Paper
10.00 53.20 N/A [27] Commercial
N/A 55.90 N/A [28] Commercial
13.00 49.90 N/A [29] Commercial
N/A 54.60 N/A [30] Paper
PEM Ave. 11.50 54.83 66.85 -
N/A 34.40 N/A [13] Paper
N/A 39.20 N/A [14] Paper
10.50 37.50 N/A [31] Commercial
N/A N/A 87.00 [32] Paper
SOEC Ave. 10.50 37.03 87.00 -

1. System power consumption refers to the electrical power consumption that accounts for not only the stack but also the Balance
of Plant (BOP) required to operate the stack.

Table 2. Composition ratio of renewable energy in Korea in 2023

Power generation Power generation ratio Carbon intensity
Renewables (GWh) %) (keCOyKWh) References
Solar 29,288 55.42 8.69E-02 [33], Ecoinvent DB
Wind 3,382 6.40 2.79E-02 [33], Ecoinvent DB
Biogas 12,577 23.80 1.48E-01 [33], Ecoinvent DB
Fuel cell 6,164 11.66 3.43E-01 [34, 35]
IGCC 997 1.89 NA -
Ocean 438 0.83 NA -
Renewables emission factor (kgCO,/kWh) 1.25E-01

1. Solar = Electricity, high voltage {KR}| electricity production, photovoltaic, 570kWp open ground installation, multi-Si | Cut-off, U.
2. Wind = Electricity, high voltage {KR}| electricity production, wind, >3MW turbine, onshore | Cut-oft, U.

3. Biogas = Electricity, high voltage {KR}| heat and power co-generation, biogas, gas engine | Cut-off, U.

4. IGCC and ocean energy were excluded from the calculation of the renewables emission factor due to their negligible ratios.
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Table 3. Comparison of national grid emission factor and ecoinvent LClI DB-based grid emission factor

Power generation Carbon intensity

Energy source

Power generation Carbon intensity

Energy source

ratio (%) (kgCO,/kWh) ratio (%) (kgCO,/kWh)
Hydro 1.3 NA Hydro, pumping 0.65 1.00E+00
Nuclear 30.7 NA Hydro, hydro 0.63 5.11E-02
Renewables 9.0 NA Steam, coal 30.54 1.21E+00
Coal 314 NA Steam, oil 0.07 1.11E+00
Petroleum 0.3 NA Steam, LNG 0.15 8.49E-01
LNG combined
LNG 26.8 NA heat and power 2841 5.16E-01
plant
District energy NA NA Nuclear 30.75 6.72E-03
Others 0.5 NA Renewables 8.60 1.25E-01
Total EF 100 04173 Clean hydrogen 0 3.43E-01
(kgCO,/kWh) ) )
Etc 0.2 0
Total EF
(keCOLKWh) 100 0.5568

AN N AW

power plant | Cut-off, U.

. Hydro, pumping = Electricity, high voltage {KR}| electricity production, hydro, pumped storage | Cut-off, U.

. Hydro, hydro = Electricity, high voltage {KR}| electricity production, hydro, non-alpine region | Cut-off, U.

. Steam, coal = Electricity, high voltage {KR}| electricity production, hard coal | Cut-off, U.

. Steam, oil = Electricity, high voltage {KR}| electricity production, oil | Cut-off, U.

. Steam, LNG = Electricity, high voltage {KR}| electricity production, natural gas, conventional power plant | Cut-off, U.
. LNG combined heat and power plant = Electricity, high voltage {KR}| electricity production, natural gas, combined cycle

7. Etc = Electricity, medium voltage {KR}| electricity, from municipal waste incineration to generic market for electricity |

Cut-off, U.

8. National grid emission factor is 0.4173 kgCO,/kWh, and Ecoinvent LCIDB based grid emission factor is 0.5568kg CO,/k

Whin 2023.

EF = (Z&Cfi)x (1+LR) (Unit : kgCOy/k Wh)
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Fig. 5. Carbon intensity of hydrogen production (AKL and PEM) under different energy mix scenarios:
(A) 2030 grid mix, (B) 2035 grid mix, (C) 100 % nuclear, and (D) 100 % renewable.
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Table 4. Electricity cost and hydrogen production cost of AKL, PEM, and SOEC under energy mix scenar

(a) Nuclear and renewable mixing ratio to reach the threshold

io

Mixing ratio
Type of £ Scyosrizlnmf)?i‘())vsr Electricity cost Production cost Target cost
lectrol kWh k
electrolyzer Nuclear Renewable (KWh/kgHs) (W/ ) (Wkg) (W/kg)
AKL 53.85 % 46.15 % 64.20 105.68 6,785 (+27.2%) 5,333
PEM 56.04 % 43.96 % 66.85 105.13 7,028 (+31.8%) 5,333
(b) 100 % nuclear
Mixing ratio It
Type of £ ScyoanummI; (t)i‘())vzr Electricity cost Production cost Target cost
lectrol /kWh /k /K
electrolyzer Nuclear Renewable (kWh/kgH) (W, ) (Wikg) (Wikg)
AKL 100 % - 64.20 94.10 6,041 (+13.3%) 5,333
PEM 100 % - 66.85 94.10 6,291 (+18.0%) 5,333
(c) 100 % renewable
Mixing ratio It
Type of £ SCyOSn:I:lmI; (t)i‘())vrfr Electricity cost Production cost Target cost
lectrol kWh k
electrolyzer Nuclear Renewable (kWh/kgH,) (W/ ) (Wkg) (Wkg)
AKL - 100 % 64.20 119.20 7,653 (+43.5%) 5,333
PEM - 100 % 66.85 119.20 7,969 (+49.4%) 5,333

*Production cost is the hydrogen price calculated by considering only electricity costs, without taking into account CapEx and

OPEX.

Table 5. Trends in electricity emission factor according to energy mix in Korea (2001-2035)

Hydro Steam

Carbon
Clean Loss intensity
Years CHP Nuclear Renewables tc rate

Pumping Hydro Coal Oil LNG hydrogen (%) (kgCOY/
kWh)

2001 1,820,814 2,329,939 112,257,472 21,947,278 1,556,930 29,032,971 112,133,032 0 0 0 4.50 0.6662
2002 2,078,269 3,232,777 119,665,213 17,846,086 1,771,207 38,336,951 119,102,904 0 0 0 4.48 0.6536
2003 2,001,406 4,885,577 121,931,426 17,033,990 1,674,183 40,374,646 129,671,762 0 0 0 443 0.6308
2004 1,550,355 4,311,080 128,547,386 16,490,902 733,317 59,004,479 130,714,815 350,183 0 0 4.46 0.6347
2005 1,515,588 3,673,300 134,891,722 16,104,447 786,366 60,215,442 146,779,022 404,100 0 0 4.51 0.6183
2006 1,751,083 3,467,538 140,345,973 14,984,083 1,258,155 69,735,073 148,748,887 511,223 0 0 4.02 0.6187
2007 1,410,813 3,631,649 155,684,636 16,281,093 2,027,701 79,490,558 142,937,163 830,824 0 0 3.99 0.6510
2008 2,492,539 3,070,111 174,156,029 8,484,271 1,517,763 79,573,774 150,957,935 1,373,424 0 0 4.01 0.6570
2009 2,827,991 2,813,171 193,803,290 12,667,052 761,682 70,313,007 147,770,806 1,790,608 0 0 4.07 0.6967
2010 2,789,934 3,681,969 198,287,359 11,605,066 2,287,541 102,092,371 148,595,711 4,478,057 0 0 4.00 0.6847
2011 3,232,985 4,597,667 199,515,847 10,276,871 2,232,618 113,908,450 154,723,106 7,592,387 0 0 3.69 0.6667
2012 3,683,262 3,969,039 199,329,719 14,305,490 3,452,866 123,794,670 150,327,293 8,617,868 0 0 3.57 0.6732
2013 4,104,661 4,289,268 201,118,833 14,681,469 3,525,889 138,803,180 138,783,973 10,159,658 0 0 3.73 0.6858
2014 5,068,129 2,751,418 203,765,391 7,494,267 568,123 130,659,560 156,406,511 14,695,690 0 0 3.69 0.6580
2015 3,650,320 2,145,719 207,333,695 9,465,170 222,471 122,617,096 164,762,415 17,317,948 0 0 3.60 0.6518
2016 3,787,310 2,846,262 209,200,166 13,627,966 368,541 129,459,414 161,995,104 18,935,660 0 0 3.59 0.6573
2017 4,186,353 2,808,821 231,886,590 5,738,115 220,183 135,813,455 148,426,725 24,145,361 0 0 3.57 0.6844
2018 3,911,035 3,359,418 231,653,039 6,373,700 0 163,868,529 133,505,261 27,176,674 0 0 3.56 0.6912
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Table 5. Continued
Hydro Steam Carbon
Clean Loss intensity
Years CHP Nuclear Renewables hyd Etc rate KeCO/
Pumping Hydro Coal Oil LNG ydrogen (%) (kgCO,
kWh)
1,366,6
2019 3458385 2,788,679 219,075,950 2,421,389 0 156,346,907 145,909,669 30,526,256 0 o 354 0.6576
4,940,0
2020 3,271,019 3,877,230 187,335,442 1,908,617 586,627 157,326,509 160,183,721 31,056,508 0 46 3.54 0.5998
2021 3,682,932 3,054,502 188,904,590 1,984,550 1,176,921 178,684,044 158,015,230 39,101,556 0 1’12841’2 3.53 0.6002
2022 3715049 3,541,179 186,747,556 921,839 1377345 173,154,543 176,054,012 47,266,256 0 1’14731’5 3.53 0.5726
1,172,5
2023 3783877 3,716,438 179264485 389,789 878,108 166,760,505 180,494,096 50,455,722 0 35 353 0.5568
1,228,5
2024 4,677,237 4,300,313 161,740,312 328,606 586,426 176,113,660 188,754,102 56,537,104 0 78 3.52 0.5238
2030 9,200,000 110,500,000 161,000,000 204,200,000 130,400,000 15’580’00 ”6380’ 3.52 0.3871
2035 13,400,000 88,900,000 101,100,000 236,000,000 190,800,000 250000 2%(5)80’ 3.52 0.3176

1) CHP means combined heat and power plant, and Etc refers to waste-derived energy.
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