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Abstract >> Global efforts continue with the goal of transition to a “carbon neutral
(net zero)” society with zero carbon emissions by 2050. For this purpose, the
technology of water electrolysis is being developed, which can store electricity
generated from renewable energies in large quantities and over a long period of
time as hydrogen. Recently, various research and large-scale projects on ‘green
hydrogen’, which has no carbon emissions, are being conducted. In this paper, a
comparison of water electrolysis technologies was carried out and, based on
data provided by the International Energy Agency (IEA), large-scale water electrolysis
demonstration projects were analyzed by classifying them by technology, power
supply, country and end user. It is expected that through the analysis of large-scale
water electrolysis demonstration projects, research directions and road maps
can be provided for the development/implementation of commercial projects in
the future.

Key words : Net-zero(Et A 5 &), Power-to-gas(P2G), Renewable energy(M A of L X|),
Water electrolysis(4 M 3l ), Green hydrogen(2 &l £ 4 )
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Table 1. Comparison of characteristics of each water electrolysis type in 2020

Electrolysis type

Characteristics

AWE

PEMWE

SOEC

AEMWE

Overall reaction

1
HO—- Hy + 502

Anode reaction

20H - H0+ % Ox+2¢

Hy0 — 2H' + %Ofr 2¢

1
o — 502 +2¢e

20H — H0 + %O2+2e’

Theoretical overpotential
of anode reaction(E,)!)

0401V
(25, 1 bar)

123V
(25C, 1 bar)

Changes with
temperature, pressure,
and material

0401V
(25°C, 1 bar)

Cathode reaction

2H,O +2e — Hy +20H

2H +2¢ — H)

H,0 +2¢ — Hy + O*

2H>0 +2e¢ — Hy +20H

Theoretical overpotential
of cathode reaction(E)

-0.828V
(25C, 1 bar)

ov
(25C, 1 bar)

Changes with
temperature, pressure,
and material

0.828 V
(25°C, 1 bar)

Yttria-stabilized Zirconia

Pertl Ifonic acid (Ys2) DVB polymer support
erfluorosulfonic aci
El 1 KOH H[5~7M ’ i
ectrolyte OH or NaOH [5 ~ 7 M] ionomers (PFSA) Gadolinium-doped Ceria with KOHl (I)\fINaHCOB
(GDC) (1 M]
Ox.ygen Nickel cgated perforated Iridium Oxide Perovskite-structure (e.g.| High surface area Nickel
side stainless steel LSC, LSCF, LSM) or NiFeCo alloys
Electrode Hydr Nickel d perforated | Plati icl
v : ogen | Nicke cgate perforate atinum nanoparticles Ni/YSZ, Ni/GDC High surface area nickel
side stainless steel on carbon black
Operating voltage 14~3V 1.4~25V 1.0~15V 14~20V
Operating current density 0.2 ~0.8 A/em’ 1~2Alem’ 0.3 ~1A/m’ 0.2 ~2 Alem’
Operating temperature 70~90C 50~80C 600 ~850C 40~60T
Cell pressure <30 bar 30 ~ 50 bar 1 bar <35 bar
Hy purity 99.9% ~ 99.9998% 99.9% ~ 99.9999% 99.9% 99.9% ~ 99.999%
Voltage efficiency 50% ~ 68% 50% ~ 68% 75% ~ 85% 52% ~67%
Electrical Stack 47 ~ 66 kWh/kgH> 47 ~ 66 kWh/kgH» 35 ~ 50 kWh/kgH> 51.5 ~ 66 kWh/kgH»
efficiency | gystem | 50~ 78 kWh/kgH, 50 ~ 83 kWh/kgHs 40 ~ 50 kWh/kgH, 57 ~ 69 kWhikgH,
Lifetime 60,000 hours 50,000 ~ 80,000 hours < 20,000 hours > 5,000 hours
Development stage Mature Commercialized Lab-scale/ P a.rtlally Lab-sclac / P aft ially
commercialized commercialized
TRL 9~10 8~9 5~6 2~5
1. Mature technology and| 1. High purity of produced| 1. High voltage efficiency|1. Low concentrated
stability hydrogen 2. Non-noble electrolyte
A
dvantages 2. Non-noble 2. Excellent response to electrocatalysts 2. Non-noble
electrocatalysts current variability electrocatalysts
1. Gas crossover 1. Noble metal 1. High operating 1. Limited stability
. 2. Limited current density| electrocatalysts temperature 2. Immaturity of
Disadvantages . .
2. High cost of system  |2. Immaturity of technology
components technology
> otmp AN UK =2 M35 K12 20243 2€
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Table 2. Comparison of single module characteristics by water electrolyser manufacturers

; Ener;
Single stack | Number of | Maximum Nominal gy. Hydrogen
Electrolysis capacity system | electrolyser | Ha flow consumption. | supply
Country Manufacturer | Model name . ; of electrolyser | Pressure | Hj purity [%)]
type (max) configurati | capacity rate stack )
3
MW on stack [MW] [Nm’/h] [kWh/Nm3H2] [bar]
LG Chem -
AWE SUSO
ENERGEN - 1 1 1 200 4.8 3~10 | 99.9~99.999
PEMWE Elchemtech - 1 1 1 200 5.0 350 199.95~99.9995
Korea
SOEC Kceracell -
AcroLabs -
AEMWE NWHA
HA - 0.25 1 0.25 - - - -
SOLUTIONS
HYLINK
Sunfire alkaline 10 MW 10 1 10 2,165 423~448 30 99.8 ~99.998
. . 10 (‘22)
>
AsahiKASEI Aqualizer 10 1 35 (24) 2,000 5.0 8 >99.97
VERDE VERDE-SMW 5 4 20 4,000 5.0 16 >99.9995
Hydrogen
Thyssenkrupp 20 MWel
AWE nucera Module 5 4 20 4,000 4.5 30 99.9 ~99.999
John Cockerill DQ1000 5 1 5 1,000 4.16 ~ 4.66 30 99.8 ~99.999
Nel A3880 22 - 20 3,880 38~44 1~200 |99.99 ~99.998
McPhy MeLyzer 1 16 16 3,200 465 27~30 | >99.998
3200
Hagreenhydrogen| ¢ e 1 6 6 1,200 . 35 >99.998
systems
Overseas A —
: Yy
Cummins 4000-30 25 8 20 5,000 - 30 99.998
Nel M5000 1.25 20 25 4,920 4.5 30 99.9995
Plug power EX-4250D 1 10 10 2,000 4.48 40 99.999
PEMWE | H-TEC systems MHP 0.83 12 10 2,130 4.6 30 -
IEMEN:
S S Silyzer 300 0.73 24 17.5 3,727 - - 99.9999
Energy
Elogen nx E1000 - - 20 4,000 4.4 30 99.999
ITM Power POSEIDON - - 20 - - - -
Sunfire HYLINK SOEC 0.223 12 2.68 750 33 0 99.99
SOEC Bloom Energy - - - 7.2 2,137 3.50~4.13 ~0.04 99.9
Ceres Power ECM - - 1 - - - -
AEMWE Enapter EL4.0 0.0024 1 0.0024 0.5 4.8 35.0 99.9
oo} e BES DAY Sla) tiitm Sds  FEdom Awslu glow B3 Avl, mus
ZRAETL pofet w7bof ofal ZPH L ok a5 =Y 3=l AAISke] 203097H4] 67 GW &3]
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Table 3. Representative water electrolysis projects by country

Country Name of project ounced Start year | End year Total funds
proj electrolysis capacity (GW) ¥ y (billion KRW)
Europe Hydeal ambition 67 2020 2030
(Spain, France, Germany) y
Kazakhstan Kazakhstan green hydrogen project 20 - 2030 65,000
Oman Al Wusta green H2 project 11.4 2028 2038 390,000
Mauritania AMAN project 10 2021 2030 520,000
Mauritania Project Nour 10 2022 2030 45,500
Austrailia Desert Bloom 10 2022 2027 130,000
Spain HyDeal Espana 7.4 2021 2030 -
Netherlands NortH2 6.4 2020 2040 -
Denmark Hydrogen island 6.4 2022 2030 -
France H2V 3 2016 2030 34,000
Table 4. Comparison of domestic demonstration projects by water electrolysis technology
Electrolysis type Total Total
. . . electrolysis | Start | End | funds
Country| Specific location Name of project J L
AWE|PEMWE |SOEC| AEMWE | capacity | year | year | (billion
MW) KRW)
Development and demonstration of
Haengwon, hydrogen (600 kg) and battxfry (2 MWh)
Jeiudo storage system technology using renewable (6] - - 33 2020 | 2023 | 205
J energy-linked green hydrogen production
technology
Yeonggwang Development of performance evaluation
Teollanam-do and operation technglogy of green hydrogen (0} - - 22 2021 | 2024 | 227
production system
Dongbok Development of large scale green hydrogen
Korea Je'f do ? demonstration technology connected with (6] (6] (@] 12,5 2022 | 2026 | 622
J 12.5 MW renewable energy
Buan,
Jeollabuk-do (0} - - 2.5 2022 | 2025 | 119
Pyeongchang,
Gangwon-do Hydrogen production facility O - - 2.5 2022 | 2025 121
construction project based on water
Donghac, electrolysis 0 - - 25 2023 | 2026 | 128
Gangwon-do
Boryeong,
Chungcheongnam-do - 2.5 2023 | 2026 | 116
S8l A AHE 100-600 MW THoJo] 2=da) A4S T AlokS Wo] 2026 712] NEOM Cityol] 2 GW2)
= =] 5T = ° = o 52)
TS AR ZeAEsl AgE T 9t AWE A|l2818 43 9 ¢4 o905 Plug Power

B, onk mejeh] Sof joe s
AptElo] o] 40 Ao] BN AL Bxw meAEs
A8 @ A Folek.

[HE s W thyssenkruppAlofr] ARpTiorzRfol2t

N
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Fig. 1. Comparison of annual installed capacity of water electrolysis demonstration projects by technology before 2020
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