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Kimyg@meri.co.kr Abstract >> Solid oxide electrolysis cell (SOEC) technology is attracting attention

‘ as a next-generation technology capable of producing hydrogen with high effi-
gz\clies';’zd 22 jﬂ&eﬁf ciency through electrolysis reaction at high temperature. However, securing the
Accepted 5 August, 2025 safety and reliability of the facility is emerging as a key task due to high temper-

ature operating conditions, thermal properties of ceramic materials, and simul-
taneous generation of hydrogen and oxygen. Currently, the international techni-
cal standards for SOEC are insufficient and depend on the method of referring to
the existing water electrolysis facility or fuel cell standards. This study summa-
rizes the characteristics and major risk factors of SOEC technology, compares
and analyzes international technical standards (ISO, IEC, UL, NFPA, EIGA) and
domestic standards (KS, KGS code) to propose the development direction of
standards to ensure safety and reliability specialized in SOEC technology. This
study can be used as basic data for establishing a regulatory system and stand-
ardization strategy necessary for SOEC demonstration and commercialization in
the future.
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Fig. 1. Necessity of developing technical standards for SOEC
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Note : The illustrated system is a typical testbed configuration. In commercial applications, the steam generator may be excluded or integrated
into external utility systems depending on plant-scale integration and operational setup.

Fig. 2. Schematic diagram of typical SOEC system®®?

ol

> BFRLAUNOAK[3tE] =2

r

X3 M4z 2025 8



Fat 7Rs e e e Aejo] o] WSl
A&HO R Sa0t AT} Ak WSS Ao A
2Ejo] 257k AAXE ZBT 4 glom ol
oI A ALY EA o Bh, Bue
olojd 4= gick Rt 28] 9N EEl Savt

7 %9] g719 BYsH A9l 2 oh, 2k AL
W7k A FFsAol Sk

olzfek SO 7l&] %*é% a2 o ALK, PEM
U AEM 2t} 443 &&= Aloj7l Hashy 12 %=
e ARt ol M gl 1§t mhle] Easitt

3. ULl 7Ig 7IE A 24

w
H
o
F
HA
ple}
N
>
N
HA
Fo
02
rek
olot

S8 Advieh @A) fERS] S Al Anlo] 5
Hohe S 35 Avle) 419 EE0 g Al 7]

& AR A BA7] Al QPH(ISO 16110-1)70]
20219 3¢ 230 Aol 9 $2l A &
SR8 Aujol gk =7} Ak FE2 @A) A
o] A il

2025\ 59 27%0)| AlE TR &4 U 5
4 oPATE|of W3 HE A= B 7| E|5lo]
FAE A xshz ARlE s vl AYstar 9
O SOEC %A A J=dol whet sl Adu|of
FFEt & Hol A s Aol digh A4A| 7]
& Asto] Ystes fFAstaL glom s A
HlE AlxstEE A A 71E 7189l s A
| Az Al 714 AAF 7IH(KGS AH271)7¢] o
2ol gtrh ohik KGS AH2719] 8- i 9lofl= A3
9 A7 FEHE o] 8dk= =48l ], AEM A
HX‘ S ol&st= =48l An], PEM A dS o]&
A Au|dt HA|Eo] gQlo & SOECo| Uy

gt A 71e 71 MRS Aot

jn g

shasly] 9st

Vol. 36, No. 4, August 2025

B B - ORYD) BN A3 WKE - 28T 383

of ZAA o= Gt 4 5H dufo] gt #£F Y
71& 7Ieol A E +-9
= SOBCe] 442 H9] S1atel sl
7HA9] 71E A B BASHRlen e 8-S
Table 13} Zc},

A E723F7 | H(International Organization for Stan-
dardization, ISO)o|A AAsl] 2%

generators using water electrolysis - Industrial, com-

H

;
-
e
(R
4
2
>

391 “Hydrogen
mercial, and residential applications (ISO 22734)"+=
7P H2AQ] s ] E20lt: o] EEA=
A7) &lE 7o = g o WA A, &

dule] A, 24, Al 52 TEHCE Rl 9l
o == GA7] 9 A7) det g2 o

27 AL AL Ik that 2 W 9]o] SOEC
g Zasku A g,

"]=+9] Underwriters Laboratories (UL)+x= “Outline
of investigation for water electrolysis type hydrogen
generators (UL2264A)"E A|Aste] HE3IR oW 7]
9] Ex} 9 HukAQl A& ISO 227345 +#8-5)
GOt 48 Wele] SOECE EFah Zo]

L} o] SOECe| tsl] 414 0.2 PAIRE a3t 7]
ol sigstd A 2Ae e GAA
A FA Fol A= Ak ok AAAQ] We-S
ISO 227349} =53l X A of ATt S
of Tigt Uhgo] F7helo] Glchs dHAE AR,
1SO°] 4= %611 Au|aet ofje} S 3 Al
2H Adlef] Az oA 71322 AASH T “Basic
considerations for the safety of hydrogen systems (ISO/TR
1916 48 Fehs Alawe) ehol] Bt
78 8T 2AS BT Glov] Sae) Belsel
2 Bt w2 A he ek B 2 B A of

3 58 AR Pt ek ot 54 23
] ¢}

lg
n2
of

olo

A#, 2 7V S AN SIA S

A A 7] 714 ¢ ¥ 3](International - Electrotechnical
Commission, IEC)= &#xof digt 7]&2] IEC
62282 A|2|Z2E AAsIR L™ o] F “Fuel cell tech-

Journal of Hydrogen and New Energy <<



384 JIxtelE ool Ve QY H ARKY SHEE RtV IE VIE MR S

I

Table 1. Technical standards comparison matrix'>'4

Criteria KGS AH271 1SO 22734 UL2264A IEC 61882

Applicable systems Water electrolysis Water electrolysis Water electrolysis Fuel cell modules
hydrogen generators hydrogen generators hydrogen generators operating in reverse
(not including SOEC) (not including SOEC) |  (including SOEC) (SOEC use assumed)

Operating conditions Temperature and pressure| Ambient temperature High temperature Test conditions aligned
conditions not operation, operation (up to with SOFC module
explicitly specified low-pressure typical 800°C) and steam reverse operation

supply specification

Installation and
material requirements

Requirements on
installation space,
material compatibility

Thermal insulation
materials per ISO
1182, construction
integrity

Thermal insulation
material certified to
ISO 1182 or UL 94

No installation
requirements
specified

Safety devices and
protection systems

Pressure relief valves,
leak detection systems,
shut-off valves

Hydrogen sensor, shutdown logic, exhaust

mechanisms

Focus on testing, not
safety systems

Main test items

Leak & pressure,
insulation
performance, power
outage and
electromagnetic
compatibility tests

Leak & pressure, electric,

performance, protection

against the spread of fire and stability tests

Performance test
procedures for
electrolyzer mode

Electrical safety
requirements

Grounding, insulation,
protection against
electric shock

Insulation resistance, protection class requirements

Not specified

Leakage and ventilation
requirements

Ventilation and leak
sensor mandatory in
enclosed installation
spaces

Requirements on enclosure ventilation and leak

sensor

Not specified

Hydrogen purity

Specified(according to
high-press gas law, etc)

Specified (according to ISO 14687)

Not applicable

Explicit mention of
SOEC

Not mentioned

Not mentioned

Explicitly stated in scope

Mentioned as reverse
mode of SOFC

nologies - part 8-101: energy storage systems using
fuel cell modules in reverse mode - test procedures
for the performance of solid oxide single cells and stacks,
including reversible operation (IEC 62282-8-101)"-
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Table 2. Comparison of characteristics by the types of electrolysis®'%%
Category SOEC ALK PEM AEM
Operating temperature 500-900 60-95 50-80 40-80
()
Operating pressure 0-2 1-30 <80 <35
(bar)
Electrolyte Solid oxide ceramic-  |Liquid KOH (25-40%) |[Solid polymer exchange |Liquid-solid hybrid
zirconia or ceria based membrane (Nafion) (KOH or NaHCOy/anion
exchange membrane)
Stack DC energy consumption 34 47-66 47-66 51.5-66.0
(kWh/kg H,)
Stack lifetime 20,000-50,000 60,000-100,000 50,000-90,000 5,000-40,000
(full load hours)
Degradation 0.55-1.00 0.13 0.25 0.4
(%/1,000 hours)
Stack complexity High Low Moderate Low
(thermal insulation,
sealing required)
Safety concerns High temperature, KOH leakage High pressure H,, KOH leakage
thermal stress and corrosivity catalyst durbility and corrosivity
Technology maturity Pilot/demonstration Commercialized Commercialized Demonstration stage
Stage
3.1.3 & #F & JIE 7|1EQ| el
SOEC Related Provisions in UL2264A
g3 e dulo] oigt £ 2 7% 7Y U
| A2 A9l ALK, PEM 4 AEM 7|&& A ; .
General Steam as special service to
AR FAES] Qo o]f)3t 43| WSS BAF (Clause 7.1) be included in documentation
2o 80C mto A A= Wil ek a+t
Steam Supply equipment, if not
}—;ﬂ Q/\] X‘]"9: —;1(—1_‘% 7] E'_]’.Q_E Xﬂ@ﬂo'] 9&11:]’ ]ﬂ” || Co::ﬁ){tion provided, to be specified in
~ohsumption installation and operatin
Holl SOEC= 11-29] 37| 3+, L& 2AoA<] A (Clause 4.1.1) et
eh ) 94, A F2 AL 4 9 Ak A
_ Electrochemical Leak & Press. tests waived
Al 289] Tt 2 Aby 59 P EAI7E S — Cell Stacks when pressure <15 psig and
- - - leak h d lyzed
% 9UOER SO Jldol 24 RE HUL 714 7] Causedsan | noleskhozerd analie
Z Jfdto] HQF L 223 HRAY =
o 7H = 1 EB_O]—E}' Table 2+= TdoH A 78 Pressure test | Press tests waived when pressure
=4 W Aolqe uliL B4 Auoln] thE 4 Gmamszga | <15 P98 and no esk hazard
3 %4 dju] SOECS] Api/de Hofe™
Fig. 3. SOEC-specific provisions in UL2264A™
3.2 UL2264A L SOEC 7|Z 24
gelstial 1 Avs =A%lehd Fig 33 £tk &
SOECe] thgh AuhalQl /b @+t AlS thal 4 7|€oM = SOECE 1129 23oA &5 7]
AL A WY 714 71 F HUSH SORCY]  Bafstol 548 AR S wZIR Hols
tjal] 748k Qi UL2264A0] Y82 Fxdoz  glon &4 =5 750-800C &2 Ajsl k™.
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Table 3. Proposed technical criteria framework for SOEC systems

Category Detailed Items

1. System (D Specification of applicable systems
configuration & (SOEC)
operating (@ Operating temperature and pressure
conditions range

(@ Requirements for steam and air
supply systems

2. Stack design &
material
requirements

@ Requirements for ceramic electrolyte

(® Thermal insulation performance

(® Mechanical strength and thermal
shock resistance

3. Safety design
requirements

(@ Gas separation structure

Leak prevention

© Overheat protection design
@0 Emergency shutdown systems

4. Testing & @ Temperature deviation tests
verification @@ Leak/pressure tests
procedures (@3 Abnormal operation condition tests

(9 Heat resistance tests

5. Installation &
operation
guidelines

(5 Steam supply equipment
requirements

Commissioning procedures

@@ Maintenance intervals and methods

Specification of essential sensors
such as temperature sensors,
hydrogen detectors, pressure and
flow meters

6. Monitoring
systems
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