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Abstract - The wind energy produced at night is being discarded because of the excess power generated at
night compared to daytime. To solve this problem, In this study, we analyzed the evaluation contents for evalu-
ation of domestic and overseas water electrolysis systems and drew contents for safety performance contents
test of the water electrolysis system based on the evaluation contents. The test contents produced the efficiency
measurement test, the hydrogen generated pressure test, and the hydrogen purity test. And the safety perform-
ance evaluation of the alkaline water electrolysis system of 5 Nm’/hr was performed based on the results. As
a result, the hydrogen generation was calculated as 5.10 Nm’/hr and the stack efficiency was 4.97 KWh/Nm’.
The purity of the hydrogen generated was 99.993% and it was confirmed that it produced high purity hydrogen.
I think will help us assess and build safety performance of water electrolysis systems in the future.
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Table 1. ESS market forecast for renewable ener-

gyl4]
2016 2017’ 2018’
Domestic | 160 MW 560 MW 1,35 MW
Outside | 554 MW | 1926 MW | 5919 MW
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Table 2. Overseas standard for safety of hydro-
gen generator

Nation Code No. Code Name

Hydrogen Generators Using Fuel
Processing Technologies : Part
1-Safety

ISO 16110-1

Hydrogen Generators Using Water
Electrolysis Process Part 1:

150 227341 Industrial and Commercial
International Applications
Hydrogen Generators Using Water
ISO 22734-2 Electrolysis Process Part 2:
Residential
ISO T/R  |Basic Considerations for the Safety
15916 of Hydrogen Systems
Specification of Water Electrolysis
GBIT 19774 System for Producing Hydrogen
China

Water Electrolyte Oxygen-Hydrogen

2008232-T-469
Generator

Gaseous Hydrogen Generation

UL 2264A Application Electrolyzer Technology
A .
Us UL 2264B Gaseo%ls I.-Iydrogen GenereTUOn
Application Water Reaction
UL 2264C Gaseous Hydrogen Generation

Ad, e, gE A9 THE 5
B T4 AARL E6) W), WA, 9w
7 %ol dlth. A% 8719 waAs A =
A, 7% 8 BEFe 1GtA 87 E
A 719 g £7io] WA AL ALgok
sl
4

o
e AREl AR Ao, S vzl W
Aeojof & Hie g7 Ado| Wasic ®
A E LIRE I SRR R R
QAT el shatEol WAY 97t gomz 4
& b AAY] EE 5 g%

ol

o du=

H7] A BEE ol g A AF
AaWEE QR f50 W
L



= =

]Q_E]E]- O}-‘E'g] tﬂ— /\]/\Eﬂ
= 8709k el Ao Tete
soliol ek, Fadil

2 o Zste] 1 AR Ag
ol 91780} ek 13 5]of

POR:
o )
o
HU

Olt
S
rl

4
¥t

i

)

2
rob i, S
IIO

2N

N
o
N

;2 Ay o rlo St
b
_}l_‘ [¢]
QN

Table 3. Test contents of standard ISO 22734-1,

ISO 22734-2
Industrial and a Sy
Content . Residential
Commercial
- Continuity of the
protective bonding
- Continuity of the circuit test
protective bonding - Strength of the electricall
circuit test insulation
. |- Voltage test - Functional tests
[Electrical : .
tests |~ Functional tests - Mains supply
~7 |- Mains supply - Touch current and
- Touch current and protective conductor
protective conductor current
current - Capacitor discharge
- Cord anchorage pull
force and torque tests
- .. - Liquid containing parts
- Liquid containing parts q . g P
Pressure .. - Gas and gas/liquid
- Gas containing parts . ..
tests Cell stacks mixture containing parts
- Cell stacks
Leakage - Normal leakage test
- Leakage test
test g - Bubble test
.. |- Air flow test - Air flow test
Dilution . .
- Air pressure test - Air pressure test
tests oo o
- Dilution test - Dilution test
[Temperat
P - Temperature test - Temperature test
ure test
Environ . .
- Ingress protection - Ingress protection
mental
- Water test - Water test
tests
- Hydrogen and oxygen .
. - Hydrogen production
[Performa| production rate test ydrogen p
rate test
nce tests| - Hydrogen and oxygen .
. - Hydrogen quality test
quality test
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Table 4. Grade by hydrogen purity[21-22]

Type 1
Characteristics Type | Type
(Assay)[21] I 1
Grade A | Grade B | Grade C
Hydrogen Purity
(Minimum mole| 98.0 99.90 99.995 {99.995(99.995
Fraction%)
* Type I : Gaseous Hydrogen
* Type II : Liquid Hydrogen
* Type III : Slush Hydrogen
Chemical Formula[22] Limits
Hydrogen > 99.97%
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Table 5. Safety performance test category during
normal operation

ERIRES ISR

Category Content Necessity
Efficiency | Measurement the input
Measure system
Measurement [power and the amount of] .
efficiency
Test produced hydrogen gas
Hydrogen Measurement the
Measure system
Generated |generated pressure of the .
efficiency
Pressure Test hydrogen gas
. Measure system
. M t th t .
Purity Test casurement the purity efficiency and the
of the generated gas .
maintenance os safety
DI W Reliability of
.ater Measurement of the DI eliability of the
Quality . system and
water quality used for .
Measurement system operafion maintaining the
Test ysiem op durability
The' ! Measurement of thermal . .
Efficiency . . . Economic evaluation
efficiency of circulating
Measurement of system
coolant
Test
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Table 6. Specification for 5 Nm’/hr class water
electrolysis system

Specifications
Max. flow rate(NmS/hr) 10
Hydrogen
Production | Delivery pressure 3-10 bar
Purity after purifier 99.999%
Max. flow rate(Nm’/hr)| 5
Oxygen
Production | Delivery pressure 2.8-9.8 bar
Purity before purifier | 99.8%
Power Supply| Voltage 380-480 VAC
Electrolyte | Type 30% KOH
Purge Gas | Type N2

Ad7telel A A|AHE A HILE s
AF 2742 30% KOHe| Asjde A1gstaen,
Line Pressure 5 bar, Line Temperature= 30T,
A2 2r= 60CE 1AZF 5t SAsHTH
AL 1z}, 2212 o] 4233519t Table 59

=2 AE §HE B2 B 51 A4 200
el AY, 2= AF 5o AWk A%
Woml AAs AAS 08 A A4 T,

A A2ge] i EERE Sds) B A
Aste] Sl Te S4590H23]
a8 =4 AE 2o L Mass Flow
m’/hra AHZ&3s}
_5_;81% 1;} ] 314. e Hl—

ﬁ ‘1>’ T o ]‘H
2

%

lo A > F-R
ot M
o =°.‘=’
i
e
0%
i

0
f
)
=%
32
r_>¢
J‘Jf.

trol Panel Oﬂ
ojmf 9] &

31z e

2 o Lo &L JINv 1o o ¥2
e
ﬂ“ 2

N
[>
B
o Hmt
o
i
rr
> T
[
e
o
oft
e
ox

2=
TR 2B (%) = -
=

A8 A8 88 (kWh/Nm)° A AbETE
2 EFTL Power Supp1y°ﬂ *1 AT ARE =
oz 2a-8(P=Vl)E A8 SHFTAT)
O & o] AFEsholch

UpUHO R fadt 279 B9, £ AL

~

KIGAS Vol. 22, No. 6, December, 2018

A S - 07 - A -

QAL - o|HE - A
LAa¢ oW " mTH
Tenfpestiore P ooling Water Outlet )
Control Valve
Valve <> Cooling Water Inlet
Filter
H, Delivery >
e+ 0, Delive >
Manual 2
Valve
Fy| I
gen Phase
Sep-umr Thermo- separator/ 3
Heat Exchange couple gat exchange
\9' 873 Tlofim:
. Valve
Dnﬂe nnal
Pressure
Transmitter
Electrolysis
Electrolyte
Filer <)
PROECT | 1s5-rEG009S
cusTouER ®2adua
woeL | sumy/mm
® ; rromcrion | swaa | sevaoven | werar | susamy | conce
Calculation 1A scae | n/s | cecmd | - | owoName 7D
Manual
ump Vaive ot w210 | pesionep | wornd | aawnvowo, | maros-ion

Fig. 2. P&ID of alkaline water electrolysis sys-

Ssol
P%+H@4
CRDS (Cavity ng—Down Spectroscopy,
Tiger Optics, PRISMATIC2)E- o]-&38}o] 43},
0,9 H+= Trace Oxygen Analyzer (Teledyne Analy-
tical Instruments, Motel 3000TA-EU)E A}-&-35]o
skl

Sulfurous Sulfur®] Fx+ GC (Gas Chromato
-graphy, Scion Instrument)& A&3tal, £417]7]
2 PFPD (Pulsed Flame Photometric Detector)¥}
TD (Thermal Desorption, Markes)& AF-8-3}%1 T}

Iv. Z3} 2 &

41. 5 Nm¥/hr2 L3ietel = Hsl &8 A

A7tekel ) Al ade] a8 = AP 18
Fol2 =239 o, Cold Start 2§]§ AldS A
kAt 1417 Fet HHW A fFE ZHs)
QL 27 A HE AP S o, #48) &S F
Wel 24T Basl o] L4 wAsAT.
Lo} oFeg BAO] AL, d TEATVLE A Mo
A sl of gfejo] 2 H o °Et741 =

el geEe AN A

rpEe] WAL olgdtol WS 4 QL 2%
H@%@”%<%ﬂ44L“°§X“¥“*§

& Akt 1 A, 13 543
m/hre. 24590, 27 245 &



5 Nmhrid d7hehel Fs) Alzel ehdv)E B4 9 ks Frtel #d A

2 = A9 Tk X

273.15 K
27315 K+ S A =T (2)

S ALRAA A8 HE 582 4] (3)of
sestel ArEstsi agE YUsl 2Yst
o) kel SAa) wE AP npRzx
are AubAolq e, LEE Apgel
22 ol gste] MASIGT LRt el wA
£ A @ol et Amags dols A
BAHE A4k f5F 42 didste] 29 2%
3 28 He 88 249 14 A as
EIPN L 3 509 Nm® /hr, Power Supply ol 4]
Jﬂ—TwL 117.41 V, 209.515 A&

O_A..

mlwm
od 4> X 12 o o o

o |
L

Table 7. Data of efficiency assessment of hydro-
gen quality and water electrolysis stack
(1st test)

oy

B2 7F obd
gk 49 AL 241882 Wh (2419 kWh) 2
Ha, wets A" a8o 2419 kWh/5.09
= 4 75 kWh/Nm’ 2.2 =4 |9t} Table 79
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Table 8. Data of efficiency assessment of hydro-
gen quality and water electrolysis stack
(2nd test)

Efficiency Assessment of Hydrogen Quality and Water
Electrolysis Stack

Efficiency Assessment of Hydrogen Quality and Water
Electrolysis Stack

Electric | Flow | Electric Stack
Current | Rate Power | Efficiency

(A) |@CPM) | (W) | (KWhNm’)

Measurem | Voltage
ent Time %)

Electric | Flow | Electric Stack
Current | Rate Power | Efficiency
A) | @PM)| (W) | (KWh/Nm’)

Measurem | Voltage
ent Time V)

15:00 117.3 210.3 85 24668.19 4.8406

14:41 116.60 | 210.90 85 - -

15:05 1172 | 209.6 85 24565.12 | 4.8158

14:45 116.90 | 215.50 85 25191.95 5.0138

15:10 117.1 209.2 85 24497.32 4.7956

14:50 116.90 | 214.50 85 25075.05 4.9906

15:15 1170 | 2082 85 24359.40 | 4.8314

14:55 117.10 | 214.20 85 25082.82 | 4.9921

15:21 117.7 | 209.8 84 24693.46 4.8456

15:00 117.20 | 212.30 84 24881.56 4.9521

15:25 117.1 208.5 85 24415.35 4.7910

15:05 117.60 | 217.00 85 25519.20 5.0790

15:30 117.1 208.6 85 24427.06 | 4.7933

15:10 117.60 | 216.00 85 25401.60 | 5.0556

15:35 117.3 209.2 85 24539.16 4.8153

15:15 117.60 | 217.00 85 25519.20 5.0790

15:40 117.8 | 210.7 85 24820.46 4.8705

15:20 117.30 | 212.60 85 24937.98 | 4.9633

15:45 117.6 | 208.9 85 24566.64 4.8207

15:25 117.10 | 207.70 85 24321.67 4.8406

15:50 117.6 | 209.7 85 24660.72 | 4.8392

15:30 117.80 | 217.20 85 25586.16 5.0923

15:55 117.7 | 210.8 85 24811.16 4.8687

15:35 117.00 | 210.00 85 24570.00 4.8901

16:00 1175 | 208.6 85 24510.50 | 4.8097

15:40 116.80 | 203.70 85 23792.16 | 4.7352

average | 117.41 | 209.515 - 24188.238 | 4.8152

average | 117.41 | 209.515 - 24188.238 | 4.8152
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Table 11. List of electrolyser suppliers in outside[25]
Caacit H, Output Electricity

Company Country Tech. (NrI;B /hr>; Pressure H, Purity Consumption

(barg) (kWh/kg)
ELT Electrolyse . .

Technik Germany Alkaline 330 Atmospheric 99.85 51
Erredue s.r.l Ttaly Alkaline 170 30 99.5 59.5
H2 Nitidor Italy Alkaline 200 30 99.9 523

Idoenergy Italy Alkaline 80 5 99.5 524
IHT Industrie . .

Haute Technologie Switzerland Alkaline 760 31 N/A 51.2
NEL Hydrogen Norway Alkaline 485 Atmospheric > 99.8 50
Mcphy Germany Alkaline 60 10 > 99.3 57.8
Teledyne Energy Germany Alkaline 56 10 99.9998 N/A
Systems
Wasserlektrolyse . .
Alkal 22 Atmosph .9 X
Hydrotechnik Germany kaline 5 tmospheric 99 58.7
- = Table 9. Results of analysis of hydrogen
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= dul=3519 HFE o] =0yl vl & o
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geos AHE S4AE AT AHT Fao
SEE BeRol 5ES S5l oRd & gho
2 £=5 IolsiYt. O 2 ¢4y = Table 10. Efficiency measurement results
PINBRE =& £ £AE FOlT 4 919,
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e} H A i A )_?_ /\}_ _/1\. R=NcY fe)] .
j_ E;‘:Ef“ TL’Z" L ;C/\Oé’ II:\IZ ol At Water Electrolysis : 509 502
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of :EeEo] AARE S8 BAEE o Foll &
=) = [Water Electrolysis Stack|
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