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Abstract - Recently, the possibility of fire and explosion due to hydrogen leakage and the resulting risk are
increasing since the operating pressure of the electrolysis increases. This study performed the hazardous area
classification in accordance with KS C IEC 60079-10-1 and KGS GC101 in consideration of the general oper-
ating conditions of the electrolysis. In addition, in order to achieve a To Non-hazardous, an appropriate ven-
tilation rate was estimated to maintain a concentration of less than 25 % of the lower explosive limit. As a re-
sult, it was reviewed that the electrolysis is classified as an hazardous area when only natural ventilation is ap-
plied, and a huge amount of ventilation is required to classify it as a non-hazardous area.

Key words : hydrogen, electrolysis, explosion proof, hazardous area classification, IEC 60079-10-1,
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Table 1. Definition of grade of release

A RE B} Qo] Ak A

Table 3. Determination of the summated releases

Term Definition

Release which is continuous or is expected

continuous grade .
g to occur frequently or for long periods

Release which can be expected to occur
periodically or occasionally during normal
operation

primary grade

Release which is not expected to occur in
normal operation and, if it does occur, is
likely to do so only infrequently and for
short periods

secondary grade

Table 2. Hole cross sections, Input values for area
classification

Term Summation of releases

continuous Overall continuous release is the sum of all
grade the individual continuous releases

Overall primary release is the sum of some
of the individual primary releases combined
with the overall continuous release

primary grade

Overall secondary release is the largest
secondary grade| individual secondary release combined with
the overall primary release

Table 4. Estimation equation for release rate of

KS C IEC60079-10-1:2015°1 4 A3 +F55 & A
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Type of item Release point Hole ETOSS ujeCthn Type Equation for release rate
mm-
Flanges with y
. , M 2 1)/~
compressed fiber gasket 2.5 Sonic wW,= C;Sp \/7 TRT T(;/ T )6 1)/6-1)
Sealing or similar
elements on
fixed parts Small bore Sub v ;
connections up to 50 0.25 w=c M i [ _(Pa (w*lil/i} Pa
. Sonic | Vo= CaSv 1 R =1 [! (p) (p)
Sealing
sz;?zztspa?tls Valve stem packings 25 AWy ~8 o] y|UBRE & LYo FE AR
at low speed o8, M7l Folal Aol dHon gax

A% A2 23 J4) o u gl
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W, : Mass release rate of gas ( kg/s)

C, : Discharge coefficient (0.5-0.7 for Sharp or-

ifice, 0.95-0.99 for rounded orifice)
S : Cross section of the opening (mm?)
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p  : Pressure inside the container (Fa)

p, :Atmospheric pressure (101, 325 Pa)

v :Polytropic index of adiabatic expansion or ratio
of specific heats

Z : Compressibility factor

R :Universal gas constant (8,314 J/kmol K)

: Molar mass of gas (kg / kmol)

T : Absolute temperature of gas (/)
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Table 5. Operating conditions, Input values for area

classification
Operating condition
Irem Temp. Press.
(C) (barg)
Cell stack of
Electrolysis 60 ?
H2/02 Separator and 60 9
Storage tank
De-OXO 60 9
Dryer 200 9

Table 6. Calculation of Release rate and Volumetric release characteristic, Input values

Operating condition
. Hole .cross Release rate Release characteristic
Item Release point Sectlozn Temp. Press. (ka/s) i /s)
(mm?) (C) (barg)
Small bore 0.25 0.000146 0.0436
connections up to 50 mm
Cell stack of 60 9
Electrolysis Flanges with
compressed fiber gasket or 25 0.001463 0.4365
similar
Small bore % 025 0.000146 0.0436
H2/02 Separator connections up to mm
and Storage Flanges with 60 9
tank compressed fiber gasket or 25 0.001463 0.4365
similar
Small bore 025 0.000146 0.0436
connections up to 50 mm
De-0XO Flanges with 60 9
compressed fiber gasket or 25 0.001463 0.4365
similar
11
Small bore 025 0.000122 0.0365
connections up to 50 mm
Flanges with
200 9
er compressed fiber gasket or 25 0.001226 0.3657
Dry: o
similar
Valve stem packings 25 0.001226 0.3657
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Table 7. Definition of dilution degree

Term Definition

Dilution
high
1 ==

Ventilation velocity u,,

Concentration near the source of release
High Dilution |reduces quickly and there will be virtually
no persistence after the release has stopped

Dilutio
mediut

Medium
Dilution

ble zone boundary, whilst the release is in Ditton
ow

progress and the explosive gas atmosphere 001
does not persist unduly after the release
has stopped.

1
Concentration is controlled resulting in a sta-| =777 7TTTT oo T TS ’ """""""""
)
]
1
1
1
1
1
1
1
]
1

. . . . . 0,001
There is significant concentration whilst re- 0,001 0,01 0,1

lease is in progress and/or significant per-
sistence of a flammable atmosphere after the
release has stopped.

1 10 100
Release characteristic Wy/ (pg x k x LFL) (m¥/s)
Low Dilution
Fig. 1. Chart for assessing the degree of Dilution

(Cell stack)
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Table 9. Criteria for availability of ventilation
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Table 11. Type of release

Term Definition
Good Ventilation is present virtually continuously
Ventilation is expected to be present during nor-
. mal operation. Discontinuities are permitted pro-
Fair . . .
vided they occur infrequently and for short peri-
ods
Ventilation which does not meet the standard of]
Poor fair or good, but discontinuities are not expec-
ted to occur for long periods

Table 10. Estimating types of the zones

Release type Definition
Jet Unimpeded jet release with high velocity
Diffusive jet release with low velocity or
e a jet that loses its momentum due to the
Diffusive R

geometry of the release or impingement on
nearby surfaces
Heavy gases or vapors that spread along

Heavy gas horizontal surfaces

Table 12. Estimating hazardous area distance

Item Zone type Item Hazardous area distance (m)
Cell stack of Cell stack of
Electrolysis Zone 2 Electrolysis 2955
H2/02 Separator H2/02 Separator
and Storage tank Zone 2 and Storage tank 2955
De-OXO Zone 2 De-OXO 2.955
Dryer Zone 2 Dryer 2.705
B AFolM s AR AElol A 7171 A& H
~ 100
792 71 5ke] Table 99 P52 2§55, : !
37. Zeesza P& E
FESE, FESY, WHEY L BololgEt 5
AREY T Pgs 32 44 Pl g 2w |
HEHLE FEE 4 AT[9] i
B Aol T2 ¥ BNeYds FEANE :
Table 102} 2T}, |
38, EWIHAL WA
ZurgPae WIE T ERUI TE Sjse) B
3,72 F4E T2 T 7)8eHA x| whet oo o1 R
A A4 % gl e
& 49 7§l Table 119} 2o] AL 7} Fig. 2. Chart for estimating hazardous area distan-
2, A& Al 1L A ER FREG = lon F ces(Cell stack)
B eree) the 4 @0l @ 49T AAD
(p)RTF EOH 7l2v} 102 FEEE 9 =338 s8] Fol) = v, W1 o) Hﬂﬂﬂi
worsio) FE=A Fol Fo o] EA4 ﬂr/h— 78t
FROE A%l e A g o))t F
11 A4 A9 A8 A= Table 12 € Fig.29F 2T}
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Table 13. Minimum ventilation velocity for Non-Hazardous

Operating Ventilation Velocity(m/s)

Pressure Leak hole size Leak hole size Leak hole size Leak hole size
(barg) (0.025mm?) (0.1mm?) (0.25mm?) @.5mm?)
1 0.012 0.046 0.116 1.159
2 0.017 0.069 0.173 1.734
3 0.023 0.092 0.231 2.310
4 0.029 0.115 0.289 2.885
5 0.035 0.138 0.346 3.461
6 0.040 0.161 0.404 4.036
7 0.046 0.184 0.461 4.612
8 0.052 0.207 0.519 5.187
9 0.058 0.231 0.576 5.763
10 0.063 0.254 0.634 6.339
11 0.069 0.277 0.691 6.914
12 0.075 0.300 0.749 7.490
13 0.081 0.323 0.807 8.065
14 0.086 0.346 0.864 8.641
15 0.092 0.369 0.922 9.216
16 0.098 0.392 0.979 9.792
17 0.104 0415 1.037 10.367
18 0.109 0.438 1.094 10.943
19 0.115 0.461 1.152 11.518
20 0.121 0.484 1.209 12.094
21 0.127 0.507 1.267 12.669
22 0.132 0.530 1.324 13.245
23 0.138 0.553 1.382 13.820
24 0.144 0.576 1.440 14.396
25 0.150 0.599 1.497 14.972
26 0.155 0.622 1.555 15.547
27 0.161 0.645 1.612 16.123
28 0.167 0.668 1.670 16.698
29 0.173 0.691 1.727 17.274
30 0.178 0.714 1.785 17.849
31 0.184 0.737 1.842 18.425
32 0.190 0.760 1.900 19.000
33 0.196 0.783 1.958 19.576
34 0.202 0.806 2.015 20.151
35 0.207 0.829 2.073 20.727
36 0.213 0.852 2.130 21.302
37 0.219 0.875 2.188 21.878
38 0.225 0.898 2.245 22.454
39 0.230 0.921 2.303 23.029
40 0.236 0.944 2.360 23.605
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Table 14. Specification of Container

W) e 2o 4w
/}jl%l:ﬂL %l—/ké o] 7]_.‘5_3 1:]_.‘5. ;4\] Q'?_] 3} &= 9)\9}\ 1;]_ 20ft Container(m) 40ft Container(m)
[91,[11],[12] Width 5.90m 12m
Figure 30l 2% % 57 =7]7}0.025 mm?, 0.1
2 20] A0 2] A0 - Length 2.35m 2.35m
mm” 2 0.25 mm*?! 7§ tjH] 2.5 mm*Q 74-$-ol 3.8
NEF THS AT ALWINEE0} AEA 4% Heigh 239m 23m
Table 15. Minimum ventilation rate for Non-Hazardous
Ventilation Rate(m3/hr)
Operating Leak hole size Leak hole size Leak hole size Leak hole size
Pressure (0.025mm?) (0.1mm?) (0.25mm?) (2.5mm?)
(barg)
20ft 40ft 20ft 40ft 20ft 40ft 20ft 40ft
Container Container Container Container Container Container Container Container
10 3,164 6,435 12,655 25,739 31,638 64,349 316,381 643,486
20 6,037 12,278 24,146 49,111 60,365 122,777 603,654 1,227,770
30 8,909 18,121 35,637 72,482 89,093 181,205 890,926 1,812,054
40 11,782 23,963 47,128 95,853 117,820 239,634 1,178,199 2,396,337
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Ventilation velocity(m/s)
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Max. Operating pressure(bar G)
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45

Fig. 3. Ventilation velocity for Non-Hazardous according to Operating Pressure by Hole sizes
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——20ft Container / Leak hole size : 0.025mm2 —+—40ft Container / Leak hole size : 0.025mm2 -@-20ft Container / Leak hole size : 0.1mm2
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Fig. 4. Ventilation rate for Non-Hazardous according to Operating Pressure by Hole sizes
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