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FMEA-based Risk Factor Analysis of Green Hydrogen Supply Systems for
Agricultural Applications
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ydlee@kentech.ac.kr Abstract >> This study investigates potential risks in a green hydrogen supply sys-

tem for agricultural use, combining alkaline water electrolysis and heat recovery.
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Accepted 26 August, 2025 were evaluated using a failure mode and effects analysis and correlation
analysis. The highest risk priority number was associated with hydrogen leakage
and membrane damage, both posing serious safety threats. Difficulty in fault de-
tection was identified as a major contributor to overall risk, especially in gaseous
states. The study proposes design and monitoring improvements to ensure safe
hydrogen use in agriculture and support carbon neutrality.
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Alkaline electrolysis system

HZPUR
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Fig. 1. Schematic of hybrid system between green hydrogen

supply and heat recovery

Table 1. Design parameter for stack of electrolysis

Parameter Unit Value
Activation area m’ 0.1
Cell number 1,240
Current density A/m’ 4,000
Operating pressure bar 7
Operating temperature 70
V_Cell \% 2.03
V_rev \% 1.23

Table 2. Operating condition of each component unit
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Component unit Phase Tempuerature Pressure Mol flow | H O mol% | H, mol% 0O, mol% | KOH mol%
(©) (Bar) (kmol/hr) (%) (%) (%) (%)
Stack Mixed 73.45 7.0 4,360.6 74.0 0.2 0.1 257
H2PUR Vapor 25.00 6.7 9.3 0.5 99.5 0.0 0.0
O2PUR Vapor 25.00 6.7 4.6 0.5 0.0 99.5 0.0
PUMP1 Liquid 73.45 7.0 2,180.4 74.3 0.0 0.0 25.7
PUMP2 Liquid 73.46 7.0 2,180.2 74.2 0.0 0.0 25.8
PUMP3 Liquid 25.07 7.0 0.1 743 0.0 0.0 25.7
PUMP4 Liquid 26.12 20.0 102.5 100.0 0.0 0.0 0.0
HEXI1C Liquid 29.19 20.0 102.5 100.0 0.0 0.0 0.0
HEX2C Liquid 150.00 20.0 102.5 100.0 0.0 0.0 0.0
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Table 3. FMEA RPN scoring criteria

Severit Occurrence Detection

Score (effect imy };ct) (failure (detection

P frequency) difficulty)

10 Critical Certainty Impossibility

7t09 Major Frequency Difficulty

4t06 Moderate Occurrence Moderate
Ito3 Minor Rarity Ease
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Table 4. Summary on analysis results of failure mode and RPN
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Rank Component Failure mode Severity Occurrence Detection RPN

1 STACK Electrolyte membrane damage 9.2 42 6.0 231.84

2 H2PUR Hydrogen leakage 9.4 5.8 4.2 228.98

3 H2PUR Oxygen contamination 9.6 34 54 176.26

4 O2PUR Hydrogen contamination 9.8 32 52 163.07

5 O2PUR Oxygen leakage 6.4 52 4.0 133.12

6 HEX2C Fouling 44 6.0 4.8 126.72

7 HEX1C Fouling 42 5.8 52 126.67

8 STACK KOH electrolyte leakage 7.4 52 32 123.14

9 PUMP2 KOH solution leakage 7.2 5.0 3.0 108.00

10 PUMP1 KOH solution leakage 7.4 4.8 3.0 106.56

11 HEX2C Heat exchanger tube rupture 7.6 42 32 102.14

12 PUMP4 High pressure pump failure 5.8 52 2.2 66.35

13 STACK Overheating 6.4 42 22 59.14

14 PUMP2 Pump failure 6.4 4.0 2.0 51.20

15 PUMP1 Pump failure 6.2 4.0 2.0 49.60

16 PUMP3 Pump failure 6.0 4.0 2.0 48.00
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Table 5. Result of correlation analysis between RPN and se-
verity, occurrence, and detection

RPN Severity Occurrence
S ) 0.649
everi

¥ 0.007

0.138 -0.511
Occurrence

0.609 0.043

. 0.859 0.381 0.076

Detection

0.000 0.145 0.779

Cell contents: Pearson correlation (top) and P-value (bottom).
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Table 6. Result of correlation analysis between operation condition and FMEA variables
Variable RPN Severity Occurrence Detection
0.663 0.684 -0.197 0.519
Phase
0.005 0.003 0.465 0.040
-0.167 -0.241 0.131 -0.092
Temperature
0.537 0.369 0.629 0.734
-0.147 -0.558 0.460 0.096
Pressure
0.586 0.025 0.073 0.723
-0.066 0.100 -0.122 -0.190
Mol flow
0.809 0.130 0.652 0.481
-0.534 -0.675 0.280 -0.375
H,0 mol%
0.033 0.004 0.293 0.152
0.558 0.547 -0.017 0.339
H; mol%
0.025 0.028 0.950 0.199
0.195 0.230 -0.199 0.282
0, mol%
0.469 0.392 0.460 0.290
-0.380 -0.038 -0.256 -0.504
KOH mol%
0.146 0.890 0.339 0.046
Cell contents: Pearson correlation (top) and P-value (bottom).
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