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Chapter7 

   HYDROGEN PLANT 

7.1. Introduction to Hydrogen Plant. 

To fill the air gap between the stator and rotor is filledwith highly purified hydrogen 

gas, considering its excellent qualities comparing with conventional air. The pressure 

of hydrogen in the generator needs tobemaintained at 0.3 M Pa with 98% purity to 

obtain an efficient cooling at the rated load of300MW[1].Due to the explosive nature 

of hydrogen, CEB operation and maintenance crew pays extra attention to the whole 

area covering the generator, hydrogen feeding and piping system, hydrogen generation 

plant as well as storage premises.  

Hydrogen plant contains two electrolyzers. Each unit has a generating capacity of 5 

m3/h of Hydrogen. Daily use of hydrogen in generator is in between 30-50 m3. 

Therefore generating capacity is clearly sufficient to fulfill the requirement of 

hydrogen in the power station. During maintenance periods the generator hydrogen 

will be replaced with carbon dioxide as a safety measure. Therefore,during the  startup 

procedure, extra amount of hydrogen is needed to re-fill the generator enclosure. For 

this purpose more than 800 m3 of hydrogen is required. Total hydrogen storage 

capacity of the plant is 1,000 m3.Provided by four storage tankswith a capacity of 250 

m3 each. Therefore, hydrogen storage capacity is insufficient for two consecutive 

fillings if a need arises.(Figure 7.1). During the time of data collection there was one 

incident on 16/02/2012 where the generator failed to start after a repair and a second 

filling of hydrogen was needed.However, as the remaining capacity of the tanks 

(200m3) was not sufficient and the total Hydrogen production capacity is 240 m3/day, 

the start of power plant was delayed by 4 days. No new Hydrogen tanks are included 

in the second stage of the power plant as well. With the operation of the second stage 

the possibility of needing two consecutive fills would be further increased. 
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Figure 7.1: Hydrogen storage tanks with the total capacity of 4 x 250 m3 

7.2. Unit Wise Availability and Failure Rate Calculations 

The system operating data was collected to identify the causes of failures and 

durations to have an idea to explore the areas which need modifications or 

improvements. The entire hydrogen plant is sub divided in to three units as generation 

plant No: 01, generation plant No: 02 and storage tank. The collected data can be 

summarized as follows: 

Table 7.1:Plant No - 01 Outage data 
 

  
Item 

Time of 
startTime of 
Failure 
(mm/dd/yyhh:mm) 

Time of 
Restoration 
(mm/dd/yyhh:mm) 

Outage 
time(hrs) 

1 
Power failure of 
Electrolyzer #1 1/18/2012 12:10 2/11/12 10:45 AM 574.58 

2 Plant #1 PLC fault 2/2/2012 14:00 2/11/12 4:43 PM 218.72 

3 Solenoid valve #1 5/3/2012 8:07 5/3/12 4:16 PM 8.15 

4 Rectifier fault #1 4/10/2012 10:18 4/11/12 11:10 AM 24.87 

5 Solenoid valve #1  4/9/2012 14:07 4/9/12 3:05 PM 0.97 

Total Outage 
827.28 
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Table 7.2: Plant No - 02 Outage data 
 

  Item 

Time of 
startTime of 
Failure 
(mm/dd/yyhh:mm) 

Time of 
Restoration 
(mm/dd/yyhh:mm) 

Outage 
time(hrs) 

1 Humidity Analyzer #2 1/18/2012 14:03 2/13/12 3:52 PM 625.82 

2 Rectifier cooler #2 5/17/2012 10:45 5/17/12 12:10 PM 1.42 

3 Feed water pump #2 4/30/2012 14:49 5/4/12 11:00 AM 92.18 

4 Solenoid valve #2 4/9/2012 14:07 4/9/12 3:05 PM 0.97 

 Total Outage 720.38 

 

 

Table 7.3: Outage data for storage tank. 

  Item 

Time of 
startTime of 
Failure 
(mm/dd/yyhh:mm) 

Time of 
Restoration 
(mm/dd/yyhh:mm) 

Outage 
time (h) 

1 
Storage tank capacity 
problem 2/16/2012 8:30 2/19/12 9:45 PM 85.25 

 

Above facts can be combined to calculate reliability factors as follow: 

 
 

Table 7.4: Calculated summary of reliability factors for entire Hydrogen system. 

Equip
ment 

Running 
(h) 

Outage 
(h) 

No of 
running 

time 

No of 
Outages m (h) r (h)   A  F λ/h 

Unit #1 
          

6,350  
             
827.28  6 5 

  
1,058.33     165.46  

   
0.86480  0.000817     0.0009  

Unit#2 
          

5,440  
             
720.38  5 4 

  
1,088.00     180.10  

   
0.85798  0.000789     0.0009  

Storage 
tank     8,674  

               
85.25  2 1 

  
4,337.38       85.25  

   
0.98072  0.000226     0.0002  

 

Formatted: Left, None, Space Before:  0 pt,
Line spacing:  single, Don't keep with next,
Don't keep lines together, Tab stops: Not at 
1.18" +  1.58" +  6.1"

Formatted: Left, None, Space Before:  0 pt,
Line spacing:  single, Don't keep with next,
Don't keep lines together, Tab stops: Not at 
1.18" +  1.58" +  6.1"

Formatted: Left, None, Space Before:  0 pt,
Line spacing:  single, Don't keep with next,
Don't keep lines together, Tab stops: Not at 
1.18" +  1.58" +  6.1"

Formatted: Left, None, Space Before:  0 pt,
Line spacing:  single, Don't keep with next,
Don't keep lines together, Tab stops: Not at 
1.18" +  1.58" +  6.1"



Page 66 of 85 
 

Hydrogen system canberepresented by the following block diagram and the reliability 

factors can be combined as follows. 

 

 

 

  

 

 

 

 

Figure 7.2:  Simplified block diagram of hydrogen plant. 

Hydrogen generators number one and two are in parallel.Therefore, the availability of 

this particular section can be calculated as follows: 

Ap=  A1x A2 

=  (1-A1) x (1-A2) 

=  (1- 0.86480) x (1-0.85798) 

 = 0.1352 x 0.14202 

 = 0.01920 

Ap = (1-Ap) 

=  0.9808 

Mean running value of parallel system is denoted bymp 

mp    = 
1+𝜆𝜆1𝑟𝑟1+𝜆𝜆2𝑟𝑟2
(𝜆𝜆1𝜆𝜆2)(𝑟𝑟1+𝑟𝑟2)

 
Where,  

λ1=  Failure  rate  of system 1 

λ2 = Failure  rate  of system 2 

             r1=  Mean repair time of system 1 

             r2=  Mean repair time of system 2 

A1=0.86480 

λ1 =    0.0009/h 

 

 

 
A2=  0.85798 

λ2 = 0.0009/h 

 

 

A3= 0.98072 

λ3=0.0002/h 

 

To generator 

Unit No:1 

Unit No:2 

 

Storage Tanks 
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Therefore, the mean value of above parallel system can be calculated as follows: 

 

=
1+0.0009 𝑥𝑥  165.46+0.0009 𝑥𝑥  180.10
(0.0009 𝑥𝑥  0.0009)(165.46+180.10)

 

= 4683.79 

Failure rate  λp = 1/mp 

=  0.000214/h 

 

Since the Electrolyzers and storage tanks are in series, their total system availability 

and failure rates are calculated as follows: 

Total system Availability( AT)= ApxA3 

= 0.9808 x 0.98072 

= 0.9619 

System failure rate          λs=  λp +λ3 

 = 0.000214 +0.0002 

 = 0.000414/h 

After eliminating the storage issue by installing additional identical H2 storage tanks 

to the system and assuming these H2 tank also have same failure rate and availability, 

the present system the failure rate and availability can be calculated as follows.  

Because propose H2 tanks are installed in parallel to the existing tanks, 

Aht =  A3x A3 

  =  (1-A3) 2 

  =  (1- 0.98072) 2 

  = 0.0003717 

Aht = (1-Aht) 

=  0.99962 
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Mean running value of parallel system is denoted by mht 

mht = (1+λ1r1+λ2r2)/[(λ1λ2)(r1+r2)] 

Where,  

      λ1=  λ2 

Therefore, the mean value of above parallel system, 

mht = 146,670.19 

Failure rate  λp = 1/mht 

 =  0.0000068/h 

Total system Availability, 

 AT = ApxAht 

   = 0.9808 x0.99962 

  = 0.9804 

System failure rate                 

λs =  λp +λht 

  = 0.000214 +0.0000068 

  = 0.00022/h 
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Figure 7.3: Improvement of reliability with the modification to H2 generation plant. 

Additional expenditure for installing additional storage tanks with a total capacity of 

1,000 m3 is around Rs.3 million and it is not a considerable cost when the opportunity 

cost for improving the availability of power plant. 
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