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1. Executive Summary 
 

An evaluation of the effectiveness of hydrogen in a critical application is proposed in this 

project. The objective is to provide power and heat for a hospital using electricity derived from 

a large wind turbine with hydrogen providing various balancing functions. In this application 

reliability is paramount; a continuous supply of electricity should be guaranteed and grid 

dependence minimised.  This challenging application will allow a full evaluation of how close 

to market the technology components are, and the potential for incorporating hydrogen 

technology into high critical systems. 

This project had the significant challenge of managing excess electricity within the system and 

as a result we have looked at using the local gas grid networks as a sink for surplus hydrogen 

gas. Putting excess electricity onto the grid was avoided because the ultimate objective should 

be grid independence. It will be demonstrated that in the limited Liquid petroleum gas network 

available there are better alternatives such as use in a local diesel power station where the 

hydrogen can be added to its fuel mix to reduce its carbon impact.   

It is also demonstrated that the project is viable in terms of OPEX (and to an extent CAPEX) 

if the potential revenue is maximised by taking advantage of additional by products such as 

oxygen and component waste heat. 

The project results were welcomeed by all parties. The Scottish Government along with the 

local health board that operates the hospital have set goals of increasing the useage of energy 

from renewable sources.An envirnmental analysis has been performed in this report showing 

the advanatge of using the power-to-gas technology along with its useage of a wind turbine 

which will have a net decrease in its carbon footprint with public safety being considered at 

every stage of the design process. 
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1. List of Symbols and Abbreviations 

AC  Alternating Current 

BPPS  Battery Point Power Station 

CHP  Combined Heat and Power 

DC  Direct Current 

EES  Electrical Energy Storage 

LPG  Liquefied Petroleum Gas 

OFGEM Office for Gas and Electricity Markets 

TES  Thermal Energy Storage 

SSE  Scottish and Southern Electrical Network 

SGN  Scotia Gas Network 

WT  Wind Turbine 

Exchange rate used based on September 1, 2017 

£1 GDP = $1.2972 US 

 



 

  

TEAM HYHEB PAGE 5 

  Western Isles Hydrogen Power-to-Gas System 

2. List of Tables and Figures 
1) Figure 1: Stornoway hospital with the position of the suggested electrolyser and fuel 

cell system………………………………………………………………………………… 5 

2) Figure 2: Hospital and suggested pipping to be installed to gas grid injection point and 

Power station……………………………………………………………………………. 5 

3) Figure 3: The UK Average Daily Demand………………………………………… 6 

4) Figure 4: Wind Speed Variations with Height.…………………………...……….. 7 

5) Figure 5: Wind Speed Distribution ……………………………………………..... 7 

6) Figure 6: Power-to-Gas System Diagram.………………...……...………………. 8 

7) Figure 7: A visual representation of the logic pathway flow ………...………….. 10 

8) Figure 8: System Flow Diagram.…………….……...……………….................... 11 

9) Figure 9: Alkaline Electrolyser …………………………………………………. 12 

10) Figure 10: Hydrogenics® HySTAT 60™ Module...……………………………. 12 

11) Figure 11: Fuel Cells……………………………………………………………. 13 

12) Figure 12: Fuel Cells Module…………………………………………………… 13 

13) Figure 13: Electrical Diagram…………………………………………………... 14 

14) Figure 14: Energy Flow Logic………………………………………………….. 15 

15) Figure 15: Control Equipment Diagram………………………………………… 15 

16) Figure 16: Capital Expenditures………………………………………………… 18 

17) Figure 17: Capital Costs………………………………………………………………. 19 

18) Figure 18: Fuel Price Matrix…………………………………………………….. 20 

19) Figure 19: Financial Analysis Table…………………………………………….. 20 

20) Figure 20: FMEA Table……………………………………………………………….. 21 

 

 



 

  

TEAM HYHEB PAGE 6 

  Western Isles Hydrogen Power-to-Gas System 

3. Demand and Resource Assessment 
 

3.1. Site Description   

The Isle of Lewis is the largest island of the Outer Hebrides archipelago in Scotland. Its position 

on the edge of the Atlantic Ocean gives access to 80 TWh/yr of renewable energy divided 

between wind and marine energy (close to 20% of GB electrical deman). Very little of this 

energy is currently captured. The island is home to a number of wind farms with the energy 

produced meeting local needs (25 MW peak) with the excess being exported to mainland 

Scotland through an undersea 20 MW capacity 

interconnector cable. This interconnector and 

local grid have reached capacity which is 

preventing further development. There are 

currently plans for additional wind turbines but 

these projects are currently on hold until a 

solution can be found.  

The proposal here is to use the output from a 

single additional 3 MW wind turbine to power 

the Western Isles hospital which serves the 

island chain and is located within the main town 

of Stornoway. 

The possible location of the electrolyser and fuel 

cell stack site was identified to be behind the 

hospital’s main building and existing oxygen 

canisters storage premises (Fig. 1, 2). This 

location has an easy road access, there are no 

domestic dwellings around it and it will satisfy 

all safety requirements. The total available area 

is 450m2.  

Figure 1. Stornoway hospital with the position of the suggested electrolyser and fuel cell system. 

Figure 2. Hospital and suggested pipping to be installed to 

gas grid injection point and Power station 
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An underground pipeline will deliver hydrogen from the hydrogen production site to a 

hydrogen storage tank in the Scottish Gas Network (SGN) main compound in Stornoway, 

where the gas injection equipment is also located. The site is already certified for gas storage 

tanks placement and is equipped with explosion protection walls.  SGN is the local gas 

distributer. 

 

3.2.  Energy Consumption Evaluation 

At the planning phase of the project a report of the energy consumption by Greenspace Live 

(Greenspace Live, 2011) was obtained which provided an assessment of the hospital’s annual 

electrical and heating demands. These are listed below: 

• Electricity consumption – 2202867 kWh per annum, 6035.25 kWh per day 

• Heating (oil) – 6862680 kWh per annum, 18801.86 kWh per day 

• Total energy demand – 9,065,547 kWh 

• Electricity-to-heat ratio – 0.321 

 

In the absence of detailed data, the electrical consumption was assumed to be constant over the 

entire year. Daily energy demand cycles were then produced by using templates of average 

electrical demand data  (Energy Trends) which was taken from GOV.UK website (BEIS, 2017). 

This is based on hourly increments to match the granularity of the wind turbine data. We 

estimate from this a peak electricity demand of 318kW dropping to no less than 198kW. This 

processed curve is shown below (Fig. 3). 
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3.3. Wind Resource Assessment 

The Beinn Ghrideag wind farm which will supply electricity to the Western Isles Hospital is 

located on the Isle of Lewis, approximately 6.5 km west of the town of Stornoway. The wind 

farm owners will add a new turbine to their existing farm for this application. The entire energy 

generated by the turbine will be delivered on site via a private overhead line, hence no grid 

connection agreement is required. The site elevation varies from 90 m to 110 m above ordnance 

datum (AOD). Surrounding the site the ground cover is comprised of open moorland. 

Data has been obtained using a 10 m tall tubular anemometry mast 

installed as part of the wind farm and adjusted for hub height of 

78m using the Log-Law formula for vertical wind profile 

(Manwell/McGowan, 2010): 

𝑈(𝑍) = 𝑈(𝑍𝑟) ∗
ln(

𝑍

𝑍𝑜
)

ln(
𝑍𝑟

𝑍𝑜
)
, where 

Z - hub height, 

U(Z) - wind speed at hub height, 

Zr - reference height, 

U(Zr) - reference wind speed, 

Zo - surface roughness length 

 

Dataset consists of 57,200 measurements which were taken every 10 minutes. Dataset 

analysis results can be found in table below:  

 

 

 

 

 

 

 

 

Parameter Value 1 Value 2 Units 

Height 10 78 m  

Average hub-height wind speed Vm 7.03 9.76 m/s 

Peak gust recorded to date Vmax 38.0 52.7 m/s 

Date of peak gust 25-Oct   

Most common wind direction 180 deg  

Average turbulence intensity at 
15m/s 

13.8% 
  
  
  

Number of data points 52565 

Number of days' data 365 

Figure 4. Wind Speed Variations with Height) 

Figure 5. Wind Speed Distribution 
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4. System Technical Design 

4.1. Design Overview 

 
Figure 6. Power-to-Gas System Diagram. 

The system will use a 3 MW wind turbine. The combined heat and electricity demand is about 

1 MW, equivalent to 33% turbine capacity factor. The actual capacity factor is 40% hence the 

wind turbine should theoretically be able to supply all the energy needs of the hospital with a 

bit left over. This could be as hydrogen sold for various applications (including in the future 

for transportation).  

The electricity is used to supply the electrical demand of the hospital directly whenever 

possible with some of the excess electricity being used to produce hydrogen gas using a alkaline 

electrolyser. The gas is then compressed and stored. Not all of the excess electricity is used to 

produce hydrogen. Most is used for hospital heating, including recovered heat from the 

electrolyser.  

A fuel cell, effectively in this application acombined heat and power system (CHP), would then 

be used during periods with no or low wind drawing on the stored hydrogen gas. For times 

when there is insufficient gas in storage the hospital would meet its power requirements by 

drawing on the grid. The intention is to use the grid less and less as the system is entended in 

future. Additionally, due to the violent storms throughout the region, power cuts are a yearly 

occurrence and with the essential need for a consistent supply, a diesel generator is currently 

used. This will no longer be necessary as the hydrogen tank will always have sufficient storage 

to run the hospital for up to 24 hours in the event of a power cut.  
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When the hydrogen storage tanks reaches its capacity, excess gas would be exported to the 

local liquidfied petroleum gas (LPG) gas grid operated by SGN where the gas would be mixed 

and distributed on there site. Upon the limit of the SGN LPG grid reaching their capacity, any 

additional hydrogen gas will be exported to the islands diesel based power plant where 

hydrogen gas will be added to the fuel mixture.  Furthermore, the oxygen that is produced from 

the eletrolysis process has been proposed to be used in the hospital to supply its medical oxygen 

and potentially supply the local industrys use such as the local salmon farm company and 

manufactiring weldings. 

Having a dedicated wind turbine and negotiating directly with the wind farm developer offers 

a number of advantages and a reasonable electricity purchase agreement. Though the use of a 

private line high transmission charges can be avoided and it is not necessary to implement 

smart grid control. 

 

4.2. System Modelling  

Understanding the flow of the energy throughout the system, a program was produced where 

the system could be modelled in hourly increments. The model allowed each system 

component to be varied, then to simulate the systems running and output over a year period. 

This model used the processed output power supply from the wind farm using the wind data 

and the hospital electrical demand variation over a 24 hour period. The use of this system model 

allowed to be evaluated with regards to each component sizing and the impact it had on system 

through a year time span. The discussion of component sizing and rationale are done so in their 

respective section.  

 

4.3. Energy flow pathway 

To create a system model, the parameters for its usage and the allocation of energy produced 

was determined. The greatest priority of the system was ensuring that the Hospital power 

demand was always met and as such the first assigned for the power supplied was the hospital. 

If the dispatchable power from the turbine was insufficient for the hospitals needs then it was 

supplemented or replaced by the fuel cell power when insufficient, or was not being produced 

respectively. During periods of surplus wind, the power additional power would be used to 

activate an electrolyser producing hydrogen and oxygen gas with the amount of these products 

being produced being record with the power also being used on a compressor to store the gas 

for future use. Any additional electricity produced from the windfarm which was beyond the 

hospitals electrical demand will be used by the electrolyser. 

When the hydrogen storage tanks are beyond its storage limitation the gas is then exported off 

to secondary tasks. This gas would be first exported to the local gas grid and mixed with the 

LPG gas used for local residents and upon this limit being reach the hydrogen gas would then 

be exported to the local diesel based power plant to be injected into their fuel cycle and used 

to help reduce the carbon foot print of both the gas grid and diesel power plant. 
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A detailed list of the final parameters that could be altered along with their final chosen setting 

is listed below along with a list of the parameters that were given in an hourly timestamp. 

  

Figure 7: A visual representation of the logic pathway flow. 
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4.4. Thermal Energy Storage and Heat Recovery System 

An energy Assessment of the hospital was performed by Greenspace live which determined the 

energy heating consumption of the hospital as 6.863GWh per annum (Greenspace live, 2011). 

Currently installed at the hospital is a fuel oil burner that provides the entire heating 

requirements for the hospital. The suggested system will replace the heating system that 

operates at the hospital and will operate with a mixture of excess electricity from the wind 

turbines along with the usage of a combined heat and power system.  

Power from the turbines first go towards supplying the hospital electrical requirements and is 

then being used to power the electrolysers in the production and compression of the hydrogen 

and oxygen gas. Any additional power that is unused is then dumped by electrical coils in a 

heating and thermal storage system. This method makes up the vast majority of the heating that 

is provided by to hospital which and from the simulations of the system by our created model 

accounts for 5.929 GWh (84%) of the heating that is delivered to the hospital. 

 

 

Additional heating’s to the hospital is provided by the recycled heat from the electrolyser and the 

Combined heat power from the fuel cell system.  The electrolyser system produces heat during the 

hydrolysis and its operation, this heat can be used in addition to provide the heating requirements the 

fuel cell system was scaled rated at 350 kW and was determined by the electrical requirements of the 

hospital. The heating capacity that is typical of fuel cell systems are a ratio of electrical to heating is 

1:1.5 and was used in our simulation. The annual heating provided by the fuel cell 0.403GWh (5.7%). 

 

 

Figure 8: System Flow Diagram. 
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4.5. Gas Production System (Hydrogen/Oxygen) 

4.5.1. Electrolyser 

The Electrolyser components works by using Direct Current (DC) to decompose water 

molecules into their elemental atoms of 2 hydrogen and an oxygen. These 2 respective gases 

will be displaced At a commercial level, there are 2 main categories for electrolysers that are 

currently available, Polymer Electrolyte Membrane (PEM) and Alkaline electrolysis cell 

(AEC) and solid oxides electrolysis cell (SEC).  At the Megawatt range, Alkaline systems are 

most suitable in terms of costing and in availability by providers.   

Alkaline electrolysers operate with a cathode and anode in 

a alkaline solution of 30% KOH with the anodes separated 

by a diaphragm, with a sufficient voltage OH- ions and H2 

molecules travel through the solution to combine giving up 

there extra electron and releasing O2 and H2. 

A Hydrogenics® HySTAT 60™ outdoor installation 

electrolyser systems is selected for this system. Data was 

collected for their systems from their website was used in 

the model produced for this project. The electrolyser has a 

output of 0.204 nm3 per kWh  

After running several simulations with varying the 

size of the electrolyser a minimum of 600 kW was 

deemed appropriate.  As 2 of the prioritising design 

factors was ensuring that the hospital was sufficient 

supplied by electrical power and heating the 

electrolyser sizing was limited to having this output 

as producing hydrogen would reduce the heat 

produced. The entire hydrogen produced annually 

from the electrolyser was recorded as 62759.67 kg 

For the entire year, the electrolyser is active at some level for 78.18% of the time but the system 

is only at full capacity 54.83% of the time. As such only 65.10% of its potential output of 

hydrogen and oxygen gas is used in this model where the power produced from the wind 

turbines out stripes the demand of the power required. As a result, it is possible in the future 

for the output to be increase by considering other methods for obtaining power from other 

sources. As the main electrical grid connection operated by SSE will be maintained after the 

installation a one possible future adaption could be looking at the use of excess electricity from 

the mains grids. At this time this does not seem reasonable as there is little demand for hydrogen 

from hydrogen vehicles and that the current gas grids capacity is meet. 

4.5.2. Purification  

As the oxygen gas is planned to be used for medical gases the requirements of purity and safety 

are more rigorous when compared to gases used for manufacture processes, it is currently 

suppled at a purity rate above 99.5% as a minimum (BOC, 2017). Hydrogenic offers as part of 

their Power-to-Gas systems a purification system for both the hydrogen and Oxygen outputs. 

A purification is intended to be installed to guarantee that the oxygen supplied is fit for medical 

purposes. 

Figure 9. Alkaline Electrolyser 

Figure 9. Hydrogenics® HySTAT 60™ Module 
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4.5.3. Compressor 

As large quantities of hydrogen are produced from the power-to-Gas system along with 

hydrogens very low energy density when uncompressed, a compression system was decided 

upon  

As both the hydrogen and oxygen produced from the electrolyser system are planned to be 

exploited, a compression system for both gases is required. Using the equation 1 below the 

power required to compress the gas is determines. 

𝑊𝑜𝑟𝑘𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 = 𝑀. 𝐶𝑝. 𝑇 [(
𝑃𝑜𝑢𝑡

𝑃𝑖𝑛
)

𝛾−1

𝛾
− 1] (Eq. 1) 

This power requirement was taken into account and was added to the Power-to-gas system 

model that was produced. The compressor running at full capacity would require 13.77kW 

The compression of oxygen will be 300Bar as this is the pressure that the currently used oxygen 

cylinders are compressed at. The power required to compress the oxygen in comparison to the 

hydrogen is trivial, with only 200.11 kWh required for the entire year.  

 

4.5.4. Fuel cell module 

A fuel cell derives its electrical energy from the conversion of potential 

chemical energy (energy stored by bonded molecules), unlikely other fuel 

sources, no combustion of the fuel occurs. The most commonly used fuel 

cell for hydrogen compose of a PEM where hydrogen and oxygen gas are 

reacted to produce water releasing electricity and heat in the process. This 

process’s carbon output is determined by the method by which the 

hydrogen is produced and the oxygen can be sources from filtered external 

air. Fuel cell systems provide better reliability then internal combustion 

engines as there are few moving parts and the only noise produced is from 

surrounding pumps. 

The fuel cell system is used to provide the electrical and heating requirements for the hospital 

during periods where the power from the wind is either insufficient to provide the baseload for 

the hospital or there is a power outage. During 

peak times the powers requirements of the hospital 

is 330 kW so the sizing of the fuel cell system 

would have to be this size at least. It was decided 

that an additional capacity would be designed into 

the system to ensure that to future proof the system 

will ensure demands could be met during higher 

than expected usage episodes.  As such, a 350 kW 

capacity fuel cell is selected. Hydrogenics’  

HyPMTM
 was selected with fuel cells offered up to 

the megawatt range . These fuel cell units can fit 

into a shipping container with it being located onsite of the hospital.  

Figure 11. Fuel Cells 

(Courtesy of 

Hydrogenics) 

Figure 12. Fuel Cells Module (Courtesy of Hydrogenics) 
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4.5.5. Combined heat power  

Fuel cells based systems also offer the ability to provide heating along with an electrical power 

output when in operation. As the power-to-gas system aims to replace the current heating 

system this is ideal as the ratio of electrical power to heating 1:1.5, the 350Kw rated system is 

capable of providing a 525 kWh of heating when operating at full capacity. Currently a diesel 

generator is in operation at the hospital which provides emergency power for the hospital 

during power cuts which are a yearly occurrence due to the severe weather of the Hebrides, 

this system would allow the diesel backup to be replaced and would offer emergency electricity 

as well as heating during periods of power cuts. 

 

4.6. Gas Transportation and Storage System 

4.6.1. Storage tank 

One of the greatest challenges of using the hydrogen technology is in the storage of captured 

hydrogen. There are 3 methods that are most commonly considered, Liquification, 

Compression and Hydrides. Liquification is through cryogenically storing the gas and hydrides 

by chemical processes. For this project the compression method was chosen as this is the 

simplest, only requiring a compressor and pressure vessel. Compressors have the disadvantage 

of having a low storage density (Wade, 1998) but as the storage vessel will be next to the 

existing gas works with space being less of a priority, compression was chosen as the most 

suitable method. 

One of the objectives of the system was to have sufficient storage where if there was a power 

outage there would be sufficient hydrogen gas storage, so that power and heating could be 

provided for the fuel cell for a 24-hour period. Over a 24-hour period, the hospital on average 

uses 6,035 kWh, this would require 406Kg of stored hydrogen to supply the hospital for 24 

hours. As such, the storage tank of hydrogen would require this additional sizing in the system 

which is only ever used for power outage. If the tank runs low during phases of little output of 

the wind turbine, the local grid by SSE would be used ensuring this emergency is kept.   

In the design of the system, the question of a suitable sizing of the storage capacity was 

considered and how large it would be to fully supply the hospital requirements. To have a 

storage system that is of a sufficient sizing to ensure that throughout the year no main grid 

connection was used along with a backup storage would require sizing of 2516 kg. As the 

connection to the grid which is operated by SSE intends to be kept, the option of reducing the 

size of capacity and using the main grid connection was considered. This capacity could be 

reduced to half the size with 1,258.320 kg so that only for 100 hours a year (1.1%) the grid 

would be used for 14,634 kWh. This grid usage would allow the storage capacity to be halved, 

cutting the price of storage in and would cut the initial capital costs for a minor annual free. 

4.6.2. Pipeline 

Hydrogen gas will be piped from the hospital to the gas grid and local power plant for usage 

and will consist of roughly 2.2miles of pipes. Compressed Hydrogen piping usually consist of 

piping 0.25m-0.30m and will operate at 1-3MPa (4), meter will be attached to measure the 

amount of hydrogen that is exported. 
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4.7. Hydrogen Injection System into SGN Gas Network 

As the electrical and heating demand from the hospital is a set requirement the excess power 

being produced from the wind farm is most optimised to be used to produce additional 

hydrogen gas. As such, to ensure the financial feasibility of the project possible sinks for 

excess hydrogen have been investigated in this report with another possible long-term 

consideration also offered.  

4.7.1. Scotia Gas Network 

During the planning stage of the project, a meeting was set up with the local gas grid operator 

SGN.  The grid is a discreet network where it is not connected to the main UK gas grid, it is 

the only UK site that runs on LPG as opposed to LNG instead. During the meeting we were 

informed that the gas demands varies throughout the year with the peak demand being during 

the winter period with 14 tons of gas being used daily and the summer period using 

approximately 6 tons daily and the network has a capacity of 500 tons of LPG. SGN informed 

us that a feasibility study would be required before hand along with equipment to ensure 

adequate mixing between the hydrogen and LPG was performed.  In addition to this, the current 

volumetric energy level of the LPG of the grid was 95MJ/L3 with the gas delivered to customers 

having to be above 94MJ/L3. As such, only 1.65% of the LPG gas by volume can consist of 

hydrogen. The total mass of hydrogen allowed will vary throughout the year due to seasonal 

variations in the gas sale with winter having the heaviest demand. With this value used in the 

Power-to-gas model only 2.9% of the total surplus hydrogen exported was allowed into the 

SGN network as such, alternative use of the surplus hydrogen from the gas storage were 

considered. Furthermore, SGN informed us that a feasibility study would be required before 

any agreement could be made. 

4.7.2. SSE Battery Point 

During the planning phase We meet with the local energy utility providers Scottish and 

Southern Energy (SSE) which operate the local energy distribution grid along with a local 

marine diesel engine power plant known as Battery Point Power Station (BPPS). During the 

meeting they had raised an interest in improving the green profile of BPSS and showed interest 

in the prospect of having hydrogen as a fuel sources injected into their fuel supply as a means 

to reduce the carbon foot print. As they are primarily concerned about the electrical output of 

their powerplant and extractable energy from there fuel, they have less stringent requirements 

on the allowable hydrogen to be added. As such, the Battery Point offers its self to be a large 

potential receiver of hydrogen gas and allows the powers plants carbon foot print to be reduced. 

4.7.3. Hydrogen Fuelling station  

The design that has been put forward currently does not include a refuelling option for 

hydrogen fuelled vehicles. This is primarily due to the low numbers of hydrogen vehicles that 

are based on the isle of Lewis locally. As the market for hydrogen fuelled vehicles further 

develops the system has the potential to pivot and offer the supply of Hydrogen for fuel cell 

vehicles. On average 125 Kg of hydrogen is exported daily, this could potentially fill the tanks 

of 25 Toyota Mirai which has a fuel tank capacity of 5kg. This supply would of course come 

at the expense of the supply to the battery power station and Gas grid, but this perhaps could 

be addressed by looking at in the future, electricity supply from the main electricity grid being 

used to supplement the supply for hydrogen produced for cars without impacting on SGN and 

SSES supply.  
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4.8. Electrical Equipment 

Electrical energy will be produced by the Enercon E-82 E4, three bladed horizontal axis, 

upwind, direct driven, variable speed wind turbine with a hub height of 78m, rotor diameter of 

82m and a swept area of 5,281m2. The WT nominal power output is 3000kW at the rated wind 

speeds of 16-25m/s. WT cut-in wind speed 2.5m/s and cut-out win speed 28-34m/s (Power 

curve can be found in appendix section). 

The WT uses a multi-pole direct driven synchronous generator. The power feed from the 

turbines generator is regulated by the control system between 0kW to 3000kW. A frequency 

converter is employed to control and regulate power. The converters feed three phase current 

from output on the low-voltage (400V) side into the transmission line via a transformer that 

step up the voltage to a desired high-voltage (11kV). 

 

 

The power is then delivered into WIH site where it converted back to 400V low voltage via 

step down transformer. Some losses are expected at this stage due to power conversion and 

transmission.  

On the WIH side, depending on the current demand the imported energy is split between the 

Demand side (Hospital's direct needs) and Gas Production side (Electrolyser/Gas storage). 

Most energy will be utilised to meet the electrical and thermal energy demand for hospital 

needs. In case, if WT power output is higher than current demand, excess energy will be fed to 

two Hydrogenics® HySTAT 60™ giving a combined electrolyser rating of 600kW and will be 

used for hydrogen/oxygen gas production. In rare times when hospital electrical energy demand 

is higher than WT power output, the 350kW fuel cell generator will supply required electrical 

energy along with a part of the thermal energy. 

Figure 13. Electrical Diagram 
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Existing infrastructure allows the use of the electrical grid to supply back-up electricity when 

WT power output is low and hydrogen storage is empty. This feature will provide safe and 

secure uninterrupted electrical supply. 

4.9. Communication and Monitoring Equipment 

Energy produced by the WT will be monitored through the generation meter which will be 

installed before transmission line and will supply information on amount of energy produced 

to the main control server through the wireless communication link. 

 
 

Electricity Import Meter will track the amount of energy received on the WIH side and will 

send the data to the main control server where it will be compared with the current electrical 

demand. Based on the results of these calculations the main control server will send the signal 

to the automatic changeover switch and will control the energy flow. 

Figure 14. Energy Flow Logic. 

Figure 15. Control Equipment Diagram. 
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5. Financial Analysis 
The greatest costing to the running of this project will be the purchasing of electricity from the 

local wind farm. The price that the electricity would be purchased at would be purchase at 

£30/MWh ($38.92/MWh).  

The electricity supplied to the hospital would be from either the power from the windfarm or 

the fuel cell and would be sold at the price that is currently being charge by the grid provider. 

Using data collected from the hospital, the price per kWh used last year was at £172.6/MWh 

($223/MWh). This price would be locked 10 years giving the advantage of an economic 

security. 

The hospitals heating supply will be provided replacing the current fuel oil for heating.  The 

price of heating to the hospital will be suppled at £60/MWh ($97.91/MWh) and will be suppled 

at a locked price for a 10-year period.  

Excess hydrogen would be exported to local users for a potential extra revenue stream. First 

hydrogen would be provided to the local gas grid.  

5.1. Capital Expenditures 

CapEx are summarised in table (Fig. 16) below: 

 
 

We are expecting that CapEx will be covered 75% (£3mil=$3.8916mil) from The Fuel Cells 

and Hydrogen Joint Undertaking (FCH JU) which supports research, technological 

development and demonstration activities in fuel cell and hydrogen energy technologies in 

Europe. The other 25% of investments will be sought after from the private investor with a 

substation return of investment. 

Figure 16. Capital Expenditures. 
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5.2. Operational Expenditures/Operation and Maintenance 

The system is expected to be fully automated with only periodic preventive maintenance 

required for the main components. One specialist will be hired to replenish onsite oxygen 

canisters and manage day-to-day operations along with the Safety Checks. 

Ongoing costs such as insurance, legal, accountancy fees were considered in economic 

analysis. 

5.3. Fuel Price Matrix 

 

1.61%

74.54%

1.75%
2.37%

10.49%

9.25%

Capital Costs

Pre-Financial Close Total Main Components Cost

Balance of Plant (SGN Site - H2 Storage) Balance of Plant (WIH Site - Electrolyser/FC)

Balance of Plant (H2 Pipeline) Grid Connection (If SSE)

Figure 17. Capital Costs. 

Figure 18. Fuel Price Matrix. 
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5.4. Return on Investments Analysis 

To identify the payback time and Return on Investment rate, a thorough financial analysis was 

performed. Considering the lifespan of the system being 25 years, capital costs, ongoing costs 

and funding available, the financial model was prepared. 

 

The financial analysis shows that over the lifespan of the system the Net Profit will be 

£8,853,262 or $11,484,450.  In case of investments of 75% from the FCH-JU, the Return on 

Investments for private investors will be: 

𝑅𝑒𝑡𝑢𝑟𝑛𝑜𝑛𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑠 =
𝑁𝑒𝑡𝐼𝑛𝑐𝑜𝑚𝑒

𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡
=

353,192

1,097,250
= 32.18% 

Payback time of only 3 years is expected for investor. Whereas total payback time of the system 

will be 9 years. (Breakeven Analysis graph can be found in appendices section). 

Year 0 1 2 24 25

Capital Costs

Pre-Financial Close £58,075.00

Post-Financial Close £4,039,175.00

Total £4,097,250.00

Ongoing Costs

Annual Maintenance £50,000.00 £50,000.00 £50,000.00 £50,000.00

Electricity (Wind Farm) £340,454.20 £340,454.20 £340,454.20 £340,454.20

Electricity (Grid) £1,697.56 £1,697.56 £1,697.56 £1,697.56

SSE Surcharge £12,000.00 £12,000.00 £12,000.00 £12,000.00

Insurance £20,486.25 £17,802.00 £17,802.00 £17,802.00

Accountancy/Legal £25,000.00 £25,000.00 £25,000.00 £25,000.00

Decommissioning £40,972.50

Total £449,638.01 £446,953.76 £446,953.76 £487,926.26

Funding

Amount Invested £1,097,250.00

Amount Borrowed £3,000,000.00

Debt Repayment Period, years 25

Payment Made £120,000.00 £120,000.00 £120,000.00 £120,000.00

Interest Rate 0.00% £0.00 £0.00 £0.00 £0.00

Ending Balance £2,880,000.00 £2,760,000.00 £120,000.00 £0.00

Income

Electricity to WIH £380,214.71 £380,214.71 £380,214.71 £380,214.71

Heat to WIH £432,227.96 £432,227.96 £432,227.96 £432,227.96

H2 Gas (SGN) £2,248.16 £2,248.16 £2,248.16 £2,248.16

H2 Gas (SSE) £74,581.29 £74,581.29 £74,581.29 £74,581.29

Oxygen £33,558.41 £33,558.41 £33,558.41 £33,558.41

Total £922,830.53 £922,830.53 £922,830.53 £922,830.53

Net Profit £353,192.52 £355,876.77 £355,876.77 £314,904.27

Investor Payment £353,192.52 £355,876.77 £355,876.77 £314,904.27

Net Profit Over 25 Years £8,853,262.50

Investor Payments (25 years) £8,853,262.50

Payback Time 9 years

Figure 19. Financial Analysis Table. 
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6. Safety Analysis 

6.1. Safety Overview 

The health and safety aspect of this project is both critical and paramount to the installation, 

development and acceptance of the idea with local residents. With the common word-

association (amongst the general public) with hydrogen usage being the Hindenburg disaster 

this project will have to meet and surpass all safety regulations for it to be safe and successful. 

The siting of the equipment and storage tanks in the grounds of the hospital, which is in close 

proximity to residential homes, will require stringent safety precautions and educated 

reassurances given to the public that all safety measures are in place and that there is not 

increased risk to life.  

As those who propagate the use of hydrogen are aware, the production of the hydrogen and its 

storage is relatively safe provided all necessary safety precautions are taken in accordance 

with the regulations laid out by the Health and Safety Executive 2009. This project will strictly 

adhere to and enforce all these requirements. 

As well as educating local residents and community leaders about the safety aspects and 

precautions being taken all staff who will operate, maintain and have any sort of access will 

have to be thoroughly trained in the safe operation of the plant. As the plant will be located in 

the grounds of the hospital all staff and service users will have to be clearly informed and 

warned to the correct procedures to be adhered to in the locale. Ensuring strict adherence to 

these guidelines will be the responsibility of all personnel in and around the hospital.  

Warning signs with clear guidance for normal operating procedures will be placed in the most 

central locations, where good visibility will be guaranteed. Instructional signs for the safe use 

of the equipment will be clearly visible where all operators and maintenance staff will see it 

while carrying out their duties.  

As working with a flammable gas does carry the risk of fire and explosions all signage will 

give clear instructions to what to do in the case of a fire alarm. The operators and maintenance 

staff will, at all times, have clear communication with the hospital management, local authority 

and emergency services to plan for and mitigate any increased risk to safety.  

Full cooperation with all Local Authority and Emergency services planning will be put in place 

and adhered to in respect to actions to be taken in the event of a catastrophic failure of this 

plant or any nearby plant which could impact on the surrounding environment.  

As this project aims to supply the total needs of the hospital’s electrical supply, heating and 

oxygen requirements there are increased pressures to ensure continuous service delivery, as the 

hospital runs 24 hours a day 7 days a week. Due to the critical nature of the service delivery 

the hospital will remain connected to the national grid and if there are any failures in this system 

then the local electrical provider will be utilised to continue to deliver constant power. Further 

to this the hospital will continue to utilise back-up generators in the event of total power failure 

of either network. These generators will be modified to be able to burn a hydrogen gas mix and 

therefore they will be subject to the same stringent policies and procedures utilised in the rest 

of this project.  
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6.2. Failure Modes and Effects Analysis 

Failure Modes and Effects Analysis (FMEA) is a systematic approach for analysing potential 

reliability problems at the project development stage. FMEA is used to identify potential failure 

modes, determine their effect on the operation of the product, and identify actions to mitigate 

the failures. 

The performed analysis confirmed that fails with the highest impact on safety are associated 

with hydrogen leakage. Mitigations measures are summarised in the FMEA table below:  

 

 

 

 

 

 

 

 

P I RPN Prevent Control Recommended Act ions P I RPN

Electrolyser

Gas Leakage                              

No gas output

Potent ial Fire or 

Explosion                      

Reduced Gas Product ion

M echanical Failure                      

Diaphragm Failure

4 3 12 X Periodic inspect ion and 

maintenance according to 

manufacturer requirements

2 3 6

Gas Storage 

(Hydrogen/            

Oxygen)

Tank Leakage                              

Tank Rupture

Release of Gas                      

Potent ial Fire Risk

Corrosion                                                                               

M echanical Damage

4 5 20 X Pressure check                                                    

Barriers around storage                                      

Protect ion wall

1 5 5

Gas 

Compressors

Unit  Failure Potent ial Fire or 

Explosion

M echanical Damage 3 4 12 X Prevent ive maintenance 1 3 3

Hydrogen 

Pipeline

Gas Leakage                                     Pressure Drop                                               

Explosion

M echanical Damage 4 4 16 X Control system pressure                                                 

Use of shut down valves

2 4 8

Fuel Cell Stack

Unit  Failure Potent ial Damage to 

Equipment and Personnel

Wrong Set Up                                     

M echanical Damage

3 1 3 X No unauthorised access                                      

Periodic maintanance including 

diaphragm check

1 1 1

Valves and Seals
Gas Leakage Release of Hydrogen                      

Pressure Drop

Overpressure                                               

M echanical Damage

4 4 16 X Prevent ive maintenance of valves 

and seals

2 4 8

Power Line

Power Line Cut No power supply M echanical Damage                                                            

Vandalism                                                        

Overheat ing

1 5 5 X Outsource maintenance company to 

perform power line repair

1 4 4

Power 

Transformers

Power Transformer 

Damage

No power supply M echanical Damage                                                               

Electrical Damage                                              

Thermal Damage

1 5 5 X Perform annual maintenance check 

and inspect ion of electrical 

equipment

1 4 4

Switchgear

Switchgear Damage Flashover/arcing                                    

Complete Destruct ion

Worn Contacts 2 3 6 X Perform annual maintenance check 

and inspect ion of electrical 

equipment

1 3 3

Energy Flow 

Control 

Equipment

Energy M onitoring 

equipment failure

Electrolyser/FCS/Thermal 

Tank malfunct ion

Smart M eter damage                                                     

COM M  Cable/WLAN 

disconnected

2 3 6 X Check WLAN connect ion status and 

monitoring equipment power 

supply

1 3 3

Thermal Energy 

Storage Tank

Storage Tank Rupture Hot water leak Overpressure                                               

M echanical Damage

1 3 3 X Use of Pressure Relief  Valves 

(PRVs) to limit  the pressure in the 

system                                                                              

1 3 3

Heat Pipes

Pipe Rupture Water leak Overpressure                                               

M echanical Damage

3 2 6 X Pressure test ing after installat ion                                               

Periodic inspect ion of piping 

connect ions

2 2 4

Heat Exchangers

Heat Exchanger 

leakage

No heat transfer Corrosion                                                                               

Vibrat ion (due to non-

uniform f low)

3 2 6 X Inspect Heat Exchangers 

periodically  to detect any leaks or 

signs of rust or damage

2 2 4

Sensors/      

Detectors

Loss of Signal                         

Errors                            

Noise

System malfunct ion Contaminat ion 3 3 9 X Periodic calibrat ion of sensors 2 2 4

Control 

Valves/PRVs

Gas Leakage Release of Hydrogen                      

Pressure Drop

Overpressure                                               

M echanical Damage

4 4 16 X Prevent ive maintenance of valves 

and PRV's

2 4 8

Product Name: Western Isles Power-to-Gas system - Team HyHeb

Failure Mode & Effects Analysis (FMEA)

Potent ial Causes of FailurePotent ial Effects of FailurePotent ial Failure M odeGroup

ControlsPre

Revision: 1                   

Date: 15/01/2018

Post

Item

Hydrogen 

Product ion 

and Handling

Electrical 

Supply

Thermal 

Energy 

Supply and 

Storage

Safety

Figure 20. FMEA Table. 
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6.3. Codes and Standards 

Safety analysis completed in accordance with: 

ISO/TR 15916:2015 Basic considerations for the safety of hydrogen systems 

ISO 11114-4, Transportable gas cylinders — Compatibility of cylinder and valve materials with 

gas contents — Part 4: Test methods for selecting metallic materials resistant to hydrogen 

embrittlement 

ISO 11119 (all parts), Gas cylinders — Refillable composite gas cylinders and tubes — Design, 

construction and testing 

ISO 14687 (all parts), Hydrogen fuel — Product specification 

ISO 16110 (all parts), Hydrogen generators using fuel processing technologies 

ISO 16111, Transportable gas storage devices — Hydrogen absorbed in reversible metal 

hydride 

ISO 198843, Gaseous hydrogen — Cylinders and tubes for stationary storage 

ISO 22734 (all parts), Hydrogen generators using water electrolysis process 

ISO 26142, Hydrogen detection apparatus — Stationary applications 

Pressure Equipment Regulations (PER) 1999 

Carriage of Dangerous Goods and Use of Transportable Pressure Equipment Regulations 

(CDG) 2004 

Notification of Installations Handling Hazardous Substances Regulations (NIHHS) 2002 

Equipment and Protective Systems for Use in Potentially Explosive Atmospheres (EPS) 

Regulations 

Pressure Systems Safety Regulations (PSSR) 2000 

Regulatory Reform (Fire Safety) Order 2005 

Building regulations 

Control of Major Accident Hazard Regulations 1999 (COMAH) 

Dangerous Substances and Explosive Atmospheres Regulations (DSEAR) 2002 

Control of Substances Hazardous to Health Regulations (COSHH) 2002 

HSE Installation permitting guidance for hydrogen and fuel cell stationary applications RR715 

2009 

Health and Safety at Work Act (HASAWA)1974 

Electricity at Work Regulations (EWR) 1989 

Provision and Use of Work Equipment Regulations (PUWER) 1998 

Health and Safety First Aid Regulations (FAW) 1981 

Management of H & S at Work Regulations (MHSWR) 1999 

Personal Protective Equipment Regulations (PPER) 1992 
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7. Environmental Analysis 
The installation of a private power line will be added across moor land with 132V lines which 

only result in the loss of land that the poles them self take. 2 electrolyser system which fit into 

shipping containers along with a CHP fuel cell unit which also operate inside a shipping 

container. These are placed on the hospital site unused land and will have no impact on traffic. 

Oxygen production  

An additional unique advantage of the power-to gas systems is the production of low impurity 

oxygen during the splitting of water by the electrolyser. This would usually be considered a by-

product that would be exhausted out into the surrounding environment but instead can be 

capture and used in the hospital. This oxygen is carbon neutral when renewable generation is 

used.  

Emission analysis 

One of the key benefits from an environmental stand point of this power-to-gas system is the 

removal of emissions that are detrimental to the environmental with the most numerous being 

greenhouse gases. All the hydrogen that is produced is entirely carbon free being as power from 

a local windfarm is used. Furthermore, there is no emissions from the use of the fuel cell 

systems other than purified water. 

Replaced Heating System and emission offset  

Currently installed at the hospital is a fuel oil system that provides the 6860MWh of heating 

for the Hospital annually, this system would be fully replaced by the design suggested in this 

project, the current system is carbon intense as fossil fuels are used. 

During the intimal stages of the project, data from the hospital was given by staff on the volume 

of fuel oil which is used annually. Data over a 15 year period shows the fuel oil that was 

purchased. From this 15 years period, the average oil used on an annual basis is 700,918 litres. 

With a value of 3.1697 kg of CO2 per litre of fuel, an average of 2,222 Tonnes of CO2  would 

be reduced annually . 

Due to the remoteness of location of the hospital on the Isle of Lewis, fuel is furthermore 

required to be transported from mainland Scotland. The greenhouse gas production is likely to 

be higher than this when the full logistically supply chain and its impact is taken into account. 

Electricity  

The main hospital building currently uses annually 2203 MWh of electrical power. This power 

consumption is a mix of renewable generation from the local wind farm and diesel from the 

power plant that is located on the island along with any other power transmitted from the 

interconnector. Data for the ratio of power that was from renewable to other sources of energy 

could not be collected for this report. This new proposed power-to-gas system would remove 

all and any of the greenhouse gases that are used in the powering of the hospital but an exact 

number could not be determined at this time. 
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Gas Export Supply 

SGN Network 

Hydrogen that is produced in the which is surplus to the storage capacity is distributed to the 

local gas grid network, this grid operates on a supply of LPG. This addition of hydrogen will 

act to offset the gas used in the network and as the hydrogen gas is purely produced by 

renewable energy, a reduction in carbon emissions will occur with the hydrogen addition. An 

annual 1,347kg of hydrogen which equates to 44.90 MWh . Using a value of   0.230 kg of CO2 

/ kWh the annual saving of 10.343 Tonnes of CO2 reduced annually. 

Battery Point Power Station 

Addition gas is to be exported to once the gas network is at capacity. The power station runs 

on diesel which is detrimental to local air quality and a environmental penalty with CO2  and 

NO2 being released. The remaining Hydrogen that is exported from the grid is intended to be 

supplied to Battery Point power station which will displace the usage of diesel fuel. The total 

volume of hydrogen gas exported annually is 44,422 kg which equates to 10,248 MWh of 

power required by diesel. With each 260.8MWh of biodiesel used 1 tonne of CO2 is producing, 

this would have the effect of reducing the carbon foot print of the power plant by reducing 

1,931 Tonnes of CO2 .  
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8. Policy Analysis 
As the world strives to come to terms with, and tackle, the increasing issue of global warming 

there is an appetite to understand, develop and promote different renewable technologies. Solar, 

Wind and Wave energy have benefited from investment and development from small scale 

private installations and enterprises to large scale, country wide, government initiatives. One 

area of renewable energy that is very much in the background but by no means underdeveloped, 

is Hydrogen. The technology has been tried and tested for many years now, yet, it has not 

received the same amount of publicity or promotion as the other forms of energy.  

When wind turbines inevitably produce so much electricity and there is no way to utilise or 

store it this excess needs to be dumped! The same is true for solar and wave technologies as 

they are limited by the storage capacity of the batteries in the systems! When we are in a 

situation that the world is crying out for more renewable technology it does not appear 

incongruous to have all this energy which cannot be utilised.  

Improved and increased energy storage is a highly sought-after commodity and is the holy grail 

of renewable technology but until that becomes a reality it would seem prudent to utilise 

technology that can make use of this excess energy. It is at this point that Hydrogen comes into 

its own, as it can utilise the excess electricity to create clean energy with very pleasant by-

products (i.e. water). Even through electrolysis you receive high purity Oxygen and Hydrogen 

and the by-product is heat and water. This project demonstrates that these products can be fully 

utilised and provide massive cost savings for a hospital while at the same time reducing the 

reliance on fossil fuels and allowing it to be very environmentally friendly. 

With such fantastic results it is a fair question to ask why this technology has not received 

greater awareness. As has already been said the technology is tried and tested and well beyond 

Research and Development. For example, if you examine the success of the PURE Energy 

Centre in Orkney as highlighted in the Scottish Government’s “2020 Route map for Renewable 

Energy in Scotland – Update (Government. Scottish 2013)” you can see that there is definite 

viability for this type of project. It is of great interest when you read this paper that you see so 

much space given to other forms of renewable energy, but Hydrogen is only covered in a very 

small way. As a way of encouragement when this report was first produced in 2011 the section 

on Hydrogen was only included under the small section “3.8 Emerging Technologies and 

Energy Storage” (Government. Scottish 2011) but then given more space in the 2013 update.   

One of the main prohibitive costs when considering Hydrogen is the high capital costs and 

relatively low funding opportunities within our own nation. When funding was being sought 

for this project it had to be found through the European Union as there was no availability 

through the Scottish Government.  

To see any significant development in Hydrogen energy the Government and policy makers 

must step in and assist the industry in the following ways: 

• Create Regulations to govern the Industry 

• Provide training opportunities to develop understanding and possible future 

employment in the sector 

• Little is known about of current hydrogen technology outside of the industry. providing 

education across all sectors as to the relative safety of Hydrogen as an energy source 

would encourage its adoption. 

• Having the government Set clear and honest targets 

• Provide a Road map which puts Hydrogen on the same footing as other renewable 

energies 

• Invest in development and provide financial assistance to make projects viable  

• Encourage existing energy providers to assist small scale enterprises to develop and get 

established. 
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9. Conclusion 
This report has shown that Power-to-Gas technology can be effectively used in high critical 

system such as the western isles hospital.  

This project is shown to provide extensive benefits to the local hospital with improvements in 

infrastructure along with the carbon foot print being substantially decreased. The main issue 

for potential investors in windfarms is the lack of local capacity of the gird, the design of this 

system not only by-passes this issue with the a privately owned transmission line, it also offers 

the wind turbine operator, a guarantee of the entire power production being purchased which 

cannot be guaranteed at the moment until the islands interconnector is developed.  

During the financial analysis the project has been shown that over the expected life of the 

system that a net profit of $11,484,450 is to be generated. For the generation of investment, a 

combination of grant from European funding’s providing 75% along with private investment 

contributing the remaining 25%.  It is expected that for those privately investing in the project 

that the payback period would be 3 years. 

When reasonable precautions and safety measures such as the ones implemented in this design 

are taken, hydrogen shows to be a safe medium as an energy carrier even in high critical 

systems. 

The environmental analysis performed on this system shows that greenhouse gasses would be 

dramatically reduced with a minimum of 4193 tonnes of carbon dioxide annually eliminated 

with the use of this project. This system is expected to have no negative impact with little loss 

of land with the installation of a private transmission lines and system components being placed 

on unused land. Further to this as the entire generation of hydrogen is from renewable sources 

this system is emission free. 
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10. Recommendations  
 

This concept should be escalated to the next phase and that further investigations should be 

performed to validate and enhance the observations pertaining to this project. In addition to 

this, meeting with stakeholders should be undergone to receive feedback and to be further 

educated on the advantages of Power-to-Gas technology. 
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12. Appendices 
 

 

Enercon E-82 Wind Turbine Power Curve. 
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P I RPN Prevent Control Recommended Act ions P I RPN

Electrolyser

Gas Leakage                              

No gas output

Potent ial Fire or 

Explosion                      

Reduced Gas Product ion

M echanical Failure                      

Diaphragm Failure

4 3 12 X Periodic inspect ion and 

maintenance according to 

manufacturer requirements

2 3 6

Gas Storage 

(Hydrogen/            

Oxygen)

Tank Leakage                              

Tank Rupture

Release of Gas                      

Potent ial Fire Risk

Corrosion                                                                               

M echanical Damage

4 5 20 X Pressure check                                                    

Barriers around storage                                      

Protect ion wall

1 5 5

Gas 

Compressors

Unit  Failure Potent ial Fire or 

Explosion

M echanical Damage 3 4 12 X Prevent ive maintenance 1 3 3

Hydrogen 

Pipeline

Gas Leakage                                     Pressure Drop                                               

Explosion

M echanical Damage 4 4 16 X Control system pressure                                                 

Use of shut down valves

2 4 8

Fuel Cell Stack

Unit  Failure Potent ial Damage to 

Equipment and Personnel

Wrong Set Up                                     

M echanical Damage

3 1 3 X No unauthorised access                                      

Periodic maintanance including 

diaphragm check

1 1 1

Valves and Seals
Gas Leakage Release of Hydrogen                      

Pressure Drop

Overpressure                                               

M echanical Damage

4 4 16 X Prevent ive maintenance of valves 

and seals

2 4 8

Power Line

Power Line Cut No power supply M echanical Damage                                                            

Vandalism                                                        

Overheat ing

1 5 5 X Outsource maintenance company to 

perform power line repair

1 4 4

Power 

Transformers

Power Transformer 

Damage

No power supply M echanical Damage                                                               

Electrical Damage                                              

Thermal Damage

1 5 5 X Perform annual maintenance check 

and inspect ion of electrical 

equipment

1 4 4

Switchgear

Switchgear Damage Flashover/arcing                                    

Complete Destruct ion

Worn Contacts 2 3 6 X Perform annual maintenance check 

and inspect ion of electrical 

equipment

1 3 3

Energy Flow 

Control 

Equipment

Energy M onitoring 

equipment failure

Electrolyser/FCS/Thermal 

Tank malfunct ion

Smart M eter damage                                                     

COM M  Cable/WLAN 

disconnected

2 3 6 X Check WLAN connect ion status and 

monitoring equipment power 

supply

1 3 3

Thermal Energy 

Storage Tank

Storage Tank Rupture Hot water leak Overpressure                                               

M echanical Damage

1 3 3 X Use of Pressure Relief  Valves 

(PRVs) to limit  the pressure in the 

system                                                                              

1 3 3

Heat Pipes

Pipe Rupture Water leak Overpressure                                               

M echanical Damage

3 2 6 X Pressure test ing after installat ion                                               

Periodic inspect ion of piping 

connect ions

2 2 4

Heat Exchangers

Heat Exchanger 

leakage

No heat transfer Corrosion                                                                               

Vibrat ion (due to non-

uniform f low)

3 2 6 X Inspect Heat Exchangers 

periodically  to detect any leaks or 

signs of rust or damage

2 2 4

Sensors/      

Detectors

Loss of Signal                         

Errors                            

Noise

System malfunct ion Contaminat ion 3 3 9 X Periodic calibrat ion of sensors 2 2 4

Control 

Valves/PRVs

Gas Leakage Release of Hydrogen                      

Pressure Drop

Overpressure                                               

M echanical Damage

4 4 16 X Prevent ive maintenance of valves 

and PRV's

2 4 8

Product Name: Western Isles Power-to-Gas system - Team HyHeb

Failure Mode & Effects Analysis (FMEA)
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