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Abstract 

 

 

Nowadays renewable energy is becoming main source of energy and the challenge is the 

storage of produced energy. One of the ways of storing this energy is to use this 

renewable energy to produce hydrogen from water and store it for further usage. 

 

This thesis presents a sizing tool for autonomous working of PEMFC for electricity 

production. This tool can be used to calculate the size of each component, which is used 

in this autonomous system.  This tool is in the form of a excel sheet. 

 

This tool took into account the practical electrical load and these load values are applied 

to 5kW polymer electrolyte membrane fuel cell [PEMFC] through a 10kW load bank. 

The practical values of hydrogen consumption are taken from data files and used as a 

base to calculate the capacity of each component to facilitate the proper production of 

electricity from this PEMFC system. This research tool can be used to determine the ideal 

availability of hydrogen in storage tank, electrolyser capacity, water tank capacity and 

energy demand for production of that much hydrogen from electrolyser.    
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Project objectives 

 

 Development of a practical sizing tool based on experimentation 

 Collection of hydrogen consumption data from the fuel cell under observation 

 Development of a equation for hydrogen consumption which matches the 

manufacturer hydrogen consumption. 

 Implementation of domestic summer and winter electrical loads for their 

respective hydrogen consumptions. 

 Conversion of machine units into standard hydrogen units. 

 Analysis of energy consumption for PEM electrolyser. 

 Analysis of electrolyser water requirements. 

 Analysis of solar panel area for electrolyser energy requirements. 
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1. Introduction 

 

Global fossil fuel based power industry is becoming unsustainable for an environmental 

friendly supply of energy so it is suggested that alternative sources of energy must be 

developed [1]. Also the present power industry is a mixture of conventional and 

renewable energy technologies. Renewable energy contribution is increasing day by day 

in the power system. In a power system supply and demand matching is of most 

important. As consumer around the globe is increasing and also their energy demands are 

increasing.  

 

For any power system, matching a demand is most importance but this demand side is not 

a fixed one. It varies from hour to hour, day to day and seasons to seasons. So whenever a 

power system is to be designed, it should take into account the variation in demand sides. 

These load demands depend upon the covered areas of a house, kind of appliances being 

used, also on the types of energy being used. Presently electricity and gas are two major 

sources of energy for domestic loads. Some houses have both forms and some are only 

electricity dependents [23]. 

 

To design a proper power system, which fulfils all the demands of the area, it must have 

sufficient resources to meet that demand. For this purpose sizing tools are required which 

can give us an idea of required resources well before the start of a project. These sizing 

tools take into account all the possible needs of any autonomous system. In this project an 

autonomous system-sizing tool is derived which will give us the requirements of all its 

components upon which it depends. These tools takes into account the electric load of 

that area and gives us the system requirements.  

 

In any power system energy transmission is also of most importance. In some cases it is 

not cost efficient to make a whole transmission networks. At remote areas, it is 

considered best to establish some autonomous system, which has the capability to meet 

all the demands of that area. And to start any project of this nature we should have some 
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sizing tools to estimate the cost as well as the size of the system well before in time to 

avoid any inconvenience at later stages.  

 

2. Literature review 

 

This section gives us the details of the components of the autonomous PEM fuel cell 

system. This section gives us an overview of the sub-systems, which join together to 

make it a practical system. It consists of a PEM fuel cell, storage tanks for hydrogen and 

oxygen, electrolyser, power supply connection in this case only renewable energy are 

considered and water storage tank. It also briefly explains the processes involved and the 

available technologies to make such a system a reality.  

 

2.1. System description 

 

System consisting of electrolysers and fuel cells are becoming promising renewable 

energy storage substitutes for batteries. Figure 1 below, shows a PEM fuel cell, storage 

tanks for hydrogen and oxygen, electrolyser, power source connection and water storage 

tank. This system is expected to provide eco-friendly and reliable energy to remote areas 

where no grid connection is available. This system can also be used as back-up power 

source for communication and medical appliances.   

 

 

Figure 1. Schematic for autonomous PEMFC 
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The systems comprising of fuel cells and electrolysers are not a new concept [2]. These 

systems are similar to large-scale re-chargeable batteries. In this scheme fuel cell acts as 

energy conversion device and remaining component of this system makes it a true storage 

device. The renewable connection initially provides power to system for storage and this 

stored energy can be reused by converting it back to electricity with the help of fuel cell. 

When the stored hydrogen is exhausted with in the cylinders, this system can generates 

its own hydrogen by using the renewable energy for future use [3]. 

 

2.2. Polymer electrolyte membrane fuel cell 

 

Fuel Cells are energy converter of electro-chemical type in which chemical fuels such as 

hydrogen and oxygen are directly converted into electrical and heat energy. Fuel cells 

differ from batteries in a sense that in batteries energy is stored in the form of chemicals 

while in fuel cells it is converted from reactants and the product is in transient state with 

in the fuel cell [4].  They can There are various types of fuel cell such as polymer 

electrolyte membrane fuel cell, direct methanol fuel cell, alkaline fuel cell, phosphoric 

acid fuel cell, molten carbonate fuel cell, solid oxide fuel cell and regenerative fuel cell.  

These all use different electrolytes.  

 

Polymer electrolyte membrane fuel cells are used for low power outputs typically 

between 1kW to 50kW. They are rapidly start-up and have quick response to load 

change. This fuel cell is also named as proton exchange membrane fuel cells. PEMFC are 

zero emission high efficiency power generators. 
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FIGURE 2.  Inside view of PEM fuel cell.    

 

PEM fuel consists of four basic elements including the anode, cathode, the electrolyte 

and the catalyst as shown in figure 2. In this anode is porous and negative through which 

fuel (hydrogen) enters while the cathode is also porous and positive which distributes the 

oxygen. The electrolyte is membrane, which is in contact with both the electrodes. An 

electrolyte or membrane is considered as the most important part of the fuel cell. It is the 

part where the chemical reaction occurs. And catalyst is a material, which encourages the 

reaction between hydrogen and oxygen.   

 

At anode, hydrogen diffuses through anode and diffusion layer to the catalyst. This 

causes the proton and electron to split. 

 

At Anode:      H2  2H
+
 + 2e

-
 

 

The hydrogen ions produced passes through membrane while electron flows through the 

outer current circuit.  
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At cathode, oxygen is forced through the catalyst, where it forms oxygen atoms and each 

having negative charge. The negative charge attracts the hydrogen positive ions through 

the membrane where they combine to form a water molecule.  

At Cathode:    2H
+
 +  ½O2 + 2e

- 
  H2O 

 

This resulting water is extracted from the system. 

 

Overall:   H2 +  ½O2  H2O+ electricity 

 

Figure 3. Overall working of PEM fuel cell 

 

Approximately 0.7V is produced by single fuel cell reaction and to increase the voltage 

fuel cells are stacked and the voltage is simply added [5]. As for this thesis hydrogen 

consumption is of major concern the standard hydrogen consumption for GenCore 5B48 

Fuel Cell System is shown in graph below [9]. In the graph below slm stands for standard 

litres per minutes. Left side Y- axis shows the standard usage of hydrogen with respect to 

load and usage time variation. On the X-axis power in kW and on right side Y-axis is the 

run time. This standard graph of machine shows that its response is a linear with the load. 

With increasing load its hydrogen consumption also increases linearly. 
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Figure 4. Hydrogen consumption for standard GenCore 5B48 fuel cell  

 

The PEM fuel cell used for this experiment was GenCore 5B48 Fuel Cell System. This 

fuel cell was connected to a Crestchic 10.75 kW load bank and a computer with liaison 

software was also attached to the fuel cell. The fuel cell, load bank and the software used 

are shown the figures below. 

 

 

 

Figure 5. Computer system and PEMFC 
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Figure 6. GenCore 5B48 fuel cell  

 

 

Figure 7. Hydrogen storage tanks 
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Above figures shows the PEMFC along with attached computer and the hydrogen storage 

tanks.  

 

 

The PEMFC interface software is shown in the figure below. This interface software 

gives all the information about PEMFC system. It shows the voltage, current and 

temperature for all the components at any time and shows the proper working of each 

component. 

 

Figure 8. GenCore software interface 
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Load bank is using corona control system, which is software to provide connection of 

load bank with the computer and rest of system. It has a high performance 

microprocessor that helps in getting real time data from the load band.  The load bank 

with its associated software is shown in the figures below. 

 

Figure 9. 10.75 kW load bank  

 

The working specifications for the above said load bank are 
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Figure 10. Load bank specifications 

 

 

The load bank controller gives information on machine running time, about load on 

machine at that instant of time, voltage, current, power and percentage of full load which 

is being used at that instant of time. The controller is shown below 
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Figure 11.  Load bank controller 

 

 

2.3. Types of hydrogen productions 

 

Hydrogen is one of the occurring elements in the world but it is in the form of chemical 

compounds. So hydrogen extraction sources are water, natural gas, and coal or plant 

matter. It cannot be extracted from a well or a mine. As its extraction needs lot of energy 

so it can be best considered as energy carrier rather than a source of energy. The energy 

given by hydrogen as a source is just the stored energy during its manufacturing. There 

are many means of hydrogen production such as [12]. 

 

1. Steam Reforming 

2. Off-gas clean-up 

3. Electrolysis 
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4. Photo process 

5. Thermo chemical process 

6. Radiolysis 

7. Solar hydrogen 

8. Partial oxidation of hydrocarbons 

 

Out of these production means electrolysis and Off-gas clean up are the current and shot 

terms used technologies. In this project electrolysis is adopted because it is well proven 

technology and it is best suitable for small scale hydrogen productions. 

 

2.4. Electrolyser 

Electrolysers are equipment‟s used to split water into its constituent elements hydrogen 

and oxygen and electrolysis is the process of splitting water into its base elements i.e. 

hydrogen and oxygen. It can be shown with thermodynamic equation as 

 

H2O + electrical energy H2 +1/2 O2 

2.4.1. Types of electrolysers 

 

There are many types of electrolysers depending upon the type of electrolysis being used 

some of the types are [6] 

Alkaline electrolysis  

Acidic electrolysis  

Low-temperature PEM electrolysis  

Thermo-chemical electrolysis  

Photochemical electrolysis  

Biochemical electrolysis  
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Out of the above, the mostly used types are alkaline electrolysis and PEM electrolysis. 

Due to high conductivity alkaline electrolysis is generally preferred. There are also some 

disadvantages associated with these alkaline electrolysers such as non-uniform charge 

distribution, handling problem, high-energy consumption due to high cell resistance. But 

PEM based electrolyser has overcome some of these problems.  

2.4.2. PEM electrolysis 

 

Hydrogen can be produced from many methods but the most suitable practical method 

compatible with renewable energy sources is water electrolysis. One of the methods of 

electrolysis is PEM electrolysis. It is the process reverse of PEM fuel cell process. In this 

process, water splits into proton, oxygen and electron by applying a direct voltage.  

Proton produced passes through the electrolyte membrane and on cathode gives hydrogen 

by combining with electron [7].  

 

PEM electrolyser is similar in construction to PEM fuel cell. Just like PEMFC it has 

porous electrodes, polymer membrane, current flow fields, collectors for current and 

separators in the form of plates. The difference is in principal operation that both are 

reverse of each other. Another difference is that both electrolyser and fuel cell have 

different materials i.e fuel cell use carbon material while electrolyser use metallic 

materials for components.  Besides cell stack, electrolyser must have a power supply, 

water supply, water pump for circulation and gas-water separators [8]. 

 

 

Figure 13. Schematic representation of PEM electrolysis and fuel cell processes 
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2.5. Hydrogen storage 

 

Hydrogen storage is one of the most important components of autonomous PEMFC 

system.  It‟s the first element in the periodic table. It‟s the lightest element and its mass 

density is 0.08245 kg m
-3

 at atmospheric temperature. It has a very low boiling point that 

enables it to remain only in gaseous form when temperature and pressure are kept at 

standard conditions. Another property of hydrogen is that it can be stored as a gas, liquid 

and in some solid forms [10]. 

  

Hydrogen storage in the form of gas and liquid are well-developed technologies. These 

are stored in cryogenic tanks.  There is a need of some parasitic energy for both these 

forms to get stored in tanks or to be used from the tanks. This technology of cryogenic 

tank storage requires quarter of stored hydrogen, as a parasitic energy because of this it is 

quite intensive energy process. Solid-state hydrogen storage technology is becoming a 

good alternative to the gas and liquid storages because of its improved safety and 

volumetric energy density [11] [13].  

 

Usually hydrogen is stored in the form of gas at high pressure and cylinders are thick 

walled and are made of high strength materials. Hydrogen storage vessels can be 

categorised into four types [12] [14]  

 

1. Cylinder are of metals 

2.  Load-bearing metal liner, hoop wrapped with resin-impregnated continuous 

  filament 

3.  Non-load bearing metal liner, axially and hoop wrapped with resin- 

  impregnated continuous filament 

4.  Non-load bearing non-metal linear, axially and hoop wrapped with resin- 

  impregnated continuous filament.  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First three categories are usually made of stainless steels while fourth category is made of 

advanced composite material and are the most modernised compressed air hydrogen 

storage. Figure below shows the compressed hydrogen gas cylinder 

 

 

 

 
Figure 14. Compressed hydrogen gas cylinder [11]. 
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2.6. Power supply 

 

For supplying power to electrolyser for autonomous PEM fuel cell system renewable 

energy is the best available option. Among the renewable many options can be 

implemented but solar and wind energies are of most importance. For Autonomous 

PEMFC electrical system solar-hydrogen or wind-hydrogen systems are most widely 

used. These systems are completely independent of grid connections and can support 

such autonomous PEMFC systems. Also they are environmentally friendly and more 

reliable than conventional power systems.  
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3. Hydrogen consumption consideration 

 

3.1. Load profile 

 

For practical calculations, practical domestic household load demand profile is 

implemented on the load bank attached to the PEM fuel cell. Sources for electric loads 

are “Real-life energy use in the UK: How occupancy and dwelling characteristics affect 

domestic electricity use” by Yigzaw G et all and documents referenced under numbers 

[20] [21]. In present days electricity demands remain the same but gas consumptions are 

decreasing this is either because of  improved electronics or improved building structures 

[23].  

 

 In these it calculated that energy consumptions varies for different types of houses which 

are divided into detached , semi detached, terraced and bungalows types. The energy 

consumption varies from 200 kWh to 800kWh per month. For our consideration it is 

assumed that typical household consumes 3300kWh annually and the profile are selected 

accordingly depending upon the electricity usage. In this gas consumption is not taken 

into account.  

 

The load profiles are in averaged half hourly values. The available half hourly values are 

converted into averaged hourly values to easily implement the values on load bank. The 

typical daily ordinary house load profile for summer and winter seasons are shown below 

in the forms of graphs. The values on the Y-axis are in kW and the time is taken on the x-

axis. 
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Graph 1. Averaged hourly summer day values 

 

Graph 1 clearly shows a uneven load throughout a day. There is a sudden increase at the 

night times. The load values are very small because of the reasons that one it is 

neglecting the gas usage and secondly it is hourly consumption.  

 

 

 

Graph 2. Averaged hourly winter day values 
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In graph 2 it is clearly indicated that there is a significant rise in demand much earlier 

than the summer profile this is because of the reason that lights are switched on earlier 

and switched off later in time because the days are of shorter duration.  

 

3.2. Laboratory work 

 

To create a load profile a command window prompts in which we can either adjust load 

according to percentage load with respect to machine load capacity or current required 

for that load. For every load, secondary add push button on the command prompt was 

used to create a load and a time for running the machine for that load is also to be 

included in that profile. The load profile defining editor is shown in the figure below   

 

 

 

Figure 15. Load profile editor 

 

The profile for the above mentioned hourly load was created on the load profile editor 

and each load was run on the PEMFC for one minute. When the load profile is created 
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the editor generates a load bank pre-sets report of that profile showing the percentage 

load profile along with its timing and all system specification. The figures below shows 

different information in load bank pre-set report. 

 

Figure 16. Machine Information in pre-set report 

 

The above figure shows that report contains the information of the manufacturer along 

with software information, the date of the experiment along with starting time. This 

report also states information of voltage, full load output of system, tolerance percentage 

and the status of measured values. 

 

The figure below shows the profile created and it was also the part of the report. It clearly 

shows the percentage of full load and the duration of each load. For each load with its run 

time was created in the form of steps. It clearly shows that there are twenty-four values 

each corresponding to average hourly value of a day. Two set of experiments were 

performed with random values, one without a break and in other after every load value a 

buffer value of 0.0 kW for 15 sec was applied. Rest of the information is same only the 

load profile part of the pre-set documents are different. Both the load profiles are shown 

below. 
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Figure 17. Load profile implemented on load bank 

 

The other information included in the report are shown in the figure below.  

 

Figure 18. Pre-set report other information 
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3.3. Results 

 

System creates a log file after every five minutes in which it states all the working 

conditions of the PEMFC. The file created by the system is named as 

GC5BB000000300_Sys_HSD_2013_06_21_10_35_10.csv. This excel file contains all 

the system working information. In this file column BD gives us the H2 consumption, 

which is main interest of this experiment.  The hydrogen consumption always calculated 

by the system is in liters/min. The figure below shows the layout of the excel sheet 

showing the BD column with the heading of that column as H2 usage. For plotting of 

results we have arranged the values in the ascending order. In experiment the values were 

applied randomly. The graph for the fuel consumption w.r.t to values load values is 

shown below. 

 

 

Figure 19. System file showing H2 usage 

 

The graph showing the load and consumption are shown below. In graph 3. the load 

values are shown in the random but in the graph 4. the values are in ascending order but 

the hydrogen consumption remains the same for each values.  
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Graph 3. Random values of load along X-axis  

 

It is noted during the experiment results from PEM fuel cell that the hydrogen 

consumption values remains the same as long the load remains the same. To get a 

generalised value which can be used for all values of load the x-axis load values are 

sorted in the ascending order and the corresponding load values also got arranged in the 

same manner.   

 

Graph 4. Arranged values of load along X-axis 
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In these graphs values on the Y-axis are hydrogen consumption and on the x-axis are the 

electrical loads. 

 

The graph above after being arranged in the ascending shows slightly a different 

behaviour from the original manufacturer hydrogen consumption graph. Manufacturer 

graph is a linear one while the experimental graph is slightly slow in change. This might 

be due to small timing for which the load was applied on the PEM fuel cell.  

 

The arranged graph shows approximately a linear relationship but to form an equation of 

line Least Square Fitting (LSF) principle is applied in matlab. It gives a actual value 

graph and the approximate linear equation to generalise it for further uses. Using Curve 

Fitting Toolbox, LSF was performed in matlab and the command for this tool is cftool in 

matlab. The results for the above mentioned matlab process is shown in the figures 

below. In this tool we can select different model and for our calculation linear model is 

selected to match with the manufacturer hydrogen consumption. 

 

Figure below shows the actual above graph and the proposed Linear Fitting derived for 

the applied load and consumption values. In this X-axis is showing the load values and 

hydrogen consumption values are shown on the Y-axis. 
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Figure 20. Actual Values and proposed straight line by LSF 

 

 

Figure below shows the proposed equation of linear fitting along with the constant 

values. It also shows the range of the constants and best possible constant values are also 

shown.  
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Figure 21. Proposed equation of straight line by LSF 

 

This tool also gives the analysed results of the proposed linear fitted equation. These 

results are very much nearer to the actual standard hydrogen consumption values. The 

standard hydrogen consumption value for the PEMFC used is 13 slm for 1kW load which 

is very much nearer to the proposed results shown below.  

 

 

Figure 22. Analysed results by proposed equation of line  

 

The above Proposed equation is applied in the excel sheet to form a tool which will 

calculate the hydrogen consumption for electric load profiles. 
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4.   Sizing tool 

 

As described above in the figure 1, the system consists of PEM fuel cell, electrolyser, 

water storage tank and the solar panel. At the base of this tool calculations is the 

hydrogen consumption of the under experiment fuel cell and from that we have derived a 

equation of line by using the least square fitting rule in matlab and implemented it for all 

values of load and hydrogen consumption for different loads values are calculated. These 

values are in the units of litres/min units, which were first converted for hourly values by 

multiplying these with 60 minutes to make them hourly values.  

 

These values are further converted into standard hydrogen units, which are Nm
3
 because 

the electrolyser produces hydrogen in gaseous form instead of liquid state. After having 

hydrogen consumption for each load from experimental values, in the next step energy 

requirements of electrolyser is calculated. In this per hour energy requirements are 

considered to produce that much amount of hydrogen needed for full working of PEM 

fuel cell during that specific hours. In this standard values in Nm
3
 are taken into account.  

 

After calculating the energy requirements of electrolyser the next step is the supply of 

water. In this step water is taken litres/min units, as standard conversion values are used 

so both values are equal in amount but in different units. The values assumed below are 

used to calculate the amount of water needed by electrolysers to produce hydrogen for 

that hourly load. The maximum amount of water against the maximum load will be the 

selected capacity of the water storage tank. 

 

Finally as the system is autonomous in its working and its only power supply is from 

solar panel. Value for W/area for a solar panel is assumed below and used to calculate the 

covered area of total solar panel. Units for this part of calculations are square meters.  

The maximum power demand corresponding to the maximum load will demand 

maximum power supply which will be the selected area of solar panel in square meters. 
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4.1. Tool sheet assumptions 

 

For excel tool sheet hydrogen consumption is calculated by the above defined procedure 

and the linear fitting equation is used. This equation gives the hydrogen consumption in 

liters per minute but this is converted into hourly consumption. There is assumption used 

in the hydrogen consumption but it totally depends on the experimental results obtained 

from the PEMFC under observation. 

 

For hydrogen production it is assumed from literature review that PEM electrolyser 

produce 0.42-m3 h
-1

 of hydrogen [15]. This    

1Nm
3
 = 1000 litres 

0.42 m
3
 =420 litres 

 

For Electrical Consumption of PEM Electrolyser it is assumed that it will take 3kWh per 

Nm
3 

of hydrogen produced [15] [19]. 

 

For water tank storage it is assumed that it requires approximately 9 litres of water to 

produce 1 kg of hydrogen [16].  

 

For conversion of hydrogen units from liquid to kg it is taken as [17], [18] 

1kg = 11.126 Nm
3
    

or 

1kg = 14.128 litres 

 

Actually solar panels produce 100-200 W per square meter and for my calculation it is 

assumed that 100 Watts/ 1 sq. meters [21] [22] [23].   

 

For Nm
3
 (Normal cubic meter) temperature is considered as 0

o
 C and pressure at 1 atm. 

All the above values are rounded to nearest significant numbers. 
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4.2. Tool testing 

 

The above-mentioned winter and summer load profiles are tested in the tool sheet and the 

corresponding hydrogen consumptions were converted into hours instead of minutes. The 

corresponding graph showing the winter and summer daily per hourly consumptions are 

shown below.

 

 

Graph 5. Summer hydrogen consumption 

 

In graph 5. x-axis shows the load in kW and the y-axis shows the hydrogen consumption 

in litres/hour. And corresponding winter consumption is shown in graph 6.  
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Graph 6. Winter hydrogen consumption 

 

 

Similarly in graph 6. x-axis shows the load in kW and the y-axis shows the hydrogen 

consumption in litres/hour.  

 

These two graphs clearly shows that as the load during the summer and winter seasons 

varies so as the hydrogen consumption. Similarly as during the winter season energy 

consumption increases it will need more hydrogen during the winters than the summer. 

So for designing a system, results, which are consuming or demanding grater hydrogen 

should be given priority and these values should be implemented in the system 

configuration.  
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This tool not only gives the hydrogen consumption but also suggests the capacities of 

other components of the system by using the above-mentioned values taken from 

literature review. For the above selected summer profile the corresponding energy 

requirement of electrolyser for each load is given in table 1.  

 

Load 
Required 

kWh  

0.2 1.69 

0.17 1.66 

0.15 1.64 

0.15 1.64 

0.14 1.63 

0.16 1.65 

0.24 1.72 

0.34 1.81 

0.34 1.81 

0.28 1.76 

0.26 1.74 

0.26 1.74 

0.28 1.76 

0.25 1.73 

0.24 1.72 

0.27 1.75 

0.37 1.84 

0.49 1.95 

0.48 1.94 

0.45 1.92 

0.42 1.89 

0.42 1.89 

0.4 1.87 

0.29 1.77 
Table 1. Summer kWh power requirement w.r.t load 

 

This above table is for summer profile and it shows the per hourly power requirement for 

electrolysis and it is assumed that for that hour, power from the renewable energy should 

remain constant around these values. This tool also suggests that 1.95 kWh is the 

maximum values against that daily electric load which should be selected so that it can 

fulfil the energy requirements of all the loads.  
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Similarly for winter load profile per hourly power requirements are shown in the table 

below. 

 

Load 
Required 

kWh  

0.26 1.74 

0.21 1.70 

0.18 1.67 

0.17 1.66 

0.17 1.66 

0.2 1.69 

0.35 1.82 

0.5 1.96 

0.49 1.95 

0.43 1.90 

0.39 1.86 

0.39 1.86 

0.41 1.88 

0.37 1.84 

0.37 1.84 

0.41 1.88 

0.56 2.02 

0.77 2.21 

0.87 2.30 

0.81 2.25 

0.71 2.15 

0.62 2.07 

0.51 1.97 

0.39 1.86 
Table 2. Winter kWh power requirement w.r.t load 

 

The table 3.2.2 suggests that if the system is designed for winter then the maximum 

energy requirement is around 2.30 kW for a day, which must be required in maximum to 

compensates all the energy requirements of the day.  

 

The corresponding required area in per square meter for the above-mentioned loads i.e. 

summer and winter seasons for solar panel are given in the tables below.   
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Load  
Panel area 
per sq. m 

0.2 16.86 

0.17 16.59 

0.15 16.40 

0.15 16.40 

0.14 16.31 

0.16 16.49 

0.24 17.23 

0.34 18.14 

0.34 18.14 

0.28 17.59 

0.26 17.41 

0.26 17.41 

0.28 17.59 

0.25 17.32 

0.24 17.23 

0.27 17.50 

0.37 18.42 

0.49 19.52 

0.48 19.43 

0.45 19.15 

0.42 18.88 

0.42 18.88 

0.4 18.69 

0.29 17.69 
Table 3. Summer required panel area in square meters w.r.t load 

 

As we know that solar panel area is a fixed quantity so it cannot be changed for 

alternating load values. So the maximum panel area will be considered so that it can fulfil 

all the load requirements.  In case of above load 19.52 sq. meters will be the panel area 

which can meet the energy demand of the electrolyser. 

 

 

 

Similarly for winter season as the energy requirements increases so as the panel area will 

also increases. Table 3.2.4 below gives the panel area against each load. 
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Load  
Panel area 
per sq. m 

0.26 17.41 

0.21 16.95 

0.18 16.68 

0.17 16.59 

0.17 16.59 

0.2 16.86 

0.35 18.24 

0.5 19.61 

0.49 19.52 

0.43 18.97 

0.39 18.60 

0.39 18.60 

0.41 18.79 

0.37 18.42 

0.37 18.42 

0.41 18.79 

0.56 20.16 

0.77 22.09 

0.87 23.00 

0.81 22.45 

0.71 21.54 

0.62 20.71 

0.51 19.70 

0.39 18.60 
Table 4. Winter required panel area in square meters w.r.t load 

 

The surface area in square meter for panel should match the maximum load value of the 

year so that all energy needs for the system can be fulfilled. For this specific load profile 

23.00 sq. meters of panel area is required which is sufficient for the whole energy 

demands of the electrolyser.  

 



 44 

 

5. Discussion 

 

In this tool, calculations are made on the practical results obtained from the PEMFC 

experiment. It is quite interesting to note that I this case when the load remains the 

constant the PEMFC hydrogen consumption also remain the constant. It should be worth 

mentioning here that all these calculations are for 3kW load profiles because the 

hydrogen consumption for load greater than 3 kW changes. In official manual of this 

PEMFC it is mentioned that this PEMFC will consume 40 slm at 3kW load and this 

consumption will increase to 75 slm at 5kW. The conversion values for capacity 

calculation of each component are based on the literature studies.  In tool sheet, solar 

panel covered area is also calculated which also changes with the load profile. But it we 

consider the load variation during summer and winter as used above than the surface area 

for solar panel does not changes too much.  In the tool sheet, 24 hourly loads are entered 

and the sheet will give the rest of the values on the basis of assumed values for each 

component.  

 

PEMFC actually gives the values in litre/min but these values are first converted into 

litre/hour and then to Nm
3
/hour. The reason for conversion is that we are using hydrogen 

in gaseous state and gases are always takes in cubic meters instead of litres. Then after 

the conversion they are converted to kilograms as our electrolyser conversion values are 

in kilograms. Then for each kilogram power requirements are calculated by using the 

assumed. Firstly the power values are calculated per hourly and then accumulative power 

per day is also calculated. This accumulative power is used further to calculate surface 

area of the solar panel which will provide the power to electrolyser. 

 

From panel sizing it is clearly shown that if the maximum load panel size will be used we 

will have surplus energy from the panel for major period of the year.  
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6. Conclusion and future improvements 

 

This thesis illustrates the capacity requirements of each component of autonomous 

PEMFC for electricity production. The results obtained through this tool shows changes 

in different results for different loads. This explains that in every season load demand 

changes and different resources are needed to coup these demand. 

 

Nevertheless, in order to form a any tool for such systems each component should be 

tested experimentally and the practical data should be used to form such tool. Also 

different load should be tested on PEMFC varying from domestic to industrial to evaluate 

the working of PEMFC for such tools. Also the results from this GenCore 5B48 fuel cell 

cannot be taken as standard for all types of fuel cells.  

 

Also to support this tool further, proper modelling is required which is not considered in 

this tool also proper simulation tools should be employed to further support this tool. This 

tool is just a analytical explanation depending upon simple calculations. To explore it 

further a proper simulation tool is required which will take into account PEM fuel model 

equations instead experimental results along with all the components mathematical 

models so that the system performance can further be evaluated and analysed. For such 

purpose software like matlab, Simulink and ESP-r can be utilised to further improve this 

area of research.   

 

As this type of autonomous systems are emerging technologies so there are many other 

options of utilizing these PEM fuel cells systems. Instead of continuously producing 

electricity from fuel cell we can utilize solar and wind energies as main source and the 

fuel cell be used as backup power supply. As solar panel will provide the power during 

the day so this power will be used for domestic purpose as well as by electrolyser. During 

the night time the stored hydrogen will be used by fuel cell for electricity production. 

Also the surplus power will be used to perform electrolysis to produce hydrogen. In this 
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way components capacities can be reduced. Also the cost of such systems is very 

important which takes into account the working cost as well as equipment cost. 

 



 47 

 

7.   References. 

 

1. United Nations Intergovernmental Panel for Climate Change Working Group I, 

2001. Summary for Policy Makers. Third Assessment Report. 

2. McElroy, J.F., 1993. Recent advances in SPE water electrolyzer. In: Wilson, R.M. 

(compiler) (Ed.), Proceedings of Space Electrochemical Research and Technology 

Confer- ence. National Aeronautics and Space Administration, Cleveland, OH, USA, 

pp. 193–201. 

3. Shapiro Daniel et al, 2005. Solar-powered regenerative PEM electrolyzer/fuel cell 

system. University of Massachusetts Lowell, Solar Engineering Program. 

4. Hoffman, Peter,2001. Tomorrow‟s Energy, Hydrogen, Fuel Cells and the Prospects 

for a Cleaner Planet, The MIT Press.  

5. Al-Hallaj Said, Kiszynski Kristofer, 2011.  Hybrid Hydrogen Systems Stationary and 

Transportation Applications. Springer.  

6. Ali SM, 2007. Solar-hydrogen systems for remote area power supply, in School of 

Aerospace Mechanical and Manufacturing Engineering. Melbourne: RMIT. 

7. Grigoriev et al, 2005. „Pure hydrogen production by PEM electrolysis for hydrogen 

energy‟. Hydrogen Energy and Plasma Technology Institute, Russian Research 

Center “Kurchatov Institute”, Kurchatov sq., 1, Moscow 123182, Russia 

8. Barbir Frano, 2004. PEM electrolysis for production of hydrogen from renewable 

energy sources. Connecticut Global Fuel Cell Center, University of Connecticut, 

United States. 

9. GENCORE®5 FUEL CELL SYSTEM. System Fundamentals 

http://www.smartgrup.ro/pdf/fundamentials.pdf 

10. Ali SM & Andrews J, 2005, „Low-cost hydrogen storage options for solar hydrogen 

systems for remote area power supply‟, in the proceedings of ANZSES, Nov 28-30 

http://www.smartgrup.ro/pdf/fundamentials.pdf


 48 

Dunedin, New Zeeland 

11. Tzimas E, Filiou C, Perves S D, Veyret J B 2003,‟Hydrogen storage: state of art and 

future perspective, European Commission, Directorate general Joint Research Centre 

(DG JRC) Institute of Energy,Petten, Netherlands. 

12. Dincer I, 2002, „Technical ,environmental and exergetic aspects of hydrogen energy 

systems‟, International Journal of Hydrogen Energy, vol. 27 pp.265-285 

13. Dincer I 2007, „Environmental and sustainability aspects of hydrogen and fuel cell 

systems‟ international Journal of Energy Research, Vol. 31, Issue 1, pp. 29–55 

14. Hydrogen, Fuel Cells, and Infrastructure Technologies, 2003 „Hydrogen Composite 

Tank Project‟ 

http://www1.eere.energy.gov/hydrogenandfuelcells/pdfs/iiia1_sirosh.pdf 

15. Zeng Kia, Zhang Dongke, 2010 „Recent progress in alkaline water electrolysis for 

hydrogen production and applications‟ Progress in Energy and Combustion Science 

Vol. 36 pp. 307–326 

16. Bossel Ulf, 2006, „Does a Hydrogen Economy Make Sense?‟ IEEE Proceedings 

http://www.fuelcellforum.com/reports/E21.pdf 

17. Universal Industrial Gases, Inc.  http://www.uigi.com/h2_conv.html 

18. Keen Compressed Gas Co. http://www.keengas.com/technical-tips/conversion-

data.htm 

19. http://www.brunopolletresearch.com/Energy_Data.pdf 

20. http://www.uea.ac.uk/~e680/energy/energy_links/electricity/load_profiles.pdf 

21. http://data.ukedc.rl.ac.uk/browse/edc/Electricity/LoadProfile/doc/Load_Profiles.pdf 

22. http://www.sigenergy.co.uk/Residential-PV-Systems/How-Much-Solar-PV-Do-I-

Need%3F.htm 

http://onlinelibrary.wiley.com/doi/10.1002/er.v31:1/issuetoc
http://www1.eere.energy.gov/hydrogenandfuelcells/pdfs/iiia1_sirosh.pdf
http://www.fuelcellforum.com/reports/E21.pdf
http://www.uigi.com/h2_conv.html
http://www.keengas.com/technical-tips/conversion-data.htm
http://www.keengas.com/technical-tips/conversion-data.htm
http://www.brunopolletresearch.com/Energy_Data.pdf
http://www.uea.ac.uk/~e680/energy/energy_links/electricity/load_profiles.pdf
http://data.ukedc.rl.ac.uk/browse/edc/Electricity/LoadProfile/doc/Load_Profiles.pdf
http://www.sigenergy.co.uk/Residential-PV-Systems/How-Much-Solar-PV-Do-I-Need%3F.htm
http://www.sigenergy.co.uk/Residential-PV-Systems/How-Much-Solar-PV-Do-I-Need%3F.htm


 49 

23. https://www.ofgem.gov.uk/ofgem-publications/76112/domestic-energy-consump-

fig-fs.pdf 

24. http://www.solar-estimate.org/?page=solar-calculations 

25. http://www.theecoexperts.co.uk/how-much-electricity-can-i-generate-solar-panels 

26. http://www.eci.ox.ac.uk/research/energy/downloads/40house/background_doc_p.pdf 

 

 

 

https://www.ofgem.gov.uk/ofgem-publications/76112/domestic-energy-consump-fig-fs.pdf
https://www.ofgem.gov.uk/ofgem-publications/76112/domestic-energy-consump-fig-fs.pdf
http://www.solar-estimate.org/?page=solar-calculations
http://www.theecoexperts.co.uk/how-much-electricity-can-i-generate-solar-panels
http://www.eci.ox.ac.uk/research/energy/downloads/40house/background_doc_p.pdf

