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Abstract		
 

Hydrogen electrolysis has gone through a number of stages in research and applications. From 

what we can see from this report, there are several ways of producing hydrogen electrolysis, 

and several applications. 

The main purposes of this report however, is not to describe what hydrogen electrolysis is and 

its applications. Research and experiments has already proven that it is a functioning 

technology. The aim is to gather the necessary information, both theoretically and practically 

to be able, from a technical and business point of view analyze if this in fact is a realistic 

solution.  

To maintain a system of sustainable energy has always been an attractive market and there has 

existed a number of technologies that has had their share of the fame. However, most of these 

solutions have shown not to be viable, lucrative or technically scalable. Hence, the important 

issue to address is whether this is a solution worth investing in.  

The information gathered for the theory is based on technical reports, academic scripture and 

literature. All of which can be back tracked to its original source. 

The practical test is done by using a test kit made for universities and other institutes to better 

understand how hydrogen electrolysis works. The materials used are all scientifically 

acceptable according to the theories and technologies surrounding hydrogen electrolysis. 

Hence, the data gathered from the test kits are all accurate according to current research.  
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Background	
 

The modernization of the power system and grid has become a relevant topic in most 

organizations and governments. The general requirement is that we develop an overall green 

solution to compensate for our growing consumption.  

Today, among many other solutions, nuclear power is the main source of electricity. Some 

few countries can use majority green electricity. However, these countries are very few. In 

Sweden we can produce about 40% of our electricity needs through hydro power [1] and 

Island can produce over 50% of its electricity needs through geothermal energy [1]. 

Even though these countries have a unique advantage and may be a few steps ahead in regards 

to a more environmental power industry, it does not change the global situation.  

Most countries do not have access to natural springs, geothermal or even good wind 

conditions for any other form of electricity. Many places cannot access an electrical grid.  

The solution is of course research and development in the power sector. Creating more 

distributive electrical paths and more efficient and environmental technologies.  

Looking at the many existing solutions there are a few that do possess a potential to satisfy 
these requirements. Among these is hydrogen electrolysis [2][3]. 

Hydrogen is beneficial to work with as it is the most common molecule in the universe. 

Almost every molecule consists of hydrogen. Although in many materials, the hydrogen can 

be very hard to extract [4][5].  

Hydrogen electrolysis however builds on the principles of separating the oxygen and 

hydrogen molecule from one another and storing the hydrogen. Much like a battery, the 

hydrogen can be used when needed however holds a very large amount of energy.  

Here we will evaluate, research and experiment on the possibility that hydrogen electrolysis 
may one day be a viable solution for the future.   
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Aim	
 

The goals of this project is to explore the possibilities of using a form of irregular power in 

combination with a hydrogen fueling system. Hydrogen can be used in a number of different 

ways, as cooling, fuel for the automotive industry, heating and energy storage. With the help 

of various fuel cells and technologies, the hydrogen gas can heat houses, be converted back 

into electricity and be used to propel an electrical vehicle.  

In this report I will analyze the theory of a electrolysis apparatus, the various sources it may 

be connected to and what potentials it may have today and in the future. A lot of research and 

investments have been put into a hydrogen and renewable energy projects around the world, 

although the information of these supposedly future means of energy is not well covered.  

I will also conduct an experiment in order to demonstrate how this technology works and 

what efficiencies retailed hydrogen electrolysis systems are.  

Therefore, the purpose of this report is not to show that hydrogen electrolysis connected to 

irregular power works or does not work. The purpose is to explore and analyze the future and 

present functionality of these systems. It is equally interesting to understand that the system 

has a low probability of ever having a market place as well as showing it may be a future 

investment worth considering.  

As most technologies like computers, cars etcetera once had a lot of criticism and low hopes 

of ever having a market place, here I want to show if this technology may one day be as smart 

or successful as the automobiles and computers became.  
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Introduction	
 

Hydrogen electrolysis builds on the principles that we can store the electrical energy in the 

form of a chemical compound as hydrogen [4]. Hydrogen is a chemical that today has an 

infrastructure in many modern industries. However, the possibility of using is in regards to 

power systems is still young.  

Hydrogen electrolysis builds upon using an electrical current to split the hydrogen and oxygen 
from each other [2]. There are a few different solutions to this, all of which has its own 
application.  

There are a number competing industries as well. However, hydrogen electrolysis is an 

unbiased technology, that can be placed in a number of different areas and natures without 

necessarily affecting the nature or people negatively.  

Hydrogen electrolysis is the ideal case to combine with irregular power systems and 

renewable energy in order to create a reliable power source. Renewable energy today is not 

adaptable to the power gird as it is not reliable or regular in its behavior.  

If we one day wish to expand the possibility of green energy, we also need to consider the fact 

that we need a solution to control the irregularity of these power stations.    
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Storing electricity 

 

There are a number of different ways of storing energy, and then converting it to electricity. 

In Spain solar mirrors are concentrated on water containers that then store the solar energy in 

hot water tanks. This can then be converted into electricity with turbines powered by the 

rising water vapor [3]. 

There are other solutions as hydro wind stations where wind power is used to pump water into 

reservoir that hydro power stations can use when electricity is needed. This has shown to be 

very effective as the wind power station can mechanically or though electric pumps store 

water in for the hydropower station when needed [3]. Many countries however, do not have 

natural springs or lakes that can be used for hydro power plants; hence allows countries that 

may not have the nature to still have an artificial hydro power plant.  

Hydropower, even though being a green and renewable power source, there are some negative 

effects that often get criticism. Hydropower uses large artificial reservoirs to store the water. 

For the hydropower station to be effective the water needs to have a certain pushing force, 

which is the reason for the large storage need. Hence hydropower stations submerse large 

amounts of land that affects the nature and living possibilities in the areas. The stations would 

need to be placed in areas where the nature can adapt and be somewhat unaffected and lowly 

populated. Areas that usually fill these criteria already have the nature to build a natural 

hydropower station and does not need for an artificial pump. Therefore the limitation of the 

technology is the geographical need and possibility which limits it to a rather small area.  

Other electricity storing possibilities are batteries. However, to satisfy the storage need of a 

power station it would need huge containers of chemicals which is rather expensive and not a 

very environment option, especially when most of the countries are trying to adapt a green 

energy future. 

Remaining are a few other technologies that most have already been proven to not be viable 

for any future uses.  

Nevertheless, an up and rising technology with large industrial and electrical applications is 

hydrogen electrolysis. Essentially it stores energy in the form of hydrogen which has proven 

to be effective and economical. Hydrogen is already a resource widely used in a number of 

industries and a bi product from many other industries. Hence there already exists a 
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functioning infrastructure. Therefore, hydrogen electrolysis poses one of the most promising 

methods of energy storage in the future.    

Many technologies are being retrofitted for the use of hydrogen as well as new industrial 

applications for hydrogen are being created. There is a demand for clean and cheap hydrogen. 

Projects have also proven that hydrogen electrolysis is a possible method of energy storage 

and is seen as a technology that could one day be a method of storing electricity from 

irregular power stations as renewable energy. 

Figure 1 shows a picture that illustrates the future possibilities of using hydrogen as a market 

viable product beyond its industrial niche.  

[6] Figure 1 Picture from Fuel Cell Today-“”Stationary application” 
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Storing irregular electricity 

 

To be able to store irregular energy today is a hot subject. However most methods are 

not relevant or developed enough to be applied to any industries. Some solutions as 

pumping water into reservoirs with the help of various electrical power sources are not 

as attractive as others as this solution is dependent on a geographical location [1]. A 

hydropower station would not be ideal in a highly populated area or anywhere across 

the equator unless it is used for small scale irrigation. Batteries are often used in 

combination with solar power as well as wind turbines, however, not in any large 

enough scales to apply to the power grid [1] [3]. Some batteries do prove to be rather 

effective, however are often very expensive which makes the entire system un-ideal 

because of the overall costs.  

One of the most promising technologies is hydrogen electrolysis that provides a number 

of very effective solutions. About 40% of the world does not have access to electricity 

[1]. Hydrogen can be transported though gas lines, containers or converted into different 

forms of energy and used directly or later [2]. Hence it can be transported cheaper than 

having to build an entire distributive grid to these areas [3]. Some of these areas are 

usually also un-accessible for any functioning grid system. 

Hydrogen is an element with a very high 

energy value and is already accessible 

through a number of different industries, and 

is often is a bi-product from others [2]. 

Hydrogen electrolysis only needs an external 

power source, as wind or solar to produce 

hydrogen, hence renewable energy can serve 

a purpose in remote areas as well as other [7]. 

The infrastructure exists and hydrogen is 

today a product with a demand [2]. 

Figure 2 shows an example of an electrolysis 

system. 

  Figure 2. Picture taken from FuelCellToday-The leading  

  authority on fuel cells today repport“Water electrolysis and energy systems” 
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Irregular power 

 

Irregular power is created from a power station that does not have a stable flow of electricity. 

Electricity is a utility that is produced when it is used. Overflows of electricity on the grid can 

cause damage to the grid and the technologies connected to the grid. Hence the power need is 

always carefully regulated and planned to fill the demand [1].  All countries has a power 

source that acts as a base power to supply, an even and stable electrical flow to the grid. Then 

we have regulatory power that produces additional power for peaks as the demand differences 

between night and day. Then we have additional smaller power plants that support the 

demand between summer and winter or holidays as Christmas. In Sweden nuclear power is 

our base power, hydropower is our regulatory power and fossil fuels are used during peaks 

between summer, winter and holidays [1].  

Renewable energy in Sweden right now is hoping to replace the peak demands between 

winter and summer. However, because most forms of renewable energy has no guarantee and 

is irregular the application is not reliable. This can result in areas being without electricity. In 

areas as northern Europe the need to heat is an essential to live during the winter [1][8] .  

Yet we connect large amounts of renewable energy to the grid which forces power stations to 

regulate their power production, which reduces the reliability of the electrical grid and the 

economic burden for power companies that need to adapt the demand changes caused by an 

irregular power station.  

Green energy is on demand, however, for it to be viable in the future, the production needs to 

be stable or it might result in an extremely unstable grid in the future. Scotland that has built a 

large amount of wind farms are already today seeing the effect of this, being forced to shut 

down their wind turbines as the demand is not high enough [8]. Every country that invests in a 

green future faces the same problems if irregular power sources are not stabilized somehow.  

 

Renewable energy 

 

When we speak of irregular power stations, renewable energy often is one of the causes. 

This is because there are no guarantees for wind, sun, waves or currents. Hence, there is 
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no way for the power stations to guarantee that their power stations will fill the demand 

needed.  

Companies controlling the grid are required to plan the demand before receiving 

electricity from the different power stations [1] [3]. Hence renewable energy poses a 

problem for the power grid as well as the quality of life if it causes the grid to function 

unstable. The need to store the electricity produced is a requirement for us to realize a 

green energy future.  

 

Wave power  

 

Wave power is based on harnessing the energy in the waves. There are 

a number of different mechanical solutions as the wave height 

differences pushes air vertically or horizontally through a tube that 

powers a turbine [9] [10]. Other designs exist that can be submersed 

which uses the change in motion caused by the waves. There also exists 

solutions to place the same technology on the water surface [9] [10]. 

With the help of power electronics the electricity produced is converted 

into an alternate current and transported to the grid. 

Wave power, much as any other form of renewable energy is quite 

irregular even though weather patterns seem to be repetitive. Hence 

there are no guarantees of a stable power production.  This poses a 

problem, and an area in power engineering that would benefit from 

hydrogen electrolysis. Wave power is an effective solution as it enables 

power stations to be distributed over areas that may not have the right 

wind conditions or solar potential. The wave’s energy would in this 

instant be converted into a stable current and clean water for the 

electrolyzer could be taken from the water vapors. An ocean based 

power station could function as an off grid fuel station where hydrogen 

is stored off –shore. There is also the possibility of storing the hydrogen 

on land where it can be utilized on land.  
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The technology however is not as developed as other solutions, although it still shows a 

potential in future energy markets.  

Figure 3 shows an example of a wave power system.  

 

 

 

 

 

 

 

 

Figure 3 Picture taken from www.arup.com “Pelamis wave power design study”  

Tidal power 
 

Tidal power is one of the most reliable forms of renewable energy [11]. Tides are 

usually rather predicable in most counties. The concept behind tidal power and has 

been used for hundreds of years (even though not all for electrical production) [11] 

[12].  

Figure 4 shows an example of a tidal 

power system 

 

 

 

 

[28] Figure 4. Picture taken from  marineturbines website  
“Marine Current Turbines to deploy tidal farm off Orkney  
after securing Site Lease from the Crown Estate” 
 
The power station can be built as a barricade or function of the movement of water 

caused by the water level difference.  
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The concept is however not fully developed yet and does not produce an 

economically viable amount of electricity.  

 

Solar power  

 

Solar can produce energy in a number of different forms as heat or electricity. 

Solar power can be harnessed by vacuum tubes that heats water or other fluids to 

reduce heating costs. Nevertheless, the most viable forms of solar power are solar 

cells. A solar cell is a semiconductor technology that converts photons to an 

electrical current [15].  

Figure 5 shows an example of a solar array. 

 

 

 

 

 

 

                       

 

 

 

[16] Figure 5.  Picture taken from ZDnet website “Solar power  
gains ground in Germany” 

 

It is a widely used technology in Southern Europe and other countries with a high 

exposure to sun all year around [16].  

Solar cells also exist in different forms as Copper indium gallium selenide, 

amorphous, tandem and crystalline cells. Each type off solar cells has their own 

ideal application as some solar cells do not produce even 50% of its rated power 

without direct sunlight, although produce larger amounts of energy when exposed 

to directs sunlight [3] [15].  
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Solar cells are very dependent on sunlight to function. Cloudy weather, humidity 

and the ever changing and often somewhat unpredictable weather patterns make it 

irregular for a larger grid connection [3] [15]. Many solar power plants are used to 

store the energy as heat in large water tanks [3]. This is however not an effective 

way of utilizing solar power as only a small portion of the energy is stored, 

maintained and reconverted to electricity.  Electrolysis would act as an effective 

way of storing the electricity produced by the solar cells.  

Solar power is an irregular power source in need of an energy storage solution that 

can reduce the overall energy loss.  

 

    Wind power 

 

Wind power is based in “catching” the wind and converting this into a useful form 

of energy. Historically wind turbines where used by farmers for the mechanical 

grinding possibility. Today we generally use wind energy to produce electricity, 

but also heating water and still some mechanical functions as pumping [1]. 

When we use wind power we can either store the electricity off-grid or feed it to 

the grid [1]. The off-grid usage is not used for larger applications, it is usually 

used as a private usage [1]. Wind power is also used in tandem with other power 

stations as hydropower where wind power can pump water into the reservoir in 

places the natural spring might no longer be effective enough on its own [3]. 

The problem with wind power however is that wind is very unreliable [1]. Hence, 

a wind power plant might not be effective when the demand is high, yet high 

when the demand is low. This can pose a larger issue for controlling the grid and 

maintaining the supply and demand of electricity. If we use wind power for other 

means than electrical production the irregular wind behavior might not pose any 

significant issues to the grid or the supply needs. Although, for it to be possible to 

utilize wind power as an electrical power source, it needs to be able to store the 

energy in an effective yet reliable form [1] [3]. 
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An example of problems that already is visible in countries that have had 

significant investments in wind power is the wind farm in Scotland that had to 

shut down a wind farm as the demand was not high enough to use the electricity 

produced [1]. This resulted in a loss of about one million pounds, a cost that was 

distributed over the customers of the electrical supply [1]. In this case renewable 

energy does not provide an economically viable technology in comparison with 

non-environmental options.  

In Sweden the electricity of our wind farms does not produce enough to cause 

these problems, however when irregular electricity accounts for 10% of the 

electricity on the grid it might cause similar problems as in Scotland [1]. 

The solution to the problem so far is that wind farms are distributed over the 

country in an attempts to reduce the irregular behavior of wind [1][3]. This is 

however not a long term solution as even if no wind turbine is places on the same 

area it still does not give any guarantees for the wind stability [1]. 

 

  Figure 6 shows an example of a common wind turbine.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[17] Figre 6. Picture taken from Vätgas och bränsleceller  
”pusselbitar i det förnybara energisystemet”by Vätgas Sverige  

  



17 

Hydrogen  

Hydrogen is the most common and lightest element that exists. It occurs rarely in free form, 

but often in different chemical compounds as water [2] [4] [18]. The hydrogen molecule 

consists of two hydrogen atoms and is written as H2 [2] [4] [18]. 

Hydrogen is in normal conditions (25 ° C and about 1000 hPa) in gaseous form [18] [2] [4]. It 

is lighter than air, and contains more energy per kg than methane gas, gasoline and methanol 

combined [18]. Hydrogen has however a low energy content per cubic meter which makes 

storage and transport of hydrogen not as effective as other energy resources [18]. As the 

hydrogen molecule is a very small molecule, it easily penetrates through cracks in pipes or 

containers which may otherwise store biogases [4] [18]. Hydrogen can also cause some 

security risks as it is explosive and flammable under certain circumstances. Therefore, 

hydrogen is handled with respect to the risks. This requires that the storage and transportation 

must be made of special materials and tools. 

Hydrogen can be produced in several different ways. The most common is through methane 

gas. However, in the purpose of being able to store renewable electricity, electrolysis is the 

most interesting method of producing hydrogen gas today. Another advantages regarding 

hydrogen is that it already has an existing market. Many industries use hydrogen for cooling. 

More applications for hydrogen are also beginning to emerge in new markets, which increase 

the demand. 

  

Production of hydrogen  

 

One can produce hydrogen though a number of different methods in a variety of 

industries. In several cases, hydrogen is a bi-product from the manufacture of other 

biomaterials. In order to produce hydrogen gas from a power source, one uses 

electrolysis. Some technologies use the integrations of biogas and wind power, although 

the expectations and research of electrolysis is greater in regards to a green purpose.  

Electrolysis is however not cost effective today compared to other methods for 

producing hydrogen. But tests carried out with newer and more efficient technologies 

say they can produce hydrogen with electrolysis for about 3 USD / kg [19]. This gives a 
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good market in comparison with other sectors. With increased research and uses of this 

technology it may one day be mass-produced. This will reduce the overall price of green 

hydrogen. 

 

Electrolysis 

 

Electrolysis is used to cleave chemical compounds. If we use electrolysis to split 

water, we get hydrogen and oxygen. No harmful waste products. But the system 

needs an external power supply to operate. Should we, in this case use wind power to 

produce hydrogen, the production of hydrogen gas is environmentally friendly with 

no emissions [2] [5] [17] [20]. 

It was William Nicholson and Anthony Carlisle during the 1800 that invented 

electrolysis. The principle of electrolysis is passing a current through a conductive 

fluid. But as the water in pure form does not conduct electricity, one must add 

chemical properties (an electrolyte) to conduct the current through the water. 

Electrolysis usually has electrochemical cells that act as electrodes and electrolyte [2] 

[5] [17] [20]. 

 

Figure 7 shows an example of how electrolysis works. 

 

[21] Figure 7. Picture taken from SupergenXIV – Delivery 
of Sustainable Hydrogen “Hydrogen from Electricity” 
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The electrodes consist of a cathode and anode. When applying an electric current the 

hydrogen atoms collect at the cathode and oxygen at the anode. Increasing the 

current or voltage does not create a more efficient reaction, but can result in reduced 

efficiency. Therefore, one must regulate the current to prevent damage to the cells or 

make the system inefficient. To integrate this to a power source we would need to 

regulate the current and adapt it to the electrolyte cells. To get a higher efficiency the 

cells are built more densely and with a better formation. There are several variations 

of electrolysis, as will be explained more later [2][17][20]. 

Most applications require that the hydrogen is pressurized to 300 - 700 bars. 

Producing hydrogen in a pressurized environment can reduce many costs instead of 

pressurizing and storing the hydrogen afterwards. Nevertheless, during the 

electrolysis process both oxygen and hydrogen is created under the same pressure. 

This presents certain risks as hydrogen has explosive properties when it is 

recombined with oxygen. Oxygen under pressure also reduces the combustion 

temperature. Well-planned system of valves can eliminate some of these risks [18] 

[29]. 

 

	 	 	 	 Electrolysis	methods		
 

There are several different ways to produce hydrogen by electrolysis. However,  

applied to various application and industries [18]. 

 

PEMEC	(Proton	Exchange	Membrane	Electrolysis	Cells)		
 

PEMFC electrolyte cells have been used for years in various industries. It is 

easily adjustable to different power characteristics and can be adjusted to 

different efficiencies. One can also regulate the pressure of oxygen and 

hydrogen [4] [18] [20] [22].  

PEMEC electrolysis cells are however not effective enough yet to be applied to 

larger industrial scales. Research is made to find a way to create larger 

electrolyzes of this type [4] [18].  
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It can produce hydrogen in good quality, which means that it can be directly 

used in various industries without any pretreatments [4] [18].  

The main disadvantage of PEMEC is that these systems are relatively expensive. 

Furthermore, there is little evidence that it can be used for longer periods of time 

for large industrial applications [4] [18]. 

 

SPEC	(Solid	Oxide	Electro	Lights	Cell)		

 

This system that works under high temperatures and currently has several 

industrial applications. The water turns to vapor, which makes the electrolysis 

process easier [4] [18].  

The steam that produced by the system can be used to drive a turbine that 

produces electricity or heat which increases the efficiency further [18] [20][22].  

This system is also used today in combination with renewable energy to produce 

hydrogen [4] [18]. 

The system is not as available as other systems and is therefore not very 

accessible. Moreover, there is little information to support larger applications. 

The technology is promising, however for future integrations [4] [18]. 

 

SOFC	(Reversible	Fuel	Cells)	

 

These electrolysis cells can function in the opposite direction [4] [18]. 

Much research has been devoted to this, as it is capable of producing hydrogen 

from water or electricity from hydrogen. Both functions in one system [4][18] 

[22]. 

The problem with these cells is that the efficiency is difficult to control and 

customize. This means it does not have any viable economic applications today. 

Several companies want to combine this technology for automobiles and as a 
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backup system for the telecommunications industry. Some companies are said to 

have already succeeded in producing functional cells of this type [23][24]. 

 

AEC	(Alkaline	Electrolysis	Cells)		

This method has been used since 1920 and is a mature form of electrolysis. It 

uses water-resistant alkaline technologies containing either sodium hydroxide or 

potassium hydroxide and electrodes of steel with a nickel coating [18].  

The fact that this technology has been used for a long time, it is well understood 

and has been used in large industrial plants is a strong advantage. It also costs 

less than other existing electrolysis technologies. The disadvantage of this 

electrolyzer is that it does not easily adapt to changes in electrical supply. This is 

a problem if it is to be integrated with an irregular source of electricity. In order 

to produce pressurized hydrogen it will also needs to be pressurized, which 

increases costs. The hydrogen that is produced by the AEC electrolyzer is not 

sufficiently pure to be applied directly. To purify the hydrogen gas additional 

methods needs to be implemented which increase costs further. In the current 

situation there is a lot of research to develop the AEC to reduce the 

disadvantages and to be able to apply it to a future renewable energy source [4] 

[18]. 

 

The	best	electrolysis	method		

 

All these electrolysis methods are developed to be integrated with new 

technologies. There are still several problems with each. At the moment, the 

greatest challenge is to compete with other methods of producing hydrogen. 

However, the research looks very promising and the possibilities are very 

positive [4].  

To say which is best right now depends on what the application of the hydrogen 

is. Nevertheless, overall if one is to look at the quality of the hydrogen gas and 

the ability to adapt to a variable power supply PEMEC is the best option. 

although research in other methods is also improving. Several other methods 
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also looks promising, especially with the new fuel cells which will become more 

visible in the automobile industries [23][24]. 

 

	 Storage	and	transport	of	hydrogen	
 

One can store hydrogen in gas form, under pressure or in liquid form, which means that 

you have to cool down the hydrogen to temperatures around -250 o C. To cool the 

hydrogen to extremely cold temperatures is expensive and not profitable for a public 

mass industry. Liquid hydrogen also starts to become in gas form again once it starts to 

heat up. Therefore, the container must be emptied of gas to avoid damage to the 

container. The management of something that is also so cold requires extra security 

protocols that increase costs on an already an expensive storage option of hydrogen. 

Today we only store hydrogen in liquid form in very large amounts as it requires less 

space than in gaseous form [18]. 

Gaseous hydrogen has a low energy / volume and requires a lot of space. Furthermore, 

the hydrogen needs to be pressurized to 300-700 bars. Even with today's technology for 

storing hydrogen it still requires much more space than gasoline. The hydrogen 

molecule is very small, which requires specially made container. Otherwise there is a 

risk of diffusing hydrogen. The tank can be easily damaged by hydrogen stored in the 

wrong materials. A phenomenon called "hydrogen embrittlement", which is when the 

material allows the hydrogen molecule to penetrate, causing further tension in the tank 

that can cause damage to the container. Even though container may in theory be able to 

keep the amount of pressurized hydrogen the risks cannot be overlooked [25].  

Therefore, it is important to use the correct materials. Different metal hybrids, chrome 

steel or composite materials are suitable for storage and transport of hydrogen [4] [18]. 

Metal hydrides can absorb hydrogen as a sponge, and therefore efficiently store 

hydrogen in less space [4] [18]. In addition, the explosive and flammable hazards of 

hydrogen is reduced [18]. Good metal compounds are of titanium, iron, magnesium, 

nickel or chromium which can absorb 1-2% of their own weight [18]. 
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Today a 40 ton truck can deliver about 400 kg of hydrogen; however the same truck 

could deliver 26 tons of gasoline [18]. This means that there would be a need for more 

supplies which increases the cost of hydrogen as a resource. 

Today, there is a good infrastructure for gas. Biogases are transported through a gas 

network of pipes and bearings which can also be retrofitted to hydrogen. Transporting 

hydrogen is used in several industries which show that the knowledge in this area 

already exists. This also makes it possible for an industry of hydrogen gas to be 

developed and constructed with the current infrastructure. 

We work with different types of gases in several industrial environments, including 

hydrogen. Although there are several new industries and applications for hydrogen gas 

today and in the future which hydrogen is not established for. The infrastructure for 

hydrogen is not developed enough for these new uses. 

To locally store hydrogen is however possible today, however only in test plants. These 

plants use hydrogen to smooth the irregular electricity from the renewable resources 

[25]. 

 

	 	 Applications	of	hydrogen	
 

Hydrogen can be used for various applications. A lot of research is going in the 

automotive industry where they want to be able to use hydrogen as fuel. The fact that it 

contains about as much energy as 3 kg petrol or 2 kg of biogas can be a competitive 

alternative [26]. Germany is investing heavily in building an infrastructure for hydrogen 

in the automotive industry, where they plan to have 400 hydrogen fueling stations in the 

future [27]. Car manufacturers like Hyundai also aims to launch cars that run on 

hydrogen in the coming years [23][24]. In this case, you use hydrogen cells that produce 

electricity to power an electric motor. One can also use hydrogen directly in combustion 

engines, although this contributes to greenhouse emissions. Furthermore, internal 

combustion engines consume an inefficient amount of hydrogen. 

Other applications include heating which is also effective with hydrogen. 
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The expectations and ambition of producing electricity from hydrogen gas are very 

high. Hydrogen can be stored and used to even out irregular energy sources or in the 

automotive industries. The conversion of hydrogen to and from electricity is however 

not sufficiently effective yet to be competitive in price for larger scales. Therefore, the 

science does not look as attractive as other methods. Although with new research it is 

expected to be possible to extract hydrogen and produce electricity from hydrogen with 

a much higher efficiency. 

 

	 	 	 Fuel	cells	
 

Fuel cells use a chemical energy to produce electricity. In this case, hydrogen and 

oxygen to produce electricity. The residual waste is water and heat. The technology 

has been sought after in many industries, especially in the automotive industry. 

Hyundai has been able to produce a car that runs on hydrogen cells. The tank holds 1 

kg of hydrogen and has a mileage of about 300-400 km [23] [24]. 

To use in this case "reversible fuel cells" which combines oxygen and hydrogen to 

produce electricity, we need oxygen to create a reaction with hydrogen and from 

there get electricity. Heat occurs when we break bonds in the two chemicals. 

Different fuel cells produce different amounts of heat. 

There are a couple of different fuel cells that have different market applications. 

 

PEM	(Proton	Exchange	Membrane)	
 

In these fuel cells, the electrolyte is made of a polymer in solid form [2]. At the 

anode the hydrogen valence electron are released and the hydrogen ion passes 

through the solid electrolyte [2]. PEM cells usually have an efficiency of around 

40% - 60%, however, varies depending on the overall quality [2] [4] [5].The 

electrons have to take a detour which creates an electron flow, which creates the 

current in these cells. At the cathode side hydrogen ions recombines with its 

valence electron and oxygen, creating water.  
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Figure 8 shows an example of a PEM fuel cell internal structure  

 

 

 

 

 

 

Figure 8. Picture taken from Fuel Cells Today report  
“water electrolysis and fuel systems” 

 
They work at temperatures around 50 C and are therefore a low temperature fuel 

cell. One can use other materials as fuel, although in this case we use hydrogen 

[4][18]. 

The advantages of a solid electrolyte is that it can be flexibly placed at different 

angles. Moreover, it is cheaper to produce. This is a good alternative for vehicles 

as it produces the most energy per weight and volume. Due to the low working 

temperature it can also start quickly [18] [22].  

The problem with these cells is the electrolyte must be moist to let the positively 

charged hydrogen ion to pass the electrolyte. This means that it is sensitive to 

humidity and other changes in the air [22]. 

 

SOFC (Solid Oxide Fuel Cells) 
 

These fuel cells work at temperatures of about 900O C and have a very good 

efficiency rating of 60%. In addition, it is possible to trap the water vapor 

produced by the fuel cell, allowing the effective rate to increase to about 70%. 

The electrolyte is in solid form made of ceramics or oxide. The electrolyte is 

permeable to oxygen ions instead of hydrogen ions. This is an option for power 

applications. 
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However, as it works at such high temperatures, it is difficult to select materials 

that can be combined with the fuel cell [20] [22]. The high temperature also 

means that it takes a long time to start [20] [22]. 

The advantage however is that it is a cheap system. 

 

Figure 9 shows the internal structure of a SOFC fuel cell. 

 

 

 

 

 

Figure 9. Picture taken from Fuel Cells Today report  
“water electrolysis and fuel systems” 

 

Other	fuel	cells	
 

There are several other types of fuel cells such as DMFC (Direct Methanol Fuel Cell) 

that can be used for various electronic applications [20] [22]. But right now, most 

research on fuel cells is on automobiles and other industrial applications. PEM cells 

are most likely the most probable fuel cells used in future hydrogen applications due 

to their reliability. However, most institutes keep the specifics of materials and 

systems confidential, hence there are few resources that can tell exactly what fuel 

cells they use if not they have developed their own.  

 

	 Safety	with	a	hydrogen	infrastructure	
 

In order to get an ideal infrastructure for the distribution of hydrogen we must also develop 

the safety risks regarding hydrogen. 

At concentrations ranging from 4.75% hydrogen gas is a flammable [4] [20]. It is also 

explosive at certain concentrations. When the hydrogen is recombined with oxygen it 
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creates a large amount of energy. The Hindenburg accident is a good example of the 

security risks of hydrogen [28]. Furthermore, as hydrogen is lighter than air (about 12 

times lighter) the flame from hydrogen burns vertically, and not on the ground as oil or 

gasoline [4]. Therefore, the security risk is not necessary worse than with other chemicals. 

The gas industry uses polyethylene to distribute biogas [4]. There is a certain degree of 

diffusing, but is negligible. It does not oxidize or crack as metal and is cheaper. If you 

instead use hydrogen gas which is a very small molecule the diffusion increases. However 

it has shown negligible quantities. 

Nevertheless, to get a sensible infrastructure we must know the risks that may come and 

what materials are suitable for transporting and storing hydrogen via pipeline or truck 

cylinders. This system can be expanded and used on demand and production of hydrogen 

increases for different applications. 

 

Applying	hydrogen	to	the	power	industry	
 

There are several options to customize the irregular electricity to extract hydrogen instead. 

Today there exists filling stations for hydrogen for about 32 SEK / kg in different countries 

[23]. In addition, automakers have launching several models that use hydrogen as a fuel. 

The possibilities are endless. 

However, in order to get the sale of hydrogen favorable for different power sources the 

demand and applications must increase. This way you can sell to several different 

industries. You can still feed electricity to the power grid and instead convert the excess 

energy into hydrogen, which today has been tested in several plants [29]. These systems 

have been built to store the excess energy as hydrogen and using it to even out the 

irregularity of the power source [29]. 

More applications are arriving in the near future for hydrogen, which will create a better 

infrastructure for hydrogen and additionally develop more efficient ways to convert 

hydrogen from electricity.  
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Economic	factors	with	hydrogen	production	
 

With today’s electrolysis, we need about 50 kW to produce 1 kg of hydrogen 

[18]. If you have a wind turbine that produces 2.8 GW (2.8 million kW) per 

year, one can theoretically get the following result: 

																														Hydrogen	per	year	 kg 	 56	000	kg	or	56	ton hydrogen/year 

If we have an grid value for wind power at 0.7 SEK / kW [3] and we are selling 

hydrogen for the same price as its electricity value it gives the following annual 

revenue: 

Turnover	from	hydrogen	 SEK 2	800	000	 ∙ 	0.7 1	960	000	SEK 

This means we are earning the same money for selling hydrogen as electricity.  

The price per kilo of hydrogen will be: 

Price	per	kg	 SEK
1	960	000
56	000

35	SEK/kg 

However with the increasing efficiency of electrolysis and wind turbines we can 

reduce the prices per kilo of hydrogen gas. 

If you compare the price per kilo with other fuels, we have a biogas value of 

about 18 SEK / kg and gasoline for about 12 SEK / kg [26]. 

 Hydrogen contains about three times as much energy as gasoline and two times 

as much energy as biofuels [4] [18]. Under these conditions we obtain the 

following pricing for the same amount of energy: 

1 kg Hydrogen: 35 SEK 

2 kg Biogas: 36 SEK 

3 kg Gasoline: 36 SEK  
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Prices for biogas and gasoline is in this case customer prices, in order to make a 

valid comparison, you would need to know the production costs for gasoline and 

biogas. However, if we can produce hydrogen gas to end-customers with wind 

turbines, and you can sell wind power for 0.7 SEK / kWh you can, provided it is 

used in a greater extent with greater demand we have a good production rate 

today. 

Then to store and transport hydrogen is a problem. To verify the costs it would 

require an extended infrastructure and a large-scale use. 

There already exist filling stations in different countries. The prices are around 

32 SEK / kg [23]. However, this is hydrogen produced by other methods than 

wind power and electrolysis and without regards for taxes in other countries. It 

is merely an estimate for the American energy market. Nevertheless, the 

efficiency of renewable electricity and electrolyzers is improving rapidly. It 

means that prices for hydrogen produced by renewable electricity can come at a 

fraction of the current price. 

In some plants, it stores only the excess energy from wind power. If you would 

for example only convert 10% of wind electricity into hydrogen, and annually 

produces 2.8 GWh of electricity from a wind turbine can get the following 

results: 

kw	for	hydrogen/year 0.1	x	2800000 280	000	kW/year 

If we assume that we can convert 1 kg of hydrogen at 50 kW we get the 

following results: 

Hydrogen/year	
280	000
50

	 5	600	kg	or	5.6	ton	/year 

1 kg can provide fuel for example a Hyundai (which holds 1 kg of hydrogen) car 

to drive about 350 km. Hence, we can transport 5600 cars 350 km each. This 

way you can sell the electricity needed on the grid and the surplus to the 

automotive industry. 
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According to current science we can get about 60% of the original electricity 

that was stored. 

Converting the hydrogen back into electricity can give the following results 

(10% of 2.8 GW): 

kW	from	the	stored	hydrogen 0,6	 ∙ 	280	000 168	000	kW 

This may not be a desirable figure, however in comparison with the wind farm 

in Scotland that had shut down [30]; one can still assimilate the excess 

electricity. 

Since you need to maintain the electrolyzer, hydrogen storage and transportation 

it becomes difficult to obtain competitive or accurate prices. There are several 

industries today that can extract hydrogen which is cheaper and more efficient 

than electrolysis. Nevertheless, the progress in this industry is fast and therefore, 

this option might one day be highly desirable and competitive.  

As mentioned earlier, the hydrogen might require more deliveries. If we 

compared the delivery of hydrogen with exactly the same truck (even though we 

might be using a different method for hydrogen) as a delivery of gasoline, and a 

fictional car that consumes 0, 07 liters of gasoline / km, we can figure out the 

difference and how much transportation value has been obtained from a delivery 

and we can analyze if we might already today be able to compete with other 

fuels.. 

1 liter of gasoline is equivalent to 0.75 kg [31]. With this rate, we can calculate 

the amount of gasoline consumed per km: 

.

,
0,093	 /	   

 

From what we know earlier, a 40 ton truck can deliver 26 tons of gasoline [18]. 

Hence, if our fictional car consumes 0.093 kg/km we can easily calculate the 

distance we can cover from 26 tons of gasoline: 

	 	 0,093 ∙ 26000 2418	   
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Should we now compare this with hydrogen, if we expect to drive Hyundai's 

hydrogen car, which according to the information is able to drive about 350 km 

of 1 kg of hydrogen [24] [25] and that same truck can only deliver 400 kg of 

hydrogen, we can drive the following distance: 

1	 	 	 400	 ∙ 350 140	000	  

From a purely mathematical point of view, the hydrogen deliveries seem to be a 

lot more efficient. However, there are a lot of variables that are not included. 

The diffusion of hydrogen, the additional costs in containers and safety etc. If 

we include the additional costs and requirements we might not see a very large 

difference in overall profitability.  

Moreover, there are gasoline cars and hybrid cars that consume much less and 

therefore can get more out of one deliver of gasoline. The development of 

combustion engines have not ceased because of alternative fuels and systems. 

Furthermore, there are very few fueling stations for hydrogen which in the end 

would require additional investments to expand.  

You can however add the costs associated with gasoline. The fact that a delivery 

of hydrogen is not as heavy as a delivery of gasoline might reduce the costs of 

road repairmen and construction. Nevertheless, this will most likely not affect 

the costumer’s price for hydrogen, which in the end most likely will be a 

requirement for creating a hydrogen market in the first place.  
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Utsira	–	a	hydrogen	power	station	
 

In Ultsira, Norway in 2004 they built the first wind power station in combination with 

hydrogen storage [29]. When the demand for electricity was high the wind turbines fed all the 

electricity out on the grid. But when demand was low, excess wind power was stored using an 

electrolyzer to store hydrogen [29]. When the demand then grew again but the wind electricity 

was not enough, they could converts the hydrogen gas into electricity and compensate the 

wind losses with the hydrogen [29]. 

The project was a collaboration between Statoil and Enercon where they wanted to examine 

the possibilities to produce electricity in remote areas with the help of wind power [29]. 

They installed Enercon E40 wind turbines, which had a capacity of 600kW. The hydrogen 

system had a maximum load capacity of 45kW and stored hydrogen gas under 200 bar 

pressure. When the wind electricity was not enough, they used combustion engines fueled by 

hydrogen to produce hydrogen. The hydrogen was produced by a AEC electrolyzer [29]. 

Hydrogen gas during combustion has a certain carbon dioxide emissions, however, significantly 

lower than other combustion methods [29]. 

Figure 10 shows how the hydrogen station on Utsira was built. 

 

 

 

 

 

 

 

 

Figure 10. Picture taken from ”IPHE renewable hydrogen report-Utsira.  
Wind power and hydrogen plat” 
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The project was expected to be active for four years, to examine the possibilities of 

integrating these technologies. The project revealed several problems earlier unknown. The 

efficiency of the electrolyzer was not as expected and would have to improve. In addition, the 

project had several technical difficulties. The fuel cells were not up to expectations and would 

also need to be improved to expand similar projects in the future [29]. 

Everything worked well for three years whereas afterwards the fuel cells needed to be 

replaced [29]. The system however showed that the science of using hydrogen electrolysis 

worked. The mere lack of science to be able to install such a system was rare and even though 

the results were not as optimistic as hoped they achieved their overall goals. They could and 

still can with the science collected at Utsira prove that a hydrogen and wind power system can 

work and that it presents a possible alternative in the future. The system has little information 

available if it is still operated, although has rumored to have been decommissioned and/or 

sold.  

This project began 10 years ago, and since then the wind turbines and electrolyzers has 

improved.  
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Schatz	Solar	Hydrogen	Project	
 

Between 1991 and 2011 a project at the Humboldt state university Marine laboratory took 

place that involved photo voltaic panels with an integrated electrolysis system. The system 

was meant to prove that a symbiotic operation between solar power and hydrogen electrolysis 

was possible [32].  

The system itself powered an air compressor for a fish tank. The system could, according to 

the predictions work 24 hours a day. Various computer systems and controllers could 

distribute the electricity from the solar panels, so that when they produced an excess of 

electricity, the excess could be stored as hydrogen in containers. When however the weather 

was cloudy or during the night, hydrogen fuel cells could convert the stored hydrogen to 

electricity to power the air compressor [32].  

With a few maintenance reviews of the system, they managed to keep the entire system 

operational for more than 10 year, proving that a system, even though not in scale to a large 

industrial scale works [32]. This system is however not active today, although, has given a 

large leap towards a better understanding and foundation for future hydrogen possibilities.  

The system used a total of 7 kW solar panels, a 6 kW electrolyser that could produce around 

20 liters of hydrogen per minute, about 1900 Liter tanks that stored hydrogen at 6 bar, 1,5 kW 

PEM fuel cell and a computer monitoring system [32].  

Figure 11 shows the concepts of the hydrogen system 

 

 

 

 

 

 

  Figure 11. Picture taken from Shultz energy research center website  

  “Schatz Solar Hydrogen Project”  
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Experiment		
 

There are several ways to conduct an experiment as building all components from scratch and 

testing various efficiencies with car batteries and other scrap materials. However, in order to 

present a relevant result with modern applications, the project will only include the correct 

components and technologies used in modern electrolysis tests today.  

All the components have been sources and manufactured in China, whereas the system itself 

is for educational purposes, and not an actual electrolysis apparatus. The purpose of only 

using the correct materials is to show the efficiencies we can reach today, from market 

relevant components and technologies so that I may be able to reference this to current and 

relevant research.  

The aim of the experiment is to analyze if the output is reliable and to better understand the 

operation of an electrolysis apparatus. There are several questions and thoughts that arise 

when working with hydrogen electrolysis that needs to be addresses.  

 

Instructions	
 

This is an educational electrolysis fuel cell kit that is meant to demonstrate the renewable 

energy transformation process, especially the working process of the fuel cell. 

This is a widely used electrolysis kit, used throughout USA and Australia for educational 

purposes.  

 

Chemical	reactions	
 

1. The electrolyzer splits the water to Hydrogen and Oxygen,  

   Electrolysis formula:  

   2H2O 2H2+O2 
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2. The Hydrogen and Oxygen generates the electricity:  

Formula as below:  

(Cathode) Negative pole:  

H2 (g) 2H+(aq) + 2e-  

(Anode) Positive pole:  

1/2O2(g)+2H+(aq)+2e H2O(1)  

Total: 

H2(g)+1/2O2(g) H2O(1) 

 

 

 

 

 

 

 

 

 

Figure 12 shows a picture of how the hydrogen electrolysis kit looks like when 

assembled.  

 

The kit showed above is a simple test rig that is meant to demonstrate how hydrogen 

electrolysis works. As the system is rather low power, we will not see or hear much of 

reaction until the fan starts to move. Although, analyzing the various ports with a multimeter, 

we will be able to see the changes in voltage and ampere as the chemical reactions begin.  
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    Figure 13 illustrates how the electrolyzer cell is placed in deionized water 

As mentioned in the theory of the PEM electrolyzer cells, the membrane must be moist to 

function properly. Hence, an important fact is to put the electrolyzer cell in deionized water.  

 

 

 

 

 

 

 

 

 

    Figure 14 shows how the tube from the electrolyzer cell is connected to each c

    ontainer to separate hydrogen and oxygen efficiently.  
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The electrolyzer cell has a cathode and an anode, whereas hydrogen and oxygen is stored in 

different sides the device, hence we have tubes that can lead the gases into separate tubes. An 

advantage with PEM cells mentioned in the theory was its ability to produce hydrogen and 

oxygen under the same conditions.  

 

 

	 	 Technical	parameters	
 

Technical	parameter	of	electrolyzer	module:		

 Input voltage: 1.8- 2.4VDC (you can also connec a DC power supply, battery, or 

solar panel, etc.) 

 Input current: 0.25-0.8 Ampere 

 U-I Curve: 1.8V, 0.25A; 2V, 0.42A; 2.2V, 0.66A; 2.4V, 0.8A  

 Hydrogen production rate: 6ml /min  

 Oxygen production rate: 3ml /min  

 Dimension: 77mm (L) x 65mm (W) x 32mm (H)  

 Weight: 70g  

 

Technical	parameter	of	FUEL	CELL	module:		

 Open circuit voltage 0,9 Volt DC  

 Output current: 0-0,3 Ampere  

 Output power: 0-0.18W  

 U-I Curve: 0A, 0.9V; 0.1A, 0.72V; 0.2A, 0.66V; 0.3A, 0.6V 

 Dimension: 77mm (L) x 65mm(W) x 32mm (H)  

 Weight: 70g 

 

	 Test	data	
 

Initially the kit took about 5 minutes until completely active. Analyzing the output of the 

electrolyzer cell, the output voltage climbs from upwards and stabilizes at around 600 mV. 
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With the help of a multimeter, it is confirmed that the input voltage is around 1.8 V. The 

highest output voltage is measured at 700 mV.  

We can see from the test data that the electrolyzer can only produce a certain volume of 

hydrogen and oxygen gas. Hence, this in turn limits the fuel cells conversion speed. The 

two devices also needs to be symmetric as if we produce too much gas, the containers 

might get damages. However, if we do not produce enough we might not get the required 

amount of gas to get a stable flow of electricity.  

In order to convert a higher amount of electricity, one would need to increase the power of 

the PEM fuel cell as well as the electrolyzer. This would mean to increase the size of the 

PEM cells. PEM fuel cells are however today manufactured at custom requests as there is 

little or no market for them today. The test kit used in the experiment merely exists as an 

education tool whereas larger cells and containers would most likely require the user to 

purchase all components separately.   

Although, from the tests performed, it is confirmed that this is a working technology, and 

that we can achieve a efficiency ratio of about 40 – 50 % ( 	
	

	
	). A value that is accurate with the theory of PEM electrolysis and fuel cells. 

However, as this kit is a “cheaper” version than that manufactured by research oriented 

tests rigs as in California and Utsira, it is still rather impressive. The first solar panels used 

for educational purposes had less than 50% efficiency than what was manufactured for 

practical applications.  

From my tests and analysis of the unit, I can confirm that the science in fact is accurate, the 

technology works and that the technology has a potential to work in modernized 

applications. Assuming that the research and development of the technology is improved. 

Not only regarding the hydrogen electrolysis technology, but also the power delivery and 

storage technology (improved efficiency in renewable energy). 

Regarding the containment of hydrogen, I can also confirm that an acrylic material is 

sufficient to control the diffusion risks of hydrogen. Holding an active lighter next to the 

containers presents no reactions of any kind. 

I can also confirm that there are no heat irregularities.  
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After 5 hours of operation, the system is still stable. The output voltage however has 

changed to 740 mV.  

When switching off the system, it takes about 1-2 minutes until the voltage drops to values 

less than 600 mA as the acrylic chamber still holds enough oxygen and hydrogen to power 

the electric fan. 

 

Figure 15 shows that the system does not react to fire (or the hydrogen diffusion is negligible) 

  

Figure 16 shows the incoming voltage of the system. However, the values can vary somewhat.  
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Discussion	
 

Hydrogen electrolysis is a valuable part of modern research. Nevertheless, it is yet in its early 

development stages and does not yet present a conclusive, economically viable application 

when powered purely by renewable energy.  

However, in comparison with the early voltaic cell, automobiles and computer, hydrogen 

electrolysis is a technology that may have a very bright future. Various large scale projects 

show that hydrogen electrolysis is very near a market competitive application. Very few 

industries can compete with nuclear, hydro or fossil power mainly because of their reliability 

and stability. The probability of nuclear power plant recreating what happened in Chernobyl 

is very low and the emissions from coal plants can be filtered. There is still nuclear waste and 

there are still greenhouse emissions from combustion plants. Although, some key factors 

often overlooked is the research put into nuclear power and other today “not environmentally 

friendly” options. New research shows that there is a scientific playability that the nuclear 

waste can be neutralized. Other projects show conclusive proof of converting Beta particles to 

a useful current. Hence, hydrogen electrolysis has the disadvantage to be in a very viable and 

fast growing industry and at the same time competing with technologies that clearly have a 

financial advantage.  

Nevertheless, regardless of being biased or unbiased, hydrogen electrolysis still has a place in 

the future. Nuclear power is the consumption of material, just as combustion while hydrogen 

electrolysis is simply the conversion of one form of matter to another. Hydrogen electrolysis 

also presents a number of other advantages in astrophysics and rural sustainability. The day 

interstellar exploration becomes science rather than science fiction, vessels would most likely 

use hydrogen as fuel and ice such that on Mars as fueling stations. Hydrogen also presents 

other possibilities in the infrastructure in rural areas where the costs of an electrical grid or 

fueling station would otherwise not be viable. We have seen how solar and wind power has 

presented a benefit for third world countries to have an off grid power system. With hydrogen 

electrolysis we have a technology that could also make fueling stations off grid. With the help 

of wind power we could produce hydrogen off grid that could refill cars or be used to heat 

homes in places where the economic welfare is the difference between life and death in colder 

countries.  
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Regardless of how we try to judge hydrogen electrolysis, it presents possibilities that few 

other system, technology or theory has been able to do before (at least that can be 

scientifically proven with modern applications). It will be a frontier to once and for all be able 

to apply renewable energy without having to sacrifice the electrical grid. We will have the 

technology to advance third world countries and provide fuel stability and electrical 

sustainability. We would not be dependent of fossil fuels, oil prices or of limited resources. 

With renewable energy and hydrogen electrolysis we can provide a scientifically accurate 

solution to the energy crisis as well as creating a stable fuel market where the fuel and energy 

resources are close to endless. The main issue remaining is however research. We need to 

develop the technology. The technology has proven to be correct. The applications have 

proven to be viable; however, efficiencies of renewable resources and electrolysis 

technologies need to improve as well as the schemes and regulations to understand the costs 

in a hydrogen infrastructure before we can realize any large scale, mass-produced solutions 

for the general public. More experiments needs to be conducted and results need to be 

recorded in order to understand what variables would be relevant in a hydrogen future.  
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Comments	
 

Hydrogen electrolysis, even though the discovery is more than a hundred years old, it is in its 

early stages. The efficiency is not ideal yet. Perhaps the lack of investments is because it does 

not provide any military application or weapons of mass destructions as the nuclear industry 

did. Or perhaps the technology attracts few investors as it does not satisfy the needs of cartel 

like capitalism as fossil fuels.  

Nevertheless, regardless of the investments, there are still institutes and individuals pushing 

the technology forward. The question may not be if, but when the technology reaches a 

mature stage. Once the technology reaches a market stable and consumer friendly price, 

hydrogen electrolysis may very well be the solution to a sustainable energy future. Many 

investors and capitalists where strongly pessimistic towards the automobile industry as well as 

the computer industry. We can always assume various technologies may or may not have a 

place in the future. However, often, the underdog of technologies is the one that succeeds.  

 

[33] The Quarterly Review, March, 1825. 

“The automobile has practically reached the limit of its development is suggested by the fact 

that during the past year no improvements of a radical nature have been introduced.” 

[34] Steve Ballmer, USA Today, April 30, 2007.  

“There's no chance that the iPhone is going to get any significant market share. “ 

[35] Ken Olson, president, chairman and founder of Digital Equipment Corporation (DEC) 

1977 

“There is no reason for any individual to have a computer in his home” 

[36]. C. P. Scott, BBC History of television. 

Television? The word is half Latin and half Greek. No good can come of it 

[37] Businessweek, August 2, 1968. 

With over fifteen types of foreign cars already on sale here, the Japanese auto industry isn't 

likely to carve out a big share of the market for itself. 
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[38] The New York Times, January 13, 1920. 

A rocket will never be able to leave the Earth's atmosphere.  

 

Instead of looking at the problems of creating the ideal hydrogen electrolysis system, we 

would need to analyze what the investment may be. Hydrogen electrolysis is in a crossroad, 

where the investment and time needed may be as rudimentary as the chicken and egg. We can 

invest large amounts of money in developing the ideal system. However, the industry lacks 

the necessary competence and knowledge to develop this. Although, we could invest in 

academia and have a large amount of highly skilled individuals in the field. Nevertheless, the 

industry has no market for them.  

Today, hydrogen electrolysis is considered an electrochemical term. However, the science has 

as much relevance in electro technical as mechanical sciences. The view and applications of 

hydrogen electrolysis needs to broaden in academia as well as industry. 

The foundation for hydrogen electrolysis is good, and the results are positive, hence with the 

right amount of time we may one day, perhaps very soon see the ideal system.  
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Questions	
 

There are a number of questions that arise when we talk about “splitting molecules” and 

“hydrogen” that is worth mentioning as: 

 

Splitting water molecules is a proven science; however, what happens if the water is 

unclean? Can this cause any risks in regards to toxic gases? 

Hydrogen electrolysis today uses deionized water, or in layman terms “car battery water”. It is 

H20 in its pure form. Using tap water or sea water does present some risks, however, often to 

the degradation and the eroding of the membrane of the cells. New research however presents 

the possibility of using seawater. We would reduce the costs of purification and the salt water 

resource is very large.  

To read more about this research, follow the link bellow: 

http://link.springer.com/article/10.1007%2Fs40095-014-0104-6#page-1 

http://www.planetforward.org/idea/plasma-based-hydrogen-generation-from-sea-water 

Given that these technologies are rather advanced, it proves an interest and intellectual 

research in the field, which is in the end, vital for hydrogen electrolysis to ever make it 

completely off the “drawing board”. 

 

Hydrogen is a rather reactive gas, which we learnt from the Hindenburg failure. Is it 

safe building a large infrastructure for a gas that is explosive and highly volatile? 

Hydrogen presents a few risks, however, so does gasoline, dieseline and nuclear. 

Nuclear waste causes radiation poisoning and has to be isolated in confined spaces until inert. 

This can take a few hours to millions of years depending on what type of waste. We can of 

course speculate in the possibility of adding additional hazardous chemicals to inert it, 

however, this just adds to the toxicity of the entire procedure. We could send the waste into 

deep space, although it is not economically viable. We can also use the waste to maybe one 
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day produce energy from it. However, this is not a very attractive solution as it is still 

dangerous and radioactive.  

Fossil fuel, much like hydrogen has risks. The major risk being it is very flammable. It caches 

on fire, pollutes its surrounding environment and is toxic to wildlife. Hydrogen is a very light 

atom or molecule. Hence is rises upwards, it is explosive. Although we need a rather large 

amount of hydrogen for it to pose a danger to the general population. With half of the 

economical investment in the safety surrounding fossil fuels and nuclear waste, we would 

most likely be able to protect ourselves from the major hazards concerning hydrogen. 

 

How can hydrogen electrolysis ever compete with resource giants as fossil fuels? 

Hydrogen has provides a few advantages that fossil fuels will most likely never will have. 

Firstly and foremost, hydrogen is compatible with renewable energy, making it a sustainable 

resource. Secondly, it uses water as a “fuel”. The probability if one day not having any water 

left on earth is rather low. Hence, we have an at least today, somewhat endless supply of fuel 

for hydrogen electrolysis.  

Fossil fuels is limited and once consumed, we only have the emission of greenhouse gases. 

Hydrogen electrolysis does not consume anything. It simply splits the bonds between 

hydrogen and oxygen.  
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