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COMMON PRODUCTION 
 
 Steam reforming of natural gas  

 
 Electrolysis of water 
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Pure hydrogen exists naturally as a diatomic gas but only in very small amounts and therefore hydrogen needs to be produced. The most common way of producing hydrogen today is steam reforming from natural gas or electrolysis from water, but there are lots of ways available. Hydrogen is the most common of atoms in the universe and you can find it in a lot of substances, like for instance in water or hydrocarbons. Oil industry is the biggest user of hydrogen for cracking petrol.Because there is no large source of pure hydrogen it is not seen as an energy source. However, produced hydrogen can be stored and used when needed and therefore it is seen as an energy carrier, just like electricity.That means that you can use it for many different applications and you can also store energy in hydrogen.More info about steam reforming, if someone asks:Steam reforming involves the endothermic conversion of methane and water vapour into hydrogenand carbon monoxide (2.1). The heat is often supplied from the combustion of some of the methanefeed-gas. The process typically occurs at temperatures of 700 to 850 °C and pressures of 3 to25 bar. The product gas contains approximately 12 % CO, which can be further converted to CO2and H2 through the water-gas shift reaction (2.2).CH4 + H2O + heat  → CO + 3H2 (2.1)CO + H2O → CO2 + H2 + heat (2.2)



RENEWABLE HYDROGEN - ELECTROLYSIS 
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Renewable power sources such as wind, waves, and solar produce electricity only when there is wind, waves or sun available and is not adjusted to the actual need of power in our society. At times when the production capacity is higher than society's demand for electricity, the electrolysis technique for producing hydrogen is of interest. In this way the energy will be stored as hydrogen instead of not using it at all. Electrolysis of water is a process in which you run DC current between two electrodes immersed in water to decompose the water into oxygen and hydrogen. The two products appear as gases.



RENEWABLE HYDROGEN - REFORMED BIOGAS 
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Biogas is the same as methane and is produced from some form of biomass. Some examples are: Left over farming production (such as manure), sewage, municipal waste, green waste, plant material, and crops.Steam reforming is a process by which methane is reacted with steam in the presence of a catalyst to produce hydrogen and carbon dioxide. More info about steam reforming, if someone asks:Steam reforming involves the endothermic conversion of methane and water vapour into hydrogenand carbon monoxide (2.1). The heat is often supplied from the combustion of some of the methanefeed-gas. The process typically occurs at temperatures of 700 to 850 °C and pressures of 3 to25 bar. The product gas contains approximately 12 % CO, which can be further converted to CO2and H2 through the water-gas shift reaction (2.2).CH4 + H2O + heat  → CO + 3H2 (2.1)CO + H2O → CO2 + H2 + heat (2.2)



RENEWABLE HYDROGEN - LEFT-OVER HYDROGEN* 
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Left-over hydrogen from industry could be partly green, but it is nevertheless important to use it because it is there.Approximately 10-11 million metric tonnes of hydrogen are produced only in the US each year, enough to power 20-30 million cars or 5-8 million homes. (ref: CESA, Lipman May 2011)In Stenungsund on the west coast of Sweden, there is enough left-over hydrogen to supply 50,000 fuel cell cars. This hydrogen comes from the Chemical Industry Cluster, producing chlor-alkalies and other chemical substances.



CARBON CAPTURE STORAGE (CCS)  
…A FUTURE POSSIBILITY? 

 Reformed natural gas + CCS = CO2-neutral system 
 

 Reformed biogas + CCS = CO2-reducing system 
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Carbon Capture Storage (CCS) is possibly available soon. It is a way of capturing the carbon and storing it instead of letting it out in the atmosphere. There is a lot of research ongoing in this field, but now the technique is too expensive.If CCS could be installed, you could reform natural gas to hydrogen and capture the carbon atoms. That means you can use natural gas without letting out any carbon dioxide and in this way you get a neutral system. If you instead use biogas which is chemically the same as natural gas, but has its origin from biomass, you can instead get a CO2 reducing system. This means we could actually rewind the greenhouse-effect if you capture the carbon and use hydrogen as a fuel.



PRODUCTION OF HYDROGEN – SEVERAL 
DIFFERENT POSSIBILITIES 

 
 
 
 

 
 

 Thermolysis from water 
 

 Photocatalytic water splitting 
 

 Photobiological water splitting 
 

 Biohydrogen production from water 
 

 Other production from fossil fuels gasification 
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As we said before, there are many other ways of producing hydrogen.There are several researchers which now are making an effort in this area.Here are some examples of other ways of producing hydrogen.The area of applications for hydrogen becomes broader with increasing number of production technologies. 



GAS PURITY AND QUALITY 
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The purity of the hydrogen is very important if you are going to use it for a fuel cell. There are different types of fuel cells and they can manage different amounts of substances. Sulfur are for instance very toxic for PEM Fuel cells which are the type commonly used in cars. If the hydrogen is produced from water, it is very clean, but if it is produced from any form of hydrocarbons, a cleaning process often needs to be considered.Some of the toxic substances for fuel cells are:Carbon monoxideSulphurCarbon dioxideThe substance could bind to the membrane or the catalyst and the lifetime of the fuel cell is shortenToday the car industry has a standard for different substances and the hydrogen needs to be 99,999 % clean. These limits are probably too high and could in the future be adjusted.



PRICE 

1€/10 km 
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The price for hydrogen depends on the raw material, method of production and how many users on a refuelling station.The cost to the consumer is estimated to be in the same price level as other fuels.It is very hard to estimate the price for station operators / owners. It is dependent on how much the hydrogen refueling station costs and when the economic break even occurs. This is dependent on operational expenditure (opex) and capital expenditure (capex) and also on the terms under which the station is built. Is the ground owned already or do you need to buy it, the ground construction with masses and concrete is very expensive, if this already is taken care of, if you build it in an already functional gas station, you cut a lot of the costs. Also the size of the station and the size of the fleet using it matters. Is it built for 100 cars refueling there or is it is built for 5? Of course scaling up is cheaper per car. The production of the gas is also a part of the price. Is it trucked-in, on-site production and if so, what is the economical break-even for this facility.At most HRS stations you can today buy hydrogen for around 10 Euro per kg. 
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