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Applicative cases and key advantages
Hydro‐methane finds a primary importance application in the marine and land transportation sector, as a
substitute of natural gas. The figure below shows that a significant amount of hydro‐methane (1 ton/day)
can be produced starting from an electrical power input of 1 MW and about 2.5 ton/day of CO2. Moreover,
a strong amount of pressurized oxygen (3.6 ton/day) is co‐produced by the plant: since it is produced by
electrolysis, its purity is very high (99.9%) and it can find interesting application in both industries and
hospitals. The whole production plant is very compact, allowing for allocating it next to refueling stations.
In this way, the costs for transporting the fuel from the production site to end users are avoided.
Another key advantage is that existing vehicles do not require any modifications, since natural gas ICEs can
be fueled with hydro‐methane without any problems, at the condition that H2 content in the mixture does
not exceed 30%.

Hydro‐methane also allows for significant advantages for reducing pollutant emissions.
The presence of H2 in the mixture allows for a more complete combustion, therefore the efficiency of the 
engine increases and the fuel consumption gets lower.  
Since the combustion is more complete, the pollutant emissions of CO and UHC (Unburned Hydro‐Carbons) 
are avoided. 

The figure below shows CO2 emissions for different H2‐CH4 mixtures, compared to an Internal Combustion 
Engine fueled by methane only. CO2 emissions decrease more and more as the hydrogen content 
increases, this is due to two different reasons: 
1) Thenumber of Carbon atoms in the fuel is reduced, since a part of them is substituted by hydrogen 

atoms: this reduction, represented in the right columns, is about 10%  for a H2 content of 25% (Hy 25%) 
in the mixture.

2) Higher efficiency  and lower fuel consumption. 
Together, the two effects  allow for a complexive reduction of 23% of  CO2 emissions for a mixture 
containing 25% of hydrogen. 

Description
Nowadays, the most of the energy conversion processes in the world require the use of fossil resources which
convert their chemical energy content to electrical or mechanical energy. Such conversion transfers to the
environment CO2 and other pollutants (NOx, SOx, UHC, micro dust, heavy metals, etc..), in addition to water
vapor. Compared to fossil fuels, hydrogen is a clean fuel, emitting only water vapor during its combustion.
In water electrolysis process water is separated in H2 and O2 with an electrical energy input: electricity may
be provided by renewable sources (wind, solar, hydraulic energy), allowing for totally clean process.
Despite its advantages, Hydrogen still presents non‐negligible management problems related to its storage,
transportation and final use, since H2 vehicles do not represent a cheap solution for short term applications.
Moreover, since its low energy density, hydrogen storage requires large volumes, that leads to a reduction of
the space available in the vehicle.
Taking into account these aspects, hydrogen produced by water electrolysis may be stored in a chemical form,
mixing it with carbon dioxide according to the Sabatier reaction (discovered in 1902), in order to generate
hydro‐methane.
Hydro‐methane is an innovative fuel: it consists of a mixture of methane and hydrogen, where methane is the
main component and containing from a minimum of 5% to a maximum of 30% of hydrogen in volume terms
(from 1% to 5% in mass terms).
Hydro‐methane, sometimes indicated also as HCNG (Hydrogen Compressed Natural Gas), can represent a very
important step towards the development of a society based on both hydrogen and methane technologies,
with the advantages of both of them. Hydro‐methane can be stored and transported employing the same
technologies and infrastructures already developed for natural gas; moreover, recent studies demonstrated
that limited amounts of hydrogen (not superior than 30 %) have positive effects on natural gas internal
combustion engines, increasing thermodynamic efficiency and decreasing pollutant emissions, without
needing significant modifies in the engine.
Hydro‐methane features are similar to methane; therefore its energy density is similar to methane and
significantly higher (3 times) compared to hydrogen. For these reasons, Hydro‐methane can be easily
transported and employed in vehicles, compared to H2.


