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Abstract. The promotion of hydrogen energetics into the transport sector is currently a prior-
ity in the development of the world economy. One of the efficient direction for modern ve-
hicles is the usage fuel cells and hydrogen for its powering. The obstacle along this way is the 
high cost of hydrogen and the difficulty of storing it on Vehicles' board. The article considers 
the possibility of the solar energy usage for efficient hydrogen production and metal-hydride 
technologies for its purification, compression and storage into the filling station and on a 
board.
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INTRODUCTION
At present time internal combustion en-

gines (ICE) are the most spread as main and 
auxiliary ICE for vehicles, vessels, power 
generation, etc. Their application is associ-
ated with low energy efficiency, negative 
impact on the environment due to high emis-
sions of harmful substances and the use of oil 
fuels. The vehicles with electric motors are 
alternative upon to existing ones.

There are two modern concepts of the 
electric vehicles: battery electric vehicles and 

electric vehicles with fuel cells. The main ad-
vantage of the battery electric vehicles is the 
developed infrastructure of power grids and 
charging stations, but the charging time is too 
prolonged (from 20 minutes in the fast charg-
ing mode and up to 8…10 hours. Unfortu-
nately the fast mode significantly reduces life 
cycle of the electric batteries.

One of the advanced alternatives is con-
cept of the fuel cell and hydrogen powered 
vehicles. It exist some problems which limit 
its wide implementation. There are the fol-
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the utility grid. Hydrogen from electrolyzer enters into 
hydrogen purifier and follows into metal-hydride com-
pressor. This device executes the functions of hydrogen 
compression up to super high pressure 150 MPa and pro-
vides final hydrogen purification up to 0.999.

Generated high pressure hydrogen may be stored in 
high pressure kevlar composite tanks as gas of in metal-
hydride slurry in special tanks as liquid.

High purity and super high pressure hydrogen enters 
into storage tank and further for fueling vehicles. Elec-
trolysis making up is supplying from appropriate tanks. 
Generated hydrogen enters to consumers after process-
ing into purifier and compressor. 

One of the important devices of the fueling station 
is photovoltaic panels. Efficiency of these panels from 
well-known producers is shown on Fig.2. This data anal-
ysis allows to recommend photovoltaic panels of middle 
efficiency. High efficient panels are too expensive and 
can be recommended for special usage only. General 
power of photovoltaic panels depends on hydrogen con-
sumption for fueling vehicles equipped with fuel cells. 
These fueling station can serves and vehicles with ICE 
hydrogen powered.

One of the important devices of the fueling station is 
metal-hydride compressor. Its operation bases on unique 
properties of special reversible hydride-forming inter-
metallic alloys like as LaNi5, LaNi4.5Al0.5, FeTi, TiCr2, 
TiCr1.1V0.9, TiCr1.1V0.45Nb0.45 and others [1].

Reversible reaction:

Msolid  + H2 gas  ↔ MHx solid  + Q heat.

For instant:
LaNi5 +3H2 ↔ LaNi5H6 + 14.4 MJ/kg H2;

Mg2Ni + 2H2 ↔ Mg2NiH4 + 31,9 MJ/kg H2;
TiFe + H2 ↔ TiFeH2 + 31,9 MJ/kg H2.

Energy efficiency of these alloys depends on temper-
ature range of hydrogen absorption/desorption, amount 
of absorbed hydrogen, thermodynamic properties, hys-
teresis etc. For instance, one of the most effective mate-
rial is MmNi4,5Al0,5 with desorption pressure of 3.87 MPa 
at 500 K, and mass hydrogen sorption capacity ratio of 
0.91 %. Its main properties, researched and developed by 
the authors, are shown in Fig. 3.

 Hydrogen absorption by these materials is accom-
panied with the release of the adsorption heat. Hydrogen 
desorption require heat input and pressure of hydrogen 
output depends on heat temperature. The adsorption/des-
orption heat amount is in the range of 8…15 MJ/kg H2 
for various hydride-forming materials [5]. Thermal effect 
of the hydrogen absorption/desorption process is uses in 
heat pumps, chillers, compressors, hydrogen. [6, 7, 8, 9]. 
But, unfortunately, these  equipment have discreet opera-
tion principal at present.

lowing: high cost of hydrogen production, insufficient 
amount of electricity production and transmission ca-
pacity of electric networks for mass charging of electric 
vehicles.

These problems can be solved by creation of the 
complexes for local hydrogen production by water elec-
trolysis on the base of photovoltaic panels, hydrogen pu-
rification and compression on the base of metal-hydride 
technologies and hydrogen storage in ultra-light-weight 
high pressure thanks on the base of reinforced with car-
bon nanotubes or composite materials.

Implementation of this concept will allow to get rid 
of disadvantages which are inherent in vehicles with elec-
trical batteries. The most of these are the following: high 
mass and cost, limited run distance and long charging 
time, short life cycle and recycling batteries pollution. 

The charging duration of hydrogen high pressure 
tanks is 5...15 min and is comparable with the ICE diesel/
gasoline fueling terms and conditions. One of the main 
obstacles to expanding vehicles on fuel cells is the deficit 
of hydrogen and its filling stations. At present it is known 
a number of solutions for the creation of hydrogen fuel-
ing. However, today there is no single standard solution 
for hydrogen charging. 

Until today, vehicles running on hydrogen (both fuel 
cells and equipped with ICE that consume hydrogen), 
several options for its storage are used. There are high 
pressure tanks with hydrogen gas compressed at 35…70 
MPa. Judging by the vehicles technologies and concepts 
the combination of fuel cells with tanks at 70 MPa will 
be the most common variant of hydrogen technology 
promotion in the coming years.

In connection with the variety of hydrogen storage 
options on board vehicles, it is actual to develop autono-
mous fueling stations with photovoltaic panels for elec-
tricity production with following hydrogen production 
by electrolysis, hydrogen purification and compression 
by metal-hydride technology and hydrogen storage in su-
per high pressure tanks or metal-hydride tanks with the 
possibility of hydrogen charging at different pressures 
from 35 MPa up to 150 MPa. 

THE MAIN PRINCIPAL
The main diagram of an autonomous super high pres-

sure hydrogen production and fueling station is shown on 
Fig.1. It operation process is the following. Photovoltaic 
panels generate electricity from the solar insulation. This 
electricity enters into the electric power controller which 
optimized its parameters for electrolyzer. The same time 
wind power unit supply electricity to the electric power 
controller as well.

When solar insulation and wind power are not enough 
for hydrogen generation, electricity supply enters from 
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THE DIAGRAM AND DESIGN SOLUTION
The principal diagram of metal-hydride unit for hy-

drogen purification, compression and storage of continu-
ous operation is shown on Fig. 4.

The operation principal is the following. At the first 
stage hydrogen from electrolyzer enters into condenser 
where water steam is extracting from gaseous mixture. Next 
hydrogen enters into the second stage of fully purification in 
absorber and stripping devices. Hydrogen has reaction with 
hydride-forming alloy and is converting into slurry. Main 
base of slurry is pounder of hydride and inert silicon liquid.

    The principal disadvantages of discreet operation fa-
cilities are the following: huge heat losses in heat and mass 
exchangers, absorbers and desorbers, as the consequences 
of unstable pressures, temperatures and hydrogen flow 
transfer, huge masses and dimensions of the devices. Ther-
modynamic efficiency of the discreet operation devices is 
unsatisfactory — less than 10 %. These disadvantages can 
be corrected by the usage of continuous operation metal-
hydride equipment. Continuity operation is achieved by 
metal-hydride slurry circulation between heat and mass 
transfer devices of the recovery heat facility [10].

Fig. 3. The main properties of the metal-hydride alloy MmNi4,5Al0,5 [4]

Fig. 2. Solar photovoltaic panels efficiencyFig. 1. An autonomous fueling stations with photovoltaic panels 
for electricity production with following hydrogen production by 
electrolysis.
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From this unit slurry enters into compression unit 
continuous operation. There slurry with thermosorption 
in sorption/desorption process relist hydrogen. Hydrogen 
is extracting from slurry with super high pressure up to 
150 MPa. Then hydrogen enters into the storage tanks 
and fueling equipment.

THE SAFETY
An autonomous solar-hydrogen filling station on the 

base of metal-hydride slurry devices is the safest tech-
nology for operation with hydrogen. Hydrogen is exist-
ing as inert metal-hydride slurry and is not flammable 
and not explosive.

Ignition and burning of the gaseous hydrogen is not 
more danger compare with gasoline. Fig.5 illustrates ig-
nition and burning process in hydrogen and gasoline fu-
eled vehicles.

Hydrogen storage in super high pressure kevlar com-
posite tanks is more safe than standard metal tanks. Fig. 6 
illustrates the results of kevlar composite tank explosion. 

CONCLUSIONS
Autonomous hydrogen filling station based on pho-

tovoltaic and metal-hydride technologies for vehicles 
with fuel cells is one of the most effective economically 
and safe compare with other technologies of production, 
purification, compression, stoppage and fueling vehicles 
with fuel cells.

Fig. 4. The metal-hydride unit for hydrogen purification, compression and storage
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unstable pressures, temperatures and hydrogen flow transfer, 
huge masses and dimensions of the devices. Thermodynamic 
efficiency of the discreet operation devices is unsatisfactory 
- less than 10%. These disadvantages can be corrected by the 
usage of continuous operation metal-hydride equipment. 
Continuity operation is achieved by metal-hydride slurry 
circulation between heat and mass transfer devices of the 
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III. THE DIAGRAM AND DESIGN SOLUTION 
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purification, compression and storage of continuous 
operation is shown on Fig. 4. 
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Hydrogen storage in super high pressure kevlar composite 
tanks is more safe than standard metal tanks. Fig. 6 
illustrates the results of kevlar composite tank explosion.  
 

  
Fig6. Results of kevlar composite tank explosion. 
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