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Abstract
The Develop methods for obtaining hydrogen from hydrogen-fuel mixtures, deep cleaning of impurities and
hydrogen storage in nano-sized containers. The new modern methods of production, purification and storage of
hydrogen, suitable for all types of fuel cell power plants offline will be created.

Keywords
Autonomous hydrogen power, hydrogen fuel

1 INTRODUCTION
There is environmental issues and the limited availability of hydrocarbons which will require a search for new
ways of traditional energy. One of the ways is the wide use of hydrogen as a clean fuel and battery power. There
is the development of hydrogen energy technologies which will aimed at reducing fuel consumption of fossil
fuels, especially oil and natural gas, as well as tackling pollution. The concept of hydrogen energy [1, 2] provides
a large-scale transition to universal secondary energy source - hydrogen - in vehicle engines, power generation,
including decentralized energy supply. We suppose getting cheap hydrogen can be produced from the now
little-used organic materials (low-calorie and brown coal, peat, etc.) or from organic waste (biomass, municipal
solid waste, sewage sludge, etc.).
Historically people will come to transit on hydrogen fuel for many reasons, the main one  is a dangerous air
pollution and limited natural reserves of oil and gas. We know that all manmade sphere of modern civilization is
based on the consumption of fossil fuels on the basis of carbon and hydrocarbon compounds.  There is burned
more than 3 billion tons of oil In the world each year, which consumes 45 billion tons of air. There is the
combustion of fossil fuels, excluding toxic compounds (about 300 kg per year for each person on the planet), to
the atmosphere huge amounts of carbon dioxide CO2 (about 1010 tons/year), which is known to lead to the
greenhouse effect and threatens ecological imbalance on a planet with poorly predictable consequences.
There is the most radical solution to energy and environmental challenges provides the concept of hydrogen
energy, which actively worked in almost all developed countries. In general, there is spent about $ 1 billion a
year in the world of research in this area.
We elected the hydrogen as the main energy source for the new global economy  as the following versatility and
unique properties:
1. Maximum mass calorific - Qn = 120 MJ/kg.
2. There is high environmental safety in the oxidation of hydrogen and it isn’t formed as solid and toxic waste,
the  product of the reaction is only the water that returns to the circulation of nature.
3. There is the presence of almost inexhaustible supply of cheap raw materials for producing hydrogen.
4. The versatility of hydrogen is a highly energy source and battery power, a valuable chemical feedstock, as well
as a separate commercial product
5. The possibility of implementing environmentally process generate electricity with high efficiency (70%) in the
direct energy conversion devices - electrochemical current generators based on fuel cells.
There is aggravation of environmental and resource problemsdue to the rapid development of power plants of
small (tens or hundreds of kW) and average (MW units) of power [2, 3]. The transport sector  is the most
energy-intensive energy and environmentally dangerous in this area [4, 5].
There is possible creating effective and completely environmentally in  the application as an energy source
special arrangements [6] - an electrochemical generator current (ECG) with a fuel cell (FC) and direct conversion
of chemical energy of hydrogen into electricity. No harmful emissions, time, defined only fuel capacity, increased
efficiency at lower load power plant does with ECG, hydrogen and air, an attractive source of electricity and
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thermal energy for a wide range of consumers, and in the first place - for vehicles in metropolitan areas and
cities.
Currently, the production of hydrogen is about 50 million tons in the world. According to references [1 - 3], there
is the development and implementation of hydrogen technology which needs in hydrogen for the world economy
that it will exceed 300 million tons. There is many ways developing produce hydrogen [2, 3], but the bulk of
industrial hydrogen is produced in the process of converting (reforming) of natural gas and liquid hydrocarbons.
The most common process is conversion of methane (natural gas), which is used as a raw material and as a
source of energy for the reforming process. The cost of hydrogen is at centralized production of hydrogen from
natural gas is in the (1.5 - 2) times the cost of natural gas consumed. The costs of hydrogen storage and
transportation to places of consumption (fuel stations) significantly increases its value, due to the low density of
hydrogen and its explosive.
The value centralized production of hydrogen will become less profitable With the exhaustion of natural
hydrocarbon resources and increasing. This factor is already having a significant negative impact on the
development of hydrogen energy. There is appropriate for hydrogen to power stand-alone power plants in the
place of their use to reduce the cost of storing and transporting hydrogen. At the present time natural
hydrocarbons (natural gas, diesel fuel) can be raw material for the production of hydrogen, and subsequently
there is synthetic hydrocarbons derived from coal and other carbon sources (shale, peat, biomass).
According to data of the World Energy Agency [2], the processing of natural hydrocarbon resources will peak in
2030, followed by a significant reduction and substitution of resources produced from alternative raw material
sources. In particular, due to a breakthrough in the technology of deep processing of coal will be a significant
increase in the production of synthetic hydrocarbon fuel (PMS) with the increase of its production to the end of
the century up to (2 - 2.5) billion tons per year with multiple simultaneous decline in natural gas consumption.
Synthetic hydrocarbon fuel is the ideal raw material for the production of hydrogen in the autonomous hydrogen
power, since it includes almost no sulfur compounds. PMS is in the liquid phase and has a high density, which
greatly reduces the cost of storage and transportation. For the storage and distribution of PMS can be fully
utilized without any retrofitting existing gasoline-diesel infrastructure. PMS application virtually eliminates
hydrogen power and explosiveness maximizes efficiency by using modern technologies.
Currently, there are proven technologies in many countries [6, 7, 8], deep processing of coal and shale, which
built a great mount of medium and large enterprises. Thus, more than 30 years, there are three companies in
South Africa, producing more than 4.5 million tons of synthetic fuel in a year.  There are two coal-chemical
plants in China for a similar technology construct with annual capacity of synthetic gasoline more than 4 million
tons each.  There are building10 more plants in China, 14 plants ranging from 0.1 to 1.2 million tons a year - in
the U.S., as well as a number of factories in Germany, Holland and India. Overall there will be about 50 million
tons of synthetic fuel nearly 2020 in the world, there are more than 100 million tons at 2030 - not counting tens
of millions of tons of biofuel.

2 RESULTS AND DISCUSSION
There is hydrogen production by converting hydrogen mixtures, including PMS, water gas and biogas, the fuel
processor is the main way of providing hydrogen standalone power plants with fuel cells. Development of
microchannel fuel processor using nanostructured catalysts that allow for efficient conversion of hydrogen gas
source, is a scientific novelty and fundamental difference of the project ideas from possible analogs.
There are imposed strict requirements on the purity hydrogen supply for modern fuel cell hydrogen powered.
There is existing filters based on palladium alloys have low efficiency are efficient only at high pressures of
hydrogen, which it makes necessary to include in the power plant auxiliary compressor. This project proposes to
develop a device for electrochemical hydrogen separation of impurities with high performance at the lowest cost
of electricity.
There is a very complex and practically important technical problem to storage of gas of hydrogen fuel because
of the low density of hydrogen. The hydrogen storage methods are commonly used compression, liquefaction,
chemical bonding, physical adsorption, and combinations thereof. This project intended to explore the possibility
of creating the storage of hydrogen in nanoscale containers.
As a result of the project will be set up laboratory samples microchannel fuel processor for producing hydrogen
from hydrogen-containing mixtures, laboratory samples of electrochemical devices for hydrogen purification
from impurities, laboratory samples of nanoscale containers for the storage of hydrogen. The results of the
project will allow significantly improve the performance of hydrogen power plants and reduce the cost of
hydrogen production.
The competitive advantages created production is determined by:
• The feasibility of the use of hydrogen in the areas where there is no central power supply. This represents ~
60% of the territory of Kazakhstan and the Russian Federation with a population of over 25 million people.
• Population and economic facilities supplied with electricity of high quality that will eliminate the large-scale
importation of scarce liquid motor fuel, the use of which spend a large share of local budgets.
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• Commercialization of developments made for the Project will replace tens of thousands of inefficient and worn
out conventional power plants on the electrochemical energy of a new type.

There is much more reliable and stable supply of the population, industrial and agricultural enterprises,
government agencies, banks, facilities Defense, Emergency Situations and other objects of heightened security in
emergency situations in the aftermath of man-made and natural disasters for  using of renewable energy power
systems in areas secured centralized electricity supply.
There is necessary to use new modern methods of acquisition, treatment, storage and distribution of hydrogen
with ensuring strict safety requirements in the operation of stationary and transport hydrogen power for
large-scale use of hydrogen energy.
We will use new methods and technologies for the production and in the design of high-performance catalysts
with nanoscale structures of the active substance, the latest achievements in the creation of energy-intensive
Thermophysics heat and mass units, modern bench testing facilities and scientific methodological support during
experimental testing of the basic units and the station as a whole, to provide the required parameters of reliability
and service life to ensure a high level in hydrogen from hydrogen-containing compounds.
There is deep purification of hydrogen from impurities associated with selective proton conductivity of the
membrane. The mixture of gases is fed in the anode chamber, and pure hydrogen accumulates on the cathode
side. The depth purification of hydrogen is (99 - 99.5)%. The main catalyst poison is carbon monoxide which is
contained in the conversion gas. Platinum is the main catalyst adsorbs carbon monoxide and forming a chemical
compound [Pt(CO)2]n, which is steadfastly to a temperature of 1200 C. Operating temperature hydrogen hub is
from 40 to 800 ° C because of  a feature of the membrane used. Thus, we can conclude that at the operating
temperature of hydrogen in the presence of a hub in a mixture of carbon monoxide quickly fails.
The carbon dioxide exits in the conversion gas and less chemical activity as poison. The main way of extending
the life of the hub of hydrogen - is carrying steam reforming with the most complete metamorphosis, i.e with an
excess of water vapor. The presence of water vapor in the conversion gas has a positive effect on the operation of
the hub of hydrogen, i.e, membrane does not dry up. Waterlogging leads to the blocking of the membrane water
drops with decreasing grain catalyst of the process.
The hydrogen concentrator  is an electrochemical (electrolytic ) cell consisting of the membrane-electrode
assembly and supply of reagents and removal of the reaction products. The membrane-electrode assembly
consists of two porous plates - carriers with catalyst separated proton membrane. There are following processes
occurring at the cathode and the anode:
              cathode:  2 Н3О++2ē→ Н2+ 2Н2О;   anode:  2 Н2О+ Н2→2 Н3О++2ē.
The theoretical EMF of the reaction is zero. Practical EMF will be different from zero due to overexertion and
the polarization of the electrodes. The stress reaction will be growth with the increasing in current density
(process speed). Electricity consumption by carrying out the process of hydrogen concentration is much lower
than with palladium filters.
The above described methods and technologies of the rationale and justification will the approach ways to
achieve the goals of the project.

3 CONCLUSION
The use of renewable energy power systems in areas secured centralized electricity supply is much more reliable
and stable supply of the population, industrial and agricultural enterprises, government agencies, banks, facilities
Defense, Emergency Situations and other objects of heightened security in emergency situations in the aftermath
of man-made and natural disasters.
There are sufficient opportunities for breakthroughs in advanced hydrogen energy, which will have a significant
impact on the development of science and technology.
Intensive propaganda of ideas and results of the project - in the media, as well as the dissemination of works - at
international conferences and exhibitions, including at the EXPO-2017 (Astana, Kazakhstan) - among the
potential users, the scientific community and the public will be carried out.
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