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HYDROGEN ENERGY, HYDROGEN ECONOMY ‘lGU “2“0”"]“5
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= Solution of environmental, economic
and social problems

= Sustainable development
and energy safety guaranteeing

CONFORMING THE PRESENT KNOWLEDGE THERE IS NO ALTERNATIVE

TO THE HYDROGEN ENERGY IN THE FORESEEABLE FUTURE
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HYDROGEN AS A FUEL ‘lG_U 2012

= High energy efficiency
= Zero emissions
" The exhaust is water’
" Fuel cells ”
= Rocket engines
" |nternal combustion engineS and etc.
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STRUCTURE OF FUEL BALANCE IN THE WORLD !IGU 2017
= é(t)c;rln (Under forecasts of International Energy Agency)
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STRUCTURE OF THE WORLD ENERGY BALANCE !IGU 5017
Bl Atom B Hydrogen

[ Coal l Biofuel
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[] Natural gas
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DYNAMICS OF THE WORLD POWER BALANCE !IGU 5017
B Atom M Hydrogen

] Coal l Biofuel

O Qil B Renewable

[] Natural gas
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CO, EMISSION AND ITS SOURCES !Igu 2017
[ Coal
I Oil

[] Natural gas
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THE BASIC MODERN "KNOW-HOW" OF HYDROGEN ‘IGU Eomfi
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ELECTROLYSIS, THERMOCHEMICAL CYCLES
& THERMAL ENERGY

Fuel-cells
and other
units

RENEWABLE ENERGY

CONVERSION OF

Biomass, Bioethanol THERMAL ENERGY K
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Mineral and synthetic fuel CONVERSION OF
— THERMAL ENERGY MODULAR HELIUM REACTOR
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HYDROGEN VEHICLE — BASIC TECHNICAL SOLUTIONS ‘IGQ 5017

Hybrid vehicles
Fuel cell electric drive vehicles
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= Hydrogen internal combustion engine vehicles

Elecllcric Electro-engine
REM fuel ackup 82 kW
cell 5 kw storage:

Su pe rca pS glze%lr&)-engine
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Combustion
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MODERN HYDROGEN VEHICLES ‘IGU 2012

BMW Hydrogen-7 combustion-engine ‘ Ford-focus fuel-cell and electric-engine
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THE HYDROGEN ENERGY DEVELOPMENT

National energy security

Long-term priority
conservatism of the energy
policy
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Rapid development of
hydrogen and competitive
energy

Global climate change and
its possible connection
with GNG emissions

A lack of hydrogen
infrastructure and the cost
of its development

Opportunity of inevitable
fossil fuel depletion

Global growth of population
and economy

The high cost of hydrogen
production, storage and
usage.

Green and relatively
cheap energy supply

New green energy at
fair price

Hydrogen safety problems

Reduction of automotive
and power plant pollutants

The high cost of carbon
dioxide sequestration
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THE HYDROGEN PRODUCTION COST IGU 961
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Steam reforming, pressure swing adsorption
. : 5.54/0.75 Current
(without sequestration)
NATURAL GAS cyrtio ducti , b
ynthetic gas production using membrane
technologies, CO, sequestration 4.15/0.56 2O
Gasification, pressure swing adsorption 6.83/0.92 Current
Advanced gasification, membrane
COAL separation, CO, sequestration 5.89/0.79 i
Advanced gasification, membrane
separation, energy production, CO, 3.98/0.54
sequestration
BIOMASS Bio-oil pyrolysis by steam reforming (9-16)/(1.21-2.16)
NUCLEAR S-1 cycle (thermochemical process) 9.70/1.31 2020
ELECTROLYSIS At electricity cost — 4 cents/KWh (19-22)/(2.56-2.97) Current
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ENERGY CONSUMPTION IN RUSSIA ‘IGU 2017
B Atom & Hydro

g gci’lal Rosstat data up to 2008 and the forecast of
T Natural gas Russian Academy of Science
B Renewable
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THE JAPANESE WE-NET FOR HYDRICITY MODEL iGu B
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- INTERNATION

WORLD ENERGY NETWORK

Renewable energy resources:
1 — hydroelectric power plant

2 — wind-driven power station

3 — geothermal power plant

4 — solar power plant

Hydrogen production:
5 — hydrogen production plant

Hydrogen transport and storage:
6 — liquid hydrogen holder
7 — hydrogen tanker

Hydrogen consumers:
8 — electric power plant with hydrogen power installations
9 — hydrogen vehicle

10 — hydrogen bus

11 — hydrogen rocket

12 — hydrogen airplane m

The primary sources of energy:
13 — heliium rkeactor Hydrogen consumers: — heavy and
14 — tokama energy intensive industries
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GAS INDUSTRY AND HYDROGEN ‘IGU Eomfi
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= Today — we produce and transport natural gas

= Tomorrow — we produce, generate and transport natural gas and hydrogen

= The day after tomorrow — we generate, produce and transport hydrogen and natural gas
= Inthe long term — we generate and transport hydrogen

METHANE HYDROGEN
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HYDROGEN PRODUCTION AND CONSUMPTION 4|GU 5017
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The average rates of hydrogen production and consumption
in the midterm — in compliance with hydrisity model
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