NATIONAL SCIENTIFIC-INNOVATIVE PROGRAM
‘HYDROGEN ENERGY’ FOR A PERIOD UP TO 2050
(Draft)

Institute for Economic Strategies (INES)

National Innovative Company

New Energy Projects (NIC NEP)

P. Sorokin – N. Kondratieff International Institute (SKII)

Russian Academy of Public Service

Under the President of the RF (RAPS)

B.N. Kuzyk INES Director, Managing Director NIC NEP, RAS Corresponding Member 

Yu.V. Yakovets SKII President, RANS Academician, Ph.D.(Economics), RAPS Professor

V.I. Kushlin RAPS Department Head, RANS Academician, Ph.D. (Economics)

The concept of the Program was formulated by INES, SKII and RAPS in 2005, discussed and endorsed at the 19th Cross-disciplinary Discussion at RAPS in March 2005. The concept and the draft Program was discussed at the meeting of the NIC NEP Science and Engineering Research Council, endorsed and updated in the context of comments and proposals of the National Association of Energy and MIREA – Moscow State Institute of Radioengineering, Electronics and Automatics (Engineering University).
Summary of the Draft National Scientific-Innovative Program ‘Hydrogen Energy’ for a period up to 2050

Name of the draft Program – National Scientific-Innovative Program ‘Hydrogen Energy’ for a period up to 2050.

Name, number and date of decision-making to work out the Program. The draft Program was worked out as an initiative by the Institute for Economic Strategies, National Innovation Company ‘New Energy Projects’, Pitirim Sorokin – Nikolai Kondratieff International Institute, Russian Academy of Public Service under the RF President and further completed in association with the National Association of Hydrogen Energy and Moscow State Institute of Radioengineering, Electronics and Automatics (Engineering University). The project is a continuation and further development of the Integrated Program of exploration, scientific-research and development efforts in hydrogen energy and fuel elements endorsed by the RAS Presidium and the Board of Norilsk Nickel JSC on December 9, 2003. The project is targeted at the implementation of the Plan of Action Global Energy Security for Conversion to Hydrogen Energy (items 21 and 26 of the Action Plan) approved at the G-8 summit in Saint Petersburg on July 16, 2006.
Program Coordinator – the Government of the Russian Federation.

Government customers of the Program  - Ministry of Economic Development and Trade of the Russian Federation, Ministry of Education and Science of the Russian Federation, Ministry of Industry and Energy of the Russian Federation, Ministry of Transport of the Russian Federation, Ministry of Regional Development of the Russian Federation, Ministry of Defense of the Russian Federation.

Major executing agencies of the Program – Russian Academy of Sciences, Ministry of Education and Science of the Russian Federation, Ministry of Industry and Energy of the Russian Federation, Ministry of Transport of the Russian Federation, Ministry of Regional Development of the Russian Federation, National Innovation Company ‘New Energy Projects’.

The objective of the Program is working out, large-scale mastering, development of production of hydrogen fuel and fuel elements and their use as an alternative, ecologically clean source of energy that will promote the energy efficiency of the Russian economy, reliability of energy supply to population and production, reduction of air pollution, strengthening energy and ecological security of the country and improvement of the structure of foreign trade.

The Program is of a scientific-innovative nature uniting research and development efforts, basic innovations in production, transportation, storage, use and ensuring safety of hydrogen fuel with the innovative-investment use of fuel elements in transport, energy, industry, municipal housing economy and other spheres of economy, development of innovative niches on the national and external energy markets.

Tasks of the Programs:

· To ensure an accelerated and large-scale mastering and development of hydrogen energy in Russia as one of the basic directions of the sixth technological order and conditions for ensuring energy security of the country;
· To develop and master efficient technologies of production, storage, use and ensuring safety of hydrogen fuel;
· To work out and master innovatively the systems of fuel elements and power plants ensuring efficient employment of hydrogen technologies in transport, industry, municipal housing economy and other sectors of economy;
· To identify the regions of the Russian Federation for complex mastering of hydrogen energy, to establish innovative-energy zones therein;
· To arrange cooperation in hydrogen energy with the CIS countries concerned, states of the East and the West;
· To improve the technological level and competitiveness of the sectors related to hydrogen energy, to increase a share of Russia on the world high-tech market;
· To mature the vehicle for making and implementation of the national program of the highest level based on the principles of partnership of the state, science, business and education, cooperation between states, integration of national and foreign capital in the implementation of an innovative breakthrough in energy;
· To arrange training and retraining of the manpower for all links of hydrogen energy, information support for its mastering and development.
Program implementation period – 2006-2050.

Major activities under the Program:
· Research and development efforts for efficient technologies of hydrogen fuel production, storage, processing and use, establishment of the system of fuel elements of various types;

· Marketing researches and arrangement of large-scale mastering of the fundamentally new competitive technologies for the use of hydrogen fuel and fuel elements in transport, energy, metallurgy, municipal housing economy, portable units, conquering space, military-industrial complex and other sectors of economy;
· Arrangement of production of new materials (including nanomaterials) and equipment for various spheres of production, transportation and use of hydrogen fuel;

· Joint researches, research and development efforts, implementation of integrated innovative projects with the CIS countries concerned and states of far abroad for mastering niches on the world market;

· Training, retraining and advanced training of manpower for hydrogen energy, arrangement of general education in hydrogen, informing population on the outlooks and advantages of hydrogen energy;

· Working out and mastering of the organizational-economic framework for the implementation of the Program that is adequate to the conditions of globalization and directed market economy and based on the principles of partnership of state, science, education and business, establishment of the management company and international innovative strategic alliance in hydrogen energy.

Sizes and sources of financing of the Program at four stages (2006-2010, 2011-2020, 2021-2030, 2031-2050) are determined preliminary and be updated as the Program is being implemented and evaluation of the outputs. At the first stage the size of financing is estimated in USD 600 mln., where at least 300 mln. – contributed by the state. At the second stage the size of investments will grow to USD 8 bln., where 900 mln. will be allocated by the state. At the third stage a possible size of investments, mainly in the innovative development of the fundamentally new technologies, will make about USD 5 bln., where a share of the state will make about 900 mln. At the fourth stage the size of investments in production and use of hydrogen fuel and fuel elements may reach USD 10 bln., including state – 800 mln. Only projects that will pass the innovative-technological evaluation will be financed for entire period of their implementation.
Anticipated results after the implementation of the Program:
· Russia will overcome lagging formed in the 1990s and enters the number of the countries – world leaders in development of hydrogen energy – one of the key directions in the energy-ecological revolution in the 21st century;

· A large-scale production and use of hydrogen fuel and fuel elements will begin, thus ensuring energy security of the country under conditions when the reserves of the best deposits of fossil fuel are being depleted and it becomes more expensive;

· The activities under the Program will promote the development of allied industries (production of nanomaterials, power equipment, etc.), will become one of the leading directions in the high-tech complex of the country, innovative path of economic development;

· Cooperation with the CIS countries and states of far abroad will strengthen, thus permitting to strengthen positions of Russia on the world energy market and to expand its presence on the world high-tech market in general;

· Ecological situation in the country will alter for the better, the volumes of greenhouse gas emissions will reduce drastically as well as pollution of atmospheric air, water and lands. This will contribute to the surmounting negative changes in climate, improve quality of life of people, especially in large cities and industrial centers, will promote the growth of a well-aware support of hydrogen economy by population;
· An efficient framework of partnership between state, business, science and education will be worked out in the implementation of an innovative breakthrough, fulfillment of national innovative programs and projects, coordination of scientific and innovative projects on the federal, regional and international levels.
The payoff period of the projects under the Programs will be changed at its various stages. When technologies are being mastered, it will be long, however at the next stages when production and use of hydrogen fuel and fuel elements will reach the industrial scale and they will become much cheaper, the payoff period of the projects will reduce considerably.

The effect of each project will be determined after evaluation of the projects under the Program and will be updated at each stage of its implementation in the context of the results already reached, inflation rates and conditions of the world energy market.

1. Need to Make a National Program

1.1. The Leading Link of the Global Energy-Ecological Revolution

1.1.1. Global Scientific-Technological Overturn of the 21st century

In the first half of the 21st c. the world economy has entered a period of a global scientific-technological overturn. Its contents is a scientific revolution and a transition from industrial to the post-industrial technological mode of production based on a cluster of epochal and basis innovations that are transforming all sides of society’s life. The first stage of such transformations will be the mastering and spreading of the sixth technological order that will be prevailing in the 2020-2040s in the vanguard countries determining the competitiveness of products on the world and national markets, economic growth rates, level and quality of life of population.

1.1.2. Energy-ecological Revolution is the Pivot of a Global Technological Overturn
Each technological overturn has its own specific structure, its leading, basic directions. The pivot of the technological overturn of the first half of the 21st c. is  a global energy-ecological revolution that is based on the use not fossil fuel prevailed in the industrial period as a major source of energy but alternative and renewable, ecologically clean sources of energy where hydrogen fuel will take the leading position among them.

The impending global energy-ecological revolution is dictated by a number of factors.

First, the population numbers of the world are increasing continuously: it will increase one and a half time against present by 2050. Energy consumption is rapidly growing, especially in the developing countries.
Second, in the foreseeable future major approachable and rich deposits of fossil fuel will be depleted, its reserves are distributed quite unevenly by countries and civilizations, costs of its production and prices will increase many times.
Third, energy causes more and more damage to the environment with each year: the volume of harmful substances emission into the atmosphere is only increasing that leads to irreversible changes in climate and threatens to the planet with an ecological catastrophe.

Fourth, current and capital costs for ensuring energy needs of society and preservation of environment are increasing fast that brakes economic growth of all countries and does not allow satisfying the needs of population to a necessary extent.
Fifth, economic and ecological potential of technologies of industrial type used in the energy sector is reducing. An innovative breakthrough is necessary, and the launching site for it will be the mastering and distribution of fundamentally new resource-saving, ecologically clean technologies in the 21st c., and first of all science-intensive hydrogen energy of the post-industrial type that will make the major contents of the developing energy-ecological revolution in the vanguard countries.
1.1.3. A Conversion to Hydrogen Energy is the Core of a Global Energy-Ecological Revolution

Hydrogen fuel has decisive advantages among alternative sources of energy due to a number of reasons:

· Its reserves are nearly unexhaustable – hydrogen may be manufactured from water, methane, fossil fuel, and biomass;
· Hydrogen has a high energy intensity – its combustion value in oxygen is 2.6 times higher than with gasoline;
· This is an ecologically clean product – ordinary water is its waste when using;

· Hydrogen may be manufactured in the off-peak running regimes of the atomic power plants and hydroelectric power plant that enhances the efficiency of their performance and reduces production costs;

· This type of fuel may be used (as fuel elements, autonomous energy generators, and also portable household appliances) in all sectors of economy.

In production and use of hydrogen fuel some restrictions exist:

· Technologies of manufacturing, storing, transportation and use in large scale of hydrogen fuel has not been worked out well enough;
· Hydrogen is explosive therefore rigorous standards of safety shall be applied in hydrogen energy as well as the system of information support of the Program should make such standards known to all producers and consumers;

· The cost and sale price of hydrogen fuel and hydrogen elements are high now that limits the spheres of efficient use of these types of fuel.

However, these problems may be solved within one-two decades as an increasing number of scientists, inventors, designers and engineer from many countries are dealing with these issues, and if the investments increase many times and scales of production of hydrogen fuel the costs and price will drop as a matter of course.
1.1.4. A Global Innovative Breakthrough in Hydrogen Energy
Although the idea to use hydrogen as fuel had already been proposed in the 19th c., complex research works in hydrogen energy began only in the mid-1970s, in the depth of the world energy crisis. In 1974 the International Association of Hydrogen Energy was established, it holds regularly international conferences and shows. In the 1980-1990s  experimental works of the use of hydrogen and fuel elements in the industry, in conquering space, motor car and air transport were launched in a number of countries.

However, only the beginning of the 21st c. has witnessed a real breakthrough in hydrogen energy and fuel elements when such issues were promoted to the level of state and interstate promising innovative policy, when long-term national hydrogen programs (initiatives) were adopted in the USA, Japan and other countries, and in the European Union – similar interstate program. In the near years the scales of researches and innovations will increase in this field in geometric progression in the vanguard countries, and it means that soon notable practicable results may be got soon.

Hydrogen energy belongs to a number of high-tech productions and is one of the basic directions of the sixth technological order that will become prevailing in the 20-40s of the 19th c. and will determine the competitiveness of goods and services.
1.2. Hydrogen Energy is an Engine of an Innovative Breakthrough in Russia

1.2.1 A Lagging of Russia in the Innovative-Technological Overturn

Today Russia is behind the vanguard countries that are mastering fast and efficiently the achievements of the global energy-ecological revolution based on hydrogen and fuel elements. There are several reasons for that:

First, Russia is one of few countries of the world with enormous reserves of fossil fuel that permits it not only to satisfy own energy needs in it but to export millions of tons of fuel getting a huge world oil-gas rent from its sale under high world prices. Therefore neither the state nor the private business demonstrates a due interest to alternative sources of energy.
Second, as a result of crisis of the 1990s scientific-engineering and innovative potential of the country was undermined, a series of promising directions of scientific efforts, including in the sphere of alternative energy were wound up, and unregulated market economy has turned out to be nearly not receptive to promising basic innovations.
Third, neo-liberal market reforms are based on the postulate that the state should leave the sphere of economy, and state support to science and innovations should be reduced to minimum. However, in such situation an innovative breakthrough is impossible that is indicated by experience of foreign countries with the developed market economy.
Fourth, the energy sector of Russia is distinguished by low efficiency (Fig. 1). Producing 4.6 times higher energy per capita (in terms of oil equivalent) and consuming 2.6 times more per capita Russia’s energy efficiency (GDP per unit of energy used) is 2.5 times lower world average, and CO2 emissions per capita is 2.5 times higher. A share of fuel in the structure of export of goods is 6.2 times higher than the world average level. Modern Russia is fast depleting proven reserves of fossil fuel inherited from the previous generations and does not use huge sizes of the world oil-gas rent for modernization, innovative renovation and enhancement of competitiveness of economy.
If recent tendencies of development of energy sector under conditions of developing scientific-technological overturn in the world (including global energy revolution) persist, Russia will turn into the  innovative-technological backwoods with the lapse of time, will become only a supplier of fuel and raw materials and sales market of finished goods for developed countries and TNCs. It is already now when Russia begins to feel a growing shortage of electric power that brakes economic growth.

When approachable rich reserves of oil and gas are mainly depleted, their production processes and transportation become considerably expensive and fuel price drops on the world market as the developed countries will be mainly using hydrogen and other alternative sources of energy, energy-ecological and economic crisis is impending in Russia.

Fig. 1 Russia in Global Energy Sector

Source: 2006. World Development Indicators. Washington. The World Bank, 2006. P. 156, 160, and 268.
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1.2.2 Status of Work in Hydrogen Energy

Already in September 1941 in besieged Leningrad there was created and registered a device to use hydrogen as motor car fuel and its scale use began for the first time in the world. In World War II about 700 cars supporting hydrogen balloons of the air defense of Leningrad and Moscow were operated on hydrogen.

From the mid-1970s the USSR actively joint the researches in hydrogen energy: they were conducted by specialists of several academic institutes, and the task laboratory of hydrogen technologies was opened in the Donetsk Polytechnical Institute. Hydrogen was used in several production processes as fuel, in conquering space, air transport. However, in the 1990s these efforts were wound up.

Only from the end of 2003 when the RAS presidium and the mining and metallurgical company Norilsk Nickel entered into the agreement and the Integrated Program of exploration, scientific-research and development efforts in hydrogen energy and fuel elements was approved (Nornickel GMK allocates USD 40 mln. per year for the program), researches and practical activities into this subject were renewed. A number of academic and sectoral institutes and higher educational institutions of Russia took part in them, the National Association of Hydrogen Energy (NAHE). However, the state did not nearly render support to the prime direction of an innovative-technological breakthrough while the vanguard countries earmark huge funds for its development. Thus, the US Senate adopted a resolution that USD 1.7 bln. from the budget will be channeled to this sphere within five years, and investments of private companies will make about 5-6 bln, more. The European Union will spend EUR 2 bln. for such purpose; in Japan – USD 4 bln. (during 20 years).
From 2005 the researches in hydrogen energy in Russia considerably expanded. A number of projects have been prepared, exhibitions were held, there was established and successfully operating the national innovative company ‘New Energy Projects’. The cross-disciplinary discussion was held and the work was published ‘On the Path to Hydrogen Energy’. The NAHE has launched the formulation of the concept of the National Program of Hydrogen Economy that includes the involvement the most active social strata in the problems of energy-ecological security, giving hydrogen education. The MIREA and the Lomonosov Moscow University have established a scientific-educational center ‘Sokolinaya Gora’ furthering the development of hydrogen economy. The youth organization of a new type sprang up here – international hydrogen club comprising young scientists, post-graduates, students and schoolchildren.
The government of the country set the strategic tasks of innovative transformation of energy industry, including based on hydrogen energy.

1.2.3 Scenarios of the Development of Hydrogen Economy in Russia

Two possible scenarios of Russia’s involvement in the global energy-ecological revolution are clearly taking shape.

Inertia-based scenario: if the state does not still support the projects furthering an innovative breakthrough in hydrogen energy, Russia will eminently turn out on the periphery of the global energy-ecological revolution, and ecological and economic crises are impending in future when all the best oil and gas fields will be depleted and world prices for oil fuel will drop.

Scenario of innovative-energy-ecological breakthrough is based on the united efforts of the state, research organization, powerful industrial and financial corporation directed at a speeded up development and mastering in large scale of the key directions in production, transportation, storage, ensuring safety of hydrogen fuel and fuel elements, their efficient use in various sectors of economy, developing innovative market niches based on the innovative partnership of state, business, science and education. It is necessary to cooperate actively with the CIS countries concerned and other states so that to become one of the leaders of the global energy-ecological revolution in future. A strategic instrument to implement such scenario is to make and to implement consistently of the national scientific-innovative program ‘Hydrogen Energy’ under an active support of civil society.
1.3. Need and Advantages of the National Scientific-Innovative Program ‘Hydrogen Energy’

1.3.1. Need of the National Program

It has already become a tradition that strategic socio-economic, scientific-technical, innovative, ecological and other problems are decided in Russia using federal special purpose programs. The list of the programs financed from the federal budget is annually adopted and published as one of appendices to the federal budget. However, the federal special purpose programs have several essential drawbacks: the size of financing is not enough and is revised annually, they are mainly of departmental (or regional) nature, no well-defined system of management and responsibility of executing agencies has been established for final result.

Historic experience of the USSR and Russia (the GOELRO plan, programs for the creation of missile nuclear shield, conquering space, implementation of national projects of social nature in modern Russia ) and other leading countries of the world (the Apollo program and Soyuz-Apollo in the USA, modern hydrogen programs in the USA and the European Union) indicate: an innovative breakthrough is possible only based on the scale programs implemented on the initiative and with the immediate involvement of the state under active furtherance of private business and wide involvement of the scientific community, practical engineers, talented youth, and system of occupational education.
The energy-ecological revolution permeates nearly all sectors of economy. In order to implement it is necessary to concentrate considerable intellectual, financial and material resources both the state and business. It is exactly the target of the national innovative program ‘Hydrogen Energy’.
1.3.2. Specifics and Advantages of National Programs and Projects

National programs and projects have indisputable advantages against federal special purpose scientific-technological and innovative programs.

First, if the object of the special purpose program is any direction of equipment (technology), sector or region, then a national program is oriented at transformation of economy in general at a certain angle of view. Thus, the object of the program ‘Hydrogen Energy’ is all energy sector of the sector, its connections with other sectors of economy and with the global energy sector: the structure of production and consumption of energy, technologies of energy supply and energy saving, energy market, production of relevant equipment, manpower training, legal framework of the energy sector, information support of an innovative breakthrough. Basically, the matter in question is building up hydrogen economy as it has been noted in the document of the G-8 summit in Saint Petersburg.
Second, federal special purpose programs are usually made for 5-10 years ahead while national – for a longer period. It is impossible to transform fast all spheres of energy production and energy consumption, and a change of generation of equipment (technologies) and technological orders is extended for years and decades. Therefore a horizon of the National Program ‘Hydrogen Energy’ covers a period up to 2050 (as it is provided for by hydrogen technological platform of the European Union).
Third, unlike special purpose programs of one level (federal or regional), the national program ‘Hydrogen Energy’ is of a hierarchical nature. It ensures smooth cooperation of production and science, innovative mastering of achievements of the latter not only nationwide level but regional, and also permits to enter into cooperation with the CIS countries and far abroad that are introducing the same scientific-innovative programs.
Fourth, federal special purpose programs are more often financed from the budget, and the national program of hydrogen energy is founded on the partnership, uniting efforts of the state, science, education and business. While at the launching stage the state still remains the major investor, then financial participation of private corporations and investors then steadily increases in the programs (and hence responsibility for its implementation). Not least important condition is that the funds should be earmarked not for one year, but all period the projects are underway.
Fifth, unlike special purpose programs that as a rule has an amorphous structure of management and do not ensure a real responsibility for the result either government customer (of federal or regional body) or the master executing agency, the national program is based on well-defined modern and efficient system of management. The program is oriented at the final result and includes three mandatory elements:

· Customers (the Government of the RF, for individual sub-programs – ministries, agencies, regional bodies, and also corporations  by individual specific projects) in charge of making such orders, allocation of the funds, evaluation of the performance results and their practical application;
· Research supervisors of the Program proper, its sub-program, projects. Scientists bear responsibility for development of technologies and accompanying projects, for a scientific-technological level of results; they also exercise follow-on when technologies are being implemented;
· Management company for the program and executing agencies (directors) of sub-programs, projects. The executing agencies get an order and resources for its implementation, arrange all activities and deliver them to the interdepartmental commission in general and by stages (sub-programs, projects).
In this regard all elements oriented at the final result are included in the single information network that will ensure efficient control from civil society for the implementation of the Program, its ecological and socio-economic effect.

Sixth, the result of the performance of the target program is economic, social, ecological effect in one branch, sector or region, and the national program – in all country. Furthermore, it is often the case when the state acceptance of the target programs completed is not performed, and their results are not evaluated that establishes conditions for inappropriate use or stealing of the earmarked funds. On the contrary, the quality of the performance of the stages of the National Program and individual projects may be evaluated according to clear parameters, comparing with figures predetermined when making a governmental order: a share of hydrogen fuel in the energy balance of the country, volumes of hazardous emissions into the environment, level of energy saving, increase in labor efficiency and GDP output, etc.
The analog for working out the framework to implement a National Program may serve the framework for the performance of four national projects of social nature adopted on the initiative of the RF President the hydrogen program is connected with each of them through the subject.
2. Objectives, Tasks and Milestones in the Implementation of the Program ‘Hydrogen Energy’

2.1. Objectives of the National Program

2.1.1. Requirements for the System of Objectives of the National Program

The final and intermediate objectives of the Program should be articulated clearly, determined in quantity and mutually agreed. It is necessary to build up the tree of objectives of the Program proceeding from the following requirements:

· Major parameters (indices) of the implementation of the Program showing in large its general objective should not be many; they can’t contradict each other internally and show final national economic results of the Program implemented;
· In view of the performance period of the Program, such final parameters should be broken down into several time lengths (milestones of the implementation of the Program) so that it could be possible to control its performance and adjust it, if necessary;
· As the Program has a complicated and multi-level nature, final parameters should be determined by each sub-program, each project weighing and approving them with the parameters of the general objective;

· The implementation of the Program and its individual stages should be controlled strictly and how efficient the funds allocated are used should be monitored; if internal and external conditions of the implementation of the Program change, to adjust the system of its objectives and structure or terminate activities at all over individual projects if it is established that they have no prospects.
2.1.2. General Objective of the Program ‘Hydrogen Energy’ in a first approximation may be formulated as follows: ‘To elaborate and to master innovatively the fundamentally new technologies of production, safety storing, transportation and use of hydrogen fuel and fuel elements in various sectors of national economy so that to increase a share of such type of fuel in the energy consumption balance of Russia up to 3% by 2020, 10% - by 2030 and 30% - by 2050’. On this basis to ensure a relative saving of fossil fuel and reducing the volumes of greenhouse gases emissions into the atmosphere from stationary and mobile sources by 3% by 2020, 10% - by 2030 and 25% - by 2050. To increase a share of the annual average GDP increased due to the implementation of the Program by 0.5% by 2020, 10% - by 2030 and 20% - by 2050.’
One should be clearly aware that the implementation of the Program can’t bring essential results before 2010, but a benefit from its implementation will become obvious already by 2020.

2.1.3 Interim Objectives of the Program follow from their general objective. It is necessary within framework of the Program:

· To Reach the industrial level of production of hydrogen fuel at the atomic power plants and water power plants. Involving these and other sources for production of hydrogen fuel in volumes sufficient to conduct experimental works and to increase its share in the energy consumption balance up to the indices specified in the general objective of the Program;
· To develop storage and transportation systems of hydrogen fuel from its producers to consumers. To set the output of self-contained electric power plants and filling stations in quantity sufficient to supply vehicles operated on hydrogen fuel with it (cars, scooters, vessels, aircrafts, etc.) and electric public utilities in remote regions;
· To work out and to arrange industrial production of fuel elements for self-contained electric power plants and mobile and stationery mechanisms operated on hydrogen fuel and being used in various sectors of economy, first of all in electric public utilities;

· To bring the level of consumption of hydrogen fuel and fuel elements:
· in cars: to 0.5% by 2010, 5% - by 2020, 20% - by 2030 and 45% - by 2050;

· in river and sea vessels: 1% of deadweight by 2020, 5% - by 2030, 15% - by 2050;
· in aircrafts: to 2% by 2030 and 15% - by 2050;

· in electric power plants for municipal housing economy: to 10% by 2020, 25% - by 2030 and 40% - by 2050.
· In portable energy sources: to 5% by 2020, 20% - by 2030 and 45% - by 2050;

· To solve the issue of safe production, storage, filling, use, to establish the system of standards and specifications, control mechanism for compliance;
· To reduce the cost of production of fuel elements against the level attained in 2005 2-3 times by 2010, 4-5 times by 2020, 6-7 times by 2030, 8-9 times by 2050, hydrogen – 1.3-1.5 times by 2010, 1.8 – 2 times by 2020, 2.5-2.8 times by 2030 and 3.2-3.5 times by 2050;
· To ensure training and retraining on a necessary scale of researchers, instructors, engineers, production engineers, skilled workers, managers for production, mastering and operation of hydrogen fuel and fuel elements under the program and projects;
· To put into effect the system of general education in hydrogen that includes mass training in the fundamentals underlying the use of ecologically clean types of energy, first of all hydrogen, in direct connection with the decision of the prime energy-ecological problems of municipalities, regions and all the country;
· To work out and to put into effect an information network that would ensure efficient control from civil society over the implementation of the Program and its implications.

The tree of the Program objectives is given in Fig, 2.

Fig, 2 Tree of objectives of the Program ‘Hydrogen Energy’
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2.2. Tasks of the National Program ‘Hydrogen Energy’

2.2.1 A set of tasks of the National Program follows from the system of its objectives and ensures specific ways to achieve them based on the stages of the implementation of the Program. Objectives and tasks of the Program serve as guides in determining its functional and insuring structure.
2.2.2. System of tasks under the Program necessary for attaining its objectives, including three blocks connected with each other:

· Research – a complex of fundamental and applied researches, development efforts and technical and economic assessments intended to solve problems of production, storage, transportation and use of hydrogen fuel, production and use of fuel elements and power plants in various sectors of economy. The first block is primary at the initial stages of the implementation of the program due to the depth of transformations and science-intensive technologies related to the sixth technological order;
· Innovative – mastering production and use of hydrogen fuel and fuel elements based on basic innovations in all branches, sectors of economies and regions of the country fit for that (first of all in municipal energy, transport and portable electronic devices). The significance of this block and its share in investments will be increasing at further stages of the Program;
· Management – making legal, organizational-economic and management framework for development and implementation of the National Program ‘Hydrogen Energy’, its sub-programs and projects, including the issues of establishment and functioning of the management company, training and retraining of manpower, information support, mastering hydrogen energy in the regions of Russia and international cooperation in this sphere. The tasks of this block should be begun to solve from the very start of its shaping, however, their structure and the performance will be changed at various stages as the Program is being fulfilled.
All three blocks of tasks (research, innovative, and management) should be connected through a general information periphery (IP) working in general for the program from civil society. IP should reflect on the international, national, regional and municipal levels socio-economic, ecological and political-legal aspects of hydrogen development in Russia making a basis of social monitoring the implementation of the Program at all its stages.

2.3. Stages of the Implementation of the Program

2.3.1. A stage-by-stage approach to elaboration and implementation of the Program. As the Program is envisaged for a long-term outlook, has a high level of uncertainty, its tasks are complicated, and research and innovative risks are high, it is necessary to envisage several stages in its implementation, and also an option to make adjustments as it advances.
2.3.2. The first stage (2006-2010). A major direction in the implementation of the Program is the projects of the first block – research, and also management. Fundamental and applied research works and development efforts should be done covering a wide range of directions and projects in production, transportation, storage, application of hydrogen fuel, and designing, manufacturing and efficient use of fuel elements. At the same time it is necessary to conduct marketing researches and technical and economic assessments so that to determine the most efficient methods of production and areas where hydrogen fuel and fuel elements will be used (innovative niches on the internal and external markets). The management company should outline a range of innovative projects of the 1st turn and solve the issues of its financing, to identify regions to be first master the achievements of hydrogen energy. At the first stages negotiations are conducted and agreements are entered into with Russian and foreign partners, legal and organizational-economic framework of the implementation of the Program is being built, the system of management is shaped, target training of manpower is launched. Demonstration copies of devices and plants are created and displayed at the international expositions. The concept of manpower training for hydrogen energy is formulated and launched. 
Public opinion is formed to convert to hydrogen and other ecologically clean types of alternative energy. The concept of hydrogen general education and information periphery (IP) of the Program is worked out and tested. Information support of the first stage of the implementation of the Program is performed and development of general education in hydrogen connected with the implementation of priority national projects and decision of the most severe environmental problems.

2.3.3. Second stage (2011-2020). The major task of this period is innovative mastering of the results attained at the first stage. It is necessary to implement a complex of innovative-investment projects in the priority spheres and to ensure their scientific support, and also to continue a fundamental search in promising directions. At this stage the volume of investments will increase many times, production cost, transportation and use of hydrogen fuel, manufacturing and application of fuel elements will drop sharply. Economic, ecological, social and foreign economic effects from the development of hydrogen energy will increase, its contribution to the GDP increase will grow, new niches on the internal and external markets will be developed, cooperation with foreign partners expanded. Positions of Russia will noticeably strengthen in the global energy overturn.
A regular training and retraining of manpower should operated by the end of the stage in all links of hydrogen energy.  A well-established public opinion will be formed that hydrogen energy is necessary as the core of energy-ecological security of the country. Information periphery (IP) os formed in general including public monitoring of the implementation of the Program and energy-ecological safety of municipalities, regions and all the country.
2.3.4. Third stage (2021-2030) – a phase of spreading of the energy component of the sixth technological order both on national and global scale. A complex of basic innovations is completed by a great number of improving innovations that ensure the expansion of spheres of production and application of hydrogen fuel and fuel elements. Innovative spreading of a new scientific-technological direction will bring a tangible result in the form of a major increase of a share of hydrogen fuel in the energy consumption balance, reduction of CO2 emissions, increase in GDP growth rates. This will permit to compensate reducing reserves, volumes of production and export of fossil fuel and its appreciation. A transformed energy sector of Russia will organically be included in the global energy sector modernized on the high-tech basis.
2.3.5. Fourth stage (2031-2050). Hydrogen energy as one of basic directions of the sixth technological order will enter the maturity phase. The improving innovations will be going as an extended front, a part of novelties will already become pseudo-innovations. Effect of mass distribution of hydrogen energy will reach its maximum, hydrogen fuel will become the main alternative source of energy. The volumes of production and consumption of fossil fuel and greenhouse gas emissions into the atmosphere will considerably reduce. The development of fundamental issues of the seventh technological order that will be prevailing in the second half of the 21st c. will begin.

A large mass of people of the country consuming or is ready to consume hydrogen or other ecologically clean energy in future will take it as an integral feature of the post-industrial way of life. Information periphery (IP) operating in an online mode using population actively supports the activity and energy-ecological security of the country.

3. Structure of the National Program ‘Hydrogen Energy’

3.1. Major Principles and Outlines of the Structure of the National Program

3.1.1. Compliance of the Structure with the Objectives and Tasks of the Program
The structure of the Program shall ensure the fastest and efficient achievement of its objectives, and also be flexible enough, able to adapt to changes in objectives and tasks, to develop in time, by stages of the implementation of the Program.

3.1.2. Outlines of the Structure of the Program
In pursuance of the objectives stated in section 2 of the Program three outlines connected with each other may be defined in its structure (Fig, 3):

· Research – conducting fundamental and applied researches and development efforts aimed at the development of efficient production technologies, storage, transportation and ensuring safety of hydrogen fuel; creation and modernization of fuel elements; use of hydrogen fuel and fuel elements in various branches and sectors of economy; building up efficient framework of innovative partnership of state, science, education and civil society for the implementation of the Program;
· Innovative – use of the outputs of R&D and inventions for mastering and spreading of efficient innovative technologies and products in various sectors and spheres of economy, elaboration of business plans of innovative-investment projects, mastering of innovative niches on internal and world markets;
· Organizational-management – building up special purpose organizational structures with respect to the projects, sub-programs and the Program in general; establishment of the management company under the Program (National Innovative Company ‘New Energy Projects’); identification of customers, research supervisors, executive directors for the programs and sub-programs, establishment and arrangement of operations of the management company of the Program; shaping the organizational structures engaged in forecasting and strategic planning of development of the Program, innovative-technological and economic evaluation and selection of specific projects, management of financial flows; coordination of regional and international hydrogen energy projects, manpower training; information and technical support, public relations; building up information periphery (IP); social monitoring of energy ecological security of the country.
Fig, 3 Structure of the National Innovative Program ‘Hydrogen Energy’
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· Fundamental researches

· Production of hydrogen
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· Fuel elements and electrochemical plants
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· Forecasting and economic researches

Innovative outline

· Organization of hydrogen production

· Storage, transportation and distribution of hydrogen

· Production of fuel elements

· Use of HF and FE in transport

· Use of HF and FE in energy sector, industry, and military-industry complex

· Use of HF and FE in municipal housing economy and portable devices

Organizational-management outline

· Forecasting, strategic planning and operating management
· Marketing and development of innovative market niches

· Evaluation and selection of scientific and innovative projects

· Organizational structures of the Program and management company

· Legal framework and standards

· Financial support of the implementation of the Program and projects

· Coordination of regional programs and projects

· International cooperation

· Manpower support of the Program and projects

· Information support and outreach
3.1.3. Projects

The basis of the implementation of the National Program is a specific project – research, innovative or organizational-management after the relevant evaluation. The project making a part of the sub-program and the Program becomes a basis for financing, gets a specific customer, research supervisor and executive director, research program (for research projects) and business plan (for innovative projects). Financing of the projects is determined for entire period of their implementation from all sources in accordance with the approved program of researches or business plan. Upon completion of the performance period the management of the Program and subprogram and management company will accept from the executing agencies and assess the results achieved by the same. It is possible the elaboration of complex projects covering both research and innovative and management activity as well as organizational-management projects.
3.1.4. Subprograms

In the structure of the Program there are distinguished subprograms that have a nature of matrix and cover research, innovative and management activity ensuring connections and coordination of the projects at all stages until the final result is obtained – a market product or technologies with an optimal level of mastering. The subprogram helps to solve specific tasks of the Program – issues of production, storage, transportation, ensuring safety, distribution of hydrogen fuel, development and production of fuel elements and power plants, marketing and developing innovative niches on the internal and external markets.
3.1.5. Regional Aspect of the Program

In the elaboration of this or that project it is identified a territory where its primary mastering will occur, and also the decisions of coordination with individual regions where the complexes of the projects for fuel and fuel elements production will be introduced and their innovative mastering will occur. As the Program advances the number of such regions will be expanded, hydrogen energy will be more and more widely applied countrywide. Regional and interregional programs may be shaped that will determine a territorial aspect of the Program for hydrogen energy by the subjects of the Russian Federation and macro regions (federal districts).
The territorial aspects of the Program are shown in the monitoring of its implementation with the involvement of municipal population, regions and all the country, monitoring of public opinions, energy-ecological monitoring and general education in hydrogen within the complex program of information periphery (IP).
3.1.6. International Aspect of the Program

Under conditions of globalization of economy and energy industry it is advisable to work out and implement the National Program ‘Hydrogen Energy’ within the innovative cooperation with foreign parties concerned and foreign companies. Such cooperation may be based on:

· Joint research and innovative projects;
· Acquisition of parcels of shares and joint business with the foreign companies engaged in hydrogen energy;
· Interstate treaties, programs and projects in hydrogen energy worked out and entered into within CIS and between individual countries of the Commonwealth;
· Coordination of activity and exchange of experience with the companies in the vanguard countries (USA, Japan, Germany, etc.) and interstate unions (the European Union);
· Establishment of an international innovative strategic alliance in hydrogen energy;
· UNEP initiatives or UN international programs, UNDP, etc.
The subsystem and projects intended for ensuring international cooperation and coordination of activities are distinguished in the organizational part of the Program respectively.
3.2. Research Outline of the Program

The research part includes the following subsystems and major problems to be solved in the implementation of the National Program.

3.2.1. Fundamental Researches

· Thermodynamics, kinetics and catalysis, structural mechanism and their influence, properties and efficiency of electrochemical fuel cells with various electrolytes.
· Hydrogen and fullerenes.

· Hydrogen and nanotechnologies.

· Hydrogen treatment of materials.  Get powders. Hydrogen modification of semi-conducting and dielectric materials.

· Hydrogen degradation of materials and its prevention methods.

· Microspheres for storing hydrogen.

· Thermodynamics, kinetics, technological implementation means of photolytic processes of water decomposition.

3.2.2. Hydrogen Process

· Establishment of large-scale hydrogen production complexes based on atomic power plants (atomic power plants and Atomic Power Technological Plants), in particular using high-temperature gas-cooled reactors of new generation MGR-GT.
· Development of industrial methods and equipment for production of hydrogen using plasma technologies.
· Creation of high temperature mobile and fixed plants for hydrogen production in thermo chemical cycles.
· Development of technologies and equipment for hydrogen accumulation of energy in energy complexes with variable demand, including in the systems using renewable resources (solar and wind hydrogen plants energy complexes).
· Creation of fixed and mobile complexes for hydrogen production and manufactured gas (H2+CO) using biomass gasification method and local mineral resources (coals, shales, etc.)
3.2.3. Hydrogen Transportation and Storage Issues

· Development of technologies and equipment for storing stocks of hydrogen (gaseous and hydrates) on the industrial scale in the land gas holders and underground space of man-made and natural origin.
· Creation of dedicated hydrogen equipment (compressors, pipelines, safety systems) and adaptation of existing networks of gas pipeline and gas filling stations for transportation, distribution and filling with hydrogen of various mechanisms operating on this type of fuel.
· Development of solid storage batteries of hydrogen based on intermettalic compounds and alloys, borohydrate of alkali metals and hydrides of light-weight metals.
· Creation of small-size systems of storage of hydrogen for transport vehicles and systems of heat and electric supply.
· Development of hydrogen bottles of composite materials rated at pressure up to 70 MPa with the weight content of hydrogen 10-12% of the bottle weight.
· Development of cryogen vessels with the weight content of liquid hydrogen at least 25% of the vessel weight.
· Establishment of industrial complexes for liquefying of hydrogen and cryogen tanks for storage and transportation of liquid hydrogen by road and air transport.
· Development of equipment for filling stations of transport vehicles by gaseous and liquid hydrogen.
3.2.4. Issues of Production of Fuel Elements and Electrochemical Power Plants

· Development of battery of hydrogen-air fuel elements with solid polymer electrolyte with the improved electrophysical and cost performances (based on domestic ion conducting membranes of new generation).
· Development of electrochemical generators (based on fuel elements batteries) with solid polymer electrolyte for automobile transport and systems of decentralized power supply.
· Development of mini-fuel elements with solid polymer electrolyte designed for charging mobile electronic devices (telephone, notebook, computer, dedicated equipment).
· Creation of batteries of hydrogen-air fuel elements with alkaline electrolyte and electrochemical generator with improved dimension and cost performances and intended for automobile transport power plants.
· Development of electrochemical and hybrid (with turbine) power plants for systems of electric and heat supply (based on high temperature (solid oxide) fuel elements).
· Development of co-regeneration self-contained power plants for supply with electric power and heat of residential buildings, quarters, small settlements, poultry farms, industrial livestock complexes, hospitals, and individual enterprises.
· Creation of energy complexes using primary energy of renewable resources (wind, sun, tides, etc.) based on electrolytic section-electrochemical generator’ and applied for electric power supply of consumers in remote areas of the planet.
3.2.5. Safety Problems of Hydrogen Energy
· Establishment of systems of monitoring and control of hydrogen content in gas mixtures and constructional materials.
· Development of equipment and technologies to suppress processes of initiation of combustion and detonation in hydrogen mixtures.

· Preparation of operation and legal documents pertaining to elementary rules and skills to handle hydrogen and hydrogen containing products at all stages of their production, storage, distribution and consumption.

3.2.6. Forecasting, Economic, Ecological and Social Researches

· Making, regular extension and updating long-term (for 30-50 years) and medium-term (for 10-15 years) forecasts of dynamics of global and national energy sectors and development of hydrogen energy as one of basic directions of the sixth technological order.
· Creation of global and national macro models of energy sector within reproduction-cyclical and geo-civilizational macro models for analysis, forecasting and assessment of economic implications of development of hydrogen economy and participation of Russia in the world energy sector.

· Estimation of the influence that will render the implementation of the Program on the environmental situation and long-range balance of Russian energy resources.

· Validation of the framework of innovative partnership between the state, business, science, education and civil society in the development of hydrogen energy, methods of governmental support in the implementation of the national program.
· Research into social aspects in the implementation of the National Program ‘Hydrogen Energy’, its influence on the level and quality of life of population, especially in the remote northern regions of the country.

· Research into information-educational aspects of the Program and general education in hydrogen, their impact on the state of public mind and energy-ecological security of the country.
3.3. Innovative Outline of the Program

The structure of innovative outline of the Program relies on the results of the research outline and targeted at a large-scale development of innovative niches on the national and world energy markets within the optimal period and with maximum possible effect.
3.3.1. Tasks pertaining to the Organization of Hydrogen Fuel Production

· Mastering large-scale production of hydrogen by water electrolysis at the atomic and water power stations at the off-peaks.
· Creation of capacities for hydrogen production from natural fuel, oil products, biomass and other sources.

· Organization of production or import of equipment for hydrogen plants.

3.3.2. Problems of Hydrogen Fuel Storage, Transportation and Distribution 

· Mastering materials and technologies for storage of hydrogen by using gas bottles, cryogen and metal-hydride methods.
· Development of systems of fuel transportation for industrial and energy purposes.

· Establishment of distribution systems able to ensure demands of regions in hydrogen fuel.

· Organization of production of equipment for storage, transportation and distribution of hydrogen fuel.

3.3.3. Production and Use of Fuel Elements

· Creation of capacities manufacturing various fuel elements.

· Expansion of production output of metals and materials for fuel elements.

· Establishment of logistics centers for sale and maintenance of fuel elements.

3.3.4. Use of Hydrogen Fuel and Fuel Elements in Transport

· Mastering of batch, and then large-batch production of motor cars and trucks and buses on hydrogen fuel with hybrid gas-hydrogen engines, and also production of car filling stations.
· Development of sea, river vessels and subsurface vessels with engines driven by hydrogen fuel.
· Creation of winged vehicles and aircrafts with engines on hydrogen fuel.
· Use of hydrogen fuel in the rocket-and-space industry.

3.3.5. Use of Hydrogen Fuel in Energy Sector, Industry and Military-Industrial Complex

· Creation of self-contained energy generators on hydrogen fuel.

· Development of systems on hydrogen fuel used in metallurgy, electronics, glass industry, etc.

· Active application of hydrogen fuel in the military-industrial complex.

3.3.6. Application of Hydrogen Fuel and Fuel Elements in Municipal Housing Economy, Agriculture and Household Appliances

· Creation of self-contained system of power supply in the remote and northern districts, and also in energy smart housing estates of new generation.
· Fitting with self-contained power plants with hydrogen fuel elements of poultry farms, industrial livestock complexes, farms, and small rural settlements.
· Setting up production of portable energy accumulating units for household appliances.
The structure of management of the National Program is given in Fig, 4 ensures the performance of the following functions. 
3.4. Organizational-management Outline of the National Program

3.4.1. Forecasting, Strategic and Operating Management of the Program
· Analysis, making and evaluation of the energy sector and hydrogen energy development sector in the world and in the country.
· Strategic planning of the implementation of the Program and development of hydrogen energy.
· Scheduling of the nodal directions of development of hydrogen, their inclusion in the federal programs.
· Operating management of the implementation of the Program, subprograms, and projects.
Fig, 4 The structure of management of the National Program ‘Hydrogen Energy’
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3.4.2 Evaluation, Selection and Appraisal of the Implementation of the Projects

· Innovative-technological, economic and ecological evaluation of projects.
· Patent examination of projects.
· Appraisal of results of the implementation of the projects.
3.4.3. Marketing and Developing Market Niches

· Studying and forecasting of the conditions of national and world energy markets and development of hydrogen energy.
· Marketing and promotion measures of innovative products of the Program on the internal and external markets.
· Mapping out marketing strategy for entering the markets, development of market niches.
3.4.4 Activities of Organizational Structures Introducing the National Program
· Establishment of national, and in the long term – international strategic innovative alliance to implement the Program.
· Performance of the management company under the Program.
· Building up dedicated organizational structures for the subprograms and major projects.
· Establishment of innovative-energy zones in the region of pioneer complex mastering of hydrogen energy.
· Support of small innovative enterprises operating in hydrogen energy, opening of business incubators for such companies in the innovative-energy zones.
· Performance of research-advisory council under the Program, evaluation and selection of projects.
· Arrangement of training and advance training of manpower, information support of the Program.
3.4.5. Financial Support of the Program

· Establishment of the innovative fund for the implementation of projects, support of federal innovative and investment funds.
· Entering equities market and dealings with investors for such purpose.

· Establishment of regional venture funds in innovative-energy zones for support of small and medium business projects.

Financial support of the Program and projects is performed on the multi-channel basis. (Fig. 5).

3.4.6. Legal Framework of the Program

· Drafting federal laws on the National Program ‘Hydrogen Energy’ and innovative-energy zones.
· Draft making of subordinate acts ensuring management of the Program.

· Drafting the regulations on organizational structures necessary to implement the Program.

· Making the system of standards and norms.

3.4.7. Coordination of Regional Programs and Projects

· Coordination of activities related to the establishment and ensuring the operations of innovative-energy zones.
· Coordination of the projects in hydrogen energy.
· Approval of regional regulatory acts pertaining to the issues of hydrogen energy.
3.4.8. International Cooperation in Hydrogen Energy

· Participation in the elaboration and implementation of joint programs and projects with the countries concerned – CIS members.
· Joint projects with companies and states of far abroad concerned.
· Participation in international scientific practical conferences and expositions pertaining to hydrogen energy issues.
· Establishment of joint ventures in individual projects, international strategic innovative alliance under the Program.
Fig. 5 Sources of financing of the National Scientific-Innovative Program ‘Hydrogen Energy’
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3.4.9. Information and Human Resources Support, Outreach

· Publication of scientific, accounting and information literature on hydrogen energy.
· Building and support of internet-portal for the National Program ‘Hydrogen Energy’.
· Regular delivering of conferences, trade shows pertaining to hydrogen energy.
· Collecting and distribution of information related to development and implementation of the Program.
· Manpower support of the Program, energy-ecological monitoring and general education in hydrogen.
· Distance learning in the fundamentals of ecologically clean hydrogen and other types of energy.
· Information on the state and outlooks for energy-ecological security of the country.
· International information ties.
· Development of general education in hydrogen and its infrastructure.
· Creation of information periphery (IP) of the Program.
· Support of active youth associations of hydrogen-ecological direction based on the international MIREA club – students union of a new type.
· Holding dedicated competitions of inventions, encouraging young inventors.
· Arrangement of manpower training and traineeship abroad under the sub-programs and projects of the National Program, establishment of educational centers and projects similar to ‘Sokolinaya Gora’.
· Arrangement of PR actions under the Program and projects, outreach of the best achievements through mass media.
4. Preliminary Costs Estimation and Effect of the Implementation of the National Program

4.1. Expense for the implementation of the Program

4.1.1. Structure of Expense

· Expense for fundamental and applied researches, R&D (in accordance with the research outline of the Program).
· Investments in innovative mastering of the projects (in accordance with the innovative outline of the Program).
· Funds for the management of the Program, evaluation, selection and implementation of the projects, interregional and international cooperation (in accordance with its organizational-management outline).
· Expense for training of manpower to carry out the projects, information support.
Volume of expense for each of the said directions will be periodically updated as the Program advances, selection and implementation of the programs.
4.1.2. Sources of financing of the Program

· Funds of the federal budget earmarked as a separate line in accordance with the updated budgetary classification will be committed to the fundamental researches, starting mastering of new generations of hydrogen technologies, their use in social development, ecology, defense, and administration. At the first stage these funds will make a major part of investments in the Program, however a share of budgetary contributions will reduce at the next stages.
· Funds of federal investment-innovative funds and venture fund for financing of specific projects.

· Funds of the budgets of the subjects of the Federation and municipalities in regions where the programs and projects in hydrogen energy will be introduced.

· Investments of private, mixed and government enterprises participating in the implementation of specific projects.

· Foreign investments in projects jointly performed.

4.1.3. Preliminary Costs Estimation for the Program

· At the first stage (2006-2010) – USD 600 mln., including from the federal budget – 300 mln.
· At the second stage (2011-2020) – about USD 2 bln., including from the federal budget – 900 mln.;

· At the third stage (2021-2020) –  USD 5 bln., including from the federal budget – 2,500 mln.;

· At the fourth stage (2030-2050) – for 20 years USD 10 bln., including from the federal budget – USD 800 mln. (mainly for social and military-industrial complex).

According to a preliminary expert’s estimation it will be required USD 17.6 bln., including from the federal budget – up to USD 2.7 bln., in a total for the implementation of three stages of the Program.

For comparison: it is envisaged to allocate about USD 25 bln. under the program of development of nuclear energy for the same period; GOELRO-2 program submitted by the RAO UES implies USD 170 bln. of investments.
The volume and structure of expense will be detailed more in selection of the projects and updated at each stage of the implementation of the Program.

4.2. Effect of the Implementation of the National Program ‘Hydrogen Energy’

4.2.1. Components of Effect after Implementation of the National Program (are given in Fig. 6)
Components of Effect:

· Innovative-technological – mastering of high-tech priority directions of the sixth technological order, bridging a technological lagging with the vanguard countries;
· Economic – a growth of the volume of value added cost and profit when the program products are being realized, reducing the payoff period of investments in specific projects;
· Budgetary – increase in the volume of additional expense of federal and local budgets from the implementation of the projects;
· Ecological – reducing emissions of harmful substances into the atmosphere , pollution of water basins and lands, saving of non-renewable  resources of mineral fuel, enhancement of energy-ecological security;
· Foreign economic – diminishing dependence of the country on fluctuations in prices on the world fuel market, stepping up export of high technologies;
· Social – making tens of thousands of skilled jobs, increase in income of population, development of system of professional education; favorable conditions for intensification of intellectual potential of the youth, new way of life of population, growth of tolerance based on ideas of sustainable growth, speeding up social processes consolidating society;

· State-political – strengthening of stability and security of the country, enhance its role in civilizational space.
Fig, 6. Effect of the implementation of the National Scientific-Innovative Program ‘Hydrogen Energy’
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4.2.2. Economic effect  will find its expression in the improvement of competitiveness of national products, and its energy content will reduce, fossil fuel becoming more and more expensive fast will be replaced with cheaper hydrogen and fuel elements with production costs considerably reducing as its scale expands. At the first stage (2006-2010) one should not expect considerable economic effect; many projects will turn out to be lossmaking. However, at the second stage (2011-2020) expansion of scale of production and consumption of hydrogen and fuel elements will reduce many times costs and to enhance the return of the projects, especially against appreciation of fossil fuel and oil products. As a result the efficiency of products and the size of innovative energy rent will increase fast, and the investment payoff period will noticeably shorten. At the third stage (2021-2030) a growth rate of profits and energy rent will slow down, however their weight will be the largest that will give rise to GDP increase due to reducing in energy content of production and saving of fossil fuel, ensure a transition to an innovative type of development of economy.
4.2.3. Ecological effect:

· Extension of the field development period of non-renewable fossil fuel (first of all oil and has) and slowing down the rates of its appreciation being a major reason for inflation in the country;

· Reducing growth rates, and then an absolute reduction of emissions of greenhouse gases and other deleterious gases, pollution of water basins and lands;
· Enhancement of energy-ecological security of the country by a gradual ousting of ecological harmful energy from an every day use.

All this will permit to prevent unfavorable changes in climate, improve the state of environment in major industrial-transport centers and remote regions.

4.2.4. Foreign economic effect:

· Dependence of Russian economy on conditions of the world fuel market and export of fuel will be reduced; resources will be released for maintaining within a longer period of the previous volume of export of fuel and proceeds from world oil-gas rent;
· A share of Russia in the world export of high technologies will increase due to expansion of export of hydrogen technologies and fuel elements to the CIS countries and other states of the world concerned;
· Expansion of cooperation in high technologies with the EC, USA and other countries fulfilling the programs in hydrogen energy.
4.2.5. Social effect:

· Increase in the number of jobs requiring high skills, growth of income of the employed and resources for supporting nonworkers (children, retired, physically challenged persons, etc.);
· Establishment of favorable climate in the country for scientific creation and innovative breakthrough that is especially important for the oncoming generations;

· A new way of life population established as a result of careful use of ecologically clean hydrogen and other alternative energy;

· Improvement and enhancement of reliability of power supply of population;

· Bringing the levels of socio-economic development and conditions of life of population in various regions of Russia that is especially important for northern and eastern areas and will contribute to reducing depopulation rates.
4.2.6. State-political Effect:

· Strengthening of the role of the state and civil society in ensuring of the innovative breakthrough;
· Furtherance of achievement of social and political stability in the country;

· Consolidation of federal, regional and municipal authorities and public associations based on joint decision-making on energy-ecological problems vital for everybody;
· A growth in the awareness of citizens on energy-ecological policy of the state, strengthening of social cohesion of population;

· Strengthening of energy-ecological and geo-political positions of Russia in the world.
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