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1. Wind Energy in Russia 





1.1 The short historical review



Since ancient times, mankind learned how to use wind energy not only for sea and ocean sailing, but also for mechanical work execution. Windmills began to be used all over Europe after the Crusades and by the beginning of Industrial Revolution; they were in a great numbers. The hurricane in 1703, for example, that blew over Britain and France swept away 100 churches, 800 houses and 400 windmills. In the territory of modern southeastern Russia, windmills were constructed in III-IV centuries AD (1,2). In 1913, in Russia, there were more than 1 million windmills (3).

Besides the simplest windmills which were controlled manually in Russia, there were produced wind engines with automatic control and multi-blades. The  wind-engines were of the engineer V.P.Davydov and the four-blade rotors of N.P. Pogorgelski. The theoretical works of professors’ N.E.Zhukovskij, G.H.Sabinin, N.V.Krasovski and academicians V.P.Vetchinkin and G.F.Proskura created the theoretical bases for calculation and design of improved wind-engines.

First systematical researches began in 1920 in the environs of Moscow – Kuchino town. The Central Aero-hydrodynamics Institute (TsAGI) during 1931-1941 near Balaklava settlement (Crimea) were projected and built the first pilot wind power station (WES) D-30 with the capacity 100 kW. The station was a working trough transformer in parallel with grid, with voltage 6 kV, fed by Sebastopol power station. WES was equipped by asynchronous generator, on voltage 220V. The diameter of the windmill rotor was 30 meters. By that time the wind power station was the most powerful in the world. The construction of the second similar station began at the salt-works of Kara-Bogaz-Gol near the Caspian Sea. The installations were destroyed. during the wartime (1,2,4)

The inventor A.G.Ufimtsev, first in the world in 1930, created wind energy installation D-10, equipped with inertia accumulator and worked out the projects on multi-units wind power stations (prototype of present day “wind parks” and “wind farms”). He also worked out plans of wide wind energy implementation into country’s economy. 



The first “Atlas of wind energy resources” was published in 1935 (3,4). By 1936 the Central Wind Energy Institute has worked out the project of wind power installation D-50 with installed capacity 1000 kW. At the same time were completed the projects of wind energy station D-80, with total capacity 10 MW (4). 



In general, the process of wind energy development continued in the direction of large system-connected wind power installations.



Simultaneously, low-speed multi-blades wind turbines of type TV-5 and TV-8 became widely implemented in agriculture. These windmills used mechanical energy of the wind. A few years before the war, more than 6000 windmills were produced (3,4,5).



After the World War II, the wind energy development was drastically changed. In the place of large-scale system power engineering, began the big thermal power stations, which could not work in parallel with windmills. Cheap fuel and tendency to increase the generating unit capacity in order to improve their efficiency, practically pushed out wind power to the field of small and isolated consumers. However, in agriculture, the old mechanical windmills began to be changed to windmills, equipped with electrical generators (WECs).



In 1947, also in the USSR, was manufactured the first batch of fast speed three-blade stabilized wind engines D-18 with horizontal rotation axe and with units capacity 25 kW. The windmill and its modifications of D-12 and 1D-18, during the several years, were the main ones used for wind energy implementation in industry and agriculture. These units were equipped with electric generators and produced electricity (5,6,7). 



The last splash in large-scale wind energy development, in those times, was the construction of Novoishimskaia multi-aggregate power station VES-400 in 1960. This construction became possible only due to proclaimed policy of virgin land mastering, in those times. The wind power station consists of 12 wind power D-18 sets and diesel-electric station with capacity 100 kW. The total installed capacity of the power station was 400 kW (5,6).



In following years, straight to the world oil crises arising in the middle of 70s, the practical activity and development in wind energy, same as in small hydropower, were decreased. The existing wind turbines and wind power stations, and small hydro power stations were breaking and decaying, and being replaced by more reliable, simple in operation and cheap diesel electric units.







1.2. �Wind energy - State of the Art in modern Russia ��

The world fuel crisis stimulated works on wide implementation and mastering of renewable sources of energy in western economically developed countries with market economy and in countries where there are not significant fuel and energy resources, for example, India. In USSR, there were enough of oil and gas and the country lived in hard-centralized planning system. The advantages of mastering new renewable resource were not obvious due to extremely cheap energy fuels, during the period.

The first pilot wind energy converters (WECs) on specific figures were more expensive than all kinds of thermal stations, as well as nuclear power- and hydro power plants. At the same time the wind units’ capacities were still too small in comparison with giant thermal and hydropower developments. That was why wind energy received low priority from government, and the main financing and materials provision given to carry out the works on thermo-nuclear energy installation.

Wind energy continued to be developed, generally, in agriculture for small and local out of grid consumers. Windmills of small capacity were produced for operating mainly as sources of energy for isolated consumer or in hybrid systems – windmill-diesel generator. In the field of large-scale wind energy, there were projects of 100 and 250 kW machines. Here, continued the theoretical works on the project of giant WEC with capacities from 1MW to several dozen megawatts. In such installations, it was proposed to erect giant wind blades on the railway bogies. The movement of these bogies along closed circuit railway would turn the windmill rotor. The project was not fulfilled (19).

During the last twenty years, in Russia, there were great number of regional research works on assessment of wind regimes and wind energy resources (3,7,8,9,10). The calculations were made according to the former USSR methods, which made it almost impossible to directly compare the results with similar western assessments. In more details, the questions of value and distribution of wind energy resources are shown in corresponding chapter of present report. 

At present, in Russia, research workers of Danish-Russian Institute of Energy Efficiency prepared “Russian Wind Atlas” (11), made according to European methodology (12). In 1996, according to the order of the same Institute, authors of present report translated to Russian the manual on mastering and implementation software “WASP”, for spreading the software throughout Russia. The software has been worked out in Danish National Laboratory RISO and it permitted the definition in good quality and fast the energy figures of prospective windmill’s sites and even of wind parks, using raw data from “European Wind Atlas”. Russian researchers of construct-design bureau “Raduga”, of the Institute of experimental meteorology and of Scientific-Research Institute “Hydrometinfotrmation” created the batch of applied programs “Windpotential”, permitted, according to information, mentioned in (3) to make the same estimations, as the WASP program.   

In 1989-1990, the scheme of wind energy development of USSR up to 2000 (7) were worked out and the works on creation of Russian-made WECs and wind power stations began. 

The Institute “Samarahydroproject” made the feasibility study of Kalmytskaja wind power station, of Dagestan wind power station, an experimental wind power station in Dubki settlement. The same institute also made the working project of Kalmytskaja wind power station. Joint Stock Company “Lenhydroproject” made feasibility studies of Primorskaja and Leningradskaja wind power stations, as well as carried out pre-feasibility studies on large wind power stations in Magadan and Kaliningrad regions, in Karelia- and in Kola Peninsula. The authors of the present report enlisted for preparation of initial materials on wind regimes during the project in Kola Peninsula, by JSC “Hydroproject”. The main figures of prospective wind power stations during the period are listed in Table 1.1.

The plan of wind power implementation, which is shown below is in the very beginning of its realization. Now in operation are 7 aggregates on Zapoliarnaja wind power station in Komi republic, near Vorkuta city (12). One biggest Russian made WEC with capacity 1MW was installed in Kalmykia Republic, but reaching the planned installed capacity of wind power station would take a long time (Table 1.1). Already manufactured for Kalmykia republic were four more new 1 MW aggregates laying in plants storehouse because customers had no money to pay   (13). 

In the Kaliningrad region, was put into operation the first large WEC with capacity 600 kW made in Denmark, produced by “Wind World A/S” and entirely financed by Danish Government. 

Two 250 kW NEG Micon wind turbines were installed in Komandorskiye islands with the technical and financial help of Denmark (24).

Next year, in Bashkiria Republic, it is planned to install four ET-550/41 wind machines of 500 kW installed capacity each, and if the operation is successful there would be more installations in the nearest future. The installations are already delivered to the site and stored.

During last two years, in Murmansk and Arkhangelsk regions were installed 11 small wind turbines (10 kW each, Bergey type), delivered from USA according to the Chernomyrdin-Gore program. Several dozens of small WECs are working in Russia for isolated consumers in other parts of the territory. Taking this into account, a general figure of WECs total installed capacity in Russia could be around 5 MW, which figure was mentioned in (14). The figure, mentioned in (15) – 19 MW of installed capacity, included all territory of former USSR. The wind power developed faster in former Soviet Union Republics than in Russia due to absence of enormous fossil fuel deposits in the Republics. For example in Ukraine, without significant fuel oil and gas deposits, the country strongly depend on Russian fuel and gas export, the installed WECs capacity is also 5 MW (14), and in state legislation made special batch of laws and regulation with the aim to stimulate renewable energy development.  





The main features of prospective wind power stations (WPS) in Russia 

Table 1.1.



Name of the WPS�Capacity, MW�Terms of construction�State of objects�WECs type�Customer��Testing ground of non-traditional power engineering�5�1989-1999*�The WEC  

1-АWE-250

is in operation�АWE-200, Р-200, 

R-100, GP-250, Ju-500�Chirkejskej HPS, Dagenergo��Magadan�60�1995-1999*�Feasibility

study�AWE-200�Magadan-

energo��Dagestan�6�1993-1999*�Feasibility

study�АWE-200,

R-200,

R-1000�Dagenergo��Leningrad�25�1994-1998*�Feasibility

study �AWE-200,

R-1000�Lenenergo��Primorskaja�30�1993-1996*�Feasibility

study �R-250,

R-1000�Dalenergo��Morskaja�30�1994-1998*�Feasibility

study �R-250, 

R-1000�Karel-energo��Kalmyk�22�1992-1997*�One WEC  in operation since 1994.�R-1000�Kalm-energo��Zapoliarnaja�2,5�1992-1996*�6 WECs  in operation  since 1995�AWE-200�Komi-

energo��Novorossijsk�2�1993-1996*�Project�AWE-200�Seaport��Totally:�176������

* - The construction still not completed.







1.2.1. Russian windmill manufactures



Only after Russia was turned to transient economy and the process of privatization began, that the process of practical mastering of different type of windmills production started. Also, in all other branches of industry here were many companies-manufacturers of different sizes and experience. The maximum of their number was at the beginning of 90th. In the table 1.1 are shown rather noticeable companies on the market of windmills during the time. The list is not exhausted by only companies, mentioned in the table, but the companies, not mentioned in the table 1.2 practically have no activity, and therefore, skipped in the table.





Main manufactures of wind power installations in Russia (3,4,7)



Table 1.2

N �Manufacture/Developer�Capacity, kW

(at rated wind velocity, m/s)�Stage of development��1.�Design Bureau “RADUGA”, Dubna, Moscow region, JSC “TMZ”, Moscow�1000(13,6) grid connected

8(7,2);

1,5(6,0)�Pilot plant, installed in Kalmykia

Pilot plant

Pilot plant��2.�Scientific Production Association (SPA) “Vetroen”, Reutov, Moscow region



SPA “Yuzhnoe”, Dnepropetrovsk, Ukraine�250 (13)

grid connected�Serial production

Installed 6 units near Vorkuta, Komi Republic��3.�Joint production HSW (Germany) and SOVENA Association (Moscow)�30 (11)

grid connected�Pilot units��4.�“Vetroenergomash” factory, Astrakhan,

SPA “Vetroen”, Reutov, (Russia)�4 (9)�Serial production��5.�Industrial Association “Priborstroitel”, Rybinsk�0,16 (7,5)�Serial production��6.�JSC “Encoris”, Perm city,

JSC “Aeromekhanica”�3 (7,5)�Pilot units��7.�Industrial Association “Arsenal”,

JSC “Energia”, St.Peterburg�2 (8)

4 (9)�Pilot units

Pilot units��8.�Joint Venture  “Windenergy Company LMW”

Khabarovsk, (Russia-Netherland)�1,1(7); 2,5(12); 3,6(12); 10(12), autonomous�Serial production��9.�Tula Combined Works, Tula city�1 (5)�Pilot unit��10.�JSC “Dolina” Kuvandyk city of Orenburg region�2 (4)

autonomous�Pilot unit��11.�JSC “Molinos”, Moscow�0,25 (8)�Serial production��12.�SPA”Azimuth”, Gatchina of 

Leningrad region�0,2 (6)

0,04 (6)�Serial production��13.�SPA “Energia”, Voronezh city�0,12 (6,2)

1 (7,2)�Serial production

Pilot units��14.�SPA”Vetrotok”, “Kholodmash” factory,

Kalinin Factory�5 (8)

wind-diesel

diesel 8 kW�Pilot unit��15.�Aviation University, Ufa city,

Makeevs Design bureau, Miass (Russia) �100 (10)

wind-diesel

diesel 2x60 kW�Pilot unit��

At present between companies, which are still operating, rest only few enterprises mentioned above. The interest is only on the enterprises, which manufacture grid-connected wind turbines. There are only three such enterprises in the list:



1. Tushino Mechanical Plant, which earlier produced space “shuttles”, “Buran”, which is working in cooperation with design office “Raduga” and with joint stock company “Elektrosila”, joint stock company “Atommash” and with others large enterprises manufacture WEC. With “Raduga” of 1 MW capacity. These manufacturers have produced up to now 5 WECs – 1 MW each. However, four of these WECs are now in storehouse, because the customer have no money to pay for installations. The plant is actively trying to find western partners in order to create joint venture on WECs manufacturing (16).

 

2. The second manufacturer is a scientific-industrial association called “Vetroen”, which has produced grid-connected WEC - AWE-250 in cooperation with scientific-industrial association “Jujnoje” from Ukraine. Now, “Vetroen” is trying to begin new production with industrial association (IA) “Lenpodjemtransmash” from St.Petersburg.



3. The third manufacturer is the Leningrad Metallic Plant (LMZ), which earlier produced hydropower equipment. They began by producing the tower for large WECs. At present, towers were produced for delivering to Greece (13). 





The main technical features of Russian made wind energy converters (WECs)

Table 1.3



Index�The type of WEC���AWE-250�R-250�GP-250�Ju-500�R-1000��Capacity, kW�250�250�250�500�1000��Wind rotor diameter, m�25�24�24�34�48��Rated wind speed, m/sec�14,0�13,6�13,7�13,6�13,6��Wind speeds range, m/sec�5-30�5-25�7-30�4-25�5-25��Hurricane speed, m/sec�60�60�50�60�60��Number of blades�3�3�3�3�3��Wind rotors rotation frequency, rot/min�47,7�42-84�50-60�37,5�21-42��Hub height, m�25�27,2�24�31,5�38��Temperature range, С�-50 to+40�-50 to+40�40 to+40�50 to+40�50 to+40��Seismic activity, in marks of force�

8�

8�

8�

8�

8��Electricity production, millions kWh�

0,5-1,0�

0,6-1,2�

0,6-1,2�

1,0-2,0�

2,6-4,9��Life time, years�25�25�25�25�25��Mass, metric ton�30�38�25�41�130��Generating system�GSS-104-E�Synch.genwith const.magnet�Asynch. gen.with phase rotor�Asynch. Variant

2х250�Asynch.

Gen.��Three fazes current characteristics�400V,

50Hz�380V,

50Hz�380V,

50Hz�380V,

50Hz�6,3KV

50Hz��Designer�SPA “Vetroen”, “Juzhnoe”�MCB

”Raduga”�АС

“Sovena”�SPA

“Juzhnoe”�MCB

“Raduga”��Head manufacture�Pavlogradmachinery plant�Smolensk aviation plant�IA Lenpodjemtransmash.�Pavlograd machinery plant�Tushino machinery plant��Draft cost, millions of rubles

(in 1990 prices)�

0,35�

0,4�

0,5�

0,9�

1,75��

Two of the WECs mentioned above are still in operation in Russia (AWE-250 and Ju-500), but the plants, where the WECs were produced are now in another country – Ukraine. So, in reality, Russia produced only three types of grid-connected large WECs (R-250, GP-250 and R-1000).

It is very difficult to estimate the real price of WECs manufactured for two main reasons. First, it’s hard to say which WECs are produced in serial, and therefore their prices, and also, the cost price are significantly higher than normal for serial production. In the second place, is the fact that at present manufacturers are only ready to discuss the question of price with potential customers, and price-lists are not published and distributed. That is due to considerable inflation and in each single case manufactures try to estimate customers solvency and adjust selling price. As usual it becomes a little lower, than the price of European analogs. However, the quality is lower, especially the electronic control equipment.





1.3	The main priorities of official energy policy of Russia



The main priorities of energy policy were formulated in fundamental work (17) «New Energy Policy of Russia» issued in 1995. There, in chapter 9 «Science-technical policy and priorities directions of science-technical development of power engineering» was written, that the highest priorities up to 2010 should be followings:

«- improvement of electricity and heat production efficiency while using fossil fuel, and in first rate – natural gas,

…increasing of operational security of fuel extracting industries on each stages – from mining to… final using of fossil fuel,

improving of nuclear power engineering security on each stages of nuclear cycle…

creation of ecologically clean mining technologies and complexes, using electricity, heat, motor and domestic fuel.»

These priorities are understandable because at present and in the nearest future the basis of Russia’s power engineering consists of big thermal power stations on fossil fuel, and in general the fuel is natural gas.  Nuclear power in its turn is one of the most potentially dangerous industries, placing it in the list of highest priorities. 

The non-traditional and renewable sources of energy are mentioned at the end of the list – it is mentioned in the chapter 9, point 9.4. Even here the place of renewables, in general, and wind power in particular is very small and isolated. It exactly proposed for energy supply of small and isolated consumers.  The task “to intensify the project and construction of big system connected wind power stations on the basis of Russian made and imported WECs for compensation of fossil fuel shortage” is standing the last between first-rated in wind energy development (17, p.353).

When it became absolutely clear that finding necessary financing for further nuclear power development and for old nuclear power replacement by new ones is impossible, in autumn of this year took place meeting of the Committee of the Government of Russian Federation on operational issues. There, was discussed the measures for extension of operational life of old nuclear power blocks and for putting into operation of unfinished nuclear power blocks at high rate of readiness. At the meeting, it was decided to extend operational life of 7 nuclear blocks. The terms of their phase out have been planned in 2001-2006. That was forced decision. In the beginning of 2000 appeared an official normative document of “Gosatomnadzor”. 

In the latest time appeared new draft of the “Energy strategy for Russia for the period to 2020” prepared under supervision of Ministry of Fuel and Energy of Russian Federation (25). In this work, is presented the critical overview of recent energy sector of Russia development and formulated four different possible scenarios of future Russian economy development.  In their number are: the scenario of planned-directive economy as it was during the Communist power; the scenario of unlimited free market economy; scenario of closed market economy; and the most positive point, of view of the authors, free market economy scenario with some share of state control. 

The strategy strongly changed the attitude to nuclear power development. In the work were analyzed two variants of nuclear development – minimal and maximal. Both variant included the extension of operational life of old nuclear power blocks for more than 10 years, both variants accepted the phase out of operation of 7760 MW of NPS up to 2020, but after in minimal case the installed capacity of NPS increase to 33000 MW in 2020 with corresponding electricity production equal to 220 bill. kWh. In maximal variant the installed capacity of NPS increase in 2020 to 48400 MW, with electricity production 320 bill. kWh. This meant, that in the minimal variant of energy development, a total electricity production of 1156 bill. kWh will be received. in 2020 and the share of NPS will reach 19%. For the maximal case, the total electricity production will be 1509 bill. kWh. in 2020, and the share of NPS will be 21%. Such process of NPS fast growth is explained by the prognosis of oil and gas mining decreasing in nearest future. And the main subject for nuclear power stations is to replace fossil fuel plants in maximal scale.

These plans based on following preconditions, which are stated in the “Strategy…”:

1. The price for nuclear fuel in Russia is 2 times lower, then world's price;

2. The gas price in Russia is 6 times lower, then world's price, but except the forecast of gas mining decreases;

3. In Ministry of Nuclear Energy (“Minatom”), they have almost ready NPS under construction in total capacity of about 10000MW;

4. Up to 2010, in the European part of Russia, will be phase out of operation 12000 MW of fossil fuel power stations;

5. In the European part of Russia power stations, using coal as fuel are less efficient, than NPS with blocks capacity, higher then 1000 MW;

6. If specific investments into NPS will be lower 920 US$ per kW, construction of NPS is more efficient, than investments into gas mining and into gas power stations, even when taken into account expenses into pipelines and gas tanks.

7. In “Minatom”, they already have the project of NPS equipped with Russian made machines, with specific investments 900 US$ per kW.

We mentioned the data on nuclear power development because we’ll use part of these data in Chapter 3 of the report.



Attitude to non-conventional renewable sources of energy (NCRSE) practically has not changed. In "Strategy…", it is stated this branch of power engineering is falling behind majority of the European countries, USA, India, China with 10 – 15 years. The future of NCRSE is defined in "Strategy…" page 393 "not by  they could significantly replace the thermal power stations, but the future is defined by… the role, which they could play during the transition to power engineering of future, because of the (NCRSE) :

permit to ensure the decentralised energy-consumers… by their own energy resources and… help to solve social problems of these regions;

are environmentally clean …

permit to replace non-renewable energy resources…, even in the region, which obtain their own fossil fuel deposits.      

…Share of all NCRSE during the mentioned period (to 2020) in total energy resources consumption in Russia will increase from 0,1% to more than 1% or  in absolute figures it will save 20 mln. tons of equivalent fuel per year.» This figure is equivalent to electricity production in 47,5 bill. kWh. by diesel power stations and gas-turbine installations with specific fuel consumption 420 g.e.f./kWh. If the average annual full capacity hours for renewable energy installations are 3500, the total installed capacity of installations will be 13571 MW, in which are include all types of renewables. But the share of each source is unknown. It seems like in majority will be small hydro, small and medium size of insulated wind power sets, biomass power stations, solar active and passive collectors and etc. 

In “Strategy…” were formulated main thesis of the states policy concerning the stimulation of the NCRES development. In details, these statements will be presented in section 3.3. of the present report.

In general, one should note that the reluctance of the experts in power engineering and practical persons to realise the value and possible prospects of large-scale implementation of wind energy. The reasons of this are low fuel prices and  Это объясняется низкими ценами на энергоносители и кажущейся избыточности большинства энергосистем России.


