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Figure 6. Wind energy density at 10 m, W/m2
• Spring. 
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Figure 7. Wind energy density at 10 m, W/m2
• Summer. 
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Figure 8. Wind energy density at 10 m, W/m2
• Autumn. 



S.3 Roughness of the land surface.

The wind speed varies significantly because of the roughness of land surf ace. In order to 

estimate wind resources at the potential site of a wind power station, the procedure of choice of 

meteorological stations-analogies was suggested [11 and ref. therein]. If there is no a station­

analog in the radius of 50-70 km from the potential site, one can use the Table 1 of the sort 

suggested in [11] with coefficients of wind speed changes at the most characteristic types of land 

surfaces in the fSU (mesoscale climate coefficients), K,,. This coefficient is the ratio of the wind 

speed at the particular location and that at the open plain (or wide, >4 km, valley) and may vary 

in the range of S0.4 to 4.0. For example, if wind speed at the open plain is 5 mis it may vary 

from 20 mis at the open tops of hills to 2.0 mis at closed cavities. 

Mesoscale climate coefficients of wind speed variations, Ku-

Kind of relief 

Plain, wide valleys (>4km) 
Narrow valleys 

longitudinal
° 

transversal" 
Passes, saddles, wind corridors 
Hollows, cavities 
Slopes 

windward· 
leeward

° 

Plateaus, peaks 
Isles, coasts 
Capes, scythes 

Orientation to the predominant direction of wind. 
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Ku 

minimal 

1.0 

1.5 
0.6 and less 
1.8 
0.4 

1.2 
0.7 
2.0 
1.5 
2.0 

Table 1 

maximal 

1.0 

1.8 

0.6 
2.5 

0.9 

2.0 
0.9 
4.0 
2.0 
3.0 



For the detailed estimates of wind resources the mesoscale data are not sufficient, and the 

roughness of the second order given by microscale coefficients, K.,'; should be taken into account 

(hills in the valleys, hollows, ponds etc.). There are special tables for values of K,/, which may 

vary from <0.6 to 2.6 (11]. The estimates showed that changes in wind speeds even at very close 

locations should be taken into account. This corresponds to the field experience of Altamont Pass, 

where changes in siting of wind turbines by a few meters led to substantial impact on energy 

output. 

These methods were used in estimates of wind resources in some regions of the fSU, in 

particular in pre-mountain and mountain regions of Kazakhstan, where simple assumptions of the 

wind energy density are extremely hard because of the complicated relief and, as a consequence, 

large discrepancy of the <.N> values. In particular, it pointed to some very favorable areas for 

wind energy use. For example, the northwest part of the wind corridor Dzhungar gates, Taldy­

Kurgan region of Kazakhstan (see also Sec.6), characterizes by annual average wind energy 

density <N> = 1,500 W /m2
. 

S.4 &timation of wind energy potential in the North European part of Russia.

Let us look more attentively at the North European part ofthe fSU5
. As we saw from the 

maps in Figures 5-8 the most favorable regions are at the Kola peninsula, the White, the Barents 

and the Kara seas coasts, where the wind energy density exceeds 1,000 W/m2
• There is a detailed 

investigation of wind resources and prospects for their use in this region in [7]. The analysis was 

based on measurements of 168 meteorological stations. All measurements were made at the 

heights ranging from 9 to 20 meters. Than the results were recalculated to the height of 10 m 

AGL in the conditions of open plain. The following procedure was used to determine the annual 

average wind speed: 

5 This region includes Murmansk and Arkhangelsk oblast, Karelian and Komi autonomous republics. 

Total area is about 1,200,000 km2 (excluding arctic islands, among which the largest are Novaya Zemlya 
and Franz Joseph Land), or 7% of the total territory of Russia. 
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(6) 

where <vH> is a recalculated for the height H average wind speed: <vh> - factual, measured wind 

speed at the height of weathercock h; ko - adjustment coefficient for surface openness, ko = 1/K,,; 

� = vJvh - adjustment coefficient for height. For the dependence on height the power law 

•. (7) 

was used. According to the data from 20 meteorological stations of the region the following 

formula for <m> was obtained 

(8) 

. The expression (7) coincides with the most frequently used one-seventh power law (<m>=ln) 

at v = 6.45 mis. Consequently <m> is greater than In for smaller velocities and less for larger 

ones. As it follows from (7), (8) the adjustment coefficient k
h 

= vJvh for recalculating of wind 

speed from the level of anemometer h to the height H will be given by 

and, finally, (6) becomes 

_ ( H)0.6 <v,)--0.77 

k - -

h 
h 

' 
(9) 

The results of observations are given on the map of average annual wind speeds at 10 m 

AGL (Figure 9). The points show the locations of meteorological stations and the value of an 

average annual wind speed at the particular location. 

One can see that the largest wind speeds are observed at the coastal regions of the Barents 

sea: 7-9 mis at the north of the Kola peninsula, 6-8 mis in the eastern regions. In [7] seasonal 
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Figure 9. Annual average wind speeds at 10 m AGL, m/s. 
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and daily distribution of winds are also analyzed. It was concluded that in a whole annual 

distribution of winds is favorable for the effective use. The maximum of winds coincides with 
the seasonal peak of thermal and electric power consumption at cold periods of the year. The 
results of measurements and analyses of maximal wind speeds and wind gusts were also 

collected. 

Figure 10 shows the map of the annual wind energy density, <N>, at 70 m AGL6
• The 

data were obtained from the same ones used for creating the map in Figure 9 for wind speeds

together with data for wind frequency distribution f(v) in this region.

The _attempt to estimate wind resources of the northern European part of Russia was made 
,·�·.,.. t .. ... .. ,j' 

in t'7]. Since all the intermediate calculations are available it is worth to bring them here. The ''.' 
estimated potential was presented as the "technical potential - the part of potential resources, .·; 

which can. be used by currently available technical means". However, according to the • 

classificati�!} in Sec.3 it is somewhere between meteorological, site and technical potential. 
Although some technical characteristics of turbines were taken into account, there were no 
consideration of possible sites for potential WPS. 

The following assumptions were made. The power output of a wind turbine, P0, watts, is 
given by the formula 

(11) 

• where p is air density; D is a diameter of a rotor, m; v - wind speed, mis; � - performance
coefficient (�ax = 0.593); Tl,, Tlg - efficiencies of rotor and generator respectively.

The minimal distance between turbines were taken lOD. In this case the interference 

between turbines and array losses were neglected7
. Then for the unit square S, 1 km2

, one can 
find power density N

o, 
W /km2

6 This is probably too high for practical purposes. Reasonable wind turbines hub heights are 30-50m.

7 This assumption agrees more or less with results of other studies (see, for example, [ 12]). It is still 
necessary to take into account unavoidable system losses. Apparently it was not done. 
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( 1000)2 
No = Po --

lOD 

(12). 

Taking into account (11) and substituting constants and known values, one can obtain N0, 

kW/km2

(13) 

The following assumptions were made for calculations: � = 0.45, T\
r 

= 0.9, T\, = 0.95 

(turbine efficiency 38%), thus leading to the following final expression for power density, 

kW/km2
, 

(14) 

Then the average power output, N
av11

, from 1 km2 will be given by 

where [v
m
in• v

max
] is the interval of wind speeds when turbine operates, v0p1 is an optimal wind 

speed, i.e. wind speed when turbine output reaches its maximum value and stays constant8• The 

wind resources in the region with annual average wind speeds <v> > 4m/s at 10 m AGL were

estimated9
• It was assumed that the wind turbine axis is at the height of 70 m; vop, = (1.55-

1.60)<v>; operation time at optimal wind speed is 3,000 hours per year. Total area with <v> >

4 mis constitutes S = 215,700 km2 and the estimates with assumptions above led to the following 

numbers for the region: 

8 We should note here that the assumption about constancy of I;, and, consequently, turbine efficiency, 
is not correct. Actually it depends on the wind speed, v, and the equations (14), (15) look more 
complicated. In general, turbine efficiency decreases for strong winds, and equation (15) in its present 
fonn overestimates the average power output. 

9 We were unable to find out whether any dependence of the shape parameter b on height was taken
into account. There were indications in some studies [ 13] that b increases with height. Supposing this to 
be right the recalculations from l O m level may overestimate a wind turbine output. 
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TOTAL WIND ENERGY POTENTIAL 

TOTAL ANNUAL WIND ENERGY OUTPUT 

720,000 MW 

2,150 TWh. 

If we restrict the wind speed by the value <v> > 5 mis at 10 m AGL (in accordance with the 

assumption in Sec.3 for economical exploitation, 300 W/m2 at 50 m AGL) we obtain 

S = 148,500 km2 and 

TOTAL WIND ENERGY POTENTIAL 590,000 MW 

TOTAL ANNUAL WIND ENERGY OUTPUT 1,770 TWh. 

It is easy to calculate the number of wind turbines to be installed in the region under those 

estimations. Although, according to (14), energy density at unit square doesn't depend on wind 

rotor diameter, it was assumed in calculations in [7] that the wind turbines with 70 m rotor 

diameter are used. In this case it would be 2 wind turbines per 1 km2
, and the total number 

would be about 400,000. Let us recall now that the potential which was calculated is actually 

somewhere between meteorological and technical ones since no site restrictions were taken into 

account. Overall, the experience shows that, for example in Europe, only about 1 % of the land 

is actually occupied by wind turbines [13]. So, roughly one may expect similar result and in this 

case. Taking into account reasonable economic threshold of 5 mis at 10 m AGL we arrive to 

something about 6,000 MW potential and 18 TWh of annual energy production. This reduces 

number of wind turbines to several thousands that is not unrealistic - in California about 7,000 

wind turbines were installed during less than decade. For comparison, total annual electricity 

production in 1988-1991 in the fSU was about 1,700 TWh, and in Russia it was about 1,070 

TWh. Therefore the numbers show that the wind potential is large enough regardless of all 

uncertainties and could produce substantial input into electricity production at least in some 

regions. 

6. CURRENT STATUS AND TRENDS IN TECHNOLOGY AND WIND POWER

DEVELOPMENT IN THE FSU.

According to the decision of the Council of Ministers of the USSR in 1989 the research 

and design works in the sphere of renewable energy technologies were united in the State 

Scientific and Technological Program "Ecologically Clean Energy". The Program consists of 5 

different directions: 
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1. Safe nuclear power.

2. • Ecologically clean thermal power plant. \: -

3. Non-traditional energyrn.

4. Fuel of the future.

5. Hydrogen energy.

Initially six wind turbine projects were included into the subprogram for non-traditional energy: 

0.25-1 kW, 3-8 kW, 30 kW, 100 kW, 250 kW, and 1,250 kW. Later the projects of 30 kW and 

1,250 kW wind turbines were closed because of lack of financing. The leading R&D 

organizations in wind energy are NPO "Vetroen", NPO "Yuzhnoe", NII "Hydroproject", KB 

"Raduga", association "Energobalance-SoVENA"11• NPO "Vetroen" developed the projects of 

horizontal axis wind turbines (HAWT) of 16, 30, 100, 250 kW. The design of another 250 kW 

HA WT was carried out at the PO "Kirovskii zavod" in S.Petersburg. Test sample should be 

finished in 1992. Several projects of powerful (1,000 and 1,250 kW) vertical axis wind turbines 

(VA WT) for optimal wind speeds 15-20 mis have been started. These turbines can be used in the 

regions with very high wind potential, like the Far North or Far East of Russia. Since 1986 NIT 

"Hydroproject" has been developing the project of 1,000 kW VAWT (Figure lla). The other 

1,000 kW VA WT project was conducted by KB "Raduga". There is unclear situation with 1,250 

kW VAWT. This turbine was designed by NPO "Yuzhnoe". It was planned to beg.in tests of the

turbine at the isle of Dikson in the Arctic ocean in 1993 [14]. However, there is no information 

whether th.e test sample of turbine has been built. In 1992 industry in Russia produced only one 

10 = Renewable energy. 

11 The acronyms mean: 
NPO - science production association - usually combines research, design, innovation, and production 

under one organization, the lead facility is either KB or NIT; 
NIT - scientific research institute - carries out product and process development; 
KB - design bureau - engineering firm engaged in product and process development; 
PO - production association - similar to NPO, but usually has a factory as a lead facility. 

All such organizations in the past used to be within a particular ministry. For instance, NPO "Vetroen" 
was under the Ministry of Land Reclamation and Water Resources, NPO "Yuzhnoe" - under the Ministry 
of General Machine Building, KB "Raduga" - under the Ministry of Aviation Industry, NII "Hydroproject" 
- under the Ministry of Power and Electrification. During last several years, however, a lot of ministries
were merged or eliminated, and some R&D organizations either changed their pertain or become
independent from ministries.
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type of wind turbines of 4 kW power for autonomous 'energy supply and water pumping (NPO 

"Vetroen" design). 

There was a plan to build in 1991-1995 four wind power plants with total installed power 

capacity 58 MW: near S. Petersburg - 25 MW, in Kazakhstan (Dzhungar Gates) - 15 MW; East 

Crimea (Tamanskii peninsula) - 12 MW; Dagestan (west Caspian Sea coast) - 6 MW. There was 

also a project for construction of WPS in Maritime Cray. 250 kW "Vetroen"-"Yuzhnoe" design 

(Figure I lb) and 1,000 kW "Raduga" design HA WT were chosen as the basic equipment. It was 

planned to make a series of 60 turbines in 1991 and start tests of at the test-ground Dubki 

(Dagestan) and sites of planned WPS near S.Petersburg and East Crimea. KB "Raduga" should 

make in 1991-1992 test samples of 1,000 kW (2 variants) and 250 kW wind turbines. However, 

these plans were not fulfilled. It was indicated in [15] that the tests of 250 kW turbines began, 

most of others are in the stage of prepared documentation. In 1991 feasibility studies for East 

Crimean and Dagestan WPS were finished and sites were agreed with local authorities (16]. 

However, the question about economic efficiency is still open, since as indicated in [IO], the used 

methods of calculations did not give the real picture of the WPS efficiency. There were several 

. major flaws in these calculations: 

1) The calculations were based on prices for fuel that were far below world prices. In 1993 they

are still lower, but this gap will likely disappear very soon. 

2) The capital costs were calculated based on very high prices for the equipment established by

producers. This is a phenomena of the state ownership when the producer is not interested in 

decreasing of prices. This is changing while the privatization is going on. 

3) The comparison of WPS with conventional power stations did not take into account the

ecological damages. 

As a result it was obtained that under these conditions WPS would not be economically 

competitive anywhere at the territory of the fSU. 

Political issues interfered into the process after the collapse of the USSR. The problem 

is that the leading organization for implementation of this project was Samara branch of 

"Hydroproject", which is in Russia, while two of four planned WPS are outside Russia (Ukraine 

and Kazakhstan) and the third one in Dagestan autonomous republic, where relations between 

local authorities and federal government are also tense. 

16 
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At present the coordinating role of the subprogram for non-traditional energy of the State 

Program "Ecologically Clean Energy" seems to be reduced. The projects have uncertain financing 

and may not be funded directly by the Program. Some large projects (e.g. 1,000 kW turbine) are 

not included into the program and conducted independently. At the same time permanent changes 

and reorganizations in the Russian Ministry of Fuel and Power and increasing activity of the 

former military enterprises in the sphere of producing equipment for energy production make the 

situation more complicated to· coordinate. • - • ; · • • · -

Recently the project for the development of wind power in Crimea, Ukraine, was revived 

when, in late 1992, Kenetech/ U.S.Windpower Corp. (San Francisco, California) entered into a 

joint venture, Windenergo Ltd., with Krimenergo, the Ukrainian electric utility [17,18]. The 

purpose of their ambitious project is to manufacture, install in four phases in 1993-96, and 

operate about 5,000 wind turbines with total installed capacity of 500 MW in Crimea (beginning 

with 25 MW in the summer of 1993, and then 75 MW in 1994, 150 MW in 1995, 250 MW in 

1996). When complete, this will be the second largest wind power facility in the world after 740 

MW Altamont Pass. The power will be sold to the local utility, Krimenergo. It is planned to use 

250 Windpower's Model 56-100 wind turbines in the initial stage of the project. Most of the 

components will be manufactured in Ukraine and Russia under license. In case of success the 

project might be very important for Ukraine, which suffers from power and fuel shortages 

because of its dependence on Russia for fuel supply and the uncertainty with further nuclear 

power plants operation. One should recognize, however, that this may only soften the energy 

problem in Ukraine. 500 MW is only 1/2 power of one nuclear, RBMK type, reactor12
• Two 

RBMK reactors are still operating in Chernobyl. 500 MW of power would meet only 11 % of

today's demand of Crimea's homes and businesses. It should be also mentioned that there is not

too much free place at the peninsula, it is not like large unpopulated areas in California. The

territory is densely populated, and 5,000 wind turbines will occupy a lot of place.

Unfortunately, the political reality is that the State Program "Ecologically Clean Energy", 

which is now Russian State Program, doesn't have any connections with Ukraine right now. The 

12 The energy output is even about I /4 since the reactor capacity factor is about 2/3, while that of the
wind power plant is expected to be about 1 /3. 
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recent events (summer 1993) in the wind energy development in Russia are the following [19]. 

The first produced in Russia 250 kW wind turbine has been installed near Novorosyisk, the Black 

Sea coast, and will be tested. The turbine has been developed by "Energobalance-SoVENA" 

association. "Vetroen" is now retrofitting the 250 kW turbine which was previously developed 

together with "Yuzhnoe", Ukraine based firm. "Vetroen" is going to install wind farms with 250 

kW turbines in Vorkuta, Far North of Russia, and also at Novorosyisk. Some of the equipment 

is already assembled at those sites. 

There are at least two reasons, which could contribute to implementation of wind energy 

in the fSU. First, the existence of a unique Unified Power System (UPS) that covered almost all 

the inhabited areas and interconnected over 98% of the total generating capacity of the fSU. In 

December 1992 the joint-stock company "Unified Power System" was established in Russia in 

order to preserve at least the major part of the UPS. It united 70 energy systems and all large 

hydro (>300 MW) and thermal (> 1,000 MW) power plants and comprises 40% of Russia's 

electricity production and virtually 100% of the distribution of grid system. According to [20] 

in the end of 1992 only 25 local systems had extra energy, while others suffered from energy 

. shortages. In such conditions the possibility to re-distribute energy by UPS played important 

stabilizing role in preventing economy from the total crash. In case of connection of windplants 

to the grid the use of UPS would permit transfer of power from the windy areas to the 

industrialized and heavily populated regions with large demand13
• Another aspect is that 30 GW 

of installed capacity of the UPS from total 220 GW in Russia are already used up. In order to 

meet additional capacity needs it is necessary to add about 150 GW by 2010 [20]. In this case 

even with measures in the field of demand side management and energy efficiency it is important 

to use every possibility to develop renewable energy in order to soften negative environmental 

influence of the fossil-fuel energy. Second. the regions most favorable for wind use (North of 

Russia, Far East, and part of Kazakhstan) are not connected to the UPS or even to any local grid. 

Although these territories are less populated, they need energy for life and development. 

Currently the main energy source there is delivered fuel for diesel power stations. In this situation 

13 Certainly, the ability of the grid to accept wind power differs in various regions and should be
studied carefully. Here we would like to stress only the main point - there is no analogies to the UPS 
anywhere in the world. 
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(some regions in the far North can be reached only by helicopters or during the few months of 

navigation by the Northern Sea Route) the price of energy is extremely high, to say nothing about 

the harm to very sensitive maritime and northern environment. In these conditions the use of 

stand alone windplants might be promising. 

7. CONCLUSIONS.

The paper has outlined current trends and prospects for wind energy use in the fSU. The 

principal conclusions may be summarized as follows: 

♦ Wind resources at the territory of the fSU are significant and may play an increasing role in

electricity supply in some regions. 

♦ The successful implementation of wind energy needs systematization of all collected but

dispersed information on wind resources and publication of a "Wind Energy Atlas". 

♦ The existence of the Unified Power System could promote the development of grid-connected

windplants. On the other hand, the use of stand-alone wind power systems as well as use of local 

power grids might be promising in the Far North, along the Pacific coast, and some other areas. 

♦ The newly independent states of the fSU will benefit from preservation and joint use of the

UPS and from close cooperation in the field of wind energy. However, it is unlikely that this 

cooperation can be effective without active coordinating institution. 

♦ Cooperation with Western firms may promote technological leap-frogging, and, consequently,

to avoid mistakes by taking into account lessons learned in the West at the first stage of wind 

power development. For Western firms the manufacturing of wind turbines in the fSU may 

decrease their cost and make them more competitive with other energy technologies. In the longer 

run, the West will also benefit froltl the developing experience in the countries of the fSU. 
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