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Figure 4.13. Site of the wind park on the shore of Teriberskoye reservoir (Minin et al, 

2006). 

 

The wind energy capacities here are somewhat lower than those in Lodeynoe village, 

but taking into account the Murmansk-Teriberka highway and Verhneteriberskaya 

HEPP (which could operate as a united energy system), located beside, this site merits 

attention. Thus, there also exists an opportunity to build a wind power park with a 

power of nearly 10 MW (Minin et al, 2006). 

 

Wind park with power of 50 MW near Tumanniy village in the Murmansk region 

 

This significant powerful wind park is located along the Tumanniy village – 

Nizhneserebryanskaya HEPP road (see Figure 4.14) at the short distance of HEPP that 

is convenient to connect to the network by a short cable or an overhead transmission 

line.  
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Figure 4.14. Site of the prospective wind park with a power of 1 MW×50 along the 

road of Tumanniy village – Nizhneserebryanskaya HEPP (Minin et al, 2006). 

 

Large wind power parks can be located along the existing Murmansk – Teriberka – 

Tumanniy highway. According to Minin et al (2006), several wind parks could be built 

with a power of 100 MW of each. 
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Wind energy resources of Kharlov island in the Murmansk region 

 

Kharlov island is located in the Barents Sea near the north shore of the Kola Peninsula. 

This island belongs to zones with the highest wind energy potential in Russia. There is 

a weather station, which carries out the measurements. A feature of the wind is 

seasonal irregularity of wind speed; the speed in autumn and winter time is 

considerably higher than in summer time, see Table 4.5.   

 

Table 4.5. Average monthly wind speeds on Kharlov island (at 10 m height).  

I II III IV V VI VII VII IX X XI XII 

12.8 12.2 10.5 9.1 8 6.6 6.2 6.8 7.9 9.5 10.2 11.1 

Source: Bezrukhih, Strebkov, 2005. 

 

The nature of the area is characterized by a high level of openness, and wind rose has a 

wide spectrum with some advantage of the south-west wind direction, Table 4.6 

(Bezrukhih, Strebkov, 2005).  

 

Table 4.6. Distribution of wind directions in the Kharlov island. 

North North- 

East 

East South-

East 

South South-

West 

West North- 

West 

12% 12% 12% 7% 7% 7% 7% 12% 

 Source: Bezrukhih, Strebkov, 2005. 

 

The average specific wind power at 75 m height is equal to 2500 W/m2 and the 

average annual specific wind energy amounts 21 971 kWh/m2 per year (Bezrukhih, 

Strebkov, 2005). 

 

Since the wind rose has a wide range, the power plants are advisable to arrange within 

a rectangle with distances 10 D between PPs (Bezrukhih, Strebkov, 2005). 
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Arkhangelsk region, Mezenskiy district 

 

As was mentioned above, the Arkhangalesk region also has considerable wind energy 

resources. Data, represented in Table 4.7, shows sufficiently stable average monthly 

wind speed in Mezen village in this region.  

 

Table 4.7. Average monthly wind speeds in Mezen village of the Arkhangelsk region 

(at 10 m height).  

I II III IV V VI VII VII IX X XI XII 

5.6 5.3 5.6 5 5.6 5.5 4.9 4.5 4.9 5.3 5.5 5.4 

Source: Bezrukhih, Strebkov, 2005. 

 

Average annual wind speed is equal to 5.3 m/s that is sufficient for effective use of 

wind power plants. The area of Mezen village is characterized by a high level of 

openness. Wind rose is wide with some advantage of south-east and south wind 

directions, see Table 4.8 (Bezrukhih, Strebkov, 2005). 

 

Table 4.8. Distribution of wind directions in weather stations of Mezen village. 

North North- 

East 

East South-

East 

South South-

West 

West North- 

West 

12% 10% 8% 18% 18% 12% 10% 12% 

 Source: Bezrukhih, Strebkov, 2005. 

 

Average specific wind power at 75 m height is equal to 700 W/m2 and average annual 

specific wind energy amounts 6173 kWh/m2 per year that is less than 1/3 of 

corresponding specific indices of Kharlov island (Bezrukhih, Strebkov, 2005). 

 

Since the wind rose has a wide range, the power plants are advisable to arrange within 

a rectangle with distances 10 D between PPs, similarly to Kharlov island (Bezrukhih, 

Strebkov, 2005). 
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In the whole, the efficiency of wind energy utilization here is less than on Kharlov 

island due to a lower wind energy potential, in turn, caused by remoteness from the 

coast of open sea (Bezrukhih, Strebkov, 2005). 

 

Wind energy resources in the Leningrad region 

 

The Leningrad region is the most appropriate area for installing wind generating plants 

in the southern part of the North-West Region of Russia. It borders the Baltic Sea in 

the west and the Lake Ladoga in the north. The average wind speeds at the seashore 

and the lakeshore are above 5m/s and the annual load factor up to 4 000 hours 

(Elistratov, 2007). Wind distribution in the Leningrad region is shown in the following 

figure and table. The figure indicates the average wind speeds in m/s. 

 

 
 

 
 
Figure 4.15. Average annual wind speeds in the Leningrad region, in m/s (Elistratov, 

2005). 
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Table 4.9. Average month and annual wind speed, m/s (Saint-Petersburg and 
Leningrad region) 

Weather 

station 

Height, 

m 
I II III IV V VI VII VIII IX X XI XII Year 

Sukho 8 7.6 6.9 6.3 5.3 5.4 5.6 5.4 6.2 7.2 8.8 8.9 8.7 6.9 

Gogland 14 6.5 5.3 4.9 4.3 4.1 4.2 4.2 4.8 5.3 6.4 7 6.8 5.3 

Kronshtadt 22 4.9 4.6 4.5 4.1 4.3 4.5 4.1 4.2 4.8 5.3 5.5 5.3 4.7 

Saint-

Petersburg, 

airport 

16 4.9 4.7 4.7 4.3 4.1 4.2 3.6 3.3 3.7 4.3 5.2 5.1 4.3 

Lomonosov 19 5.4 5.2 4.9 4.7 4.9 5 4.6 4.5 5 5.5 5.7 5.5 5.1 

Tikhvin 11 4.3 4.2 3.9 3.9 3.8 3.7 3.1 3 3.3 3.9 4.4 4.4 3.8 

Source: Elistratov, Kuznetsov, 2004. 

 

Thus, it is possible to install profitable wind energy plants in the Leningrad area and 

suburbs of Saint-Petersburg. According to Ventsulus, Frolov, Skorik (2000), the most 

appreciated places for utilization of wind energy potential are in the zones of Gulf of 

Finland (Lomonosov, Sestroretsk, Primorsk) and Ladoga Lake (Petrokrepost’, N. 

Ladoga). The average annual wind speed achieves 6-8 m/s at 10 m height above water 

surface. The wind energy potential is estimated 2000-4000 kWh/m2 per year. 

Practically possible to utilize 15 TWh per year. The most appreciated places are shoals 

of the city of Lomonosov, Kotlin island and sites of flood protection (Ventsulus et al, 

2000). 

 

Also the Kaliningrad region has sufficient wind energy resources, especially at the 

Baltic seashore. There average annual wind speed equals 4.8-6.1 m/s with energy 

potential 300 W/m2 (at 10 m height) and up to 600-700 W/m2 (at 50 m height) (Litvin, 

Eltsina, Dedkov, 1999) 

 

Other regions of North-West Russia have a lower capacity of wind energy resources; 

however, low-power wind power plants, which are able to work at a speed less than 5 

m/s could be operated there. The average annual wind speed fluctuates in the range of 

2.5-5.5 m/s in the Pskov region. Most of the territory of the region has a low wind 

energy potential and building of big power wind power plants is economically 

ineffective. Therefore, it is reasonable to install small power wind PPs. The significant 
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power potential is chiefly located at the seashores of Peipus and Pskov Lakes. The 

wind project in this area is described in Chapter 5 (Arefiev, Andreev, Safronov, 2003). 

 

4.2     Hydro energy resources  

 

The Russian Federation takes second place behind Brazil in the world by average 

annual runoff of rivers. The utilization level of the economic potential of the hydro-

electric power is equal to 97% in France, 75% in USA and Canada, 20% in China and 

Russia (Elistratov, 2007).  

 

The hydro-electric potential in the North-West Region is presented in Table 4.10.  

 

Table 4.10. Hydro-electric potential in the North-West region 
 Gross, 

TWh 

Gross / 
Technical / 
Economical 

Gross, 
TWh per annum 

Units Total Big and average 
rivers 

Small rivers       
(< 2MW) 

North-West 
Region 111.6 99/55/43 17.7 

 Source: Elistratov, 2007. 
 

Small hydro energy 
 

Small hydro power plants are among the most promising opportunities in renewable 

energy generation in the North-West Region of Russia, taking into account the 

significant share of hydro generation (including large power plants) in the energy 

balance and considerable experience in small power engineering dating back to the 

Soviet time. Compared with other renewable energy sources in Russia, small-scale 

power engineering is better prepared and closer to realization. Small power plants 

cause significantly less social and ecological problems than large power plants. Large 

hydro power plants are typically located in large populated and industrial centres. 

Small power engineering is more preferable in local supply, where building of such 

small units saves time, has a considerably lower impact on environment, is 

significantly less complex and has lower costs. The main disadvantage of small HEPPs 

is the limited radius of economically sound transmission of electricity; therefore there 
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are many cases, in which there are no consumers within the feasible range of 

operation. Following Table 4.11 presents the distribution of the small hydro-electric 

potential (<30 MW) by regions of North-West Russia. 

 
Table 4.11. Distribution of small hydro-electric potential (<30 MW) by regions. 

 Square, 
th. of km2 

Gross, 
TWh 

Technical, 
TWh 

Economic, 
TWh 

Republic of Karelia 172.4 5.6 1.5 0.9 
Republic of Komi 415.9 13.5 3.7 2.2 
Arkhangelsk region 587.4 19.1 5.2 3.1 
Vologda region 145.7 4.7 1.3 0.8 
Murmansk region 144.9 4.7 1.3 0.8 
Saint-Petersburg 1.4 0.05 0.02 0.01 
Leningrad region 84.5 2.8 0.8 0.4 
Novgorod region 55.3 1.8 0.5 0.3 
Pskov region 55.3 1.8 0.5 0.3 
Kaliningrad region 15.1 0.5 0.2 0.08 
Total  54.55 15 8.89 

Source: Elistratov, 2007. 
 

An advantage of small and micro HEPPs is also that they do not require permanent 

presence of maintenance staff. Technical specifications of some Russian water motors 

of micro and small power are represented in Tables 4.12 and 4.13, respectively.  

 

Table 4.12. Technical specifications of the turbines for micro-HEPPs. 

Turbine 

Diameter of 

water wheel, 

m 

Fall, m 
Consumption, 

m3/s 

Power, 

MW 

Vertical 

propeller 
1-3 5-20 3-30 0.5-15 

Vertical 

Francis turbine 
0.84-1.9 15-75 4-30 0.5-15 

Horizontal 

Francis turbine 
0.5-1 40-160 1-4 0.6-5 

Horizontal 

double 
0.4-1 30-60 0.5-1 0.125-0.5 

Source: Dyakov, 2003. 
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Table 4.13. Technical specifications of the turbines for small HEPPs. 

Model Fall, m Power, kWh 
Rotation 

speed, rpm 

Mass of 

turbine, 

tonne 

R0230-G-50 4-70 600 1000 7.3 

R0230-G-71 30-45 500 500 14 

R0230-G-71 100-160 1600-5000 1000 30 

PR5-V-290 

with 

accelerator 

3-5 650 750 77 

PR15-V-100 6-10 

10-15 
500-800 428-500 10 

R045-V-84 10-45 500-4000 428-600 12 

R045-V-120 15-45 1500-5000 300-500 19 

R045-V-190 15-45 3500-8500 187-250 52 

R075-V-160 45-75 6000-15 000 333-428 60 

Source: Dyakov, 2003. 

 

Following figures and tables show the structure and parameters of hydro turbine units 

for small and micro-HEPPs with the powers of 7, 50, 120, 1500 kW, respectively. 
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Figure 4.16. Hydro turbine with power of 7 kW and 1000 rpm, mm (Dyakov, 2003). 

 

Table 4.14. Parameters of hydro turbines 

Fall, m 2 4 6 

Water flow, l/s 130 185 230 

Power, kW 1.5 4 7.4 

Source: Dyakov, 2003. 

 

 
Figure 4.17. Hydroturbine with a power of 50 kW and 600 rpm, mm (Dyakov, 2003). 

 

Table 4.15. Parameters of hydro turbines 

Fall, m 3 4 5 6 8 10 

Water flow, l/s 343 395 440 485 750 900 

Power, kW 7 10.9 15.2 20 40 50 

Source: Dyakov, 2003. 
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Figure 4.18. Hydro turbine with a power of 120 kW and 600 rpm, mm (Dyakov, 2003). 

 

Table 4.16. Parameters of hydro turbines 

Fall, m 3 4 5 6 8 10 

Water flow, l/s 860 990 1100 1200 1740 1950 

Power, kW 17.7 27 38 50 75 120 

Source: Dyakov, 2003. 
 

 
Figure 4.19. Hydro turbine with a power of 1500 kW, 375 rpm; mm (Dyakov, 2003). 

 

Table 4.17. Parameters of hydro turbines 

Fall, m 4 8 12 15 18 

Water flow, l/s 4400 6200 7650 11000 11000 

Power, kW 120 340 630 1200 1500 

Source: Dyakov, 2003. 
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As we can see from the table above, there are significant (compared to the existing 

consumption level) small hydro energy resources in all regions (maybe except 

Kaliningrad), especially in the Republic of Komi and the Arkhangelsk region. 
 

Up to the 1950s and 60s, there operated several thousands of small hydro power plants 

in the USSR. Nowadays the number of plants still in operation is about some hundreds 

(Elistratov, 2007). The main reasons for such a situation were the success of the 

development of large-scale power engineering based on large thermoelectric, hydro 

and nuclear power plants and building of transmission lines. A survey on these small 

HEPPs showed that the equipment in most cases is outdated and worn-out, and some 

hydraulic facilities require repair and reconstruction. However, these power plants can 

be modernized and their operation could become profitable. A successful example is 

the small hydro power plant Ignoila (the Republic of Karelia) with installed power of 

2.7 MW on the river Shui. The plant was reconstructed and it operates now within the 

Karelian energy system (Elistratov, 2007). 

 

There are 564 small hydro power plants with a total installed power of 1135 MW in 

the North-West Region of Russia. At the present time, there operate 43 power plants 

with a total installed power of 255.95 MW. Among the above-mentioned plants, 240 

small HEPPs with a total power of 890 MW are economically effective (Elistratov, 

2007). Table 4.18 shows the effective small HEPPs in the North-West Region with 

installed power above 500 kW. 

 

Table 4.18. Effective small HEPPs in the North-West Region with power > 500 kW 

 
Amount Total power, 

kW 

Total average 
annual production, 

GWh 
Operating 15 215 330 1108 
Designed 104 647 890 3166 
Removed from 
operation 9 6 200 37 

Planned for 
reconstruction 1 1 960 12 

Total 129 871 380 4323 
Source: Elistratov, 2007. 
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In the 1950s and 60s, there operated several tens of small hydro power plants in the 

Leningrad region with a total power of 8.6 MW and average annual electricity 

production of 51.3 GWh. In the 1970s they were removed from operation; some of 

these power plants are described in Table 4.19 (Elistratov, 2007). 

 

Table 4.19. Small hydro-electric power plants in the Leningrad region                                                 

Source: Elistratov, 2007. 
 

Despite the fact that 50% of hydro-electric potential in the Leningrad region has been 

utilized by relatively powerful plants already, the capacity could still be increased by 

utilizing the potential of numerous small and average-size rivers. If the number of new 

consumers increases because of regional economic growth, problems in the rational 

utilization of the energy potential of small and average rivers will become actual. The 

energy potential of exploitable small rivers in the Leningrad region, is estimated to be 

18–20 MW with an annual electricity production of 90–110 GWh (Elistratov, 2007). 

 

 

 

 

Profile 
Hydro-electric 

power plant 
 River 

 
Power,

kW 
Production,

GWh 
Fall, 

m 

Putting into 
operation, 

year 
Andreevskaya Tukalusyoki 600 3.60 11.4 1959 
Budogoschskaya Pchevga 600 3.60 7.3 1959 
Viritskaya Oredeg 400 2.40 5.5 1953 
Ivanovskaya Hrevitsa 580 3.48 14.5 1946 
Kingiseppskaya Luga 700 4.20 3.0 1951 
Korobischenskaya Kol’ 300 0.18 2.5 1945 
Lugskaya #1 Bistitsa 370 2.22 6.4 1952 
Lugskaya #2 Bistitsa 480 2.88 6.6 1956 
Medvedkovskaya Lid’ 168 1.01 4.0 1950 
Mihalevskaya Tikhvinka 176 1.06 12.7 1953 
Neppovskaya Sista 175 1.05 4.8 1950 
Oredegskaya Oredeg 720 4.32 6.3 1957 
Rogdestvenskaya Oredeg 175 1.05 4.9 1954 
Roginskaya Roginka 175 1.05 5.5  
Siverskya Oredeg 175 1.05 4.2 1957 
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Small hydro power engineering in the Murmansk region 

 

There is small population density (< 3 persons/km2), and many rivers are of high 

importance for the fish industry; these facts set some social and ecological restrictions 

for the building of traditional hydro-electric power plants. Therefore, the small HEPPs 

with a power up to 3–5 MW are a viable alternative. However, it has to be mentioned 

that nowadays there is no such small power plant in operation; 17 HEPPs operate in 

this region, the smallest power of which is equal to 11.2 MW (Kaitakoski PP). In 

Bezrukikh (2002), it is shown that the best way to develop small power engineering is 

to build them for the electricity supply of distant consumers isolated from the common 

energy system. For example, the electricity supply of the village Krasnoschel’e is 

implemented by diesel power plants, there is no road infrastructure or sufficient wind 

resources, and usually diesel fuel is delivered by a helicopter. Bezrukikh et al. (2002) 

state that there were plans to build small HEPP on the river El’reka, 12 km from the 

village (35 kV transmission line), with a power of 300–500 kW. 

 

Also the small hydro-electric potential of small rivers (< 50 MW) is confirmed by 

Minin (2006); there are estimated to be 19 rivers with a technical average annual 

power from 7 to 30 MW and 23 smaller rivers with a total power of 62 MW. Thus, the 

gross energy potential was estimated to be 4.5 TWh and the technical energy resources 

by 2.85 TWh with 334 MW of power, Table 4.20. 
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Table 4.20. Hydro-electric resources of small rivers in the Murmansk region. 
Gross resources Technical resources River basin River length, 

km Average 

annual 

power, MW 

Average 

annual 

energy, GWh 

Average 

annual 

power, MW 

Average 

annual 

energy, GWh 

Pechenga 200 17 149 11 97 

Titovka 104 21 187 14 122 

Zapadnaya 

Litsa 
129 26 228 17 149 

Ura 126 16 142 10 93 

Srednyaa 85 10 91 7 59 

Olenka 56 10 88 7 57 

Rynda 98 25 219 16 143 

Kharlovka 126 45 394 29 257 

Vostochnaya 

Litsa 
181 48 423 31 276 

Varzina 113 33 288 22 91 

Lumbovka 85 22 193 14 126 

Kachkovka 100 13 115 8 75 

Sosnovka 81 11 96 7 63 

Pulonga 78 13 114 8 74 

Pyalitsa 154 17 151 11 100 

Chapoma 115 20 175 16 114 

Strelna 213 38 333 25 217 

Chavanga 92 18 158 12 142 

Kolvitsa 79 11 96 7 63 

Other  95 820 62 530 

Total   501 4450 334 2848 

Source: Minin et al, 2006. 

 

The problem in the utilization of the hydro potential of small rivers is not a new one in 

this area. After World War II, there were built several rural small HEPPs with a power 

of 10–100 kW, operated at 2–6 metres falls. However, in the 1960s they were replaced 

by cheaper (for that time) diesel power plants. At present, the interest in the utilization 

of the energy small rivers is increasing because of the significant growth of fossil fuels 

prices (Minin et al, 2006). 
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Small hydro power engineering in the Arkhangelsk region 

 

The topography of the region is mainly flat, a significant part of the territory being 

marshland. The population density is less than in the Murmansk area (<3 persons/km2). 

Fish industry has a significant role in the economy; therefore there are very strict 

restrictions on hydraulic facilities, which could affect the reproduction of valuable fish 

breeds. Because of the above-mentioned facts, it is in practice impossible to develop 

traditional hydro-electric power engineering. At the same time, there exists 

considerable potential for the building of small hydroelectric power plants, which 

could remove expensive diesel power plants in remote zones isolated from the general 

energy system. Up to the 1970s, in the Arkhangelsk region there operated more than 

60 small HEPPs, which were replaced by cheaper diesel PPs (in the Soviet time). The 

general hydraulic facilities of those power plants were made of wood; none of these 

plants operate nowadays, and a significant part of them are destroyed. But from the 

hydro power viewpoint, the plants were built at good river locations, and thus, if there 

were consumers nearby, it could be profitable to use small hydro power engineering.  

Bezrukikh et al. (2002) discuss the village of Kulosega, which is supplied by diesel 

power plants. A small HEPP with power of 280 kW was offered; it will operate 

together with the diesel power plant, providing rational electricity supply and using 

local energy sources (Bezrukikh et al, 2002). 

 

Small hydro-electric power plants have significant perspectives in the North-West 

Region of Russia. However, despite the large amounts of possible river sites for small 

and micro-HEPPs, not all of them are located near the potential consumers and so 

many of them are not potential alternatives. Also the power transfer of several MW to 

the common network is not an economically sound solution at significant distances 

(hundreds of km) (Minin et al, 2006). 

 

Tidal energy resources 

 
Considering tidal energy sources, there are regions in the Kola Peninsula and by the 

White Sea with considerable tidal energy potential. In this area, the Kola tidal power 

plant with a power of 0.4 MW was built in 1970.  
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Figure 4.20 shows the possible location of tidal PPs in the Kola Peninsula. Kola TPP 

could have a power of 40 MW and Mezenskaya TPP – up to 16 GW (with annual 

production of 50 TWh) by estimates of the Hydroproject institute. Among them, the 

most viable alternative is Lumbovskya TPP, where the average value of flood achieves 

4.2 m and available area of the gulf for use equals 70–90 m2. The studies of the 

Hydroproject institute show that the power of this power plant can be 320–670 MW 

with an annual electricity production of 2 TW. But at present, the building of TPP is 

postponed because of the remoteness, large specific investments and increased 

environmental challenges (Minin et al, 2006) 

 

 
Figure 4.20. Possible location of TPPs in the Kola Peninsula (Minin et al, 2006). 

 

However, Kislogubskaya TPP is a sole example of the utilization of tidal energy in 

whole Russia at present time. Nevertheless, the investment program of JSC 

HydroOGK for 2006–2010 includes the start of building of Kolskiye TPPs with a 

power of 12 MW by 2010 (designed power of 380 MW), Mezenskaya TPP and small 

Mezenskaya TPP with a power of 2 MW by 2010 (designed power of Mezenskiye 

TPPs is 8000 MW) (JSC HydroOGK, 2007). 
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Sea wave energy resources 
 
Wave energy has higher energy density than wind and solar energies. Disadvantages of 

the wave energy are instability in time, dependence from ice conditions, complexity of 

conversation and delivery to consumer (Minin et al, 2006). 

 

Power, carried by sea waves, is proportional to the square of their amplitude (height) 

and period. Therefore, it is reasonable to utilize the waves with big period (near 10 s) 

and with amplitude of 2 m and higher; such waves allows to get 50-70 kW/m of wave 

crest (Minin et al, 2006). 

 

Barents Sea washed north coast of the Kola Peninsula, borders with boundary north-

east part of the Atlantic Ocean. Annual potential of the wave energy at the shore of the 

Kola Peninsula amounts 20-25 kW/m and at the White Sea significantly less - about 9-

10 kW/m. It is caused by remoteness from the open ocean, smaller size of the sea and 

ice cover in winter times. If one estimates the gross power of the sea wave on a certain 

territory, it will be enormous. But if all wave energy were utilized simultaneously, then 

the sea would be tranquil.  It would require much time (tens of hours) to recover the 

roughness under wind disturbance. Therefore only the renewable power of the wave 

may be taken into account. It can be utilized for a long term and practically does not 

change the gross potential. Thus, the renewal power equals only 0.03-0.04% of the 

gross power (Minin et al, 2006). 

 

In this case, the average renewal power of the sea waves for the Barents Sea is equal to 

about 60 kW/km2. It means that total renewal power (for 10 km of width and 400 km 

of length) along the north shore of the Kola Peninsula amounts 230 MW and similarly 

along the south shore of the White Sea – about 100 MW. Taking into account the 

efficiency of wave sea power plants (nearly 60%), the technical wave energy resources 

in the above-mentioned water areas comprise 1.6 TWh in sum (Minin et al, 2006).  

 

The sea waves comprise significant energy resources. However, the energy 

conversation, its concentration and transfer to consumers produce big difficulties due 

to severe climatic conditions. Sea roughness has its highest values in autumn and in 
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winter time, but every now and then glaciation of the moving parts of the wave power 

plant is possible and failures may occur. However, there are no obvious prerequisites 

for the utilization of this energy type near Kola Peninsula (Minin et al, 2006). 

 
4.3     Biomass energy resources  

 

Traditionally, biomass fuels are divided into five groups: 

• wood 

• agricultural fuel  

• waste biofuel  

• by-products of the paper industry 

• peat (with certain conditions) 

 

All these biofuels are common in the North-West Russia. The use of the biomass 

resources for heating and power production is a very promising opportunity in the 

northwestern regions of Russia. At the same time, biomass resources are considered 

neutral from the environment impact point of view, because the technical processing of 

biomass to generate heat and power has similar impacts as the natural processing of 

biomass. The energy potential of agriculture and solid waste in the North-West Region 

is represented in Table 4.21. 

 

Table 4.21. Resources of renewable energy in the North-West Region. 

Resource 
Gross potential, 

TWh 

Technical 

potential, 

TWh 

Economic 

potential, 

 TWh 

Agriculture wastes 19.5 5.7 4.1 
Solid waste 6.5 1.6 0.8 

Source: Elistratov, 2003. 

 

Based on the gas generators (Figure 4.21) autonomous (decentralized) energy plants 

can be built for electricity and heat supply in areas, which have biomass resources. 
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Figure 4.21. Gas generator of Energotechnologia company (Dyakov, 2003). 

 

Different kinds of waste can be utilized: wood, wood chips, bark, agriculture waste, 

communal and domestic waste as a fuel. The produced gas has a high energy value 

(8.5 m3 is equal to 1 kg of black oil) (Dyakov, 2003). 

 

Table 4.22 shows the specifications of the gas generators of Energotechnologia 

company, Saint-Petersburg.  

 

Table 4.22. Specifications of Energotechnologia gas generators. 
Fuel (wood waste) 

Rated heat 

power, MW 

Rated dry gas 

output, 

m3/hour 

Consumption, 

kg/hour 

Maximal 

humidity, 

% 

Height of 

shaft, m 

Rated 

consumption of 

air, m3/hour 

0.1 70 40 35 1.8 45 

0.6 500 380 50 5 350 

1 850 750 55 6 600 

3 2500 2200 60 8 1900 

Source: Dyakov, 2003. 
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JSC EkoRos centre designed an autonomous bioenergy plant BIOEN-1 (Figure 4.22 

and Table 4.23) for processing of organic waste of agriculture in biogas, converted into 

electric and heat energy, and ecologically clean organic fertilizers. 

 

 
Figure 4.22. Bioenergy plant BIOEN-1 (Dyakov, 2003). 
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Table 4.23. Specification of bioenergy plants, produced in Russia. 
Gas generator plants Biogas plants 

Technical indices 
200 kW 600 kW IBGU-1 BIOEN-1 

Fuel 

Sawdust, wood chips, firewood, 

solid domestic waste, peat, straw 

and so on. 

Waste of live farming and poultry 

farming, plant residues, solid domestic 

waste 

Allowable humidity, 

% 
No more 60 No less 85 

Amount of processed 

fuel 

200 kg/hour 

(at 60% of 

humidity) 

600 kg/hour 

(at 60% of 

humidity) 

200 kg/ day 1000 kg/day 

Type of produced 

fuel 
synthesis gas or producer gas Biogas 

Combustion heat, 

kJ/m3 

10500-16700 

(at normal conditions) 

21000-25100 

(at normal conditions) 

Amount of produced 

energy 

200 kWh 

(heat) 

600 kWh (heat), 

180 kWh 

(electric) 

10 m3 per day 

40 m3 per day, 

80 kWh (electric), 

230 kWh (heat) 

Power of generator, 

kW 
- 200 - 4 

Power of heat 

generator, kW 
200 600 - 23.2 

Costs of energy for 

own demands 

4 kWh 

(electric) 

30 kWh (electric) 

or 15% of 

produced 

electricity 

15 kWh/day 
30% of produced 

biogas 

Operating conditions - Autonomous 
Dependent on 

electricity 
Autonomous 

Temperature of 

process, ºC 
1200 1200 52-55 52-55 

Dimensions of 

heating area 
3000 m2 

200-apartment 

house 
- 120-140 m2 

Secondary produced 

products 
ashes ashes 

Liquid ecologically clean organic 

fertilizers 

Payback period, year 2-2.3 2.5-3 0.5 0.5 

Source: Dyakov, 2003. 

 

Such bioenergy plant operates in Poyarkovo live farming in the Moscow region 

(Dyakov, 2003).   
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However, agricultural fuel, waste biofuel and by-products of paper industry for 

generating aims require closed location to processing. Processing of wood and peat is 

easier, but the natural renewal of these materials takes several decades (thousands of 

years in the case of peat), and therefore, strictly speaking, they cannot be called 

renewable natural resources, at least in the short term. At the same time, the volumes 

of peat and especially wood resources are immense in these regions, and therefore their 

commercial utilization in energy generation should be considered seriously in North-

West Russia. Forest industry is one of the main industries in each region of North-

West Russia. More than 52% of the areas in the North-West of Russia are covered by 

forests. The forest resources cover 86.7 mln ha.; 35% of these resources are located in 

the Republic of Komi and 25% in the Arkhangelsk region (Russian Federation 

Northwest Federal District. Natural resources and the Environment 2004). Following 

Figure 4.23 illustrates total forest, annual available wood-cutting areas and actual 

harvesting in each region of North-West Russia. For the Kaliningrad region, these 

values are 281 000 ha (total area), 215 000 m3 (available wood-cutting area) and 124 

000 m3 (actual harvesting) (National information agency “Natural resources”, 2007). 

As can be seen from the following figure, the current harvesting volume is too low 

compared to available resources; the same applies also to the significant potential of 

wood waste utilization. 
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Figure 4.23. Forest resources in the North-West Region of Russia (National information agency “Natural resources”, 2007).
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Wood processing and harvesting wastes, such as fir cones, bark, low-grade wood, 

sawdust and others, can and should be used as sources for heat and energy. This would 

bring at least the following benefits: heat and power generation could be increased in 

the North-West Region of Russia, and the industrial wood processing waste could be 

utilized efficiently. The efficiency of sawmills in using wood is up to 83-86%, while 

pulp and paper industry produce 10.5% of wood waste, and woodworking plants may 

have waste volume up to 50% (furniture, plywood production) (Bezrukikh et al, 2002). 

Waste is used for heat supply for own demands in the wood industry. However, this 

situation is not common for the North-West Region (and Russia also): many 

enterprises do not utilize their wood waste. Thereby this is one of directions for 

application, and also the conversion of the boiler plants to CHPP would be a profitable 

step to increase the utilization of local resources and consequently, companies could 

cover their own needs in electricity and decrease the costs for electricity purchases. A 

further fact in favour of using the wood processing waste in power generation is that 

according to the calculations of Professor Sukhanov, 30% of the felled wood is used as 

firewood, which could be utilized as biofuel (Kholodkov, 2005). Following Table 4.24 

comprise information about economic potential of fellings and woodworking waste. 

 

Table 4.24. Total economic potential of fellings and woodworking waste. 

Economic region 

Economic 
potential of 

fellings waste, 
TWh heat 

Economic potential 
of woodworking 
waste, TWh heat 

Total economic 
potential of wood 
waste, TWh heat 

Northern 26.87-32.16 21.17-28.49 48.04-60.65 
North-Western 4.88-5.94 4.07-5.7 8.95-11.64 

Source: Sidorenko, 2003. 
 

Most of the biofuels have a low specific fuel efficiency per mass unit and especially 

per volume unit, which has an effect on the economical efficiency of transportation 

related to higher specific transport expenses. Thus, it is more advisable to consider the 

local use of wood fuel. This does not apply as strictly to pellets, but their market in 

Russia has been formed and mainly is oriented to export. The wood utilization could 

be profitable in enterprises of the timber industry and settlements near the forest 

industry; the wood waste could be utilized for electricity and heat supply in areas with 

a small population density and without large industrial consumers. Wood is the oldest 

energy source, but in Russia, it is generally utilized directly for burning with low 
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efficiency in stoves. Low costs of fossil fuels (coil, black oil) have a negative influence 

on the development of the utilization of wood, and further, many boiler plants 

operating on coil and black oil were built in forest villages in the USSR. The main 

disadvantage of the wood waste is the considerable content of moisture that decreases 

energy extraction. Heating power of the wood biomass is from 10 GJ/ton (damp wood) 

till 20 GJ/ton (seasoned wood) (Bezrukikh et al, 2002). This has to be taken into 

account when deciding upon the actions and equipment. 

 

Russia possesses the largest peat reserves in the world (253 ×109 tonnes at 40% 

humidity). The primary reserves are located in North-West and Western Siberia, and 

the annual growth reaches 7.5 and 10.5 millions of tonnes, respectively. The peat 

extraction amounts 10% of the annual growth, not counting the existing reserves 

(Kozlov, 2003). Table 4.25 shows the peat resources in the North-West Region of 

Russia. 

 

Table 4.25. Resources of renewable energy in the North-West Region 

Resource 
Gross potential, 

 TWh heat 

Technical potential, 

TWh heat 

Economic potential, 

TWh heat 

Peat resources 10 208.8 6366.3 - 
Source: (Kozlov, 2003) 

 

As shown above, the region possesses a huge peat energy potential, however, the 

utilization level of this energy resource can be said to be too low. Taking into account 

the good growth conditions of peat in the North-West, this is one of real energy 

sources in the North-West. Also the wood resources are not fully exploited; the real 

annual wood-cutting area is below the calculated (available). It means that the wood 

waste volume can be increased in the future, depending on the economic growth in the 

wood industry. Each region possesses significant forest resources (as was shown 

above), and the wood industry also plays a considerable role in the region’s economy. 

  

Based on the information of this section, we may state that biomass-based generation 

(especially wood and peat) is the most promising field in the energy sector in the 

north-western regions of Russia. 
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Thus, the following technologies of low-energy-density fuel burning, based on 

different approaches can be utilized: 

• Burning of milled fuel in chamber furnace 

• Burning in boiling bed 

 

Burning of milled fuel in chamber furnace 

 

This technology is applied in powerful power plants operated on the peat. There are 

two schemes: indirect and indirect burning (Figure 4.24). For example, in Finland both 

variants are used.  
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Figure 4.24. Schemes of indirect and direct burning of low-energy-density fuel. 

1-fuel storage; 2- pounding and dewatering; 3-refining; 4-furnace; 5- heat exchanger; 

6- electrostatic cleaner; 7-fan; 8-dry fuel storage; 9-burners. (Borisov, Sidorenko, 

1999) 

 

Main advantages and disadvantages of these schemes are shown in Table 4.26. 
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Table 4.26. Comparison of indirect and direct burning of low-calorie fuel. 

Scheme of burning Advantage Disadvantage 

Indirect burning High efficiency 
Complicated; Big dimension of 

equipment for drying of fuel 

Direct burning Simple 
Big dimension of boiler; big losses 

of outgoing gases 

Source: Borisov, Sidorenko, 1999. 

 

At high humidity of the fuel the scheme of indirect burning is more preferable and at 

low humidity the direct burning rather (Borisov, Sidorenko, 1999). 

 

Burning in boiling bed 

 

There are two types of this technology: bubble and circulatory. Both are applied for 

burning of peat, firewood and wood waste. This technology is ideal for burning of low-

calorie fuel. The main advantages of this method are: 

• steady-state combustion in wide range of dimension of fuel particle, humidity, 

ash content, calorie content. 

• Opportunity to utilize different fuels 

• Opportunity to manage by emissions of SOx and NOx without additional 

expensive equipment. 

 

This technology finds more and more an application in many countries (Borisov, 

Sidorenko, 1999). 

 

4.4     Solar energy resources 

 

Considering the solar resources, the north-western regions of Russia are not 

appropriate for this kind of energy generation; the most prospective are the regions of 

Siberia, Far East and the southern areas of the European part of Russia (Bezrukikh et 

al, 2002). According to the data of the Russian Solar Energy Centre (2007), there are 
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no industrial projects in power and heat production in North-West Russia based on the 

use of solar energy. Solar-energy-based generation would not be profitable in this area, 

because the duration of sunlight in this area is less than 1700 hours per year (see 

Figure 4.25) and thus, the solar energy flux is characterized by relatively low values of 

average annual total solar flux of 2800-3200 MJ/m2 (778-889 kWh/m2) in most areas 

(Figure 4.26).  
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Figure 4.25. Duration of sun light in the North-West Region, hours (Bezrukikh et al, 2002; Sevzapenergo, 2004). 
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Figure 4.26. Average annual total solar flux on horizontal surface in Russia and former USSR territory, MJ/m2 (Bezrukikh et al, 2002).
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The existing equipment allows to utilize solar energy in electricity production with 10–

15% efficiency and for heat supply (solar heat collector) with 40–60% efficiency 

(Bezrukikh et al, 2002). It is worth mentioning that the north-west region is 

characterized by partial cloudiness, which means that the average annual and 

especially monthly values of solar flux can vary significantly. Thus, the amount of 

solar energy in North-West Region is not enough for industrial construction of 

photovoltaic systems or commercial solar power generation. However, it could be 

assumed that small setups to be used for water heating and local power production 

could be suitable for this area. For example, Breusov (2005) offered a simple heat 

radiator in country-houses for hot water supply (Figure 4.27). Water is supplied from a 

well by pump (4) into long flat cistern (1), coloured by black and installed on the 

covering (cistern volume is 200 litres). The water is delivered by gravity from cistern 

into flat radiators (2), located on the covering on heat insulator, coloured by black also; 

then the water by gravity goes into hot water cistern (3), located below the radiators in 

wood box with heat insulator. Heated water with 50–60 ºC temperature can be utilized 

for domestic needs. From cistern it follows through piping (6) into tap (5) or shower 

cubicle (7). Flat radiators are located on south side of covering in the angle of 45–48º.  

 

 
Figure 4.27. Simple heat radiator (Breusov, 2005). 
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Typical solar thermal systems are represented by heat systems, composed of effective 

collectors, a pump unit, a controller and a storage (Figure 4.28). At the same time, no 

bright sunlight is required; the collector can operate effectively in the winter and in 

cloudy weather. Usually the collector is installed in the angle of 40–50º on the 

covering with south side. The solar thermal system for lodge can consist of 2–4 

collectors (5–10 m2) and a cistern of 300–700 litres. The collector circuit is primed by 

a special non-freezing liquid. The pump unit is regulated by a controller, which 

measures the temperature in the collector and storage. If there appears an opportunity 

to take the heat from the collector, the controller will turn on the pump unit, installed 

close to the cistern. 

 

 
Figure 4.28. Collector allows to heat the water up to 90º C (Breusov, 2005). 

 

Such a complex is of course more suitable for control, delivery, and accumulation and 

allows to reach sufficiently high temperatures. Generally it is integrated into the heat 

supply system of a house (Breusov, 2005). 

 

The experience of the utilization of the simplest solar collectors shows that it is 

possible to satisfy the demand for hot water in country houses and provide heating by 

solar energy even in the Leningrad region with the low amount of solar days from May 

to September. This method is also effective in conditions of Kaliningrad and south of 
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Novgorod regions from April to October. Solar collectors of the latest generation with 

a vacuum insulation allows to use them in winter time below zero temperature and 

provide liquid temperature of 60–70 º C during the whole year (Breusov, 2005).  

 

Murmansk region 

 

According to Minin et al (2006), the average annual total solar flux equals 2300–3100 

MJ/m2 or 650–850 kWh/m2 in the Murmansk region, see Figure 4.29. Also the 

duration of sun light is an important index (Table 4.27). The duration varies from zero 

in December (polar night) to 200–300 hours in June (polar day) in the area, which is 

almost completely located north from the Polar circle. The total annual duration of sun 

light is equal to about 1200 in the north and 1600 hours in the south of the region. For 

comparison, this index reaches 2500–3000 hours in such solar areas as Central Asia 

and Transcaucasia. Thus, the gross solar potential of the Murmansk area is estimated to 

be 110 PWh. However in practice, there are many technical and economic difficulties 

related to the application of this energy source, such as the minimum of solar energy or 

its absence during winter time, number of days with bright solar weather is relatively 

low (Minin et al, 2006).  

 

 
Figure 4.29. Total solar energy in the Murmansk region, kWh/m2. 1 – Cyp-Navolock, 

2 – Dalniye Zelentsy, 3 – Murmansk, 4 – Nikel, 5 – Kirovsk, 6 – Krasnoschel’e, 7 – 

Umba, 8 – Chavan’ga (Minin et al, 2006) 
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Table 4.27. Duration of sun light in certain settlements of the Murmansk region, hour. 
Month 

Settlement 
I II III IV V VI VII VII IX X XI XII 

Total 

Cyp-

Navolock 
0 27 103 173 169 234 209 145 86 44 6 0 1195 

Murmansk 1 32 121 203 197 246 236 146 73 43 3 0 1297 

Khibini 3 37 128 166 200 258 243 176 97 54 10 0 1372 

Umba 8 43 151 198 229 293 309 204 115 67 15 0 1632 

Source: (Minin et al, 2006) 

 

At the same time, the maximum value of solar flux energy agrees with summer time, 

when the demand for heat energy is lower, but it can also mean that existing solar 

energy could more fully replace, for example, centralized heat supply. On the other 

hand, the solar station could operate together with a wind power plant, since it has a 

lower energy potential in summer time. Nevertheless, the wide utilization of solar 

energy seems uncertain in the North-West Federal Region at present and also in the 

nearest future. 

 

4.5     Geothermal energy resources 

 

There exist two types of geothermal resources: hydrothermal and petrothermal 

resources. Nowadays, in practice basically only hydrothermal energy is used. Chiefly, 

these resources are located in three large areas of Russia – West Siberia, Ciscaucasia, 

Kamchatka and Kuril Islands (Bezrukikh et al, 2002).  

 

The North-West Region has no significant geothermal resources (Boguslavskiy, 2005), 

but the existing resources could be utilized in local scale, in which case this seems to 

be an economically sound solution. Table 4.28 comprises gross, technical and 

economic geothermal resources for heat supply. Tables 4.29 and 4.30 represent the 

technical information concerning the Russian equipment in the geothermal sphere for 

electricity and heat production, respectively. 
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Table 4.28. Geothermal resources for heat production. 

Technical resources Economic resources Economic 

region 

Gross 

resources 70/20 °C 90/40 °C 70/20 °C 90/40 °C 

Northern 
16 215 PWh \ 

4 503 840 PJ 

455 PWh\ 

126 244 PJ 

135 PWh\ 

37 532 PJ 

418 PWh\ 

116 008 PJ 

117 PWh\

32 414 PJ

North-

Western 

2211 PWh \ 

614 160 PJ 

111 PWh\ 

30 708 PJ 

25 PWh\ 

6824 PJ 

74 PWh\ 

20 472 PJ 

12 PWh\ 

3412 PJ 

Source: Boguslavskiy, 2005. 

 

Table 4.29. Technical specification of modular geothermal power stations. 

Small power geothermal PPs 

Index “Omega-

500” 

“Tuman-

2” 

“Tuman-

2.5” 

“Tuman-

4k” 

Mean power geothermal 

PPs 

Power, MW 
0.5 1.7 2.5 4 6 12 

20-

25 
23 

Input 

pressure, bar 
7 5 7 8 2 6 7 7 

Output 

pressure, bar 
1 1 1 0.11 0.1 0.085 0.12 0.12

Steam 

consumption, 

tonne/hour 

10 38 44 32 75 90 147 170 

Current 

frequency, 

Hz 

50 50 60 50 50 50 50 60 

Source: Dyakov, 2003. 
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Table 4.30. Technical specification of modular geothermal heat stations. 

Index GTS-350P GTS-350V GTS-700P GTS-700V 

Heat power, 

MW 
6 6 20 20 

Operating fluid Steam Water Steam Water 

Material of heat 

exchanger 
Brass Titan Brass Titan 

Input 

temperature of 

operating fluid, 

ºC 

104 95 104 95 

Temperature of 

delivery water, 

ºC 

92 95 92 95 

Mass, tonne 25.4 23 35 32 

Source: Dyakov, 2003. 

 

For example, there is a geothermal anomaly in the City of Saint-Petersburg, which 

covers the south districts with an average temperature gradient of 30–35 °C per km in 

depth and with peak values up to 45 °C per km. The anomalous heat flow is equal to 

60–70 MW/m2. The highest geothermal density is located in the zone of Pulkovo, 

Krasnoe Selo, Shushari, Rybatskoye, Kolpino, Gatchina, Siverskiy. The minimum 

depth with 70 °C equals 1.9–2 km. It has been determined that economically sound 

utilization of the geothermal resources appears at the temperature gradient above 20 

°C/km. In 2000, heat supply projects were implemented for greenhouses by the 

company Leto, and for 2 000 flats in the city of Pushkin with a payback time 2.5 and 4 

years, respectively (Ventsulis, Frolov, Skorik, 2000). 

 

Nowadays, geothermal resources are not exploited to a significant extent in the North-

West Region. There are geothermal power plants in Russia, but not in this region. 

 

Nevertheless, the near-surface (shallow) technologies could be used for the utilization 

of shallow low-temperature geothermal energy. Such near-surface geothermal systems 

(Figure 4.30) are used for heating and cooling of different buildings. The issue of these 
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technologies consists of the construction of the underground heat exchanger, located at 

a shallow depth with a closed or open circuit connected to a thermal pump, which in 

turn is placed within a building. Rocks of the temperatures in the range of 5–14 °C are 

used. These systems utilize not only the geothermal energy accumulated in rocks and 

water, but also solar energy. The exact share of energy, used in the system, depends on 

the depth, climatic and hydro-geological conditions of the area. It is assumed that for 

near-surface horizontal heat exchangers, solar energy is the most important energy 

source. Investments for building such a plant can be 50–100% higher compared with 

heating, provided by electricity. Nevertheless, the operating costs are 60% smaller 

compared with electric heating and 25% lower than the air thermal pumps. Such 

systems are favourable especially in a strong continental climate, where they are used 

for heating in winter and for cooling in summer (Boguslavskiy, 2005). Thus, such 

stations could be used in the North-West Region in decentralized heat supply zones in 

new villages or in industrial (agriculture) targets with sufficient geothermal energy 

resources. 

 

 
Fugure 4.30. Near-surface geothermal system with heat exchange in horizontal level 

and wells (Boguslavskiy, 2005). 

 

However, the use of heat pumps, which increase low-temperature resources (4-20 ºC) 

up to higher values (60-80 ºC) and are suitable for heat supply, could be a promising 

alternative. It is possible to obtain 3–8 kW of heat power depending on the resource 

temperature, consuming 1 kW of electric power. Possible low-temperature sources are 
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for instance tap water, soil, sea and river water, and waste water (Zakirov, D.G., 

Zakirov, D.D., 2003). 

 

Table 4.31 presents the specification of heat pumps of Energia company (Russia) 

 

Table 4.31. Specification of the heat pumps of Energia. 

Model TN-30 TN-80 TN-110 TN-300 TN-500 TN-1000

Minimal output 

power, kW 
30 105 150 310 455 900 

Power consumption, 

kW 
9.5 30 50 100 150 300 

Operating water 

temperature, ºC 
70 70 70 70 70 70 

Mass, kg 400 1400 4200 4500 9700 13 000 

Source: Dyakov, 2003. 

 

Thermal pumps could provide an autonomous heat supply for buildings and industrial 

enterprises, which have their own waste water. Decentralized heat supply allows to 

decrease heat losses in transmission, and the supply system can also more flexibly 

react to weather conditions. 

 

4.6        Conclusion 

 

Based on the previous chapters, we can see that the Murmansk region is one of the 

most suitable regions in North-West Russia for renewable energy projects. This region 

has excellent wind and hydro power potential. It is possible to build a large number of 

wind turbines at the seashore of Barents Sea in the Murmansk region; there are also 

many rivers which could become power energy sources because they are appropriate 

for building small hydro power plants. The Murmansk area is very sparsely populated. 

There is plenty of free space for building power plants in this region. Furthermore, 

unlike in many parts of Europe, where there is a shortage of space at the seashore, it is 

not necessary to build power plants on the sea. At the same time, building wind 

turbines at the seashore would solve the problem of supplying fishing villages, 
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meteorological, radio link and border stations, which require continuous, stable and 

inexpensive energy supply. Thus, the higher wind energy potential allows to expect 

remarkably higher electricity production than in Denmark or Germany. 

 

Also there are 17 HEPPs with a total power of 1600 MW (including 1000 MW near 

coast of the Barents Sea) with long-period, seasonal and daily-storage reservoirs that 

allow to compensate the instability of wind energy resources and open an opportunity 

for large-scale (industrial) utilization. Figure 4.31 shows that the maximum of wind 

energy corresponds to the seasonal peak of electricity and heat consumption (in the 

winter time) and at the same time, corresponds to the minimum of the annual flow of 

rivers, that is, it could compensate the seasonal lack of hydro energy (Bezrukhih et al, 

2002). 

 

 
Figure 4.31. Monthly average wind speed (at 10–11 m height) on islands (1) and the 

coast (2) of the Barents Sea, the coast of the White Sea (3) and in the Khibini 

Mountains (4) as well as a bar graph of the annual flow of rivers of Kola Peninsula (5); 

1 – the weather station of Kharlov island; 2 – Dalniye Zelentsy; 3- Chavanga; 4- 

Centralnaya, (Bezrukhih et al, 2002). 

 

It is possible to build wind power stations in the area of Serebryanskie and Teriberskie 

HEPPs with total power of 500 MW and to transfer the electricity using the existing 

150 and 330 kV transmission lines (Minin et al, 2006). Despite all the positive aspects 
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of the manufacture of small hydro and wind energy plants, there is yet one negative 

factor hampering the wide–scale utilization of renewable generation in the Murmansk 

region, namely the absence of required transmission capacity in the region. At the 

moment, Kola nuclear power plant and other plants in the Murmansk region satisfy the 

heat and power needs of the region; however, additional power transfer to Finland, 

Norway or to the Republic of Karelia is not possible because of insufficient 

transmission capacity. Thus, along with the projects on renewable generation, a project 

on improving the transmission capacity from the Murmansk region should be initiated. 

An alternative could be building of new transmission lines from the Murmansk region 

to the city of Oulu, Finland. The realization of this project could allow the transfer of 

the power generated in the Murmansk region to the Finnish and Swedish energy 

markets or to the Leningrad region by using the Finnish networks with free 

transmission capacity. Another solution would be to build a new transmission line 

from the Murmansk region to Saint-Petersburg across the Republic of Karelia 

Republic or to develop the existing transmission lines. In that case, building of new 

transmission lines would probably be the most profitable alternative. 

 

We can say that the utilization of natural gas is effective, and on the other hand, it 

seems improbable that consumers are ready to give up this fuel supply because of the 

significant investments made to infrastructure. Figure 4.32 shows the main gas pipes 

lines in the North-West Region. 
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Figure 4.32. Gas pipe lines in the North-West Region (JSC Gazprom, 2007)
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If there is no opportunity to obtain natural gas, then the region can use other imported fossil 

resources such as coal and black oil. Only the Republic of Komi can provide its own demand 

for coal and partly for natural gas by its own fields. Thus, from the economic viewpoint, the 

utilization of local resources will be a serious task for the region in view of the growing costs 

of fossil resources in the country.  

 

The Arkhangelsk region is characterized by its insufficient own generating capacities, high 

electricity losses, imported fuels and diesel power plants for the electricity supply of isolated 

consumers. This region is also rich with wind power, and there are also rivers that could be 

adapted for building small hydro power plants. However, this region shares the same 

problems of insufficient transmission capacity as the Murmansk region. The land area of the 

Arkhangelsk region is huge, and the area is mostly uninhabited. The transmission lines and 

major industrial plants are located only in the southern part of the region and near the city of 

Arkhangelsk. Therefore, in our opinion, building large wind and hydro power plants in the 

Arkhangelsk region is not profitable. A possible way to use renewable energy in the 

Arkhangelsk region is to build relatively small wind and hydro power plants where possible 

near the small towns and villages to supply the population and small industrial plants in 

these areas. This region, as was mentioned above, possesses 25% of all the forest area in 

North-West Russia. It means that the utilization of wood waste is a profitable alternative for 

renewable energy production in this region; combined heat and power production in the 

forest industry enterprises and settlements near the resource would be the best energy 

decision. Thus, small renewable energy (which is highly applicable for this area) can be a 

means to partly give up imported fossil fuels, and to decrease the number of expensive diesel 

PPs. Also building of power plants at the end of transmission lines can provide more stable 

supply and partially reduce electricity losses in high-voltage transmission lines. 

 

The Novgorod region is characterized by a shortage of generating capacities (only one 

CHPP), natural gas being the main fuel in the area. But as shown above, the region is rich in 

forests and peat, and there are relatively large hydro-electric resources compared with the 

present electricity demand. Nevertheless, there are no HEPPs and wood is used as firewood 

in the stoves with a low efficiency. Thus, for this region, the CHPP and boiler plants using 

local wood waste and peat are the best way to improve the energy system. 
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The Pskov region is also rich in wood and peat. But the region’s energy system (also 

compared with the Novgorod region) is characterized by a shortage of own generating 

capacities, high electricity losses and imported natural gas and coal. Therefore, it would be 

advisable to use own local resources (wood and peat). The example of small wind power 

plant (the region does not have sufficient wind energy resources) in this area will be 

described in Chapter 5. The Pskov region is characterized by the strong centralized supply 

by Pskovskaya GRES, Federal Electricity Market and long transmission lines. This wind PP 

guarantees stable electricity supply at the end of the unreliable transmission line 

 

The Kaliningrad region has no considerable hydro and wood resources. The completion of 

CHPP-2 will fully cover the own electricity supply, and the plant will be alone significant 

electricity producer in the area. The region also has the highest electricity losses – about 20% 

(JSC Yantarenrego, 2007). Fuel balance is based on imported natural gas, coal and oil 

products. However, the area has sufficient wind energy resources. The wind park with a total 

power of 5.1 MW has demonstrated this. Thus, it is reasonable to develop the wind power 

and the use of local resources (peat and wood) for cogeneration and boiler plants, which 

generally use fossil fuels. 

 

The Vologda region, in turn, also buys electricity from the Federal Electricity Market. 

There operates one significant power plant – Cherepovetskaya GRES (condensing power 

plant) and power plants of enterprises. Imported natural gas and coal are used for heat and 

electricity production. The region possesses good wood and peat resources and can better 

utilize hydroelectric resources. But the use of wood waste and peat as fuel for CHPP and 

boiler plants seems to be the most promising direction. There are plans to raise the power of 

Cherepovetskaya GRES, but it will not fully cover the shortage in electricity supply in the 

area. 

 

The Republic of Komi possesses significant resources of natural gas, coal and uses them 

generally for energy production. The republic is self-sufficient from the generation 

viewpoint. The disadvantages are the 1000-km-long 220 kV transmission line Vorkuta-

Urdoma with a limited capacity and the considerable number of diesel power plants, which 

are used for decentralized supply in isolated zones. At the same time, the region has the 
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largest wood resources with the lowest utilization level, and sufficient hydro-electric 

resources, which are unused at present. Thus, the main renewable energy solution will be the 

utilization of wood waste in CHPPs and boiler plants. This could remove the diesel PPs; 

small renewable energy near consumers can also decrease the high electricity losses in this 

area. The north-eastern part of the republic has sufficient wind energy resources; an example 

in the city of Vorkuta is described in Chapter 5. Especially combined wind-diesel PP seems 

to be a good solution, which can provide stable supply and effective use of renewable and 

fossil resources. As a result, renewable energy seems necessary in addition to traditional 

energy, based of own fossil resources in this area. 

 

The Republic of Karelia has a very high potential of hydro, and considerable wood and 

peat resources. The wood industry is the basis of the republic’s economy, and the region is 

characterized by the highest utilization level of its wood resources. There are many small 

rivers in this region. There operate 17 HEPPs, which represent the region’s own generating 

capacities, but their capacity is not sufficient to cover the demand for electricity. Nowadays, 

Karelia buys electricity from the producers in the Leningrad and Murmansk. However, by 

utilizing its hydro, wood and peat potentials, the republic could cover its own energy demand 

to a significant degree.  

 

The City of Saint-Petersburg and Leningrad region have necessary generating capacities 

to cover their own demand and also to export electricity. At the same time, the area is rich in 

wood, peat, wind, hydro energy resources. Today, there are various forms of energy 

generation in this region: nuclear, hydro, and CHPPs on fossil fuels, but also small 

renewable energy power generation as wind, hydro, biomass, yet in significantly smaller 

scale. There are significant losses in the transmission lines. Saint-Petersburg and the 

Leningrad region, similarly as the Murmansk region, are partly bordered by sea; in the 

Leningrad region, there is also the Lake Ladoga. The average wind speeds at the seashore 

areas and at the lakeshore are above 5 m/s, which enables industrial wind generation. The 

Leningrad area has considerable wood resources and unused hydro energy resources, and 

also the old small HEPPs have to be taken into account. Thus, the Leningrad region is 

among the regions, where the renewable energy potential is estimated significant. Nowadays, 

the main fuel is imported natural gas, coal and black oil (for boiler plants). Further, the use 
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of local resources can have a positive influence on the economy of imported coal and black 

oil energy fuel. Considering the high losses in the transmission lines, the application of 

decentralized renewable energy production can provide stable and enough supply from the 

capacity viewpoint.   

 

Thus, each region of North-West Russia has significant renewable energy resources, which 

at present are generally unused. The most important is the biomass-based generation 

(especially wood and peat). All regions in North-West Russia are rich in forests. In most 

regions, forest industry is one of the most important industries. Nowadays, there are various 

different technologies for using wood and wood-processing waste for heat and power 

generation. All of these could be adopted in North-West Russia. There are considerable wind 

energy resources in the Leningrad, Arkhangelsk, Kaliningrad and Murmansk regions. 

Considering hydro-electric generation, the restoration of old small power plants seems to be 

a viable alternative. The application of these technologies would be profitable in the North-

West Region because of the lack of power generation plants in many regions and the 

practically complete absence of small energy, which is mainly represented by diesel PPs and 

old boiler plants that use imported fossil fuels; also the absence of transmission lines or their 

insufficient capacities are in the focus of the development of small decentralized renewable 

energy production. 
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5     PROJECTS RELATED TO RENEWABLE ENERGY SOURCES IN THE 

NORTH-WEST REGION 

 

5.1     Existing projects 

 

This section describes some projects related to renewable energy sources in the North-

West Region of Russia, which were implemented during the past few years. The main 

idea is to investigate practical trends in the renewable energy in this region, to make 

conclusions and suggestions for future work. 

 

5.1.1     Experimental wind power for a hotel in the Murmansk region 

 
The Russian-Norwegian joint enterprise CJSC Vetro Energo in the city of Murmansk 

installed a wind power plant for a hotel electricity supply as an experimental project. 

The project initiators were the Norwegian conservancy association and Kola 

Coordinating ecological centre Geya in Murmansk. In 2001, CJSC Vetro Energo 

installed and put into operation a 200 kW second-hand turbine only 70 metres from the 

hotel Ogni Murmanska. The turbine was manufactured by the Danish company 

WINCON. CJSC Vetro Energo is the owner of this wind power plant (Information 

offer of German Energy Agency, 2006). 

 

Before the project, the hotel was supplied with heat and electricity by the regional 

monopoly Kolenergo. The target was that the wind power plant could partly cover the 

electricity supply to decrease the heat and electricity costs. However, the plant can 

supply electricity the year round, and the excess energy is transmitted to the Kolenergo 

network. In 2002, the wind PP produced 228 000 kWh, of which the hotel consumed 

only about 150 000 kWh. The surplus was fed to the JSC Kolenergo network. Those 

days, nobody was interested to buy the surplus electricity, because there was excess 

energy in the Kola energy system (Information offer of German Energy Agency, 2006) 

 

At the beginning of 2003, because of the temperature of −35 degrees Celsius, the plant 

stopped operating, as the controller of the turbine froze up. After warming, the plant 

started to operate by itself. The wind PP was built by a grant of 2 million Norwegian 

krones. The preparations to install the plant (foundation, crane, machines, workers) 
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costed 6200 euros in total. At the cost of about 3 cents per 1 kWh (that is less than the 

cost from a local supply company – about 6 cents), it was reasonable to use second-

hand turbines (with the assumed repayment period of five to seven years) (Information 

offer of German Energy Agency, 2006). 

 

The purpose of this project was to demonstrate the development of wind potential in 

the Kola Peninsula. The task of the near future is to build a wind park with a total 

power of 3 to 5 MW and to transmit the energy to the Kolenergo network (CJSC Vetro 

Energo, 2005). 

 
CJSC Vetro Energo is a Russian company with foreign investments. The main purpose 

is the development of wind power resources in the North-West Region, especially in 

the Kola Peninsula. The next enterprise development steps are already on the way; the 

plan is to develop an produce components for 50–220 kW wind power plants in the 

enterprises in the Murmansk region (CJSC Vetro Energo, 2005). 
 

5.1.2     Wind park in the Kaliningrad region 
 

On the 26th of June in 2002 the so far greatest wind park in Russia was opened in 

Kulikovo village in the Kaliningrad area (Figure 5.1). It is the first joint international 

project in the field of wind energy, implemented by the support of RAO UES of 

Russia, Kaliningrad Area Administration, the Ministry of Energy and Industry and the 

Danish Ministry of Environment and Energy. The wind park consists of 21 wind 

power plants at a total installed power of 5.1 MW (Information offer of German 

Energy Agency, 2006). 
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Figure 5.1. Wind park in Kulikovo (JSC Yantarenergo, 2005). 

 

The Russian-Danish cooperation was started in May 1998, when the first wind PP at 

the power of 0.6 MW was installed. On the basis of the successful cooperation, both 

sides have shown interest to continue and extend the joint work (Information offer of 

German Energy Agency, 2006). 

 

On the 10th of October 1998, JSC Yantarenergo and Danish company SEAS Energi 

Service A.S by the support of Danish Energy Agency signed an agreement, as a result 

of which JSC Yantarenergo obtained some wind equipment for free as a Denmark 

government grant. In 2000, four 225 kW wind power plants were installed. From May 

to June 2002, 16 other wind PPs were installed. Before this, these 20 wind PPs were 

installed in the Danish wind park, where they operated for eight years (Information 

offer of the German Energy Agency, 2006). 
 

5.1.3     Wind power plant in the Saint-Petersburg region  

 

In the Saint-Petersburg region in the city of Krasnoye Selo, a wind power plant was 

installed in 2001 to supply electricity to small consumers. The plant operates in 

parallel with the network, providing energy-saving and extra capacity, because there 

was not any additional electric power available for the consumers from the distribution 

network. The Danish wind PP at the power of 75 kW is located 101.4 metres above-

sea level in the premises of Krasnoe ltd, which produces building materials. According 

to the wind potential estimate, it was expected that 75 kW wind power plants can be 
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used for about 1500 hours, which corresponds to about 100–120,000 kWh per year; 

this estimate was confirmed during the first three years of operation. The maximum 

wind power generation takes place during the winter period, the generation covering 

up to 40–50% of the total electricity consumption (Astashenkova, 2005; Use of wind 

power plants for electricity supply of common network consumers, 2006). 

 

The electricity supply of Krasnoe ltd is realized by a line transformer and the wind 

power plant. When there is no local consumer demand for the generated power, it is 

fed to the network (balance power) (Elistratov, 2005). 

 

The power plant Wind Matic was bought from Denmark at 13 years ago. Taking into 

account the transportation costs and customs duty (5%), the total costs were 13 000$. 

At the rate of U.S. dollar against the rouble 1:30 (2001) the payback period was nearly 

4 years (Use of wind power plants for electricity supply of common network 

consumers, 2006). 

 

Information: 

For the wind power plant installation, there are the following requirements (Krasnoe 

limited company, 2005): 

• Coordination of the project with Energonadzor. The energy supply 

organization gives specification to common network connection. 

• Coordination of the conditions for generated energy with the power sales 

company. 

• In the case of energy-saving technology, no any extra licenses or 

permissions are required. 

 

5.1.4     Wind power plant in the Pskov region 

 

On the 12th of August 2004, a wind power plant Bonus-150 was put into operation in 

Roskopel village. The PP was bought from Denmark at an age of 10 years (total 

lifetime of 25 a), and it supplies 60–70 kW to the common network. It is used to 

compensate losses of electricity, since the nearest substations are located about 40 km 
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from the mill. The plant was an experimental project and was implemented by JSC 

Pskovenergo (JSC Pskovenergo, 2005). 

 

5.1.5     Reconstruction of the CHPPs for renewable resource-based generation in 

the Leningrad region 
 

In 2003, the Leningrad Region Government adopted a fuel and energy resources 

balance development scheme up to 2020. It was based on the Energy Strategy of 

Russia, which includes an objective to increase and intensify the utilization of energy 

resources. Considering the consumption structure of the Leningrad area, it is supposed 

that the share of gas and biofuels will increase, while the share of coal share should 

decrease. In 2002, the proportion of gas was 62.3%, coal 10.9%, and biofuel 3.2%. It is 

planned that by the year 2015, the shares of gas and biofuel will be 71% and 14%, 

respectively (In the Leningrad region a conception of fuel and energy resources 

balance development up to 2020 was adopted, 2003).  

 
 
It should be cheaper to use own biomass than imported coal or black oil. During 2000–

2003, 16 boilers were changed to operate on biofuel. The specific investments for gas 

boilers are lower than for biomass boilers, but taking into account the absence of a gas 

pipeline in some areas, it is more profitable to use local biomass. For instance the 

Leningrad area is rich in peat and wood wastes, and these resources could well be 

utilized in energy production. According to the estimates on housing and public 

services in the Leningrad region, the feasibility limit for biofuel transportation is about 

60 km from the production point, otherwise, the transportation costs are compared with 

the traditional resources. The following figures were valid for 2004: 

• On average, the costs of changing a boiler to be fuelled by peat were about 

135,000$/MW 

• Power generation by using wood chips: there is an additional cost of 35,000–

70,000$/MW because of the extra equipment required for the processing of wood 

chips. 

 

Large-scale conversion to the peat-based operation is limited by the high humidity of 

peat (the humidity being dependent on weather conditions). For normal burning, the 
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humidity has to be about and no more than 45% (Leningrad region government will 

finish in 2005 the development of regional program of heat supply systems 

modernization up to 2010, 2004) 

 

5.1.6. CHPP reconstruction project for renewable resource-based generation in 

the Republic of Karelia 

 

In the Republic of Karelia within the programme “Active use of local energy 

resources” it was planned in 2004 that in the near future, 14 coal boilers were changed 

over to biofuel-based operation. There operated 14 biofuel boilers (wood, sawdust, 

wood chips) in 2004. The own resources are naturally significantly cheaper than 

imported coal, black oil and gas (Boiler plants in the Republic of Karelia are offered to 

transfer to wood waste, firewood and peat, 2004). 

 

This program was supported by the Legislative Assembly of the Republic of Karelia in 

2007. 

 

5.1.7     Boiler plant by the Finnish Sermet Oy based on renewable resources 

 

The following table describes the boiler plant of the Finnish Sermet Oy installed in 

woodworking plant in the Arkhangelsk region. 

 

Table 5.1. Boiler plant by the Finnish Sermet Oy in the Arkhangelsk region 

Year Customer 
Boilers 

amount 

Heat 
power, 

MW 

Fuel Info 

1993 
Arkhangelsk 

woodworking 
plant 

2 2х6 

Bark 

Sawdust 

Wood chips 

Boiler 115°С 
10 bars 

Source: Institute of applied mathematical research, Republic of Karelia, 2004. 

 

It is obviously economically sound to use own resources “at hand”.   
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5.2     Conclusion 

 

At present, the level of utilizing renewable energy resources is very low, and Russia is 

only making the first steps in this direction. In practice, there are no significant 

commercial projects from the power viewpoint. To present day, such projects have 

generally been realized as experimental, ecological, demonstrational and joint projects 

between the Russian authorities and foreign partners. The main problems (see in 

Figure 5.2 opinion of Bezrukhih and Strebkov, 2005) here were the economic value of 

such projects and the lacking knowledge of renewable energy (also applying for 

present time). Also the low forced energy price was among the major problems. Are 

there any significant consumers, which are able to pay for energy, or is the region 

chiefly populated by elderly people, whose ability to pay is not so good? It should be 

pointed out that in the transition period, many industrial consumers with different 

power consumption were closed; these significantly hampered for instance wind and 

small-scale hydro projects. Therefore at that stage, from an ecological viewpoint, 

various joint projects with foreign partners and the use of second-hand equipment 

could be considered a reasonable alternative.  
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Figure 5.2. Barriers for renewable energy development in Russia (Bezrukhih, Strebkov, 2005).
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Federal level.
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One of the tasks of the energy reform is to get rid of the forced low prices of energy 

resources and energy for end-consumers step by step. Thus, every energy producer and 

consumer has to consider rational energy production and consumption. For instance 

according to the Territorial Generating Company–2 (2006), the areas of Novgorod, 

Arkhangelsk and Vologda have good wood resources, and there is an ability to use the 

wind energy potential of the Barents Sea. Huge peat resources can be found in the 

Vologda area. To sum up very briefly, there are good resources for energy production 

in the region. 

 

In the past time, the authorities have started to finance projects such as the restoration 

of old small hydroelectric power plants and the conversion of CHPPs to utilize the 

local resources such as peat and wood waste. As an example may be given the 

competition for small hydro power plant restoration, organized by the Ministry of 

Industry and Energy of Russia and financed by the Russia Federation Budget. This was 

an open competition for small hydro PP reconstruction in the Arkhangelsk region 

(Official site of Russian Federation for order placement, 2006).  

 

What is the main reason of this change? Of course, we cannot say that it is a sudden 

change, but people have gradually started to consider effective energy production and 

consumption due to rising price level of fuels and consequently, higher electricity 

prices for end-consumers. For normal operation, the higher price level requires 

different branches related to energy sphere, such as extraction, processing, 

transportation of fossil fuels, production and distribution of energy. 

 

5.2.1     Wind projects 

 

We may say that there are almost no industrial projects which would use wind power 

as their main resource. Almost all the wind power plants built in north-west Russia 

have output power less than 5 MW. Only one wind park in the Kaliningrad region with 

the total power of 5.1 MW, but even this project was realized by the support of Danish 
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companies and Danish government, and it cannot therefore be considered a serious 

commercial renewable energy project. 

 

Because of the good wind capacity, there are many plans for projects in the North-

West Region of Russia; however, these plans are still mainly on paper only. 

Nevertheless, there are many places in the north-west region, where transmission lines 

are absent or their capacity is not sufficient. In the North-West region, the wind speed 

usually has higher values in winter and autumn months than in summer. Figure 5.3 

shows the wind speed distribution at 10 m height by months of the year in Harlov 

island (Murmansk region). 
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Figure 5.3. Average monthly speed at 10 m height in Harlov island in the Murmansk 

region (Bezrukikh et al, 2002). 

 

Taking into account the instable wind speed during the year (the average speed in 

above-mentioned example is equal to 9.2 m/s), it seems reasonable to work together 

with the existing diesel power plants, common network or (depending on the power 

consumption level) to use storage batteries, see Figure 5.4. 
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Figure 5.4. Advanced scheme of wind power plant with diesel PP and storage battery 
(Vetro-Svet ltd., 2007). 
 

However, it has to be pointed out that the highest electricity consumption (in the 

winter time) agrees with the highest speed values in this time. Also private persons and 

companies have started to buy small wind power plants for own needs; this is partly 

due to the higher energy price of diesel power plants. And thus, the application of new 

technologies has begun to be an economically sound solution.  

 

According to representatives (personal communication, 2007) of CJSC Wind energy 

company (which is a part of scientific production association Electrosfera), the main 

applications of the wind PPs (with power of nearly 5 kW) are electricity supply of 

recently built country houses and industrial consumers out of the city boundaries 

without centralized supply (new enterprises) or having insufficient by power, or 

unstable operation of the existing transmission lines. This is confirmed in the 

recommendations, made in this work for the practical application of wind energy 

resources at present time in Russia. 

 

The basis of CJSC Wind energy company product is Breeze-5000 wind power plant 

(Figure 5.5) with a power of 5 kW (which can operate effectively even at 3.5 m/s), 
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represented in different modifications within the wind energy complex with a storage 

battery, diesel generator; that allows to satisfy and meet a wide range of conditions and 

requirements. This PP was taken into use in 2004, and in 2006, 35 units were sold, 

among them 17 operating (for 2006) in the Leningrad region. Table 5.2 presents the 

technical specifications of Breeze-5000. 

 

 
Figure 5.5. Breeze-5000 wind power plant (CJSC Wind energy company, 2007). 

http://breezex.ru/pix.php?id=7##�
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Table 5.2. Specification of  the Breeze wind power plant. 

Maximum power output at 12 m/s 5 kW 

Cut-in 3 m/s 

Cut-out 50 m/s 

Rotor diameter 5 m 

Number of blades 3 

Weight, without tower 120 kg 
Height of tower 14 m 
Ambient temperature from - 40°C to +60°C 
Safe system  Taking the rotor out of wind 
YAW system Tail-vane 
Blade material Fiber-glass composite 
Generator and rotor connection Gearless 
Generator 3-phase permanent magnet generator 
Type of tower Steel guyed tube / lattice 
Warranty period 1 year 
Service life 20 years 
Price 7127 € 
Source: CJSC Wind energy company, 2006. 

 

Such wind energy generator operates efficiently at 5 m/s. An additional storage battery 

can be provided in the regions with unstable, lower wind energy potential (4 m/s) or in 

zones without centralized network, where stable electricity supply is required. The 

specifications of the inverter and storage battery in this case are shown in Table 5.3.  
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Table 5.3. Specifications of the inverter and storage battery. 

Inverter 
Voltage DC 80 - 125 V 
Voltage AC 220 V/ 50 Hz, pure sine wave
Frequency 50 Hz 
Rated output 5 kW 
Max output 6,5 kW 
Idle current <0,5 А 
Efficiency 90% 
Protection against: • overloading 

• short connection 
• wrong connection 
• battery polarity 
• total battery discharge

Battery 
Type Lead- acid 
Voltage 96 V 
Capacity 190 Аh 
Source: CJSC Wind energy company, 2006. 

 

The price of this more complex PP equals 14 236 €. Also it is possible to complement 

this wind energy system by a solar module (0.6 or 1.2 kW, 96 V) with price of 4251 or 

8502 €; such combined power systems are applied in the North-West region, which 

will be shown below.  

 

The combination with diesel power plants allows to operate at low wind speed 

(beginning at 3 m/s) and together with the common network (the price is 27 217 €).  

 

Now we can make simple calculations, which demonstrate the technical and economic 

efficiency of wind power plant application for electricity supply of and individual 

consumer. First, we can calculate the required electricity production to cover the 

demand. For this purpose, we can use the online electricity consumption calculator of 

the CJSC Wind energy company. It takes into account such electric devices as an 

electric pump, hair-dryer, electric drill, electric iron, vacuum cleaner, clothes washer, 

coffee-machine, microwave oven, electric mixer, refrigerator, printer, PC, TV, audio, 

video players and electric lamps. Thus, the calculated consumption totals 150–200 

kWh (a typical family consumes about 350–400 kWh per month in the city) per month. 

Taking into account that this 5 kW wind PP can produce 270 kWh at the 3 m/s average 
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wind speed, it means that the use of wind energy can cover all (or nearly all) electricity 

demand of a country house. Considering the 7127 € price and 20 year service life, we 

can obtain the cost of one kWh of electricity for different values of wind speeds: 

 

Table 5.4. Cost of electricity for Breeze-5000 wind PP. 

Average annual 

wind speed, m/s 

Possible places in the North-West 

region, open territory 

Cost of one kWh 

(Breeze-5000) 

3 Wyartsilya, Kirishi, Kingisepp 11 eurocents 

5 Valaam, Arkhangelsk 5.7 eurocents 

7 Kandalaksha (Murmansk region) 3.7 eurocents 

10 Murmansk region (open sea) 2.4 eurocents 

Source: CSJC Wind energy company, 2007. 

 

Thus, taking into account the present price of the common network (see Appendix), it 

seems reasonable to use an individual small power plant: 

• small wind energy potential (3-4 m/s) in the case of absence of centralized 

electricity supply. 

• Mean wind potential (5 m/s) in the case of unstable operation or insufficient 

capacity of existing transmission lines. 

• High wind energy potential (more 7 m/s) is an economically reasonable 

solution anyway. 

 

On the other hand, this cost does not include the maintenance, neither the possible 

growth of electricity tariffs during 20 years. Nowadays, the lack of the alternatives (or 

its economic inefficiency) is usually the main reason, when a client chooses a wind 

energy plant, so it is simple and faster to install and make ready to operate (compared 

to hydro energy), no fuel is needed (as fossil or wood, peat) and cheaper than solar 

energy. The customer just buys and uses, which is very simple. Nevertheless, applying 

more powerful wind power units is more profitable; this way, the cost of one kWh 

used in the electricity supply of a whole village or enterprises will be lower. According 

to an European catalogue Windenergy-2005 (Minin et al, 2006), the cost of one kV for 

wind PPs with power more 200 kW is equal to 700–900 €; and for wind PPs with 

power less than 100 kW – 1200–1600 €.  
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Huge wind parks (for wholesale trading) seem to be unclaimed at the moment because 

of the low tariffs in Federal electricity market at present. For example, below is 

represented the expected electricity cost of a wind park near Lodeynoe village 

(Chapter 4). If we can use 600 kW power plants of Enercon E-40/6.44, the wind speed 

at the tower height (50 m) will amount to 8.6 m/s. The annual electricity production of 

one power unit is estimated to be 2.35 GWh. The federal service of tariffs determines 

the buying tariff to equal to 2 cents in the Murmansk region in 2006. Thus, taking into 

account the 800–1000 $/kW cost of wind power plants; including transport, customs, 

building and connection to common network, the cost will reach 1000–1400 $/kW. 

Here the bank rate is equal to 18-20% and rate of inflation equals 11–12%. In Minin et 

al (2006) it is shown that at an unaltered buying electricity tariff, the enterprise will be 

unprofitable for 20 years. The prime cost (for this PP) is estimated to be 1.5–2 cents/ 

kWh at 20 years life time (Minin et al, 2006). Of course, it is unrealistic that the 

electricity tariff will be constant for 20 years, but is seems to be more profitable to 

operate as a renewable energy supplier than as an energy producer, at least in the 

nearest future. The existing tariffs have increased the profits of existing long time 

energy producers (by moving them from unprofitable to profitable operation), energy 

facilities of which were built in the Soviet time and now can be considered as “free”. 

But the building of new power plants (which is necessary, taking into account the 

deterioration level of present facilities) does not look an attractive option because of 

the present tariffs. Thus, considering the present electricity tariffs for end-consumers 

(which may reach 6-6.5 cents/kWh), as was mentioned above, the work with end-

consumers is real economic market already.   

 

According to representatives of “Vetro-svet” limited company (personal 

communication, 2007), which operates in the range of 0.25–1 kW of power, the micro 

wind energy will be applied in the electricity supply of such targets as the base stations 

of mobile operators, lighthouses and so on, when it is necessary to provide 

decentralized electricity supply. Also combined systems comprising of a solar (in the 

North-West region also) or diesel power unit can be used, which can provide stable 

supply of electricity. 
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In the wind energy market, there is a large number of companies, which offer different 

wind energy projects from micro power (< 1 kW) to large-power wind stations (50 

MW), using Russian and foreign equipment (in the case of powerful plants). Thus, 

there is a competitive market in the wind energy equipment.  

 

5.2.2     Biomass projects/CHPP 

 

The biomass projects and the reconstruction of CHPPs now have a more significant 

role because of the necessity to renew old equipment, to convert the existing boilers to 

CHPPs to intensify the operation, and to change CHPPs to operate on renewable 

energy resources such as wood, especially in wood industry, in order to decrease costs 

and to utilize local resources. 

 

CHPPs fuelled by renewable energy resources would be a good idea, because in many 

regions, fuel or electricity are imported from other regions, and local resources remain 

unutilized. A significant proportion of heat supply in Russia is provided by boiler 

plants. A possible alternative would be to convert old boilers into CHPPs to be fuelled 

by renewable resources; this would allow to increase the efficiency and the supply of 

electricity for own consumption, see following Figures 5.6 and 5.7. 

 

 
Figure. 5.6. Separate electricity and heat production (Cogeneration.ru, 2007)  
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Figure. 5.7. Cogeneration (Cogeneration.ru, 2007).  

 

The conversion of boiler plants has been started within different local government 

programs, in areas where there are own local resources (peat and wood waste in 

particular). It has to be mentioned here that it seems unlikely that the existing natural 

gas power plants will be converted to operate on other fuels, because the efficiency of 

the gas power plants is high and significant investments have been made in the gas 

supply infrastructure. Because of the growing price of imported fossil fuels (coal and 

black oil in particular), the use of local renewable resources has already started. 

 

5.2.3   Small hydro-electric power plants projects 

 
According to the representatives of JSC Inset (personal communication, 2007), which 

is a famous company operated in the small hydro-electric power plants building sphere 

in Russian and foreign markets, there have been implemented only three projects with 

power of 10-50 kW in the North-West Region by this company in 1995-1999. These 

projects were implemented for tourist base, farm, fish plant. But the restoration of 

small old hydro power plants (that have been removed from operation) has started 

within the local authorities’ energy programs recently. Generally, these PPs are located 

at the end of transmission lines, i.e. near the end-consumers; however, the existing 

power lines are mainly in poor condition and of limited capacity. Thus, the 

reconstruction of these power plants can provide, at first, a stable and full supply of 

electricity, based on the use of own ecologically clean and free energy resource. The 

existing infrastructure can decrease the amount of first reconstruction investments. As 

an example we can mention the old Finnish built and later ruined Andreevskaya small 

HEPP with a power of about 600 kW (Figures 5.8 and 5.9). 
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Figure 5.8. Andreevskaya small HEPP (Elistratov, 2007). 

 

 

Figure 5.9. Present state of Andreevskaya small HEPP (Elistrarov, 2007). 
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There were many plans to reconstruct this PP in the past time; nowadays there is one 

investor for the implementation of this project (Elistratov 2007, personal 

communication, 13 June). The problem with starting such reconstruction projects is 

that the official ownership of old, unused hydro power stations is unclear. That means 

that the reconstruction project must be initiated by contacting the local law officers. 

The whole complex process of proclamation and defining of property ownership takes 

at least one year. Despite these difficulties such reconstruction projects might also 

interest Finnish companies to establish business in the renovation of old Russian power 

plants.  

 

5.2.4     Manufacturers of renewable technology equipment in Russia 

 

Despite the fact that at present the share of renewable energy production in Russia is 

relatively low, there are numerous manufacturers of energy generation equipment. 

They can provide a wide spectrum of devices, but there is not enough demand for their 

products, neither do they have enough experience in this type of production. They are 

not very competitive compared to foreign companies, which can offer more effective 

and reliable equipment, naturally, for higher prices.  
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6     CONCLUSION 

 

According to the General Scheme for the location of power plants to 2020, which was 

recently adopted by the Government of the Russian Federation, new power plants will 

be built based on the annual 5 % growth in energy consumption. The total power of 

PPs has to be increased from the existing 211.3 GW to 340.4 GW. Taking into account 

the necessity to remove old power facilities from operation, an additional power of 180 

GW is required. A significant share of this will be covered by nuclear power, which 

will chiefly be placed in the European part of Russia. This is certainly a huge 

challenge. To build e.g. 50 new 1000 MW nuclear power plants, that should cover 28 

% of the power needed, is an enormous effort even for such a powerful nation as 

Russia. At present, natural gas accounts for 70% and coal 25% of the fuel balance. The 

share of natural gas will be reduced to 50% and the share of coal will be increased to 

46% to intensify the use of this fuel in Russia (Fund of national energy security, 2007; 

Ivanov, 2007). However, international research and work against the climatic change 

might also affect Russia’s energy reform plans and encourage Russia to reduce the use 

of coal and rely on renewable energy sources in the future. It could also be foreseen 

that the rising prices and shortage of fossil fuels in the global market should encourage 

Russia to export more of its natural gas and oil and use renewable energy sources in its 

own consumption, instead. 

 

There are plans to complete the building of hydroelectric power plants mainly in 

Caucasia and North-West dating back to the Soviet era, and also the building of hydro 

storage plants. Thus, the total power of HEPPs will be increased to 21.6 GW (Ivanov, 

2007). From the Russian viewpoint water power can be considered as a reliable and 

non-polluting way of producing electric energy. It could be foreseen that an effective 

utilization of the available water power resources might be considerably intensified in 

the future. 

 

According to Boris Vaiziher, Chief Technical Officer of RAO UES of Russia, the 

implementation of this program requires 250 G$ for the building of power plants and 

173 G$ for the transmission and distribution network system (Ivanov, 2007). 
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To meet the growing energy consumption needs in the country, it is necessary to 

restore, rebuild or replace old power plants and to build new plants, but also to 

improve and modernize the whole infrastructure in the energy sector, including 

transmission and distribution lines. 

 

The role of decentralized energy production based on renewable resources can be 

described to be of considerable importance in this process. The general large-scale 

themes related to the national energy sphere are of course linked to the global energy 

issues; however, the global trends also affect the decision-making concerning small-

scale power engineering. 

 

An increase in energy tariffs on fossil resources that results in price increases for the 

end-consumers (which will gradually rise to the European level, see Appendix), the 

high deterioration level of the equipment, high losses and insufficient capacity of the 

transmission lines, the economic growth and the increasing demand for energy in new 

enterprises – all these reasons give a powerful incentive to the development of 

renewable energy, especially decentralized energy production. 

 

At present, there are commercial projects concerning all renewable energy types in the 

North-West Region. There are regions, which are rich in wind and hydro energy 

resources, and almost all of these regions have significant wood waste energy 

resources, but today most of them use natural gas, coal and black oil imported from 

other Federal Regions (only the Republic of Komi has considerable own oil, natural 

gas and coal resources). Small wind power plants are used for electricity supply in 

distant zones that are without centralized supply. These plants often operate together 

with diesel power plants or provide backup power in the case of supply interruptions in 

the common network. There are CHPPs in operation, which are starting to use local 

fuels, such as peat and wood waste. The development of small hydro power plants has 

also started. There are many old small HEPPs, which have been planned to (or could) 

be restored, some of which are already in operation. Other types of renewable energy, 

such as geothermal, solar, and tidal energy, have been largely left unutilized in the 

North-West Region in the past years. And among them only heat pumps seem to be a 

relevant development target. 
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Before the reform of Russia’s energy market the energy sector was unprofitable for 

business because: 

• The tariffs for electricity and heat were kept fixed for the end consumer. This 

was part of the country’s social policy. 

• Also the prices for energy resources such as coal and natural gas were fixed.  

• The government had full monopoly on the energy market which was a 

subsidized sector of the country’s economy. 

 

Even today, the energy prices for the end consumer (see Appendix) and the prices for 

energy resources are kept fixed. But the price level has significantly increased. There is 

a steady grow of the share of the unregulated electricity market (in 2007 it is already 

5%) and the aim of the energy market reform is that a full electricity market opening 

(100%) will be achieved in 2011 (RAO UES in Russia, 2007). We can see now that 

shares of energy companies (JSC TGCs and WGCs) are bought as good investments. 

Norilskiy Nickel, which is a huge electricity consuming company, bought a significant 

part of the shares of its electricity supplier JSC WGC-3 (64.89%) (JSC WGC-3, 2007).  

 

Since 2006, the electricity tariffs have been approved by the Federal tariffs committee 

for each power plant. The present prices vary significantly, from 1.3 to 3.5 cents (JSC 

TGC-1, TGC-2, WGC-2, WGC-3, WGC-6, 2007), depending on the region and PP. As 

it was shown in Chapter 4 that the 10.8 MW wind energy park in Lodeynoe village 

will remain a non-profitable project during the next 20 years, assuming that the price 

stays at 2 cents.  

 

However, the level of the existing energy capacities is decreasing and the share of the 

unregulated market is growing steadily. For the next five years a tariff growth can be 

foreseen. For the electricity and heat producers, an increase of energy prices brings 

new possibilities to develop the energy producing capacities. Several huge foreign 

energy companies have already started their activities on the Russian energy market in 

buying shares in existing energy power producers. As an example, Fortum Oy has a 

25.5% share of JSC TGC-1 and Italian ENEL a 29.99% share of JSC WGC-5. 
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There are several possibilities for international companies to start operation in the 

Russian power energy sector. The international company can operate as as energy 

equipment supplier. In the power range less than 25 MW, the foreign power producer 

may consider to operate on the retail electricity market. Taking into account nowadays 

price level for the domestic end-consumers (see Appendix) and the fact that in Russia 

the energy tariffs are higher for the industrial consumers, this could be a profitable 

business, however only on a local scale due to the limitation of power. The non-

Russian energy company could also start its activities on the Russian power market in 

buying shares of existing JSC TGCs and WGCs power production companies. It might 

also consider the opportunity to build powerful wind energy parks with the purpose of 

exporting electricity. Especially the Murmansk region has excellent wind energy 

potential and access to the foreign markets.  

 
The Russian energy reform was started recently and is now underway. The reform has 

an influence on small-scale energy production and the existing renewable energy 

projects. Russia can thus be said to be on the way to the development of renewable 

energy, and alternative forms of energy generation will be necessary to supplement 

traditional large-scale energy production. 
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APPENDIX. ELECTRICITY TARIFFS IN THE NORTH-WEST REGION OF RUSSIA IN 2007. 
 
   Table 1. Electricity tariffs in roubles in the North-West Region of Russia in 2007. 

 Leningrad 
region 

Saint-
Petersburg

Pskov 
region 

Vologda 
region 

Karelia 
Republic 

Novgorod 
region 

Murmansk 
region 

Komi 
Republic

Arkhangelsk 
region 

For customers who live in the houses 
with gas cooking appliances        

  

Single-rate tariffs (rouble/kWh) 1.47 1.63 1.68 1.65 1.04 1.67 1.15 1.56 1.45 
          
Double-rate tariffs          
night  23.00-7.00 (rouble/kWh) 0.76 0.70 1.17 0.98 0.28 0.77 0.47 0.81 0.36 
day 7.00-23.00  (rouble/kWh) 1.47 1.63 1.94 1.70 1.42 1.67 1.53 1.56 1.45 
          
For customers who live in the houses 
with electric cookers and rural population        

  

          
Single-rate tariffs (rouble/kWh) 1.03 1.14 1.17 1.16 0.73 1.17 0.8 1.09 1.01 
          
Double-rate tariffs          
night 23.00-7.00  (rouble/kWh) 0.76 0.70 0.67 0.49 0.20 0.77 0.32 0.57 0.25 
day 7.00-23.00  (rouble/kWh) 1.03 1.14 1.44 1.21 0.99 1.17 1 1.09 1.01 

   Source: power sales companies of last resort, 2007. 
 
 
 
 
 
 
 
Continued on the next page. 



 

 

Appendix continued 
 
   Table 2. Electricity tariffs in eurocents in the North-West Region of Russia in 2007. 

 Leningrad 
region 

Saint-
Petersburg

Pskov 
region 

Vologda 
region 

Karelia 
Republic 

Novgorod 
region 

Murmansk 
region 

Komi 
Republic

Arkhangelsk 
region 

For customers who live in the houses 
with gas cooking appliances        

  

Single-rate tariffs (eurocent*/kWh) 4.2 4.66 4.8 4.71 2.97 4.77 3.29 4.46 4.14 
          
Double-rate tariffs          
night  23.00-7.00 (eurocent/kWh) 2.4 2 3.34 2.8 0.8 2.2 1.34 2.31 1.03 
day 7.00-23.00  (eurocent/kWh) 4.2 4.66 5.54 4.86 4.06 4.77 4.37 04.46 4.14 
          
For customers who live in the houses 
with electric cookers and rural population          
          
Single-rate tariffs (eurocent/kWh) 2.94 3.26 3.34 3.31 2.09 3.34 2.29 3.11 2.89 
          
Double-rate tariffs          
night 23.00-7.00  (eurocent/kWh) 2.17 2 1.91 1.4 0.57 2.2 0.91 1.63 0.71 
day 7.00-23.00  (eurocent/kWh) 2.94 3.26 4.11 3.46 2.83 3.34 2.86 3.11 2.89 

   *1 euro equals ca. 35 roubles 

   Source: power sales companies of last resort, 2007. 

 

 

 

 



 

 

 

Appendix continued 
 
   Table 3. Electricity tariffs in cents in the North-West Region of Russia in 2007. 

 Leningrad 
region 

Saint-
Petersburg

Pskov 
region 

Vologda 
region 

Karelia 
Republic 

Novgorod 
region 

Murmansk 
region 

Komi 
Republic

Arkhangelsk 
region 

For customers who live in the houses 
with gas cooking appliances        

  

Single-rate tariffs (cent*/kWh) 5.88 6.52 6.72 6.60 4.16 6.68 4.60 6.24 5.80 
          
Double-rate tariffs          
night  23.00-7.00 (cent/kWh) 3.04 2.80 4.68 3.92 1.12 3.08 1.88 3.24 1.44 
day 7.00-23.00  (cent/kWh) 5.88 6.52 7.76 6.80 5.68 6.68 6.12 6.24 5.80 
          
For customers who live in the houses 
with electric cookers and rural population          
          
Single-rate tariffs (cent/kWh) 4.12 4.56 4.68 4.64 2.92 4.68 3.20 4.36 4.04 
          
Double-rate tariffs          
night 23.00-7.00  (cent/kWh) 3.04 2.80 2.68 1.96 0.80 3.08 1.28 2.28 1.00 
day 7.00-23.00  (cent/kWh) 4.12 4.56 5.76 4.84 3.96 4.68 4.00 4.36 4.04 

   *1 dollar equals ca. 25 roubles 

   Source: power sales companies of last resort, 2007




