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Preface
The appearance of this thesis would not have been possible without my work in the
department of Information and Energy Economy at the Institut für Solare
Energieversorgungstechnik (ISET) in Kassel, where for the last five years I have
been involved in a number of European projects dealing with the issues of wind
power integration into the European power systems.
Wind power has come a long way from being an exotic electricity generation source
to the mainstream technology. Many recognised power market experts foretell that
this technology will be among the cheapest ones to generate electricity in the next
decade. So, the share of wind power in the global electricity generation will
undoubtedly grow. The pace of the growth will certainly be different in different
countries according to their economical, geo-political factors and fuel resource base.
Russia has not considered wind power as a viable option for large-scale power
generation so far, but, being more involved into the global economical framework
through the ratification of the Kyoto Protocol, the expected entry into the WTO, active
participation in the G8, etc., the country is more exposed to the global wind power
drivers, such as increasing fossil fuel prices and environmental concerns. These
global drivers, combined with particular local ones, are already creating the
necessary prerequisites for a massive wind power development in the Russian
Federation. Keeping in mind its tremendous and not yet exploited wind power
resource, shortages of energy and capacity in the country, constantly growing
electricity demand, very strong and large unified network, large manufacturing base
for local production of heavy components and the current technological and price
level of wind turbine technology, one may assume that wind power will occupy one of
the most profitable segments in the national power sector and in turn contribute to
the reinforcement of the power supply and economy of Russia.
This thesis analyses wind power from the Russia’s perspective, estimates its wind
power resources, finds out the reasons hindering its utilisation, proposes measures
to eliminate main barriers, justifies the feasibility of wind power generation, analyses
its impacts on the Russian power system and proposes measures to facilitate the
massive integration of variable energy source and elaborates a strategy of largescale wind power development in Russia.
I would like to thank Prof. Jürgen Schmid and Dr. Boris Valov for the scientific
supervision of the thesis, Dr. Cornel Ensslin for his management, motivation and
confidence, and all my colleagues from the department of Information and Energy
Economy at ISET for a friendly relationship.

Kassel, March 2007

Alexander Badelin
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Vorwort
Das Erscheinen dieser Doktorarbeit wäre ohne meiner Tätigkeit in der Abteilung der
Information und Energiewirtschaft am Institut für Solare Energieversorgungstechnik
(ISET) in Kassel, wo ich seit den letzten fünf Jahren an mehreren europäischen
Projekten beteiligt war, die sich mit den Problemen der Integration der Windenergetik
in die europäischen Energiesysteme befassen, nicht möglich.
Die Windenergie hat einen langen Weg hinter sich gebracht, von einer exotischen
Stromerzeugungsquelle zu einer etablierten Technologie. Viele anerkannte
Energiemarktexperten sagen voraus, dass diese Technologie unter den
preiswertesten Technologien der Stromerzeugung im nächsten Jahrzehnt sein wird.
Also wird der Anteil der Windenergie in der globalen Stromerzeugung zweifellos
wachsen. Das Wachstumstempo dieser Entwicklung wird sich sicher in
verschiedenen Ländern entsprechend ihren wirtschaftlichen, geopolitischen Faktoren
und der Brennstoffbasis unterschiedlich entwickeln. Russland hat Windenergie als
eine lebensfähige Auswahl für die massive Energiegewinnung bis jetzt nicht
betrachtet. Aber, je mehr das Land ins globale wirtschaftliche System durch die
Ratifizierung des Kyoto Protokolls, den voraussichtlichen Zugang in den WTO, die
aktive Teilnahme an G8 usw. eingeschlossen wird, desto stärker wird es dem
Einfluss der globalen Windenergie-Treibern, wie Erhöhung der Brennstoffpreisen und
das Wachstum der Umweltprobleme, ausgesetzt.
Diese globalen Treiber in Verbindung mit lokaler Spezifik, schaffen bereits heute die
notwendigen Vorbedingungen für eine massive Entwicklung der Windenergie in der
Russischen Föderation. Aufbauend auf den enormen und noch nicht genutzten
Potentialen der Windenergie, auf der Energieknappheit und den Kapazitäten im
Land, auf einer ständig wachsenden Elektrizitätsnachfrage, auf einem sehr starken
und großen Netz, auf einer großen Fertigungsbasis für die lokale Produktion von
schweren Baugruppen und dem gegenwärtigen technologischen Stand und
Preisniveau der Windturbinentechnologie, kann man annehmen, dass Windenergetik
eines der gewinnbringendsten Segmente im nationalen Energiesektor besetzen und
zur Verstärkung der Energieversorgung und der Wirtschaft Russlands beitragen wird.
In dieser Doktorarbeit werden die Perspektiven der Windenergieentwicklung in
Russland analysiert, die Windenergiepotentiale des Landes geschätzt, die Gründe,
die die Nutzung der Windenergie verhindern, dargestellt und die Maßnahmen für
deren
Beseitigung
vorgeschlagen.
Es
wird
die
Einsetzbarkeit
der
Windenergieerzeugung gerechtfertigt, deren Einflüsse auf das russische
Energiesystem analysiert und Maßnahmen zur massiven Integration der
darbebotsabhängigen Energiequellen vorgeschlagen, sowie eine Strategie der
starken Entwicklung des Windenergiesektors in Russland sorgfältig erarbeitet.
Ich möchte mich gern bei Prof. Jürgen Schmid und Dr. Boris Valov für das
wissenschaftliche Betreuen dieser Doktorarbeit, bei Dr. Cornel Ensslin für seine
Führung, Motivation und Vertrauen, bei allen meinen Kollegen von der Abteilung der
Information und Energiewirtschaft an ISET für ihre freundliche Unterstützung
bedanken.
Kassel, March 2007

Alexander Badelin
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“The Stone Age came to an end not for a lack of stone,
and the oil age will end, but not for a lack of oil.”
Sheikh Ahmed Zaki Yamani, Former Minister of Oil and
Mineral Resources of Saudi Arabia's, a minister in OPEC

Executive Summary
Aim of this thesis is to analyse large-scale wind power development from the point of
view of Russia – taking into account its economical, political and power supply
conditions. In particular, it requires to estimate its wind power resources, to find out
the reasons hindering its utilisation, to propose measures to eliminate main barriers,
to justify the feasibility of wind power generation, to analyse its impacts on the
Russian power system and to propose measures to facilitate the integration of large
amounts of the variable electricity source, and to develop a strategy of large-scale
wind power development in Russia.
Relevance of the research topic: Having less than 3% of the world's population,
Russia has 13% of the world oil resources, 34% of gas, 20% of coal, 32% of lignite
and 14% of uranium. It may seem that the country will not suffer from the lack of
energy resources, at least in the next 10 years. However, the growth of the Russian
economy and ageing of energy supply structures (average tear and wear of power
system elements is 60%) have already resulted in almost a crisis of power supply
industry. The power consumption growth led to capacity shortages during winter peak
load in 2005-2006 in Moscow, St.-Petersburg and Tumen regions. In the winter 20062007 the capacity deficit penetrated to 13 regions more. What will happen in 2-3
years?
Another disturbing characteristic of the current power system is its inability to connect
new consumers. The total amount of load rejected equals today to more than 10 GW,
this value is 1,5 times more than the peak load of St. Petersburg. In 2006 the
Russian Ministry of Industry and Energy estimated losses resulting from capacity
constraints to be equal to approx. 1500 billion roubles (~ 44 billion €) per year or
about 5% of the gross domestic product. These are direct losses, since it is the
deficiency of products and services, which business was ready to make. In addition
to that, there are indirect losses due to reduced demand of services and products of
design, building, construction and machine-building enterprises.
At the same time Russia possesses tremendous renewable energy resources. It just
can not be the other way round, since the country’s territory is huge, is washed by 3
oceans, lies in 11 time zones, and has climate regions from the severest artic to a
mild sub-tropic one. For instance, the power that moves air over the Yamal Peninsula
only is more than enough to produce electricity for all Russian consumers. The total
technical resources of the wind power in Russia are sufficient to cover the country’s
electricity demand manifold. In combination with other huge untapped renewable
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resources, including biomass and geothermal power, these can provide a truly
sustainable long-term power supply.
However, the current share of electricity generated from renewables (apart from large
hydro) is 0,5%. There is a lot to be done – understanding of barriers, preparation of
countermeasures, justification of feasible level and distribution of sources of
electricity generation, establishment of favourable regulatory framework, adaptation
of power system operation and improvement of market rules, etc. This thesis makes
a modest attempt to cover issues related to the contribution of large-scale wind
power to the reinforcement of the power supply and economy of Russia.
Research novelty:
−

Analysis of the issues driving and hindering the development of gridconnected wind power in Russia;

−

Study of measures applied internationally to initiate and support wind power
development, identification of main support mechanisms, their advantages
and drawbacks for application in Russian conditions;

−

Development of preliminary strategy of large-scale wind power
development in Russia, including a set of arrangement, roadmap and
justification of timeframes, level of wind power, main support mechanisms;

−

Recommendation of actions to facilitate large-scale integration into the
Russian power system;

−

Justification of wind power as a feasible generation source to replace
energy and capacity of nuclear and gas-fired power plants on a long term,
thus saving natural gas, reducing radioactive risks, improving
environmental state, and diversifying the Russian economy.

Structure of the thesis: The first chapter builds up a background for the study. It
presents power supply system in Russia – its past and current state, and possible
future development. The situation in electrical energy sector strongly demands urgent
measures, such as establishment of favourable investment conditions for private
capital to deal with the chronic capacity shortage in the country, liberalisation of
electricity and gas markets, diversification of fuel mix of electricity generation.
The capability of wind power in Russia can significantly contribute to the
improvement of power supply and is discussed in Chapter 2. Wind power business in
Russia could be regarded as a “Leckerbissen”, due to a number of reasons: welldocumented tremendous and not yet exploited resource, shortages of energy and
capacity in the country, constantly growing electricity demand, very strong and large
unified network, and large manufacturing base for producing heavy components
locally, as close to the project sites as possible. Given these preconditions together
with current level of development of wind turbine technology, investments in wind
power projects could generate large economic returns. However, these attractive
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business opportunities in the Russian wind power sector are still hidden behind a
number of barriers.
In order to attract both home and foreign private investments in the wind energy
sector, the regulatory barriers should be eliminated first. European countries have
considerable experience in the establishment of different regulatory frameworks to
support the development of renewables.
Chapter 3 provides accurate investigation of this experience and an insight to the
fundamentals of the success of wind power development in some jurisdictions and
failures in the other. It explains what features a market mechanism should possess to
attract large investments into the sector supported and to be at the same time costefficient for the society. It makes an overview of support mechanisms applied in top
five wind power countries, identifying trends in their development. A careful analysis
of both lessons learnt and mistakes done should facilitate the design of the
mechanism applicable to the Russian political, economic, and geographical
conditions.
One of the key elements of wind power development is setting up a clear and
cohesive strategy, which is done in Chapter 4. The strategy includes target
identification, implementation of wind power support mechanisms and a complex of
soft measures to raise public awareness of the existing renewable energy resources,
technologies and benefits. A roadmap is developed, which presents and justifies
milestones, level of wind power, main support mechanisms.
On a system level wind farms generate electricity just like any other power plant.
However, wind power has quite typical generation characteristics compared to
conventional generation. Understanding these characteristics and their interaction
with the other elements of power system is the basis for the integration of wind
power. Chapter 5 discusses main issues that should facilitate integration of wind
power into the Russian power system at reduced costs without jeopardising its
security of supply.
The last Chapter clarifies economic impacts of the key energy choice to be made by
Russian government – either to put more emphasis on the nuclear power
development or to launch a renewable energy sector in order to save natural gas,
which is one of the most demanded export products.
Since only 25% of gas production goes abroad and the rest is consumed in the
country, the government tries to reduce internal consumption and increase the
export. The electric power sector is the largest internal consumer, thus gas savings
are first of all planned there. As a natural gas saving measure, it is suggested to
replace thermal power plants by nuclear power. Thus, according to the government
plans, the share of nuclear power in the electricity mix should be increased to 2527% by 2020. This requires construction and commissioning of 30 new reactors.
Often the saving of natural gas with replacing thermal power plants by nuclear ones
is presented as the only feasible solution.
It was estimated in the work that savings of natural gas from wind power by 2020 and
wind energy penetration of 10% could be around 37,5 billion m3/a; therefore, there is
no necessity for extensive development of nuclear power. The diversification of the
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Russian economy by developing renewable energy sectors could put the country on
the track of a sustainable state. Taking into account the potentials of renewables in
Russia, the trends in technologies’ development and constantly increasing costs of
fossil fuels’ extraction, the large-scale utilisation of renewables, and wind power in
particular, will unquestionably facilitate the internal economy growth by creating
renewable energy industry, providing cleaner and cheaper electricity to domestic
consumers and, on a longer run, by exporting green energy.
Dissemination and application of research results by the author:
−

Speech at EU-Russia Energy Dialog Roundtable “Renewable Energy
Policy Development. How relevant is the EU Experience for Russia?”, 22
June 2004, Moscow, Russia

−

Publication in Russian Renewable Energy Bulletin, “Modern experience
with wind energy support in the EU”, July 2004, Moscow, Russia

−

Contribution to EWEA Grid Report “Large scale integration of wind energy
in the European power supply: analysis, issues and recommendations”,
December 2005

−

Contribution to presentation and publication at Global Windpower 2004,
“Does it blow stronger in Europe?”, March 2004, Chicago, USA

−

Publication in the International Journal of distributed energy resources
“Current experience with supporting wind power in European electricity
markets”, Volume 1 Number 2, April - June 2005

−

Speech at EURELECTRIC Working Group RES & DG, “RES: information,
communication and electricity trading”, April 2004, Zurich, Switzerland

−

Contribution to presentation and publication at the World Sustainable
Energy Days, “CER² - Report about Green Electricity quality labels in
selected new Member states”, March 2006, Wels, Austria

−

Contribution to presentation „Green Electricity Quality Labels: A Policy
Instrument to Increase the Utilisation of Renewable Energy Sources“,
August 2006

−

Contribution to publication “The Influence of Modelling Accuracy on the
Determination of Wind Power Capacity Effects” at EWEC 2006, February March 2006, Athens, Greece

−

Poster “Market support instruments for the development of wind power in
Russia” at EAWE Ph.D. Meeting, October 2006, Roskilde, Denmark

−

Contribution to publication and presentation at the 10th Kasseler
Symposium “Energy System Technology 2005”, “Case Studies on the
Integration of Renewable Energy Sources into Power Systems”, November
2005, Kassel, Germany

Page 11

−

Expert activity for the German Energy Agency “Wind power supply for Tiksi
settlement in Yakutia, Russia”, March 2005

−

Report for the German Energy Agency “Potential regions of large-scale
wind power development in Russia”, August 2005

−

Contribution to presentation “Distributed generation and renewable energy
sources in electricity and environmental markets” at ENIRDGnet
International Conference, December 2004, Brussels, Belgium

−

Contribution to presentation “Action plan towards standardised
communication interfaces and improved information access for distributed
generation and renewable energy sources”, at ENIRDGnet International
Conference, December 2004, Brussels, Belgium

−

Contribution to publication “Practical implementation of the equal
distribution mechanism of wind power costs by the German TSOs” at
EWEC 2006, February - March 2006, Athens, Greece

−

Contribution to Final Report “Energy Scientific & Technological Indicators
and References” for the Directorate General of the EC for Research, 2005

−

Report “Evaluated interviews with energy trading stakeholders”, in the
frame of the EC research project ENIRDGnet, 2004

−

Contribution to report “Guidelines for improved role of distributed
generation and renewable energy sources in electricity trading” in the frame
of the EC research project ENIRDGnet, 2004

−

Conduction of training courses “Instruments for the support of wind power
development” for INVENT education programmes in February 2004, March
2005, November 2006, Kassel, Germany
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1 Understanding the Background: Power Supply in Russia
Russia possesses one of the largest potentials of fuel and energy resources in the
world. Having less than 3 % of the world's population, the country has 13% of the
world oil resources, 34% of gas, 20% of coal, 32% of lignite and 14% of uranium.
Annual production of primary energy resources in Russia makes more than 12 %
from the total world production; the country actively participates in the international
power trade.

1.1

Energy Supply Structures

The basis of industrial potential of electric power industry of Russia consists of more
than 700 power plants with the total installed capacity of 216,7 GW and electric
network of different voltage levels with the total length of more than 2,5 million km.
About 90 % of this potential belongs to the country’s electric power monopoly Unified
Energy Systems of Russia (UES).
The UES is the largest centralized controlled power system in the world. It stretches
from North Urals to the Black and Caspian Sees and from the country’s west boarder
to Transbaikalia, covering the territory of seven time zones.
The UES represents a constantly developing complex of power plants and networks,
which are united by the combined operational mode and by a single dispatching
management. Such an organisational form of electric power industry was
necessitated by its extension and complexity. In addition, the coordinated use of
assets increases both reliability and adequacy of supply. The establishment of the
UES has improved profitability due to increase in unit capacity of power plants, which
allows reducing cost of kW of new generating capacity, increases effectiveness and
decrease the cost of power and heat generated.
The UES provides more effective utilization of the system assets, thus allowing a
decrease in the total capacity necessary to cover peak demand by means of
overlapping of generation schedules of its electric power sub-systems. In comparison
with a number of smaller isolated power systems, the unity of the Russian power
system allows providing much higher level of security of supply. Operating so large
power system, it is easier to balance out schedule deviations, delays in the
commissioning of new generating capacity, changes in fuel recourses available,
demand forecast mistakes, etc.
The ability to control intersystem power flows, to manoeuvre generating capacities, to
coordinate assets’ maintenance allows limiting the influence of sharp weather
conditions, which cover usually only a part of the supply area. Moreover, it is easier
to keep the frequency and voltage to the levels required.

1
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UES of Russia, Annual Report 2003, http://www.rao-ees.ru/en/invest/reporting/reports/report2003/5_2.htm

Figure 1: Map of the UES of Russia1

1
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In 2005 the Russian power system has generated 952,2 TWh; 12,3 TWh were
exported. The basic share (70%) of the generation plant structure consists of thermal
power plants working on fossil fuels. Their total installed capacity is about 148 GW.
Almost 75 % of thermal power plants in the European part of Russia use gas and
heavy fuel oil, while more than 90 % of thermal power plants in the Asian part use
coal. The total share of gas in fuel mix of power plants is now about 50%. The
installed capacity of hydroelectric power plants makes nearby 45,7 GW or about 20%
of the total generation capacity of the country. The nuclear power plants share is 16%
of the capacity, represented by 10 nuclear power plants with the total capacity 22,3
GW.

Figure 2: Fuel mix of the UES power plants in 20052

About 70% of the country with approximately 20 million inhabitants in more than 7000
settlements is not covered by the UES. Their power supply is provided by 49,5
thousand diesel power plants with the total installed capacity of 17 GW.

1.2

The crisis of power supply

The current state of the power system is the result of two factors – the growth of the
Russian economy and ageing of energy supply structures.
During last 8 years Russia shows steady dynamics of power consumption increase.
After the USSR collapse, from 1990 to 1997, the power consumption in the country
was reduced almost by 25 %, thus releasing significant reserve capacity in the UES

2

UES of Russia, Annual Report 2005, Production performance; http://www.raoees.ru/en/invest/reporting/reports/report2005/8_2.htm

1
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and substantially unloading operating power plants. In 1997 the power consumption
trend has reversed and is gradually achieving the level of 1990.
The general tendency of growth of power consumption is seen all over the country;
however, some regions and industries grow much faster than the other. This
inequality in the growth rates of power consumption already lead to capacity shortage
during winter peak load in 2005-2006 in Moscow, St.-Petersburg and Tumen regions.
For the coming winter 2006-2007 the UES has officially announced a possible
restriction of power supply (for industrial customers) in 16 regions during peak load
hours3.

Figure 3: Regions with supply restrictions in peak hours during winter 2006-2007

The existing tendency of demand growth taking the lead over commissioning of new
capacities due to low investment activity will inevitability lead to the increase of the
number of scarce regions and the levels of shortage.
The problems arising from the fast growth of energy consumption are aggravated by
the deterioration of power system assets. If the further deterioration of capacities will
be admitted, the level of reliability will essentially decrease and, as a consequence,
risks of system failures will grow.

3

http://cogeneration.ru/news/23_11_06.html (in Russian), accessed 23.11.2006
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Figure 4: Age structure of power plants of the UES4

One of the most disturbing characteristics of the current power system is the degree
of rejections of applications for the network connection of power consumers. The total
amount of unsatisfied applications makes today more than 10 GW, this value is 1,5
times more than the peak load of St. Petersburg or is approximately the level of
power consumption of 660 thousand new apartments. The share of the satisfied
applications for the connection to networks is constantly decreasing. It is quite
probable that in 2007 only 10 % of potential customers could be connected. Usually
the applications of large industrial enterprises are not satisfied. According to the
estimation of the UES by 2010 a number of regional power systems will not be able
to supply connected customers who are already connected. The total capacity
shortage is estimated to be more than 16 GW in 2010.
The reasons for the restriction of power supply of the customers connected include
the following:
−

Capacity reserves must be kept on an appropriate level,

−

Maintenance works on power system elements that can not be substituted.

Estimating the current unmet demand on connection of new consumers of at least 10
GW, it is possible to predict, that continuation of existing tendencies (and, as a
consequence, the discontent of this demand) leads to the underconsumption of
approximately 50 TWh annually.
In 2006 the Ministry of Industry and Energy estimated that 1 rouble5 of power
consumption accounts for 30 roubles of gross domestic product (GDP). In this case
the underconsumption of 50 TWh means the annual loss of approx. 1,5 billion
4
5

Analytical Centre “Expert”, “New generation – the second coal wave”, 2006
Exchange rate is approx. 1€ = 34 roubles

1
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roubles or about 5% of the GDP. These are direct losses, since it is the deficiency of
products and services, which business was ready to make. In addition to that, there
are indirect losses due to reduced demand of services and products of design,
building, construction and machine-building enterprises.
The customers who are not connected to the UES are power supplied by 49,5
thousand diesel power plants with the total installed capacity of 17 GW. Many of
them have approached their lifetime and need to be changed; wear-and-tear of diesel
power plants achieves up to 75% is some regions.
Another negative factor of the old installed diesel gensets is their high fuel
consumption up to 667 g/kWh. Average fuel consumption equals to 455 g/kWh,
which is much higher than by modern diesel gensets (230-260 g/kWh). Diesel fuel
supply is complicated due to the absence of a developed transport network. Due to
the transport expenses, delivered diesel fuel at a site is several times more
expensive than its initial price. It requires substantial financial resources for the
provision of early fuel delivery, its storage and leads to high electricity cost (up to
0.30 €ct/kWh).
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Figure 5: Development of power consumption in Russia: optimistic and pessimistic scenario

1.3

The necessity of urgent countermeasures

The condition of the power system demands urgent actions to correct the situation: to
develop both generating capacity and network infrastructure in order to transform the
power sector from the limiting factor for the country development to a driver providing
its sustainable growth.
Figure 5 presents energy consumption estimation, which is based on macroeconomic
forecast of economy development, on forecasts of energy companies on regional
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demand development and on the plans for development of large industrial
enterprises.
The base scenario assumes the growth rate of 2,2 % annually till 2010. This scenario
can be considered as conservative, giving a minimum value. In 2010 the total energy
consumption in Russia is estimated to be 1045 TWh; 1030 TWh from this value in the
synchronous network of the UES.
Generation capacity required

Generation capacity available

450
400
350

GW

300
250
200
150

20
30

20
25

20
20

20
15

20
14

20
13

20
12

20
11

20
10

20
09

20
08

20
07

20
06

20
05

100

Figure 6: Generating capacity profiles in Russia6

In order to keep the adequate level of supply, including reserve capacities and other
factors, the total capacity to be installed till 2010 is estimated to be 21,8 GW. In
comparison, during last 5 years only 9 GW of generation capacity have been
commissioned.
The Ministry of Industry and Energy foresees the installation of a nuclear power plant
of 1 GW, hydropower plants – 4,4 GW, thermal power plants – 13,4 GW, distributed
CHP units – 3 GW.

6

Analytical Centre “Expert”, “New generation – the second coal wave”, 2006
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Figure 7: Structure of the generation capacity to be commissioned7

1.4

Capabilities of renewable energy systems

Since the energy sector was state-controlled in Soviet times has left a legacy of
inefficiency and distorted prices. Domestic prices for natural gas, which represents
over half of total energy demand, are still state-controlled and kept artificially low.
Electricity and heat tariffs are also regulated by the state. Subsidies and crosssubsidies are common. When the cost of using renewable energy resources is
compared with the cost of conventional energy sources in this framework, it is not
surprising that renewable energy is viewed unfavourably.
Even despite huge RES potential, its use is very insignificant currently. The RES
share in the country’s total primary energy balance in 2005 amounted to 0,1%.
Amount of electricity generated from RES was about 0.53% in 20018 of total amount
of electricity produced (without large hydro, which represents about 20% of electricity
generated in Russia).
Technology

2000

2001

Wind power

2,9

4,1

Geothermal

58

91

Small Hydro

2301

2371

Biomass

1895

2227

7

The Ministry of Industry and Energy “Perspectives of the development of electric energy industry of
the Russian Federation”, June 2006
8
Reports on technical and economic data and consumption of fuel (coal equivalent) at Russia’s power
plants in 2000-2001 by Goskomstat of Russia.
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Total
Electricity generation in Russia
RES share

4257

4693

876000

888400

0,49%

0,53%

Table 1: RES electricity generation in Russia (million kWh)9

Installed capacity of RES is also very small: wind power – 12 MW, biomass – 607
MW, small hydro – 630 MW.
Nuclear power; 2,8%
Hydro power; 3,5%

RES; 0,1%

Coal; 12,6%

Natural gas; 42,5%

Oil and gas
condensate; 38,6%

Figure 8: Total primary energy supply structure in 2005

Taking into account the current situation in the RES sector, no significant increase in
RES exploitation can be expected without specific programmes for RE development
in Russia.
The official energy strategy has an article on the RES, but it neither sets a target, nor
gives any recommendation. It is only written that up to 1000 MW of power plants on
the base of RES can be installed by 2010 (and only if a governmental support will be
implemented).10
According to this and other forecasts, the RES share in the total energy balance will
not be more than 1- 2% by 2020. This is far from the similar figures in other countries,
where development of RES is supported by governments. The experience of most
countries indicates that renewable energy can hardly be developed without state
support. This is especially the case for Russia, where fossil fuels prices are still lower
than the world average ones.
9

Elena Douraeva et al. „Renewables in Russia – from opportunity to reality“, IEA 2003
“The Energy Strategy of Russia till 2020”, approved by the Russian government on 28.08.2003

10

2

Huge resources behind significant barriers: wind power in Russia

Page 21

2 Huge resources behind significant barriers: wind power
in Russia
This section starts with a historic excursion into the last century to exhibit the role of
wind power in the area of modern Russian Federation (former the USSR and earlier
the Russian Empire), its successful development and subsequent regression. The
section explains also the state-of-the-art, tries to count the country’s wind resource
and finally makes an attempt to look at the future development.

2.1

A retrospective review of the wind power development in Russia

More than 1 million wind turbines operated in the country a century ago11. They
performed different kinds of mechanical work.
In 1920 the first systematic R&D activities were initiated in Moscow. In 1930 the first
100 kW wind turbine generator was installed in Crimea, a bit later the second one
was installed near the Caspian Sea. Both of them were grid-connected units with
induction generators and operated successfully till their destruction during the
Second World War12.
The Russian inventor A. Ufimtsev in 1931 created the first autonomous wind power
system with kinetic energy storage (a 360 kg flywheel rotating in vacuum container),
allowing power supply of its home and workshops for several hours during wind
calms13.
In mid-1930 a Central Wind Energy Institute was established, which has prepared the
first “Atlas of Russian wind energy resources” in 1935. At the end of 1930s a design
of a 1MW wind turbine was elaborated and works have started on the design of a
10MW wind turbine. At that time, the process of wind energy development went in
the direction of large grid-connected wind farms aiming at wide wind energy
implementation into country’s economy.
At the same time, low-speed multi-blades wind turbines became widely implemented
in agriculture and used mechanical energy of the wind. At the end of 1930s more
than 6000 such windmills were installed.
However, at the end of 1940s the wind energy development was drastically changed.
An era of large thermal power plants began. Cheap fuel and tendency to increase the
generating unit capacity in order to improve its efficiency practically pushed out wind
power to the field of small and isolated consumers. However, in agriculture, the old
mechanical windmills began to be changed to wind turbine generators.
In 1947 a fast speed three-blade wind turbine generator with horizontal rotation axis
and with unit capacity of 25 kW was put into series production in the USSR. During

11

Akhmedov R., „Non-traditional and renewable energy sources“, 1988
Kalashnikov N., „Alternative energy resources“, 1987
13
Nikonov A, „Money from wind“ http://www.ogoniok.com/archive/2001/4698/23-26-28/
12
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several years these wind turbines were the main ones used in industry and
agriculture.
In 1947 the first wind-hydrogen system was developed by the R&D laboratory
“Sevmorput” and tested in 1960 with 100 kW wind turbine (in that system hydrogen
was used to fuel steam turbine) and proved its uninterrupted supply. The first windfuel cell system was developed and tested in 1966.
In 1958 an autonomous wind-diesel system, consisting of 12 WTG (42 kW each) and
2 diesel gensets (200 kW each) was installed in Kazakhstan and has supplied power
to three villages. The annual average wind penetration was 55%14.

Figure 9: 5 kW WTG near settlement Tiksi in Jakutia

Unfortunately, the bright beginning of the wind power development in Russia had no
continuation. The massive extraction of hydrocarbons and their extremely low prices,
construction of huge thermal and nuclear power plants and the intensive
development of the united electricity network have overshadowed the value of all the
renewable energy sources (except large-scale hydropower).
Against this background the government perceived the wind energy as small,
expensive and inefficient power generation source. That was why wind energy
received low priority from the government and the main R&D financing was given to
thermo-nuclear energy.
But during the last 15 years due to the well-known reasons renewables attracted
more increasing attention in Russia. Unfortunately, it was interrupted by the economy
collapse of the USSR, but hopefully now with sustainable economy growth and the

14

Akhmedov R., „Non-traditional and renewable energy sources“, 1988
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ratification of the Kyoto Protocol the wind power development will hopefully have a
success.
At present time in operation there are 12,5 MW as presented in Table 2.
Region

Capacity (MW)

Chukotka

3

Kaliningrad

5

Bashkiria

2,2

Chuwashia

0,2

Kalmikia

1 (not in operation)

Workuta

1,5

Komandorskiye islands

0,5

Murmansk, Arkhangelsk

0,1

Table 2: Installed wind turbine capacity in Russia15

2.2

Overview of resources of renewable energy

It is worth nothing to say that the resources of renewable energy in Russia are
tremendous. It just can not be the other way round, since the country’s territory is
huge, is washed by 3 oceans, lies in 11 time zones, and has climate regions from the
severest artic to a mild sub-tropic one.
There were a number of studies to estimate potentials of renewable energy in Russia
in terms of resource availability, technical feasibility and economic viability. Available
resources are the energy equivalent of the total amount of renewable energy
available for extraction. Technical potential is determined as the part of the available
potential, which can be effectively recovered by existing technologies, taking into
consideration social and ecological factors.
Available potential
Small Hydro

360

Technical potential

Economic potential

125

Geothermal Energy

65,2
115,0

Biomass Energy

10.000

53

35,0

Wind Energy

26.000

2.000

10,0

Solar Energy

2.300.000

2.300

12,5

525

115

36,0

2.336.885

4.593

273,7

Low Potential Heat
Total RES

Table 3: Potentials of RES in Russia (in million tones of coal equivalent per year) 16

15

Collected from numerous sources in mass media

Page 24

Economic potential is part of the technical potential, the use of which is economically
justified at the present level of prices of fossil fuels, heat and electricity, equipment
and materials, transportation and wages.
In 1993 the economic potential of renewable energy in Russia was estimated at more
than 270 million tonnes of coal equivalent (Mtce) per year. Table 3 summarises the
results of the study.
In 2005 Russia’s total primary energy supply was 975 Mtce17. Thus, the estimated
economic potential of renewable energy was about a quarter of total primary energy
supply. It is clear that the economic potential has increased substantially with respect
to the year 1993, because fossil fuel prices have grown up, while the cost of
renewable energy technologies has fallen.

2.3

Resources of Wind Power

Mostly highest wind energy potential is concentrated along Russian seacoasts, in the
vast territories of steppes and in the mountains. These are usually sparsely
inhabitant territories, where the population density is less than 1 person/sq km.
Figure 10 shows the wind resource map. Comparing it with Figure 1 it can be seen
that the major part of attractive wind sites are remote and could manly be used for
power supply of remote isolated communities. Utilization of wind energy at these
places could save a lot of fuel, expenses for its transportation and improve the
conditions of living for local population.
The following paragraphs define wind power development regions with respect to it
application:
−

16

Small isolated systems (mainly for wind-diesel applications) are situated
on all Pacific Ocean Russian islands, on the Pacific ocean shore from
South to North up to Chukotka Peninsula, distributed along Arctic Ocean
shore, including vast territory of Taimyr and Yamal Peninsulas, on the
seashore of Arkhangelsk and Murmansk regions and in some inland
regions of Russia – along the Volga steppes, in the regions along
Kazakhstan border, and in Northern-Caucasus steppes.

Bezrukikh, P., Vissarionov, V., et al. “Resources and Efficiency of the Use of Renewable Energy
Sources in Russia”, 2002
17
“The Energy Strategy of Russia till 2020”, approved by the Russian government on 28.08.2003
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Figure 10: Wind power resources at the height of 50 m above ground level18
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18
Starkov, A.N., L. Landberg, P.P. Bezroukikh and M.M. Borisenko (2000). Russian Wind Atlas. Russian-Danish Institute for Energy Efficiency, Moscow; Risø
National Laboratory, Roskilde. 551 pp. ISBN 5-7542-0067-6.
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−

Large-scale wind power systems: in the Eastern seashore of Sakhalin
island, in the extreme south of Kamchatka, near settlements Pevek and
Bilibino in Chukotka peninsula, on the seashore of Magadan region, inside
the area of high-voltage network of “Magadanenergo”, on the Southern
seashore of the Russian Far East in the area of Vladivostok - Nikolaevskna-Amure – Komsomolsk-na-Amure high-voltage network, steppes along
Volga river in the neighbourhood of Volga hydropower stations, Northern
Caucasus steppes and mountains, in Kola Peninsula.

Moreover in Magadan region and in Kola Peninsula there are significant
compensation facilities in form of existing hydropower plants for smoothing wind
power fluctuations.
For the further analysis of the Russian wind power resources it makes sense to
divide the country into two parts – European and Asian (Siberia and Far East). The
first reason is rather different industrial development and population density. The
second one is great difference in infrastructure of electricity generation, transmission
and distribution.
The European part of Russia is a highly developed territory with high population
density. Some 80% of its 145 million inhabitants live in the European part of the
country. Population density is about 26,6 persons/sq km in the European part (about
2,4 persons/sq km in the Asian part)19. About three-quarters of the population live in
urban areas, where the Central, Ural, Northern Caucasus and Volga economic
regions are the most densely populated areas.
More than 65% of electricity or about 700 TWh annually is consumed in the
European part. All nuclear power plants are situated here (excluding Bilibino nuclear
power plant with 48 MW of installed capacity, which is installed in Chukotka).
The share of hydropower electricity production in the European part is about 8,5%,
the share of nuclear power is about 13%. The rest comes from the conventional
thermal power plants with fuel mix of gas and coal in the proportion of 71% and 29%,
respectively.
The North-western Federal District (see Table 4) is the windiest one and includes
Murmansk, Arkhangelsk and Vologda oblasts and Komi and Karelija Republics. The
coincidence of substantial wind resources with existing hydropower facilities
supported by available electricity transmission infrastructure and high energy
demand in the region fulfil all the prerequisites for a successful wind power
development in the region.
The Asian part of Russia occupies almost 80% of country’s territory and gives home
for 20% of population. 35% of Russian electricity is generated here, 70% of it comes
from large hydropower plants. The other power plants are thermal, 62% of them are
coal-fired. Only one small (48 MW) nuclear power plant operates here. Regional
power systems are less developed and interconnected in comparison with those in
the European part.
19

The Federal Service of State Statistics, www.gks.ru, 12 October 2006
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At the same time, Siberia and Far East of Russia contain 85% of Russian gas, 65%
of oil and 75% of coal deposits as well as 80% of economical hydro power potential.
The latter is equal to 721 TWh a year20.
The possibility of large-scale wind power development in the Asian part could be in
Magadan region, in Primorskij kraj (the district around Vladivostok city) and near
Baikal Lake.
Estimation of wind energy potential of Russia has been done several times. One of
the first estimations was calculated in 1935, which defined available wind power
resources as 18000 TWh for the USSR, as a whole. The results of latest estimation
were published in 2005 and are presented in Table 4.

Figure 11: The Federal Districts of Russia21 22

#

Federal District

Area (km2)

Available resource
(TWh/a)

Technical resource
(TWh/a)

Economical
resource (TWh/a)

1

Central

652,8

30.347,4

607,0

3,035

2

Southern

589,2

71.423,5

1.428,5

7,142

3

North-western

1.677,9

173.033,7

3.460,7

17,303

4

Far Eastern

6.215,9

987.761,9

19.755,2

98,776

23

20

G8, Position and role of Russia, http://g8russia.ru/agenda/nrgsafety/russianrole/
Federal districts of Russia, http://en.wikipedia.org/wiki/Federal_districts_of_Russia
22
Russia is divided into seven large federal districts (four in Europe, three in Asia). The federal
districts are a level of administration for the convenience of the federal government. They are not
constituent units of the Russian Federation. The constituent units of the Russian Federation are called
federal subjects.
23
Corresponding to the numberring in Figure …
21
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5

Siberian

5.114,8

605.192,0

12.103,8

60,519

6

Urals

1.788,9

646.794,7

12.935,9

64,679

7

Volga

1.035,9

94.502,0

1.890,0

9,450

17.075,4

2.609.055,0

52.181,0

260,906

Russia in total

Table 4: Distribution of wind power resources to the Federal Districts of Russia24

2.4

Wind Energy Development Scenarios in Russia till 2020

Currently there are several scenarios of the development of wind power utilisation in
Russia. One of them was determined by the Federal Target Programme “Energyefficient Economy” in 2001, another one by the UES, the third one by the Ministry of
Industry and Energy.

2.4.1 The Federal Target Programme “Energy-efficient Economy”
Based on the arrangement # 83-r of the Government of the RF as of 22nd January
2001, the Federal Target Program “Energy-efficient Economy” for 2002-2005 and for
the perspective till 2010 was put into effect. The programme contains a subprogramme „Energy efficiency of the fuel-energy sector“, which envisages a
construction of wind power projects (WPP) of the total capacity 232 MW in the
following regions:
−

460 WPP with the total capacity of 2,2 MW in Amurskaja Oblast;

−

10 WPP with the total capacity of 0,2 MW in Volgogradskaja Oblast;

−

1 WPP with the total capacity of 0,1 MW in Krasnojarskij Kraj;

−

19 WPP with the total capacity of 5,5 MW in Murmanskaja Oblast;

−

1 WPP with the total capacity of 0,3 MW in Orlowskaja Oblast;

−

10 WPP with the total capacity of 2,54 MW in Saratowskaja Oblast;

−

17 WPP with the total capacity of 2,41 MW in Swerdlowskaja Oblast;

−

10 WPP with the total capacity of 8,5 MW in Tajmyrskij AO;

−

14 WPP with the total capacity of 9,25 MW in Republic of Saha (Jakutia);

−

45 WPP with the total capacity of 6,3 MW in Yamalo-Nenetskij AO25.

The financial resources of this sub-programme’s item amount to 10594 million rub.
(or ~ 305 million €). About 5,4 % of the amount will come from the federal budget, the
rest – from the budgets of the RF regions and non-budget sources. Since the

24

Bezrukikh, P., Redko, I., et al. “The concept of wind power utilisation in Russia”, 2005
The Federal Target Program “Energy-efficient Economy” for 2002-2005 and for the perspective till
2010 http://www.programs-gov.ru/cgi-bin/index.cgi?prg=130
25
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Programme did not establish a mechanism, which would force investments from
regional budgets or attract private financing, the Programme failed.

2.4.2 Wind power development programme of the UES
On 14.08.2003 the UES has issued Order # 419 “On the realisation of the
Programme of the wind power development of the UES”. The contents of the
Programme are confidential; however some open sources show their main
priorities26.
№

Region

Location

Capacity,
MW

Status

1

Kamchatskaja Oblast

Ust-Kamchatsk

10

Business-plan done

2

Republic of Karelia

30

Feasibility study done

3

Republic of Karelia

Island Valaam

4

Feasibility study done

4

Republic of Komi

Vorkuta

3

1st stage is commissioned (1,5 MW)

5

Republic of Kalmikia

22

1st stage is commissioned (1 MW)

6

Magadanskaja Oblast

Magadan

5

Feasibility study done

7

Primorskij Krai

Nahodka

30

Feasibility study done

8

Leningradskaja Oblast

(including 1st stage
on Island Kotlin)

25

Feasibility study and business plan
done

9

Sahalinskaja Oblast

Novikovo

10

Business-plan done

10

Kaliningradskaja Oblast

Kulikovo

5,1

Commissioned

11

Kaliningradskaja Oblast

offshore

50

Feasibility study in progress

12

Republic of Dagestan

5

13

Republic of Altaj

24

Business-plan done

14

Krasnodarskij Kraj

Anapa

5

Business-plan done

15

Krasnodarskij Kraj

Novorossijsk

5

Feasibility study done

Total

233,1

Table 5: Planned wind farms included in the programme of wind power development of the
UES

As it has been showed the critical situation in the Russian electric power sector and
the ongoing process of the liberalisation, privatisation and reforming have completely
overshadowed the opportunities of wind power. There are some weak attempts to
carry out the work on wind power, but they are negligible.

26

Collected from different publications in mass media
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2.4.3 The Ministry of Industry and Energy
The wind power development scenario carried out by a group of experts on the
behalf of the Ministry determined a potential demand for wind turbines and proposed
country’s targets27. A reference for the determination of the potential demand for gridconnected WTG was the capacity shortage in local power systems.
Taking into account the capacity shortage of 9 GW (as of 2002), assuming capacity
credit of WTG to be equal to 20% and assuming that wind power should reduce the
shortage by 10% (or 0,9 GW), the experts have determined the potential demand for
WTG capacity to be installed as:
N WTG _ Potential = ∑ N Deficit ∗

Pi
0,1
= 9GW ∗
= 4,5GW
Ki
0,2

The maximum possible capacity of grid-connected WTG in the country is determined
as 10% of the total installed capacity of conventional power plants. In 2002 the total
installed capacity in Russia was 210 GW; therefore, according to the methodology
described above, the maximum possible capacity of grid-connected WTG in Russia
is 21 GW. This estimation is however too conservative. In chapter 6 it will be shown,
there are actually no technical limits of wind energy penetration in a power system.
In total, the expert group has estimated the potential market of WTG in Russia to be
8300 MW, which is distributed as following:
−

4500 MW of grid-connected WTG;

−

2525 MW of WTG with capacities in the range from 50 to 660 kW for
installation in isolated power systems;

−

950 MW of WTG with capacities in the range from 5 to 50 kW for
installation in small wind-diesel power systems;

−

325 MW of WTG with capacities in the range from 0,1 to 5 kW for individual
usage.

The expert group has also proposed the governmental targets for the development of
wind power (see Table 6).
Year
Total WTG capacity installed,
MW

2000

2005

2010

2015

2020

Pessimistic scenario

7

60

120

240

480

Optimistic scenario

7

140

250

600

1200

Table 6: The government targets proposed for the development of wind power in Russia28

Unfortunately, even these pessimistic and very modest targets have not been met.

27
28

Bezrukikh, P., Redko, I., et al. “The concept of wind power utilisation in Russia”, 2005
Bezrukikh, P., Redko, I., et al. “The concept of wind power utilisation in Russia”, 2005
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However, in my opinion, wind power business in Russia could be regarded as a
“Leckerbissen”, due to a number of reasons: well-documented tremendous and not
yet exploited resource, shortages of energy and capacity in the country, constantly
growing electricity demand, very strong and large unified network, and large
manufacturing base for producing heavy components locally, as close to the project
sites as possible. Given these preconditions together with current level of
development of wind turbine technology, investments in wind power projects could
generate large economic returns.
However, many attractive business opportunities in the Russian wind power sector
are still hidden behind a number of barriers; fortunately many of them are only
fictitious ones.

2.5

Barriers

In general, the barriers can be classified into 3 groups: misunderstanding, economic,
and regulatory barriers. Each group has its own aspects.

2.5.1 Misunderstanding
Misunderstanding includes the following aspects:
−

Opinion that Russia has sufficient resources of all possible fossil fuels and
therefore there is no need to utilise RES;

−

Unit capacities of even modern wind turbines are considered to be small,
especially with respect to huge blocks of thermal or nuclear power plants;

−

The popular misconception that wind power is not feasible, unrealiable,
unpredictable and too risky as investment.

−

Awareness of environmental benefits of renewables is very low.

−

Unsuccessful experience with local manufactured wind turbines before the
collapse of the Soviet Union.

−

Lobbying of conventional fuel and nuclear energy; comparison of
conventional and renewable energy sources does not take into account the
environmental aspects and real costs of energy generation.

−

Lack of engineers and scientists who have profound knowledge and
expertise on the issues of wind power and who can resolve technical,
economic and environmental problems.

−

Absence of renewable energy agency to inform the population on the
benefits and advantages of RES.
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2.5.2 Economic barriers
Economic barriers include the following aspects:
−

Insufficient funding of R&D, pilot and demonstration RES projects;

−

Great disparity between cost of RES equipment and income of the
population in the regions suitable for RES usage (especially in remote
decentralized regions, where the use of RES energy is economically more
efficient);

−

Non-transparent tariff structure and non-market costs of electricity, crosssubsidies;

−

Artificially low natural gas prices.

2.5.3 Regulatory barriers
Regulatory barriers include the following aspects:
−

Lack of official governmental targets;

−

Lack of legal and regulatory base for developing renewable energy in
Russia (federal and regional legislation on RES, rules of access to
centralized power grids, rules for obtaining licenses, etc.);

−

Lack of incentives that would encourage RES development and use (fiscal
advantages, subsidies, obligations, feed-in tariffs, etc.)

In order to attract both home and foreign private investments in the wind energy
sector, the regulatory barriers should be eliminated first. European countries have a
sufficient experience in the establishment of different regulatory frameworks to
support the development of RES. Accurate investigation of this experience and its
correct transfer to the Russian conditions could lead to a breakthrough of the wind
power development in Russia.

3

National support instruments
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3 National Support Instruments
For wind power to contribute remarkably to energy supply and at the same to
economic and industrial development, job creation, reduction of fossil fuel
consumption and CO2 emissions, several prerequisites have to be met. These are
mainly improvements of technology and creation of attractive conditions for private
investors to participate.
The overall objective is not just to install capacity, but also to create industry and
allow it to grow sustainable, which in turn will lead to the increase in wind turbine
capacity at a reduced cost. In order to achieve this objective, a clear and stable
government commitment is crucial. Governments of many countries have tried to
establish favourable conditions for wind power development, some of them were
successful and their countries have experienced a large increase in wind power in
the last two decades.
This chapter provides an insight to the fundamentals of the success of wind power
development in some jurisdictions and failures in the other. It explains what features
a market mechanism should possess to attract large investments into the sector
supported and to be at the same time cost-efficient for the society. It makes an
overview of support mechanisms applied in top five wind power countries, identifying
trends in their development.
A careful analysis of both lessons learnt and mistakes done should facilitate the
design of the mechanism applicable to the Russian political, economic, and
geographical conditions.

3.1

Requirements and criteria

The primary objective of any wind power support mechanism is to increase the share
of electricity generated by wind. However, for the mechanism to be successful,
market- and society-compliant it has to satisfy a number of other requirements as
well. These requirements include29 30:

29

−

Effectiveness should determine the performance of a support mechanism
in relation to the target achievement. The target is set by national or
regional (i.e. the European Commission) government as an increase of the
penetration of the RES. In this case, the performance of support
instruments can be measured in MW of installed capacity or MWh of
electricity generated from RES (RES-E).

−

Efficiency – the target should be achieved with the most possible effective
use of capital, which requires a transparent and simple mechanism to be
acceptable and minimize administration costs. This criterion considers the
performance of a support mechanism in relation to the costs associated

A. Badelin, C. Ensslin, M. Hoppe-Kilppe “Does it blow stronger in Europe? Current experience with
supporting wind power in European electricity markets”, Global Windpower 2004, Chicago
30
N.H. van der Linden et al, “Review of international experience with renewable energy obligation
support mechanisms”, May 2005
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with the achievement of the objective and can be expressed in €/MW and
€/MWh. Moreover, a support mechanism should continuously stimulate
technical development of the installations for electricity generation, which
can be achieved by adjustment of the support level to the generators
according to the technological and market situation, preventing at the same
time inadequately high payments. The further technical development
facilitates the reduction of the expenditures of manufactures and therefore
their market position and the costs of electricity generation.
−

Market compatibility - ideally, a support mechanism should be based on
market forces, to facilitate easier transition of the supported technology to
the pure demand-driven market environment, to drive costs down and to
transfer the benefits of cost-reducing efficiencies to customers.

−

Burden sharing – it is absolutely important to distribute costs and benefits
of the implementation of a support mechanism fairly in order not to disturb
market positions of players.

−

Local development and job creation – support mechanisms should also
stimulate the development of industry and labour market. The industrial
progress of a certain technology and the development of associated
markets are of a particular importance for the establishment of the
sustainable development and the increase of export. Moreover, the support
of new energy technology positively influences the increase of employment.

−

Sustainability – it is clear that for the achievement of the targets set for the
development of renewable energy, it is necessary to attract investors.
Investment decisions depend both on the level of payment for renewable
energy and the stability of support mechanisms. Continuously changing
mechanisms generate uncertainty and risk for the investor. Therefore, in
order to ensure the planning and financing security of the supported sector,
an obligatory minimum period of validity – normally for the establishment of
a new technology at the market – is necessary.

−

Design and administrative efforts – costs to implement and maintain a
market support mechanism should be minimised.

Wind power could be supported in different ways, governments of many countries
have tried to establish favourable conditions for wind power development, some of
them were successful and their countries have experienced a large increase in wind
power in the last two decades. Therefore, it is recommended to look at these
successful mechanisms, understand their forces and project its transferring to the
Russian conditions.
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Analysis of Market Support Mechanisms in Top Five Wind Power
Countries

This section proposes to have a closer look at the most successful experience with
wind power development stimulation. For that purpose, five countries were chosen
according to the following criteria
−

success achieved up to now in the development of wind power, measured
by the wind turbine capacity installed31 and

−

ranking of the long-term wind attractiveness index according to the
Renewable Energy Country Attractiveness Indices published quarterly by
Ernst & Young32 (20 leading RE countries are analysed by a number of
indicators and ranked from 1 – the most attractive country to 20 – the lest
attractive one).

The top five countries chosen for the further analysis are presented in the Table 7.
Country

Installed wind turbine
capacity, MW

Ranking according to
the
installed
wind
turbine capacity

Ranking of the longterm
wind
attractiveness index

Germany

19140

1

5

Spain

10728

2

1

USA

9600

3

2

India

5200

4

4

UK

1695

7

3

Table 7: Top five wind power countries according to the installed capacity and investment
attractiveness index

The section below analyses market support mechanisms applied in the countries and
pays particular attention to Germany, where the most notable expansion of wind
generation has taken place.

3.2.1 Germany
In Germany feed-in tariffs were introduced since January 1, 1991 when “Electricity
Feed Law” came into force. It obliged the grid companies to purchase renewable
electricity from eligible sources and to pay them compensation. The amount of the
compensation per kWh was established annually, based on the official federal
statistics for the preceding calendar year's published average price from energy sales
to the end consumer. For wind power, the feed-in tariffs were fixed to "at least 90% of
the average price per kWh from the electricity delivered by utility companies to all end
consumers". Besides the feed-in tariff, other support mechanisms were in place:

31

Windpower Monthly, July 2006
Ernst & Young Renewable Energy Group, “Renewable energy country attractiveness indices”,
Summer 2006

32
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governmental subsidies, lower interest rates for loans to invest in wind turbines, tax
deductions, etc. All these have successfully led to the increase of installed capacity of
wind energy.
On the 1st April 2000, the Electricity Feed Law was replaced by the “Erneuerbare
Energien Gesetz” (hereinafter the EEG) – “Act on Granting Priority to Renewable
Energy Sources"33. With regard to the level of energy sales figures for wind energy,
the EEG contains differentiated compensation amounts. For new plants, which
commenced operation before 31.12.2001, an initial compensation of 9,1 €ct/kWh
exists, for a minimum period of five years.
Depending on the location quality, the feed-in tariff level decreases to 6,19 €ct/kWh,
according to the "reference yield model". The reference yield, according to the EEG,
is the annual energy yield that a wind turbine provides at a so-called reference
location. The reference location is defined for one wind regime (Rayleigh distribution)
as 5,5 m/s average annual wind speed at a height of 30 m and a roughness length of
0,1 m.
At locations with strong yield, the decrease may take place immediately after the
completion of the fifth year. At locations with weaker yields, the initial level of feed-in
tariff may be paid for up to 20 years. Compensation payments are guaranteed for the
period of 20 years regardless the quality of location.
Specific turbine price per kWh annual energy yield (@ reference site)
1,0000

€|2000| / kWh reference yield

1991

1996
2000
2005

Progress Ratio = 90%

0,1000
10

100

1000

10000
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Figure 12: Experience curve of wind turbine price in Germany34

33

The German Federal Ministry for the Environment, Nature Conservation and Nuclear Safety,
http://www.bmu.de/files/pdfs/allgemein/application/pdf/res-act.pdf
34
ISET: „Wind Energy Report Germany 2005“, 2006.
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Despite of the fact that the EEG has proved to be very effective instrument, it is
constantly being criticised to be inefficient, market incompatible, etc. The main
discussion issues are analysed below:
−

Cost reduction – The feed-in tariffs are being mainly blamed for nonefficiency in driving down costs, since they are not based on direct
competition. Nevertheless, wind power market research proves the
opposite – a learning curve indicates a “progress ratio” of 90%. The figure
11 depicts the specific price per kWh annual yield of the reference yield.
Another market analysis35 states the reduction of wind power project costs
by 7% and turbine prices by 9% between 1998 and 2001.

−

Energy-intensive industry – Although the cost of feed-in tariffs equally
distributed on and paid by final customers was only about 0.0021 €/kWh in
2003, energy-intensive industry declared that it suffered strongly from this
burden. Many discussions of large industrial companies with the
government have lead to the introduction of “hardship” clause. Under this
measure, companies that consume at least 100 GW/year and whose
electricity costs equal at least 20% of net turnover have been granted one
year period of relief from an increased renewable energy levy.

−

Low-wind sites support – The today’s capacity of 14 GW has occupied
the majority of locations with good wind resource, leaving the quality of
wind sites being developed now to decline. The further wind power
expansion over the next couple of years, before going offshore, is going to
come from low-wind sites. The current tariff structure with guaranteed 20
years period of high rate payment for such sites enables their forthcoming.
But the German government is reluctant to support it and will decide how to
increase wind energy inland not overpaying for it, on the one hand, and
preventing market from collapse on the other.

−

Offshore development – The quality reduction of inland wind sites and
currently limited potential for repowering makes Germany to go offshore to
expand its wind generation portfolio. According to the strategy of the
Federal Government, in a long-term, by 2025-2030, it is possible to cover
15% of the electricity demand (of 1996) from offshore wind, installing a
capacity of 20-25 GW in the North and Baltic Seas.
The EEG stipulated that electricity produced by offshore wind will be
compensated by 9,1 €ct/kWh for the first 9 years and 6,19 €ct/kWh
thereafter. However, it is argued that these compensations are enough to
attract enough investments offshore, since it is rather complicated (i.e.
risky) to estimate now the costs and the level of support needed for
electricity generation by the future offshore wind farms.

35

The German Wind Energy Institute (DEWI): www.dewi.de
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The above mentioned debates and other issues have led to an amendment to the
EEG (hereinafter the EEG-2), which has come into force in August 200436. The act
has revised all the “hot spots” of the previous regulation and its main improvements
are summarised below:
−

Reduction of the low tariff for onshore installations by 0,5 €ct/kWh to 5,5
€ct/kWh in 2004 (it was 5,9 €ct/kWh in 2004 according to the EEG);

−

Reduction of the high tariff for onshore installations by 0,1 ct/kWh to 8,7
ct/kWh in 2004 (it was 8,8 €ct/kWh in 2004 according to the EEG);

−

Extension of the high rate payment period for offshore installations to 12
years (9 years hitherto) with further extension with the distance from shore
and water depth;

−

For offshore generation the purchase prices will start at 9,1 €ct/kWh. Both
onshore and offshore, the pay rate drops after a specified volume of
generation, though the starting rate applies for at least five years.

−

The rate of payment has been cut and will continue to drop by 2% each
year until 2013 (the EEG had 1.5% annual reduction) encouraging more
rapid development – the sooner the plant comes online before 2013, the
higher the price paid for electricity over its operating life.
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Figure 13: Development of feed-in tariffs in Germany for wind power37

36

The German Federal Ministry for the Environment, Nature Conservation and Nuclear Safety,
http://www.bmu.de/erneuerbare/energien/doc/5982.php
37
ISET: „Wind Energy Report Germany 2005“, 2006.
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−

Payment for onshore installations on low-wind sites with reference yield
less then 65% has been cancelled;

−

“Hardship” clause applicability to industries with minimum electricity
consumption of 10 GW/year (100 GW/year hitherto) and electricity costs of
15% (20% hitherto) of net turnover;

−

Clear rules are determined for grid connection costs, which define that the
costs have to be paid by wind power developer and grid upgrade cost – by
network operator.

In general, the EEG-2 has reinforced the regulatory framework to secure the further
development of wind power and at the same time to drive down the cost of wind
power. By 2013 wind power prices will be fully competitive with those of new
conventional generation. According to the expression of the former German
environment minister Jürgen Trittin the support for renewable energy under the EEG2 “will cost an average household just one euro a month – the price of an ice-cream
cone”38.

3.2.2 Spain
When Spain passed a FIT law in 1994, relatively few wind turbines were spinning in
the Spanish plains or mountains; now the country is ranked second in the world for
wind installations, surpassed only by Germany. These advances in wind turbine
capacity and electricity generation have translated into successes in other areas as
well, from job creation and economic development to reductions in greenhouse gas
emissions.
The policy regulation is based on feed-in tariffs, which are adopted from time to time
to take into account new requirements or market conditions. The later regulation (as
of March 2004) keeps the rules of feed-in tariffs, while introducing wind power to the
wholesale electricity market punishing it for its deviations and at the same time
supporting its ability to deliver reactive power and to ride-through network faults.
Basically, the wind farm operators have to choose now between two options – either
to sell the electricity to the distribution company at a regulated tariff per kWh or to sell
the electricity freely in the market through the market wholesale pool or through
bilateral or term contracts39:
−

38

The regulated tariff option includes the remuneration, which is equal 90% of
the average electricity tariff and a reactive power supplement and a
supplement for fault ride-through capability.

The German Federal Ministry for the Environment, Nature Conservation and Nuclear Safety,
http://www.bmu.de/english/press/pm/6287.php
39
Manuel Bustos, „The new payment mechanism of RES-E in Spain“, Spanish Renewable Energy
Association, May 2004
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−

The market option includes the average electricity pool market price,
environmental bonus, an incentive for participating in the market, capacity
credit, and the two supplements, as in the option above. An example of the
total remuneration given to wind power on the market option is shown in
table 8.
€/MWh

Average price of the electricity pool

55,73

Bonus

29,32

Incentive for market participation

7,33

Capacity guarantee

4,81

Cost of schedule deviation

- 5,85

Cost of forecasting

- 0,5

Cost of commercialisation

- 0,8

Total payment for the wind generation

90,04

Table 8: Total payment for the wind generation on the market option40

In both cases, power production forecast obligations and deviation penalties are set
out. It is important to remark that the management of the deviations between the
forecast and the real production is one of the critical issues in the viability of wind
farms.
The country shows stable pro-renewable policy and guarantees wind turbine owners
high revenues, thus making the risk/revenue profile extremely attractive. No wonder,
why the country is in the pole position as the most attractive national market for wind
power in Ernst & Young’s index as the best countries for future investment in
renewables.
However, the sharp rise of the wholesale electricity prices in the EU made the
Spanish policy-makers to think about the market framework again. It is highly
probable that some incentives will either disappear or will be considerably reduced.
But in general, the Spanish regulatory system did prove to be successful, at least in
terms of capacity installed.

3.2.3 UK
After a modest success with Non Fossil Fuel Obligation in the beginning of 1990’s the
UK government decided to replace this scheme and introduced a new, more marketdriven support mechanism. This mechanism, known as the Renewables Obligation
(RO), places an obligation on electricity suppliers to ensure that a minimum
percentage of the power they sell comes from RES.

40

IEA Wind: http://www.ieawind.org/
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Eligible renewable generators receive Renewables Obligation Certificates (ROC) for
each MWh of electricity generated. These certificates can then be sold to suppliers,
in order to fulfil their obligation. Suppliers can either present enough certificates to
cover the required percentage of their output, or they can pay a ‘buyout’ price of
30£/MWh for any shortfall. ROC can be freely traded.
The RO level started at 3% of electricity supplied in 2002/2003 and is set to increase
each year from its level of 5,5% in 2005/06 to reach 15,4% by 2015/201641. However,
the major concern of wind power industry is what will happen to the RO after
2015/2016. The fear is if the level stays at 15,4% after that date and if the
renewables capacity continues to rise, the value of the ROC will fall to zero, as the
target is reached.

Brown power

Consumers

Electricity suppliers
(retailers)

ROC surrendered
ROC sold
Green power

OFGEM
ROC issued

Figure 14: The principle scheme of the RO mechanism in the UK

Without confidence on the future value of the ROC prices, investors cannot put
money into new projects. Without new investments to come and with high wholesale
electricity prices, the owners of wind power assets get around 90 £ /MWh (or 133 € /
MWh42). A considerable share of the price is the risk premium and the only way to
reduce the price is to lower the risk for investors by, for instance, setting more longterm and higher targets. The UK government considers an option to extent the target
of RO to 20% by 2020 (with support available to 2027).

41

“BETTA , RO and Carbon trading”, Extracts from NATTA's journal Renew, issue 148 March-April
2004, http://eeru.open.ac.uk/natta/renewonline/rol48/2.htm
42
Windpower Monthly, October 2006
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Figure 15: GB Renewables obligation compliance by supplier43

3.2.4 USA
The renewables support framework is set on both Federal and State levels. On the
Federal level, the Energy Policy Act44 contains a number of provisions that benefit
the wind energy industry. The main instrument is the Production Tax Credit, which
provides 19 USD/MWh tax credit for electricity produced by commercial wind
generation plants for the first 10 years of production. In addition to the PTC, the Act
requires that utility system reliability rules to be “non-discriminatory” and provides
incentives to encourage construction of new and upgraded transmission lines.
On the State levels, the largest impact on wind energy has been done by Renewable
Portfolio Standards (RPS). RPS requires utilities to purchase a percentage of their
overall generating capacity from renewable resources. By 2005, 20 states and the
District of Columbia had adopted RPS and almost half of the 2,431 MW installed in
2005 resulted directly from state RPS policies.45
Green power marketing programs have also had a significant impact on wind industry
growth. Retail sales of renewable energy through green power marketing programs

43

http://www.centrica.com/files/reports/2005cr/index.asp?pageid=66
Energy Policy Act, 2005
http://www.electricity.doe.gov/program/electric_oa_policy_energy_epacthome.cfm?section=divisions&l
evel2=oandm_policy_energy
45
AWEA, http://www.awea.org/legislative/
44
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such as green pricing, competitive markets, and renewable energy certificates,
increased by more than 60% to 6,2 TWh in 200446.

Figure 16: Renewable Portfolio Standards and State Mandates by State, 200547

Through utility green power or “green pricing” programs, utility customers may
choose to purchase green power for a premium to support a greater level of utility
company investment in renewable energy technologies. To date, nearly 600 utilities
in 34 states, including investor-owned, municipal utilities, and cooperatives, have
either implemented or announced plans to offer a green pricing option. According to
a study published by the National Renewable Energy Laboratory in October 2005, by
the end of 2004, more than 330,000 customers were participating in utility green
pricing programs nationwide.48
As wind power becomes more conventional and its financing becomes more of a
commodity type, ambitious targets are being set by many states. In addition, the
extension PTC predisposes the US wind power market growth to remain strong.

3.2.5 India
In order to support wind power development, India has established a separate body
in its government – the Ministry for Non-Conventional Energy Sources. The ministry
has implemented a wind resource assessment programme, which formed the
46

IEA Wind: http://www.ieawind.org/
Renewable Portfolio Standards and State Mandates by State,
http://www.eia.doe.gov/cneaf/solar.renewables/page/trends/highlight5.html
48
Ryan Wiser and Scott Olson, NREL “Utility Green Pricing Programs: A Statistical Analysis of
Program Effectiveness”, 2004
47
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backbone of their wind exploitation efforts. As in the USA, there two levels of support
for wind power – the Central Government and States.
The Central Government has introduced a package of incentives, which includes49
−

Reduced import duty on specified wind turbine parts,

−

80 percent accelerated depreciation in first year,

−

Low-interest loans,

−

Income tax holiday for 10 years on income generated from wind power
projects.

A number of state governments also provide localised encouragement to RES, which
determine remuneration rate per MWh generated, penalty on reactive power
consumption, infrastructure development charges, etc.50 India’s rapid growth in
energy demand and its support for RES is fostering a positive environment for wind
power development.

3.3

Overview of Market Instruments for the Development of RES

As it was shown in the previous section, there are a number of different instruments
to support wind power development and its integration into electricity markets.
In general, the penetration of any product into a market depends on its supply and
demand for it. Therefore, for the further analysis, a distinction between the
mechanisms on the supply and demand side should be made. The supply of
renewable energy is stimulated by price-based mechanisms supporting investments
and production. The demand for the electricity from RES is stimulated by quantitybased mechanisms aimed at consumption.

MWh
Demand

Supply

€/MWh
Figure 17: Demand and supply determine penetration of a product in a market

49

India's Market Overview: http://strategis.ic.gc.ca/epic/internet/inenva.nsf/en/eg02283e.html
Policies Introduced / Incentives Declared by the State Governments for Private Sector Wind Power
Projects: http://www.windpowerindia.com/govtinc.html
50
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3.3.1 Support mechanisms on the supply side
Feed-in tariffs (FIT) are a minimum guaranteed price or a premium in addition to
market electricity price per unit of electricity produced from RES paid to domestic
producers. This mechanism is usually accompanied by the obligation put on network
companies to take and pay compensation for such electricity; the costs are then
distributed to final customers. The fixed price or fixed premiums are set for a number
of years to maintain investor confidence and can be revised and adjusted by
governments to reflect long-term marginal generation costs and stimulate costs
reduction.
Feed-in tariffs remain popular in certain countries as an effective way to stimulate the
expansion of renewable energy sector. Germany, Denmark and Spain have all
offered successful feed-in tariffs. It is no coincidence that in these countries major
development of wind power has occurred.

Legend:
Pc – price of conventional electricity
Qc – amount of electricity from RES without policy
instruments
Qf – amount of electricity from RES by stimulated
feed-in tariffs
MC (bleu) – marginal cost of renewable technology
MC (red) – marginal cost accepted
MC
MC-Pc – level of support required

Price,
Costs

MC - Pc

MC = Pf

Pc

Qc

Qf

Generation

Figure 18: The principle of the feed-in tariff mechanism

Quota-based systems are driven by regulatory imposed obligation on producers
and importers of electricity to produce a certain share (quota) of RES-E. To fulfil its
obligation a producer can install new RES capacity to produce RES-E or buy required
amount of RES-E by means of tradable green certificates. The certificates provide an
instrument for production monitoring, accounting and transfer of RES-E. In case of
incompliance, the producer will have to pay a penalty, which value is set by
government. This mechanism is currently applied in Italy.
As feed-in tariffs, quota obligation is also a government-mandated policy designed to
create a market for renewable energy. However, unlike the feed-in tariffs, the quota is
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a quantity-based policy that establishes a target quantity of renewable energy to be
included in the electricity mix by a specific date. A quota obligation also specifies who
is responsible for obtaining that renewable energy and specifies penalties for noncompliance. As currently implemented, quota obligation policies do not regulate price
and leave that to be determined by the market.
Legend:
Pc – price of conventional electricity
Qc – amount of electricity from RES without policy instruments
Pq – value of tradable green certificate
Qq – amount of electricity from RES stimulated by quota obligation
MC (bleu) – marginal cost of renewable technology
MC (red) – marginal cost accepted
MC-Pc – level of support required
Dq – demand stimulated by quota obligation

Price,
Costs

MC
MC = Pc + Pq

Dq
MC - Pc

MC
Pq
Pc

Qc

Qq

Generation

Figure 19: The principle of the supply quota obligation mechanism

Investment support is the earliest mechanism used to promote renewable energy
(for instance used in California since end of 70’s), by means of compensation up to
50% of capital cost of a new installation.

Figure 20: The principle of the investment subsidy mechanism
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This instrument is still used to stimulate investments mainly in more expensive
renewable energy technologies; nevertheless, wind power projects also receive
subsidies in some cases. The mechanism has a number of advantages – it is simple,
market compliant, easy adjustable to applied technology, capacity, geographical and
market conditions. However, the support for capital investment, as well as other
capacity-based instruments, does not stimulate cost-effective operation of renewable
energy installation.
Fiscal support may take different forms and is applied directly or indirectly to
stimulate supply of RES-E in several Member States. Some tax advantages, for
instance exemption of RES-E from energy taxes by using a tax relief per kWh
generated stimulates the supply of RES-E from both new and old installations. The
other options, for instance lower VAT rates on RES installations, are similar to
investment subsidies and affect only new installations. Fiscal support could also be
related to company profit tax. For instance, allowing a quicker depreciation of assets
reduces a company’s profit and therefore the profit tax system improvement. Energy
tax and CO2 taxation for conventional electricity are considered below in the section
of the support mechanisms for demand stimulation.
Legend:
Pc – price of conventional electricity
Qc – amount of electricity from RES without policy instruments
Pi – value of investment subsidy
Qi – amount of electricity from RES by application of investment subsidy
MC (blue) – marginal cost of a technology supported
MC (red) – marginal cost accepted
MC-Pc – level of support required

Price,
Costs

MC
MC = Pc + Pt

MC - Pc

MC
Pt
Pc

Qc

Qt

Generation

Figure 21: The principle of the fiscal incentive mechanism

Tendering system, which was used in the Republic of Ireland, involves a series of
tendering competitions, where prospective investors or generators compete among
each other based on the bid price per kWh. Successful competitors are offered longterm power purchase agreements. The excess costs of power purchase from RES
projects are passed through a levy on all electricity customers. The competition
mechanism leads to the selection of the most cost-effective options; however the
associated administration costs tend to be rather high.
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Legend:
Pc – price of conventional electricity
Qc – amount of electricity from RES without policy instruments
Pf – price of RES electricity suggested by investor
Qf – amount of electricity from RES by application of suggested projects
MC (blue) – marginal costs of a technology supported
Investor
2 and 3 costs
receive
a
MC
(red) –1,marginal
accepted
contract
MC-Pc
– level of support required

Price,
Costs

Investor 4 rejected

Investor 1, 2 and 3 receive a contract
Investor 4 rejected

MC

MC = P f3
P f4

MC - Pc
MC = P f3
P f2
P f1
Pc

Qc

Generation
Q f1

Q f2

Q f3

Q f4

Figure 22: The principle of the tendering mechanism

3.3.2 Support mechanisms on the demand side
Quota-based system with obligation on supply or consumption is built on the same
mechanism as the quota obligation for electricity produces, while it is applied to other
actors in the electricity supply chain – distributors, suppliers, and consumers. The
system is now introduced in the UK, parts of Belgium, Denmark and Sweden.
Fiscal measures – energy tax or CO2 taxation increases the cost of conventional
electricity, which indirectly benefits RES-E thus stimulating demand for it. In the
Netherlands in 2002, the taxation system on energy combined with a stimulation of
renewable energy consumption, allowed prices from renewable electricity to
approach or match that of grey electricity for the household sector. This created a
large demand for energy from renewables, but due to the uncertainty of continuity of
the instrument and international competition, it did not lead to a matching increase in
installed capacity51.
Green power marketing is a voluntary approach based on the ‘willingness to pay’ of
private individuals, and commercial or industrial companies. Nowadays ‘green
pricing’ with open-market ‘green tariffs’ is the most common voluntary instrument to
51

A.L. van Dijk, L.W.M. Beurskens, M.G. Boots et al.: “Renewable Energy Policies and Market
Developments”, ECN, The Netherlands, 2003
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promote electricity from RES. The core feature of this mechanism is that participants
are willing to pay a premium price per kWh above the regular tariff rate. These
voluntary initiatives can be supported by favourable regulatory environment.
Nevertheless, only few customers have switched.

3.4

Conclusions

Over the past years, a lot of experience has been gained with a variety of
mechanisms for wind power support. First mechanisms of financial support, in the
form of capital grants, loans or reduced taxes appeared in the late 1970s to
encourage installation of generating plants. The most successful examples were in
Germany and mainly Denmark, where, for instance, it was possible to obtain
preferential real estate loans for wind turbines. Later feed-in tariffs have become
more popular, which included a guaranteed price per kWh set by authorities or
determined for projects under a tendering system.
The electricity markets liberalisation process at the end of 1990s facilitated the
establishment of demand support mechanisms. The customers’ ability to choose a
supplier enabled the establishment of voluntary mechanisms, such as Green Pricing.
Supply support (price mechanism)
Country

FIT

Germany

√

Spain

√

Investment
support

Fiscal
support

Demand support (volume mechanism)
Quota

√

√

√

√

USA

√

√

√

√

√

√

Green
pricing
√

UK

India

Fiscal
support

√

√
√

Table 9: Support mechanisms for wind power in the Top five countries

The table 9 gives an overview of the currently applied mechanisms (marked with √) in
the Top five wind courtiers analysed. In each country there is always a mix of
different instruments, where one of them is a dominant one (highlighted with hatched
background in the table). At present, a general trend towards two main (dominant)
support mechanisms – feed-in tariffs and quota obligation with tradable green
certificates can be observed.
Table 10 compares these mechanisms quantifying their performance (as of end
2006) according to several criteria set previously in the section.
The underlying of the mechanisms’ performances is the certainty to investor, which is
far less in the quota-based instruments in comparison with the feed-in tariffs. The
difficulty with the first one is inability to predict future value of green certificates with a
high degree of certainty. For investors it means either the investment decision may
not be made, or, if it will be, it will require higher returns to compensate higher risk.
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Therefore, not that many wind power projects are being developed as it was
expected.
Support
mechanism

Feed-in tariffs
Quota
obligation

Country

Effectiveness (in
MW of capacity
installed) as of
06/200652

Incentive for new
installations in 2005
(€ / MWh)

Induced employment
in wind energy sector53

Germany

19.140

53,9 / 85,3

~ 45.400

Spain

10.728

90,04

~ 20.000

UK

1.695

~ 130

~ 3.000

Italy

1.820

131,6

~ 2.500

Table 10: Comparison of mechanisms’ performance

Feed-in tariffs are often criticized not to be efficient, while quota-based instruments
based on market forces were expected to cost less. Nevertheless, most quota
obligation mechanisms are fairly new and their success is certainly not proven yet
and due to the factors mentions above they can cost even more. The fact is that
experience with feed-in tariffs has confirmed their extremely effective performance.
Among different national support mechanisms applied in world-wide, feed-in tariffs
have provided the most stable investment conditions and their clear advantage is in
increasing installed capacity. The reduction of payments in FIT gives incentive to
reduce costs. However, the feed-in tariffs are only a transitional mechanism to ensure
secure market take-off. On a longer run, the mechanism goes through a number of
disadvantages. A part of them can be solved by amendments to the current feed-in
tariff regulations, but a market mechanism based on trade and competition is at some
stage inevitable.
Making an overview over the past experience, it can be concluded that the wind
power potential and technological development alone do not bring much wind power
on-line, if there is no stable investor confidence. The latter in its turn depends on the
market support mechanisms’ design. Only adequate incentive level and stability of
rules will induce sufficient investments in the wind energy sector.

52
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Windpower monthly, July 2006
The German Wind Energy Association (BWE): www.wind-energie.de
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4 Strategy for large-scale wind power development in
Russia
Second chapter of the thesis has given indicative technical and economic wind power
resources, has designated regions, where large-scale development of wind power is
feasible, and has indicated wind power market potentials. Despite the attractiveness
of this market, its establishment is not possible before main barriers are eliminated.
In energy supply sector, the main hassles to wind power breakthrough are nontransparent and non-market tariff structure (with cross-subsidies and prices not
reflecting costs) and almost impossible network access. The desire of wind power
supporters alone is not enough to get rid of tariff defects, still existing from the Soviet
times. Fortunately, the today crisis in the Russian power supply industry made policymakers to pay serious attention to it, to take urgent measures to return the situation
under control, and finally to finish the liberalisation process of the electricity market.
Recently the Minister of Industry and Energy has announced the government plans
to fully liberalise gas and electricity markets by 2011. Together with the massive
commissioning of new generating capacities planned (21,8 GW till 2010), which is not
possible without private capital participation, it will make to extirpate cross-subsidies
and to provide cost-based tariff structure. These processes will be associated with an
inevitable increase in tariffs, which have to provide at least 12-15% of internal rate of
return to investors. In its turn increase in tariffs will promote the interest of private
capital in energy business in general and in wind power in particular.
Despite the sufficient level of private capital in Russia now that is ready enough to be
put into long-term projects, the government (to my mind) will be reluctant to put any
mechanism to support large-scale wind power development in the nearest years due
to the following reasons:

54

−

The current crisis in the energy supply industry, characterised by capacity
shortage during peak hours in fall-winter period, puts emphasis on the
construction of flexible and manoeuvrable generation capacities (typically
on gaseous fuel).

−

The largest interconnected electricity network on the planet strongly
requires updating and upgrading of its assets, wear and tear of which
exceed 60% (241 transformers have worked for more than 30 years, 78
substations – more than 40 years54). Recent blackout in a part of Moscow
was due to the overload of a transformer substation and inability to
redispatch power flow55, because the level of loading of other network
elements did not allow it. Modernisation of network assets is also
impossible without transportation and distribution tariff increase.

The Independent Newspaper, “Holes in network assets”, http://www.ng.ru/energy/2006-1010/13_dyry.html
55
Analytical centre “Expert”, “Our weak link”, http://www.expert.ru/printissues/expert/2005/20/20exkrisis/print

Page 52

−

As it was already mentioned above, the coming of private capital in power
generation business will increase price level in the wholesale electricity
market, which will be transferred to final consumers through utility tariffs.

−

70% of electricity is generated from natural gas. According to the Russian
Minister of Industry and Energy, the liberalisation of the gas market will
lead to at least 3-times price increase of natural gas in internal market, by
2011 it will cost as much as in Europe, excluding transport and export
fees56. Consequences are obvious.

−

Low price level of electricity generated in Russia is explained not only by
currently cheap fuel, but also by the age of power plants park. The majority
of them have already paid off their capital costs and they do have now
competitive advantage in setting only operational expenses and margin in
electricity price. However, these power plants are mainly based on
outdated steam turbine technology with electric efficiency of about 30%.
Once the price for the natural gas is increased as planned, these power
plants will loose their competitive advantage.

−

A massive return to coal in the next 5 years is unlikely, since technical
condition of coal-conveying and coal preparation systems at the former
coal power plants (equipped now to fire natural gas) are unsatisfactory and
its reconstruction will cost about 1 billion US dollars57. Even the energy
strategy does not foresee the increase of the share of coal electricity
generation.
Moreover, the increase in gas prices will not leave coal prices on the same
level (energy containing in 1000 m3 of natural gas costs now about 45 $, in
coal form – about 45-50 $), as a substitute product it will also go up.
Furthermore, transportation of coal is costly, it is mainly provided by
railway, which tariffs will rise reflecting the price change of electricity.

Even such a superficial analysis of the possible development of power supply
industry proves sharp increase in electricity tariffs. There is one more issue that has
to be taken into account – president elections. None of the existing political forces in
the Russian government will allow considerable rise of tariffs before the president
elections in 2008. It may mean that power industry will continue working at full
stretch, while the main and abrupt tariff growth will take place in 2009-2011.
Therefore, introduction of a market support mechanism for wind power, which will
surely contribute to tariff increase, may provoke a tide of social and political
discontent. In my opinion, the implementation of a wind power support mechanism
should take place in 2012-2013 due to the following reasons:
−

56

The only reason for a support mechanism introduction is the reduction of
the gap between generation costs at conventional and wind power

NEWSru.com, “Free electricity and gas markets will appear in Russia by 2011”,
http://www.newsru.com/arch/finance/29nov2006/gazchrist.html
57
The independent newspaper, “Coal transition”, http://www.ng.ru/economics/2006-0221/3_perevod.html
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plants. Since this gap is right now huge in Russia (the current average
wholesale electricity price is approximately 15 €/MWh), because of low
internal gas prices and low share of depreciation in electricity cost, a
wind power support mechanism will require considerable financial flows
through tariff or fiscal systems and may (as already mentioned) cause a
negative attitude in political sphere and may make worse the image of
wind power, which is misunderstood now. After 2011-2012 the gap will
be reduced by price trends (of electricity generation by conventional and
wind power plants) directed to each other.
−

By constantly growing natural gas volumes going to export and firm
obligations of the government to ensure these export volumes by any
conditions on the background of nascent crisis in the gas-extraction
industry, a gas shortage on the internal market is highly possible. As it
was mentioned earlier, the gas market will be fully liberalised by 2011, it
means that gas shortage at the same internal demand (or even
increased demand, since shortages are expected in winter) will create
price spikes. These gas price spikes are inevitable and will make
government and energy industry think about fuel diversification (One of
the possible ways for fuel diversification is the substitution of natural gas
by biogas produced from energy crops near to gas transmission lines for
an economically efficient gas feed-in. According to 58 the technical
biomass potential of the Russian agricultural sector for biogas
production is estimated to be more than 1500 PJ/a in 2010).
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Figure 23: Gas production on Gazprom’s mature gas fields would continue to decline rapidly 59
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Institut für Energetik und Umwelt gGmbH: Nachhaltige Biomassennutzungsstrategien im
europäischen Kontext – Analyse im Spannungsfeld nationaler Vorhaben und der Konkurrenz
zwischen festen, flüssigen und gasförmigen Bioenergieträgern, Leipzig, 2005
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Jonathan Stern, Oxford Institute for Energy Studies, “The future of Russian gas and Gazprom”,
2005
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−

Most probably on a longer run (i.e. 5-15 years) the share of coal in the
fuel mix will be increased. The easiest way to do it is fuel switching of
the gas-fired power plants that were initially build to fire coal. It should
be taken into account that these are outmoded facilities, which when
turned back to coal will lead to known ecological problems. The massive
utilisation of new clean coal technologies – pressurized fluidized bed
combustion, integrated gasification combined cycle – is not to be
expected so soon.
Already now the power sector in Russia is responsible for a large share
of CO2 emissions. The consequences of returning of outdated and
inefficient power plants to coal are well-predictable. Because of the
USSR collapse and subsequent industry downturn, Russia has found
itself in a profitable position under the Kyoto Protocol framework. The
first period of the Protocol will be finished in 2012. The dynamic industry
expansion during the last years and forecast for the near future predicts
that the critical emission level of the greenhouse gases (emission level
of the USSR in 1990) will soon be achieved. The situation, in which
Russia will not anymore be able to enjoy the surplus of emission rights,
but will need to reduce emissions or buy emission reduction units on the
world carbon market, is quite probable. From this point of view wind
power will be regarded as a particularly attractive solution.
Forecast of GHG emissions by Russia
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Figure 24: Forecasts of GHG emissions by Russia60

−

60

During the last 20 years the prices of wind turbines have been reduced
dramatically. However, this trend was significantly slowed down during

Chatham House, “Russia and Kyoto Protocol: problems and opportunities”, 2006
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the last couple of years. In the market with limited supply and constantly
growing demand, manufacturers do not need to continue price
reduction. Nevertheless, it is well-known that demand creates supply,
and new manufactures are entering the market. It is assumed that the
competitive market condition will stabilise supply and demand and as a
result the MW price will go down further.
−

The last, but not least argument is that by 2012-2013 the world power
industry will get additional 5-6 years of experience of building and
maintaining wind farms (especially offshore) and power systems with
their large penetration. It is also experience in financing, insurance,
project management – and everything else that, on the one hand, will
allow to reduce the cost of MWh and, on the other hand, will facilitate the
creation of the wind power image as a reliable, inexpensive,
environmentally-friendly and conventional energy technology.

However, the delay in implementation of a support mechanism for wind power in
Russia till 2012-2013 does not mean rejection of wind power development before the
date. This thesis, for instance, does not consider power supply of remote small
isolated customers in northern and far eastern territories. Many of them are supplied
by diesel power plants, where the electricity cost could be as high as 300 €/MWh and
will go up.
The federal government recognises the problem and puts respective points in
country’s energy development programmes. The first important step toward the
recognition of the importance of renewable energy sources was the adoption of the
Federal programme “Energy Efficient Economy in 2002-2005 and up to 2010” in
November 2001. This programme included the section “Effective Energy Supply of
Regions, including Northern Territories, on the basis of Non-traditional Renewable
Energy Sources and Local Fuels”. Another programme – the national energy
strategy61, adopted by the Russian government in May 2003, stated the strategic
goals of the development of renewable energy and local fuels (wood and peat):
−

Reduce the use of non-renewable energy sources;

−

Reduce the negative environmental impacts of the energy sector;

−

Stabilise energy supply in decentralized regions and for isolated
consumers;

−

Reduce expenses on fuels that are transported over long distances.

Apart from the development of small-scale wind power, several large pilot wind farms
could be constructed. Currently a construction of a 75 MW wind farm is planned near
St.-Petersburg, a 50 MW offshore wind farm near Kaliningrad. These pilot plants will
help to achieve broad acceptance of new technologies. However, in my opinion, the
large-scale development of wind power would be more feasible and welcome after
2011.

61

“The Energy Strategy of Russia till 2020”, approved by the Russian government on 28.08.2003,
http://www.mte.gov.ru/docs/32/103.html
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4.1

Target identification

International experience proves that the demand for RE is higher in countries that
have made RE development one of the focal points of the national energy strategy.
In Russia, in the years following the break-up of the Soviet Union, RE development
was not a priority for the government.
Many countries with successful wind power development history have quantified their
renewable energy objectives in the form of renewable energy targets that set a
minimum percentage of energy or electricity supply in a given country (or region)
from renewables. For example, the EU Renewable Energy Directive62 sets the target
to achieve 22,1% of electricity produced from renewable energy and 12% of
renewables in gross national energy consumption by 2010. To comply with the
European target, individual member states set national targets (e.g. Denmark 29%
(8,7% in 1997)). Such targets have been introduced in all EU countries, as well as in
Japan, Australia and in a number of states of the USA.
None of the Russian energy programmes (including the Energy Strategy) set official
targets for RE development. The Energy Strategy just stated that with adequate
governmental support it is possible to put into operation 1000 MW of power
generation capacity from RES by 2010. The strategy does not, however, indicate how
the government will support renewables.
Setting up a clear and cohesive development plan for wind power development is
obviously one of the key elements of a RE strategy. It is also apparent that targets
set are both appropriate and indispensable for development tasks foreseen, since
they convey the nature of the proposed development effort and indicate the
magnitude of the resources required. While the final targets would be set as part of
that institutional capacity building, the development effort should be significant
enough to foster market expansion and provide a basis for growth.
Based on the historical development of wind power in other countries, it would not be
unreasonable to expect 1 GW of installed wind capacity in Russia by 2011 and 20-30
GW by 2020.

4.2

Implementation of support mechanism

Once the targets are set their achievement requires a coherent and progressive legal
framework. Many countries have adopted specific laws that provide the legal basis
for the mechanisms that allow market players to develop wind power. The renewable
energy law or its equivalent usually specifies the legal status of the producers of
renewable energy technologies, their rights and obligations. It also specifies the roles
and responsibilities of the federal, regional and local bodies regarding such functions
as establishing regulations, standards, licensing, taxation and other controls on
project development.
As it was shown in chapter 3, the most important mechanisms to stimulate wind
power development are feed-in tariffs and quota obligation. This section reviews
62
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experience with these mechanisms and compares their advantages and
disadvantages. In order to analyse their performance, the criteria set down in section
3.1 will be used. Experience achieved with these two main mechanisms can be best
analysed by looking at Germany and the UK, where the majority of installations have
taken place.

4.2.1 Efficiency
Efficiency determines the performance of a support mechanism in relation to the
target achievement. The target is set by national or regional government as an
increase of the penetration of the RES. In this case, the performance of support
instruments can be measured in MW of installed capacity or MWh of electricity
generated from RES.
Under the FIT the level of reimbursement determines the capacity of new renewable
energy installations. If the level of FIT is sufficiently higher than the cost of electricity
generated by renewable energy installations, then considerable capacities will be
brought online. However, the level of the FIT must be determined cautiously in order
to ensure the costs of the overall policy do not exceed the benefits. If the FIT is not
attractive, little development might occur.
In contrast to the FIT, a QO explicitly creates a target for RES-E generation. If the
mechanism designed appropriately and is equipped with proper penalties for noncompliance and enforcement, then it can be very successful at achieving these
targets. A penalty for non-compliance should be set at or above the cost of
compliance. However, the experience shows that the costs of meeting the QO targets
are less assured.

Figure 25: Growth of installed wind capacity in twelve European Member States between 2000
and 2005, together with national targets for 201063
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As a matter of fact the efficiency of a market mechanism should not be measured in
the capacity installed only, but in the relationship of the capacity installed to the target
one. For instance in Germany there was no specific target capacity associated with
StreG64, the aim was simply to increase the share of electricity from RES65. With the
introduction of the EEG the target was to cover 12,5% of total electricity generation in
2010 by RES. If the current installation rates will be kept, then the realisation of the
target is highly feasible.
In terms of both absolute capacity, and capacity compared to stated target, the
German FIT has been more successful than the QO. The European experience
proves that FIT have been responsible for most of the additions in renewable
capacity and generation, whilst the record of quota systems is more uneven.

4.2.2 Effectiveness
The effectiveness of support mechanisms could be measured by two indictors: cost
of wind energy and price paid for wind energy. One of the main objectives of any
mechanism is to reduce both cost and price. It is especially important in the
developing market environment of electricity sector to deliver the benefits of RES at
the least possible cost.
Generally FIT do not guarantee least cost development. Since it is not possible to
adapt the FIT fast and flexibly enough to reflect the decline in the wind energy cost
reduction, these cost reductions are not handed over to the electricity market. On the
other hand, if the FIT will be adapted frequently in order to follow the cost reductions,
administrative and political efforts will increase and investor certainty about the future
FIT value will disappear and may put at risk further development.
Theoretically the QO system leads to competition between wind power suppliers and
should therefore be more cost-effective. Although this mechanism does not directly
decrease the cost of production, it creates demand that allows wind power project
developers to reduce costs through economy of scale.
In a system with one common price for green certificates, for example, there will be
no incentive to develop in less resource-intensive areas if prices are too low; if prices
are too high, developers of good sites will make windfall profits.66
Quota systems are generally expected to promote competition and reduce both cost
and price of wind energy. In some cases it was true. One example, which is often
referred to, is the decline in wind energy prices under the UK’s Non-Fossil Fuel
Obligation during the 1990s. Wind bids declined dramatically, from US$0.189/kWh in
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StrEG (Stromeinspeisungsgesetz für Erneuerbare Energien), Bundestag, Bonn, 1990
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the first round to US$0.043/kWh in the last.67 At the same time, it is unclear whether
these reductions came about through the quota system only. There is evidence that
at least part of the reductions were due to the FIT policies of other countries, which
drove technological improvements and brought down costs.68
European experience with FIT and quota-based systems proves that cost to society
of FIT systems is lower, because the long-term price guarantee reduces regulatory
and market risks. Therefore, quota-based systems are not actually cheaper than FIT,
but that cost depends on a number of factors.

4.2.3 Sustainability
The aim of both mechanisms is to create a market for wind power that will support
financing of new installations. For the market to emerge a minimum set of
prerequisites has to be met: governmental support, non-discriminatory access to grid,
long-term guaranteed power purchase agreements, where the price paid exceeds
wind energy cost. To be sustainable, the market established has a more complicated
underlying structure – technical, economic and political sustainability.
The technical sustainability means adequacy of wind resource to install further
generation capacities, to produce energy at a cost less then the price paid at the
market. In this sense quota system has an advantage. By means of tradable green
certificates it can use cheap remote (even foreign) resources. The economic
sustainability will be ensured as long as the set of prerequisites mentioned above for
the market establishment are fulfilled.
For the market to be politically sustainable, the perceived costs of the support
mechanism should be sufficiently compensated by its benefits, such as regional
economic and industrial development, job creation, status of electricity sector, public
acceptability, etc. If investors perceive that the political support is not stable or may
soon be changed, they may be reluctant to finance new wind installations and the
whole market sustainability will collapse. That means that the most important issues
are political stability and long-term, credible, consistent policies.
Ensuring a stable policy environment is essential for the development of a longlasting renewable energy industry with access to reasonable financing. Feed-in tariffs
provide a high-level of short-term regulatory security to potential renewable energy
investors, because they guarantee a fixed return on investment. This is an important
advantage of FIT over quota-based mechanisms, and is the source of the success of
these policies. However, this security can only be maintained, if the FIT remains fixed
for some reasonable amount of time (10 years at a minimum), and is not often
modified by the regulatory authority. Such long-term certainty means that companies
67
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are willing to invest in technology, to train staff, and establish other services and
resources with a longer-term perspective. This certainty also makes it easier to obtain
financing, as banks and other investors are assured a guaranteed rate of return over
a specified period of time. In fact, even banks in Germany lobbied the Bundestag for
a continuation of pricing laws in 2000.69
By definition, quota-based systems bring about uncertainties on the future price of
wind energy. Without long-term contracts, potential investors must assess future
supply and demand balance during the lifetime of the project (often 20 years or more)
by developing a forward price curve. Since demand is stimulated by political targets,
which could change, it results in a degree of uncertainty. Supply estimation is a
complex process that requires an understanding of a broad range of factors, which
include the current competitiveness of all eligible energy technologies; future costs –
determined by learning curve effects; cost-resource curves, or the impact on costs
when the best resources are no longer available and projects must be sited where
wind speeds are lower, for example. All of these factors increase the level of
uncertainty. Finally, if wind power enjoys subsidies or other types of support (e.g.,
grid connection costs, tax credits, accelerated depreciation), whose continuation over
the project lifetime is also uncertain, the risks to investors will be higher. 70 Under
such conditions, there are two outcomes – either the investment will not be made, or
if it will be made than investors will require a higher return on investments.
FIT for new projects are set in advance and are reduced annually. This condition
provides sufficient information for project developers and investor to estimate the
project cost/benefit profile. Securing the FIT for the life-time of the project brings
about long-term security, which reduces investment risk and project hurdle rate and
therefore facilitates financing.

4.2.4 Market compatibility
The condemnation of the feed-in tariffs to be market incompliant is based on one of
the basic mechanism’s features – to protect wind power projects from market risks.
The opponents see the feed-in tariffs unable to cope with specific demands of green
electricity customers and to prepare market parties for aspects of competing in a free
market. The feed-in tariffs do not induce competitive pricing between generators,
which may result in less efficiency.
Under competitive electricity market FIT are only competitively neutral, if applied to
regulated elements of the industry or if a cost recovery and sharing mechanism is
developed. Concerns over the compatibility of FIT with liberalisation have lead
several European countries to consider abandoning or phasing out such systems
over time in favour of QO.71
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Quota-based systems are highly compatible with competitive electricity markets, but
in contrast to FIT require strong administration to validate trades and enforce
compliance. Without such an advanced administrative mechanism, a fully
implemented QO system cannot function appropriately.

4.2.5 Burden sharing
It is absolutely important to distribute costs of the implementation of a support
mechanism fairly in order not to disturb market positions of players. FIT may put an
unfair burden on network companies, which operate in the regions with high wind
penetration. This issue has been strongly criticized in Germany, where wind turbines
are not evenly spread over the Republic. While there are huge amounts of installed
capacity in northern Germany, wind turbines are scarce in southern Germany. As the
FIT is to be paid by the customer, this would result in an unfair cost distribution for
them. The payment mechanism to avoid these inequities is regulated by the EEG.
The increasing feed-in of fluctuating wind power causes considerable costs for its
deviation balancing by the TSO. As the production of wind power is not evenly
distributed over the control areas either, the costs are higher for those TSOs with
higher wind energy shares. This is the reason, why the amendment to the EEG
provides the so-called “horizontal equalisation of load” (horizontaler
Belastungsausgleich).
This equalisation scheme obligates the TSOs to control the balancing error caused
by the wind power according to the electricity consumption and no longer according
to the production of wind power in the control area. To put this into practice it is
necessary for the TSOs to exchange information about the currently produced wind
power and also predictions of the expected wind power.72 This sharing mechanism
increases the complexity of the system, but allows distributing costs evenly to all
market participants.
Quota-based systems are already by definition competitively neutral – all the parties
in the group of market players under obligation are required to meet the same
commitment. Tradable green certificates allow the broader spreading of the extra
costs of wind power across the country. This fact makes QO systems a more relevant
mechanism, especially when the share of wind power increases and the requirement
to maintain competitive parity between electricity market players is essential.
The FIT system is generally considered to be a more flexible mechanism to exploit
available wind energy resources, because it allows for development in areas with
varying levels of resource potential, assuming that tariffs vary by location.73 Such
adjustments would be necessary under a regional system – such as an EU-wide
system to ensure that development is more evenly dispersed. This does make pricing
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systems more complex, however. Similar adjustments are not possible under quotatype systems, although specific targets could be set for each region, state or country.

4.2.6 Local development and job creation
Experience in Germany, Spain and Denmark proved that FIT laid a solid groundwork
for the establishment of local economy and industry development. Under FIT
systems, technological improvements increase profits and thereby encourage
innovation. Turbine manufacturers in these three countries account for the majority of
the world’s turbine market, supplying about 90 % of the market in 2002, and have
driven most of the technological development in the wind industry. About 100,000
people worldwide are employed in the wind industry; of these, three fourths live in the
EU and nearly half are in Germany. Approximately 130,000 people work in the
renewable energy industries in Germany.74 Such a development leads to the cost
reduction of installation, project development, service, interconnection and financing
and is of paramount importance for an emerging wind power market.
United States
9%

Rest of the World
5%

Denmark
42%

Spain
16%

Germany
28%

Figure 26: World’s top wind turbine suppliers, 200275

Quota-based systems may induce local development, if designed properly. If the
system rules allow accepting certificates from foreign installations, than it obviously
does not create an incentive for local industry. Moreover, the pressure to reduce
costs makes the producers to transfer any surplus income to customers, and, as a
result, producers do not receive enough profit to invest in R&D in order to reduce
their costs. Such a system will favour well-established manufacturers with proved and
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least cost products and often encourages project developers to turn to overseas
manufacturers of technology.76

4.2.7 Design and administrative efforts
Basically, there are mainly two cost categories associated with a market support
mechanism implementation. The first one is referred to its design, the second – to
administrative efforts to run the system.
Costs of both design and administration of FIT system are comparatively low.
Moreover, there is already significant experience gained with FIT, which can be used
for the system implementation in Russia. Main costs to the government, while
implementing this mechanism, are the cost of system design. When the FIT are in
force, the costs of its implementation are born by utilities and paid by electricity
consumers through utility rates. There may be additional governmental costs due to
policy revision or adaptation, which are generally quite low as well.
Quota-based systems have less experience. This makes the design, administration
and enforcement task a more difficult one, if QO system to be implemented in
Russia. Costs, associated to the design of QO system can vary significantly
depending on the complexity of the system, size of the market, number of companies
impacted, degree of public input, and other factors.77
Other costs, associated with monitoring and verifying compliance, also vary greatly
depending on the same system features mentioned above. For the purpose of
monitoring and verification a certificate-based system is usually used, which issues
certificates for each MWh generated by wind turbines. Each certificate is unique and
is identified by its own serial number. Once the certificated is issued it can be traded
and transferred regardless of the actual energy flow. Certificates numbers are put in
registries and can be tracked electronically. A governmental body, responsible for the
system administration can easily check the status of compliance of respective market
players.
In general, FIT systems with standardised conditions, contract terms, and
interconnection requirements can initiate a more rapid development process in
comparison with QO systems. Moreover, under quota systems many requirements
are far more challenging. For instance, the determination of target is critical – if it is
set too high, it will push up prices unacceptably and vice versa if the target is low, it
will not produce economy of scale needed to reduce costs. The category of parties
that must meet the obligation has to be defined, together with the level of penalty for
non-compliance, tradability, lifetime and price range of certificates (in terms of floor
and ceiling prices). Each of these issues will determine the impact of the quota
system. Once the system is designed, the responsible governmental bodies must
certify renewable energy producers, issue and control certificates, monitor
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compliance, and collect penalties, all of which increases administrative requirements,
complexities and costs.78

4.2.8 Analysis of the mechanisms’ application in Russia
Each mechanism strongly depends on its particular design, and has certain
advantages and drawbacks. It is difficult to give an overall estimation of the
mechanisms.
Generally, FIT are simpler to design and implement, they provide stronger confidence
to investors, may better facilitate local industry development and may be more
compliant with current half-regulated electricity market in Russia.
Quota-based systems were expected to stimulate the development of wind power at
the lowest possible cost. The experience shows that this development was quite
slower that expected and the difference in price with FIT was opposite (i.e. price paid
for a MWh generated by wind in the UK is considerably higher than in Germany,
although a number of experts affirm that QO is more cost-effective than FIT).
QO systems may be more appropriate for RE target achievement, cost reduction and
market compliance. They would be more appropriate with future liberalised Russian
electric industry structures. Moreover, by that time more international experience with
quota-based mechanisms will be gained.
Many states in the USA currently have QO in force and only some of them have
success, since some QO requirements are not well designed. For instance, they
apply only to a small segment of the market, they have uncertain purchase
obligations and/or end-dates, penalties for non-compliance are too low – or they are
not enforced. Any one of these factors can limit the potential for a quota system to
advance renewable energies.79 But again, most of these laws have not been in place
long enough to determine what their ultimate impact will be.
Under FIT, many problems associated with quota systems can be overcome with
careful system design. Nevertheless, some experts consider that the lower purchase
prices common under quota systems (due to competition) lead to lower levels of
installed capacity.80 In fact, FIT have consistently proved most successful at
promoting the growth of renewable electricity capacity and generation. While more
than 45 countries installed wind capacity during the 1990s, just three, with FIT –
Germany, Denmark, and Spain – accounted for more than 59 % of total additions for
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the period 1991 through 2001.81 When Spain passed a FIT law in 1994, relatively few
wind turbines were spinning in the Spanish plains or mountains; now the country is
ranked second in the world for wind installations, surpassed only by Germany. These
advances in wind turbine capacity and electricity generation have translated into
successes in other areas as well, from job creation and economic development to
reductions in greenhouse gas emissions.
Among different national support mechanisms applied in the European countries,
feed-in tariffs have provided the most stable investment conditions and their clear
advantage is in increasing installed capacity. The reduction of payments in FIT gives
incentive to reduce costs. From the above discussions, it is obvious that feed-in tariffs
are a transitional mechanism to ensure secure market take-off. On a longer run
however, the mechanism goes through a number of disadvantages. A part of them
can be solved by amendments to the current feed-in tariff regulations, but a market
mechanism based on trade and competition is at some stage inevitable.
The next step in the wind power development strategy would be bringing into practice
the mechanisms on the territorial, regional and local levels. This will require adequate
regulatory and institutional frameworks to actually set the rules authorized under the
national renewable energy policy. A set of regional laws or regulations and local
provisions are necessary to guarantee the implementation of the national strategy.
These regulations can either enforce the mechanisms outlined in the national law or
can introduce specific regional/local initiatives in accordance with the national
strategy.

4.3

Awareness rising

Apart from creating an attractive investment climate, it is also vital to increase
potential stakeholders’ awareness of the existing renewable energy resources,
technologies and benefits. A number of awareness rising measures could be
introduced to stimulate interest in wind power.

4.3.1 Information dissemination
Even if a favourable incentives and low-cost capital are in place, investments in wind
power may not be made, if people lack information about resource availability,
technology development, the numerous advantages and potential applications of
wind power, the fuel mix of the energy they use, and the incentives themselves.
For example, during the 1980s, several U.S. states offered substantial subsidies for
wind energy, including a 100 % tax credit in Arkansas, a state with enough wind
resources to generate half of its electricity82. But these subsidies evoked little interest
due to a lack of knowledge about wind resources. By contrast, it was wind resource

81

Sawin, Janet L., “The role of government in the development and diffusion of renewable energy
technologies: wind power in the United States, California, Denmark, and Germany, 1970-2000”, Ph.D.
thesis, Tufts University, Fletcher School of Law and Diplomacy
82
Righter, Robert, “Wind energy in America: A history”, 1996

Page 66

studies in California, Hawaii, and Minnesota that led to interest in wind energy in
these states. And cloudy Germany has more solar water heaters than the sunnier
countries of Spain and France, greatly because public awareness of the technology
is so much higher in Germany83.
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Quota-based instruments

Ability of feed-in tariff to help government meet RE
targets is variable depending on a number of
factors. Experience in Germany, Spain, Denmark
proves the efficiency of FIT.

Feed-in tariffs
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Efficiency

Quota-based systems can be effective at meeting
wind power targets, if QO is well-designed.
However, the experience in the UK did not prove
the mechanism to be effective as planned.

Theoretically, FIT do not guarantee least cost
development.
International
experience
demonstrates that cost to society is lower than in
quota-based systems (due to technology learning
and manufacturing volume)

Strategy of large-scale wind power development in Russia

Effectiveness

Quota-based systems are generally expected to
promote competition and reduce both cost and
price of wind energy. In practise, quota-based
systems are not cheaper.

Provides high degree of certainty and stability

4

Sustainability

electricity

Provides less certainty than feed-in tariffs, must be
carefully designed
competitive

FIT are compatible with competitive electricity
markets, if a cost recovery and sharing mechanism
is developed to distribute the costs broadly

with

Market compatibility and burden sharing

Highly compatible
markets

industry

Provides a reliable basis
development and job creation

local

Local development and job creation

Quota-based systems may induce cost reductions,
if designed properly and accompanied by other
policy instruments.

Most simple design, administration, enforcement,
contractual, and development simplicity

for

Design and administrative efforts

More challenging policy to design and administer,
and more complex contractual and development
process

Table 11: Comparison of FIT and QO systems
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Those who do not learn from history, repeat it. Failed Californian wind projects should
not be repeated. They have already left people with a perception that renewables do
not work, are inadequate to meet their needs, are too expensive, or are too risky as
investments. Therefore building public awareness through information campaigns
has to be an integral part of wind power development strategy.
For example, in India, the government’s Solar Finance Capacity Building Initiative
educates Indian bank officials about solar technologies and encourages them to
invest in projects. The Indian government has also used print media, radio to educate
the public about the benefits of renewable energy and government incentives, and
has established training programs84. In European countries students learn about
renewable energy in schools and universities.
Quite often it is assumed that barriers and solutions to wind power are unique to
particular countries, but this is not necessarily the case. At the local, national, and
international levels, it is essential to share information regarding technology
performance and cost, capacity and generation statistics, and policy successes and
failures in order to increase awareness and not to reinvent the wheel.

4.3.2 International technology partnerships
While there is a sufficient base in Russia to support the development of a viable
renewable energy industry, technology partnerships with international industries are
necessary to allow Russian companies to improve the quality and reliability of their
technologies and to gain practical experience in manufacturing, installation and
maintenance of equipment. Joint ventures are an effective way of sharing
technological expertise. Joint ventures also allow Russian companies to improve their
managerial, financial and commercial skills, while providing foreign companies with a
highly-skilled, low cost partner.
Based on actions taken by other countries to support domestic renewable energy
industries, Russian authorities could consider85:

84
85

−

establishing fiscal incentives for a limited time to companies doing R&D on
renewable energy technologies and manufacturing RE systems: e.g. tax
credits, tax exemptions

−

reducing or eliminating customs duties for imported RE equipment;

−

facilitating the registration procedures of joint ventures for manufacturing or
installing and maintaining RE systems.

Indian Ministry of Non-Conventional Energy Sources, Annual report 2001-2002, 2002
Elena Douraeva et al. „Renewables in Russia – from opportunity to reality“, IEA 2003
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4.3.3 Standards
Industry standards are an inherent policy component. There are several types of
standards: technology standards and certification, project siting and permitting
standards, grid connection standards and building codes.
Standards can prevent low-grade technologies from entering the marketplace and
generate greater confidence in a product, thereby reducing risks, which is important
for financing86. Technology standards for wind turbines can include everything from
turbine blades, electronics, and safety systems to performance and compatibility with
the transmissions system. For example, Denmark adopted wind turbine standards in
1979, largely due to pressure from the wind industry itself. The Danish technology
standards program, combined with the sharing of performance and other relevant
information among turbine owners and manufacturers, has enabled manufacturers to
recognize and address problems with their technologies and to create pride in Danish
machines. Standards are credited with playing a major role in Denmark’s rise to
become the world’s leading turbine manufacturer87. Germany established an
investment tax credit for wind energy in 1991, and while it too has been abused as a
tax loophole for the wealthy; Germany has avoided the quality control problems
experienced in California and India by enacting turbine standards and certification
requirements. Eventually, technology standards for all renewable technologies
should be established at the international level88.
Grid connection standards for wind turbine technology, which regulate technical
characteristics of wind turbines and their behaviour in normal and emergency
conditions, are considered in section 5.2.

4.4

Roadmap

Right now it is clear that Russian existing wind industry is unable to meet the
demands of large-scale wind power development. As in other countries, this
technology needs governmental support in the short term in order to grow, and the
price mechanism of feed-in tariffs has shown that it can achieve this successfully. In
section 4.2 the analysis of international experience demonstrated that FIT may have
effectiveness and efficiency advantages over more market-oriented mechanisms,
ensure economic and industrial development, at the same time requiring less efforts
to design and maintain the system. Moreover, Russia also has historically relied upon
price-regulation mechanisms, and has almost no experience with quota-based
instruments.
Taking into account these factors, Russia should implement a FIT support program in
its early stages, encouraging industrial development and allowing a period for
regulatory framework development, which includes the establishment of legal
structure, formation of project development teams, power sector liberalisation, project
86
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financing, and turbine manufacturing. On a longer-run, however, it should move
towards the more market-based quota approach, following the same type of transition
that is currently occurring in European countries.
The process of wind power development might be done in the following approach:
Timing

2007-2011

2012-2020

Post 2020

Period role

Preparation and takeoff

Large-scale
development

Market

Wind power target

0,5 – 1 GW

20 – 40 GW

According to
requirements

Wind power projects
size

Pilot projects up to 75
MW

Medium and largescale (from 50 MW
upwards)

Large-scale (from 100
MW upwards)

Government priority

Develop RE strategy
and
regulatory
framework

Develop wind industry
and
provide
costeffective wind power

Sustainable
development

Support mechanism

Individual
projects,
information
dissemination

Long-term national FIT
regulation

Lesser role / Move to
market-based
mechanisms

market

4.4.1 Preparation and take-off
The main objective at this stage is to establish project development scheme and to
bring wind power experience to a wide range of institutions in Russia. For example,
Germany has found that its strong support program has encouraged wind power
development even in areas with low wind speed.
The first wind power projects in Russia should be small-scale ones, aimed actually at
waking up the country’s wind turbine industry and to cultivate institutional
development to provide cost effective electrical power.
Even though small-scale projects lose economy of scale advantages, these projects
would ensure that the financial risk associated with any individual project effort would
be small, and it would help to remove the intense political pressure that normally
accompanies large-scale development projects.
Russia could use this stage of development to install 500-1000 MW by 2011 and
continue these efforts in following years until both the regulatory framework and wind
industry capabilities are more firmly established. This should be an era of
establishment of a long-term, clear and predictable national support program to utilize
free, substantial and inexhaustible national resource.

4.4.2 Large-scale development
Once the regulatory base is established during the first period, the developing
Russian wind industry should be in a position to move towards larger-scale projects.
These projects would also rely on a FIT system, where larger projects will bring about
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experience and economy of scale and savings from the local manufacturing base. As
a result, costs of electricity from wind power would be reduced.
With respect to wind turbine industry Russia is now in infancy position. It has the
capability to manufacture up to 250 kW units. It also had some experience with 1 MW
machines, but cannot manufacture them and larger units in quantities and quality as
in the most wind power developed countries.
Taking into account the expected growth of the wind power industry over the coming
decade, the forthcoming large-scale growth of this technology, the domestic need for
an environmentally acceptable alternative to gas, and Russian ability to manufacture
high technology equipment at low cost all suggest that the country is very well
positioned to capture long-term advantage. The capacity development and market
development stages outlined above should provide Russia with a basis for doing so,
and for developing the large turbine manufacturing capabilities necessary for the
wind power market in this period and after 2020.

Figure 27: Potential regions of large-scale wind power developmnet in Russia

While regulatory framework, including government and liberalised (by that time)
power sector, will become more mature, more attention should be paid not to the
development of the wind industry, but to providing cost effective power supply.
During the second half of this period, Russia should also watch the development of
quota-based markets for wind power, as these are applied on a broader scale worldwide. At the end of this period, Russia should begin to experiment with a quotabased system within a specific region. Such a quota should be opened to all
renewable energy systems, not just wind power.
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4.4.3 Market phase
With a developed regulatory framework, 10 years of experience with a liberalised
electricity market, and local wind energy industry developed by means of FIT, it
would then be time to move this industry further towards a market orientation.
During this period (after 2020), an issue of necessity of a support mechanism could
be raised – will wind power by that time be able unprotectedly compete against
conventional technologies. It may be the case, if Russia would externalise pollution
costs of generation technologies fuelled by hydrocarbons. However, it is unlikely to
happen due to a number of structural and institutional reasons; its economy growth
rates will put electricity costs under pressure.
In this case, it seems probable that a transition from FIT to a quota-based
mechanism would be appropriate. By that time, government could decide whether it
should bundle or unbundle the carbon in its renewable energy certificates. Like any
other element of an energy project (equipment, fuel, etc.), such pollutant externalities
emitted or avoided will increasingly be viewed as commodities in the international
market. The rules of that international market will strongly influence the government
decision on the support scheme after 2020.
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5 Towards power systems with a large amount of wind
power
On a system level wind farms generate electricity just like any other power plant.
However, wind power has quite typical generation characteristics compared to
conventional generation. Understanding these characteristics and their interaction
with the other elements of power system is the basis for the integration of wind
power. This chapter discusses main issues that should facilitate integration of wind
power into the Russian power system at reduced costs without jeopardising its
security of supply.

5.1

Predicting wind power generation

Power prediction software has been applied in power system operators’ despatch
centres since many years to forecast the variability of system demand. The increase
of wind power has created a need for wind power forecasting. Especially day ahead
forecasts play a particular role for both technical and economic optimisation of the
operation of power systems and integration of wind power.

5.1.1 Requirements to wind power prediction tools
A wind power forecasting tool has to meet certain requirements. There are basically
two of them: prediction horizon and the size of geographical area considered.
The first requirement depends mainly on the market conditions, where the prediction
tool will be applied. For instance, the majority of power system operators in the
continental Europe needs a forecast for the following day. The closure of spot
markets happens up to 36 hours before the delivery of physical power. This condition
determines the prediction horizon. The requirements set by the British New Electricity
Trading Arrangements are completely different. The spot market closure there is only
1 hour before the time of delivery and generators require wind power predictions at
short notice in advance, about 2 hours ahead.
In general, the requirements for wind power forecast systems are set by market
conditions, not by technical or physical ones. For instance, the hydro-based power
system in Scandinavia does not technically require a 36 hour forecast, since hydro
power plant can adjust their output in minutes.
The second requirement includes geographical distribution of wind turbines. For
instance, in Denmark or Germany wind turbines are spread all over the country, thus
requesting the forecast of wind power output from large areas. In Spain, on the
contrary, the installed wind power is concentrated in several large wind farms and
requires a forecast for single wind farms.
The prediction tools of wind power have been developed by several meteorological
and R&D institutes. These tools are based on the data from numerical weather
predictions, which are used to calculate wind power output by means of physical
equations. These models allow prediction up to 72 hours ahead, and have been
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primarily designed to provide information for network companies on expected wind
power output in their networks.
Instead of physical equations other prediction models use statistics, artificial neural
networks or fuzzy logic. Their advantage over standard computing is that they can
‘learn’ from experience. The disadvantage is that they need a large data set to be
trained with before the system is going to work appropriately.

5.1.2 Overview of wind power prediction tools
In general, wind power prediction tools can be divided in two classes. The first one
applies numerical weather prediction and physical equations. The second class
includes the tools which use statistical methods to obtain the power output from the
results of numerical weather predictions. In addition to the numerical weather
prediction data, the statistical systems use online measurements to optimise short
time predictions up to a few hours.
Model

Developer

Application area

Prediktor

RISØ National
Denmark

WPPT

Informatics and Mathematical 2,4
GW,
Modelling (IMM); University of Denmark
Copenhagen, Dänemark

Zephyr,

RISØ und IMM

In operation
since

Laboratory, Spain,
Ireland, 1993
Germany, Denmark
ELTRA, 1994

Denmark

2003

Kombination von WPPT
und Prediktor
Previento
HIRPOM

Carl-von-Ossietzky-Universität --Oldenburg, Germany

---

University College Kork, Irland ---

---

Danish
Meteorological
Institute, Denmark
SIPREÓLICO

Universität Carlos III, Madrid, ~ 10 GW, REE, Spain
Red Eléctrica de Espãna,
(REE), Spain

2004

AWPPS

Armines, France

Crete, Ireland

1998, 2002

LocalPred - RegioPred

CENER

La Muela, Soria, Alaiz

2001

RAL

RAL

Ireland

---

Ewind

TrueWind

USA

---

WPMS

ISET, Deutschland

~20 GW,
Germany

all

TSO, 2001

Table 12: Overview over prediction systems89
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Verbundnetzes, ISET, October 2006
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The physical systems use some model output statistic modules to correct
systematically errors. In general, the results show that the forecasts based on the
numerical weather predictions are better on longer prediction times like 6 to 48 hours,
while systems providing very short term predictions (½ h to 6 h) need measurements
in addition to show accurate results.
Prediktor uses only NWP data. To optimise the systems with model output statistic,
measurement data are needed. As they do not need to be collected online, it makes
the data collection easier.
SIPREÓLICO, AWPPS and AWPT are using the combination of NWP and online
measurements as input data and benefit both approaches. On the one hand, it is the
high accuracy of the numerical weather predictions on a longer prediction horizon (up
to 48 hours). On the other hand, it is the advantage of the online measurement for a
few hour forecast. However, the online measurements cause extra expenses. The
measured parks have to be chosen wisely to be representative for the whole area
and the equipment need to be very reliable.

Figure 28: The various forecasting approaches can be classified according to the type of
input90

5.1.3 Current accuracy level and improvements expected
To calculate the prediction error first the measured wind power is needed. It is not
required to have the data online, but they should be as accurate as possible. To
observe a single wind farm is quite easy, but to get the sum power of a large supply
area usually some kind of an upscaling algorithm is needed. It also depends on the
structure of the wind farms. In Denmark and Germany, for example, there are a lot of
small wind farms as well as single wind turbines, hence it is difficult to get the sum
power by measurements. In Spain wind turbines are collected in large farms, which
make it easier to get real measurement data without upscaling.
90
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To calculate the prediction error different error functions are used. The most common
is the Root Mean Square Error (RMSE) normalized to the installed wind power, but
the correlation coefficient is very useful as well. Regardless of the system in use, the
RMSE for a single wind farm is between 10% and 20%. After upscaling to the total
power, the RMSE drops down under 10% due to the smoothing effects of wind power
in wide areas. The larger the area, the better is the overall prediction.
The comparison in quality of the prediction systems is very difficult because of the
different areas they are used for. The Danish systems are running in a mostly flat
terrain, which makes an accurate numerical weather predictions much easier, but on
the other side there are fewer slack periods and the average wind power output is
higher, which increases the overall error. In Germany, the NWP especially in the
lower mountain area is much more difficult, but periods of low wind power especially
in the summer decreases the overall RMSE.
It is very difficult for any wind power prediction system to forecast in the following
situations:
−

very fast changing weather;

−

very high wind (storms) when wind turbines are stopped for safety;

−

very local weather changes (e.g. thunderstorms), which make up-scaling
complicated;

−

delayed or missing forecasts from weather services;

−

inaccurate meteorological forecast data. There is rather often a time shift
between forecast data and real data being responsible for wind forecasting
errors (see Figure 29).

3000

2500
Power observed
Day-Ahead Forecast )

Power [MW]

2000

1500

1000

500

0
0

1

2

3

4

5

6

7

8

9

10 11 12 13 14 15 16 17 18 19 20 21 22 23

Hours

Figure 29: Time shift as a typical meteorological forecast error91
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The state of the art of wind power prediction tools has been recently presented in the
dena study (dena2005). All German TSOs apply the Advanced Wind Power
Prediction Tool (AWPT), which is based on artificial neural networks and shows
respectable results. The accuracy of the prediction system is expected to improve
further, as shown in the Table 13, in both short-term and long-term horizons.
2003

2007

2010

2015

‘Day-ahead’ prediction
Mean Value

-0.28 %

-0.29 %

-0.32 %

- 0.32 %

NRMSE

7.29 %

6.77 %

6.05 %

5.91 %

Max. underestimation

-27.50 %

-27.50 %

-24.00 %

-23.50 %

Max. overestimation

41.50 %

39.00 %

30.50 %

29.50 %

‘4h’ prediction
Mean Value

1.26 %

1.16 %

0.97 %

0.97 %

NRMSE

4.92 %

4.48 %

3.90 %

3.89 %

Max. underestimation

-17.00 %

-16.75 %

-14.50 %

-14.00 %

Max. overestimation

33.00 %

28.50 %

24.50 %

24.25 %

92

Table 13: Accuracy levels of wind power prediction in Germany

It may be noticed that the ranges of under-estimation over-estimation are not
symmetrical. This is not without purpose: it is more economic to overproduce and sell
the wind power surplus, rather than staying short and being obliged to lack buying
expensive power on the intra-day market.
The biggest potential for further improving the accuracy of wind power prediction lays
in the improvement of weather forecast models. Weather services such as UK Met
Office, the French, the German and the Scandinavian Weather Services have
announced a higher special resolution as well as a higher frequency of their
individual numerical weather predictions. In the case of Germany, improvement of the
wind power predictions from currently 7.3% down to below 6% NRMSE is expected
within the next years.
Russian power system dispatch centre requires a day-ahead generation schedule. It
is rather difficult to decide, which system would be best suited for particular
application in Russia. AWPT and SIPREÓLICO are probably the best ones over the
whole prediction horizon from 1 to 48 hours. However, the effort setting up the
systems is high, especially for collecting the online data. These models also need
some time to learn the correlation between wind speed and power output of wind
turbines. On the other hand, they need a minimum computation time. Systems using
physical equations, like Prediktor, need the exact knowledge of the location and
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environment of the wind parks they are predicting, need longer computation time to
transform the geostrophic wind speed down to the hub heights of wind turbines.

5.2

Establishing grid connection requirements for wind turbine technology

During the last decade wind power industry has demonstrated significant technical
progress by not only cutting installation costs and increasing energy yield, but also by
converting their products into a grid-friendly appliance supported by the latest
developments in power generation technology, power electronics, control and
communication equipment. In addition to the advanced wind turbines, innovative
options for wind farm control and wind farm cluster management have been
developed, thus enabling the intermittent power generation to contribute to the
stability of the power supply.
This section firstly reviews new connection and operation requirements established
for wind farms, and then it considers technical capabilities of modern wind turbines
and wind farms to comply with the requirements. Novel concepts of wind farm cluster
management are presented, which can be an effective supplement to network
reinforcement.
As TSOs are being responsible for the reliable operation of power systems they have
to define the minimum technical and organisational requirements for connection to
and operation in high voltage networks. These requirements are set out in grid codes.
Grid codes were originally written for large synchronous generators. Since the
characteristics of wind turbine generators differ from the ones of synchronous
generators of conventional power plants, several TSOs have developed/are
developing a set of requirements especially for wind farms. The aim of the
requirements is to ensure that wind farms do not affect the power system operation
with respect to security of supply, reliability and power quality.
Next sections review currently established connection and operational requirements
regarding frequency, voltage and transient stability issues for wind farms in Europe.

5.2.1 Operating frequency range
The frequency is the same throughout a synchronously operated system. In Europe it
has a nominal value of 50 Hz and is normally maintained within a narrow band. In the
synchronous zones of the UK and Ireland the band is broader in comparison with the
one of European interconnected system, because the former are smaller and have
less inertia to prevent large frequency changes.
Any deviation from the planned production or consumption moves the frequency
away from its nominal value. If the deviation is large enough, the frequency falls out
of its normal range jeopardising the reliability of the power system. Abnormal
frequencies increase the operating temperatures of generator windings, shorten the
lifetime of insulation, and can damage power electronics. Previously, grid operators
required wind turbines to disconnect from the network in the case of frequency drop.
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However, at present, if largely increased amounts of wind generation capacity
disconnect at low frequency, this may affect the system’s ability to recover.
To ensure a secure power system operation in normal conditions and avoid problems
during frequency restoration, network operators require wind turbines to stay
connected and operate at a wider frequency band. The requirements’ summary is
presented in Figure 30. Areas marked in blue depict frequency ranges where wind
turbines should be able to operate continuously at full power output. Red frequency
ranges require (time, power output or both) the limited operation of wind turbines,
where they should stay connected to contribute to frequency restoration and stable
power system operation.

Figure 30: Requirements to frequency range and frequency control (as of December 2005)

5.2.2 Frequency control
The frequency control is the retention of the frequency in a power system within
acceptable limits to ensure the security of supply, prevent the overloading of electric
equipment, and fulfil the power quality standards. Wind turbines are obliged to
contribute to the frequency control by frequency response capability, limitation of
ramp rates and active power output.
−

Frequency response: Any deviation of frequency from its normal range
must be balanced out immediately. In order to achieve this, a frequency
response is required from generating plant. Frequency response is the
capability to vary active power output in response to changes in system
frequency.
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The capability is now required by Scottish TSOs only, but it is expected that
by increased wind power penetration other TSOs will demand it especially
for “light load – high wind” conditions, when there may be few thermal sets
with governors to provide frequency response. The Scottish TSOs specify
the maximum number of days per year that the wind farm will be required to
operate in frequency control mode. Wind farm operators may wish to
consider the possibility of purchasing their frequency control obligation from
another generator. However, as this may not always be possible, the wind
farm should have the capability of providing frequency control93.
−

Ramp rates limitation: Some TSOs require the limitation of positive and
even negative changes of active power output (ramp rates) to suppress
large frequency fluctuations caused by extreme wind variations and during
wind farms start up and shut down. These requirements are expected to
become stricter at higher wind penetrations and not exceed power
gradients of conventional power plants responsible for primary and
secondary control.
Currently the following ramp rates are requested by TSOs:
Positive ramp rates:
•

10% of rated power per minute in Germany94;

•

1-10 MW per minute (depending on wind farm capacity) in
Scotland95;

•

1-30 MW per minute (specified by TSO) in Ireland (ESB)96;

Negative ramp rate (for wind farm shut down):
•

3.3% of power output per minute in Scotland97.

The ability of wind farms to control their ramp rates will facilitate higher wind
penetration: slightly sloping gradients ease wind power integration, steeper
ones may be required in order to provide faster frequency response.
−

93

Active power limitation: TSOs require wind farms’ capability to
reduce their power output to a (dynamic) value specified by the TSO
at the point of common coupling due to reasons such as the
following:
•

potential threat to secure system operation,

•

congestions or threat of network overloading,

Guidance Note for the connection of wind farms, Scottish Hydro Electric Issue No. 2.1.4, December
2002.
94
Grid code: High and extra high voltage, E.ON Netz GmbH, Bayreuth
95
Guidance Note for the connection of wind farms, Scottish Hydro Electric Issue No. 2.1.4, December
2002.
96
Wind farm connection requirements. ESB National Grid (2002). Draft Version 1.0, February 2002,
Ireland
97
Guidance Note for the connection of wind farms, Scottish Hydro Electric Issue No. 2.1.4, December
2002.

5

Towards power systems with a large amount of wind power

•

threat of islanding,

•

threat of static or dynamic network stability,

•

dangerous frequency rise,

•

network construction and maintenance,

•

threat of wind storms.
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5.2.3 Reactive power and voltage control
The power system and customer equipment is designed to operate at definite voltage
ratings. The retention of the voltage levels is maintained by balancing reactive power
supply and consumption. Unlike active power, reactive power cannot be efficiently
transmitted across long distances and therefore it requires distributed sources to be
balanced. For this reason, if wind farms are capable of reactive power control, it is a
clear advantage for system operation.
Reactive power varies continuously over time, reflecting changes in generation and
consumption, loadings of lines and transformers, and network events. Therefore,
intermittent generation naturally contributes to the changes and requires more
variable reactive power control in order to balance them out, maintain control of the
transmission system voltage profile, and ensure system stability.
The basic requirement of grid codes is the obligation for wind turbines to operate
continuously at normal rated output in normal voltages ranges, maintain its terminal
voltage constant, and stay connected during voltage step changes within the voltage
ranges specified. Other requirements include reactive power capability and voltage
control.
As wind is displacing conventional generation, wind turbines should be capable of
supplying a proportion of the system reactive capacity, including the dynamic
capability and contribute to the maintenance of the reactive power balance.
Requirements of the grid codes for reactive power capability range from the leading
power factor of 0.925 to the lagging one of 0.85.
Grid codes require that individual wind turbines control their own terminal voltage to a
constant value by means of automatic voltage regulator control. The regulator
protects the generator from supplying or absorbing too much reactive power by over
and under excitation protection, which is especially important in dealing with
transmission system voltage fluctuations. The wind farm should be capable of
controlling the voltage at the point of connection to a pre-defined set-point of grid
voltage, as despatched from the TSO.

5.2.4 Fault ride-through capability
The subject of fault ride-through (FRT) capability is one with the most serious
implications for system security and thus it has implications for the level of
penetration of wind generation allowed on the network. There are two major concerns
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about wind farms in the area of FRT. Firstly, during system disturbances the network
operator is dependent on the generators connected to the system and generating in
order to restore the system to normal operation. Disconnection of generation in the
event of system faults would lead to local and/or widespread voltage problems and
power quality issues, and, in the extreme, system collapse. The second concern is
the impact of a fault that results in the unavailability of a conventional generating unit,
for example, a fault on a generator transformer, busbar section or a transmission line
tail-feeding the generation. The fault itself will have caused a voltage dip on the
system, with the consequential tripping of any generation without sufficient FRT
capability. Following fault clearance, the system would need sufficient spinning
reserve to cover the loss of the conventional generator and the generation that
disconnected during the fault.
This requirement means that the wind farm must be able to continue to operate
during and after a fault in the nearby electrical system. Such a fault will produce a
severe voltage dip at the wind farm. This will reduce the power that may be exported
from the wind farm for a period of several hundred milliseconds, and therefore the
turbines will accelerate and perhaps overspeed if nothing is done. The critical
parameters are the magnitude and the duration of the voltage dip.
Former connection rules required disconnection of wind turbines from the grid at a
voltage drop of 10-20%. New regulations stipulate that wind turbines stay connected
withstanding much higher voltage drops within defined durations. Figure 31 gives
details of the requirement for a FRT capability set out in Germany and Ireland.

Figure 31: Fault ride through requirements (as of 2005)98

Russian grid code requirements are similar to the European ones and it is probable
that their requirements for wind turbine technology would be comparable. However,
since the future grid-connected wind power systems in Russia will mainly be largescale wind farms (in contrast to individual wind turbines and small wind farms in
Germany and Denmark) the grid code requirements should not be set for individual
wind turbines, but for wind farms. This will give options for additional technical
98

Grid code: High and extra high voltage, E.ON Netz GmbH, Bayreuth
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solutions and a more economic compliance. Frequency control can be realised not
only by individual wind turbines, but also by changing the number of operating
turbines, using a wind farm SCADA system. Reactive power control can be provided
by a central compensation device for the total wind farm. In addition, combining fixed
speed wind turbines with variable speed ones could make a wind farm compliant and
more cost-effective.

5.3

Increasing flexibility of the power system

Any deviations of power output of wind farms from their schedules have to be
balanced out. The more balancing solutions are in a power system, the easier the
integration of wind power in this power system will be. Balancing is not a new
problem, created exclusively by wind power, which only adds some new challenges,
if the amount of wind power increases above certain levels.

5.3.1 Wind-hydro synergy
Existing balancing solutions involve mostly conventional generation units: hydropower, pumped hydro, and thermal units. Hydro-power is commonly regarded as a
very fast way of reducing power imbalance due to its fast ramp-up and ramp-down
rates. On top of this, it has a marginal cost close to zero, making it a very competitive
solution. Pumped-hydro furthermore allows energy storage, making it possible to buy
cheap electricity during low-load hours and selling it when demand and prices are
higher. Thermal units are commonly used for power system balancing as well. Gas
fired units are often considered to be most flexible allowing a fast adjustment of
production.
Wind-hydro synergies are becoming more and more attention due to a number of
advantages. These are especially valid in cold Russian climate. The extremely cold
winter climate and sequestration of water in ice and snow causes major changes in
the monthly energy production by hydro power plants, which can change by a factor
of two or more from summer to winter. During peak demand periods in winter months
some of these plants are operated as peaking units and are shut down during offpeak demand periods to save water99.
Annual peak daily demand in many Russian regions typically occurs in late
December or early January. Wind farms could often provide support during these
periods, since the windiest months are between December and April, when water
flow is the lowest and demand for heat and power are highest. This will further
enhance the value of wind energy in Russia.
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D. Ancona et al, “Operational characteristics and economic benefits of wind-hydro hybrid systems”,
EWEC 2003
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5.3.2 Storage
Hydro storage facilities are the most largely used ones and have played a key role in
many countries in providing grid balancing services. Their advantages are the
potential for large-scale electricity storage, fast response times and relatively low
operating costs. A fully loaded hydro facility can replace a conventional power station
for several hours. However, beyond hydro storage, there has been very little
commercially available storage technology that operates on today's electricity grids.
The main reason is that large-scale grid integration replaces to a certain extent the
function of storage, as discussed in the previous sections and that other storage
technologies are still not cost competitive. Storage systems within the grid have to
compete against other technologies for the operational reserve services they could
provide, and there is no a priori advantage to storage systems over generators, for
example. Only hydro-storage systems have a long history of utilisation and are thus
well established in today's markets.
For wind power in particular, certain storage systems, such as flywheels and some
battery types, could become viable to provide specific support services in the frame
of bridging very short-term output fluctuations (less than one minute).
Russian industries have long-term experience with large underground natural gas
storage systems, this experience could be transferred to store energy in available
locations in the form of compressed air. A number of projects have been developed
in the USA and Europe for the purpose of peak shaving, whereby the potential
energy is built up in periods, when demand is low and released during hours of peak
demand.

5.3.3 Demand response and real-time pricing
Demand response (DR) is a voluntary temporary adjustment of power demand taken
by the end-user as a response to a price signal (market price or tariffs) or taken by a
counter-party based on an agreement with the end-user. DR during a short-term time
(hours) has an impact on the system power balance and can be seen as economical
optimisation of the electricity demand rather than energy saving. DR during a longer
period will also affect the energy balance in the power system and may also result in
saving of energy100.
The price signal may come from all market places that indicate a price for capacity or
energy (spot market, intra-day market, regulating power market or balancing market,
market for ancillary services). DR resources will be activated if their bid price is lower
than the market clearing price. DR participation in any of the markets will reduce the
chance of a market failure. The price signal may also be based on tariffs for electricity
or transmission and distribution services. It is expected that these methods will
become more common as the electricity market develops and as new control and
communications technologies are utilised.

100

ETSO, Demand Response as a resource for the adequacy and operational reliability of the power
systems, January 2007
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One type of DR – load adding is also already practised by many utilities in order to
increase loads at minimum demand times to suit the requirements of base load
plant101. Most of this demand is used for space and water heating and there is no
reason why this control could not be adapted to the growth of wind power and made
more dynamic according to wind power availability, possibly using real-time pricing.
In general, DR can be regarded as a resource and can be used in any power system
structure, ranging from a totally liberalized electricity market for all customers to a
still-regulated regime, where one provider is charged with meeting customer needs
and providing customers with choices in ways that are the lowest cost and most
reliable. DR is a tool needed by any electricity system to adequately, economically
and reliably carry out its planning and operation responsibilities.
Under real-time pricing102 (RTP) electricity consumers are charged prices that vary
over short time intervals, typically hourly, and are quoted one day or less in advance
to reflect contemporaneous marginal supply costs.
These load management tools are less commonly applied today, then adjusting
generation levels, while an increased of DR and RTP would promote long-term
efficiencies in electric power systems and markets. Today’s utility flat rates do not
provide consumers with understanding of the underlying cost of the electricity they
consume. As a result, they are unable to react to power fluctuations in wholesale
market prices by changing their consumption behaviour. The absence of response of
demand is one of the primary causes of wholesale price-spikes and in the power
systems with capacity shortage (as currently in the European part of Russia) may
contribute to blackouts.

€/MWh
Peak demand with
limited DR
Peak demand with
high DR

MWh
Figure 32: Value of demand response that creates lower prices for all energy users
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energy markets, Energy Market Reform, OECD/IEA 2003
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If retail prices were reflecting price movements of the wholesale electricity market
(which in turn reflects the overall condition of a power system), the consumers would
have greater motivation to reduce their consumption during peak hours and / or
power system contingencies, which would lead to energy cost reduction for all market
participants.
An estimate done by McKinsey & Company103 for the USA says that the wide-scale
implementation of DR and RTP would result in annual electricity cost savings on the
order of $10 billion to $15 billion. Approximately 20 percent of total financial savings
comes from individuals reducing their consumption during peaks; the remaining 80
percent is generated by the lower wholesale peak prices that result from reducing
peak load and accrues to all consumers. In addition, there could be significant
societal benefits associated with implementing dynamic pricing.
The potential for DR and RTP in association with wind energy has been investigated
and found to be a viable way of increasing the amount of wind generation. Changes
in demand could even out the wind power fluctuations and to reduce the level of
deviation penalties.

Figure 33: The air conditionning load matches the total load daily profile, as shown on this
Monday, July 29, 2002104

DR will naturally act to improve the efficiency of the electricity network as a whole
and it may help to improve the local integration of wind energy on electricity
networks. This was the conclusion of an analysis which examined the feasibility and
economics of load management in UK Northern Electric's area105. The study
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White Paper “The Benefits of Demand-Side Management and Dynamic Pricing Programs”,
McKinsey & Company, May 2001
104
Kirby, B, „Spinning Reserve from Responsive Loads” Oak Ridge National Laboratory, 2003
105
Econnect Ltd, “Wind turbines and load management on weak networks”, DTI New and Renewable
Energy Programme, 1996
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concluded that such techniques might increase the uptake of onshore wind energy by
around 1600 MW.
Demand response can be considered as a storage medium. Since this storage is
already existent, there are no extra investment costs for the storage itself, but for the
required communication only. Projected costs of the demand response integration
are quite difficult to estimate. Taking into account the general trend towards remote
meter-readers, which already provide communication link for other purposes, the load
management becomes just an additional function, which in this case is reasonably
priced. One report 106 estimates the costs to be about 50 € by 2010 and 5 € by 2020
(lead-acid storage battery costs approx. 250 €/kWh).
Storage

Capacity [kWh]

Investment
[€/kWh]

2010

Investment
[€/kWh]

Grocery (refrigerators)

65,0

0,77

0,08

Industry (compressed
capacity class)

air,

small

180

0,28

0,02

Industry (compressed
capacity class)

air,

large

3.000

0,02

0,002

3,69 – 10,47

4,78 – 13,55

0,48 – 1,36

1,2

41,67

4,17

12

4,17

0,42

Haushold
Circulating
pumps
building of 1000 m²)
Ventilation

(reference

2020

Table 14: Estimation of the future cost of different controllable loads categories

Any reduction in the cost of frequency control measures would reduce the extra
balancing costs for wind power and it has recently been suggested that responsive
loads might be able to act as spinning reserve107. The study focused on air
conditioning loads in particular, but identified other possible sources that would be
equally suitable.
For Russia, however, air conditioning loads would not be the most appropriate tool to
manage demand. Wind power fluctuations could be damped in form of hot water for
its subsequent utilisation in local district heating systems. In summer time, when heat
demand is minimal, the wind power deviations could be used to heat feedwater at
thermal power plants. Water-heaters could serve as a load-regulator, which would
give a possibility almost fully even out the wind power fluctuations, thus reducing of
power flow fluctuations in transmission system, power generation fluctuations and
rotor angle oscillations of conventional power plants. Therefore, a wider
implementation of DR is an indisputably adequate measure to facilitate wind power
integration, especially when conventional capacities are reduced.
106

„Studienbegleitende Plausibilisierung der Untersuchung: Energiewirtschaftliche Planung für die
Netzintegration von Windenergie in Deutschland an Land und Offshore bis zum Jahr 2020“, Prof. Dr.Ing. Jürgen Schmid, Dr.-Ing. Martin Hoppe-Kilpper, Dr.-Ing. Kurt Rohrig, Dr.-Ing. Ingo Stadler, Januar
2004
107
Kirby, B, „Spinning Reserve from Responsive Loads” Oak Ridge National Laboratory, 2003
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Furthermore, development of new electric units like refrigerators and water/space
heaters that will switch themselves on and off, depending on power system
frequency, will make the system easier to manage, reducing the cost of reserve
capacity and balancing energy to even out wind power variability.

5.3.4 Advanced control functions of wind farms
A modern wind farm is monitored and controlled by a wind farm SCADA system.
Data acquisition collects measurements of the main parameters coming from the
individual wind turbines and from the point of network coupling. The measured values
are then used to determine the optimum setpoints for the wind turbines for any
network and weather conditions, and in some cases, by network operator’s
command.
The approach of centralised monitoring and control, based on advanced information
and communication technology, enables wind farms to achieve various control
functions of conventional power plants, such as:
−

Voltage control in high voltage and medium voltage networks in
coordination with transformers tap changers is ensured by a wide range of
fast reactive power control. The application of wind turbines with direct
driven synchronous generator allows reactive power supply at slow wind
speeds and even during wind calms, when the wind turbines can be
operated as phase shifters.

−

Active power limitation is achieved by the curtailment of wind farm power
output above a predefined setpoint.

−

Ramp rates control is in principle similar to the active power limitation with
time-variable setpoints for both output increase and decrease. The latter is
a critical issue for the system security. Abrupt wind power reductions can
be limited by forecasting the periods with expected high negative gradients
and reducing the output of a wind farm in advance to limit the power
gradient to the value that a power system can securely cope with.

−

Balancing is achieved by the controlled reduction of active power output to
a predefined level and for a predefined time period by either the pitch
control of all or several wind turbines, or by disconnection of some of them.

−

Primary and secondary frequency control can be provided by partly
curtailed wind farm generation, be kept within a pre-defined capacity band
and be available within seconds. The potential reserve power of a wind
farm can be determined by means from short-term forecasting and power
output measurements of reference wind turbines, which are left to be
operated unrestricted.
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Figure 34: Advanced control function of wind farm

5.3.5 Wind farm cluster management
The pooling of several large (offshore-) wind farms into clusters in the GW range will
make new options feasible for an optimised integration of intermittent generation into
electricity supply systems.
New concepts for cluster management will include the aggregation of geographically
dispersed wind farms according to various criteria, for the purpose of an optimised
network management and optimised (conventional) generation scheduling. The
clusters will be operated and controlled like large conventional power plants.
TSO control unit

Generation
Group Cluster

Requirements:
Profile Based Operation Mode
• uninfluenced operation
• power limitation
• energy compliance
• constant power output
• supply of control energy

Generation
Group

Requirements:
• maximum power limitation
(dynyamic threshold values)
• short circuit current
• emergency cut-off (disconnection)
by network outages
• coordinated start-up and shut-down
procedures (gradients limitation)

Single
Generator
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• safe and reliable operation
• maximum energy yield

Generation Group Cluster

Generation
Group 1
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Group N
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Figure 35: wind farm cluster management system108
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The approach of centralised monitoring and control, based on advanced information
and communication technology, enables wind farms to achieve various control
functions of conventional power plants, such as:
−

Voltage control in high voltage and medium voltage networks in
coordination with transformers tap changers is ensured by a wide range of
fast reactive power control. The application of wind turbines with direct
driven synchronous generator allows reactive power supply at slow wind
speeds and even during wind calms, when the wind turbines can be
operated as phase shifters.

−

Active power limitation is achieved by the curtailment of wind farm power
output above a predefined setpoint.

−

Ramp rates control is in principle similar to the active power limitation with
time-variable setpoints for both output increase and decrease. The latter is
a critical issue for the system security. Abrupt wind power reductions can
be limited by forecasting the periods with expected high negative gradients
and reducing the output of a wind farm in advance to limit the power
gradient to the value that a power system can securely cope with.

−

Balancing is achieved by the controlled reduction of active power output to
a predefined level and for a predefined time period by either the pitch
control of all or several wind turbines, or by disconnection of some of them.

−

Primary and secondary frequency control can be provided by partly
curtailed wind farm generation, be kept within a pre-defined capacity band
and be available within seconds. The potential reserve power of a wind
farm can be determined by means from short-term forecasting and power
output measurements of reference wind turbines, which are left to be
operated unrestricted.

Since 100% accuracy of wind power forecasting is not achievable, the difference
between the forecasted and actual supply must be minimised by means of control
strategies of wind farm cluster management to ensure generation schedule. Power
output in this case will be controlled in accordance with the schedule determined by
short-term forecasting. This strategy has a large impact on wind farms operation and
requires matching of announced and actual generation on a minute-to-minute basis.
The schedule execution should be achieved within a certain (determined by forecast
error) tolerance band. Time-variable setpoints should be constantly generated and
refreshed for an optimum interaction between wind farms and wind farm cluster
management. A continually updated short-term forecasting for wind farms and cluster
regions is assumed for this kind of operation management. The following control
strategies will be worked out109:
−

109

limitation of power output;

K. Rohrig, F. Schlögl, R. Jursa, M. Wolff, „Advanced Control Strategies to Integrate German
Offshore Wind Potential into Electrical Energy Supply”, 5th International Workshop on Large-Scale
Integration of Wind Power and Transmission Networks for Offshore Wind Farms, Glasgow, UK
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−

energy control;

−

capacity control;

−

minimisation of ramp rates.
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Non-controllable wind farms can be supported by controllable ones in a particular
cluster. This strategy will allow hybrid clusters to fulfil their requirements.
Congestion management
From time to time wind power generation even today achieves and can exceed the
maximum permissible thermal ratings of grid components. The situations can be
foreseen and avoided by network simulations based on wind generation forecasting
and the limitation of wind power output to a pre-calculated threshold. Moreover, a
direct intervention of TSO in the wind farm clusters will be necessary for these cases.
Different wind farms in a cluster can be curtailed differently, thus giving an
opportunity for an economical optimisation of the process.
Losses reduction, optimisation of active and reactive power flows
Wind power generation is variable not only in the time domain, but also geographical
distribution that can lead to power flows over large distances with associated losses.
Such situation can also be identified beforehand and reduced or even completely
prevented by the interaction of wind clusters with conventional power plants. The
transmission of reactive power can be managed in a similar way
The implementation of these operating methods will significantly increase the
economical use of wind energy. Until now, the criticism has often been made that the
positive contribution of wind energy towards CO2 reduction would be decreased by
the regulating power reserve in thermal power plants. Using the manner of operation
outlined above, it would be possible to provide reserve power by producing below the
maximum level. In this way the wind power prediction error would be reduced to a
minimum and would allow the cluster of wind farms to provide fast frequency
response when required by grid operator.
Based on innovative wind farm operational control, a control unit between system
operators and wind farm clusters, the Wind Farm Cluster Management will enable a
profile based generation and manage the following tasks:
−

consideration of data from online acquisition and prediction,

−

aggregation and distribution of predicted power generation to different
clusters,

−

consideration of network restrictions arising from network topology,

−

consideration of restrictions arising from power plant scheduling and
electricity trading,

−

scaling of threshold values,
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−

allocation of target values to different clusters,

−

allocation of target values to different intermittent generation plants.

The combination and adjustment of advanced wind farm control systems for cluster
management will be achieved by the wind farms cluster management. Furthermore,
the cluster management prepares and administrates profiles for the plant control
systems based on forecasts, operating data, online-acquired power output and
defaults from the system operators.
Although the wind itself cannot be controlled, technological developments and large
international experience in coping with it will allow Russian power systems to
generate an almost controllable and predictable power from it. The integration of this
power is always a trade-off between security and costs. On the one hand, the
security is affected by the increasing penetration of intermittent generation; on the
other hand, it is compensated by stricter operation requirements and more developed
technical capabilities of individual wind turbines, control functions of wind farms and
wind farm clusters.
Manufactures of wind turbines have demonstrated considerable technological
progress in the last few years. A standard wind turbine now features pitch control,
power electronics, control and communication equipment and is a reliable power
generation unit conforming to the strictest regulations. However, it is questionable
how strict the network regulations should be developed in Russia. For example,
instead of demanding wind farms to control the frequency, a sensible alternative
would be to allow them to buy this resource on the market. Another example of
economic thinking would be to fulfil the requirement for reactive power by installing
additional equipment and controlling it directly in the transmission network.
Concerning the subject of fault ride-trough capability, a most acceptable and
economic solution would be to moderate the requirements in the areas of low wind
penetration.
As the overall aim for everyone in the energy sector is to satisfy the consumers’
needs for a reliable power supply at the best price, a certain degree of flexibility
concerning the regulations in some specific cases will lead to significant cost
reductions and have no effect on the quality of supply.

5.4

Improving the Electrical Infrastructure

The adaptation of the electrical infrastructure is an indispensable step on the way of
large scale wind power integration. The major part of the transmission systems have
been developed in the second half of the last century. Initially, they were rather
closed in their countries with insignificant tie-lines to neighbouring systems, served
primarily to increase reliability.
Due to a number of market, technological, environmental and other reasons, the
situation in Europe is now changing fundamentally. Internal European electricity
market is being created, requiring sufficient transport capacities between regions and
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nations to enable long distance trading opportunities. So, into the pancake of
pressing infrastructural investments required to serve the needs of modern
evolutioned power systems and markets, not the largest slice belongs to wind power.
Integration of any generation technology has its certain peculiarities. For instance,
coal power plants are not able to ramp its output up and down rather fast and
required other generation technologies to deal with sudden demand change; nuclear
power plants are not flexible at all and cannot be stopped when demand is absent,
thus even leading to negative prices in spot market. As far as these technologies
exist, TSOs have to cope with their characteristics.
Wind power also has unique characteristics. Wind is a fuel that is plentiful and free.
But nature decides where and when it is available. Thus, wind is an intermittent
resource. Many transmission policies assume that generators can control and predict
their generation levels and penalize them when they do not. These policies make no
more sense for wind generators than would policies that penalize coal plant operators
for their ramp rate limitations. Wind projects simply cannot control the wind in the
same way a fossil or nuclear facility can control its fuel delivery. Nor can a wind
generator predict the wind ahead of time as accurately as other technologies can
predict their fuel supply. A second key characteristic of wind projects is that they must
be located at the site of the wind resource. Wind cannot be piped or sent by rail like
coal, uranium or natural gas. Moreover, good wind sites are often located remotely
from electric loads. This means that wind facilities are more dependent upon longdistance transmission and less able to avoid transmission problems than other
technologies110.
Therefore, our ability to exploit the plentiful wind power resources will be determined
by the existence and ability of electricity networks to accept, transmit and deliver it to
customers.

5.4.1 Optimisation of the utilisation of existing transmission assets
Transmission congestion occurs when the demand for a transmission path exceeds
its reliable transfer capability. In an economical transmission system there will be
congestion on many transmission assets, when this congestion reaches a given level
there will be an economic imperative to reinforce that asset. For a cost effective
outcome the annualised capital cost of the reinforcement will be less than the annual
operating costs imposed by these constraints. These annual costs can include:

110

−

Costs of losses.

−

Costs of energy constrained off the system, vs. costs of energy constrained
on.

American Wind Energy Association, www.awea.org
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−

Costs of carrying additional capacity/reserve, which could have been
provided through the transmission constraint111.

Figure 36: Wind power induced grid congestions in the E.ON control area112

When network congestion occurs, the system operator curtails generation in order to
protect the system. The problem for wind generators is that the existence or threat of
transmission congestion, even if for a few hours per year, may prevent a new wind
generating plant from coming on-line, unless the wind farm agrees to finance
necessary transmission improvements, the cost of which may make the wind project
uneconomic. Consequently, a significant number of high quality wind resource sites
cannot be developed because developing these wind projects could increase
transmission congestion, and there is insufficient available transmission capacity to
fully accommodate the wind plant. One short-term solution could be temporary
curtailment of wind power output in critical situations, as applied in the control area of
E.ON.
The dena study113 classifies network congestions induced by wind power into
different categories, which determine urgency of required countermeasures:
−

111

Congestions that occur in the periods of strong wind and low load,

Econnect response to the consultation by CER of the final report by Garrad Hassan, The Impacts
of Increased Levels of Wind Penetration on the Electricity Systems of the Republic of Ireland and
Northern Ireland dated 11th February 2003, referred to in this response as the GH report, 2003.
112
Wind Report 2005, E.on Netz
113
Konsortium DEWI / E.ON Netz / EWI / RWE Net / VE Transmission: Energiewirtschaftliche Planung
für die Netzintegration von Windenergie in Deutschland an Land und Offshore bis zum Jahr 2020 Konzept für eine stufenweise Entwicklung des Stromnetzes in Deutschland zur Anbindung und
Integration von Windkraftanlagen Onshore und Offshore unter Berücksichtigung der Erzeugungs- und
Kraftwerksentwicklungen sowie der erforderlichen Regelleistung
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Congestions that occur in the periods of strong wind and high load.

The congestions of the first group are induced exclusively by wind and require a
network reinforcement, such as reconductoring of existent overhead lines or
construction of new ones. If the reinforcement is delayed, then the further
development of wind power in these regions will be obstructed or this network could
be operated with help of generation management only.
The congestions of the second group occur due to both high wind power supply and
high conventional power generation. This happens when power output of
conventional generators exceeds the share of the load not covered by wind energy.
The congestions can be solved by regulation of the output of the conventional
producer, which, however, has cost implications for the latter.
Another parameter for the estimation of the urgency of reinforcements needed is the
level of overloading in normal operation (n-1 condition).
The costs of network construction mentioned in the dena study are relatively low in
comparison with the total costs of CO2 reduction. However, apart from purely
economic aspects, there are other issues to be considered in the context of network
construction, e.g. problems of public acceptance.
In general, network congestion measures can be classified into114:
−

so-called “soft measures” that require no or only insignificant investments,
like improvement and harmonisation of operational approaches or
standards relating to the definition of technical limits, to the way in which
different sources of operational uncertainty are taken into account, to
tolerances regarding short-term overloading of network elements, etc.;

−

investments other than the construction of new lines, like the installation of
power flow controlling devices in conventional or FACTS technology, or the
reinforcement of weak spots of existing interconnections;

−

the construction of new lines, including projects that have been identified as
projects of common interest in the context of the “Trans-European
Networks” programme and the UCTE – IPS/UPS framework.

However, it is not necessarily true that wind energy will increase existing
transmission bottlenecks, although in practice it is often the case. For instance, in
Great Britain most demand is in the South East and both the existing generation and
new wind generation is located in the North of the country, hence transmission
bottlenecks are enhanced. In the Republic of Ireland most generation is in the Dublin
area and the demand in the West is fed from Dublin. Initial onshore wind power
projects will therefore generally reduce transmission bottlenecks115.

114

“Analysis of Electricity Network Capacities and Identification of Congestion“, Institute of Power
Systems and Power Economics of Aachen University of Technology, 2001
115
Communication with Econnect, 2005
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5.4.2 New transmission assets and interconnections
Unlike coal, oil, gas or uranium, the fuel for wind turbines cannot be transported and
should be consumed where “wind deposits” are. This particular feature of the wind
power generation makes it more dependent on and more vulnerable from any
pretensions of electricity transmission companies, in comparison with any other
generation technology.

Figure 37: European Offshore Supergrid proposed by Airtricity116

Therefore, any discussions on the large-scale wind power integration cannot pass
around the issue of grid extensions, where the major concern is the mechanism of
cost recovery. The costs can be paid back in different ways (transmission tariffs,
interconnections charges) by consumers, generators or both. The way the costs
recover can seriously affect wind power development. Renewable energy resources,
being intermittent and generated often in remote locations, will suffer heavily, if the
charges are put more on the generation side. Especially, the transmission tariffs
based on the remoteness from demand or maximum power output into network pose
a substantial barrier for the exploitation of wind power.
Moreover, any generator and consumer is neither connected to nor uses a limited
section of grid, but benefits from the operation in the entire interconnected network.
Against this fact it is not fair to allocate the costs of network extensions to a certain
party or project, but to share the costs equally between network users applying a
non-discriminatory cost-recovery mechanism.

116

Supergrid – the power to connect, http://www.airtricity.com/ireland/wind_farms/supergrid/
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Independently of the recovery mechanism of grid extension costs, they are paid off
by consumers. Hiding these costs on the generation side will reveal itself in the
commodity power cost, thus disguising the real costs of competing generation
technologies117. Therefore, it is recommended to distribute the costs of grid
extensions directly to all consumers, without sophisticating the recovery system and
distorting market forces.
The cost of grid extension is one of the major hindrances to the exploitation of the
abundant offshore wind recourses. For instance, the power that moves air over the
Yamal Peninsula only is more than enough to produce electricity for all Russian
consumers, if it can be transmitted of course.
The era of sea wind power is at its beginning. It calls for further technological
developments of both wind turbine and power transmission technologies. The
progress and the associated economical effects expected to take place in HVDC
(high voltage direct current) electricity transmission in the second decade of this
century will open new opportunities for wind power integration, as show in the
hypothetical case study below.
Currently, a number of country-specific studies quantify grid extension measures and
associated costs caused by additional generation and demand in general and wind
generation in particular. Figure 38 presents an overview of the studies118, 119, 120, 121,
122, 123, 124, 125, 126
, which contests grid extension costs determined in these studies to
the wind power penetration levels considered.

117

AWEA, Policy and Regulatory, http://www.awea.org/policy/regulatory_policy/transmission.html
Ilex Energy Consulting, UMIST, “Quantifying The System Costs Of Additional Renewables in
2020”, A report to the Deparment of Trade & Industry, England, 2002
119
Verseille J., “Growth and Grids – Panel discussion on issues of grid extension, supply predictability
and power quality”, EWEC 2003, Madrid, June 2003
120
Hooft, J. Novem, “Survey of integration of 6000 MW offshore wind power in the Netherlands
electricity grid in 2020”, NOVEM, 2003
121
Universiteit Leuven, “Impact of the wind generation on the Belgian high voltage grid”, Department
of Electrical Engineering ESAT/ELECTA, 2003
122
Consentec, RTWH Aachen, FGH-Mannhein „Auswirkungen des Windkraftausbaus in Österreich“,
Juni 2003
123
Haidvogl Herbert, „Netzanbindung von Windenergieerzeugungsanlagen“, Elektrizitätswirtschaft,
2002
124
Polish Power Grid Company, Gdansk Institute of Power Engineering, “Study of Integration
Possibilities of Wind Energy with the Polish Power Grid”, EWEC 2003, Madrid, June 2003
125
Konsortium DEWI / E.ON Netz / EWI / RWE Net / VE Transmission: Energiewirtschaftliche Planung
für die Netzintegration von Windenergie in Deutschland an Land und Offshore bis zum Jahr 2020 Konzept für eine stufenweise Entwicklung des Stromnetzes in Deutschland zur Anbindung und
Integration von Windkraftanlagen Onshore und Offshore unter Berücksichtigung der Erzeugungs- und
Kraftwerksentwicklungen sowie der erforderlichen Regelleistung
126
Resch, G., Auer, H., Stadler, M., Huber, C. (EEG); Nielsen, L. H. (Risoe); Twidell, J. (IT Power);
Swider, D. J. (IER Stuttgart); “Report of the GreenNET Project: Pushing A Least Cost Integration of
Green Electricity into the European Grid”, 2003.
118
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Figure 38: Country-specific studies quantifying grid extension measures and associated costs
caused by additional wind generation.

5.4.3 Interconnecting distributed wind farms
With a wide regional distribution of wind turbines, short-term and local wind
fluctuations are not correlated and therefore largely balance out each other. As a
result the maximum amplitudes of wind power fluctuations experienced in the power
system are reduced. This smoothing effect is illustrated in Figure 39. In this example
from Germany, the frequency of occurrence of positive and negative changes
observed in the hourly values of wind power output is obtained from measured
outputs of wind farms. The figure shows that the frequency of occurrence is
becoming much smaller for the larger area, which means that the amplitudes of the
variations are decreasing. Whereas a single wind farm can exhibit (hour to hour)
power swings of up to 60% of capacity, the maximum hourly variation of 350 MW of
aggregated wind farms in Germany does not exceed 20%127. For larger areas, such
as the Nordel system, which covers four countries, the largest hourly variations would
be less than 10% of installed wind power capacity, if the capacity was distributed
throughout all the countries128. Geographical spread of wind farms across a power
system is a highly effective way to deal with the issue of short term variability. Put in
another way, the more wind farms that are in operation, the less is their impact from
variability on system operation.
In addition to the advantage of reducing the fluctuations, the effect of geographically
aggregating wind farm output is an increased amount of firm wind power capacity in
the system. In simple terms: wind always blows somewhere. Also, the wind never
blows very hard everywhere at the same time. The peaks of wind power production
are reduced when looking at a larger area, which is important as absorbing power
surges from wind turbines is challenging for the system. The effect increases with the
size of the area considered. Ideally, to maximise the smoothing effect, the wind

127

ISET “Wind Energy Report Germany 2003”, Kassel, 2004
Holttinen, H. The impact of large scale wind power on the Nordic electricity system. VTT
Publications 554, 2004 (PhD Thesis)

128
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speeds occurring in different parts of the system should be as uncorrelated as
possible. Due to the typical sizes of weather patterns, the scale of aggregation
needed to absorb a storm front is in the order of 1500 km129.

Figure 39: Frequency of occurrence of wind power changes130

By aggregating wind power Europe wide, the system can profit from the
complementarity of cyclones and anticyclones over Europe. This is a simple
statistical phenomenon and the bigger the integrated grid (for example beyond
national borders), the more pronounced this effect becomes. It is a general principle
in electrical engineering that the larger a system becomes, the less reserve capacity
it needs. Demand variations between individual consumers are mitigated by the grid
interconnection in exactly the same way. Figuratively, just like consumers average
out each other (in electricity demand), individual wind farms average out each other,
too (in electricity supply). By way of an example, the peak load demand of an
individual house can be over 15 times higher than the average load. In contrast, on
the UK grid as a whole, peak demand is about 1,5 times higher than average
demand131.
A method to represent the effect of aggregation on system scale is the load duration
curve of wind farms, which gives the frequency distribution of the partial load states
of generated wind power. Example for Germany is given in Figure 40. The effect of
aggregating the wind power is a flattening of the duration curve. In practical terms:
when wind power is aggregated over a large area, the effective number of hours
where wind power is available increases, while the maximum value of instantaneous
aggregated power produced is decreasing.

129

Dowling, P., Hurley, B. A strategy for locating the least cost wind energy sites within an EU
electrical load and grid infrastructure perspective. EWEC 2004 London.
130
ISET “Wind Energy Report Germany 2003”, Kassel, 2004
131
IEA, “Variability of wind power and other renewables: Management options and strategies”, 2005
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Figure 40: Power duration curves for the ‘wind year 2003’, Germany132

Large-scale wind power cannot be aggregated to an optimal extent without a well
interconnected grid. In this perspective, the grid plays a crucial role in aggregating
the various wind farm outputs installed at a variety of geographical locations, with
different weather patterns. The larger the integrated grid – especially beyond national
borders – the more pronounced this effect becomes. This effect is exactly analogous
to the use of the grid to aggregate demand over interconnected areas.

5.4.4 Synchronisation of the European and Russian networks
In tune with the establishment of inter-continental electricity market, but
independently from wind power development, the UCTE and the Commission on
Operational and Technological Coordination of IPS/UPS agreed to launch a detailed
feasibility study on the synchronous interconnection of the power systems concerned,
so that the power systems from Lisbon to Vladivostok will have one “heart beat”.
The interconnection would finally lead to synchronously interconnected power
systems with a total installed capacity of 800 GW spanning over 13 time zones and
serving about 800 million customers in two continents. Presently, there is no existing
example in the world which operates in synchronous mode in this extension.
The main objectives of the study are to investigate the technical, operational,
organisational and legal feasibility of an East-West synchronous interconnection of
the transmission systems and to identify necessary measures and associated costs
for implementation for all systems. The project work is comprised of a combination of
analysis and power system simulation of two synchronously coupled systems without
enforcing regulations and standards from one system to the other. The initial priority

132

ISET “Wind Energy Report Germany 2003”, Kassel, 2004
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for the investigations is to maintain the system security and reliability level in the
systems concerned.133
Indisputably, wind power utilisation calls for the necessary process of adaptation of
the electricity infrastructure. It is important that this process does not limit itself on
local or short-term solutions, but becomes instead a strategic development.
On the national level, the role of regulators has to be emphasised. The strategic
development requires long-term approach. It is especially important for offshore
applications, where grid construction should outpace the wind power development.
Such long-term investments necessitate assurance from regulators that these
investments will be paid off and will not become stranded.
At the same time, strong co-ordination is required on the international level to identify,
monitor, interface and support essential infrastructural developments.

Figure 41: Power supply areas served by UCTE and IPS/UPS

Power transmission infrastructure development is driven not by wind power
development alone, but is a required step towards more reliable, sustainable and
cost-effective electric power supply. Wind power development is fully in line with the
global processes of the power supply systems in Europe and Asia – creation of a
common electricity market, interconnection of the UCTE and IPS/UPS networks, and
increasing the security of supply.

133

Feasibility Study: Synchronous Interconnection of the Power Systems of IPS/UPS with UCTE,
http://www.ucte-ipsups.org
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Figure 42: Effect of geographical distribution of wind power generation – coloured duration
curves represent wind power generation in separate regions (Region 1: UK & Ireland, Region2:
Finland & Norway & Sweden, Region 5: France & Netherlands, Region 6: Germany & Denmark,
Region 9: North-West of Russia, Region 13: Algeria & Morocco), the black one is a duration
curve of all the regions interconnected.134

The future Russian network development and its interconnection to European power
systems will play a vital role in facilitating wind power integration, aggregating power
output from widely geographically distributed wind farms, laying in different weather
conditions. A large geographical spread of wind power will reduce variability, increase
predictability and decrease the occurrences of near zero or peak output.

134

Gregor Czisch, Ph.D. Thesis „ Szenarien zur zukünftigen Stromversorgung – Kostenoptimierte
Variationen zur Versorgung Europas und seiner Nachbarn mit Strom aus erneuerbaren Energien“,
Februar 2005
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6 The key energy choice of the Russian government
The objective of this section is to clarify the economic impacts of a key energy choice
to be made by the Russian government – either to put more emphasis on the nuclear
power development or to launch a renewable energy sector.

6.1

The Russian energy strategy

The Russian energy strategy foresees the development of power supply industry till
2020 taking into account the following feasible priorities of the regional distribution of
generation plants:
−

Far East – development of hydropower plants, coal thermal power plants
and (in large cities) natural gas thermal power plants;

−

Siberia – development of hydropower plants and coal thermal power plants
on coal;

−

European part of Russia – technical re-equipment of natural gas thermal
power plants by the replacement of steam turbines by combined-cycle gas
plants and the maximum development of nuclear power plants
(NPPs)135.

Figure 43: Existing nuclear power plants in Russia136 (legend in the mid-low part of the
graphics presents type of a nuclear power unit and its capacity)

Natural gas is one of the most demanded export products. However, only 25% of gas
production goes abroad, the rest is consumed in the country. Therefore, the
135
136

“The Energy Strategy of Russia till 2020”, approved by the Russian government on 28.08.2003
Green Cross International, Nuclear power plants, http://www.greencross-nuclear.ru/MAP_Atom.htm
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government tries to reduce internal consumption, in order to increase the export. The
electric power sector is the largest internal consumer, thus gas savings are first of all
planned there.
As a natural gas saving measure, it is suggested to replace thermal power plants by
nuclear power. Thus, according to the government plans, the share of nuclear power
in the electricity mix should be increased to 25-27% by 2020. This requires
construction and commissioning of 30 new reactors.
Often the saving of natural gas replacing thermal power plants by nuclear ones is
presented as the only feasible solution. However, an alternative could be the
utilisation of RES. The aim of this chapter is to analyse, if wind power is a feasible
option for the natural gas saving, taking into account all its costs, associated with its
variability and remoteness.

6.2

Nuclear power development

Now there are 10 NPPs with 30 nuclear reactors with the total installed capacity of
22,2 GW. All this capacity is situated in the European part of Russia (excluding the
negligible 48 MW in Chukotka). In 2002 the NPPs have produced 140 TWh; their
capacity factor equalled to 72%. Now the share of nuclear power is 3,5% of the total
primary energy consumption, 11% of the total installed capacity and about 16% of
power generation (21% in the European part of Russia).
2000

2010

2020

2030

2040

2050

Total power generation, TWh

878

1055

1240

1630

1870

2100

Generation by NPPs, TWh

130

212

340

490

560

630

Share of NPPs in total power generation, %

15

20

27

30

30

30

137

Table 15: Development of nuclear power capacities in Russia till 2050

According to the planning of the Ministry of Nuclear Energy, the development of the
nuclear power capacities will be associated with the installation of new hydro power
storage facilities to increase capacity factor of the nuclear facilities. The saving of the
natural gas by 2020 with NPPs generating 340 TWh is estimated to be 105 billion m3
annually (see Figure 44).

137

The Russian Ministry of Nuclear Energy „Strategy of the Russian nuclear power development in the
first half of 21 century”, Moscow 2001
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Figure 44: Substitution of natural gas by the planned nuclear power development (70 GW by
2030) 138

6.3

Wind power development

As it has been shown in chapter 2, Russia possesses tremendous wind recourses.
Large-scale wind power development is feasible in the Eastern seashore of Sakhalin
island, in the extreme south of Camchatka, in Chukotka Peninsula, on the seashore
of Magadan region, on the Southern seashore of the Far East, in steppes along
Volga river in the neighbourhood of Volga hydropower stations, Northern Caucasus
steppes and mountains, in Kola Peninsula. These are the areas, where grid
infrastructure already exists, demand centres are in proximity, and wind power
variations could be balanced out by existing hydro and gas turbine power plants.

6.3.1 Kola Peninsula
Kola Peninsula is a unique region for wind power development: wind power resource
is substantial; power system is hydropower-based; high voltage transmission network
is rather extensive; local and foreign large electricity consumers (mining, metallurgic
and fish industries) are in the region; territories for wind turbines installation are vast
and uninhabited. There is a NPP, which will soon be de-commissioned, thus making
the Kola Peninsula a power deficit region. The Kola Peninsula is the most industriallydeveloped Russian region lying on these latitudes (66-70 North).
Geographically, the Kola Peninsula is located in the north-westernmost point of
Russia. Administratively, the whole peninsula and part of adjacent continental zone
138

The Russian Ministry of Nuclear Energy „Strategy of the Russian nuclear power development in the
first half of 21 century”, Moscow 2001
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belong to Murmansk Oblast bordering with Finland and Norway. Part of Murmansk
Oblast is beyond the Polar Circle, such a geographic position preconditions severe
climate.
The region has considerable hydropower capacities, which provide the energy basis
for regional industry (see table 15). The total volume of HPP water reservoirs is 47
km3; the utilized volume is 23 km3. The grid installed capacity continued to grow until
1985, its power output was increasing until 1989. During last 10 years the electricity
consumption dropped from 17 TWh/year to 11-12 TWh/year, so now it even may
seem that the power system has redundant generating capacities. But in the nearest
future the lifetime of the first two Kola NPP power units expires. If they are
decommissioned the Kola NPP power output will decrease by 4,5 TWh.
Generation type

Capacity installed, MW

Hydro power plants

1592

Thermal power plants

335

Nuclear power plants

1760

Total

3687

Table 16: Power generation capacity installed on the Kola Peninsula139, 140

There were a number of studies devoted to the Kola Peninsula wind energy
utilisation141, 142, 143. They all emphasise the considerable wind power resource. The
total estimated potential of wind energy was evaluated as 350 TWh annually. This
corresponds to 120 GW wind farm capacity installed. In accordance with the map
(see Figures 45 and 46), the areas most suitable for wind power utilization are coasts
of the Barents and White Seas, Khibini Mountains and other mountainous regions of
the inner Kola Peninsula.

139

History of development of KolEnergy, http://www.kolenergo.ru/company/history/
The Kola Nuclear Power Plant: http://www.kolanpp.ru/
141
Valeri Minin, Grigori Dmitriev. Kola Peninsula Wind Energy Potential and Possible Directions of its
using. In: BOREAS II (Wind Energy Production in Cold Climates). Proceedings of International
Meeting, 21-25 March 1994, Pyhatunturi, Finland, pp. 115-125.
142
Wolff J. et al. A Feasibility Study of Wind Energy on the Kola Pewninsula. In: EWEC’97 European
Conference Proceedings, 6-9 October 1997, Dublin, Ireland, p.137
143
Rathman O. Wind Atlas Analisis for 12 Meteorological Stations on the Kola Peninsula. Riso
National Laboratory, Roskilde, Denmark, 1998, 36 pp
140
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Figure 45: The public grid on the Kola Peninsula and an illustration of the areas considered for
grid-connected wind turbines144

The technical power potential of the wind in the narrow coastal zone (15-20 km wide),
where the average annual wind speed is over 8 m/sec at 25 m height (at the altitude
of the wind turbine axis it can be 1,3-1,5 times higher), was estimated as 125 TWh
annually, by the capacity installed of 40 GW. High average wind speed and it minor
annual variations (about 3%-6%) guarantee the stable power output of the wind
parks all the year round.
The average wind speed reaches its maximum during winter season (OctoberMarch), which coincides with the seasonal peak of heat and power consumption, and
it is in antiphase to the seasonal changes of water yield in this region. The prevailing
South-West wind directions (up to 60% - 80% of all high-wind period) on the North
coast of Kola Peninsula enable the compact siting of large wind parks, in the vicinity
of operating hydropower plants, putting wind turbines in a row at 90° to the prevailing
wind direction.

144

Gerhard J. Gerdes; DEWI, Jonas Wolff, VTT-Energy, Finnland, „ A Feasibility Study to Develop
Local and Regional Use of Wind Energy on the Kola Peninsula, Murmansk Region, Russia”, DEWI
Magazin Nr. 13, August 1998
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Figure 46: Mean wind speed at roughness class 2, at 25 m height a.g.l. 145

If the replacement of the Kola NPP capacities by wind and hydropower synergy
would be feasible, such a solution would reduce radioactive risks and provide the
wind power technology introduction all over Russia, starting with demonstration
projects on the Kola Peninsula. Since the main barrier to implement the solution the
absence of understanding of capabilities and costs of the current wind power
technology. Therefore, it is recommended that efforts should be made to familiarise
local administration and the leaders of the power system with the issues related to
integrating wind energy into the power supply system. A working group with
participation of western utilities and experts with experience in wind energy
integration could be a useful form for this.

145

Gerhard J. Gerdes; DEWI, Jonas Wolff, VTT-Energy, Finnland, „ A Feasibility Study to Develop
Local and Regional Use of Wind Energy on the Kola Peninsula, Murmansk Region, Russia”, DEWI
Magazin Nr. 13, August 1998
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6.3.2 Yamal Peninsula
For further analysis we would propose to have a closer look at Yamal Peninsula,
which together with adjacent coasts of Kara Sea possesses the largest onshore wind
power potential in the country.

Figure 47: The wind power resources of Yamal Peninsula (red coloured areas have wind
speeds of 7,0-8,5 m/s at sea coast, 6,5-7,5 m/s at open terrains at 50 m height; dark-read
coloured areas - >7,5 m/s at open terrains and >8,5 m/s at sea coast at 50 m height)146

Yamal Region has a territory of 750 thousand km2 and population of only 488
thousand persons. The Yamal holds the greatest untapped natural gas reserves in
the world (more than 13 trillion cubic meters, while the total world proven natural gas
reserves are about 180 trillion cubic meters) and therefore attracts Russian and
foreign oil and gas companies. Gazprom has defined the Yamal Peninsula as the
region of its strategic interests and the major area for field development to 2010 and
beyond.
The territory is a lowland (absolute height maximum is 70 meters); it is situated in the
permafrost region and is surrounded by the sandbank shore. The climate is
continental. The duration of the polar day is about 47 days, the polar night – about
21-75 days. The absolute minimum temperature is – 56°C.
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Figure 48: Oil / gas / gas condensate fields of the Yamal Peninsula147

The coast line, coloured in dark-red in Figure 47, stretches more than 1000 km. The
total area, coloured in dark red is approximately 100 thousand km2. Assuming the
density of wind turbines to be 5 MW/km2, allowing installation of 500 GW of wind
turbines, and capacity factor 35%, the Yamal wind farm would produce 1530 TWh
per year, which is more than 160% of the total electricity consumption in Russia in
2005. Conservatively assuming a mean wind farm installable density of only 2
MW/km2 (under topography, land use, obstacles and other limitations), the 200 GW
Yamal wind farm would produce 613 TWh per year.
Right now Yamal is almost an undeveloped region. Investment that will be brought
after 2010 by Gazprom and large oil & gas companies will create the necessary
infrastructure – roads, railroads, electric networks, etc. – all these will considerably
reduce costs of building and maintaining huge wind farms there. Moreover, the
schedule of the Yamal gas deposits development coincides well with schedule
proposed for the large-scale wind power development in Chapter 4.
Total country’s wind energy resources can cover the total internal electricity demand
without even going offshore.
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Has wind power a penetration limit?

It is often questioned how much wind power could be integrated in a power system
without jeopardising its security of supply. The wind power development scenario
carried out by a group of experts on the behalf of the Ministry of Industry and Energy
(see section 2.4.3) determined a potential demand for wind turbines and proposed
country’s targets148. According to their estimation wind power capacity could be
maximum 10% of the total installed capacity of conventional power plants. In 2002,
when the study was done, the total installed capacity in Russia was 210 GW;
therefore, according to the methodology described above, the maximum possible
capacity of grid-connected WTG is 21 GW.
“Wind penetration” has several quite different meanings; therefore, in order to bring
consistency into the subsequent analysis, the following term will be applied – “wind
energy penetration”, which is the ratio of wind energy produced per year to the
electricity consumption per year in a power system. In practice, 21 GW of wind
turbines installed with 35% capacity factor would generate approx. 64 TWh annually,
which makes the wind energy penetration for 2002 values less than 7%.
International experience proves that 7% of wind energy penetration is far from
penetration limit. Ireland, being a small island power system, anticipates that by 2020
41% of electricity supply will be covered by wind, while Denmark already has wind
energy penetration of about 20%, plans to increase it up to 50% by 2025149 and
discusses a target of 80%. Is there a limit to wind power penetration? In a large and
well-interconnected system (like the Russian one) the limits of wind energy
penetration are economic, not technical ones. Investing sufficient resources into
electric infrastructure (system reserves and back-up capacity), the power supply will
stay secure with even 100% of wind power. Countries that have real experience
gained during the last ten years with large-scale wind power understand that power
systems can technically accommodate large shares of wind without disturbing
security of supply.
The extent of these large shares is only limited by cost: at what level of wind energy
penetration the overall cost of wind power (including capacity reserves, back-up
generation, balancing power and electric network reinforcement) will require an
increase in customers’ bills. These economic limits are constantly moving away as
fossil fuels increase in price.
Denmark, being the leader in getting understanding in the result of greater
experience with operating power systems with high wind energy penetration, has
studied consequences, if their power system was supplied by 100% wind power.
Such scenario, presented in Energinet study System and Market Changes in a
Scenario of Increased Wind Production, is feasible and would lead to considerable
reductions in CO2 emissions; the extra costs of thermal plants used to balance wind
generation to ensure security of supply are quite modest. The 100% wind power
scenario does not mean that all thermal plants will be closed: the requirement for

148

Bezrukikh, P., Redko, I., et al. “The concept of wind power utilisation in Russia”, 2005
“Denmark to Increase Wind Power to 50% by 2025, Mostly Offshore”:
http://www.renewableenergyaccess.com/rea/news/story?id=46749

149

Page 112

base load falls from around 4 GW with a fully thermal system to about 2 GW with
100% wind; however, the requirement for peak plant rises from 1,6 GW to just over 3
GW with 100% wind on the network. Moreover, the study assumes no ability to
export surplus energy, but assumes that wind turbines have to be curtailed or surplus
electricity can be sold at low price (13 €/MWh) to electric boilers or heat pumps. The
study found that it would not be necessary to curtail wind production until the share of
wind reaches 30%. The study also estimated the extra costs associated with 100%
wind system are 15 €/MWh, if the surplus cannot be sold, or 9 €/MWh if the surplus
can be sold150.
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Figure 49: Energy production scenarios for Denmark151

Even though this scenario, considering 100% wind power, does not mean that all the
time the total demand is covered fully by wind, effective wind energy penetration
reaches impressive 70%. This is an indication of wind power capabilities, which may
in principle reach the same level in the Russian power system. Obviously, a large
share of variable wind power generation will impact power system operation. In
general, these impacts may be classified into two groups – short-term impacts on
power system operation and long-term impacts on power system adequacy – which
are discussed in two following sections.
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Impacts on power system operation

The impacts of wind power on power system operation on the time scale from several
minutes to several hours are primary due to variations of wind power. From a
frequency regulation point of view, wind energy is another variable impacting on
overall system variability, which fluctuates statistically random like demand and
summed up with the fluctuations of other variables. Therefore, a power system
operator does not actually iron out fluctuations from every single wind turbine, but
balances the total deviation in its control area. Wind power only changes the degree
of uncertainty, but not the kind and structure of frequency control. Moreover, widely
distributed wind farms demonstrate a considerable “self-balancing” effect, discussed
in section 5.4.3. The most important tool to manage the increased uncertainty is
weather and subsequent wind power forecasting (see section 5.1).

Figure 50: Capacity reserves deal with the overall uncertainty in the balance between demand
and supply, not wind power variability alone152

To deal with short-term and medium-term wind power variability, a TSO activates
capacity reserves. As has been outlined above, the short-term volatility and
unpredictability of wind can be minimised to an extent where it disappears in the
general fluctuation of the system. For instance, dena study confirmed that the
extension of wind power to some 36GW in 2015 would not require the addition of
new plants to provide operational reserve153.
152
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The Energinet study mentioned in the previous section has estimated an extra cost of
wind power variability, which includes additional reserve and back-up, without
reducing the level of security of supply. The figures for the worst case are presented
in figure 51: it is assumed that surplus wind power is not sold, but curtailed. Similar
methodology was applied to the UK wind power development scenario estimating the
extra costs of variability of 130 GW of wind power for 100% wind energy
penetration154.
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Figure 51: The cost penalty wind must bear as its penetration rises155

The Russian power system is much larger that the British one, allowing for larger
geographical distribution of wind farms, and therefore significantly reducing the
extremities of wind power output. As a result, the extra cost implication of the
intermittent resource in Russia should be even less than in the UK power system.
Moreover, in the cold country, surplus wind power will almost always have a value.
Furthermore, the extra costs of intermittency may be reduced by making power
system more flexible – increasing interconnections with neighbouring systems,
increasing the share of flexible and distributed generation, and finally taking the
advantage of wide-scale implementation of demand response and dynamic pricing.

Integration von Windkraftanlagen Onshore und Offshore unter Berücksichtigung der Erzeugungs- und
Kraftwerksentwicklungen sowie der erforderlichen Regelleistung
154
Windpower monthly, September 2006
155
Windpower monthly, September 2006
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Impacts on power system adequacy

Security of supply criteria for power systems requests that any peak electricity
demand can be covered in a reliable way. Since the loss of load has significant cost
consequences for utilities, they are unwilling to recognise the contribution of variable
wind power to peak demand coverage.
If wind power generates electricity at peak demand periods, then it can contribute to
security of power supply and may be able to displace conventional power plants
without reducing system reliability. This value of conventional power plant capacity,
which can be replaced with wind power without decreasing the level of security of
supply, is called “capacity credit” of wind power.

Figure 52: Dependency of wind power capacity credit on the ensured capacity probability156

Capacity credit is a statistical value, which has to be derived from system observation
in the time domain: i.e. from load curves, from time series of conventional generation
and time series of wind power feed-in. The different ways of transition from time
series to frequency distributions provide essential distinction criteria between different
approaches for the calculation of capacity credits and are analysed in detail in157.
At low levels of wind energy penetration, the capacity credit of wind power is rather
high and becomes less as wind penetration increases. Geographical distribution of
wind farms and a positive correlation between their power output and system
demand increase the value of wind power to the system. For very high penetration
values, the capacity credit tends towards a constant value. The table 16 represents
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Accuracy on the Determination of Wind Power Capacity Effects”, EWEC 2006 Athens, March 2006
157
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the development of capacity value of the total wind power capacity installed in
Germany.
Year

Wind power capacity
installed

Capacity credit of wind
power

Capacity credit of wind
power

2000

6 GW

15 %

0,9 GW

2003

14,3 GW

8,3 %

1,187 GW

2015

36 GW

6%

2,160 GW
158

Table 17: Capacity value of the total German „wind turbine collective“

As it was shown in section 6.3.1, the Kola Peninsula – the most appropriate region
for the take-off of the large-scale wind power development in Russia – is a hydrodominated system. Such systems are usually energy constrained, rather then
capacity-constrained, therefore the addition of wind power there will have a
significant energy delivery value. Since the correlation of wind power and hydro
power electricity generation is low, the higher value will be brought about by installing
wind farms then new hydro power facilities.
Wind power clearly contributes to the security of supply, which means that in addition
to energy generation, it can replace (and avoid future investments in) conventional
capacity. Moreover, the integration of wind power into a power system supports
security of supply in a wider sense by the diversification of generation technologies
and indigenous production.

6.7

Costs and values of wind power

Wind power is one of a variety of energy sources, and as other sources of electricity
generation, wind power has costs and value. If its value exceeds the costs, then wind
power will be relevant on the market. Costs of wind power include capital
expenditures, O&M and balancing costs, and infrastructure adaptation. Its values are
electrical energy, capacity (if local utility recognises a wind power capacity credit),
and environmental benefits.
Balancing costs were discussed in section 6.4, they are close to zero at 5% wind
energy penetration and rise to 4 €/MWh at the penetration level of 10%. For further
analysis it is assumed that this penetration level will be achieved by 2020, when the
country total electricity demand will be about 1250 TWh. According to some
estimates, there is abundance of sites, where wind resource is sufficient to provide
load factor equal to 3000-3500 full load hours159, 160. Assuming an average load

158

Studienbegleitende Plausibilisierung der Untersuchung: Energiewirtschaftliche Planung für die
Netzintegration von Windenergie in Deutschland an Land und Offshore bis zum Jahr 2020 (denaStudie); January 2005
159
Dipl.-Phys. Gregor Czisch, Folien zur Windenergie, http://www.iset.uni-kassel.de/abt/w3w/folien/Windenergie/overview_Windenergie.html
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factor of 3100 full load hours, 10% of country’s demand or 125 TWh can be
generated by installing 40 GW of wind power at the narrow coastal zone of Kola
Peninsula, where the average annual wind speed is over 8 m/sec at 25 m height (see
section 6.3.1).
Costs of infrastructure development could be roughly estimated by looking at Figure
53, which collected and presented such costs for a number of known studies
performed in European countries. For 10% penetration level the cost range is from
0,5 to 2,5 €/MWh. Conservative assumption of 2 €/MWh will be used for further
calculations.

Figure 53: Generation cost of wind power with respect to wind speed and capital cost161

The electricity generation costs from wind power basically depend on capital cost of
facilities and associated works, wind resource at the site and discount rate applied.
Currently, the generation cost of onshore wind power is around 44-53 €/MWh162 (see
also Figure 53).

160

Gerhard J. Gerdes; DEWI, Jonas Wolff, VTT-Energy, Finnland, „ A Feasibility Study to Develop
Local and Regional Use of Wind Energy on the Kola Peninsula, Murmansk Region, Russia”, DEWI
Magazin Nr. 13, August 1998
161
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Development Commission, 2002
162
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Development Commission, 2002
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Figure 54: Levelised costs of nuclear generated electricity at 10% discount rate (USD/MWh)163

The today’s generation costs of nuclear power plants are lower (see Figure 54),
which gives government a reason to promote it. However, the long-term projected
generation costs have to be taken into account as well. Table 17 presents a series of
projections for a wide range of electricity generating technologies. The estimation
was performed in 2002 and generation costs from gas have increased significantly
since that time due to gas price increases. As the table shows, onshore wind is
projected to become the cheapest source of electricity by 2020. This is due to
sustained reductions in costs for wind power plant combined with increased costs for
fossil fuels, particularly coal and gas. The projections also show that offshore wind,
energy crops (biomass) and wave power will all be cost competitive with traditional
fuel sources, particularly if CO2 capture and sequestration is included. The costs for
nuclear power are based on a series of projections for new build using plant designs
that have not yet been built – this accounts for the ‘moderate’ level of confidence in
the price projections.
Technology

2020 cost

Confidence
estimate

Fuel Cells

Unclear

NA

Sustained decrease

Large CHP

Under 30 €/MWh

High

Limited Decrease

Micro CHP

38–53 €/MWh

Moderate

Sustained decrease

163

IEA, Projected Costs of Generating Electricity, 2005
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Cost trends to 2050
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PV

150–240 €/MWh

High

Sustained decrease

Onshore wind

23–37 €/MWh

High

Limited Decrease

Offshore wind

30–45 €/MWh

Moderate

Decrease

Energy crops

38–60 €/MWh

Moderate

Decrease

Wave

45–90 €/MWh

Low

Uncertain

Fossil generation with CO2
45–68 €/MWh
sequestration & storage

Moderate

Uncertain

Nuclear

45–60 €/MWh

Moderate

Decrease

CCGT

30–35 €/MWh

High

Limited decrease

Coal (IGCC)

45–53 €/MWh

Moderate

Decrease

Table 18: Projections of electricity costs in 2020 by fuel source164

As it has been mentioned earlier, the Russian natural gas market will be fully
liberalised by 2011. According to the Minister of Industry and Energy, the internal gas
price will increase three-fold up to a level of 145 US$ (in today’s value)165. For further
estimation, gas price is assumed to grow at 3% annually.
The existing gas power plants (based on steam turbine technology) have an average
electrical efficiency of 29,75%166, assuming the lower heat value of natural gas as 9
kWh/m3, average level of O&M costs together with depreciation (8 €/MWh167, some
power plants have already paid back their investments), the cost of electricity at the
power plant busbar will be 48,74 €/MWh in 2011, rising to 61,16 €/MWh in 2020.
New CCGT technology has electrical efficiency of 56%. Average O&M costs together
with depreciation are assumed to be in the order of 12 €/MWh. A MWh at the power
plant busbar will then cost 33,83 € in 2011 and 40,48 € in 2020, which are quite
optimistic figures.
Costs of power generation from natural gas by steam turbine and CCGT technologies
and by wind power are presented at figure 56. As it can be seen, as soon as natural
gas prices will become market-based, electricity generation by old and ineffective
steam turbine technology will be more expensive as from wind power. In 2016
electricity generation by wind power will become cheaper as by CCGT. Taking into
account wind power extra costs (balancing and infrastructure development) electricity
generation from wind power will be cheaper then by CCGT after 2018.

164
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165
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Electricity generation costs
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Figure 55: Projected costs development of electricity generation from gas and wind power

6.8

The way forward

Savings of natural gas from wind power by 2020 and wind energy penetration of 10%
could be around 37,5 billion m3/a. Therefore, there is no necessity to develop nuclear
power as the only feasible way of saving natural gas.
Looking at the long-term perspectives of Russian power system development, it is
important to take into account the availability of uranium resources. The volume of
these reserves is comparable to the one of oil – cheap resources will end in the next
20 years. The transition to the new type of nuclear power plants using plutonium fuel
(as foreseen by the nuclear energy strategy) is much more expensive and dangerous
from the point of view of nuclear weapon distribution.
Therefore, nuclear power is neither the answer to modern energy problems nor a
panacea for climate change challenges. It is not actually the right way to solve
problems by finding solutions that create more problems down the track. It doesn’t
add up economically, environmentally or socially. Of all the energy options, nuclear is
the most capital intensive to establish, decommissioning is prohibitively expensive
and the financial burden continues long after the plant is closed. In the U.S., for
example, direct subsidies to nuclear energy amounted to $115 billion between 1947
and 1999 with a further $145 billion in indirect subsidies. In contrast, subsidies to
wind and solar combined during the same period totalled only $5,5 billion168.
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6

The key energy choice of the Russian government

Page 121

The technical resources of the wind power in Russia are sufficient to cover the
country’s electricity demand manifold. It is already feasible to cover 25% of demand
(see section 2.3). Huge untapped renewable resources include biomass and
geothermal power, which are enough to provide a truly sustainable long-term power
supply.
Establishing a long-term energy strategy, we should not put all eggs in one basket –
whether it is nuclear or wind one. A well-balanced mix of a diversified array of
technologies accompanied with a wide-scale use of energy efficiency (which is
estimated in Russia to reach 30-50% of electricity consumption) and market changes
(involvement of demand side, shortening of gate closure time) would be the best
possible solution. Such a solution would not split public opinion into wind vs. nuclear
camps, but unite and educate the participants of electric power sector.
In 2003 Russia’s President Putin has set an ambitious target to at least double the
gross domestic product in a decade. Although Russia is one of the largest energy
exporting countries, on the way to the target the country has faced a rapidly growing
domestic energy demand, which has already led to electricity shortages in some
regions. Wind power is able to significantly contribute to providing power supply to
local grids.
In 1900 the Finance Minister of the Russian Empire Sergey Vitte has marked the
dependence of national economy on exports of raw material resources: “Foreign
commerce is supported mainly by selling of raw resources, which are fully subjected
to spontaneous impacts of unsteady conditions. By such circumstances the welfare
of society can be neither high, nor sustainable.”
Only the diversification of the Russian economy by developing different economic
sectors could put the country on the track of a sustainable state. Taking into account
the potentials of RES in Russia, the trends in technologies’ development and
constantly increasing costs of fossil fuels’ extraction, the large-scale utilisation of
RES, and wind power in particular, will unquestionably facilitate the internal economy
growth by creating renewable energy industry, providing cleaner and cheaper
electricity to domestic consumers and, on a longer run, by green energy exports.

Page 122

List of Figures
FIGURE 1: MAP OF THE UES OF RUSSIA ................................................................................................... 13
FIGURE 2: FUEL MIX OF THE UES POWER PLANTS IN 2005 ......................................................................... 14
FIGURE 3: REGIONS WITH SUPPLY RESTRICTIONS IN PEAK HOURS DURING WINTER 2006-2007 .................... 15
FIGURE 4: AGE STRUCTURE OF POWER PLANTS OF THE UES ..................................................................... 16
FIGURE 5: DEVELOPMENT OF POWER CONSUMPTION IN RUSSIA: OPTIMISTIC AND PESSIMISTIC SCENARIO ..... 17
FIGURE 6: GENERATING CAPACITY PROFILES IN RUSSIA ............................................................................. 18
FIGURE 7: STRUCTURE OF THE GENERATION CAPACITY TO BE COMMISSIONED ............................................ 19
FIGURE 8: TOTAL PRIMARY ENERGY SUPPLY STRUCTURE IN 2005 .............................................................. 20
FIGURE 9: 5 KW WTG NEAR SETTLEMENT TIKSI IN JAKUTIA ....................................................................... 22
FIGURE 10: WIND POWER RESOURCES AT THE HEIGHT OF 50 M ABOVE GROUND LEVEL ............................... 25
FIGURE 11: THE FEDERAL DISTRICTS OF RUSSIA ...................................................................................... 27
FIGURE 12: EXPERIENCE CURVE OF WIND TURBINE PRICE IN GERMANY ...................................................... 36
FIGURE 13: DEVELOPMENT OF FEED-IN TARIFFS IN GERMANY FOR WIND POWER ......................................... 38
FIGURE 14: THE PRINCIPLE SCHEME OF THE RO MECHANISM IN THE UK ..................................................... 41
FIGURE 15: GB RENEWABLES OBLIGATION COMPLIANCE BY SUPPLIER ........................................................ 42
FIGURE 16: RENEWABLE PORTFOLIO STANDARDS AND STATE MANDATES BY STATE, 2005......................... 43
FIGURE 17: DEMAND AND SUPPLY DETERMINE PENETRATION OF A PRODUCT IN A MARKET ........................... 44
FIGURE 18: THE PRINCIPLE OF THE FEED-IN TARIFF MECHANISM ................................................................. 45
FIGURE 19: THE PRINCIPLE OF THE SUPPLY QUOTA OBLIGATION MECHANISM............................................... 46
FIGURE 20: THE PRINCIPLE OF THE INVESTMENT SUBSIDY MECHANISM ....................................................... 46
FIGURE 21: THE PRINCIPLE OF THE FISCAL INCENTIVE MECHANISM ............................................................. 47
FIGURE 22: THE PRINCIPLE OF THE TENDERING MECHANISM....................................................................... 48
FIGURE 23: GAS PRODUCTION ON GAZPROM’S MATURE GAS FIELDS WOULD CONTINUE TO DECLINE RAPIDLY 53
FIGURE 24: FORECASTS OF GHG EMISSIONS BY RUSSIA ........................................................................... 54
FIGURE 25: GROWTH OF INSTALLED WIND CAPACITY IN TWELVE EUROPEAN MEMBER STATES BETWEEN 2000
AND 2005, TOGETHER WITH NATIONAL TARGETS FOR 2010 ............................................................... 57
FIGURE 26: WORLD’S TOP WIND TURBINE SUPPLIERS, 2002....................................................................... 62
FIGURE 27: POTENTIAL REGIONS OF LARGE-SCALE WIND POWER DEVELOPMNET IN RUSSIA ......................... 71
FIGURE 28: THE VARIOUS FORECASTING APPROACHES CAN BE CLASSIFIED ACCORDING TO THE TYPE OF INPUT
...................................................................................................................................................... 75
FIGURE 29: TIME SHIFT AS A TYPICAL METEOROLOGICAL FORECAST ERROR ................................................ 76
FIGURE 30: REQUIREMENTS TO FREQUENCY RANGE AND FREQUENCY CONTROL (AS OF DECEMBER 2005)... 79
FIGURE 31: FAULT RIDE THROUGH REQUIREMENTS (AS OF 2005) ............................................................... 82
FIGURE 32: VALUE OF DEMAND RESPONSE THAT CREATES LOWER PRICES FOR ALL ENERGY USERS ............. 85
FIGURE 33: THE AIR CONDITIONNING LOAD MATCHES THE TOTAL LOAD DAILY PROFILE, AS SHOWN ON THIS
MONDAY, JULY 29, 2002................................................................................................................. 86
FIGURE 34: ADVANCED CONTROL FUNCTION OF WIND FARM ....................................................................... 89
FIGURE 35: WIND FARM CLUSTER MANAGEMENT SYSTEM ........................................................................... 89
FIGURE 36: WIND POWER INDUCED GRID CONGESTIONS IN THE E.ON CONTROL AREA ................................. 94
FIGURE 37: EUROPEAN OFFSHORE SUPERGRID PROPOSED BY AIRTRICITY ................................................. 96
FIGURE 38: COUNTRY-SPECIFIC STUDIES QUANTIFYING GRID EXTENSION MEASURES AND ASSOCIATED COSTS
CAUSED BY ADDITIONAL WIND GENERATION....................................................................................... 98
FIGURE 39: FREQUENCY OF OCCURRENCE OF WIND POWER CHANGES ....................................................... 99
FIGURE 40: POWER DURATION CURVES FOR THE ‘WIND YEAR 2003’, GERMANY ........................................ 100
FIGURE 41: POWER SUPPLY AREAS SERVED BY UCTE AND IPS/UPS ...................................................... 101
FIGURE 42: EFFECT OF GEOGRAPHICAL DISTRIBUTION OF WIND POWER GENERATION – COLOURED DURATION
CURVES REPRESENT WIND POWER GENERATION IN SEPARATE REGIONS (REGION 1: UK & IRELAND,
REGION2: FINLAND & NORWAY & SWEDEN, REGION 5: FRANCE & NETHERLANDS, REGION 6: GERMANY
& DENMARK, REGION 9: NORTH-WEST OF RUSSIA, REGION 13: ALGERIA & MOROCCO), THE BLACK ONE
IS A DURATION CURVE OF ALL THE REGIONS INTERCONNECTED. ....................................................... 102
FIGURE 43: EXISTING NUCLEAR POWER PLANTS IN RUSSIA (LEGEND IN THE MID-LOW PART OF THE GRAPHICS
PRESENTS TYPE OF A NUCLEAR POWER UNIT AND ITS CAPACITY) ...................................................... 103

List of Figures

Page 123

FIGURE 44: SUBSTITUTION OF NATURAL GAS BY THE PLANNED NUCLEAR POWER DEVELOPMENT (70 GW BY
2030)........................................................................................................................................... 105
FIGURE 45: THE PUBLIC GRID ON THE KOLA PENINSULA AND AN ILLUSTRATION OF THE AREAS CONSIDERED
FOR GRID-CONNECTED WIND TURBINES .......................................................................................... 107
FIGURE 46: MEAN WIND SPEED AT ROUGHNESS CLASS 2, AT 25 M HEIGHT A.G.L........................................ 108
FIGURE 47: THE WIND POWER RESOURCES OF YAMAL PENINSULA (RED COLOURED AREAS HAVE WIND SPEEDS
OF 7,0-8,5 M/S AT SEA COAST, 6,5-7,5 M/S AT OPEN TERRAINS AT 50 M HEIGHT; DARK-READ COLOURED
AREAS - >7,5 M/S AT OPEN TERRAINS AND >8,5 M/S AT SEA COAST AT 50 M HEIGHT)......................... 109
FIGURE 48: OIL / GAS / GAS CONDENSATE FIELDS OF THE YAMAL PENINSULA ............................................ 110
FIGURE 49: ENERGY PRODUCTION SCENARIOS FOR DENMARK ................................................................. 112
FIGURE 50: CAPACITY RESERVES DEAL WITH THE OVERALL UNCERTAINTY IN THE BALANCE BETWEEN DEMAND
AND SUPPLY, NOT WIND POWER VARIABILITY ALONE ......................................................................... 113
FIGURE 51: THE COST PENALTY WIND MUST BEAR AS ITS PENETRATION RISES........................................... 114
FIGURE 52: DEPENDENCY OF WIND POWER CAPACITY CREDIT ON THE ENSURED CAPACITY PROBABILITY .... 115
FIGURE 53: GENERATION COST OF WIND POWER WITH RESPECT TO WIND SPEED AND CAPITAL COST .......... 117
FIGURE 54: LEVELISED COSTS OF NUCLEAR GENERATED ELECTRICITY AT 10% DISCOUNT RATE (USD/MWH)
.................................................................................................................................................... 118
FIGURE 55: PROJECTED COSTS DEVELOPMENT OF ELECTRICITY GENERATION FROM GAS AND WIND POWER 120

Page 124

List of Tables
TABLE 1: RES ELECTRICITY GENERATION IN RUSSIA (MILLION KWH)........................................................... 20
TABLE 2: INSTALLED WIND TURBINE CAPACITY IN RUSSIA ........................................................................... 23
TABLE 3: POTENTIALS OF RES IN RUSSIA (IN MILLION TONES OF COAL EQUIVALENT PER YEAR) ................... 23
TABLE 4: DISTRIBUTION OF WIND POWER RESOURCES TO THE FEDERAL DISTRICTS OF RUSSIA .................... 28
TABLE 5: PLANNED WIND FARMS INCLUDED IN THE PROGRAMME OF WIND POWER DEVELOPMENT OF THE UES
...................................................................................................................................................... 29
TABLE 6: THE GOVERNMENT TARGETS PROPOSED FOR THE DEVELOPMENT OF WIND POWER IN RUSSIA ........ 30
TABLE 7: TOP FIVE WIND POWER COUNTRIES ACCORDING TO THE INSTALLED CAPACITY AND INVESTMENT
ATTRACTIVENESS INDEX................................................................................................................... 35
TABLE 8: TOTAL PAYMENT FOR THE WIND GENERATION ON THE MARKET OPTION ......................................... 40
TABLE 9: SUPPORT MECHANISMS FOR WIND POWER IN THE TOP FIVE COUNTRIES ........................................ 49
TABLE 10: COMPARISON OF MECHANISMS’ PERFORMANCE ......................................................................... 50
TABLE 11: COMPARISON OF FIT AND QO SYSTEMS ................................................................................... 67
TABLE 12: OVERVIEW OVER PREDICTION SYSTEMS .................................................................................... 74
TABLE 13: ACCURACY LEVELS OF WIND POWER PREDICTION IN GERMANY................................................... 77
TABLE 14: ESTIMATION OF THE FUTURE COST OF DIFFERENT CONTROLLABLE LOADS CATEGORIES ............... 87
TABLE 15: DEVELOPMENT OF NUCLEAR POWER CAPACITIES IN RUSSIA TILL 2050...................................... 104
TABLE 16: POWER GENERATION CAPACITY INSTALLED ON THE KOLA PENINSULA, ..................................... 106
TABLE 17: CAPACITY VALUE OF THE TOTAL GERMAN „WIND TURBINE COLLECTIVE“ .................................... 116
TABLE 18: PROJECTIONS OF ELECTRICITY COSTS IN 2020 BY FUEL SOURCE.............................................. 119

Abbreviations

Abbreviations
DR – Demand Response,
EEG – Renewable Energy Act (Erneuerbare Energien Gesetz)
EEG-2 – Amendment to EEG
FIT – Feed-in Tariffs
PTC – Production Tax Credit
QO – Quota Obligation
RES – Renewable Energy System
RES-E – Electricity from RES
RO – Renewable Obligation in the UK
ROC – Renewable Obligation Certificate
RPS – Renewable Portfolio Standard
RTP – Real-time Pricing
TSO – Transmission System Operator
UCTE – Union of Co-ordination of Transmission of Electricity
UES – Unified Energy Systems of Russia

Page 125

