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The modern wind energy technologies and recent global wind energy market trends are reviewed in the 
paper. Basic principles of conversion of wind energy to electricity are described with brief overview of 
the state-of-the-art technologies for subassemblies such as wind turbine blades and drivetrains. Global 
wind energy market was reviewed in order to attain notion of wind power market developments in the 
future. The most developed countries in terms of wind energy utilization such as Denmark, Germany, 
Spain and USA were identifi ed as the key drivers of wind energy technology advances. After the long 
leadership of European Union in built annual wind power capacities, China and USA have overtook 
leading positions for the last several years. Wind energy costs per unit of electricity produced after 
gradual decrease until 2005 have recorded slight increase until the present due to high demand and 
higher raw materials price. It was predicted that the trend of the wind energy cost will decrease in the 
future. Steady growth of wind energy capacities was predicted in the next years, with forecast that 
present global installed capacities of nearly 200 GW should grow to almost one terawatt by the 2020. 
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INTRODUCTION

Energy demand had rapid growth in the last 
century. The gross energy needs were sup-
plied by conventional energy resources such 
as coal and oil, as well as newer technolo-
gies such as nuclear power plants. High de-
mand and limited resources had infl uence on 
the price growth of the produced electricity.
Environmental issues, economy and political 
factors have infl uenced on renewable energy 
growth in the last thirty years. Due to large quan-
tity of CO2 emissions from power and heavy in-
dustries, as well as traffi c, the social awareness 
have risen of induced climate change. After the 
oil crisis in 1970s, the interest in renewable en-
ergy was growing. Relatively simple design and 
existing technologies developed mainly for aero-
nautical and power-generation purposes made 
wind energy industry one of the fastest grow-
ing in the following decades [09]. As technology 
has matured, wind energy grew to substantial 
capacity [19], [23]. Although this capacity is still

 incomparable to the total installed power in the world 
[12], wind energy presents industry that should not 
be neglected in the recent period and in the future.
After the brief introduction, the review of the cur-
rent wind turbine technologies was given with 
emphasis on commercial design. Technology 
trends and novel concepts of some assemblies 
were also given in this section. Overview of global 
wind energy capacities was given with brief sum-
mary of the most developed markets as well as 
emerging ones in the next section. Wind energy 
costs were described in the following section with 
breakdown of the costs due to initial investment, 
operation and maintenance and other costs. Short 
conclusions were given at the end of the paper.

WIND TURBINE DESIGN CONCEPTS

Wind turbine design has been changing over 
the years, from being convention-driven to be-
ing optimized-driven. As well as becoming larger 
(the generators in the largest modern wind tur-
bines are 100 times the size of those in 1980), 
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wind turbine designs have been progressing 
from fi xed-speed, stall-controlled to pitch-con-
trolled, variable speed, with or without gear-
boxes. Other improvements include the use of 
different combinations of composite materials 
to manufacture blades, especially to ensure 
that their weight is kept to a minimum, as well 
as modern control system for better compat-
ibility with the grid connection. Some of the de-
sign drivers for current wind turbine technology 
are reliability, grid compatibility, maximum effi -
ciency, noise reduction, high productivity for low 
wind speeds, aerodynamic performance, etc.
Even though much time and resources are con-
tinuously spent on improving the wind technology 
since its commercial beginnings in the early 1980s, 
the basic architecture of the mainstream design 
has maintained its original topology. Wind power 
technologies can be grouped in three applications:

Large grid connected wind turbines,
Small “stand-alone” wind turbines for water 
pumping, battery charging, heating, etc.
Hybrid energy systems – wind turbines in 
combination with other energy sources.

Generally, wind turbines can be classifi ed, ac-
cording to the axis of rotation of main shaft,  as 

•
•

•

Figure 1. Main components of a horizontal axis 
wind turbine [13]

horizontal axis wind turbines (HAWT) and vertical 
axis wind turbines (VAWT), the fi rst being domi-
nate in wind power large-scale utilization, fi gure 
1. HAWTs are usually classifi ed according to the 
rotor orientation relative to wind direction (upwind 
or downwind), hub design (rigid or teetering), 
rotor control (pitch vs. stall), rotor speed (fi xed 
or variable), number of blades, their alignment 
with the wind direction (active or passive yaw). 
HAWTs can use different number of blades, depend-
ing on the purpose of the wind turbine. The determi-
nation of the number of blades involves design con-
siderations of aerodynamic effi ciency, component 
costs and system reliability, as well as aesthetics. 

The loads on wind turbine rotor are cyclic depend-
ing on blade position during the operation. Cyclic 
loads when combined together at the drivetrain 
shaft are symmetrically balanced for three blades, 
[06]. Modern utility-scale wind turbines usually 
have three-bladed upwind rotor and are actively 
yawed to preserve alignment with the wind direc-
tion. Although the length of the blade can be as 
long as 60m, blades of the rotor are commonly 
manufactured as one part using different tech-
niques for composite manufacturing. Still, one of 
the world’s largest wind turbines, the Enercon E-
126, adopts a jointed blade design. In the E-126 
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blade, an outer blade section with a conventional 
blade root attachment is bolted to a steel inner 
blade spar. The trailing edge of the inner blade 
is a separate composite structure. Gamesa has 
also developed a jointed blade design for the 
G10X wind turbine. The rotor size will increase 
in the future, as the trend of manufacturing of 
the larger multi-megawatt wind turbines will not 
cease. Beside the reason for the manufacturing 
of larger blades due to demand for megawatt ma-
chines in the range between 3 and 7 megawatts, 
larger rotors would enable higher energy yield 
at sites with lower wind speeds. For example, 
Nordex has revealed the wind turbine with 117 
meter rotor diameter with 2.4 MW rated power.

It is claimed that this wind turbine could achieve 
3500 full-load hours at typical inland locations, 
which corresponds to capacity factor around 40 
percent, which makes it feasible for construc-
tion in lower wind speed sites. In order to attain 
technology necessary for manufacturing and 
operation of wind turbines with very long blades 
(longer than 100 m) it is necessary to develop 
stronger and lighter materials, to reduce loads 
using advanced fl exible materials and novel con-
cepts of blade operation control, to use innova-
tive technologies for wind speed measurements 

etc. With these innovations, it is believed that 20 
MW wind turbine will be feasible in the future [08].     

The rotation of the blades is transferred through 
the drivetrain on to the generator, creating elec-
tricity. At the wind speeds between 10 and 15 
m/s, the power output of wind turbine rotor usu-
ally reaches its rated capacity. If the rated wind 
speed is exceeded the power has to be limited, 
to prevent wind turbine from overloading and to 
ensure that it has constant output. There are two 
principal means of limiting rotor power in high op-
erating wind speeds – stall regulation and pitch 
regulation. Stall-regulated machines require a 
constant rotational speed which can be achieved 
with a grid-connected induction generator. As 
wind speed increases and the rotor speed is held 
constant, fl ow angles over the blade sections in-
crease. The blades become increasingly stalled 
and this limits power to acceptable levels, with-
out any additional active control. On the other 
hand, using pitch regulation the blades have ad-
ditional degree of freedom around their longitudi-
nal axis so that the aerodynamic characteristics 
of the blade - and the rotor - can be controlled. 
In contrast to stall regulation, pitch regulation 
requires changes of rotor geometry by pitch-
ing the blades. This involves an active control 

Figure 2. Direct drive of Enercon E-48 [17]
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system, which senses blade position, measures 
output power and instructs appropriate changes 
of blade pitch [01]. Modern large-scale wind tur-
bines are almost exclusively pitch-regulated. 
As it was mentioned, the drivetrain contains the 
rotor attached to a main shaft driving the gen-
erator through the optional gearbox. However, 
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there are many signifi cant variations in structural 
support, in rotor bearing system and in gener-
al layout. Vestas adopted the large single front 
bearing arrangement in the V90 3 MW design, 
which contributed to a very compact and light-
weight nacelle system. Also, there has been a 
signifi cant trend towards innovative drivetrain 

Figure 3. Savonius and Darrieus type of VAWT

systems. There are companies that use directly 
driven variable speed synchronous generators 
with large-diameter synchronous ring generator 
(fi gure 2.), but majority of wind turbine manu-
facturers still use six-pole induction (asynchro-
nous) generators connected through a gearbox 
to a rotor. Induction generators have a softer 
connection to the network frequency than syn-
chronous generators, which reduce the loads 
between rotor and generator during wind gusts.

Low overall effi ciency during low speed winds 
can be overcome using two induction genera-
tors, smaller and larger one. The motivation for 
direct drive application is to simplify the nacelle 
systems, increase reliability, increase effi ciency 
and avoid gearbox issues. Enercon and Sie-
mens  established the direct drive system, as 
well as some other manufacturers like Vensys, 
whose wind turbines are based on the genera-
tor concept of a synchronous machine with per-
manent magnet excitation [15]. There are also a 
number of hybrid systems. Clipper Windpower 
(after research into systems with multiple induc-
tion generators) developed a system with an in-

novative gearbox with ouputs to four permanent 
magnet generators (PMGs). Northern Power 
Systems (after initially adopting a wound ro-
tor direct drive design) and GE Energy in their 
2.5 XL series, have all adopted PMG systems. 

Generator and gearbox of the vertical axis 
wind turbines can be placed near the ground, 
hence avoiding the need of a tower and im-
proving accessibility for maintenance, fi gure 3. 
Wind turbines of this type have low rotational 
speed with a consequential higher torque and 
higher cost of the drivetrain, lower power coef-
fi cient, but they don’t need to be pointed into 
wind to be effective. There are several sub-
types of vertical axis wind turbine such as 
Darrieus, Savonius wind turbine and giromill.    
Regarding offshore wind energy, currently, Eu-
rope is the world leader. As of 2010, there are no 
offshore wind farms in the United States. Howev-
er, there are some projects under development. 
Siemens and Vestas are the leading turbine 
suppliers for offshore wind energy. Commercial-
scale offshore wind farms currently are similar to 
the onshore wind farms, but with modifi cations 
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Figure 4. World wind energy capacities
 (1990-2010)

to withstand higher wind loads, prevent corro-
sion and protect against wave and wind interac-
tions. Offshore wind turbines are bottom found-
ed (driven monopiles or conventional concrete 
gravity bases as foundations) or of the fl oating 
type. For large water depths and soft seabeds, 
fl oating wind turbines may be attractive due to 
a cheaper anchor installation than the cost of a 
fi xed foundation. These fl oating foundations are 
mainly in research phase. Some of the proposed 
solutions are: spar-buoy, tension-leg platform, 
semi-submersible (column stabilized) and pon-
toon (barge) type [21]. The fi rst grid-connected 
deep water fl oating wind turbine in the world is 
an Siemens Wind Power 2.3 called Hywind [14]. 

GLOBAL WIND ENERGY MARKET

In the last two decades the growth of the in-
stalled wind power capacities in the world 
was rapid. At the beginning of the 1990s there 
were 1742 MW of installed wind turbines glob-
ally. In the early period of commercial utiliza-
tion of wind power, wind turbines were mainly 
installed in Denmark and USA as the result of 
research efforts in these countries. USA expe-

rienced a wind power expansion from 1982 to 
1986 when thousands of Danish and American 
wind turbines were installed in massive arrays. 
As the wind power technology matured and 
awareness of renewable energy sources (RES) 
utilization grew, Europe overtook the leading 
role as the wind power market with the highest 
growth from the mid-nineties, fi gure 4. Denmark, 
Germany and Spain may be attributed as main 
drivers of high annual growth of wind power ca-
pacities during the period from 1990 until 2007. 

Denmark was one of the key countries for wind 
power technology development. The knowledge 
acquired during the eighties based on commer-
cially developed wind turbines up to 100 kW of 
rated power presented excellent basis for further 
research and development of megawatt wind 
turbines, which was implemented by strong col-
laboration between research institutions and 
interested companies with lasting support from 
the society. The main driver of the swift tech-
nology development was learning-by-doing, i.e. 
construction of demonstration and commercial 
wind farms.  As early as 1999, Denmark had 
1749 MW of total wind energy capacities with 
more than 6000 wind turbines erected, which 
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have presented 50% of capacities in 2010. On-
shore wind power capacities in Denmark from 
1739 MW in 1999 grew to 2600 MW in 2003 
and are in stagnation until present. In the same 
time, number of wind turbines has been reduced 
to 5000 in 2009. Future development of wind 
energy market in Denmark is oriented towards 
off-shore wind power utilization. Installed wind 
energy capacities in Denmark (3479 MW) can 
attribute roughly 20 % of national electric energy 

Figure 5. Countries with the largest cumulative wind power 
capacities (MW) [24]

Figure 6. Countries with the highest growth of installed wind power 
capacities (%) [24]

consumption. Market maturity and high share of 
wind energy in overall energy capacities present 
good basis for transfer of the best practices from 
Denmark in terms of operation and maintenance 
of wind turbines, as well as wind power integra-
tion in national power system. Despite relatively 
small overall installed capacities comparing to 
other wind energy markets, Denmark remained 
one of the key countries in terms of exporting 
of wind power technologies and had great sig-
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nifi cance and impact on development of other 
national markets. Germany and Spain also had 
high wind power growth during the period be-
tween 1997 and 2008. In the early nineties sev-
eral wind power companies emerged in Germany 
that had driven research and development efforts 
in order to commercialize wind power which later 
had impact on the global market. Wind energy 
in Germany in 1997 accounted for roughly 3000 
MW, and at the end of 2008 there were 23903 
MW of installed wind power with 21164 wind tur-

bines. In the same period in Spain was installed 
15906 MW for total capacity of 16740 MW. Early 
development of the wind power market in Spain 
during mid-nineties is due to wind turbine im-
port and technology transfer from Denmark. In 
the following years domestic companies over-
took larger part of the market until the present. 
At the end of 2010 Spain had a total capacity 
of 20676 MW and Germany 27215 MW which 
accounted for 55 % of European installed wind 
power capacities. It should be mentioned that 

Table 1. Market share of top ten wind turbine manufacturers for period 2005-2010 [5]

Wind turbine 
manufacturer

2005
(11471MW)

2006
(12042MW)

2007
(23590MW)

2008
(26180MW)

2009
(38863MW)

2010
(36864MW)

Vestas 27.9 27.4 23 17.8 12.5 14.8
Sinovel N/A N/A 3.4 4.5 9.2 11.1
GE Wind 17.7 15.3 16 16.7 12.4 9.6
Goldwind 1.2 2.9 4.2 3.6 7.2 9.5
Enercon 14.2 14.5 14 9.0 8.5 7.2
Suzlon 6.1 7.5 10.5 8.1 6.4 6.9
Dongfang N/A N/A N/A 3.4 6.5 6.7
Gamesa 12.9 15.5 15.4 10.8 6.7 6.6
Siemens 5.5 7.1 7.1 6.2 5.9 5.9
Nordex 2.6 3.3 3.4 3.4 N/A N/A
Other 11.9 6.5 3 16.5 24.7 21.7

annual electricity generation in Germany in 2009 
and 2010 was 38000 GWh and 36500 GWh re-
spectfully, while in Spain 42976 GWh has been 
produced by wind power capacities in 2010. 

After US government adopted tax incentives for 
wind energy in 2004, substantial capacities were 
to be built in USA in the following years. From 
initial 9147 MW of installed wind power in 2005, 
the capacities were enlarged to 34863 MW at 
the end of 2009 making USA country with the 
largest total wind power capacity in the world. 
In 2010 annual growth rate in USA was 15.25 
% which is the lowest growth rate since 2004, 
resulted in total wind power capacities of 40180 
MW at the end of 2010. Intensive wind power 
market growth was seen in China between 2005 
and 2010, with annual growth around 100%. 
Total installed wind power was increased from 
1260 MW in 2005 to 41800 MW at the end 
of 2010, which made China the world larg-
est wind energy market in 2010, fi gure 5. [24].

The markets in surrounding countries showed 
the signs of huge investments made in wind 
power for the last two years. Romania had to-
tal installed capacity of 591 MW in 2010, with 
added 577 MW in the previous year, fi gure 6.

During the 2010 in Bulgaria was installed 198 
MW of wind power for total capacity of 347.5 
MW. Hungary has added 94 MW during 2010, 
with total capacity of 295 MW at the end of 2010. 
It has been erected 43 MW of new capacities in 
Croatia, for the total capacity of 69.8 MW [24].

World market annual share of the leading wind 
turbine manufacturers has been shown for pe-
riod between 2005 and 2010 in table 1. It can be 
noticed that eight largest wind turbine manufac-
turers were involved in production of at least 80% 
of the world’s wind power capacities until 2009.

The individual manufacturers have chosen dif-
ferent ways to market success [02]. Vestas 
has been one of the world’s leading manu-
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facturers of wind turbines. Vestas technology 
is generally particularly lightweight. Their in-
novation in nacelle systems design has con-
tributed to this characteristic. Currently, Ves-
tas is working on the development of a 7MW 
wind turbine. Siemens (along with Vestas)  
is among a few companies increasingly success-
ful in the offshore wind energy market. Its 3.6 
MW SWT turbines of 107 m diameter  are now 
fi guring prominently in offshore projects. The 
advanced technology used in Gamesa G128-
4.5 MW wind turbine makes for a more reliable 
system. Technological developments applied to 
improve reliability include load-reducing mul-
tivariable control, powertrain without the high-

speed rotating components and modular electric 
power system which isolates the mechanical 
train from loads caused by voltage drops. Game-
sa ranks among the world leaders in the mar-
ket, having installed 20,834 MW until 2010 [11].

The Enercon E 40/500kW horizontal-axis turbine 
was the fi rst system with a direct-drive generator 
to establish itself in the market with great suc-
cess in a very short time. Today, Enercon has 
dominated supply of direct drive turbines [10]. 
Nordex is developing new control techniques and 
has a condition monitoring system, which moni-
tors component wear, also incorporating ice sen-
sors and an automatic fi re extinguishing system. 

Figure 7. Breakdown of the capital costs

Manufacturers from EU have been dominating 
the world market for years, although with the 
expansion of markets in China during the last 
several years their shares were in decline as 
several local Chinese companies has developed 
own well established positions at national level, 
table 1. This was a consequence of the strong 
support for wind power from government with 
high incentives for wind power manufacturing 
related activities.  Despite lower relative shares 
of well established wind turbine manufacturers 
such as Vestas, GE Wind, Enercon and Game-
sa during 2009 and 2010, all of these compa-
nies had rapid growth in the production due to 
the growth of the world’s wind power capacities 
(11471 MW were installed in 2005, while 36864 

MW were installed during 2010). The forecasts 
are made that until 2020 the global capacity will 
be close to one terawatt, and present capacities 
of the leading manufacturers will be in expan-
sion, as well as newly established manufacturing 
companies. One of the indicators of intensifi ed 
activities in the wind power manufacturing sec-
tor is the growth of the market share that was 
held by smaller and emerging wind power com-
panies. Almost one quarter of the world mar-
ket was held by such manufacturers in 2009 
which is more than double comparing to 2005.

WIND ENERGY COSTS

Mr Dragan Komarov etc. - Review of the current wind energy technologies and global market
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The cost of electricity produced by wind turbines 
consist of investment (capital) costs and cost 
due to operating and maintenance. The invest-
ment costs include initial costs of the project 
such as feasibility study cost, the cost of project 
management including acquiring all necessary 
permits, wind turbines procurement, civil works, 
electrical infrastructure, grid connection, installa-
tion and other costs (insurance cost, bank fees 
etc.). Breakdown of the capital costs according 
to [7] is shown in fi g. 7.Although there are varia-
tions in the capital cost structure introduced in 
the existing literature, there are certain trends 
that are widely confi rmed. Capital costs account 
for more than 80% of all costs for a wind farm 
during lifetime. The larger part of the capital cost 
is due to wind turbine procurement. According to 
several sources [03], [18] at least 70% of capital 
cost is due to wind turbine procurement exclud-
ing works (transportation is included in the price).

Other capital costs such as grid connection, civil 
works and installation costs are highly depen-
dent on location of the wind farm. Factors such 
as the local legislative framework for obtaining 
operating permits, grid connection availability 
and type (distributive or transmission grid), soil 
structure, availability and the cost of local labor 
and machinery infl uence on other capital costs. 

The capital costs vary from 1200 euros per kW 
of rated power to 1850 euros per kW for on-
shore wind farms. The unit price for off-shore 
wind power plants can be substantially higher. 

After the steady decay of wind turbine costs from 
1980s until 2000s, from 2005 the growth of in-
vestment costs has been observed. It should be 
pointed out that the capital costs in Europe (more 
specifi cally in European Union), USA and China 
and other markets in Asia are notably differ-
ent, as well as wind turbine procurement costs. 

 Operation and maintenance (O&M) 
costs are variable costs that are usually ex-
pressed in term of the fraction of the produced 
electricity price. They comprise of costs for 
regular maintenance, repair, spare parts, in-
surance, taxes, management, administra-
tion, land rental and grid integration costs. 

According to [07] O&M costs could have share of 
20-25% of total levelised costs per produced kWh 
over the lifetime of the turbine. Based on the ex-
perience in the leading European markets, O&M 
costs are generally estimated to be between 1.2 
and 1.5 c€/kWh of power produced over the total 
lifetime of wind farm (wind turbine). Usually,  wind 
turbines have warranty period for two to three 
years. In this period the maintenance cost can 
be as low as 0.3-0.4 c€/kWh. For older turbines it 
is reported that this cost can be between 0.6 and 
0.7 c€/kWh. It has been reported that average 
O&M costs could vary from 1.5 c€/kWh to 2.6 c€/
kWh [16]. It must be pointed out that this men-
tioned values are based on the data mainly con-
sisted of wind turbines that are no more than ten 
years in operation. This variable cost is augment-
ed during the operating lifetime. Some means of 

Figure 8. Wind energy costs per kWh of produced electricity
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reducing O&M costs through wind turbine condi-
tion monitoring system were described in [20].

On contrary to conventional fossil fuel-fi red pow-
er plants, where 40-60% of total costs are related 
to the fuel and O&M costs, wind energy is capital 
intensive with more than 70% of production costs, 
as mentioned, accounted to initial investment, 
i.e. capital costs. Therefore, the cost of capital 
(interest rate) is an important factor that infl u-
ences the overall cost of wind-generated power. 
The total cost per kWh produced is usually cal-
culated by discounting and levelising investment 
and O&M costs over the lifetime of the turbine. 
In order to obtain the price per kWh of produced 
electricity it is necessary to predict annual elec-
tricity production. One of the methods is to esti-
mate capacity factor of a wind turbine according 
to available wind resource which is considered 
to be representative over the wind turbine life-
time. Capacity factor is defi ned as the ratio of the 
calculated annual energy production and energy 
that would be produced if the wind turbine would 
operate at rated power over the whole year. 
System operators are faced with the challenges 
in order to maintain system stability, as wind en-
ergy share increase in overall energy portfolio of 
energy systems and emerging balancing costs. 
Although there are options for balancing of wind 
power plants output, which are highly variable 
but predictable to certain extent, practical so-
lutions are the fi eld of wide research in which 
must be included wind project owners, sys-
tem operators and other utility companies [22].
European wind energy association (EWEA) 
published [7] that calculated costs per kWh of 
wind-generated electricity range from 8 to 11 
c€/kWh at sites with low average wind speeds 
(with capacity factor lower than 18%) to ap-
proximately 5-7 c€/kWh at windy coastal sites 
with capacity factor between 30 and 33%. The 
average cost of electricity produced from wind 
energy is 7 c€/kWh according to EWEA, which 
should be related to capacity factor around 25%.
Wind energy costs per unit of electricity pro-
duced gradually decreased from mid-eighties 
until 2000s, fi g. 8. The average total cost has 
decreased from 9.5 c€/kWh to around 5 c€/kWh. 
Cost decrease can be attributed to gradually in-
crease in wind turbine capacity (from average 
50 kW machines at the beginning of 1980s to  
average 1500 kW wind turbines in 2000s), ac-
quired know-how and innovations in wind turbine 

design, gained experience by the wind turbine 
manufacturers, owners and grid operators and 
economy of scale. The trend of cost decrease 
lasted until early 2000s. Gradual cost increase 
that was observed after the 2005 in the world (or 
2002. in USA  according to [04]) led to approxi-
mately 20% costs rise. Some of the identifi ed 
reasons for higher costs are due to a continual 
high demand for new wind turbines, constraints 
in the supply chain in the delivery of turbine 
components, the price growth of raw materials 
and even higher profi t share of manufacturers. 
The gradual cost decrease trend is expected 
to continue in 2012, but with lower rate than 
the previous trend at the end of 20th century.

CONCLUSION

Wind power industry had high growth in the last 
decade. Steady growth during the next ten years is 
anticipated. Current installed capacities of nearly 
200 GW should grow to almost one terawatt until 
2020. Rapid technology development was initi-
ated by researches led by several institutions in 
Europe and USA, such as Risoe – Danish Tech-
nical University (Risoe DTU), Energy research 
Centre of Netherlands (ECN), Fraunhofer, Deut-
ches Windenergie Institut (DEWI) and National 
Renewable Energy Laboratory (NREL) during 
the eighties and nineties of the twentieth cen-
tury. With commercialization of the wind power 
technologies during early nineties, manufactur-
ers signifi cantly contributed to industry develop-
ment as the reduction of the price of produced 
energy was the main driver of research activi-
ties. Modern on-shore wind turbines became 
large structures with good reliability tailored to 
specifi c wind sites and operating conditions. 
Current research trends are oriented towards 
manufacturing of even larger wind turbines with 
more than 7 MW of rated power. This trend cor-
responds to exploitation of off-shore wind re-
sources, for which there are still many barriers 
that remain to be overcome in the future. Nev-
ertheless, there is a space for further improve-
ment of current mainstream on-shore technolo-
gies, such as rotor load alleviation using novel 
materials and load control methods, further im-
provements of reliability and availability,  mass 
reduction, integration in power systems etc. 
Dynamic global wind power market is mainly 
driven by utilization of the best available wind 
sites and government incentives both for man-
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ufacturing and installation of wind turbines and 
wind farms. EU remained the biggest wind 
power market during early 2000s (particularly 
markets in Germany and Spain). With adop-
tion of wind power incentives in China and 
steady development of national manufacturers 
and wind farms between 2005 and 2010, the 
new market expanded taking leading role in 
annual installed capacities in 2010. During the 
same period the wind power industry regained 
momentum in USA. With all mentioned above, 
installed capacities were more than doubled in 
four years: from 2007 until 2010 wind power ca-
pacities grew from 94104 MW to 196630 MW.
After the steady price reduction of electricity 
produced by wind power from 1980s until early 
2000s, the price has began to increase due to 
high demand for wind turbines and price growth 
of base materials. It is expected that the wind 
turbine price will gradually be reduced to the 
level from 2002 until 2013. Wind power tech-
nology improvements and better grid integra-
tion should attribute to the costs reduction. 
High wind turbine demand predictions, rap-
id technology and market growths are some 
of the indicators that should alert the public 
and private sector for broader involvement of 
available capacities in order to acquire nec-
essary skills for wind power utilization and 
manufacturing, including participation in sup-
ply chains of large wind turbine manufacturers.
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