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FOREWORD

It would be much cheaper for us all to invest sufficiently in preventing global warming than
suffer the risks of accelerating the growth of greenhouse emissions. Wind energy is one of
the most promising and most effectively growing substitutes to fossil fuels. It cannot solve the
problem alone, but it could certainly be a crucial part of the solution worldwide.

Several areas in Europe, especially Germany and Denmark, have been pioneers of wind power.
They have already been building wind power infrastructure for about 20 years at an accelerating
pace. Finland has actually been the last of the Nordic countries to take part in the wind power
revolution. Here wind power expansion started effectively from scratch less than five years

ago. Since then, national capacity has grown tenfold reaching about 300 MW last year.

Slowness prevented the Finns from taking leading positions in many segments of the wind power
industry, since our companies did not have a home market to push growth early enough before
the market matured. On the other hand, the positive side is that now we have much more
advanced equipment than that in Denmark or Germany — the newest windmills are several

times larger and more effective than those built in the last decade.

What really opened Finnish market expansion was the implementation of the feed-in tariff in
2011. Since then, the expansion has accelerated very quickly. This new phenomenon greatly
surprised most of the public administration responsible for processing the permits and land use
plans needed to build a wind farm and connect it to the national electricity grid. We have suffered
serious bottlenecks at several steps of the permit processes.

In 2013, I chaired a government working committee to simplify the permit process for wind
farms. We identified 15 potential solutions for different parts of the permit process and managed
to agree on solving seven of them. I hope that this attitude is developing so that the remaining
eight will also be effectively solved in the near future.

Successful wind farm investment also depends very much on investors. This handbook seems to be
a very useful tool to help people consider whether an investment will really break even, whether is
it should be permitted, what things should be done and the different steps of the process.

In Russia land use legislation and the structure of regional administration is very different. Howev-
et, physical challenges are mostly the same. I am sure the Finnish administration is ready to consult



the Russian one in developing effective processes and resolving bottlenecks in our way

of doing things as well. On the other hand, Russian investors are also most warmly welcome
to use the opportunity of investing in the emerging Finnish wind energy market.

Our 2,500 MW cap on capacity, which was granted to benefit from the 12-year feed-in tariff
might be fulfilled within the next 3-5 years, so you should start the project now!

To get started, we recommend contacting the joint forces of Business Team for Russia (BTR).
BTR is an umbrella coordinating the actions of three leading Finnish-Russian business structures:
the Finnish-Russian Chamber of Commerce (www.svkk.f1), the East Office of Finnish Industries
(www.eastoffice.fi) and the Confederation of Finnish Industries (www.ek.f1). We are always ready
to help Finns to get started in Russia and vice versa.

Kai Mykkinen
Confederation of Finnish Industries (EK)
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|  INTRODUCTION

The utilization of wind energy has been tempting for centuries. Wind energy is most often
and in most locations available and is renewable. The windmills of old times have been widely
used in local energy production for grinding corn and pumping water to storage tanks in distant
locations, in an isolated operation (islanding).

A big boom in wind energy utilization started in the 1990s when increasing energy prices, air
pollution and people’s awareness of limited fossil energy sources made people think of renewable
and sustainable energy resources. Many countries started to support the development of wind
energy utilization. For example, Denmark, Germany and the USA subsidized significant research
and development projects, and a lot of wind power was installed in these countries during the
first decade of this millennium. In recent times, contradictions have arisen due to the shut-down
of nuclear power plants and the inexpensive prices of natural gas, oil and shale oil. In the well-
known German “Energiewende”, conventional coal-based power plants have started up, while
North-German electricity transmission lines for the further harnessing of wind energy should be
improved. The Scandinavian electricity market is gradually converting to a European electricity
market.

Modern onshore and offshore wind turbines of wind farms convert the kinetic energy of wind to
electricity using high-class technology with remote monitoring and operation. These turbines are
able to produce energy with wind speeds from approximately 3 m/s up to 25 m/s, with a power
up to 8 MW in a grid operation. However, there are many different kinds of challenges in imple-
menting wind turbines for electricity production. In our society, uninterrupted electricity supply is
expected at all times. When there is no wind at all or a stormy weather, the production of electric-
ity must be ensured by some other means.

In the longer term, most expect that electricity prices will not fall. Most probably, future
electricity should be produced using different sources, and in many ways. This review package
provides readers with basic information on the utilization of wind energy.



2. WIND ENERGY RESOURCES

The radiation of the sun has a heating effect when it reaches the earth’s surface. However, the
earth’s surface is heated unevenly, resulting in high and low pressure zones. Thus wind is a result
of the natural balancing of the high and low pressure zones as seen in figure 2.1. An actual wind
speed and direction on the ground is determined by both the pressure gradient between the high
and low pressure zones and the Coriolis force caused by the earth’s rotation. (U.S Department of
Commerce, National Weather Service)

Figure 2.1. The effect of pressure zones on local windiness. (U.S Department of Commerce,
National Weather Service)



The kinetic energy of the wind can be converted into mechanical rotational energy in wind
turbines. The maximum power which can be harnessed from kinetic wind energy depends on
the type of the turbine, and this efficiency is expressed by the power coeflicient ¢,. An ideal wind
turbine can harness up to 59% of the kinetic energy of wind, and this limit is known as the Betz’s
limit. In real life, acrodynamical losses decrease the extracted power. With current wind turbine
technology, about 45% of kinetic wind energy can be converted into mechanical energy. The
mechanical energy is converted into electricity in a generator. Figure 2.2 presents the power coef-
ficient of different turbine types (Huhtinen, p. 280 - 286).
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Figure 2.2 Wind turbine type power factor curves in a function of the tip speed ratio. Adopted from (Huhtinen, p. 285)
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Figure 2.3 Power per unit area with power factor of 0.45.

Figure 2.3 illustrates the maximum available power of wind energy per unit area with a typical
power coefficient of 0.45. For example, with current wind turbine technology the calculated theo-
retical power output for a wind turbine with a diameter of 70 m at wind speeds of 10 m/s is about
1.1 MW.

2.1 Wind atlas

The Finnish Wind Atlas was ordered by the Ministry of Employment and Economy and was
produced by the Finnish Meteorological Institute. The Finnish Wind Atlas is based on the Europe-
an weather forecasting model AROME and the Danish Wind Application and Analysis Program
WAsP and is produced by analyzing the past 72 months. This model has also been verified with
wind speed data from anemometer towers. (Finnish Wind Atlas).

The purpose of the wind atlas is to accumulate wind speed and direction data for different alti-
tudes into a regional map. Wind atlas data is generally a combination of actual measured data and
data from weather prediction models. The data of the wind atlas may be used in feasibility studies
of future wind turbine and wind farm sites (Finnish Wind Atlas).



Figure 2.4 Average wind speed in the Kymenlaakso region (Finnish Wind Atlas).

Figure 2.4 is an example of January’s average wind speed in the Kymenlaakso region of Finland at
an alticude of 50 m. The darkest red region is about 10 m/s and lightest about 4.5 m/s.

2.2 Measurement of wind conditions

In feasibility studies, after pre-selecting possible sites from a wind atlas, more precise measure-
ments should be made to assess the economical possibilities and wind shear of the wind turbine
site. This measurement period should last at least one year but preferably up to three years. There
are several feasible measuring instruments such as:

¢ Cup anemometer towers (Figure 2.5)

e LIDARs (LIght Detection And Ranging) (Figure 2.6)

® SODARs (SOnic Detection And Ranging). (Figure 2.7)

Cup anemometer towers consist of cup anemometers at different altitudes. The cup anemom-
eter towers are reliable measurement arrangements, but are rather laborious in commissioning
compared to portable and small LIDARs and SODARs. Anemometer towers are considered to be
reliable measurement instruments, and LIDARs and SODARs are mostly calibrated according to
anemometer tOwers.



Figure 2.5 Cup anemometer tower (U.S. Department of
Energy, National Renewable Energy Laboratory)

LIDARSs are based on a doppler shift of emitted and received light signals. A lidar can measure
wind speeds and directions simultaneously at different alticudes. The most commonly used wave-
lengths are from 600 to 1550 nm. The lidars consist of a laser emitter, optics, photodetector and
receiver. Lidars are considered to be accurate instruments and perform especially well in determin-
ing wind gradients. (LIDAR and SODAR Measurements of Wind Speed and Direction in Upland
Terrain for Wind Energy Purposes)
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Figure 2.6 LIDAR principle (Alpha Wind Energy)
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SODARYg, like LIDARS, are based on the doppler shift of the emitted and received signals, while
SODAR uses sound signals instead of light signals. A sodar can measure both wind speeds and wind
directions at different altitudes simultaneously. Operation frequencies of the emitted signals range
from 1,000 Hz up to 4,000 Hz, and power levels are several hundred watts. The sodar consists of
an acoustic emitter (piezo element) and an acoustic receiver (microphone). (LIDAR and SODAR
Measurements of Wind Speed and Direction in Upland Terrain for Wind Energy Purposes)

Figure 2.7 Kyamk Sodar (Hakkinen)
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3  WIND TURBINE TECHNOLOGY

A wind turbine converts kinetic energy into rotational energy. This rotational energy is then
converted into electricity by using generators. In Finland, the power capacity of a typical wind
turbine is from 200 kW to 3 MW. The most common turbine size class is from 2 to 3 MW. There
are wind turbines in production which have a capacity of 3 to 5 MW, a tower height of 80 to 140
meters and a rotor diameter of 80 to 140 meters (Energiateollisuus. 2013).

3.1  Wind turbines and their constructions

Wind energy production varies daily depending on wind conditions. Higher wind speeds pro-
duce more energy until the rated power is achieved. After the rated wind speed has been reached,
the power remains approximately constant up to the cut-out speed of a wind turbine. The cut-in
speed of a wind turbine is usually about 2 - 4 m/s and the cut-out speed about 25 m/s. The cut-
out speed aims at preventing any damage caused by high wind speeds and storms.

There are five different types of wind turbines of which the three-bladed horizontal-axis propeller
turbine is the most common in commercial energy production. Other turbine types include the
three-bladed vertical-axis cup rotor, Savonius rotor, spiral rotor and Darrieus rotor. When speaking
of wind turbines, we are referring to three-bladed horizontal-axis wind turbines (HAWTs) in this
paper (Huhtinen. p. 281).

In commercial energy production, propeller-type turbines have replaced other turbine types be-
cause of their cost-efficiency. The propeller-type turbines are the most cost-effective wind turbines
because they have a high swept-area compared to material costs. Three-bladed wind turbines have
become more established than two- and one-bladed turbines because of their more stable rotation
(Huhtinen. 2012. p. 281).



A wind turbine consists of a hub, nacelle cover, drive train system, tower, foundation, and blades
(Figure 3.1). In the propeller turbine, the rotor and nacelle are located on the top of the tower which
makes maintenance more difficult but enables better utilization of wind energy because of higher
altidute. A yaw system takes care of the rotor and nacelle orientation against the wind (STY. 2003).

The rotor blades of a wind turbine are usually made of composite materials such as glass fiber,
carbon fiber or wood with epoxy resin or polyester. The output power of a wind turbine can be
adjusted either by stalling or by a pitch control. Stall controlled wind turbines are stopped using
a pinion gear break. On the other hand, wind turbines with pitch control are stopped by turning
the blades so that the leading edge of the blade is directly against the wind. When the turbine has
stopped, it is locked down using a mechanical break (Manwell 2009, 359 -364) (STY 2013).

Wind turbine towers can be made of steel or concrete cylinders, steel frames or hybrid solutions.
In Europe tubular steel structures are commonly used while in the USA steel frame towers are

Nacelle cover

Hub

Rotor

[ Main frame/yaw system ]

| .
(7]
2
5
Balance of electrical
system
NN
Foundation

Figure 3.1 Components of a wind turbine. Adopted from (Manwell
2009, P 4)
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widely used. With steel frame towers it is possible to achieve much higher hub heights. In Finland
there are plans to implement hybrid towers, in which the lower parts are concrete and upper parts
steel. These hybrid constructions usually contain 50% concrete and 50% steel (STY. 2003).

Wind turbines can be erected either onshore or offshore. A land foundation can be a ground slab
which can be piled or anchored in the bedrock if the on-site ground is soft. Sea foundations are
open caissons if the water depth is less than 15 meters, or piled foundations with significantly
smaller surface areas. Mutual distances between wind turbines are usually several hundred meters.
These distances are dependent on rotor diameters, a number of wind turbines and location pat-
terns. For example, 3 to 5 MW turbines should be spaced from 400 meters to 1,000 meters apart
(Ympiristoministerio. 2012, P. 10).

Wind turbines are classified related to wind condition classes according to the international stand-
ard IEC-61400-1. Wind measurement determinates’ average wind speed in the lowest and highest
location of rotor blades are determined by wind measurements described in chapter 2.2. The dif-
ference of the wind speed in the highest and lowest region of the rotor blade is called wind shear.
The wind shear should not exceed 20% (Vaasa Energy Institute. 2013).

There are several types of usable tower constructions but the most common construction is a tower
built from stacked steel cylinders. Modern wind turbines are usually around 100 meters high and
have a rotor diameter of around 120 meters. These specific wind turbines have a concrete base that
usually weighs around 1,000 tonnes and consists of reinforced concrete. The cylinders of the tower
can be as heavy as 80 tonnes per fragment. Usually these kinds of towers consist of 6 cylinder
parts. On top of the tower is a nacelle that weight from 80 to 120 tonnes (Piivinen, 2013. p. 13).

The wind turbine nacelle contains the parts utilized in converting the wind energy to electricity.
The components that are usually placed in the nacelle are presented in the figure 3.2.

Figure 3.2 Wind turbine parts (Marcelo Gustavo Molina, Juan
Manuel Gimenez Alvarez. Technical and Regulatory Exigencies
for Grid Connection of Wind Generation. 201 1)
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Electrical systems are extended in many activities of a wind turbine. Electrical systems can be
considered to include everything from control of the wind turbine to grid connection. This in-
cludes instrumentation, control systems, wiring, generators, transformers, as well as other electrical
systems.

3.2 Drivetrain concepts

The drivetrain is the key element in the conversion of wind power to electricity. Therefore the
drivetrain must be efficient, reliable and needs to have good serviceability. Drivetrain systems
consist of four major components which are an axle, a gearbox, a generator and a power converter.
Some sources have slightly different definitions of drivetrain systems. Some include whole genera-
tors in the drivetrain systems, while others include only the rotating parts of generators. In this
paper, generators as a whole excluding the power converter are included in the drivetrain concept.

Traditionally a drivetrain system consists of a 3-stage gearbox, a high speed induction generator
and a power converter. This assembly is often called the “Danish concept”. Modern wind turbines
use alternative assemblies due to the fact that this old-fashioned assembly has many flaws, includ-
ing a high gearbox failure ratio. New generator technologies, like PM generators, have made it
possible to utilize direct-driven assemblies. These assemblies have less moving parts thereby reduc-
ing the overall failure rate of wind turbines. Modern assemblies may also include a low-speed ratio
gearbox or multi generator solutions (Pyrhonen. 2013). The following figure 3.3 illustrates the
drivetrain of a wind turbine. The area inside the box formed by the red line is the drivetrain. This
is the general assembly but may vary depending on the generator type and other factors. These
other solutions are dealt with later on in this chapter 3.

Figure 3.3 Drivetrain of wind turbine.

The following drivetrain assemblies are common in wind turbines:
® two-speed or fixed speed asynchronous generators
® doubly-fed induction generator (DFIG)

® permanent magnet synchronous generator (PMSG)

18



Figures 3.4, 3.5 and 3.6 illustrate the basic structure of the assemblies for converting the wind
energy into the electricity in a simplified manner.

Figure 3.4. A traditional fixed-speed drivetrain concept with separate gearbox and generator

Permanent magnet systems have been coming into wind power production as they offer a simpli-
fied mechanical structure compared to the traditional solution. This is due the fact that a gearbox
is not needed. Figure 3.5 presents the concept of the variable speed PMSG assembly.

Figure 3.5. Gearboxless direct-drive drivetrain utilized in current high efficiency wind turbines

Figure 3.6 is a hybrid solution with a gearbox and generator integrated as one item. This concept
has the benefits of both a gear and permanent magnet generator. However, at a lower scale of
nominal power, efficiency suffers from gearbox losses.

Figure 3.6. Hybrid drivetrain



As stated previously in this chapter, drivetrain efficiency is affected significantly by the gearbox
and generator. It is clear that each type of drivetrain assemblies has its own benefits. There are also
financial points which must be taken account as they will affect the investment and feasibility of
the wind turbine. Figure 3.7 illustrates the efliciencies of different drivetrain solutions.
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Figure 3.7. Efficiencies of the different drivetrain systems in the function of rated wind speed (Pyrhénen, 2013)

Drivetrain solutions have evolved much since the 1980s. The first wind turbines mostly utilized
fixed speed generators and DFIG solutions. In the 21 century, new drivetrain solutions have
mostly superseded these traditional fixed speed solutions. One of the latest solutions is to utilize
permanent magnet generators with a power transformer. The main advantage of PMSG is the
increased drivetrain efficiency from low to high wind speeds. It is predicted that the new tech-
nologies will bring superconducting generators into wind power production by about 2020, thus
pushing drivetrain efficiency even further. The development of wind turbine drivetrain solutions is
presented in the following figure 3.8.
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Figure 3.8. Drivetrain alternatives in wind turbines. Adapted from (Pyrhdnen, 2013)

3.2.1 Gearboxes

The equation of the gear ratio is given in the equation 3.1. This equation describes the effect of
the gearbox that is used:

b
nl
Equation 3.1. Gear ratio
where
kk gearbox ratio -
n, rotation speed of the second gear rpm
n, rotation speed of the first gear rpm.

The gear ratio is an essential part of wind turbine design. In various wind turbine assemblies, the
rotational speed of the rotor is not enough to generate electricity and therefore the rotation speed
must be significantly raised with the gearbox. The equation 3.2 shows us that the mechanical
power extracted from the wind must be transferred on the generator. This equation does not ac-
count for mechanical losses (PYRHONEN. 2013):
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Equation 3.2 Mechanical power extracted from wind

where

P power %

T, torque on the first gear Nm

T, torque on the second gear Nm

\4 angular velocity of the first gear rad
s

w, angular velocity of the second gear rad

Generally wind turbine gearboxes have quite high efficiency of approximately 98%. In traditional
solutions the gearbox gear stages are typically planetary gears which consist of planetary and heli-
cal gears. It is possible to achieve a gear ratio of 1:6 by using one planetary stage. Usually in these
gearboxes, the gear ratio is approximately 1:100 or more if needed. In a gear system, planetary
stages are used at the low-speed end, and helical stages are used at the high-speed end. (Pyrhonen.
2013.p 7).

Gearboxes have mechanical losses which produce heat. The heat produced must be dissipated from
the gear system and thus gear boxes require oil cooling. The heat from the hot oil is dissipated in
the oil to air heat exchanger (Pyrhonen. 2013. p 7).

One example of a typical gearbox would be a wind turbine with a rotor rotating at a maximum
speed of 19.1 rpm and a generator requiring a rotation speed of 1,700 - 1,800 rpm. This generator
requires a gearbox with a gear ratio of 89 - 94 which equals about 3 gear stages at the minimum
(Pyrhénen. 2013. p. 9).

3.2.2 Generators

A generator is an electric machine which converts mechanical energy into electrical energy
through electromagnetic induction. The rotor extracts the energy of the wind by transforming it
into mechanical energy which is in this case the rotational energy. This rotation energy is trans-
ferred either directly or indirectly to the generator. In the older wind turbines, this is done through
a gearbox which converts the rotation speed of the axis into rotation speed suitable for the genera-
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tor. In modern wind turbines, the gearbox can be left out of the assembly using advanced power
electronics and generators such as a permanent magnet synchronous generator (PMSG).

Wind turbine generators are mainly induction generators with some exceptions. Direct current
generators are only utilized in small-scale wind turbines, and this report will not describe them
in detail. Wind turbines utilize both synchronous and asynchronous generators, and the type of
generator depends on the chosen assembly.

Electromagnetic induction is a natural phenomenon in which an alternating magnetic field gener-
ates an electric field. This phenomenon is described by Faraday’s Law. In generators, electromag-
netic induction is utilized to generate electricity from rotation energy (Korpela. 2012). The work-
ing principle of the generators is illustrated in Figure 3.9. This shows the generator as a simplified
structure for the sake of clarity. In reality, generator assemblies are much more complex with more
magnetic poles and armature loops.

Figure 3.9 Simplified structure of basic induction generator

Wind turbine generators can be divided into synchronous and induction generators. Some compa-
nies offer wind turbine generators within a power range of 100 kW to 7 MW, and even up to 20
MW. However, current wind turbine assemblies are designed to produce power from 3 MW to 5
MW. These ratings are achieved with tower heights of 100 to 140 meters and rotor diameters up
to 154 meters (ABB. 2013).
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The synchronous generators can be realized with various technologies but this report will focus
on permanent magnet systems. This is due the fact that these PM generators are becoming more
common and offer easy solutions for direct drive systems. The PMSG is feasible in medium- and
high-speed applications, and this generator type was specifically developed for these applications
(ABB. 2013).

Low-speed PMSGs offer high efficiency with maximum reliability. This is due to the fact that

the assembly is simple and robust. This also leads to low maintenance demand because there is

no gearbox and the rotor directly drives the generator providing a more compact and simplified
system. This makes installation and maintenance easy. In general, these PM systems have longer
lifetimes because they have less moving parts. Only direct-driven assemblies are discussed hereafter.
(ABB. 2013).

Medium-speed PMSGs come in various assemblies. It is possible to have fully integrated concepts
where the generator and gearbox form an integrated unit. It is also possible to have semi-integrated
concepts where the generator is integrated into the gearbox through a supporting flange. The third
method uses a modular construction where the generator and the gearbox are separate units (ABB.
2013).

Figure 3.10 presents the generator types. It does not include all the generator types that exist but
instead it focuses on the generators which are utilized in wind power production.

Figure 3.10 Generator types and main generator types in wind power
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3.3 Grid connection

Wind turbines cannot be directly connected to grids due to varying power outputs. Wind
turbines are like winds — always changing their output parameters and in an unpredictable way.
Different devices such as transformers, inverters, switches, etc. need to be used between grids and
wind turbines. Nowadays, the grid connection of a wind turbine is one of the biggest and most
challenging issues in this field of electricity production.

Different kinds of faults may happen in wind turbines. These faults have different kinds of
impacts. Some faults may be very serious and the wind turbines in question must be shut down
immediately. A number of sensor faults are possible. For example, pitch position sensors may have
electrical or mechanical faults, and in fault circumstances measured values are not reliable. Fatal
sensor faults can lead to unpredictable chains of controller operations, and even shut down a wind
turbine.

3.3.1 Devices used for grid connections

Wind turbines can be connected to grids using different voltage levels: low, medium, high and
extra high voltages. A turbine rotor, a generator and a gear box are the main components for
electricity production (Figure 3.11). The rotor converts wind energy into mechanical energy. The
generator converts the mechanical power of the rotor into electrical energy which is then fed into a
grid. The rotor speed is adjusted to the generator speed using the gearbox. The required frequency
for the output power is achieved by a DC link.

Figure 3.1 I. Connection of wind-turbine to the grid adopted from (Intechopen 201 3)

The main grid connection components of the wind turbines are a transformer, safety equip-
ment (circuit breaker) and electricity measurement and control devices (Figure 3.12). In order
to reduce losses in low-voltage lines, each wind turbine of a wind farm is provided with its own
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transformer which converts the voltage level of the turbine to the voltage line of the grid. Those
transformers are located in the direct vicinity of the wind turbines, and less cabling is needed.
Small wind turbines can be connected to user grids using one transformer. Large wind farms
need separate substations for the transformation of medium voltage levels to high voltage levels.
Between a wind turbine and the grid, at the point of common coupling (PCC), a circuit breaker
must be installed to provide disconnection in case of faults. A circuit breaker is usually installed in
a medium voltage system.

Distribution transformers are often used in the 5 - 50 kVA range. Transformers in substations have
power ranges between 1,000 kVA and 60,000 kVA. Transformers are provided with primary and
secondary winding coils (Manwell et.al. 2009, 217).

Figure 3.12. Connection of a wind turbine to a grid (Kawady et.al. 2007, 269).

Power from generators must be transferred to local transformers. There are circuit breakers and
fuses between the generator and the electrical grid. The circuit breakers are used for connection,
disconnection and protection purposes. The fuses are used only for protection aims. Circuit
breakers can be reset after fixing the fault. Fuses must be replaced.
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3.3.2 Grid protection

A protection system is one of the most important parts in the grid connections of wind turbine
generators to networks. Networks are usually protected using overcurrent protection schemes. The
connection of a wind turbine to a grid always influences existing protection schemes.

A short circuit level is the basis for the selection of circuit breakers, fuses, current transformers,
reclosers and overcurrent relays. When a wind turbine is connected to a grid, an equivalent
network resistance can decrease and this may lead to faults. High fault currents can exceed the
capacity of existing circuit breakers.

Induction generators make a limited contribution of fault currents to asymmetrical faults. Small
synchronous generators are not able to supply fault currents. Power semiconductor devices cannot
withstand significant overcurrent and therefore power electronic converters are designed to restrict
output currents internally.

Islanding is a situation where a part of the network is disconnected from the main grid, and this
part operates like an independent system with one or more generators. Islanding results when
there are variations of frequency and voltage. If an auto recloser opens during a fault situation, it
may make two independent systems with different frequencies. The reclosing of the auto recloser
while the two systems are out of phase could bring disastrous results. Islanding is recognized as
an unsafe situation as a result of which immediate disconnection of the generator from the grid
is needed.

3.3.3 Voltage control

The interconnection of wind turbines with grids makes changes in power flows and voltage
profiles in the power feeder, and also may result in overvoltage.

The selection of tap joint settings for transformers becomes difficult with an increased amount
of connected wind turbines. When the wind turbines are not equally distributed, it becomes
more difficult to set appropriate tap joints for transformers. Such a case is shown in Figure 3.13.
While there are two feeder bars supplied by the same transformer, the wind turbines are only
connected on one feeder bar. When the wind turbine is connected, the current through the
transformer is decreased because the wind turbine supplies the nearby loads. Thus the transfor-
mer tap joint should be changed to a light load setting. The resulting voltage can cause a voltage
disturbance at the end of the feeder without any wind turbines. When leaving the transformer
tap joint in heavy loads, it can cause overvoltage in the feeder bar with wind turbines.

The feeder bar voltage can be controlled using switched capacitors and static compensators but
these solutions are often too expensive.
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Figure 3.13. Impacts of tap joint settings (Rajapakse et. al. 2006, | 12)

Another connection effect of wind turbines is an unbalanced voltage profile. As illustrated in Fig-
ure 3.14, three-phase and single-phase loads and connections of wind turbines may be used. The
single-phase connection increases imbalance. These unbalanced distribution systems can cause
problems for the three-phase connected wind turbines. Unbalanced currents can cause overheating
and frequent shutdowns of wind turbines.

Figure 3.14. Single-phase and three-phase loads and connections of wind turbines (Rajapakse et.al. 2006, | |3)
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The interconnection of wind turbines with the grid causes different undesirable effects, such as
harmonics, voltage and frequency fluctuation, active and reactive power flow. To avoid disturbanc-
es and damage to the system, grid effects should be monitored and controlled.

3.3.4 Power output behavior

When connected in grids, wind turbines have an impact on real and reactive power and may
result in voltage and current transients or voltage and current harmonics. Constant-speed tur-
bines usually use induction generators. Induction generators produce real power for the grid and
consume reactive power from the grid. Real and reactive power variables are constantly changing
during the operation of wind turbines. Real low-frequency power fluctuations occur when the
average wind speed changes. Higher frequency fluctuations of real and reactive power occur due to
wind turbulence, the dynamic effects of drivetrain systems and blade vibrations.

Wind turbines with synchronous generators operate in a different manner to induction generators.
When connected to large electrical grids with a constant voltage, the excitation field of synchro-
nous generators can be used to change the line power factor and to control reactive power.

Variable-speed wind turbines usually have a power electronic converter between the generator and
the grid. This converter is able to control the power factor and voltage. Power electronic convert-
ers should supply reactive power to support the magnetic field of the generator. The converter
components can provide current to the grid at any power factor. This can be used to improve grid
operation. When generators are connected or disconnected, voltage fluctuations and transient cur-
rents may appear.

When an induction generator is connecting, a significant overcurrent appears. These high cur-
rents can be limited using soft-start circuits. When induction generators are disconnected from the
grid, voltage spikes can occur. Synchronous generators have no high starting current requirements.
Nevertheless, voltage transients can still occur.

Wind turbines must be able to operate continuously even if the voltage and frequency variations
in normal operation are in the feasible range but differ from nominal values. This ability depends
on the voltage level at the point of common coupling (PCC) of the wind generator and the grid.
The transmission-level voltages are 110 kV and above. The lower voltages, such as 35 kV and 10
kV, are used as sub-transmission voltages. Voltages of less than 35 kV are used for distribution.
Voltages above 220 kV are extra high voltages and special devices should be used.

The lowest voltage level in most countries must not to be lower than 90% of the nominal value.
In some countries, the voltage can drop to as low as 70% of the nominal value but only for 10
seconds.
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The frequency varies country by country. Most electric power is generated at frequencies of 50 or
60 Hz. All the generating equipment must operate at strict frequency. Usually the frequency vari-
ation range is from 49.5 Hz to 50.5 Hz. Deviations from the nominal frequency for even a short
time may lead to the loss of generation capacity. Further frequency deviation may lead to blackout.
In the full-load range, wind farms should supply their nominal power without any disturbances
(continuous operation area in the figure 3.15).
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Figure 3.15. Typical voltage and frequency dimensioning for wind generators adopted from (Molina and Alvarez
2013)

In the diagram of Figure 3.13, the following symbols are used:
e VL lower voltage limit
® VLF  lower voltage limit for full-load range
* VN nominal voltage
e VH upper voltage limit
e VHF  upper voltage limit for full-load range.

The harmonics are voltage components with frequencies being multiples of the nominal frequency
50 Hz, i.e., 100 Hz, 150 Hz, 200 Hz, etc. The interharmonics are components with frequen-

cies located between the harmonics of the nominal frequency. Voltage and current harmonics and
interharmonics are always present on the utility grid. They mainly come from the rectifiers and
inverters of electric drives, non-linear loads, power electronic loads, etc. There are many negative
effects of harmonics, such as:

e distortion of the supply voltage

® voltages drop in the distribution network
& p
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® the effect of harmonics that are multiples of three (in three-phase systems)
® resonance effects on the frequencies of the higher harmonics
® interferences in the telecommunications and control networks
® increased acoustic noise in the electromagnetic equipment
e vibration in the electric machine systems.
The long-term phenomena of harmonics include:
® heating and additional losses in transformers and electrical machines;
® heating capacitors;

® heating cable distribution network.

Different kinds of filters can be utilized to reduce the impact of harmonics.

3.3.5 Power quality and grid connection rules

Power quality can be expressed in terms of voltage, frequency and their variations. A perfect
voltage has a sinusoidal voltage waveform with a constant amplitude and frequency. A classifica-
tion of different phenomena affecting power quality is presented in Figure 3.16.

Power Quality

A

Voltage Frequency Interruptions

Voltage variations Flicker Harmonics Transients

Figure 3.16. Classification of different power quality phenomena.

According to international standards, the quality of the voltage should be met to allow a power
source to become connected to a grid. The voltage disturbances are divided into several catego-
ries: flickers, voltage variations, harmonics and transients distortions. Wind turbines affect power
quality, and wind turbines are affected by disturbances coming from the grid. Large power systems
usually have a stable frequency, and wind turbines do not normally cause interruptions in high-
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voltage grids. In autonomous grids with diesel engines or wind turbines, the frequency variation
should be taken into account.

The first grid code in the world, regulating the procedure of connecting wind farms to grids, was
performed in Germany in 2003. The main points of interest of this document are:

® operation of wind farms in the network during faults (short-circuit current)

® creating an intelligent system for separating different groups of wind turbines in wind
farms to separate loads (islanding)

® reconnection of wind turbines to wind farms with a minimum voltage or frequency
deviation.

® minimizing power losses of wind power plants.
g

At the moment in every European power system, there are some technical requirements for con-
necting wind farms to grids. These documents are generally classified by the voltages of networks.
The first group includes documents regulating wind farm connections below 100 kV, and the
second group networks above 100 kV. The basic requirements are:

®  maintaining the required frequency
®  maintaining the required voltage
®*  monitoring the power quality

®  protection and management of the wind farm.

In general, the output power of wind farms should be uniform and have only seasonal fluctuations
when the winds change. It is very difficult to avoid seasonal fluctuations of the output power. If
the output power of a wind farm reaches 15 - 20% of the installed capacity of the whole unified
power system, the wind farm power fluctuations can affect the dynamic stability of the power
system. While in some European countries, the share of wind energy exceeds 30% of the capac-
ity of national unified energy system, for example in Denmark, the maintaining of the required
frequency near its nominal value is really important. The basic requirement for wind farms related
to the frequency is 50 + 0.5 Hz for 97% of the time.

National power systems with high shares of wind farms need additional power production sources
of conventional power plants accordingly. These conventional power plants must be able to start
generating power soon after wind farm disconnections. In these cases hydroelectric power plants
are feasible.

Voltage fluctuations in unified energy systems are mostly caused by uneven production and
consumption of reactive power. The voltage at the nodes of the network depends on the balance
of reactive power. It should be noted that asynchronous generators and synchronous generators,
which are used in wind turbines, produce reactive power. They influence the voltage at the connec-
tion point of the network. The voltage at the output of wind turbines must be in the range + 10%
of its nominal value. The voltage level can be regulated by transformers equipped with On-Load

Tap-Changers (OLTCs).
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The power quality of electric energy includes the definition of the limits of flicker, harmonics and
voltage variation. The presence of flicker, harmonics and voltage variation is regulated by Euro-
pean standard EN 50160. The limit of voltage drop is also determined on the basis of standard
EN50160. According to a study of Russian and European technical documents, it can be con-
cluded that there are no uniform requirements for connecting wind farms to grids. This can be ex-
plained by the diversity of wind power development in different countries: the share of wind farms
in unified energy systems, types of wind turbines, etc. However, all technical documents have the
same requirements concerning:

® udilization of wind turbines under specified conditions
e regulation of the power and speed of the rotor

® control of active and reactive power in certain ranges.

3.4 Control systems of wind turbines

In wind turbines, the kinetic energy of wind P, is converted to electrical energy P, (Figure 3.17).
By using different kinds of control systems, an optimum power output can be produced in wind
turbines, in a safe, reliable and profitable way. Generally, the control strategies of wind turbines
aim at:

® maximizing energy production while keeping operations within the speed and load
constraints of the turbine components

® preventing extreme loads
® providing acceptable power quality in grid connection

® ensuring safe turbine operation (Manwell et. al. 2009, 370).

The main regulated parameters of wind turbines from the grid connection point of view include:
® the generated electrical power output P, to a grid
€

® the generated voltage U, and frequency f, to a grid.

Figure 3.17. From kinetic energy of wind to electrical power of a grid.
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Every wind turbine has a specific power curve of its own. In the power curve, the power output is
presented in relation to the wind speed. An ideal power curve is presented in Figure 3.18. Range

I consists of low wind speeds, and the turbine is below the rated turbine power. The turbine runs

at maximum efficiency to extract all power. Range II is a transition range mainly concerned with

keeping the rotor torque and noise low. Range III has high wind speeds, and the turbine works at
a rated turbine power.

Figure 3.18. Power output of a wind turbine in relation to wind speed. Adapted from (National Instruments 201 3)

Principally a wind turbine can be operated in two basic operation schemes:

* In an isolated operation (islanding) a wind turbine is not connected to a grid, but the
turbine feeds connected consumers directly. Synchronous generators are often used for
this kind of stand-alone operation.

* Ina grid operation, a wind turbine is connected to a consumer grid. When the wind
turbine is connected to a rigid combined grid, it is assumed that the output power of the
turbine can be directly transferred to the grid.

The following drive-train systems are used in wind turbines:
* fixed speed asynchronous generator (ASG)
* 2-speed asynchronous generator (ASG)

* wound rotor induction (asynchronous) generator (WRIG)
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* doubly-fed induction generator (DFIG)
* clectrically excited synchronous generator (EESM)

* permanent magnet synchronous generator (PMSG).

Fixed-speed generators are earlier constructions of the 1980s while permanent magnet generator
systems are the latest generations of the 2010s. In all new MW-class installations, the speeds of
generators are controlled and different kinds of control technologies are utilized. The optimal op-
eration point of a wind turbine should be achieved with different wind speeds. Control realizations
vary due to the different drive train systems of wind turbines (Pyrhénen 2013).

3.4.1 Operation states of wind turbines

Most of the time, a wind turbine operates in some of its long-term, stationary operation states.
There are four main stationary operation states of wind turbines (Figure 3.19):

* In the state standstill a wind turbine is not working.

* In the ready for operation, we have a readiness of the turbine, and wind speed and
direction are measured.

* In the state power production, a wind turbine produces electricity into the network.

* A wind turbine may have a state called freewheeling when a rotor is rotating but not
producing electricity in low winds, under cut-in speeds.

In starting or stopping, a wind turbine transits from one short-term operation state, a transitional
state, to another operation state. There are six transitional operation states (Figure 3.19) in wind
turbines:

* In the state system check, monitored components influencing variables and command
variables are checked.

* In the start-up, rotor brakes are released, yaw and pitch control loops start working but
there is no load yet.

* In the state grid connection, a wind turbine is connected to a grid. Generator control
loops start working,.

* In grid disconnection, generator control loops stop working and a wind turbine is dis
connected from a network.

* In the state shut-down, the power output of a wind turbine is reduced and the turbine
decelerated.

* In the state emergency shutdown, a rotor brake system is activated immediately (Heier

2006, pp. 353 — 363) (Manwell et. al. 2009, p. 360).

35



Transitional states Stationary states

System check ¢ Standstill P
Start-up — Ready for operation €

Y

Power production

Grid connection !
Part load operation

Full load operation

Grid disconnection Freewheeling

Ve —

Shutdown

Emergency
shutdown

Figure 3.19. Stationary and transitional operation states of wind turbines (Manwell et.al. 2009, 376)

3.4.2

Measurement technology

In wind turbines themselves, several operational and maintenance variables and parameters must
be measured:

speeds, such as generator, wind, yaw rate, direction of rotation speeds
positions, such as blade pitch, blade, yaw, wind direction positions

electrical variables and parameters, such as grid power, current, power factor, voltage,
grid frequency, ground faults, frequency converter operation

temperatures, such as gearbox oil, hydraulic oil, gearbox bearing, generator bearing,
generator winding, electronics temperatures

fluid characteristics, such as hydraulic and pneumatic pressures, hydraulic oil levels,
hydraulic oil flows

operation and maintenance parameters, such as tower top acceleration, tower strain,
shaft torque, gearbox vibration, blade root bending moment

environmental conditions, such as turbine and sensor icing, humidity, lightning

(Manwell et. al. 2009, p. 366).
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The power output control of wind turbines is based on wind speed, wind direction, pitch angle,
yaw position, rotor and generator speed measurements. Measurement devices of wind speed and
direction are often called anemometers or wind gauges (Figure 3.20). The left hand side turning
sensor, wind vane, is responsible for the measurement of wind direction, while the right-hand
rotating sensor stands for wind speed.

Figure 3.20. Measurement sensors of wind direction and wind speed in a nacelle.

3.4.3 Control concepts of wind turbines

In the design requirements of wind turbines, it is stated that the control systems of wind tur-
bines must cover the management of the following parameters:

® power
® rotor speed
® connection of the electric load
e start-up and shutdown procedures
® cable twist
¢ alignment to the wind.
Accordingly, protection systems must be activated in cases of:
® overspeed
® generator overload or fault

® excessive vibration

abnormal cable twist due to nacelle rotation of yaw control (IEC 61400-1 2005, p. 46)
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In commercial wind turbines, the most effective methods to regulate the power output of wind
turbines are the regulation of the blade pitch and the speed of the rotor. The speed of the genera-
tor is dependent on the gearbox and the speed of the rotor. Principally, there are four basic control
concepts, and the power curves using different control modes differ from each other (Figure 3.21):

* By using a Fixed-Speed Fixed-Pitch (FS-FP) control concept, there is rather low energy
capture. The rated power can only be achieved by a very limited wind speed range of the
power curve. In this concept, the turbine’s generator is directly connected to a grid, and
the generator speed is locked.

¢ A Fixed-Speed Variable-Pitch (FS-VP) control concept has optimal power efficiency
below rated wind speeds and the turbine operates at a fixed pitch angle. Above rated wind
speeds, the turbine continuously adjusts the pitch angle.

® A Variable-Speed Fixed-Pitch (VS-FP) control concept continuously adjusts the rotor
speed relative to the wind speed by regulating the speed of the generator. This control
mode assumes that the generator and drivetrain are free to rotate independently from the
grid frequency. The rated power can only be achieved by a very limited wind speed range
of the power curve.

® By applying a Variable-Speed Variable-Pitch (VS-VP) control concept below rated wind
speeds, the maximum power output can be achieved. This maximum power output also
remains at greater wind speeds. The power curve is optimal in all wind speed ranges (Na
tional Instruments 2013)

Figure 3.21. Power curves using four basic control concepts adopted from (National Instruments 2013).
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The control concepts related to wind speeds can also be concluded in the following way:

® At low wind speeds, we aim at a constant tip-speed ratio: The generator torque is control
led and is adjusted according to the generator speed. The pitch angle is not controlled.

® Close to nominal speeds, we aim at a constant rotation speed: The generator torque is
adjusted by a speed controller for smooth power.

® Above nominal wind speeds, we aim at a constant power output and speed: the genera
tor torque and the rotation speed are kept constant. The turbine torque is controlled by
the pitch (Manwell et. al. 2009, 371) (Pyrhonen, 2013) (Manwell et. al. 2009, 370 - 374)

3.4.4 Yaw control

Winds should face the blades of a wind turbine in an upright direction. All HAWT’s should be
provided with an alignment system, a yaw system, for turning a rotor axis (a nacelle) when the
wind direction changes. The rotor with blades runs either upwind or downwind, while wind tur-
bines running upwind are very common. The yaw control system ensures that the rotor is oriented
optimally at all times (Figure 3.22).

Figure 3.22 Power output control using an alignment to the wind, a yaw control.
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The yaw system is provided with four electric drives which are driven all the time according to
wind direction measurements (Figure 3.23). This positioning of the nacelle is controlled by a pro-
grammable logic controller (PLC) of the wind turbine.

Figure 3.23. Electric drives of a yaw control system controlled by a PLC (Siemens 201 3).

3.4.5 Pitch control

Principally, the angles of blades, the pitch, in a wind turbine can be passively stall-regulated, or
actively pitch-regulated (Figure 3.24):

® In a stall-regulated scheme, when the wind speed approaches the value at which the
generator reaches its nominal power, further torque development of the rotor must be
inhibited. Thus the blades should stall to avoid damage. This stall-control scheme is
mostly used in smaller wind turbines up to 1.5 MW.

® In a pitch-regulated scheme, the angles of blades are turned optimally related to the
wind speed and direction using hydraulic or electromechanical actuators. Smaller pitch
angles of blades are related to smaller power outputs, while bigger pitch angles lead to
higher power outputs. In most modern wind turbines, the blades may be controlled
separately. The pitch-regulated scheme has the optimal power curve (Figure 3.21).

Stall-regulated wind turbines passively regulate the power output, while pitch-controlled wind
turbines try to keep the angle of wind attack and the blade as optimal as possible, all the time. This
control scheme is used together with the generator speed control (Figure 3.25).

Power variations, and related grid reactions in low-power or heavily loaded grids, can be reduced
using a remote monitoring system (SCADA) and the control system of a wind turbine. The scope
of the VS-VP control concept is presented in Figure 3.25. This kind of arrangement is very com-
mon in medium-sized and high-output units. With this arrangement there is an impact on the
wind turbine power output and the torque at the drivetrain, either by adjusting the blade pitch
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Figure 3.24 Power output control using the pitch control of a wind turbine.

or by influencing the generator torque and thus the turbine speed n. These systems thus have two
independent intervention systems. This reduces operational demands on the pitch adjustment on
one hand, and on the turbine, drivetrain and generator on the other.

Figure 3.25. Control scope of a variable-speed variable-pitch (VS-VP) wind turbine applied from (Manwell et. al,,
2009, p. 308).
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3.4.6 Control system hardware

Principally there are three different control system categories in wind energy production (Figure

3.26):

* [ Dynamic component controllers of different machines are often supplier-specific
arrangements. These controllers take care of basic-level electromechanical or hydraulic
component control. Their low-level arrangements may be related to pitch, yaw, generator
and brake systems, for example.

e I Wind turbine control systems are responsible for operation states and the main control
tasks in them, such as pitch, yaw, brake and grid connection control. Commercial pro-
grammable logic controllers (PLCs) are often used.

e  [II Wind farm control systems optimize the whole energy production of a wind farm. These
wind farm control systems consist of commercial computer networks, and in this role are

often called Supervisory Control And Data Acqusition (SCADA) systems.

<| Wind farm control system SCADA I>III
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Figure 3.26 Roles of dynamic component controllers, wind turbine control systems and wind farm control systems
in wind power production in general.
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4 MAINTENANCE OF WIND TURBINES

Wind turbine maintenance aims at maximizing the length, reliability and productivity of the life
cycles of wind turbines and farms. Maintenance activities also ensure steady and safe production
conditions. In this chapter, the broad concept of maintenance is primarily limited to maintenance
of devices.

Figure 4.1. Two Siemens service engineers working in the nacelle of a wind turbine at Sweden's Lillgrund offshore
wind farm (Siemens Press Pictures 2008)
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The typical maintenance costs of a wind turbine comprise approximately 20 — 25% of its total
costs. Properly planned maintenance decreases the total costs of wind farms and turbines and
improves productivity. The development of wind turbine maintenance during the last decade has
steadily decreased the costs related to a produced unit of energy (International Renewable Energy
Agency 2012, 25).

4.1 Basic concepts of maintenance

The concept of maintenance has changed in the last few decades. Originally, it just meant repair-
ing damaged parts. Nowadays, it is seen as asset management. The precise definitions of mainte-
nance can be found in European-Finnish standard SFS-EN13306. The term ‘availability’ is also
defined in Finnish standard PSK6201 (Figure 4.2).

Availability
Y
L L i |
Supportability Maintainability Reliability
Tm—— e TR
Serviceability Reparability
~— Detectability of —
failure
S

Figure 4.2. Basic terms of maintenance (Kunnossapitoyhdistys 201 |, 36-37)

Availability defines the time in which equipment is in full operational capacity, carrying out the
function which it has been set to do. In case of wind turbines, this availability means the time
when it produces or is ready to produce electricity. Availability can be rated by calculating uptime
per total time.

uptime uptime

availability = — = - -
total time uptime + downtime
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Uptime includes production time, except for the time when the wind turbine does not produce
electricity, if this is caused by poor wind conditions. Downtime includes only the interruption
time of production caused by failures (Lanthier 2011).

Reliability means the probability of a device being capable of performing its set task. In case of
wind turbines, this means the probability of being able to produce electricity. Reliability is gener-
ally measured using two different indicators — mean time between failure and failure rate. Mean
time between failure (MTBF) means the total time in service in relation to the number of failures.
Failure rate indicates the number of failures per total time in service (Lanthier 2011).

Maintainability characterizes an item’s capacity to be kept in operational condition or to be
retrieved to operating readiness when maintenance is carried out in specified conditions and time,
using required methods and resources. In case of wind turbines, the weather conditions should be
good, the down time as short as possible and the spare parts approved by the manufacturer. The
factors affecting maintainability are the detectability of failures, serviceability and reparability.

Detectability of failures essentially pertains to condition monitoring. In case of wind turbines, it
indicates remote monitoring of production and control systems. If the operation of a turbine dif-
fers from usual conditions, the reasons for the abnormal phenomena should be investigated.

Serviceability includes the availability of the spare parts and the accessibility on-site. Both of these
could be very challenging in case of wind turbines, especially in wintertime or in offshore power
plants.

The most important factors affecting to reparability of wind turbines are the availability and valid-
ity of documentation concerning devices, the maintenance manuals of manufacturers and the
availability of required special tools. Accessibility, already mentioned above, also adds challenges
to reparability. Occupational safety plays an important role in the reparability of wind turbines,
because maintenance operations include lifting and working in high places. Lifting often requires
special cranes and tools, as well as suitable weather conditions. Furthermore, it is essential, after

Figure 4.3. Demanding lifting operations with special equipment (Siemens Press Picture 2009)

47



maintenance operations, to test the arrangements together with the operation personnel (Kunnos-

sapitoyhdistys 2011, 37).

Supportability describes the ability of a maintenance organization to perform the required main-
tenance tasks in a safe and efficient way and in a short time. Supportability does not measure the
actual duration of maintenance operations but rather everything else needed to perform it.

The maintenance organizations at wind farms differ significantly from the organizations behind
conventional high-power power plants. The maintenance organization of a wind farm usually has
a limited number of staff with extensive expertise. Therefore, it is usual to outsource maintenance
operations. Maintenance organizations must be able to maintain and organize computerized main-
tenance management systems. With correctly maintained maintenance management systems, it is
easier to develop best practices, update documentation and working instructions. These mainte-
nance teams need qualified professionals to manage the specific circumstances of wind turbines.
Working as high as 100 meters requires stability and the calm nerves of maintenance specialists
(Figure 4.4) (Kunnossapitoyhdistys 2011, 38-39).

Figure 4.4 Well-planned maintenance operations required on land and at sea (Siemens Press Pictures 201 3)
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4.2 Operation and maintenance costs

In modern wind power systems, the fixed and variable costs of operation and maintenance
(O&M) make up 20% to 25% of the total cost of energy. The actual costs of O&M are seldom
available from commissioned projects and historical data might be outdated, due to the dramatic
development of wind turbine technology. It has been found that the averages of annual O&M
costs have significantly decreased since 1980. In the United States, the total costs of O&M,
including fixed and variable costs, have declined from around $33/MWh in the 1980s to around
$10/MWh in the 2000s. In Europe, O&M tends to have a slightly higher cost structure than in
the USA. Perhaps lower costs in the USA come from larger-scale markets and longer experience of
wind power systems.

Operation and maintenance costs are not evenly distributed over time. As the wind power systems
age, the probability of failures increases and these failures tend to occur outside the manufacturer’s
warranty period. O&M costs also tend to differ a lot between projects.

O&M costs for offshore wind farms are significantly higher than for onshore wind farms due to
the higher costs involved in accessing and conducting maintenance on the wind turbines. The
higher expected failure rate for some components, caused by the harsh marine environment also
increases maintenance costs. Overall, the operations and maintenance cost range for offshore wind
farms is expected to be between $27/MWh and $54/MWh. In future, O&M costs will remain

a key challenge when speaking about the economics of offshore wind utilization (International
Renewable Energy Agency 2012, 25).

4.3 Maintenance items of wind turbines

A maintenance item is any part, component, device, subsystem, functional unit, equipment or
system which can be viewed separately. It may consist of physical parts, software or both. Some-
times it also includes personnel. In this study, the maintenance items of wind power are divided
into mechanical and electrical categories (Kunnossapitoyhdistys 2011, 34).

In the maintenance of wind turbines, it has been observed that the main contributors to failure
rates are the electrical, hydraulic and control systems and the sensors (Figure 4.5). On the other
hand, the large mechanical components are responsible for the longest downtime per failure. Also,
due to the location of Finland, the acquisition of spare parts may generate additional downtime
(Besnard 2009, 37).

According to Anders Stenberg’s Master’s thesis written for the VI'T (Technical Research Centre of
Finland), the longest downtime comes from the gears of the wind turbines. The reason for this is
the challenging maintenance operations. The gearbox cannot be maintained up in the nacelle but
must be brought down. In Finland this kind of lifting work is problematic, due to lack of sufh-
ciently effective cranes (Stenberg 2010, 42).
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Figure 4.5. Complicated maintenance work, high in the nacelle. (Siemens Press Pictures 2010)

4.3.1 Electrical systems

In terms of numbers, the most failures come from electrical systems. Nevertheless, these failures
are minor, such as blown fuses and wires or manufacturing defects of components. The repair of
faulty components is usually very quick, because the components are cheap and small. Because of
this, storage and transportation of the components are also easy and inexpensive (Stenberg 2010,

44).

4.3.2 Hydraulic systems

Hydraulic systems cause failures relatively often. The most common faulty components are hy-
draulic pumps and tubes. Maintenance of these components is needed in almost every failure case.
At the end of the hydraulic system’s life cycle, a number of failures increase significantly. Many
failures occur concerning pitch control and brake systems (Stenberg 2010, 46).

The major problems in pitch control systems are caused by hydraulic control systems, but the
bearings of motors and measurement instruments also cause downtime. Even minor problems
must be considered and maintained rapidly, because the pitch control system is a critical compo-
nent for the safe operation of a wind turbine (Stenberg 2010, 44).
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4.3.3 Blades

The blades of a wind turbine are often sold as maintenance-free, even though they need main-
tenance and especially inspection just like any other device. Due to northern conditions, regular
inspections are extremely important for the long-term operation of the blades.

Water and moisture inside the structure of the blades must be removed before winter. The mois-
ture that remains inside the structures expands and causes small cracks. Damage caused by crack-
ing starts to spread leading to breakdown of the blades. The simplest way to prevent water from
remaining is to keep the drain holes in the tips of the blades open, so that centrifugal forces push
the moisture away while the blades are rotating.

Even though the blades are protected from lightning, they must be inspected after every lightning
strike. Small errors in the placement of lightning conductors during the construction phase may
lead to a case when lightning takes a shortcut through a bend of the conductor. Thus the conduc-
tor melts and causes a huge failure in the structure of the blade. Internal structural failures may
not be visible outside. Visible damages caused by lightning strikes may be very small, but the inner
structures may be damaged significantly. The energy released in the lightning strike vaporizes the

humidity inside the blade. If the drain hole is shut, vaporized water may completely destroy the tip
of the blade.

When wind turbines rotate, water drops and pollutants from the air cause mechanical wear on the
coating of the blades. If wind turbines are located close to heavily polluting industrial sites, air pol-
lutants may corrode the coating and weaken the structure of the blades during a very short period
(Karkkolainen 2013).

4.3.4 Control systems

The failures of control systems and measurement sensors are usually quickly fixed, because
maintenance actions normally consist of replacing components. With older wind turbines, waiting
for suitable components may lead to long downtimes. In the beginning of the life cycle of control
systems, maintenance operations usually include fast replacement of electronic circuits. Later in
the life cycle, failures are usually caused by breakdowns of the process computers which leads to
significantly longer downtimes (Stenberg 2010, 48).

4.4  Failures

Failures can be classified into disturbances and damage. The consequences of disturbances and
damage cause production losses and an immediate need for repair. In disturbance situations, pro-
duction capacity is principally restored by cleaning, adjusting or resetting components. Nonethe-
less, damage always requires corrective maintenance (Kunnossapitoyhdistys 2011, 34).
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An example of disturbances could be the excessively high temperature of an electrical motor caused
by the clogged air filter of a fan in the nacelle. In this case, failure is easily repaired by cleaning or
installing a new filter. Damage could be caused, for example, by strong stray currents, heading to
earth from a generator through a bearing. This can cause significant damage to bearings. Damaged
bearings may cause vibrations or excessive heat, damaging the entire generator. This type of a dam-
age usually requires taking the generator down from the nacelle.

VTT Technical Research Centre of Finland has been gathering the failure statistics of wind tur-
bines located in Finland since 1996. Anders Stenberg analyzed these failure statistics 1996 - 2008
in his Master’s thesis. Stenberg’s study consists of data gathered from 72 different wind turbines.
In the following tables, Stenberg’s statistics are organized according to the percentage of downtime
per component caused by failures and the percentage of failures per different components. Ac-
cording to Stenberg, it is not the quantity but the quality of failures that causes long downtimes in
production.

Table 4.1 Percentages of downtime in wind turbine components

Downtime per component

Gearbox 18 %
Hydraulic system 15%
Brake system 10%
Generator 9%
Sensors 7%
Rotor, including axel and blades 7%
Electrical system 6%
Pitch control system 4%
Yaw system 4%
Control system 1%
Structure 4%
Grid connection 4%
Heating 3%
Unknown 3%
Other 1%
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Table 4.2 Percentages of failures in wind turbine components

Component ___________[Failures per component

Hydraulic system 21%
Electrical system 11%
Sensors 11%
Generator 8%
Pitch control system 8%
Gearbox 7%
Control system 7%
Brake system 5%
Yaw system 5%
Grid connection 5%
Heating 4%
Rotor, including axel and blades 3%
Other 3%
Unknown 2%
Structure 1%

Northern conditions pose several challenges for the design and maintenance of wind turbines. The
main problems are caused by cold weather. Icing, snow and changes in material properties may
also cause serious problems. One of the biggest problems in northern conditions is icing. Blades
can accumulate two kinds of ice. Transparent glaze forms sheets of ice over large surfaces. Rime ice
degrades turbine performance by disturbing sensors, for example. It may also cause rotor imbal-
ance and malfunctions of aerodynamic brakes. Icing is also a danger for maintenance personnel.

Icing problems could be reduced with special blade coatings, heating systems and electrical or
pneumatic devices used to remove accumulated ice. Blade heating may be based on a heating
element installed on the surface of the blade. The conduction of electricity warms up the element
and melts the ice on the surface. Unfortunately, the heating elements have modest durability. Air
pollutants and moisture erode the coating of the heating elements very quickly. Hot air blown into
blades keeps the blade warm thus preventing the accumulation of ice on the surface. The air blown
from a nacelle effectively removes the moisture accumulated in the structure which improves the
durability of the blade in northern conditions.

Cold weather may cause changes in material properties. Frost reduces the flexibility of rubber seals
which could cause leaks. Frost also reduces clearances and fracture strengths. Problems may occur
also with lubricating, because cold weather increases the viscosity of lubricating oils. Changes in
material properties may cause problems in every part of a wind turbine. Material problems can be
reduced with heaters, special materials and de-rated strengths because of the brittleness (Manwell
et. al. 2010, 418 - 419) (Finnish Wind Atlas s.a.).
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Table 4.3

Things to pay attention to in wind turbine maintenance in

northern climates
e Possible limitations of low temperature operation by the
manufacturer

Possible limitations of operation during icing
Maintenance scheduling for harsh conditions
Wintertime site access limitations

Possible need for additional monitoring systems, such as
web cams

(International Energy Agency IEA Wind 2011, 31)

In addition, in Nordic countries located near the Arctic Circle the length of the day during winter-
time complicates maintenance operations. The operating time in daylight can be just a few hours.
On the other hand, during the summer working days may be long.

4.5 Preventive maintenance and condition monitoring

Maintenance of wind turbines is based on preventive maintenance. Preventive maintenance aims
at shorter downtimes on the basis of detecting starting failures (Kunnossapitoyhdistys 2011, 72).

Preventive maintenance can be divided into performance monitoring, scheduled maintenance and
condition monitoring. Monitoring and maintenance are carried out by professional operation and
maintenance teams. Inspections and maintenance tasks are documented.

Performance monitoring is continuously performed by monitoring and maintaining. Scheduled
maintenance is planned in advance as a definite part of operations. In condition monitoring, the
statuses of items are monitored based on measurements. The operations in condition monitoring
are more extensive than in performance monitoring and more continuous and longer-term than in
scheduled maintenance (Kunnossapitoyhdistys 2011, 50).

Table 4.4 Condition monitoring items of wind turbines (Verbrugge 2003, 11)

Monitoring techniques m

Vibration analysis X
Oil analysis X
Thermography

Acoustic measurements

Visual inspection

Performance monitoring X
Self-diagnostic sensor

X X X X X
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Condition monitoring is based on remote and on site measurements (Table 4.4). Bearings, gear-
boxes and electric motors can be monitored using vibration analyses. Varying operating conditions
set challenges for these analyses. For example, varying wind speeds cause varying loads on con-
structions. This affects the total vibration of the tower and nacelle. Due to fluctuations in the loads
caused by winds, it is challenging to set alarm limits and analyze vibration statistics. In addition,
the analysis of vibration statistics requires a lot of expertise (Tranter 2013).

Performance monitoring of wind turbines is largely based on monitoring relationships between the
variables power, wind velocity, rotor speed and blade angle. Large deviations from predetermined
values set off alarms (Verbruggen 2003, 13).

The control systems and diagnostics of wind turbines have become more and more sophisticated.
Nevertheless, the level detection and comparison of signals are still an important part of condition
monitoring. According to T.W. Verbruggen’s study “Wind Turbine Operation & Maintenance
based on Condition Monitoring WT-(2’, modern condition monitoring is based on the use of
parameter estimation rather than trend analyses.

Oil analyses are used for monitoring lubricating ability and detecting the particulates of gear oil
used in wind turbines. The functionality monitoring of gear oils contributes to the efficient opera-
tion of gearboxes and prevent failures. Particle filtration, used with an oil analysis, can significantly
improve the life cycle of lubrication oils (Laine 2013).

Thermography which is widely used in condition monitoring in industry, is also a good tool
for wind turbines. Thermography can be used to examine bearings causing vibrating alarms in
more details. Maintenance actions or corrections of alarm limits may be needed. Based on ther-
mographical inspections, the ventilation of the nacelle can be increased and thus the life cycle of
electrical systems increased. In northern conditions, seasonal changes in temperature complicate
the analyses of thermography.

Acoustic measurements are performed during installations and in the first start-up of a wind
turbine. These measurements reveal noise in the neighboring locations of wind turbines.

Machine current analyses (MCSA) can be carried out to monitor electrical machines and are
used for detecting unusual electrical phenomena. In the maintenance monitoring of wind tur-
bines, it is possible to use discharge measurements and velocity measurements for switches, for
example.

Visual inspections of wind turbines are carried out during every inspection, maintenance or other
visit (Figure 4.6). It should be noted that, during maintenance visits, all components should be
visually inspected, not only those which were the reasons for the visit. In less accessible places, like
in offshore wind farms, visual inspections should be performed with surveillance cameras.
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Figure 4.6. Maintenance team inspecting a rotor blade with the help of a lift (Courtesy of LM Wind Power, Imwind-
power.com s.a.).

Maintenance programs are a very important part of maintenance management at wind farms. The
maintenance program includes information on the maintenance tasks, timing and maintenance
organization, maintenance logistics and acquisition of the spare parts (Besnard 2009, 39).

In Finland, the Federation of Finnish Financial Services has given its own instructions for loss
prevention of wind turbines which also includes guidelines for maintenance. According to these
instructions, the inspections for the installations of wind turbines must be done in accordance
with manufacturer’s maintenance programs. The maintenance programs must include operations
regarding performance monitoring, periodic inspections and maintenance works. The inspection
must be performed by the manufacturer of the wind turbine or by some other competent mainte-
nance engineer, and must be documented (Federation of Finnish Financial Services 2013, 3).

4.6 Corrective maintenance on site and in remote operation

Corrective maintenance is performed after a detected fault. The detected fault is diagnosed and
recognized. After localization of the fault, the item is repaired (temporary) and restored (Kunnos-
sapitoyhdistys 2011, 49).
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The management of wind turbine maintenance is based on preventive maintenance which should
minimize production losses. Sudden interruptions in production coming from failures may also

cause long fault chains to other devices in wind turbines. Damage to multiple devices easily causes
long downtimes. The length of downtime depends on the availability of spare parts, the difficulty

of maintenance work and eventual lifting.

Efforts are made to reduce corrective maintenance actions, because they almost always cause
unplanned interruptions in production. The extent of the failure cannot be found until an on-site
inspection is carried out which results in delays in the acquisition of spare parts. In addition, pos-
sible lifting work requires good conditions. In Finland, there are only few cranes with sufhcient
capacity for the required lift height and weight of wind turbines. Corrective maintenance opera-
tions for blades are given in the Table 4.5.

Table 4.5 Corrective maintenance operations for blades (Gurvits, 2013)

Corrective maintenance operations for blades

¢ Cleaning and coating

e Surface repairing

e Structural repairing

e Opening of congested drain holes
e Take-down

¢ Blade replacement

Wind turbine constructions play a considerable role in the implementation of maintenance ac-
tions. In some models it is possible to change the bearings of gears without bringing them down
from the nacelle. In other older models it is necessary to bring the nacelle down even for minor
maintenance work. The types of failures and components also affect maintenance actions. For
example, changing gear oil is much easier to do than fixing a faulty main axis.

The maintenance of large faulty components such as a gearbox or generator often requires taking
the components down during the maintenance operations. Large wind farms usually have a few
spare parts in stock which can be immediately installed to reduce downtime, so there is more time
to maintain faulty components and lifting work can be done at the same time.

Wind turbine maintenance work can hardly be carried out remotely. Instead measuring data
acquisition using condition monitoring sensors connected to control systems can be monitored
remotely (Figure 4.7). This measurement data serves as the basis for on-site inspections and the
decision-making of production stops.
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Figure 4.7 Remote tools for more efficient, safer and less time-consuming condition monitoring (Siemens Press
Pictures 201 3).
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5 LAWS AND REGULATIONS

Finland ratified the UN Framework Convention on Climate Change (UNFCCC) in 1994
and the Kyoto Protocol in 2002 together with other EU member states. In terms of global
climate policy, Finland acts as part of the European Union. This means that national prepara-
tion and implementation are largely governed by climate and energy policy targets and measures

agreed within the EU (UNFCCC).

Finland has a renewable energy program and is aiming for a target of 38% of its final energy
consumption from renewable sources by 2020. Construction of wind power will be expedited by
improving planning and permit procedures and, consequently, the granting of permits. The pro-
duction target for 2025 is set at approximately 9 TWh. The target for 2020 is 6 TWh. This would
mean the construction of approximately 700 new turbines (National Climate and Energy Strategy

2013 p. 7, 33).

5.1 Wind power in Finland

The energy produced by wind power in Finland in 2012 was approximately 0.5 TWh. There
were about 160 wind turbine generators in operation in Finland at the end of 2012.

Achieving the current objective for wind power requires the removal of non-financial obstacles to
the construction of wind power. Determined efforts to remove obstacles to investment in wind
power will be continued. The challenges of land use and land-use planning related to the construc-
tion of wind power could be influenced by promoting the construction of wind power in larger
wind farms, instead of individual turbines or small groups of wind turbines.
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There are also obstacles to wind power construction arising from possible disturbances in the op-
eration of surveillance radars. The solution to removing these obstacles is under development and
there are suggestions of special compensation for the radar operators.

Simultaneously, means of promoting the concentration of wind power construction in larger
clusters will be investigated. This links directly to the plans for promoting large scale offshore wind
power with significant state subsidies during the building phase.

5.1.1 Feed-in tariff

In Finland, electricity from renewable energy sources is mainly promoted through a premium
feed-in tariff. The Act on Production Subsidy for Electricity Produced from Renewable Energy
Sources lays down provisions on a feed-in tariff system for which power plants fuelled by wind,
biogas, forest chips and wood-based fuels meeting the prescribed preconditions could be approved.
From 2010, feed-in tariffs were in place in Austria, Cyprus, the Czech Republic, Estonia, Finland,
France, Germany, Hungary, Ireland, Latvia, Lithuania, Luxembourg, the Netherlands, Portugal,
Slovakia and Switzerland (The Act on Production Subsidy for Electricity Produced from Renew-
able Energy Sources. 2011).

The electricity from wind turbines will receive a feed-in tariff on top of the wholesale electricity
price for a period of 12 years. The wind turbine owners thus get a fixed price for their electricity.
The price is €83.5 per MWh. Wind energy plants will also be eligible for an increased target price
of €105.3 per MWh until the end of 2015. Feed-in tariffs will be available only until the total
capacity accepted in the tariff reaches a maximum level. This maximum is set at 2,500 MVA (Laki
uusiutuvilla energialdhteilld tuotetun sihkon tuotantotuesta. 2010).

In the feed-in tariff system, an electricity producer whose power plant is approved in the system
will receive a subsidy (feed-in tariff) for a maximum of 12 years. The subsidy varies on the basis
of the three-month electricity market price or the market price of emission allowances (Energy
Market Authority. Table of the summary of the production subsidy scheme).

The producer is paid a feed-in tariff, which is the difference between the target price and the spot
market price (last 3 months average) in accordance with the amount of electricity produced in a
wind power plant. The Energy Market Authority approves power plants for the feed-in tariff sys-
tem, pays the feed-in tariff upon application, and manages other official tasks in the feed-in tariff
system (Energy Market Authority. Table of the summary of the production subsidy scheme).

5.2 Wind energy regulation

Large-scale wind power construction is quite a new phenomenon in Finland. There has not been
a wind energy-specific regulation concerning the construction of wind turbine or the zoning of
wind farm locations. The general construction regulation applies to wind power. In some cases the
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regulations are open to various interpretations, and in the worst cases are even unclear. This has
increased the economic risk in planning new wind power plants.

The government has shown signs of support for wind-energy development and, within the last few
years, there has been an improvement in the legislative situation. In 2011, the wind power zoning
regulations took effect easing the building permit application process. The Ministry of Environ-
ment is also currently updating its instructions regarding wind energy construction permits and
planning. Traffic authorities have issued new mitigating rules concerning wind power plants near
roads and air traffic routes. Some open issues remain, but it is quite clear that more specific rules
and regulations will appear in near future, which will alleviate and harmonize the legal process
linked to wind power construction. Both society and the wind power industry will benefit from a
transparent and simple application process.

5.2.1 Placement and zoning of wind power plants

The placement plans and building permit procedure for wind power plant construction follows
the same line as construction in general. The general arrangement for land use planning has several
levels, and detailed regulations are spawned from higher-level plans. These levels are national,
regional and local land use planning.

Finland’s Environmental Administration develops and controls land use planning and construc-
tion throughout Finland. The most important legislation controlling land use, spatial planning
and construction in Finland is contained in the Land Use and Building Act (Land Use and Build-
ing Act. 2003).

The National Building Code contains regulations and guidelines that complement the legisla-
tion in the Land Use and Building Act. The building regulations must be followed, but building
guidelines are not obligatory, and other solutions may be used in construction as long as all the
compulsory regulations are observed (Land Use and Building Act. 2003).

The regional land use plan transfers national and regional land use goals to the local level. Finland’s
land use planning system, as defined in the Land Use and Building Act, gives municipalities a high
degree of autonomy in local land use planning. Regional land use plans are drafted and approved
by the 19 regional councils, which are made up of representatives of the municipalities. Regional
plans and local master plans indicate the land areas for utilizing the wind power. Local detailed
plans follow the guidelines set in the master plans (Land Use and Building Act. 2003).

Land use plans favor wind farms instead of single wind turbines. By default wind power plant
building sites are allocated far from permanent housing zones or recreation areas. If a prospective
area for a wind power plant is nearby an area sensitive to nature (landscape, rare plant life, pre-
served animal spices or areas listed in Natura 2000), the zoning procedure must follow the legisla-
tion concerning the diversity and preservation of nature (Natura 2000. Nature conservation areas
in Finland).
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5.2.2 Building permits

The permits required for establishing a wind power plant are heavily dependent on the location
and environment of the wind power plant. In a usual case, a wind power plant requires a building
permit. Building permit application is processed by a municipal board. There is also a simpler per-
mit procedure called an action permit, but this does not properly apply in industrial grade wind
power plants (Land Use and Building Act. 2003).

A recent addition to Land Use and Building Act, the Wind Power Plan Act, in some cases allows
building permits to be granted directly based on the regional master plan. This applies in cases
where the land use plans directly allocate the location for wind power plants (Land Use and Build-
ing Act. 2003).

In cases of wind farms of over ten wind turbines or total capacity of 30 MW, a procedure called
Environmental Impact Assessment is required. Plants with lower capacity may also require an as-
sessment, if placement of the plant is sensitive to environmental impact. The sensitivity assessment
can be done by local authorities or this procedure can be initiated by residents near the prospective
plant (Ministry of the Environment. Environmental Impact Assessment).

Building a wind farm in a body of water or near water is considered an activity affecting waters.
According to Finland’s water legislation, these types of constructions always require a permit in
accordance with the Water Act.

If the wind power plant is near residential areas, the noise or flickering can disturb the people liv-
ing nearby. In cases of a considerable level of nuisance, an environmental permit is required. The
process of applying for an environmental permit includes a public hearing and the power plant
operator must present the means and practices to mitigate the disturbance.

The general idea of land use planning is to steer wind power plants far away from residential areas,
and thus remove the need to make an environmental assessment or apply for an environmental
permit.

Permit applications should be submitted in writing to the relevant Regional State Administrative
Agency. The authority will then make the application public as appropriate, giving the relevant
authorities and anyone affected by the plans time to comment and make proposals concerning the
requirements for the permit.

Other considerations affecting plant construction:

® Wind turbines are considered to be a restriction to flight traffic and construction of
a wind power plant usually requires a flight obstacle permit.

® Distance from the nearest road to the wind turbine is regulated, and is calculated from the
wind turbine height.
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® Offshore installation of a wind power plant can be hazardous to marine traffic and
regulations apply to wind turbines and power cables.

® The Transport Safety Agency and Ministry of Transport handles flight obstacle permits,
safety range and shipping channel issues

® Wind power plants can interfere with radar. Radars are operated by military, marine
navigation and weather services. Radar interference from a prospective wind power plant
must be examined before construction. The VI'T Technical Research Centre and the
military have a co-operation agreement, and examinations and statements are issued

by VIT

® Wind power plants near garrisons or restricted military areas are not permitted

® Regulations apply in interfacing the electric grid depending of the supplied power. Grid
operator, Fingrid Oy, must be consulted in the early stage of planning a wind power plant.

5.2.3 Wind power subsidies

The purpose of the subsidies is to promote the production of electricity produced from renew-
able energy sources. The EU has set a requirement for Finland to achieve an increase in renew-
able energy so that it will account for 38% of total consumption by the end of 2020. The Act on
Production Subsidies was introduced in March 2011.

Wind energy can get subsidies in the form of a feed-in tariff. This means that the state pays the
difference between the target price and the market price. The market price is determined as the
average electricity market spot price. The following tariff conditions are applied:

® Power plants generating over 0.5 MW are qualified to apply for a feed-in tariff subsidy.
Limits also apply to the total capacity of installed wind power and the combined limit of
installed capacity in Finland has been set at 2,500 MW, calculated from nominal power.

® Only new wind power plants (no previously used parts in any part of the installation) are
accepted for the feed-in tariff system. Also, the power plant must have been taken into
service after the beginning of 2009 and no other form of state subsidies may have been
previously granted.

® The feed-in tariff system has two levels, basic subsidy and additional subsidy.

o The basic feed-in tariff is limited to 12 years. The target price for the basic feed-in
tariff subsidy calculation is set at €83.5/MWh.

o Unidil the end of 2015, an additional subsidy will be paid and the feed-in tariff
target price is €105.30/MWh instead of the basic subsidy. The time limit for any
additional subsidy for a single wind power plant is three years.

® Feed-in tariff applications are processed by the Energy Market Authority. The Energy
Market Authority is an expert body subordinate to the Finnish Ministry of Employment
and the Economy (Energy Market Authority. The Act on Production Subsidy for
Electricity Produced from Renewable Energy Sources).
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6 PRE-FEASIBILITY STUDY

A pre-feasibility study is done at the beginning of a wind turbine project to evaluate whether it
is worthwhile initiating a more comprehensive survey on the financial possibilities of wind turbine
sites. Wind turbine project includes following phases:

® Surveying the potential sites

® Assessing the wind potential of the sites
® Pre-design of the wind turbine project
e Zoning

® Analysis of environmental impacts

¢ Renting or buying the wind turbine site
® Designing of the wind turbine project (electric and construction)
¢ Contracts (grid and electricity)

¢ Financing

® Building permit

e RFQs

¢ Supply contract

® Detailed planning

® Factory experiments

® Building and installation

® Testing

¢ Implementation

® O&M and fault diagnostics
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6.1 Site investigation and evaluation of environmental impact

Site investigation includes approximations of local windiness using data acquired from the Wind
Atlas. Wind Adlas data is used in pre-selecting the potential sites with sufficient windiness. After
pre-selection, at least one year of wind measurements should be made to acquire the actual windi-
ness on site which can be used in preliminary cost approximations. In pre-selection, environmental
impact and the logistical features of sites should be assessed to confirm the feasibility of the project.

The best locations for wind power regarding windiness are coastal, sea and fell areas. In Finland,
the best wind conditions are in Ahvenanmaa and Southwest Finland and, moving northeast, wind
conditions get progressively weaker. In the pre-feasibility study, wind measurement is done at suit-
able sites which have been selected from the Wind Atlas.

Impact on landscape must be judged in the designing phase of the wind farm project. The most
valuable natural resources and cultural landscapes should be considered worth of saving when pre-
selecting the wind turbine sites. It should also be noted that selecting coveted cultural landscapes
as wind turbine sites usually leads to legal action, which increases price and postpones the project.
In the planning phase, it is possible to visualize how a wind turbine or wind farm will affect the
view using photo fitting programs (Ministry of the Environment. Tuulivoimarakentamisen suun-
nittelu. p. 55 - 57. 2012).

When planning a wind turbine or wind farm near residential areas, it is crucial to make sure that
the chosen wind turbine will not emit disturbing shadow flicker. Shadow flicker is created when
sunrays shine behind the wind turbine and the blades get in way of the Sun’s rays causing flicker-
ing shadows. Shadow flicker may extend up to a couple of kilometers depending of the size of the
wind turbine, its location and the angle of sunlight (Ministry of the Environment. Tuulivoima-
rakentamisen suunnitelu. p. 61. 2012).

Noise coming from a wind turbine is created by the movement of the mechanical parts and the rotor
blades. Estimations of noise distribution can be illustrated on the local map of the area, thereby al-
lowing more precise plans to be made to reduce noise pollution. Theoretical background noises play a
significant role in considering a site for a wind turbine. Tables 6.1 and 6.2 illustrate noise regulations
in Finland and theoretical background noise at different sites (Poyry. Varsinais-Suomen tuulivoima-
selvitys. Teknistaloudellinen esiselvitys ja maisemavaikutusten arviointi. p. 49 — 58. 2007).

Table 6.1 Noise regulations in Finland.

Noise regulations
Population center Outside population center
At day 55 dB 45 dB
At night 45 - 50 dB 35-45dB

Table 6.2 Theoretical background noise. Adapted from (Poyry)

Theoretical background noise
Beach on the wind side 55 - 60 dB
Nearby forest line 45 - 54 dB
Average living room 35-45dB

67



In Finland, there has been some debate about the clarity of the noise regulations and this has led
to problems in many projects. There are plans to release new regulations in the second quarter of
2014 which may include even more strict regulations regarding noise levels. New regulation as it
is presented would demand that nighttime noise levels do not exceed 25 dB (STY ry. Participant
meeting on sound issues).

There are no limitations concerning movement of people in the area after construction work has
ended. During winter, it is possible that ice formed on the propeller blades may fall as far as 12
times the height of the wind turbine, thereby forming a large hazardous area around the wind
turbine (Ramboll. Jd4vaaraselvitys. 2011).

6.1.1 Investment costs

Wind turbine investment cost usually varies from €1.1 to 2.6 M/MW depending on the site’s
logistical features, distance to the power grid, the rated power of the turbine and the amount of
turbines. The investments costs of building wind turbines offshore are generally considered to be
€3.1 to 4.7 M/MW which is 2 — 3 times higher than for onshore wind turbines (IEA, Technology
roadmap — Wind Energy. p. 14. 2013).

As seen on Figure 6.1, most of the investment cost consists of wind turbine parts, grid connection
and foundation, and they make up as much as 90% of the total investment. Lifts and transporta-
tion are often included in the costs, so these are considered to be within the turbine section. These
diagrams are only approximations of wind turbine investment cost distributions, and the overall
distribution somewhat varies when building one or multiple turbines simultaneously (EWEA, The
Economics of Wind Energy p. 37. 2009).

Lo Turbine cost distribution

1% 1% 1%
1% [ m Tower
1 %\_\ 11% M Rotor blades
2 %1\%_\ 26 % H Gearbox
3%_ M Power converter
3% M Transformer
B Generator
3% 5% 22% ® Main frame
4% 13% B Pitch system
Main shaft
M Rotor hub

™ Nacelle housing

Figure 6.1 Turbine cost distribution (EWEA, The Economics of Wind Energy p. 37. 2009)
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Figure 6.2 Visualization of the wind turbine part cost distribution (EWEA, The Economics of Wind Energy p. 37.
2009)

As stated on Figure 6.1, wind turbine grid connection takes approximately 9% of total investment.
Grid connection cost varies considerably depending on the location and voltage level of the nearest
grid. In an ideal case, there is a distribution station with adequate capacity nearby, but this is not
always the case and a new distribution station may have to be built (EWEA, The Economics of
Wind Energy p. 37. 2009).

Wind turbines of less than 5 MW can be directly connected to the stem grid with a voltage level
of 110 kV without an electric power distribution station. In this specific case, the price of the grid
connection will be about €0.5 M. When the power of 5 MW is surpassed, the connection must be
done through a distribution station. Depending on the location and power of the wind turbine,

a new distribution station may have to be built. In Table 6.3, approximations of the connection
costs and building costs of the distribution stations are presented (Fingrid. Grid connection fees,
Terms and conditions).

Table 6.3 Fingrid grid connection prices (Fingrid. Grid connection fees)

Connection Connection to electric Electric power distribution
voltage power distribution station station has to be built
110 kV 0.5-0.6 M€ 3.5-5 M€
220 kv 1.2 M€ 5-7 M€
440 kV 2 M€ 6 -8 M€

69



Foundations take around 7% of total investment costs. Usually onshore wind turbines use either
a concrete gravity foundation or anchored foundation. On the gravity foundation, the required
supporting force comes from the large concrete base, whereas in anchored foundation the counter
force is taken from the bedrock with anchors. Foundation costs usually include earth-moving and
are heavily influenced by the proximity of the existing road system and the type of the ground.
Because wind turbine parts, especially rotor blades, are quite long and heavy, demands are placed
on existing and future infrastructure (EWEA, The Economics of Wind Energy p. 37. 2009).

6.1.2 Operating and maintenance costs

Operating and maintenance (O&M) costs are relatively inexpensive when comparing them to
other forms of energy production with additional fuel expenses. O&M costs for onshore wind
turbines are usually around €10 - 15/MW and for offshore wind turbines around €20 — 30/MW.
Most operating and maintenance costs come from preventive maintenance and from fault-fixing
work. In Finland O&M costs have been relatively high compared to other countries with more
wind turbines. According to IEA Technology Review 2013 — Wind Energy, the average O&M in
Europe in 2009 was about €30 t/MW/year and in 2013 was about €17 t /MW/year, which almost
halves O&M costs (IEA. p. 14 - 16. 2013) (Vakkilainen, Sahkéntuotantokustannukset 2012, p. 7).

The operating and maintenance costs of wind turbines comprise spare parts, land rent, insurance,
taxes, administration, control and internal consumption. Maintenance and repair costs are affected
among other things by the size of the wind farm, maintenance distances and the reliability of
maintenance contracts (Mikkonen. Miti tuulivoima maksaa. p. 36 - 39 2011).

The Bathtub Curve

Hypothetical Failure Rate versus Time

End of Life Wear-Out

. Increasing Failure Rate
Infant Mortality g

Decreasing Failure Rate

Normal Life (Useful Life)
Low "Constant” Failure Rate

Time - .

Increased Failure Rate

Figure 6.3 Classical bathtub curve (Dennis W. The bathtub curve and product failure behavior. 2002)
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Figure 6.3 illustrates failure rates over time. After implementation, there are infant mortalities
which progressively get lower as the wind turbine ages. However, wear-out failures start to increase
as the wind turbine ages. There are also random failures associated with random part faults and
failures caused by extrinsic factors (Dennis W. The bathtub curve and product failure behavarior.
2002).

O&M cost distribution

Figure 6.4 Annual O&M costs distribution of wind turbines in Germany 1997-201 I.
Adapted from (Mikkonen. Mitd tuulivoima maksaa. p. 37. 201 1)

6.1.3 Production costs

In Finland production costs are usually around €50 to 90/MWh depending on wind conditions,
location and other factors. Repayment of investment in Finland is considered to be based on a
4-6% real interest rate and on a 20-year repayment period. The length of the repayment period
for a wind turbine or larger wind farm is affected by the utilization period of the maximum load,
tariff, operation and maintenance costs, interest rate and loan period. The repayment period of the
loan is one of the most important factors in estimating whether the wind turbine project is feasible
or not. Figure 6.5 presents an example of the lifetime profit of a wind turbine investment (Mik-
konen. p. 43. 2012).
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Figure 6.5 Example of the lifetime profit of a wind turbine investment

6.2 Engineering calculations and Weibull distribution

The available power in wind per unit area can be calculated with the following equation.

P 1 ,
—_— = — % ES
A" 2PV

Equation 6.1 Power per unit area (Huhtinen. Voimalaitostekniikka. p. 284. 2008)

where

| o

power per unit area

density of air

wind speed
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Betz' law limits the energy which can be extracted from available wind energy to 59%. However,
current wind turbine technology can only extract 45 — 50% of wind energy (Huhtinen. p. 284.
2008).

Wind turbine rotor power for each wind speed can be calculated with the following equation.

— 3
Pelectricity _Z*Ce*p*A*v

Equation 6.2 Produced electricity at a given wind speed (Huhtinen. p. 284. 2008)

where

Protor wind turbine rotor power w

Ce power coeflicient at given wind speed -

p density of air ~ at given temperature %
A rotor swept area m?
v wind speed %

Power coefficient varies from 0 to 0.50 and is a function of wind speed. Power coefficient can be
given as an efficiency of producing electricity (c,) or as an efficiency of producing mechanical
energy (¢,). Hereafter power coefficient is the efficiency of producing electricity. These coefficients
are usually given by the wind turbine manufacturer. This has been confirmed from the manufac-
turer power curves of various commercial turbine types which will not be presented in this study.

The swept area of the rotor is calculated from the following equation:

DZ
A=nX|=
"(2)
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Equation 6.3 Swept area of the rotor

where

D rotor diameter

Drivetrain efficiency consists of gearbox, generator and power converter efficiencies.

Utilization period of maximum load can be calculated from annual energy production and rated

power with the following equation:
t =
peak P

peak

Equation 6.4 Utilization period of the maximum load

tpeak Utilization period of maximum load

Dp— annual energy output

Ppeak rated power

Eannual

MWh

MW

Utilization period of maximum load can also be reported as a capacity factor by dividing it by an-

nual hours:
__tpeak
8760
Equation 6.5 Capacity factor
CF capacity factor
toeak Utilization period of maximum load
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Weibull parameters can be extracted from the Finnish Wind Atlas in order to make a Weibull ap-
proximation of the wind profile. Weibull distribution is a mathematical approximation for annual
wind speed distribution and can be used to calculate wind turbine energy output.

Weibull distribution is also used with measured wind data in order to simplify calculations for
produced energy.

F(v, A k) = % . (—)k_1 o @

Equation 6.6 Weibull-distribution

where

F(v,A, k) wind speed distribution %
A Weibull scale parameter -
k Weibull shape parameter -

It should be noted that the Weibull distribution does not account for zero production hours and,
if the energy production is directly calculated from the Weibull-distribution, it gives higher annual
energy output than it actually is in real-world conditions.

_ Weibull
10,00 %

8,00 % /—""‘“‘-\
6,00 % / \
4,00 %

4 AN
S~

0,00 % T T T T T |
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Figure 6.6 Example of Weibull distribution with k= 2,3 and A= 11,3
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Figure 6.7 Example of a wind turbine power curve

Produced energy at given wind speed can be calculated by multiplying the Weibull distribution

and wind turbine power curve by annual hours of 8,760.

E(w) = F(v, A, k) * Poyyppe (V) * 8760

Equation 6.7 Produced energy at a given wind speed

MWh Energy output
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Figure 6.8 Annual energy output distribution calculated from two earlier figures 6.7 and 6.8
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v
Eannual = Z F(w, A k) * curve(v) * 8760h
i=1
Equation 6.8 Annual energy output

6.3 Example of a wind turbine project

The following pre-feasibility project is completely hypothetical and there have been no plans to
build a wind turbine on a chosen site.

This wind energy pre-feasibility project was made for Katariinan Meripuisto at Kotka in Ky-
menlaakso. Katariinan Meripuisto is situated at the south-east tip of Kotkansaari and the chosen
region is defined in Figure 6.9. The site was chosen for wind turbines because of its good windi-
ness according to the Finnish Wind Atlas. The windiness of the region is illustrated in Figure 6.10
in a 250x250 meter wind atlas grid. In a detailed economic study, it would be necessary to get a
higher-resolution wind atlas grid from the Finnish Meteorological Institute to make more accurate
assessments of site usability for wind energy production. However, for this survey this 250x250
meter grid is sufficient.

Figure 6.9 Possible wind turbine site at Kotkansaari
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The chosen site covers more than 20 hectares and, according to the Wind Atlas, good wind turbine
sites are situated on the southern coastline while wind conditions weaken going north along the
coastline. Figure 6.11 also illustrates that about 50% of wind blows from the south-west.

Figure 6.10 Average wind speed at examined site (Wind Atlas)

Figure 6.1 | Wind rose at the examined site at a height of 100 m (Wind Atlas)
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According to the grid operator Kymenlaakson Sihkd, the local 20 kV distribution system can sup-
port up to three 2.5 MW wind turbines. This reduces costs significantly compared to connecting
to 45 kV or 110 kV power lines.

Table 6.4 Data from suitable wind turbines

Manufacturer | Turbine type [ Nominal power | Rotor diameter | Hub Height | Wind Class
- - MW m m -
Turbine X 2.35 92 104 1A
Turbine Y 2.3 113 99,5 1A
Turbine X
2500 0,5
/\/ - 045
2000 0,4
- 0,35
e Power
1500 0,3 [kw]
- 0,25 Ce
1000 0,2
- 0,15
500 0,1
/ / \ - 0,05
0 R | T T T T T T T T T T T T T T T T T T T T 0
1 6

Figure 6.12 Power curve of Turbine X
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Figure 6.13 Power curve of Turbine Y

The Wind Atlas gives the following Weibull-parameters for the possible wind turbine site at a

height of 100 m:

A =911 and k = 2.209

- Weibull-distribution
0,12

0,1 /—\
0,08 /
0,06

o/ N\

o/ N\

0 T T T

0 5 10 15
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25 M/s

Figure 6.14 Wind speed distribution on site.
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Figure 6.15 Cumulative profit for Turbine X with assumed investment of €1.2 M
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Figure 6.16 Cumulative profit for Turbine Y with assumed investment of €1.4 M
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Table 6.5 Turbine X & Y electricity production and ROI

Manufacturer Turbine type Annual energy Annual sold elect- | ROI
production ricity
- - MWh k€/a a
Turbine X 8 886 521 11
Turbine Y 10 882 635 10

Table 6.5 gives some financial data for Turbine X and Turbine Y on the chosen site. Turbine Y
seems to be somewhat better for the site with a faster return on investment by one year. However,
one should also note that Turbine Y has a higher investment cost which means higher risks.
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7 WIND TURBINE PROJECTS

'The main focuses of this chapter are the logistics and the administration of the wind turbine
projects. Figure 7.1 presents a possible wind turbine project organization.

Example organisation for wind turbine project

Project management and exectuion

Project
Management
Project Engineering Controller
[ I I I ]
Electric Substation Infra & foundation Cabling Turbine Main Engineering

Electrical
Engineering
Foundation desing
Foundation Civil Enegineering
supervison — &

Safety coordination

Geotechnical

Marki "
arking at site Studies

Picture 7.1 Example organization for wind turbine project
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An example of the required labor for the wind turbine project is illustrated in Table 7.1. The
example is based on a wind farm with seven 3 MW wind turbines. A wind farm of this size gener-
ally needs 34 workers (5 supervisors with 29 subordinates). The table shows that the construction
phase provides most of the employment over the wind turbine’s lifetime.

Table 7.1 Example of labor needed for wind turbine installation

Work supervision Employee

Foundation 1 10

Roads & building area 1 5

Earthmoying and 3 15
foundation total

Mechanical intallation 3 10

Lifts 0 2

Capeling 0 2

Turbine installation total 3 14

The temporary construction site must be reported to occupational health and safety authorities.
The main contractor, site foremen and supervisor of electrical work must be noted in the decla-
ration. The installation, lifting and implementation work must also be reported in the previous
declaration. Occupational health and safety inspections are conducted on a regular basis.

7.1 Project phases

A wind turbine construction project can be divided in following phases:

e Construction work

BOP (Everything except turbine and its elements)

Turbine delivery

® Implementation

Construction work includes excavation work, foundation and infrastructure. Infrastructure is
built to bear heavy lifting equipment and the incline should be zero degrees. The foundation con-
sumes about 60 tonnes of steel and 100 truckloads of concrete. The overall weight of the founda-
tion depends on turbine size but is usually about 1,000 tonnes.

BOP includes building of all auxiliary components which are not necessary for the turbine to
function but are necessary for feeding power into the grid. These components include an electric
station, electrical and communication systems and cabling. Basically every electric system after
the wind turbine generator is included in this phase. The ownership of the turbine passes to the
contractor as turbines arrive at the erection site.

85



Turbine delivery includes turbine manufacturing, delivery and erection.

The turbine is manufactured by the company which won the bid. Responsibility for inspection of
the turbine is left to the contractor before erection.

Delivery of the turbine is thoroughly investigated because the turbine requires special measures for
sea and road routes. For example, turbine blades are transported on the deck of a ship because they
are usually over 60 metres long. After ship transport, turbine parts are unloaded onto special trans-
port trucks and transferred to the erection site. During road transportation, it may be necessary to
remove traffic signs and streetlights temporarily.

Erection of a wind turbine can be roughly divided in the following three phases:

® Erection of the crane lasts roughly three days and a couple of extra days onsite costs tens of
thousands of euros. A crane is built with the help of an auxiliary crane on a 200m-long
road.

® Erection of the tower, lifting of the nacelle and lifting of the gearbox and the generator.

* Lifting of the rotor consist of two phases. The first rotor blades are joined to the hub,
then it is lifted and fastened to the nacelle.

Implementation is started after assembly of the turbine. Based on turbine testing, Fingrid ap-
proves grid connection. Fingrid requirements are confirmed with calculation documents, tests
made elsewhere, certifications, wind turbine tests and long-term usage. After Fingrid approval, the
wind turbine can be handed over to the customer.

Turbines, electric station, cabling, automation and infrastructure belong to the field of operation
and maintenance. This is discussed in depth in Chapter 4.

7.2 Case Mdkeldnkangas

The following chapter Case Mikeldnkangas is based on “Logistical Report of a Wind Farm”
published in 2012. The report was made by the Kymenlaakson University of Applied Sciences
and North European Logistics Institute which is a development actor governed by Kyamk (NELI.
2013).

This is a short introduction to Suomen Voima’s wind farm project “Mikeldnkangas”. The supplier
of the wind turbines was Hyundai Heavy Industries. The foundation-laying, erection of the tower
and logistics were executed by Empower Oy. Empower Oy is also in charge of the maintenance.

From a logistics point of view, this was large project even though there were only four wind tur-
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bines to be constructed on-site and the site was relatively close to the harbor. It is located in an area
of Hamina called Mikelinkangas, an industrial area only ten kilometers from the port of Hami-
naKotka. Even though this project included only four turbines and transportation distances where
short, the project still required heavy logistics. Transportation of parts included heavy, long parts
and wide parts and was done on public roads.

There was no exact timetable for the assembly of the turbines due the fact that weather conditions
played a large role in the operation. High winds and other poor weather conditions could have
prevented assembly. Estimated assembly time was about one month and this included uncertain-
ties caused by weather conditions. Unloading and transportation of the wind turbine parts was
started in Week 9. Week 10 was reserved for inspections of the parts and assembly.

This next Figure 7.2 is a timetable of project Mikelinkangas wind turbine 1. It shows how the
project was executed. The erection and commissioning phase includes the whole four-turbine
project. The time axis is in months.

7.2.1 Unloading of the parts and assembly

The parts were unloaded from the ship Ellenborg (renamed Clipper Amber), between 27 and 29
February 2012 by a company called Sterm. Unloading was done at the Palokangas Dock the port
of HaminaKotka.

Crane movement |

Transfer of ownership |
for testing

Commissioning e

Final mechanical assemply N
and electric installations

Meachanical erection

WEC1

ERECTION AND
COMMISIONING

Turbine logistics

0 10 20 30 40 50 60 70

Figure 7.2 Mdkelankangas wind turbine | construction timetable
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Due to the fact that parts of wind turbines are heavy and can be as long as 45m, there were two

cranes unloading them. The heaviest parts were tower parts and blades requiring two cranes. The
lowest part of the tower weighed 80 tonnes. Most of the other parts could be lifted with a single
crane. There were various attachment types for cranes (shackles, straps and chains) depending on

the part to be lifted.

Lifting was done according to regulations and planning of every lifting operation was done care-
fully. When lifting had to be done in a way that varied from the original lifting plan, new lifting
plan had to be accepted and confirmed by Empower. Empower co-operated with Hyundai and
contacted it to authorize any special lifts.

Lifting, moving and assembly required heavy machinery like cranes, heavy-duty trucks and fork-
lifts. In the end, delays caused by the high wind speed amounted to eight working days.

7.2.2 Experiences of Mdkeldnkangas in operation

The Mikelinkangas wind farm had some turbine noise problems. Noise is mainly in the low
frequency spectrum but there is also some noise in the high frequency spectrum. Noise in the low
frequency spectrum is the largest issue because of its high permeability. Problems took a while
to be solved and some massive operations were required. The source of the noise problems was
located to the gearbox. Because of these problems, start-up of the wind farm was held up until the
problems were solved. Turbines 1 and 2 were put into continuous energy production at the end of
2012 while turbines 3 and 4 were put into continuous energy production on 12.8.2013 (Suomen-
voima 2012)(Suomen voima 2013).

This wind farm project has shown that there are unexpected aspects in building wind farms.
Changes in these unexpected events could be reduced with more accurate design and implemen-
tation. Problems like noise can reduce power production significantly if the production must be
limited to certain times during the day or if the nominal power must be reduced. This will have
effect on profits earned from the wind farm.

7.3  Wind turbine projects in Kymenlaakso

This chapter tells about wind power projects in south-east Finland. The list presented next
illustrates the projects that are currently in the planning phase. Bolded projects are existing
wind turbines/farms as of 2013. The following Table 7.2 is a combination of information from
news articles, websites of companies and the project list from Suomen Tuulivoimayhdistys ry
(Tuulivoimayhdistys 2013).
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Table 7.2. Wind farm projects in the area of Kymenlaakso

Con_npany, Place Turbines | Nominal Output
Project MW
Haminan Energia Oy,

Summa and port of Summa and port of 4 12

HaminaKotka HaminaKotka

Summa phase lla Hailikari and Koirakari 2 6

Harvajanniemi Harvajanniemi, Virolahti 20 120

Vallanjarvi Vallanjarvi, Miehikkala 9 27
IiImatar Windpower Oyj Mayranmaki, Hamina 40 240
Innopower Oy Mussalo, Kotka 2-3 6-9
Kotkamills Oy Kotkansaari, Kotka 3-4 6-9
Kotkan Energia Oy,

Rankki 1 Rankki, Kotka 8 24

Rankki 2 Rankki, Kotka 3 9

Mussalo Mussalo, Kotka 2 4,7

WT-llmari Mussalo, Kotka 1 1

WT1 Mussalo- Hanskinmaa, Kotka 1 2-3

WT2 Mussalo, Kotka 1 2-3

WT3, offshore Mussalo-Vehkaluoto, Kotka 1 2-3
NWE Sales Oy Mustakorpi, Pyhtaa 6 27
Oxford Intercon Finland Oy Kouvola 8-13 16-39
SG-Power Oy Karhulanniemi, Kotka 2
Stora Enso Oy Sunila, Kotka 4 12
Suomen Merituuli Oy Pirnuora, Pyhtaa 9 21,6-27
Suomen Voima Oy Makeldnkangas 4 12
Tornator Struka and Korkiaharja, 6

Pyhtaa 14,4-18

Tuulipuisto Oy _

Karhuniemi Karhuniemi, Kotka 2 4,6-6
Tuulisaimaa .Oy, vn Purola, Pyhtaa 9 27

TuuliPyhtaa Halla. Kotka 4

TuuliHalla ' 12
Tuulivvatti .Oy' Heinsuo, Pyhtaa 4 18

Heinsuo Oravakorpi, Virolahti 6 18

Oravakorpi !
Others, 3

Mustakorpi Mustakorpi, Pyhtaa 24-36
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8 SUMMARY

The EU GHG emission reduction targets for 2020, 2030 and 2050 play a significant role in
promoting renewable energy sources like wind power. As a GHG (greenhouse gas)-free energy
production method (excluding the erection and turbine parts), wind power is a compelling choice
for fulfilling these future targets. The other EU countries (most notably Denmark and Germany)
already have significantly higher wind energy utilization than, for example, in Finland. However,
with current state subsidies in Finland, it is likely that this will change in the near future.

Wind power as an energy source is quite compelling when considering the free fuel source.
However, the nature of wind causes some difficulties in measuring the quantity of the fuel source
and predicting the energy production on a given day. Current top-notch technologies like port-
able LIDAR and SODAR offer a tempting alternative for laborious mast measurements, and
some even predict that there will be a viable online measuring device for the fine-tuning of energy
production.

There has been a huge development in wind turbine technology from kilowatt turbines to mega-
watt turbines. The most notable development has been in turbine structure, and turbine towers
are now over 100 meters high with a turbine diameter of 140 meters. Wind turbine generators
have also developed from single-speed gearboxed drivetrains to current direct-driven gearboxless
drivetrains for increased efficiency. The development of maintenance has also lowered the cost of
energy production and increased usability by utilizing modern online measurements for bear-

ing vibrations, oil analysis and temperature measurement. Modern power electronics also utilizes
modern automation systems for maximised energy production. Automation also plays a significant
role in maximizing the energy production at a given wind speed and ensuring that the quality of
electricity fed into grid is acceptable.

Nowadays, most of the challenges of the wind power are caused by public opinion of wind power
being noisy and unattractive and legislative issues. However, this criticism has also caused wind
turbine manufacturers to develop quieter solutions, and modern direct-driven solutions are
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considered to be quite free from mechanical noise. Blade noise is still something of a problem but
there has been research into different blade shapes to reduce acrodynamic noise. Government has
also done a significant job in mitigating legislative barriers to the wind power construction, but
there is still work to be done, especially in simplifying noise regulations. Some are also concerned
about wind power being a rather costly energy production method but, with the current technolo-
gies and state subsidies, wind power can actually be quite a profitable business. In the future, it is
quite likely that the development of wind turbine technology will make wind turbines profitable,
even without state subsidies.

The current production subsidy applies to 2,500 MW wind turbines so there is still quite a bit of
room for investment possibilities for wind power investors. Current wind power utilization in the
tariff system is about 375 MW as of beginning of 2014, which is only 15% of the available tariff.
Wind power can be seen as quite a profitable business opportunity, because of state subsidies and
highly developed turbine technology.
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