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Abstract: In the energy sector important increase in the use of renewable energy
sources has been caused by climate changes, which are, in turn, a result of greenhouse gas
emissions and the pollution of the environment. The energy of the wind is the most impor-
tant environmentally- friendly renewable energy source, and is, by many economic parame-
ters, a successful competitor to classical energy sources. The countries of the European
Union, as well as America, China, India, Australia and many other countries have introdu-
ced substantial government measures to support the development of the wind power energy.

By using the satellite data, Company ANEMOS developed the RS Wind Atlas in 5
km x 5 km resolution. The data from land meteorological stations in the territory of RS may
be used only to a limited extent due to the spatial distribution of measurement places and
large influence that the configuration and roughness of the surrounding area have on the
interpretation of measurement results. A number of specialized measurement stations for
wind in the territory of the Romanija and around Trebinje have been installed in order to
determine the local energy potential of the wind. This paper outlines the first results of
determining global distribution of speed of wind in the RS territory according to the Euro-
pean Atlas methodology, by using the satellite measurements with 25 km x 25 km resolu-
tion. It has been shown that the wind speed in the territory of RS rises in the direction
North-West — South-East, which is corresponding to the available results of other studies.
The wind maps that were produced may be used to determine the locations that are appro-
priate for setting the specialized measurement stations for wind.

At the end of the paper we analyze economic aspects of using the wind energy.

Keywords: wind energy, wind generators, the Republic of Srpska Wind Atlas.

INTRODUCTION

It was a long, long time ago that a man noti-
ced that the energy of the wind that exists in abun-
dance in nature can be used. As long as 3000 years
B.C. the old Egyptians would sail the Niles upstre-
am, using favorable winds. Throughout history new
roads and even new continents were discovered by
using the wind energy; the ships driven by the wind
were abandoned only after the discovery of faster
and more efficient drives.

The first written records on application of the
energy of the wind for generation of mechanical
operation also date back to the ancient time, more
precisely, to 2000 years B.C. This was a simple
windmill with a vertical shaft, i.e., with horizontal
blades to which the sails were attached 'capturing'
the wind and which served to drive the mill for grin-
ding grain. The written records about the windmills
in the territory of Egypt, Mesopotamia and China
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date back to that time. Apart from driving the mills,
windmills were used in those old times to drive the
pumps for drinking water and/or for irrigation.

In the European countries, the first applicati-
ons of the Wind energy were recorded only in the
early Middle Ages, more precisely, in 7th century.
But it was also in Europe that an important innova-
tion — windmills with horizontal axis of the shaft
were invented. Parallel to the development of the
technology for conversion of the kinetic energy of
the wind into mechanical operation the application
of the wind energy for use in transport was develo-
ped, so that new designs of ship sails were discove-
red which made transport faster and faster and
physical distances smaller concerning the required
traveling time.

Although they can be found anywhere in the
world, it is somehow common to associate the
windmills with the Netherlands. In a country whose
two thirds of the area is even nowadays below the
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sea level, the windmills for driving the pumps for
water for drying the soil were used as early as in the
year 1000. At the beginning of 17th century the
Dutch used 26 windmills to dry up the entire Beer-
ster lake, 3 m deep.

Middle Ages are certainly considered as ,the
golden era* for windmills. New improvements were
constantly found (e.g. twisting the blades in order to
make the best use of the wind, and even Leonardo da
Vinci was preoccupied with their development). In
the late Middle Ages they started to be applied for
other purposes, for instance for driving the machines
(hammers, saws, etc.) in different plants for manu-
facture, while the first hybrid plants were recorded
that simultaneously used the energy of water and the
wind.

In mid-19th century, approximately at the
time of the expansion of use of steam machines,
about 50.000 windmills operated in Europe; that
number, however, as of the beginning of 20th
century, has fallen to only 10.000 windmills. At the
beginning of 20th century a more significant was of
electrical energy; this resulted in a certain renaissan-
ce of windmills in the second half of the century as
the windmills were transformed into the noted plants
for electricity production — i.e. wind power plants.

In modern days, the global development
implies taking care of the environment; in that
context, a term often used is sustainable develop-
ment. An uncontrolled development, focused only
on the concrete goal of certain human activity to be
as efficient as possible, could lead to such disturban-
ces in the environment that could destroy the entire
civilization. The essence of sustainable development
implies continuous monitoring of changes in the
environment technological progress and all other
human activities in order to be controlled.

The atmosphere of the planet Earth, with its
climate that is one of the kinds in the part of the
cosmos accessible to our sight, enabled the deve-
lopment of life on Earth. The development of civili-
zation relies on the conversion of the energy into the
forms that we can both use and control at the current
level of technological development. There are two
main shortcomings with regards to the most impor-
tant sources of energy and the way we use it, from
the point of view of sustainable development — the
reserves of conventional energy sources are limited,
and the way in which we use them is greatly detri-
mental to the environment, with a possibility of lea-
ding to negative climate changes.

At this level of the development, the solution
is seen in the use of renewable energy sources that
are environmentally-friendly. The action that was
run at the global level resulted in the adoption of the
documents the purpose of which was to ensure that

by the year 2020 20% of necessary energy in the
European Union and the USA is produced from
renewable sources. [2,3]. The energy of the sun is a
dominant renewable energy source; appears on the
Earth also in the form of wind. The wind is the most
significant renewable energy in modern electricity
production, because the cost of its conversion into
electrical energy is competitive with the cost of clas-
sical energy sources.

As is the case with the other energy sources,
the energy of the wind is not evenly distributed in
atmospheric boundary layer above the surface of the
Earth. The energy of the Sun that reaches us through
the electromagnetic waves causes uneven heating of
the surface of the Earth and the air above, leading to
the difference of temperature and pressure in certain
areas and in the movement of the air masses, that is
to say, to the conversion of the radiation energy into
mechanical energy of the wind. Global winds are a
consequence of both uneven heating of the surface
of the Earth and its rotation, proportion of the surfa-
ce and distribution of land and water masses as well
as the land configuration.

The Balkan peninsula is located in the area of
western global winds, however, we know from the
experience that the global picture of winds largely
departs from the characteristics of local winds, the
energy potential of which is the only relevant when
it comes to using the wind as a renewable energy
source.

The distribution of the energy potential of
wind in atmospheric boundary layer is presented as a
function of height above the area determined by the
geographic position, i.e. geographic coordinates. The
graphical layout consists of geographic maps with
drawn speed (and the direction), i.e. density of
power of the wind at a certain height. The set of
such maps constitutes the wind atlas. With an
exception of meteorological maps, the first
systematic development of wind atlases, designed
for the use of the wind energy, was a result of a
European project and is entitled the European Wind
Atlas [4]. The methodology that was designed for
the purposes of this Atlas by the Danish Institute
RISO is still used nowadays.

A more significant application of the energy
of the wind for electricity generation started in the
years after the so-called first energy crisis, in the 70s
of the last century in Denmark and USA (Califor-
nia). In the next few years, in these two countries, as
well as in a few more West-European countries
(Great Britain, the Netherlands, Sweden and
Germany), an extensive programs of construction of
wind power plants (wind farms) was initiated and
necessary equipment started to be produced. These
countries have been lately followed by some Medi-
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terranean and Asian countries. In the world today,
there are many manufacturers of the equipment for
wind energy use, and at least one wind power plant
(commercial or test) can be found in every country
of the world having potentially good wind.

The competitiveness of wind turbines in an
increasingly liberalized electricity market has been
lately affected by different state subsidy programs,
mostly in the form of tariff incentives (per produced
kWh,), investment incentives and tax or fiscal mea-
sures.

No commercial wind power plant has been
built in the Republic of Srpska so far.

This paper presents the Republic of Srpska
Wind Atlas produced according to the data from
satellite observations and designed in overall resolu-
tion 25 km x 25 km [5].

BASIC CHARACTERISTICS OF THE
WIND AND CONVERSION OF THE
ENERGY IN A WIND TURBINE

The flow of the air masses at the local level is
influenced by the local characteristics of the surface
of soil, because, during the flow of air, as of any
other fluid, friction occurs, i.e., losses of kinetic
energy in contact with hard surface resulting in the
differences of the speed of flow in space and time
[1].

The present speed of the wind may be presen-
ted as a sum of mean wind speed and the fluctuating

component of wind speed (V =V, +Vv, )

Longitudinal intensity of turbulence is deter-
mined by the fluctuating component of wind speed;

this turbulence is at the following level:
1/2
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where

Tu — is the intensity of turbulence in longitudinal
direction (0,15 — 0,2 for areas under trees and
buildings, # 0,1 for flat surface),

o, — standard deviation and

T — averaging period.

The speed of air i.e. wind flow along the very
surface of the soil is equal to zero and it speedily
grows with the height, while at the upper limit of
atmospheric boundary layer (about 2 km above the
ground on a summer day) the change of the speed
with the height equals to zero. The change of profile
of air flow speed by the height, i.e. the vertical wind
speed gradient may be presented by different simpli-
fied and approximate functions, whereby the formu-

la below is most frequently used for the heights up
to a few dozens of meters above the ground, while
neglecting the thermal structure of atmosphere,
namely:

a
V(Z) = Vref (Zi] 5
ref

where
v —is the speed of wind (as a function of height),
Vys— 1s the speed of wind at the reference height,
z — is the height,
z,,s— s reference height, and
o — exponent that depends on the appearance of gro-
und surface.

In logarithm form, it is most frequently pre-
sented in the following way:
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where

vy — is the speed of the wind at 10 m above the sur-
face of the ground and

z, — is the roughness length.

The expected values, i.e. probabilities of
occurrence of some wind speed over a time period
may be presented by a histogram made on the basis
of data on the winds in an area, collected over a lon-
ger time period, e.g. a number of years. By connec-
ting the highest probability values for each value of
wind speed, a curve, i.e. a function of probability
density is obtained, that can be presented by Weibull
function:

k-1 v

plv)= E(KJ ol )

c\C
where
p(v) — is the frequency of the event of a specific
wind speed v,
k — is the shape parameter (for Rayleigh distribution
it amounts to 2) and
C — is the scale parameter.

Data on wind directions and speed are obtai-
ned on the basis of meteorological observations and
measurements carried out at meteorological stations
according to the unique rules laid down by the
World Meteorological Organization (WMO).

Conversion of the kinetic energy of the wind
into the kinetic energy of shaft rotation is carried out
by way of wind turbine rotor blades. The wind tur-
bine rotor and electrical generator are located on the
same shaft or on two shafts coupled by a gear box.
The conversion of the kinetic energy of wind turbine
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shaft rotation into the electrical energy output takes
place in the generator, so that the whole plant is
sometimes referred to as the wind generator instead
of wind turbine generator (WTG), but actually we
are speaking of a single wind power electricity plant.

One or more wind turbines with related
equipment make a wind power plant (wind farm). A
wind farm or a wind park is the system consisting of
several interconnected wind power plants a wind
farm or a wind park.

Having said that, The term wind power plant
implies the plants for production of electrical power,
while the term windmill implies the plants for pro-
ducing mechanical energy to powermechanical
equipments such as the mills, water pumps or simi-
lar.

Power density or specific power of the wind is
proportional to the third degree of its speed, and, for
the constant wind speed and the surface perpendicu-
lar to the flow direction, it amounts to [1]:

3
pv
P= , 5
> 6]
where
P — is the overall specific power of the wind (W/m?),
288p3 . . . 3

= — is the air density (kg/m’),

P=Pocor y (kg/m)

po — is the density of the air at standard conditions,
pp — barometric (atmospheric) pressure,
T — is temperature of the air, and
v —is the wind speed.

In general case, the speed of the wind is not
constant, therefore, the specific power equals to:

1 T
P=§'([pv3(t)dt. (6)

The hill tops, the regions exposed to the sea
coasts and the open sea are the most windy areas.
Besides the average value of wind speed, there are
numerous other factors that are important for desig-
ning a wind power plant. Wind statistics based on
Weibull distribution of frequency of wind speed
occurrence together with the surface roughness,
orography, wind speed vertical gradient and some
other meteorological data were used for the asses-
sment of wind energy potential at selected location.

The kinetic energy of the wind in the air flow
for the time interval 7 in which the wind speed is
considered as constant, has the following form

E:%pr, (7

where
E — is the kinetic energy of the wind.

According to thermodynamic low there exist
the maximum part of the total kinetic energy of the

wind that can beconverted into the kinetic energy of
the rotor blades or into any other kind of wind
energy converter, in order to enable the flow of the
air downwind the converter. This fact is referred to
as the Betz's law, and can be expressed
mathematically as the ratio of the available power at
the wind turbine shaft and the power contained in
non perturbated wind flow upwind the converter

P
cpzﬁzf;/%pv% (®)
where

¢, — 1s the degree of aerodynamical conversion (0,45
for modern wind turbines), P, — is the transformed
power (W/m?).

The highest possible value of the degree of
aerodynamical conversion is is ¢,max=0,593 and is
referred to as Betz limit Hence, above this value the
efficiency of any plant for using the wind energy
cannot be improved, no matter what improvement
methods are used, that is to say:

3
P, =0,593 p2V . )

Taking into account the other losses that occur
during the processes of energy conversion in a wind
power plant, it turns out that only a little below "2 of
the initial (total) kinetic energy of the wind can be
converted into useful energy, i.e. electric energy.

WIND GENERATORS AND WIND
POWER PLANTS

Wind turbines are the main devices for con-
version of the energy of the wind. There are two
principal types ofwind turbines:

—wind turbines with vertical axis where the
axis of the rotation is vertical relative to the horizon-
tal ground (and approximately perpendicular to the
direction of the wind) and

—wind turbines with horizontal axis (in the
form of propellers) where the rotational axis is hori-
zontal to the ground (and approximately parallel to
the direction of the wind).

Horizontal turbines are more frequently used
(95%) due to their simpler construction and the
possibility to operate at higher wind speeds.

Horizontal turbine components are
following:

—rotor with blades that turns the energy of the
wind into the energy of blades rotation,

—a nacelle that contains drive train with the
low and high speed transmission shafts, the gearbox
and the generator,

—tower, that carries the rotor and the nacelle,

the
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—electrical equipment, such as controllers,
electrical cables, land support equipment and con-
necting equipment.

Towers are mainly made of steel, while the
wings are from reinforced fiberglass or epoxated
wood.

Wind turbine generators (WTG) are
commonly grouped into a large wind power plants
(660 kW and more) which are also known as WTG
farms. Electrical power produced in these farms are
transported to the grid from where it is distributed to
consumers [10].

Wind turbine generator farms may be of diffe-
rent power, starting with a few MW to several hun-
dreds MW. Wind power plants are ,,modular®, which
means that they consist of small individual modules
(turbines) which can be easily upgraded to the farm
system, thus producing the systems that can be big-
ger or smaller, as necessary. Turbines may be
upgraded as the need for electricity rises. Presently,
50 MW farms of WTG can be fully constructed in
18 months to two years. Most time is needed for
evaluation of the resources and procurement of
appropriate licenses, while the construction of the
farm itself takes six months.

Turbines may be of different sizes. The big-
gest plants have a range of blades that is bigger than
the length of a football stadium, almost as high as
20-storey buildings; they produce enough electricity
to supply 1400 households. The big WTG plants that
are used onshore WTG farms, have a rotor diameter
significantely exceeding 100 m of with the towers
arounf 200 m. of approximately the same dimensi-
ons. A plant that is 90 m big at 90m high tower has
the total height, from the base to the end of the rotor,
of about 135 m.

Turbines placed in coastal areas have large
rotors, and currently the biggest turbine at the open
sea has a rotor with 150 m in diameter. PRotor bla-
des are much more easily transported by ship than
by land.Electrical energy produced in such big
plants, along with the electricity produced in other
types of power plants, is transported via transmis-
sion lines and distributed to the consumers. 6 MW-
power turbines are presently being tested.

Ranges of power produced by medium-size
wind generators from a few hundreds of volts up to
50/60 Hz frequencies. By using the transformers,
voltage is increased to 10—30 kV, from which corre-
sponds to medium-voltage grid.. Wind generators of
medium power of up to a few dozens of kilowatts
produce three-phase current and are usually connec-
ted to the low-voltage distribution grid.

Small turbines that are used to supply housing
and business units have a rotor diameter of about 8

m or smaller and are mounted on up to 40 m high
towers. Small and very small wind generators up to
3 k W of power are made by direct connecting of the
propeller and power generator without the transmis-
sion mechanism (gearbox), by which their cost is
reduced. Small wind generators are intended for
individual use and are most frequently used for
charging the batteries in the areas without the
electricity grid, while the energy is usually used for
lighting and TV sets.

Modern wind generators start producing the
electricity at as low speed of wind as 2.5 m/s, and
are stopped for safety reasons at the speed of 25 m/s.
The wind generator is capable of ensuring the eco-
nomical power production if the average annual
wind speed is higher than 6 m/s.

Wind generator productivity depends on the
size of the turbine and the speed of the wind turning
the rotor. Turbines that are produced nowadays have
the power of 250 W to 7 MW. For example, a turbi-
ne of 10kW power can produce 10.000 kWh of elec-
trical energy per year, with the average speed of
wind of 19 km/h, which covers the needs of an ave-
rage household. A turbine with SMW of power can
produce a little more than 15 million kWh on the
annual basis, which is sufficient for supplying 1.400
households. Many manufacturers offer the turbines
within the range of 700 kW to 2.5 MW.

Wind speed is the most important element
affecting the turbine performances. Wind speed is
measured at the location before installing the
system, when evaluating the wind energy resource.
Essentially, it takes the average annual speed higher
than 4 m/s to operate the small turbines (less wind is
necessary for pumping water), while for the opera-
tion of the wind power plant the least average speed
of wind of 6 m/s is necessary.

Capacity factor is one of the elements in eva-
luation of the productivity of the wind turbine or
some other plant. It shows a ratio between the power
generated during a certain period and the power that
would have been obtained had the turbine been ope-
rated at the maximum output power 100% of time

[11]:

where
F,—is a capacity factor,
P, — is the real amount of power obtained during a
certain period and
P, — is the power that would have been obtained had
the turbine been operated at the maximum output
power 100% of time.

Conventional fuel powered plants are opera-
ted normally — without an interruption - unless there
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is some sort of breakdown. Their capacity factor is
usually from 40% to 80%.

Although the modern turbines run 65% to
90% of time, they usually do not work at full
capacity, so that the capacity factor from 25% to
40% is usual, although higher capacities are achie-
ved during the windy weeks and months. With a
very big rotor and a small generator, a turbine would
operate at full capacity each time the wind blows
and would have a 60-80% capacity factor, however
it would produce very little power. The highest
power per money invested is achieved by using big
generators and by accepting the fact that this will
result in a lower capacity factor. This is what makes
the wind power plants different from the fuel-run
power plants.

Due to the friction between the air and the
ground, as well as due to internal viscous friction,
the speed of the wind increases with an increase of
the height above the ground. The wind speed profile
is influenced by unevenness on the ground, the pre-
sence of natural and artificial obstacles, as well as
other topographical elements. When choosing a
location, one should take into account that the best
possible annual speed of the wind is reached. This
has a direct impact on the quantity of produced elec-
trical energy. Even the small mistakes in the selec-
tion of the best possible location over a long-term
balance of the production result in significant decre-
ases in return on investment.

METHODOLOGY OF ATLAS DESIGN

The atmospheric boundary layer is a part of
atmosphere that lies directly above the surface of the
ground. The thickness of such a layer (height above
the ground) changes depending on the time of the
day as well as on many other factors. Movement of
air masses through this layer depends on the form of
the surface at the level of the dimensions characteri-
zing the terrain configuration - relief, i.e. orography,
at the level of finer details of surface geometry such
as a water surface, pastures crops, forests, inhabited
areas, and the like — the so-called roughness of the
terrain. Certain obstacles, i.e. individual objects in
the direct vicinity, such as built structures, poles,
individual trees etc. have an influence on the charac-
teristics of the local wind too. The influence of
orography, roughness and obstacles on the characte-
ristics of the movement of air masses on the obser-
ved location is determined on the basis of physical
models. These models include the laws of preserving
the mass, momentum andenergy, as well as the con-
ditions at the air-ground surface interface. Models
successfully simulate the movement of air masses

above the relatively flat surface of homogenous
roughness without major concentration of obstacles.
By taking into account certain details, it is possible
to successfully simulate wind characteristics in
mountainous areas too. Determining the turbulence
caused by windmills, may serve as an illustration of
the need to improve the model. Presently it is not
possible to determine, with great precision, air turbu-
lences within a group of wind mills, the so-called
windturbine farms or windpark. This is important in
order to determine the decrease of energy potential
of the wind at the place of selected wind turbine due
to the influence of other windturbines; it is also
important for determination of mechanical strain
sustained by the turbine blades the diameter of
which, with higher power modern turbine, exceeds
100m.

The following methodology was used during
the designing of the European Wind Atlas: longterm
data of measurement were collected from a large-
number of meteorological stations in the territory of
the European Union member states. Speed and
direction of the wind, pressure and temperature are
especially relevant. Sensors that are used for measu-
ring give local values at meter location. Height abo-
ve the ground on which the measurement is done, as
well as orography and roughness of the surrounding
terrain and distribution of obstacles in the vicinity of
the measurement station have an impact on measu-
red values. After verification of data on the basis of
the set criteria, modeling of the measuring station
was performed. This implies determining the
impacts of orography, roughness and obstacles on
local characteristics of the wind. The height profile
of the speed and of the direction of the local wind
depends on these characteristics. Based on the
model, it is possible to determine the expected wind
characteristics in the area surrounding the measuring
station above the ground of given typical roughness
as well as at characteristic heights above the surface.
This data characterizes the local wind climate. 1t is
possible to determine the wind characteristics in the
broader area between remote meteorological stations
by using linear extrapolation or another more precise
method. The data obtained for certain geographical
areas make up a wind atlas that can be presented
graphically or in the form of a table with the data on
the average speed of the wind and the density of the
power for a number of characteristic terrain roug-
hness and for a number of characteristic heights
above the ground. This data, in the resolution of a
number of dozens of kilometers, may serve to
determine a broader area within which it is possible
to install specialized measuring stations for determi-
ning the wind characteristics.
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The described methodology was used in the
programme package WAsP (Wind Atlas Analysis
and Application Program www.wasp.dk). In terms
of the positions in the nodes of selected homogenous
network on the surface, the program provides data
on the speed and the density of the wind power, alti-
tude of the ground, as well as the other data for the
given height above the ground in the surroundings of
the measuring station. The resolution of the wind
map is determined by the density of nodes in the
network. Instead of the measured database, the pro-
gram uses statistical analysis that represents the
wind characteristics by two-parameter Weibull
distribution. In addition to the average speed and the
density of the wind power, Wind Atlas contains the
values of distribution parameters. One of the Euro-
pean Wind Atlas’s maps is shown in Figure 1 [4].

WASP uses the linear model. There are also
other models, such as a model of the most probable
condition of atmosphere, mezzo model, etc. The
essence of usability of wind atlas in terms of using
the energy of the wind is determined by the quality
of measuring data. If there is measuring data at the
location of the wind mill at the height of turbine
axis, over a sufficiently long period of time, no
models will be necessary in order to determine, for
example, the average annual production of electrical
energy during the exploitation age of the selected
wind turbine.

In addition to the international exchange from
land meteorological stations, meteorological data is
constantly collected by way of remote observation
from the satellites. The data on the direction and the
speed of the wind in atmospheric boundary area at a
certain height above the ground are collected by
satellites from all over the planet. It was shown that
at the present degree of the measurement technique,
the data obtained by remote observation above the
ocean and big water surfaces was very reliable and
that it can be used to design wind power plants in
shallow waters of the oceans and the seas. However,
for the needs of determining the locations of wind
power plants inland, the precision of satellite measu-
rements of the wind is still insufficient.

Due to the lack of digital data on the wind
from meteorological stations in the territory of the
Republic of Srpska, in this paper we used the satelli-
te data for determining the Wind Atlas in 25 km x 25
km resolution.

DATA USED TO MAKE THE REPUBLIC
OF SRPSKA WIND ATLAS

The system of meteorological stations in the
Republic of Srpska is presented in Figure 2. These
stations are included in the network of the Republic
Hydrometeorological Institute in Banja Luka.

Looking at the borders of the Republic of Srp-
ska, the number and the distribution of the stations
are satisfactory. However, in terms of the needs to
develop a wind atlas, it would be more suitable to
include the data from the stations that are distributed
closer to the square coordinate grid. Lack of the data
on the wind in the digital form, over a longer time
period is the main reason for the decision not to use
the data of the said stations for designing the wind
atlas. Besides, modeling the stations for the sake of
including the impacts of orography, roughness and
obstacles is very complicated. For example, during
the designing of the European Wind Atlas, the data
from the airports were used to a great extent, which
makes determination of roughness of the terrain and
the impact of the local orography easier.

In order to determine the energy potential of
the wind inland, the most reliable are the measurings
of the wind from the specialized wind measurement
stations located near the location where the construc-
tion of wind park is planned. In the Republic of Srp-
ska such measurings take place in a number of loca-
tions, which is not sufficient for forming the wind
atlas, but can be used for the verification of atlases
produced in some other ways.

In 2001, the HZ HB Electric Power Utility
in Mostar (EP HZHB) started a research and the
development of the project of the use of wind, aided
with the funds from the Government of Spain.
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Figure 1. European Wind Atlas
Table 1. Designations of meteorological stations in the RS
14530 Drini¢ 14538 Srbac 14547 Sipovo 14562 Bijeljina
14531 Ribnik 14539 Gradiska 14550 Derventa 14563 Zvornik
14534 Mrakovica 14542 | Banja Luka 14551 Doboj 14564 Srebrenica
14535 Novi Grad 14545 | Mrkonji¢ Grad| 14555 Petrovo 14565 | Han Pijesak
14536 Prijedor 14546 Knezevo 14649 Nevesinje | 14655 Gacko
14656 Cemerno 14658 Sokolac 14662 Visegrad 14663 Rudo
14664 Cajnice 14665 Foca 14667 Bileca 14668 Trebinje
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Figure 2. System of meteorological stations of the Republic of Srpska

Based on the project of a foreign consultant
company, 10 measuring poles, 10 m high and 3
poles 50 m high have been installed.

Based on the measuring results, during the
campaign that lasted for longer than a year, a map
was formed with an indicated technically useable
wind potential, presented in Figure 3. The feasibility
study demonstrated that even three wind parks were
possible to be built in the designated area. The
feasibility project was developed for the area with
the highest determined energy potential, based on
measurements.

The data on the wind from the satellites can
be used for making the wind atlas in a wider area.
Stationary satellites in polar orbit furnished with

Doppler LIDAR for measuring the speed of wind
can be used in principle for forming the database
above the surface of the Earth. This method of mea-
suring produces far more accurate data for determi-
ning the energy potential of the wind in coastal are-
as; on the other hand, the technique of satellite mea-
surements inland is also increasingly improved. The
quality of data reaches the quality of radio-probe
measurement  with  meteorological  balloons.
However, the most precisely obtained ten-minute
results of satellites measurements of wind characte-
ristics are not publicly available; the data is available
only in rough space and time resolution. The appea-
rance of a satellite equipped with Doppler LIDAR is
presented in Figure 4.
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Figure 4. Presentation of measuring the wind speed by
way of Doppler LIDAR

NASA, through its program Earth science
research, provides the data of relevance for the stu-
dies of climate and climate changes. Databases
include long-term data of estimated meteorological
parameters and the data on solar energy flux on the
surface of Earth. The following is relevant for
determining technically usable energy potential of
the wind:

Figure 3. The area with technically high-useable potentials of the wind in the area of HZBH in BiHl

T Ve
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— Studies of evaluation of the energy poten-
tial of the wind over a longer time period require
homogenous databases in terms of space and time,
of high resolution, as well as the data on terrain
orography.

— Data from the satellite measurements over
a longer period of time can be used to develop a
wind atlas, as well as the satellite data on terrain
orography.

METHODOLOGY OF MAKING WIND
ATLAS BASED ON SATELLITE DATA

Graphic presentation of data on the wind
within the program NASA GMAO GEOS-1 is
shown in Figure 5.

The intensity and the direction of the wind
speed are given up to the height of 4000m, depen-
ding on the measuring mode, and then data was
extrapolated at the level of the surface of the ground.
The direction of the banner represents the direction
of the wind, while the color of the banners corre-
sponds to the speed intensity.

The Table 2. containing the results of measu-
ring of wind speed for each month at the height of
50m above ground. Averaging was done for a 10-
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year period (the example was given for the period
July 1983 - June 1993). The data were collected
every three hours.

The database contains a range of meteorologi-
cal parameters homogenously distributed in space
and time. When using the database, first an appro-
priate area is selected at the surface of the land by
selection of geographic coordinates or directly, by
clicking on a certain segment in graphical presenta-
tion of the ground. Spatial resolution of the base is
defined by the grid coordinate, therefore a certain
segment of grid is being actually selected. The table
containing the satellite data on the wind for the
selected segment in parallelogram defined by geo-
graphic coordinates of the cross-section of its diago-
nals is presented in Figure 6. The table contains the
average monthly values of speed intensity at the
height of 50 m above the ground averaged for the
whole segment and for the averaged altitude of seg-
ment surface. Long-term data imply averaging by
time and for a 40-year period.

Graphic presentation of the grid segment for
which wind data was averaged is shown in Figure 6.
It is also possible to take over average monthly valu-
es of speed for certain hours during the day when the
measuring was done (Table 2), while the data on the
direction of the wind is shown in Table 3.

Besides the presented types of databases, the
following databases exist too:

— Difference between maximum and mini-
mum average monthly speed at the height of 50 m in
%,

—Modeled mean speed and direction of the
wind at the height of 10 m above the ground, the
roughness of which corresponds to the ground
which, by surface characteristics (roughness) is simi-
lar to an airport, and

—Average modeled wind speed at various
heights depending on the presumed ground roug-
hness.

Data Collection—Data Merging (2 of 3)
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Figure. 5. Graphical presentation of data on the wind over a 24-hour period — 08 March 1997
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Table 2. Monthly Averaged Wind S

La

.........

peed At 60 m Above The Surface o

MASA/SSE 15 Sep 2009
Figure 6. Grid for which there is a wind database on the basis of satellite observations
(NASA Surface meteorology and Solar Energy)

f The Earth for Indicated GMT Times (m/s)

Lat42Lon 17 | Jan | Feb | Mar | Apr [ May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual
Average
Average@O0130 |6.32|6.77 | 6.25|5.63 | 4.66 |4.45]|5.01|5.01 |4.88]5.79|6.42|6.73 5.65
Average@0430 |6.02]6.45|5.92|5.25|4.3414.03|4.53(4.63]4.70|5.59|6.22|6.53 5.34
Average®0730 |[5.78|6.02|5.45(4.73|3.71|3.35|3.34|3.62(3.92|5.04|5.89|6.24 4.75
Average® 1030 |5.35|5.65[5.52|5.22|4.08 |3.86|3.20|3.52|3.58|4.71|5.46|5.78 4.65
Average@ 1330 |5.43|5.84|5.76|5.62 | 4.58 |4.514.01 4.21|3.90|4.82|5.43|5.78 4.98
Average® 1630 |5.85|6.3316.05|5.79|4.70 14.7214.93 |5.01 |4.45]|5.16|5.78 | 6.24 541
Average® 1930 |6.44|6.97 |6.54|6.09|4.90 |4.83]|5.44|5.53|5.00|5.73|6.41|6.79 5.88
Average@?2230 |6.55]7.05|6.59|6.07|4.95]|4.76|5.36|5.38|5.03|5.88|6.57|6.85 591
Table 3. Monthly Averaged Wind Direction At 50 m above the surface of the Earth (degrees)
Lat42 Lon 17 Jan | Feb | Mar | Apr |May |JunlJ|Jul |Aug |Sep | Oct |Nov |Dec
10-year Average 113|107 | 106 | 113 | 112 |[101[[73 [1°9 56 | 68 79 83
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Modeling is done according to the logarithm
relation (3). The data were derived with the help of
images from geo-stationary satellite by the proces-
sing of which the vector of wind speed was determi-
ned, based on movement of the clouds at the given
height.

THE REPUBLIC OF SRPSKA WIND
ATLAS

In this paper the data of U. S. Department of
Commerce National Oceanic and Atmospheric
Administration NOOA were used [6]. Time avera-
ging was done for the period of 40 years, i.e. long-
term time data were obtained on the wind speed.
The lines of the same wind speed (isoline) at the
annual level for the territory of the Republic of Srp-
ska are shown in Figure 7. This map of wind atlas is
relevant for the entire economic life of a wind park,
which is equal to 20 to 25 years. It can be seen that
the averaged speed at the height of 50 m is small
and insufficient as technologically usable wind

potential. This is expected, because the averaged
values of wind speed for the great surface and for
the mean altitude of the terrain were presented. The
relief effect (orography) plays a decisive role in
determining the energy potential of the wind at the
local level. Also, roughness of the terrain has a big
role too.

Average values of the speed during the
month of January averaged for a 40-year period
(Figure 8) were shown for the sake of comparison.
It can be seen that the wind speed in January is
considerably higher than the average annual speed.

The wind atlas is usually presented in seg-
ments of the given speed intensity range. Such a
presentation is shown in Figure 9 for January [7]. In
order to get a wind atlas that takes into account ter-
rain orography, wind databases should be compared
with the altitude database. Such wind maps are
given for different heights above the ground and for
more characteristic types of terrain roughness.
Usually the heights of 10 m, 25 m, 50, m, 100 m
and 200 m are used, and four types of roughness of
classes: 0, 1, 2 and 3.

wspd /s
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Figure 7. The map of average speed of wind during the year over a 40-year period
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Figure 8. The Republic of Srpska Wind Atlas — January

COMPARISON WITH OTHER RS
WIND ATLASES

Wind atlases that combine the satellite data
and orography data are formed on the basis of one of
the atmosphere models. Based on the model of the
most probable atmosphere condition and the data
from European satellites collected during the period
2001-2005, ARMINES Institute designed the Wind
Atlas for the Balkans countries presented in Figure
9, on the basis of ECMWF satellite images and the
mezzo models. The atlas was given for the height of
50 m above ground; it does not envisage large,
technically usable wind potential in the RS territory.

Based on the analysis NCEP/ NCAR [8]
database as a limit condition, by application of non-
hydrostatic MM 5 [9] model of simulation on mezzo
scale, the company ANEMOS formed a ten-minute
database on wind for BiH, for the period 2004-2008.
This database was made in horizontal resolution 5
km x 5 km.

Figure 4 presents this map for the height of
100 m above the ground for the month of January
2007. By comparison with the relief of the area, it

can be seen that even at 100 m-height there is a sig-
nificant impact of orography of terrain on the speed
of wind. In order to get a wind map that takes into
account the impact of orography, starting from the
wind atlas that does not include terrain topography,
it is necessary to combine the databases on the wind
and on orography.

Isolines of the wind speed from Figure 8 are
drawn in Figure 11 on orography terrain map. Such
a presentation enables us to assess the speed for
each wind speed range, in an area, based on the
height of the terrain and the dominant direction of
the wind for which the relief represents a shelter, i.e.
lee.

It is noteworthy that the wind speed isolines
in January were obtained with a presumption of the
mean altitude of the ground for the entire area 25 km
x 25 km and with a presumption of homogenous
roughness. Correction of the mean speed of wind
should be done for the selected location, by inclu-
ding the effect of local relief and local terrain roug-
hness.
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Figure 9. Map of wind at 50 m above the ground-state of the atmosphere the most likely model (ARMINES)
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Figure 10. Wind map at the height of 100m above the ground for January 2007 (ANEMOS)
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ANEMOS takes into account orography (reli-
ef), therefore its wind map very much reminds of
the relief in Figure 10. The resolution of ANEMOS
map is 5 km x 5 km, while in this paper the map of
25 km x 25 km resolution was presented. In the
area with the wind speed in the given range, a loca-
tion with the best possible wind based on observa-
tion of the relief can be selected by analyzing the
map in Figure 10. This is illustrated in the example
in Figure 11 which presents the mean wind speed
isolines drawn on ANEMOS map from Figure 12.
For the selected area in which the wind speed is
analyzed, a range of speeds is selected by using iso-
lines, and then the influence of the relief is determi-
ned according to the relative ratio of the speeds pre-
sented at the scale with colours. The figure serves
only as an illustration for the procedure, as the
ANEMOS map was given for the height of 100m
above the ground, while the isolines are presented at
the height of 50 m above the ground.

BUILDING OF WIND POWER PLANTS
AND COST-EFFECTIVENESS OF USING
THE WIND ENERGY

When building a wind power plant, as is the
case with any other power plant, the factors to be
taken into account include energy-economic, techni-
cal-technological, spatial-plan and ecological fac-
tors.

Energy-economic and technical-technological
factors primarily include real, physical possibilities
for building of a wind power plant. This means that,
in order to select a location for building a wind
power plant, one should first check whether there are
appropriate speeds and directions of the wind, and
then the possibilities for the construction itself sho-
uld be checked, that is to say, for delivery of the
equipment, performance of works, connection to the
grid, maintenance, etc.

On the other hand, spatial-plan and ecological
factors imply the possibilities for building a wind
power plant given the conditions that exist in the
area (space): appropriate spatial plan documents that
exist in an area and environmental requirements.

There are a few basic facts that should be
taken into consideration when planning the area for
building of a wind power plant [1]:

— Wind power plants are mainly built on
non-built areas (outside the inhabited places), mostly
on agricultural, forested or Karst land, or even at
sea, whereby an optimum between energy, enginee-
ring, spatial-plan and ecological requirements should
be found;

— Wind power plants are relatively high
structures so they are quite conspicuous;

— If the wind power plant consists of several
units, the space between them (the distance is most
frequently 200 and 500 m) can be used for other
purposes, whereby, as a rule, the entire plant or its
parts are not being fenced off;

— Upon the expiry of the economic life, the
plant is easily removed while leaving no waste
behind, and the area remains the same as before;

— Internal electrical grid is installed under-
ground, therefore, it is invisible from the outside.

Unlike other energy plants, the impact of a
wind power plant on the environment is relatively
small, that is to say, their impact is mostly visual,
thanks to the small space that the entire plant occu-
pies on the ground. However, if the wind power
plant is composed of a number of units (wind park),
the area between them can be used for other purpo-
ses (for example for agriculture or livestock farming,
etc.), which is not the case with most other power
plants that are very frequently also fenced off.

Given the fact that building of wind power
plants, in comparison with other power plants, takes
relatively short time, the biggest part of the entire
process is taken by different preparatory procedures,
i.e. mostly for collecting the necessary documenta-
tion. The entire process, from an idea to the opera-
tion, may be summed up in a number of steps:

— The idea to build and selection of possible
locations,

— Collection of necessary data and
preliminary research at the site of the future plant
(measuring the speed and direction of wind,
examining ownership of land, discussion with power
utility company, etc. ),

— Elaboration of the conceptual design,

— Procedure for obtaining the decision on
location conditions, i.e. the site permit,

— Final study (economic-financial analysis),

— Solving property-legal relations on the
land (purchase, lease, rent, concession, etc.),

— Development of the main construction
design and procurement of the building permit,

— Building the plant,

— Carrying out operational tests and obtai-
ning the use permit,

— Connection to the grid and putting to ope-
ration.

During its economic life, the wind power
plant should generate income on the basis of sale of
produced electricity, and thus covering the expenses
and trying to make profit. Speaking of that, the
expenses, i.e. the cost of construction and of putting
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into operation of the wind power plants may be divi-
ded into three main groups:

— Investment costs (the biggest part of total
expenses),

— Costs of operation and maintenance (make
1.5 to 3% of total expenses),

— Expenses related to payment of taxes and
contributions, capital, etc.

The investment costs are divided into costs
depending on the location and construction costs.
The costs depending on the location include the
costs of real estate (purchase, lease, rent, concession
and administrative expenses related thereto), con-
struction of access roads, electrical and telecommu-
nication grid, and additional facilities designed to
make the area more livable. Construction costs
include all the costs necessary for physical construc-
tion of the plant at the selected location.

The average economic life of wind turbines is
estimated at about twenty years, ie. at about
120.000 operating hours, while the economic life of
foundations can even be as long as 50 years. This

Long Term Mean wspd m/s

actually means that the same foundations could be
used twice, that is to say, for setting of two generati-
ons of wind turbines. The time of availability of
wind power plants is extremely long and may be as
long as 98%, whereby the regular checks and wind
power plants repairs should be done every six
months as a rule.

Financial evaluation of the project of con-
struction of a wind power plant may be divided to
the assessment of liquidity and the assessment of
cost-effectiveness. The assessment of liquidity
includes forecasting whether the wind plant will be
able to meet the expenses through its economic life,
while the assessment of cost-effectiveness is based
on determination of its economic contribution. The
assessment of cost-effectiveness can be done in a
few essential ways: by using the method of time
return on investment (determining the time
necessary to cover the overall investment), by the
method of net present value and the method of inter-
nal return rate.
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Figure 11. Wind speed isolines on orography map of the ground
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Figure 12. Isoline of average wind speed in January for a period of 40 years (height 50 m)
marked on the map ANEMOS a

Based on previous experiences in construction
of wind generators, an indicative value of the
investment from 700 do 1000 EUR per installed kW
was reached. Wind generators, and consequently, the
wind farms, have sustained a considerable decrease
in price in the last ten years, and that tendency will
continue. In this way, the cost of electrical energy
produced by wind generators has drastically decrea-
ses. This was additionally influenced by a decrease
of operating expenses and the growth of efficiency
and reliability. Given the fact that with the use of
wind energy, as with many other renewable energy
sources, there are no fuel costs, the only expenses
remaining after the investment construction are the
operating and maintenance costs. The investment
costs are the costs of construction of the wind gene-
rator or wind farm, including the costs of construc-
tion for access roads, if necessary, and the costs of
connection to the electric power system, which
accounts for 75-90% of the overall expenses [11].
Generally, the locations with appropriate construc-
tion conditions for a wind farm are away from the
main roads and energy routes, consequently, their
connection to them increases the investment costs.

The cost of the wind generator ranges from 600 to
900 € per installed kW. With an increase of the wind
speed grows the ratio of useful activity, posing a
requirement for erecting high poles.

The cost of the energy of the wind is determi-
ned on the basis of the following: initial costs for
construction of wind generators, interest on invested
money and the quantity of produced energy.

The International Energy Agency — IEA
published the guidelines in the form of ,,Recommen-
ded Practices™ for the use of wind energy, and they
are similar to the guidelines for other forms of
renewable energy sources and for thermal plants.

The main assumptions relate to the class of
wind generators of capacity from 600 — 750 kW.
According to the experiences from the ,,Recommen-
ded Practices*, the investment costs are increased by
8% per each new m/s of increase of wind speed over
7 m/s. The quantity of the annual production of elec-
trical energy was reduced by a 10% loss, although,
due to high reliability degree at the level of 98%,
real losses may be even lower.
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CONCLUSION

The first part of the paper analyzes the basic
characteristics of the wind and conversion of the
wind energy in a wind turbine, with an overview of
the capacity factor as one of the elements in evalua-
tion of wind turbine productivity.

Meteorological stations in the Republic of
Srpska are relatively well distributed in terms of
space, however in order to use the data obtained
from them, detailed modeling of each individual
station is required, caused by the influence of local
relief, the texture of terrain surface (roughness) and
obstacles to the wind speed.

The data on the wind were used derived from
satellite measurings in 25 km x 25 km resolution,
calculated at the height of 50 m above the ground
and on uniform roughness. By marking the lines of
the same wind speed at the terrain relief (orography)
map, it is possible to assess the influence of the reli-
ef on the speed of the wind in the observed area.

The wind potential in the Republic of Srpska
grows going in the direction North-West — Southe-
ast.

Comparison with the wind atlas of the
company ANEMOS, in 5 km x 5 km resolution,
shows that, based on the satellite map of the wind
and the data on relief, it is possible to choose an area
appropriate for setting the specialized measuring
station for wind.

At the end of the paper we analyze the spatial
conditions, economic factors for construction of
wind power plants and cost-effectiveness of using
the wind energy.
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O

YIIOTPEBA EHEPTUIJE BJETPA 1 EHEPTETCKU IIOTEHIIJAJL
BJETPA PEITYBJIMKE CPIICKE

Caxerak: KinMaTtcke npoMjeHe HM3a3BaHE €MHCHjOM racoBa CTakJeHe Oaire u
3araljerme )KUBOTHE CpeHHE YCIOBIIIH CY, Y JOMEHY €HepreTHKe, Harlu nopacT Kopuihe-
Bba OOHOBJBMBUX M3BOpa eHepruje. Haj3HauajHUjU €KOJOIIKM MPUXBAT/BUB OOHOBJBUBH
W3BOp CHEpPrHje, KOjU 0 CKOHOMCKHM IMapaMeTpuMa YCIjEIIHO KOHKYpHIIE KIaCHYHUM
€HepreTCKUM H3BOpHMa, jecTe eHepruja BjeTpa. 3emibe EBporcke yHuje, Ameprka, KuHa,
Wunuja, AycTtpanija u MHOTE pyre, 3Ha4ajHUM Mjepama Biiajie oJpKaBajy pa3Boj BjeTpo-
eHepreTHKe.

Kopumhewewm nonaraka ca carenura, pupma AHEMOC je ypaguna Atnac Bjerpa
PC y pesonyumju 5 x 5 kM. [Togaiu 3eMasbCKUX METCOPOJIONIKUX CTaHUIA ca mojpydja PC
MOTI'y C€ OIPaHHYEHO KOPUCTUTH 300r IPOCTOPHOTI paclopesia MjepHUX MjecTa U 3HauajHOr
yTulaja KOH(UIypauuje U XpamaBOCTH OKOJHOI TepeHa Ha HHTEpIpeTalyjy MjepHUX
pesynTarta. Y Luiby ofipehuBama JOKAIHOT €HePreTCKOr NOTeHNYjalla BjeTpa HHCTaIUPaHO
j€ HEKOJIMKO CIIeIMjalM30BaHUuX MjepHUX CTAaHHIA 3a BjeTap Ha moiapyd4jy Pomanuje u y
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okonuau TpeOuma. Y OBOM paly MpUKasaHH Cy TPBH pe3ynTaTH onpehuBama riodanHe
pacrionjenie Op3uHe Bjetpa Ha moapydjy PC mpema meromonoruju EBporckor armaca
KopuIIhemeM CaTeIMTCKUX Mjepera ca pe3oiyiujom 25 x 25 km. [TokaszaHo je na Op3una
BjeTpa Ha Teputopuju PC pacre y mpaBiy cjeBepo3anai—jyroucTok, MTo je Y carjJacHOCTH
ca JOCTYIIHHM pe3yJiTaThMa JPYTHX HCTpakuBama. JloOHjeHe mare BjeTpa MOTy ce KOpH-
CTUTH 3a ojpehuBame JOKallMja Koje Cy MOBOJbHE 3a IMOCTaBJbAKE CIICIHjATH30BAHUX
MjepHHX CTaHHMIIA 32 BjeTap.

Ha xpajy pana cy aHanu3upaHi €eKOHOMCKH aclieKTH Kopumhema eHeprije BjeTpa.

KibyuHe pujeum: cHepruja BjeTpa, BjeTporeHepaTopu, Atiac BjeTpa PemyGnuke
Cpricke.



