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ABSTRACTS

In this research, it has been studied energy con-
sumption by luminaires, used in road lighting,
which is providing by small-scale wind turbines. As
the application area, the Bitlis-Rahva region, which
is the new settlement of the city centre of Bitlis, was
chosen. For the study, the wind data at a height of
10 m representing the road lighting poles were re-
corded with a data logger every 10 minutes (for 1
year). In many studies in the literature, the Weibull
distribution has been used in the analysis of wind
data and determination of wind energy potential.
It has been seen that the accuracy of this method is
high and therefore the Weibull distribution is chosen
for the power generation capacity of the small-scale
wind turbine to be used in road lighting. The maxi-
mum likelihood method was used to determine the
parameters of the Weibull density function. Consid-
ering the dimensions of the lighting poles and the
loads they can carry, it was concluded that it would
be appropriate to use small-scale vertical-axis wind
turbines for energy generation on these poles. It has
been determined that the amount of energy pro-
duced by the wind turbine on the road lighting pole
is much more than the luminaire on a lighting pole
will consume.

Keywords: road lighting, wind energy, wind
turbine

1. INTRODUCTION

The energy needed for the continuation of human
life must be provided in a continuous, high-quality,
and safe manner. Fossil resources have a wide usage

area both as heating and fuel throughout the world.
The reserves of these fossil resources are not con-
sidered sufficient for the future. In addition, the fact
that it requires a large amount of advanced technol-
ogy and financial resources in terms of acquisition
and storage has caused all countries in the world
to urgently review their current energy programs
and take the necessary measures. The measures
to be taken at the beginning are the gradual reduc-
tion of the share of oil in the total energy demand,
the tight conservation of energy and the efficient use
of resources, and the rapid development and imple-
mentation of technologies to benefit from renewable
energy sources [1-6]. One of the renewable energy
sources is wind energy. Wind energy is one of hu-
manity’s oldest energy sources. Until recently, wind
energy was used to pump water and generate elec-
tricity in rural areas. Today, it has taken its place
in the energy sector as an alternative energy pro-
duction source. The energy used in road lighting in
the world is obtained from dams or thermal power
plants. The production and continuity of this energy,
which is required for thousands of tunnel luminaire
and road lighting poles, is costly [7-9].

Today, the use of renewable energy sources at
the highest possible level has become a necessity
rather than a choice. Among the renewable energy
sources, the most important sources other than wa-
ter are solar and wind energy. The increase in the
cost of solar panels reduces the advantages of so-
lar electricity generation. In recent years, significant
technological developments have been experienced
in obtaining electrical energy from wind energy [1—
4, 7]. The unit power of wind turbines has become
competitive with other energy sources in terms of
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Fig. 1. The wind farm set up at sea

establishment costs. The share of wind energy in to-
tal electricity production is increasing day by day by
establishing wind farms in the seas. Fig. 1 shows a
wind farm set up at sea.

Mankind cannot afford to give up any clean en-
ergy source, because they are not cheaper than fossil
and nuclear fuel types, and the energy consumption
resulting from lighting alone corresponds to 25 %
of the whole consumption [10—16]. Wind energy,
which was neglected with the developments in fossil
fuel consumption and which was the most important
energy source before the industrial revolution, has
again become a hope for humanity today. The plan-
ning, establishment, and operation of large-pow-
ered wind farms should be the most important pub-
lic policy in terms of utilizing wind energy.

In addition, the share of electricity generation
in total electricity production should be increased
thanks to small and medium-powered wind turbines
for lighting, which is the subject of this study. For
this purpose, it is aimed to reduce the consumption
of road lighting, which causes a large consumption
in the world [17-21]. Thanks to this research, the
amount of energy produced by wind turbines that
can be mounted on road lighting poles has been
studied. Although horizontal axis turbine systems
are generally used in small powerful wind turbines,
they are also used in vertical axis small power-
ful turbines due to their unique advantages. In this
study, the vertical axis wind turbine was preferred
because of the energy efficiency it provides. Exam-
ples of horizontal and vertical-axis wind turbines
are shown in Fig. 2.

Small strong wind systems can be realized more
easily with national resources in terms of techno-
logical infrastructure, knowledge, and investment.
High-energy magnet-excited synchronous gener-

ators are used in all small-powered wind systems,
and the obtained alternating current of variable am-
plitude and frequency is rectified and fed to the bat-
teries with a maximum power draw algorithm, or it
can be connected to the grid in parallel with the help
of suitable power electronic circuits. These turbines
are specially optimized for low wind speeds and are
the most suitable turbine type in terms of price per-
formance. Turbines shift the propeller rotation axis
towards the axis and change the tail angle when the
wind speed increases. In this way, dangerous in-
creases in turbine speed at high wind speeds can be
prevented and the wind turbine continues to pro-
duce. In addition, this approach prevents the exces-
sive increase of the mast peak force. The amount of
energy that can be taken from the wind system de-
pends on the current wind potential as well as the
performance of the turbine controller. The turbine
controller adjusts the power drawn according to the
wind speed and tries to keep it at the maximum
point of the turbine’s power characteristic. Accord-
ingly, the power transferred and the operating speed
of the turbine is measured in each case. To bring
the optimum turbine speed at this power to the opti-
mum speed, the charging current is increased or de-
creased. In this way, the system is tried to be kept at
the optimum operating point.

While continuous lighting is provided day and
night in tunnel lighting, a battery system is need-
ed in road lighting since energy consumption will
be made at night. In this study, it is assumed that
there will be a battery system in the poles used in
road lighting, because road lighting does not con-

Fig. 2. Examples of horizontal and vertical-axis
wind turbines
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Fig. 3. Satellite photograph of the application area Bitlis-
Rahva Street

sume energy during the day. The energy obtained
from the battery during the night will be used for
road lighting. When the batteries are fully charged
in the wind turbine systems, the charge is automat-
ically cut off as the tip voltage will increase. In this
case, an auxiliary load is connected to the resistor
so that the turbine does not accelerate to excessive
idle speeds. The system stays in this position until
the battery voltage drops below a specified value. In
addition, a similar operation can be performed man-
ually to lock the turbines. In turbine controllers, an
energy measurement system that allows the mea-
surement of the total and intermediate production
amount and a power measurement system that can
measure the maximum and average power amounts
can be used.

2. MATERIAL AND METHOD

In this study, it has been investigated that the
electrical energy consumed in luminaires used in
street lighting is met by a small-scale wind turbine.

2.1. Mast Top Wind Turbine

In the study, the Bitlis-Rahva region, which is
the new settlement of the city centre of Bitlis and
has the longest street, was chosen as the applica-
tion area. Bitlis-Rahva Street is a region that re-
ceives regular and intense winds. In the calculation
of the electrical energy that can be produced from
the wind turbine, the wind data measured in the field
where the energy production will be made should be
used. In this study, wind information was obtained

from the Bitlis meteorological station of the Turkish
Meteorology General Directorate, located between
38° 28’ N North latitude and 42° 9° E East longi-
tude. Wind data measured at a height of 10 meters
were used to represent road lighting poles. Bitlis
Meteorology Station, where wind data are obtained,
1s located on Bitlis-Rahva Street, which was chosen
as the application area. In Fig. 3, the satellite photo
of the application area Bitlis-Rahva Street is seen.

To determine the energy that can be produced in
a wind turbine, statistical analysis of the wind data
measured at the power generation site is required.
One of the most important features in the evalua-
tion of wind data is the average wind speed. Aver-
age wind speed is the average of the measured wind
speed values. The variability of a wind dataset is
also important. The mean velocity (v, ), the stan-
dard deviation (o), and the average power density
(P,,) of a wind series can be calculated in Equations
1,2, and 3.
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In these equations, p represents the density of the
air and n represents the number of measured wind
speeds. The Weibull distribution has been used in
most studies to analyse wind data and determine
wind energy potential. In many studies on wind en-
ergy, it has been determined that the wind speed
data show a two-parameter Weibull distribution fea-
ture [22-27]. It consists of the Weibull probabili-
ty density function (f(v)), shape (k), and scale (¢).
This function expresses the number of blows at any
wind speed. The probability density function of the
Weibull distribution is shown in Equation 4.

f@#f&f¥wLGY} @)

Various methods have been developed in the lit-
erature for the determination of Weibull parameters.
Graph, moment, maximum likelihood, and simpli-
fied maximum likelihood estimation methods are
among these methods. In this study, the maximum
likelihood method was used to determine the pa-
rameters of the Weibull density function. The &k and
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Fig. 4. Aeolos-V 0.3 kW power curve [27, 28]

¢ values that make this function the highest are con-
sidered as the maximum likelihood estimates [26,
27]. According to the Weibull distribution, the aver-
age wind speed and power density are expressed by
Equations 5 and 6 [27, 28].

v, = ]jvf (v) dv=cl’ (1 +%) ®))

Lo 1 3
Pm—.([zpv f(v)dv-Epc F(l+;). 6)

Here, I" is expressed as a gamma function. The
electrical power to be produced from the wind tur-
bine, Pg,, is calculated using the power genera-
tion curve of the wind turbine. The electrical power
generation for this wind turbine model is shown in
Equation 7 [29, 30].

0, v<y,
a+bt, v, Sv=v,
PGe: P < . (7)
s Ve, <V,
0, V>V,

Here, v; shows the speed at which the turbine
starts to produce power (cut in wind speed), vy
shows the speed at which it starts to produce nom-
inal power (rated wind speed), v, shows the speed
at which the turbine exits the power generation (cut
out wind speed) and P, shows the nominal power
(rated power) of the turbine [27]. According to this
model, the amount of energy that can be produced
from a wind turbine is calculated according to Eg,,
Equation 8.

E, = T(j (a +bvk)f(v)dv+PRj:°f(v)dv). ®)

As a result, if the Weibull density function is
substituted in Equation 11 to express 7 time, the
amount of energy that can be produced from a wind
turbine is calculated by Equation 9 [27, 28].

c c
()
Ge — T4 Ge c c ' (9)

It is symbolized as the capacity factor (Cr) of a
wind turbine. Cr expresses the turbine’s power gen-
eration performance and is expressed as the ratio of
the actual power generation amount to the turbine’s
power generation rate at nominal power [31].

Today, lighting poles used in streets and streets
are preferred at a height of about 8-10 meters. Con-
sidering the dimensions of the lighting poles and
the load they can carry, it was concluded that it
would be more appropriate to use small-scale ver-
tical-axis wind turbines for power generation on
these poles. For this reason in this study, the wind
turbine, which characteristics are given in Table 1,
was used to meet the electrical energy consumed in
road lighting. The power generation graph of the se-
lected turbine is given in Fig. 4.

As can be seen from Table 1 when Fig. 4 is ex-
amined the turbine starts to produce energy when
the cut in wind speed (v;) is 2.5 m/s. When the rated
wind speed (vg) is 10 m/s the turbine produces en-
ergy at nominal power. In this way, the energy pro-

Drag rotor

Main blade

Main axis

Luminaire

Fig. 5. A vertical
wind turbine road
lighting pole [34]
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Table 1. Wind Turbine Specification [32, 33]
Manufacturer & Model Aeolos-V 0.3 KW Vertical Axis
Rated power (Pg) 0.3 kW
Maximum output power 0.4 kW
Hub height 1.6 m
Rotor diameter 1.2m
Rated power (PR) 0.3 kW
Start-up wind speed 1.5m/s
Cut in wind speed (v;) 2.5 m/s
Rated wind speed (vz) 10 m/s
Cut-out wind speed (vy) 42 m/s
Survival wind speed 50 m/s
Swept area 1.1 m?
Number of blades 3
Generator Permanent magnetic
Generator efficiency >0.96
Turbine weight 10 kg
Noise level <45 dB(A)

duced is sent to the battery system in the road light-
ing pole.

The energy produced from the turbine is stored
in the pole-mounted battery system under the wind
turbine at the top of the pole. The high-efficiency
LED lighting fixture right next to the battery, on the
other hand, activates at night and illuminates the
road. In Fig. 5, a vertical wind turbine road lighting
pole is shown.

2.2. Road Lighting Parameters

One of the most important parameters in the per-
ception of objects is the visual comfort of the eye.
Lighting evokes different physiological and psycho-
logical effects in each individual. Accordingly, these
effects can have positive or negative consequenc-
es. The lighting quality should always provide ad-
equate visual performance for road lighting. Visual
comfort on the road can be impaired by inadequate
lighting, inappropriate lighting levels, glare, and
unwanted shadows. Insufficient lighting prevents

Table 2. Road Lighting CIE Standards

ot Lyyer,
Lighting class cad; I;’lgf’ Uy U; L%
M2 >1.5 >0.4 >0.7 <10

the correct perception of the environment, objects,
and colours. Therefore, the optimum light balance
should be set according to international lighting
standards (CIE). The road used in this study is in the
M2 class according to CIE standards. Required con-
ditions for the M2 class according to CIE standards
are shown in Table 2.

For the Bitlis-Rahva Street, features such as the
distance between luminaires, the distance of the lu-
minaire to the surface, IP protection class, pollution
rate, luminaire cleaning frequency, and maintenance
factor were selected as lighting parameters [35—40].
For the luminaire parameters, variables such as the
angle of the luminaire relative to the surface, the
power of the luminaire, its lifetime, and the Iumi-
nous flux were taken into account in the calcula-
tion. LED luminaires with a luminous flux value of
12000 Im are used in road lighting. Luminaire an-
gles were chosen as 0 degrees, road surface reflec-
tance 0.10, and maintenance factor 0.86 (for mod-
erately polluted environments cleaned every two
years). Lighting parameters for Bitlis-Rahva Street
are shown in Table 3.

The point Lighting Calculation Method was used
in road lighting calculation. In this method, the area
to be calculated for point lighting is selected first.
The area between the two poles is determined as the
calculation area. Starting from the first luminaire in
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Table 3. Lighting Parameters for Bitlis-Rahva Street
Road lighting parameters
Lighting pole type Galvanized Lighting class M2
Number of road lanes 2 Console length, m 1.5
Lane width, m 3.5 Console angle, degree =
Road width, m 7 Armature angle, degree 0°
Road surface class R1 Luminaire type LED
0, 0.1 Luminaire power, W 60
Distance between poles/luminaires, m 33 Luminaire luminous flux, Im 12000
[llumination height from ground, m 10 Maintenance factor (every 2 years) 0.86

the calculation area, the point standing in the mid-
dle of each strip is selected according to the observ-
er [41, 42]. When calculating the luminance level in
a point on the road surface the luminance level in a
point is equal to the sum of the luminance created
by the all luminaires.

In this study, calculations were made at 66 points
selected in horizontal and vertical positions along
the 2-lane road on the road and the illumination val-
ues of the selected points were recorded in Table 4
[35-40]. The comparison of the minimum values
calculated for Bitlis-Rahva Street and given in the
CIE standards is shown in Table 4. When Table 4 is
examined it is seen that the lighting conditions are
provided for Bitlis-Rahva Street, which is the sub-
ject of the study.

3. RECOMMENDATIONS
AND DISCUSSIONS

In this study, the annual variation of wind char-
acteristics of a wind turbine to be mounted on light-
ing poles for Bitlis-Rahva Street was investigated,
using Weibull distribution. Average wind speed and
energy density calculations were made and the pa-
rameters of the Weibull distribution for Bitlis-Rah-

Table 4. Comparison of the Minimum Values
Calculated for Bitlis-Rahva Street and Given

in CIE Standards
rfaa(icllill;tgs CIE Standards
eters. M2 Lighting Class
parameters

Laverage’ Cd/m2 1.52 >1.5
Yo 0.79 0.4
U, 0.88 =07
UL 6.9 =10

va Street were determined. The standard deviation
of the wind speed data was between the expected
values [33, 34, 43—46]. This is an indication of suit-
ability for the generation of electrical energy using
wind energy.

The statistical analysis results of the wind data
for the lighting poles of a wind turbine to be in-
stalled on the lighting poles for Bitlis-Rahva Street
are given in Table 5. Observed values of annual av-
erage wind speed and power density were found as
3.13 m/s and 50.01 W/m?, respectively. The k and
¢ values of the Weibull distribution were estimated
as 1.49 m/s and 3.61 m/s, respectively. Weibull val-
ues of annual average wind speed and power densi-
ty were found as 3.26 m/s and 49.77 W/m?2. Weibull
results were found to be very close to the observed
results.

The sectoral frequency change of the wind-blow-
ing direction is shown in Fig. 6. The highest fre-

% F 4
", o
5% 10%15%20%2:—1%‘-
«t &

__ 4

Fig. 6. Sectoral frequency changing of wind direction
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Table 5. Statistical Analysis Results of Wind Data for the Lighting Poles of the Wind Turbine

V,p, m/s k ¢, m/s c P,, Wim?
Observed 3.13 - - 2.2449 50.01
Weibull distribution 3.26 1.49 3.61 2.1789 49.77

Table 6. Results for the Aeolos-V 300W Wind Turbine

Annual power energy output (Esr)

245.554 kW - h/year

Annual energy consumption for 60 W LED luminaire

240.90 kW - h/year

Capacity factor (Cr) 9.34 %
Operational time 5927 hour/year
Operational time at rated power 899 hour/year

quency of the wind speed was found to be 27.5 %
in the South-Southwest direction, the average wind
speed in this direction was 5.0 m/s, the Weibull
shape parameter was 1.97 and the scale parame-
ter was 5.63 m/s. Therefore, it was observed that
the dominant wind direction in the region is the
South-Southwest direction.

The result of the wind power plant analysis for
the selected wind turbine is given in Table 6. It is
mounted on the road lighting pole of the wind tur-
bine. Since the approximate wind data of the hub
height is at the measurement height, the variation of
the wind data according to the height was not cal-
culated. The annual energy production of the wind
turbine was found to be 245.554 kW -h and the ca-
pacity factor was 9.34 %. The working time of the
turbine in annual energy production was found to be
5927 hours, and the production time at nominal
power was found to be 899 hours.

If the wind turbine lighting poles are used for
road lighting, great cost savings will be achieved
as there will be no connection cable between the
poles. In this study, since the price of the wind tur-
bine mounted on the pole is lower than the price of
the cable between the poles, the wind turbine will
not cause an additional cost. Therefore, it is obvious
that small-scale wind turbines will not create addi-
tional costs.

4. RESULTS

The state, non-governmental organizations, in-
dustrial organizations, and universities have great
responsibilities for the more widespread use of wind
and solar energy systems and the evaluation of the
existing potential. In this context, wind turbines
mounted on small-scale road lighting poles can

be used as the government gives more importance
to renewable energy systems such as wind in the
creation and implementation of energy policies.

The most important obstacle to the widespread
use of wind energy conversion systems is the high
initial establishment costs. Electricity genera-
tion from wind energy will be increased by pro-
viding public support for the initial establishment
cost and production of these systems with national
technologies.

For this study, wind parameters at 10 m height
for road lighting were recorded at 10-minute in-
tervals and for 1 year. Since it is known that wind
speed data show a two-parameter Weibull distribu-
tion in many studies on wind energy, the Weibull
distribution has been used. As a result of the study,
the working time of the wind turbine in annual ener-
gy production is 5927 hours. The production time at
rated power was found to be 899 hours. The annu-
al energy production of the wind turbine was mea-
sured as 245.554 kW - h.

Considering that the lighting poles illuminate
the road for an average of 11 hours per day, the con-
sumption to be made in lighting for 1 year is equiv-
alent to a 61.16 W luminaire. For this reason, 60 W
LED luminaire was used in road lighting. The annu-
al consumption of the 60 W luminaire is 240.90 W,
and the 0.3 kW vertical wind turbine can meet this
consumption throughout the year. Considering that
the annual energy consumption of a 60 W LED lu-
minaire is below 245.554 kW - h, it can be seen from
Table 6 that the wind turbine selected for road light-
ing meets the energy consumption. The fact that the
electricity production of the small-scale wind tur-
bine selected for the lighting pole is close to the an-
nual consumption of the lighting luminaire indicates
that the optimum wind turbine has been selected.
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This value corresponds to much more than the en-
ergy consumed by a lighting pole. In this direction,
wind turbines should be installed on the road light-
ing poles on Bitlis-Rahva Street.
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