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Introduction

Proper lighting and safety equipment on roads are essential for the optimal use of roadside services and the
timely, safe transportation of goods. Supplying electricity for road lighting, especially in remote and hard-to-
reach areas via the power grid, involves high costs for building power transmission infrastructure. Using
renewable energy enables electricity generation directly at the point of use and on a local scale. This approach
reduces transmission and distribution costs and significantly lowers the environmental impact associated with
fossil fuel-based electricity generation. Kermanshah province plays a key role in road transportation, yet most of
its roads lack lighting systems. The province has significant wind energy potential, but wind power has not been
utilized to supply electricity for road lighting. This suggests that installing small-scale wind turbines along the
roads could be a promising solution. This study aims to assess the wind energy potential for powering road
lighting and to prioritize the counties of Kermanshah province for installing small-scale wind turbines to supply
electricity to road lighting systems.

Materials and Methods

The main steps of the study include data collection, preparation of the wind atlas, identification of locations
with high wind potential, determination of effective factors and indicators for siting wind turbines, weighting of
these factors and indicators, scoring counties based on them, and finally ranking the counties for installing wind
turbines to supply electricity for the road lighting system using multi-criteria decision-making models. Using the
wind atlas, we evaluated wind energy potential within a 3 km buffer zone around roads and identified 46 points
with high wind potential. Based on these points, the counties of Kermanshah province were assessed and ranked
for installing small-scale turbines to power the road lighting system. The indicators considered to determine
suitable turbine locations included wind energy potential, distance from roads, traffic volume, distance from
high-voltage power lines, distance from protected areas, distance from rivers and flood-prone zones, distance
from faults, distance from residential areas, and land slope. Counties were scored on these indicators based on
previous studies and expert opinions. A decision-making matrix was created using these scores, and indicator
weights were calculated using Shannon entropy combined with expert evaluation. The SAW, TOPSIS,
ELECTRE, and VIKOR methods were then applied to rank and prioritize the counties.

Results and Discussion

The energy potential of wind, with a weight of 0.360, was the most important indicator for selecting locations
for wind turbine installation and road lighting systems. Traffic and distance from the road were the next most
significant factors, with weights of 0.228 and 0.151, respectively. Kermanshah County had the highest wind
energy potential, featuring seven high-potential sites, while Sarpole Zahab and Qasr Shirin counties each had
only one suitable site, indicating lower wind potential. The top three counties in terms of wind energy potential
were Kermanshah, Ravansar, and Paveh. Kermanshah County also had the highest traffic volume, carrying the
greatest weight in that category. For distance from the road, Sanghar and Sahneh ranked first and second, with
unscaled weights of 0.094 and 0.070, respectively, and Kermanshah ranked third with 0.047. Kermanshah
County scored highest on all indicators except distance from faults and protected areas. Across all decision-
making methods, Kermanshah and Sanghar consistently ranked first and second. Overall, Kermanshah, Sanghar,
and Ravansar were prioritized as the top three counties for installing wind turbines to supply electricity for road
lighting systems.

Conclusion
According to the wind atlas, 46 points with suitable wind potential for the road lighting system were
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determined. Based on multi-criteria decision-making methods, Kermanshah, Sanghar, and Ravansar counties
were prioritized for installing road lighting systems powered by wind turbines.
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4- Vlse Kriterijumsk Optimizacija Kompromisno
Resenje (VIKOR)
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Table 3- Scoring based on distance from residential areas
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Table 4- Scoring based on distance to protected areas
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Table 5- Scoring based on distance from river and flood-prone areas
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Table 6- Scoring based on distance from high voltage power lines
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Table 7- Scoring in terms of distance from faults
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Distance from fault (m)
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Table 8- Scoring based on terrain slope
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Table 9- Weight of counties in terms of traffic criteria
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Table 10- Weight of counties in terms of distance from roads
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Table 11- Weight of counties in terms of different criteria
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Fig.1. Score of counties in terms of wind energy potential
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Fig. 2. Weighting of wind turbine location selection indicators for road lighting systems
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Table 12- Scale-free weighted matrix

&)Ly

C1 C2 Cs C4 Cs Cs C7 Cs Cy
County
olasle,S
0.150 0.151 0.047 0.025 0.002 0.016 0.032 0.017 0.009
Kermanshah
u/;:—.)b"[u)tw‘
0.034 0.096 0.013 0.007 0.009 0.005 0.009 0.008 0.006
Eslamabad-e-Gharb
e 0.091 0.021 0.040 0.004 0.018 0.011 0.017 0.019 0.009
Dalahu
2> dre 0.020 0.014 0.013 0.002 0.004 0.003 0.005 0.003 0.003
Sarpol Zahab
_“'”:UM*'S 0.099 0.048 0.027 0.014 0.018 0.010 0.018 0.014 0.009
Gilangharb
‘”w’w 0.026 0.038 0.007 0.003 0.004 0.003 0.005 0.005 0.004
Qasre Shirin
I—ﬁ:s:; 0.085 0.096 0.020 0.007 0.004 0.005 0.009 0.002 0.001
Ao
0.108 0.014 0.070 0.009 0.018 0.009 0.018 0.014 0.007
Sahneh
298S
0.113 0.055 0.020 0.009 0.013 0.008 0.014 0.014 0.006
Kangavar
s 0.128 0.024 0.094 0.014 0.026 0.011 0.025 0.024 0.007
Songor
) 0.142 0.021 0.027 0.014 0.018 0.001 0.018 0.005 0.006
Ravansar
o9t 0.128 0.014 0.040 0.011 0.013 0.010 0.018 0.014 0.004
Paveh
%5152 0.037 0.034 0.013 0.006 0.004 0.005 0.009 0.010 0.004
Javanrud
SUIMJ 0.034 0.031 0.027 0.004 0.009 0.004 0.005 0.010 0.004
alas

o g5 3 odlisl L ol (ol s s 5k 3l ol e 2led Caglsl 9 039 =V Jg
Table 13- Final weight and priority of counties in terms of installing road lighting systems using wind energy

Ol o Plesl (s yig, 55 4,
methods
oAl ke
O My 0 & Wy Sy M Bedy  hy s
Weight Rank Weight Rank Dominance Rank \jcor Rank Mean  Borda Copeland
index of
ranks
oles 0.901 1 0.807 13 1 0 1 1 1 1

Kermanshah



S 0.709 2 0.528 3 10 2 0.357 2 2 2 2
Songor
) 0554 3 0458 4 5 4 0.464 5 3 3 3
Ravansar
28
0.515 7 0.447 5 7 3 0.389 3 4 4
Kangavar 3
uw’m 0.437 9 0.467 3 5 4 0.479 6 5 5
Harsin 4
s 0.541 4 0.430 7 5 4 0.496 7 7 5
Sahneh 4
o9t 0.531 5 0.432 6 5 4 0.501 8 6 6
Paveh 5
oS
. 0.519 6 0.408 8 5 4 0.407 4 8 6
Gilanegharb 5
|
e 0.470 8 0.349 10 4 5 0.520 9 9 7
Dalahu 6
u).c ije)’h»l
Eslamabad-  0.336 10 0.350 9 4 5 0.798 10 10 8
e-Gharb 7
b 0241 11 0245 11 2 6 0.857 12 12 9
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Javanrud 9
‘f’w’w 0.177 13 0.113 13 1 7 0.942 13 13 11
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