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Figure (1): Geographical location of study area in the country, Sistan and Baluchestan province
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Tabel (1): Range of used criteria to remove areas with restrictions
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Tabel (2): Classes of effective criteria for assessing potential wind power plants constraction and its priorities and scores in Sistan plain
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Figure (2): The process of wind power plants locating by combining multi-criteria decision-making systems and GIS in the Sistan plain
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Figure (3): Windrose result of Sistan Plain (Zabol, Zahak, Hirmand and Hamoon) and nearby stations
of the studied area (Zahedan, Nehbandan, Birjand, Qain, Shahdad and Bam) in the period 1996 to 2016.
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Figure (6): Classified map of slope
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Figure (9): Distance classified map from communication paths
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Figure (6): Classified map of altitude
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Figure (8): Distance classified map to the power transmission
network
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Tabel (4): Results of paired comparison and weight of criteria and sub-criteria in potential analysis of construction of wind power
plant in the Sistan plain
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Figure (13): Site suitability map of wind power plants construction
in Sistan plain
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Tabel (5): Specification of site suitability map for the wind
power plants construction in Sistan plain

3l ks
).:.A)l.:f (N u,»% ;ﬁ.ljj 03 9>
Ol s
&

Y110 04 Cgas -

YA v/0 Cias )
¥V M buge Y ik S

Vo4 Y£1Y/0 .

£t VIT, S ]
ol

Voo VYV - -

S5 e 5 o
ol iy Sl edali sy bl a4 5 L g peme 53
VAT Jslre Ol adlate Ao ps £8 350> &S &S Ol 5 o0
3L o855 oLl g VU (Sald sls w0 20 kS
Ll S 515 ola s 3 Butas W il b bl 3L
Sl S Bl A gi 53 el bl labae L oS
Ol 4l 55 (531 (glmolS s 1 1l g gy OIS
3 bl sl ol mls bl s lseen
(Usold 5 59 Ol ,g5) Ol Clis S 10 (glaes gdos
REWHPT IR

i feeily Jol gl o5 A lie
3 Sheaide | es Juee bl 1 (0t SlolSy 0
Sl Gl G g 5 s ) ol5 s s,j slaslas
Ll 03ls ol s s e 1) (6 i O3 5 035 S

6oL Lglmlfjﬁj Sl )J‘\S&LQJL:M UJJSV.@.» )'\ui.l



WAV (ybuasls o 395 0 louds i Jw (5l primmossS T (sawdien (g ool alomo "

Ot e a5 (o slrs Ols Sl i Bl bl S
D353 (6 iy ol Sl 5 e0ls ol st 4y 03
RGIW

St (2 ol S (S (Sl paddes Lo ] 8
2l B gl slns b (6,8 enss (gl 0 b
5l e e Glajlul 4 ax g by S aa s ol
Sl am a5 L 5 5 () dlie) o b sl
s lasOlis a8 sy 5 e nly (g5l o 4 Do o el
4SS sy o5 slasbas 4 a5 L au S O e B
Ol e S5 ol e S o Ol ) Slaslons 5 o glis
SLlze 5148 Aas e OLE | e £S5 5 65
Sedle 4l ol L (5 S el 53 ST cpl Slies
sl gl el ey oyt 8 b sl S
ol Jol S5 (Yeebssles 5 )8 5 ) conl ol Ly
B SR VNGV S NGSP I W- [ gor Nt e o { G YT W Wi e
257 by paie 4 o mhaw a ol bl 5l 0
dslds oy 5o 5 0l anslie 53 s 4 SVL mlas o
033 i Flr () S eslial b s 355 00 S35 05
'”qu” dsloes ole s

e Sl s ) ) eslial B 5 sdeliisay
Spboblanl 5 Solo asax 5 L oS das e Ol Y O35
5> L5 e o glal 53 (655l dmaloe e 5 O
el gy dlae 2 LS O 4 by Dl gige o
5 Wl el slawlel (Yo v ol 5 o) il
(Sl dal b o3 aldd iyl Gl ol Ol s
Skl e 5 ol 5 4 o lesls Sy s (s
iadls 33l l 5y peen 31 als 3 a5 355 Wil b3
e 0 oLl Dbl Blles 5 ojlmatinr gla s,
g 55 gdmte Slalllas 3 o3l oS58 LUK
wlauybﬁ&jﬁ@u)w\mﬁ)l}
5l el YOV O LSan 5 el Y0V (s )
Y O

1. Hill & Braaten
2. Sanchez-Lozano

350 dilaie 350 pdsan a5 L Adl (S L by e
Mg adlaie 53 el g cnl B 1 3 sdoms (o

el (ol lajlre 5 cdd oLl &S b Olas
(Pl slaely 5l sl Jold sy ool 53 s 2,50
Aols) SsSie bl 3lalol 5 50 Jasl s & s
ol b el s (el 5l alols 5 b e )
lnsl, Sl Al 5 5,3 Jast 803 5l kol ol 2ass,
Sl e Jedly s 00 AU Gt Ul Bl
Jeelse ol am O3 i o Liees (93 LS5 0 ]
S oS 5l b e gl ST Wsa il olans]
Il gl (Bl bsket 4 o5 e 53 5 ok slagm 5
3 55 JLanl glaaSd 4 (o3l o855 g Sl Jol> 8
Slrely 4 Cond Cudgdme Joold Coley by Dl Jom
Sl b ol ol 0 3Y (5 5 Ul b glast 5 bLS
33 )l.,\_fﬁb lasbas 5 s 5133 5 bl o8 5 el
S s 3 ahols WSy 0 gl Sl ks
Wil o5 S bl ) alol 4z S (5 sbay o
Sl das o olantl sy 5wl (g rie el adlae O
a5 Lapms5 i 3l 30 o o S s g s
53 ik 5 b Sl et 5 Lokl el
25 (YL OLKes 5 $350) ol ) SIS 2y i
o2 S5 e Slaasl b s 55 tagh cpl 51 Lol
RGN

bl Jladlols ( Jaomac sy (lajlns 5 s 52
e baaal Sl alols 4 o | (g mie O35 skdcblis
2 e Jools O S damen s slalae ol olaz
s Al el 4o ool glaelSs o il Lol
wlibli= Gblis 555 rlgs 5 ass OB 5 54
Flo i a5 ap a3 03,55 o8 5 S0 (S35
e 3 S @b el 8 LUK 55 Jasmer
Ll Ol 5 Ol gl 53 baolS 5,0 4658 ol ol 55 il
e Gl s S Sl s 0 0l S5 LYo 4 4 g
Al Al s Ak wsls | Y Aol (T slawgs o
Alols 4 Wlosls 55158 (Yo W) OSn 5 (s s



W o gy ST 4 (3L elS gy colu (gl Gblw (b

e 5 A8 gllas Sl o ol (6,8 s
5 mla sy ol OlS Gy e sla il 5 S
S osba il e 5l ags nl 5l ol mls Kl e
Sor2 45 2,5 0o Ol e S8l gy b ol
Sl 5 e Cupde S e s S oSN
S bl 5l 6 S (6513 00 0 g s S
S i Vs 53,8 O o Ol Ailats 53 34 g0
Mol ey lam b S o bl Sl
diae 35l 551 S ol ok o paa s S5
Olssas Wlgign O 1 ol G p a5 481 03,8 Do
b s el (oslasl w g s il 6551 S

S Wl s BB adlase

1. Alam al-Hoda, S.H., 2010. Wind Energy,
Ambassador of Hope. Scientific, Educational
and Research Journal of the Oil, Gas and
Petrochemical Industries (4) 1, 67-61.

2. Amir Shahi, H., Nasirpour, Z., 2015. Solar
Energy: Its applications and challenges in
Sistan. Third National Conference on
Agriculture  and  Sustainable  Natural
Resources, Tehran, Iran, 77-93.

3. Asadi, M., Entezari, A., Akbari, A., 2013.
Identification of fields and navigation of wind
power plants in the northeast of Iran using
AHP method and geographic information
system. MA thesis, Faculty of Geography and
Environmental Sciences, Hakim Sabzevari
University.

4. Aydin, N. Y., Kentel, E., Duzgun, S., 2010.
GIS-based environmental assessment of wind
energy systems for spatial planning.
Renewable and Sustainable Energy Reviews
14, 364-373.

5. Azizi, A., Jafari, H., Malek Mohammadi, B.,
Khosh Akhlagh, F., 2014. Placing wind power
plants using fuzzy hierarchy analysis and
network analysis in Ardebil Province. Journal
of Applied Research on Geographic Sciences
14 (34), 194-174.

6. Bahrami, M., Abbaszadeh, P., 2013. An
overview of renewable energies in Iran.
Renewable and Sustainable Energy Reviews,

Saos £ sa el tagh mli g e g L

oo 2leaal S5 95 03 Ll e Ol 4t
Colb I slasl g 5 YU s b sl (slasly)

@l lrelS s Slast (ol VL Jouily Sl (Jlas
5 s B3l ol s ol el s
DLl Bl S eslizal b (636 il ek o 55,
L L5 or S sl Ol (s S Ol gy (Lo
D3l gl pesdle VL (Sals slls bl plals
GS e baaypa S0 Sl il Uk dae 5 O
ol Glam b 5 Slanw s Slam b Gl Codise 5005
e Sl i e ailae o 1 o s sl )
SaS OIS ey 5 O3yl 0 goosn onl o saladl

e S slesls Ll il S asS e ol

c\.‘w
198-208.

7. Hill, M. J., Braaten, R., 2005. Multi criteria
decision analysis in spatial decision support:
the assess analytic hierarchy process and the
role of quantitative methods and spatially
explicit analysis. Environmental Modeling &
Software 20, 955-976.

8. Kaya, T., Kahraman, C., 2011. Multi criteria
decision making in energy planning using a
modified fuzzy TOPSIS methodology. Expert
Systems with Applications 38(6) 6577-6585.

9. Kim, Y.J, Yong O.K., Seok Kang, K., Shin
Lee, J., 2016. Site selection of offshore wind
farms around the Korean Peninsula through
economic evaluation. Renewable Energy 54,
189-195.

10. Latinopoulos, D and Kechagia, K. 2016. A
GIS-based multi-criteria evaluation for wind
farm site selection. A regional scale
application in Greece. Renewable
Energy.550-560.

11. Minaei, M., 2009. Implementation of
Agricultural Planning Model Using Fuzzy
Logic and Geographic Information System
(Case study: Friedounshahr). Msc Thesis,
Faculty of Geography, Tehran University,
146.

12. Morshedi, J., Borna, R., Asghari Pour Dasht
Bozorg., A., Ahmadi, H., and Zaheri
Abdehvand, Z., 2011. Wind power plants site



WAV (ybuasls o 395 0 louds i Jw (5l primmossS T (sawdien (g ool alomo ¥

selection using analytical hierarchical process
(AHP) in GIS. Journal of Remote Sensing and
Geographic Information Systems Application
in Planning 2(1): 97-111.

13. Parhizgar, A., Ghafari, A., 2006. Geographic
information system and multi-criteria decision
analysis. Malczewski, Jacek. Tehran: SAMT
Publication, 23 -43.

14. Razmi, J., Hakimi Asl, A., Nasrollahi, M.,
Hakimi Asl, M., 2015. Evaluation of wind

power plant  establishment in  five
metropolitan cities of Iran using fuzzy
hierarchical analysis method. Industrial

Technology Development Quarterly 23, 20-
38.

15. Sabahi, H., Jamili, M., Amini, M.,
Pasandideh, M., 2011. Time effects of dust on
the performance of wind turbines, First
International  Conference on  Modern
Approaches to Energy Conservation, Tehran,
Iran, 36-46.

16. Sadeghi, Z., Dalal Bashi Esfahani, Z., Horri,
H., 2013. Prioritizing factors affecting
locating renewable energies (Solar Energy
and Wind Energy) in Kerman Province using
geographic information system and multi-
criteria decision making techniques. Journal
of Energy Planning and Policymaking
Research 2(1), 110-93.

17. Salahi, B., 2004. Potentiometric analysis of
wind power and fitness of realistic likelihood
of wind using Vibol probability density
distribution function at synoptic stations in
Ardabil Province, Journal of Geographic
Research 72, 87-104.

18. Sénchez-Lozano, J. M., Garcia-Cascales, M.
S., Lamata, M. T., 2016. GIS-based onshore
wind farm site selection using fuzzy multi-
criteria decision making methods, evaluating
the case of southeastern Spain. Landscape and
Urban Planning 10(3), 86-102.

19. Sargolzaei, S., 2009. The role of geological-
environmental parameters in the development
of ancient and modern Sistan residential, Msc
Thesis in  Geo-Environmental Sciences,
Ferdowsi University, Mashhad.

20. Sargolzaei, S., 2014. Wind Atlas of Sistan
Province, Regional Power Publication of
Sistan and Baluchestan Province.

21. Shirvyeh Zad, E., Soroush, H., 2014. A
comprehensive approach to fuzzy analytical
hierarchy process (FAHP), data envelopment
analysis and analysis (DEA) for assessing the
performance of male and female workers,
10th International Industrial Engineering
Conference, 10 pages.

22. Tabatabaei, T., Amiri, F., 2015. Placement
wind power plants based on the assessment of
spatial multi-criteria and hierarchical analysis
process in Bushehr Province. Remote sensing
and GIS in Natural resources 6 (1), 1-16.

23. Tsoutsos, T, Tsitoura, I, Kokologos, D.,
Kalaitzakis, K., 2016. Sustainable siting
process in large wind farms case study in
Crete. Renewable Energy 75, 474- 480.

24. Zebardast, E., 2010. The Application of
Analytic Network Process (ANP) in Urban
and Regional Planning, Honar hay Ziba
Memari Va Shahrsazi 2(41), 79-90.



\o o gy ST 4 (3L elS gy colu (gl Gblw (b

Site Suitability Analysis of Wind Power plants using Fuzzy
Hierarchical Analysis (Case Study: Sistan Plain)

Sanaz Tanakian! , Hossein Piri Sahragard** , Meysam Amiri?

Received: 2/02/2018 Accepted: 7/06/2018

Extended Abstract

Introduction: Energy as a contributor to human well-being plays an important role in the sustainable
development of human societies. The growing demand for energy, higher standards of living, global warming,
and decreasing fossil fuel resources have focused the global attention on renewable energies (Kaya and
Kahraman, 2010). Owing to the rapid development of wind energy extraction technologies, low cost of this type
of energy, and easy installation of wind turbines, this kind of energy is considered to be a viable alternative to
current energy systems (Yang et al., 2016; Zaim et al., 2014; Tsoutsos et al., 2016). The present study aimed to
identify the factors with more weight and more suitable sites for wind power plants in Sistan by considering
climatic criteria (wind speed and direction), geographical criteria (elevation and slope), socioeconomic criteria
(distance from residential areas, distance from routes, and proximity to electrical grids) and environmental
criteria (distance from protected areas and waterways) through fuzzy hierarchical analysis and GIS.

Materials and Methods: The present study applied available 20-year weather statistics including wind speed,
wind direction, temperature, and pressure in the Sistan region (Zabol, Zahak, Hirmand, and Hamoun) and the
regions around the Sistan plain (Zahedan, Nehbandan, Birjand, Qaen, Shahdad, and Bam) from 1996 to 2016.
Initially, expert opinion was used to extract climate measures (including wind velocity and direction),
geographical factors (elevation and slope), socio-economic criteria (distance from residential areas, distance
from communication pathways and vicinity to energy transport networks), and environmental scales (distance
from protected areas and waterways) as significant and effective factors, which were later compared in pairs.
Criteria and subcriteria weights were then obtained using fuzzy hierarchical analysis with Fuzzy AHP SolVer
software. Maps needed for locating areas for the construction of wind power plants in the study area were
prepared using GIS according to the sub-criteria. In the next step, each of the maps was classified using GIS.
Based on the paired comparisons, each class was then scored according to the expert opinion, and the weight of
each class was thus obtained using Fuzzy AHP SolVer. Finally, a map of suitable sites for the construction of
wind power plants was developed, and the final map was provided in the form of a raster map with a precision of
500 square meters.

Results

Determining the weight of criteria: According to the study results, the climatic criterion is of greatest
importance among the criteria considered for locating wind power plants, and the environmental criteria was
identified as the least important. The most important criteria were found to be wind speed with a weight of 0.57
(among the climate criterion), elevation with a weight of 0.66 (among the geographical criteria), distance from
route, and proximity to electrical grids with a weight of 0.42 (among the socioeconomic criteria), and distance
from protected areas with a weight of 0.66 (among the environmental criteria).

Final map for the location of wind power plants: The resulting map was classified into four classes (excellent,
good, moderate, and poor) according to relative average change in each parameter. The results of the present
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study showed that an area of 5941 km? of the total area of the study area (16208 km?) (36.6%) includes restricted
areas, and the authorized areas for the construction of wind power plants (in the excellent class) are part of the
Sistan plain (Nimruz and Hamoon cities) with an area of 7130 km? (44%). In terms of land suitability, 611 km?
(3.7%) of the area was classified in the moderate class and 462.5 km? (15.1%) in the good class. In addition, the
regions of Bandan and Sefidabeh around the Sistan plain with an area of 62.5 km? (0.38%) are among the areas
less suitable for construction according to the criteria.

Discussion & conclusion: Wind speed is one of the most important climatic criteria considered for the
construction of wind power plants. The higher the wind speed, the greater the power generated by the wind
turbines. On the other hand, the more a wind blows in one direction, the higher the wind is scored as it more
effectively rotates the turbine blades. Consistent with the findings of the present study, wind speed was reported
to be the main climatic criterion for the construction of wind power plants (Azizi et al., 2014). among the
geographical criteria, elevation was found to be the most important one for the construction of wind power plants
in the studied area. The possibility for building facilities and agricultural activities decreases with higher
elevation as a limiting factor (Sabokbar et al., 2010). Therefore, areas with higher elevations must be avoided
when locating a suitable site as higher elevations increase the investment cost (Bennui, 2007).

Considering general results of this study, we can conclude that 44 percent of the regions highly suitable for
establishment of wind power plants, contributing to 7130 kilometers in area. Resulting regions with high
potential for wind power plant establishment, mainly areas in the central plaint of Sistan (Nimruz and Hamoon
cities) were selected from regions consistent with the inclusion criteria of this study. According to the study
results, the combined use of fuzzy hierarchical analysis and GIS as a decision-making support system can be an
effective strategy to identify more potential areas to create the conditions for the regional sustainable
development, reduce the costs, and speed up the implementation of development projects and plans aimed at new
energies. The study results emphasized the necessity of more serious and effective efforts for proper
management and effective solutions to fully exploit the potential of the Sistan region. It is also imperative that
part of the investments is spent annually on sustainable development plans for new energies, in particular wind
energy in Sistan. The production of electricity as a sustainable energy can play a significant role in economic,
social, and cultural development in the region.

Keywords: Sistan, wind power plant, fuzzy hierarchy analysis, geographic information system.



