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Abstract: Solar energy that is produced through solar farms is a freely available, renewable source of energy
that reduces greenhouse effect. It holds utmost importance in a developing country with power shortcomings
and pollution issues. Choosing the best site for a solar farm amid various location alternatives is a complex
multiple criteria decision making (MCDM) problem as numerous conflicting qualitative and quantitative
criteria demands to be considered. Based on the literature review the factors selected for the study are Quality
of Terrain, Land price, Population, Security, Proximity to Transmission Line, Agricultural Concern and
Local Transmission Capacity. One of the most frequently used MCDM methods in literature, the Analytical
Hierarchy Process (AHP) is integrated with fuzzy logic, called as F-AHP, is used in this research to identify
and evaluate solar farm location in division of Khyber Pakhtunkhwa (KPK). Thana, Chakdara, Harichand,
Palai, Pir Khel and Shergarh city are evaluation by Fuzzy AHP on the basis of above-mentioned factors.
Shergarh city is selected for most suitable location for the installation of solar panels.
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Introduction

lectricityis avital infrastructure for socioeconomic

development of a country. Majority of energy
around the globe is processed form fossil fuels which
has a great impact on world’s economy, ecology and
climate. Prices of fossil fuel and oil have observed
unprecedented increase in recent decade; so, most
of the countries have considered new policies for
reducing energy cost and depleting pollution.
Renewable energy enlightens aforementioned aspects,
and solar energy is one of the efficient among them.
In a developing country like Pakistan, especially in
Khyber Pakhtunkhwa (KP) belt area, where industrial
zones are been established through China-Pakistan

Economic Corridor, the demand for electricity is
increasing continuously. So, there is a potential
of establishing solar power generation stations
more than ever. Currently, various authors studied
problems of solar power plants (SPP) and basically
comprises of following different areas: Thermal
storage systems (Antipova ez a/., 2013; Flueckiger ez
al., 2014; Flueckiger and Garimella, 2014; Guillot
et al., 2012; Mufioz ef al., 2012; Rovira et al., 2011,
Yang and Garimella 2013), cooling systems (Deng
and Boehm, 2011; Iverson ez al., 2013; Dominguez
et al., 2012), planning and design of SPP (Peng ez
al., 2014; Sanz-Bermejo ez al., 2014), assessment and
comparison between present SPP projects (Avila-
Marin et al., 2014; Azofra et al., 2014; Desideri and
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Cpmpana, 2014; Jafarian ez al., 2014; Peng et al.,
2014; Wu ez al., 2010). On site selection problem of
SPP, limited research study is available, such as Xio ez
al.(2013), applied analytical hierarchy process (AHP)
and geographic information system (GIS) in order to
search site selection model for desert photo-voltaic
power plants and Uyan (2013) utilized GIS and AHP

to identify best sites for solar farms.

Site selection is critical factor for efficiency of solar
farm; various government and Non-Government
Organizations (NGO) are in a puzzle state to come
with valuable solutions. On the contrary, if site
selection comes out to be poor, billions of initial
investments and cultivates from the land could be at
stake leading towards a disaster at socio-economic
upfront. Moving forward, since the selection of SPP
site has a firm relation with its security and ought
to meet the meteorological prerequisite, society and
environment necessity, and financial aspects (Yun-
na et al., 2013). Determination of suitable site relies
on arrangement of criteria and its surroundings;
like, proper sunlight oriented areas, barometrical
conditions which changes accessibility of sunlight.
Further, environmental conditions play vital role
and it not does only lessen the quantity of insolation
achieved by earth’s surface but also influences the
quality of insolation by retention and dispersion of
light with fluctuated ranges. Another concern is the
interest of some social and financial criteria, in the
assessment of the landscape; one such criterion is
vicinity of the selected site to power transmission lines,
changing over stations, and populated neighborhood
(Arran-Carrion ef al., 2007). Similarly, Van-Haaren
and Fthenakis (2011) also conducted a study on
various challenges like, monetary and environmental
aspects for SPP site selection. It is well understood
that site selection determines future electric energy
production and socio-economic values of the power
stations; these deserve to be paid extra attention.
From the above-mentioned references, it is known
that site selection is multi criteria decision making

(MCDM) problem.

Amongst different MCDM techniques that may
be applied on evaluation of land for site selections
phenomenon, AHP strategy (Saaty, 2008) stands
out. It integrates the expert opinion and assessment
scores to a simpler hierarchical system through
decomposition of complex problems from higher
to lower levels. Likewise, Analytic Network Process

(ANP) is a multi-attribute approach too, which
transforms the qualitative to quantitative values.
AHP is considered as a unique case of ANP that
does not have feedback loop amongst the factors;
ANP is considered effective by most researchers for
long term selection of projects. However, in MCDM,
recent studies are been carried out by incorporating
uncertainty and ambiguousness of experts in which
opinion is a noticeable trait of the problem, and this
impreciseness of human judgment is tackled with set
of fuzzy, developed by Zadeh (1965). Fuzzy AHP
(F-AHP) technique (Cheng, 1997; Cheng ef al,
1999), and Ruoning and Xiaoyan (1992) methodically
solves the selection problems, utilizing the concepts
of hierarchical structure analysis combined with
fuzzy set theory. Fundamentally, F-AHP technique
enhances standard AHP into fuzzy domain with
the use of fuzzy numbers, instead of calculating real
numbers Petkovic ez al. (2012).

Furthermore, ANP operates with only with crisp
relationship ratios, while on other hand, human
judgments comprising of uncertainty can be operated
with Fuzzy ANP; having weights calculation simpler
than traditional ANP Oniit ez aZ. (2009). In literature,
many applications of F-AHP are present in variety
of selection fields, with high recommendation.
These include: Personnel selection Giingor (2009),
alternatives of energy selection Dagdeviren and Yuksel
(2009), selection of weapon Kahraman and Kaya
(2010), jobs selection Kilic and Cevikcan (2011). Wu
et al., (2014) has carried out a study on selection of
site for thermal power plant based on fuzzy measure
of linguistic Choquet operator. Recently, Aktas
and Kabak (2019), applied a hybrid hesitant fuzzy
decision-making approach to determine locations for
solar power plants. However, to the best of knowledge,
there is no study found with SPP site selection based
on F-AHP in developing regions like Pakistan. Fuzzy

AHP details are given in next section.
Materials and Methods

Fuzzy analytical hierarchy process

F-AHP embeds fuzzy theory in to standard AHP. It
is commonly used as a decisive tool in multi criterion
environment problems. It operates by selecting pair-
wise comparison of various alternatives to different
criteria, providing a decision support tool. In standard
AHP model, the first level is objective of the study,

second level is criteria and third one is sub criteria and
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alternatives are set to be on the fourth level Kilincci
and Onal (2011). Major concern with standard AHP
is that of not considering vagueness for personal
judgments, and F-AHP covers this gap. In F-AHP,
linguistic variables are used to perform pair-wise
comparisons of both; alternatives and criteria, been
represented by triangular numbers Van Laarhoven ez
al. (1983). Various authors contributed through their
work on F-AHP including (Chang, 1996; Chou and
Chang, 2008). In current work, Buckley’s technique
(1985) is applied to consider the relative weightage
importance for criteria and alternatives. The procedure
is as follows:

Step 1: In this step decision maker matches the criteria
through linguistic terms as shown in below Figure 1.

Fuzzy Triangular Scale
(L,11
2,34
4,3.6)
(6,7.8)
9,9.9)
(1,2,3)
(3,43
(5,6.7)

(1,8,9)

Saaty scale Definition
1 Equally important (Eq. Imp.)
3 Weakly important (W. Imp.)
Fairly important (F. Imp.)
Strongly important (3. Imp)
Absolutely important (A. Imp.)

The intermittent values between two
adjacent scales

oo [ o |4 [ b [uo | o] en

Figure 1: Linguistic terms along with corresponding triangular
Sfuzzy numbers.

Conferring to the triangular fuzzy numbers of
linguistic relations from Table 1, suppose that decision
maker sets Criterion C1 strong in importance to C2,
fuzzy triangular scale as (6, 7, 8) will be selected. In
contrast, the pair wise contribution matrix for criteria,

comparison of C2 with C1 will select fuzzy scale like
(1/8,1/7,1/6).

The pair wise contribution matrix is presented in
Equation 1, where'¢ ! indicates the preference of the
k™ decision maker for the i criterion over the j*, by
means of fuzzy triangular numbers. At this point,
“tilde” displays the triangular number demo, for
example, €', depicts the preference of first decision
maker for the first criterion over the second, such as;

e, =(2,3,4)

—_— —_—

K Kk

K
. €11 €12 - 8n
I* = (D)
gk K
€n1  En2 - Enn

Step 2: If there multi decision makers, each decision
maker’s preference (eﬁkij) are averaged and e:j is
calculated as by Equation 2.

K &
_— k=1 €1y

="

Step 3: Rendering to averaged preferences from
Equation 2, the pair wise contribution matrix is
updated as depicted from Equation 3.

L= N ¢))

Step 4: Referring to Buckley (1985), the fuzzy
comparison’s geometric mean values of each criterion-
calculated as illustrated in Equation 4. Here, ™ still
denotes triangular values.

Yn

=121 ..(4)

n

j=1

Step 5: The fuzzy weights of each criterion are
calculated with Equation 5, by following next 3 sub
steps.

Step 5-1: Calculate the summation of vectors for each .
Step 5-2: Determine (-1) power of summation vector.
Afterwards, substitute the fuzzy triangular number, to
put it in incremental order.

Step 5-3: To calculate the fuzzy weight of the i®
criterion x”, multiply each p with this reverse vector.

-1

i‘;:ﬁ@(ﬁeﬁ;@ -®F) = (g, mxgux;) ..(5)

Step 6: Since x; are fuzzy triangular numbers, these
require de-fuzzification by center of area technique
proposed by Chou and Chang (2008), as shown in
Equation 6.

_ (Ix;, mx;, ux;)

Y 3 - (6)

Step 7: Y. is a non-fuzzy numeric. Though, it requires
to be normalized with the Equation 7.

Y;
nlyi

i=

Z, = (7)

The aforementioned seven steps are performed
to determine the normalized weightages of the
criteria and alternatives subsequently. Afterwards,
each alternative weight is multiplied with it
relevant criteria and the scores of each alternative is
evaluated. Alternative with largest score is proposed
to the decision maker. In our SSP site selection, this
methodology is applied and its results are discussed in
the coming section.
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Factor selection

The selection of the factors for analyzing the solar
panel’s location selection process solely based on
literature review and expert opinion. Al Garni ez al.
(2018), Lee ez al. (2017), Noorollahi (2016), identified
various factors for selecting a solar panel location. The
factors selected on the basis of previous research are
given as: QT: Quality of Terrain; LP: Land Price; S:
Security; W: Population; LT'C: Local Transmission
Capacity; PTL: Proximity to Transmission Line; AC:
Agricultural Concern.

These factors are analyzed with Fuzzy AHP and the
best city according to these factors is selected. The
cities which are considered are Thana, Chakdara,

Harichand, Palai, Pir Khel, Shergarh.

Few other factors like annual average daylight hours,
annual average air temperature, annual average
relative humidity and annual average insolation
clearances index are also considered for these
locations. Literature shows that the ideals values for
like annual average daylight hours, annual average air
temperature and annual average insolation clearances
index should be maximum or equal to 12 hours, 25C
and 0.55 respectively. The annual average humidity
level should be between 44-52 Chakraborty ez al.
(2014). The meteorological data for the selected
locations are obtained from National Aeronautics and
Space Administration (NASA) surface meteorology
and solar energy (SSE) database. The obtained data
shows that all the factors have the ideal values for the
selected locations and are suitable for installation of
solar panels.

Calculating the weight of the criteria

In the 1 step, for selecting the weight of the criteria,
a questionnaire was designed and distributed to the
industry expert and researchers (which carried out the
research on solar panels). Total 70 questionnaires were
distributed among which 50 questionnaires were sent
to the industry experts and 20 to the researchers. The
total questionnaires received were 52, 38 from the
industry experts and 14 from the researchers. On the
basis of the questionnaire the average of the response
is shown in Table 1.

In 2™ and 3" step, the pairwise comparison matrix for
the criteria is created from the questionnaire response

as depicted in Table 2.

After making the pairwise matrix, now in step 4,

the geometric mean of the weights is calculated. For
simplicity, the calculation of only one value is shown
here, that is for 1st criteria QT, the Quality of Tarain;
=[(1*1/4*1/6*1/9*1/6*1/6*1/8*1/8)"%, (1*1/3*1/5*1/9*
1/5%1/5*1/7*1/7)"8; (1*1/2*1/4*1/9*1/4*1/4*1/6*1/6)"
’8]=(0.194;0.223; 0.265)

Figure 2: Factors are alternatives for AHP analysis.

Table 1: Pairwise criteria on the basis of questionnaire.

Cri- A. S. . W. GCrite- E. Cri- A. S. E W
teria Imp Imp Imp Imp rion Imp terion Imp Imp Imp Imp
1 QT LP 1
2 QT S 1

3 QT W 1

4 QT LTC 1

5 QT PTL 1

6 QT AC 1

7 QT P 1

8 LP S 1
9 LP A\ 1

10 LP LTC 1

11 LP PTL 1

12 LP AC 1

13 LP P 1

14 S w 1

15 S LTC 1
16 S PTL 1

17 S AC 1

18 S P 1

19 1 W LTC

20 1 \' PTL

21 1 W AC

22 1 W P

23 LTC PTL 1
24 LTC AC 1

25 LTC P 1

26 PTL AC 1
27 PTL P 1
28 AC P 1
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Table 2: Pair wise matrix of all the criteria.

Criteria QT LP S \\% LTC PTL AC P

QT (1,1,1) (1/41/31/2) (1/61/5,1/4) (1/9,1/91/9) (1/6,1/5,1/4) (1/61/5,1/4) (1/8,1/7,1/6) (1/8,1/7,1/6)
LP 2.3,4) (1,1,1) (1/4,1/3,172) (1/6,1/5,1/4) (1/6,1/51/4) (1/6,1/5,1/4) (1/8,1/7,1/6) (1/8,1/7,1/6)
S (45,6) (2,3,4) (1,1,1) (1/6,1/5,1/4) (1/4,1/3,1/2) (1/6,1/51/4) (1/6,1/5,1/4) (1/8,1/7,1/6)
w (9,9,9) (4,5,6) (4,5,6) (1,1,1) (6,7,8) (4,5,6) (2,3,4) (2,3,4)
LTC (4,5,6) (4,5,6) (2,3,4) (1/8,1/7,1/6) (1,1,1) (1/4,1/3,1/2) (1/6,1/5,1/4) (1/6,1/5,1/4)
PTL (4,5,6) (4,5,6) (4,5,6) (1/6,1/5,1/4)  (2,3,4) 1,1,1) (1/4,1/3,172)  (1/4,1/3,1/2)
AC 6,7,8) (6,7,8) (4,5,6) (1/4,1/3,1/2) (4,5,6) (2,3,4) (1,1,1) (1/4,1/3,1/2)
P 6,7,8) (6,7.8) (6,7,8) (1/4,1/3,1/2) (4,5,6) (2,3,4) (2,3,4) (1,1,1)
The above value shows the geometric mean for the [0.0129,0.0181,0.0267]

first criteria. The geometric mean for the rest of the
criteria can be calculated in the same manner. The
value for geometric mean for all the criteria is shown

in Table 3.

Table 3: Geometric mean for all the criteria.

Criteria Geometric mean
Quality of terrain 0.194 0.223 0.265
Land price 0.278 0336 0.414
Security 0.429 0.524 0.648
Weather 3.293 4.039 4.726
Local transmission capacity 0.639 0.784 1.147
Proximity to transmission line 1.037 1.303 1.646
Agricultural concern 1.707 2.120 2.632
Population 2.328 2910 3.538
Sum 9.906 12.241 15.018
Reverse (Power of -1) 0.101 0.081 0.066
Ascending order 0.066 0.081 0.101

Table 4: Relative fuzzy weightage for each criterion.

Criteria Weightage

Quality of terrain 0.0129 0.0182 0.0267
Land price 0.0185 0.0275 0.0418
Security 0.0286 0.0428 0.0655
Weather 0.2193 0.3300 0.4771
Local transmission capacity 0.0425 0.0641 0.1158
Proximity to transmission line 0.0690 0.1065 0.1662
Agricultural concern 0.1136 0.1732 0.2657
Population 0.1550 0.2378 0.3572

After calculating the geometric mean, the values are
added and their reverse is calculated. Then the reverse
value is arranged in ascending order. The Fuzzy
weightage of the first criteria, QT over the rest of
criteria can be calculated as:

[(0.194%0.066);  (0.223*0.081);  (0.265*0.101)]=

'The relative fuzzy weightage for the other criterion is
presented in Table 4.

For each criterion, three fuzzy values are shown in
the table. The fuzziness in the system can be removed
by following the step six, which is, by taking the
average of each fuzzy value. This will give a single
non fuzzy weight. Also, the weights are normalized

in Table 5.

Table 5: Non-fuzzy and normalized weights for all

criferia.
Criteria Non-fuzzy Normalized
weight M, weight N,

Quality of terrain 0.0193 0.0182
Land price 0.0293 0.0277
Security 0.0456 0.0431
Weather 0.3421 0.3232
Local transmission capacity 0.0741 0.0700
Proximity to transmission line ~ 0.1139 0.1076
Agricultural concern 0.1842 0.1740
Population 0.2500 0.2362

The normalized weight shows the importance of each criterion with
respect to each other.

Inthe nextstep,the weight ofalternativesis determined
w.r.t each criterion. The same seven steps are followed
to determine the weight of each alternative and it is

shown in Table 6.

Now the weight of each criterion is multiplied with
the weights, the result is as follow, depicted in Table
7. It also shows that when calculated all the values
of alternative along with their respective weights,
Shergarh is the best option to install the solar panels.

'The 2™ best option available to install the solar panels
is Thana and Palai.
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Table 6: Weightage of each criterion with respect to the

alternatives.

Criteria Tha- Chak- Hari- Palai Pir Sher-
na  dara chand Khel garh
Quality of terrain ~ 0.026 0.053 0.090 0.157 0.242 0.433
Land price 0.359 0.050 0.027 0.109 0.178 0.277
Security 0.026 0.053 0.090 0.157 0.242 0.433
Weather 0.275 0.079 0.169 0.405 0.028 0.045
Local transmission 0.284 0.388 0.028 0.168 0.047 0.085
capacity
Proximity to trans-  0.268 0.101 0.407 0.149 0.048 0.027
mission line
Agricultural concern 0.189 0.101 0.029 0.053 0.369 0.260
Population 0.176 0.092 0.033 0.389 0.055 0.250

Table 7: Weight of each criterion.

Criteria Thana Chak- Haric- Palai Pir  Sher-
dara hand Khel garh
Quality of terrain 0.000 0.001 0.002 0.003 0.004 0.008
Land price 0.007 0.001 0.000 0.002 0.003 0.005
Security 0.000 0.001 0.002 0.003 0.004 0.008
Weather 0.005 0.001 0.003 0.007 0.001 0.001
Local transmis-  0.005 0.007 0.001 0.003 0.001 0.002
sion capacity
Proximity to 0.005 0.002 0.007 0.003 0.001 0.000
transmission line
Agricultural 0.003 0.002 0.001 0.001 0.007 0.005
concern
Population 0.003 0.002 0.001 0.007 0.001 0.005
Sum 0.029 0.017 0.016 0.029 0.022 0.033

Conclusions and Recommendations

'There are many factors to insider for the installation
of solar panels. If every factor is separately analyzed,
then Weather may be thought the most important
factor. As generating electricity with the solar panels,
weather play important role and the area with the
hottest weather may be selected. However, in this
research various other factors are also considered and
analyzed like, population, proximity of transmission
lines, and security, etc. Analyzing all the factors with
tuzzy AHP, Shergarh city is selected, where every
criterion is at optimum point giving maximum results.
Future work may be carried out on the same model by
introducing the risk associated with the installation of
solar panels in the selected city. In addition, economic
analysis needed to be done for the installation process.

Novelty Statement

The paper deals the problem to select the optimized
site location based on Fuzzy AHP technique for the
solar farm by considering various factors in major cit-

ies of Khyber Pakhtunkhwa, Pakistan.
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