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Abstract. Currently, increasing urban population creates escalating problems
such as housing, infrastructure, transportation, health, environment, safety, and
energy consumption. Climate change, emission mitigation, and limited energy
supply force urban managers to consider sound measures with the support of
technological developments. It is based on data collection and accumulation us-
ing IoT, sensors, digital networks, and other means. “Smart urbanism” is a con-
cept that considers predicting, designing, and creating solutions in a systematic,
sustainable, and agile manner based on the data collected. Energy is an indispen-
sable dimension in this context. Optimum energy management makes it “smart
energy” with the inclusion clean and sustainable renewable energy resources as
well as energy efficiency. This study is performed to analyze possible inclusion
of geothermal, solar, and wind power. The analyses are based to reveal the best
feasible alternative considering the parameters of location, climate, space avail-
ability, capital and operational expenditures as well as construction, operation,
and maintenance. The Fuzzy Analytic Hierarchy Process (Fussy AHP) technique
is used to evaluate the ranking. The proposed method uses fuzzy mathematics for
solving problems containing uncertainties as well as less quantifiable. This study
proposes a methodological framework for the analysis of competitiveness of al-
ternative renewable energy generations in urban environments. The municipality
of Balikesir is chosen for the case study presented in this work.

Keywords: Fuzzy Analytic Hierarchy Process, wind energy, solar energy, geo-
thermal energy, energy investments, urban energy

1 Introduction

Population increase and industrialization increased energy demand in the World. In the
past, Turkey has been relied on imported fossil fuel, coal, oil, and natural gas due to the
lack of domestic resources in order to match the domestic energy demand. However,
there is a global trend to replace fossil fuel based energy systems with renewable energy
to cope with and mitigate climate change. Municipalities have also initiated programs
for the inclusion of renewable energy into urban utilization. Of course, the choice of
renewable energy is mainly determined by the location and availability of renewable
resources. For instance, solar and wind energy are more focused in Aegean and Medi-




terranean regions whereas biomass is more preferred in Marmara region [1]. Geother-
mal energy is more site dependent and can be utilized wherever it is available [2]. These
resources are mostly concentrated in the western regions of Turkey, apart from this,
there are also resources in the Northern Anatolian fault line and the volcanic regions in
the east [3].

Renewable energy has its own characteristics. The cost of renewable energy be-
comes more and more affordable as they are widely implemented all around the World.
However, renewable energy is mostly site dependent. Wind energy systems may need
routine maintenance. Solar energy systems require significant area for implementation.
Both solar and wind energy resources are intermittent and not available continuously.
On the other hand, geothermal energy has more availability and resources may be stored
for proper generation scheduling [4, 5]. Not only the cost, but also characteristics, i.e.,
local availability, space and maintenance needs, are required for the consideration of
renewable energy resources [6].

This study proposes a methodological framework to accurately evaluate the shared
economy based on renewable energy resource alternatives. The model is applied for the
case of the Municipality of Balikesir in Turkey. For this reason, within the scope of this
study, it will be analyzed which of the renewable energy sources between solar, wind
and geothermal energy is more appropriate to invest for the Balikesir municipality on
the Aegean region. In this context, the article proceeds by the literature review, then,
methodology, and finally, evaluations by the proposed AHP model. At this point, the
Saatty scale is converted Triangular Fuzzy Numbers for the pair wise comparison ma-
trices. Finally, the conclusions refer to the one specific renewable energy alternative
that better fits for the use in the Municipality of Balikesir.

2 Literature Survey

The lack of domestic energy resources in Turkey also influences the country’s economy
significantly. There is also a motivation to use renewable resources in order to reduce
environmental impacts. The decrease in the cost of renewables, especially for solar and
wind, further supports the action for decision makers’ energy transition policies and
increase investers’ appetite. Local municipalities are also within the scope for such
actions considering their services. The use of renewable energy by municipalities in
their services is also well received by the public.

There are many previous studies to determine the potential of energy resources in
Turkey. Topcu et al. [7] used a framework including technical, economic, environmen-
tal, and social point of view in their analyses covering solar, wind, hydro, biomass, coal,
natural gas, and nuclear energy. They concluded that renewable energy (solar, wind,
and hydro) would be beneficial for Turkey. In another study, Celik and Ozgur (2020)
[8] discussed the current status of solar energy in Turkey with compared to Europe.
Emeksiz and Demirci (2019) [9] and Argin et al. [10] studied the wind potential in the
coastal regions of Turkey. In a separate study, Melikoglu (2017) pointed out the geo-
thermal energy utilization goal, set for 2023 within the Vision 2023 program, had al-
ready been met [11].




There are many studies on energy investments for municipalities. Adam et al. (2015)
[12] evaluated the energy resource that would be the right decision to invest in for the
City Council of Leed, UK. In a similar study, Taminiau and Byrne (2020) [13] evalu-
ated the solar energy potential of New York City and offered new proposals for the
municipality's solar energy approach. In a study conducted in Turkey; Karaca et al.
(2011) [14] examined the solar energy potential within the municipality of Konya and
provided energy by integrating solar panels on the roofs of the headman's houses in the
Selcuklu district. In another study performed by Guven (2017) [15], some solutions are
offered to meet the energy needs of the building of Bahcelievler Municipality. In addi-
tion, the study done by Biberci, Dogan, Dilber, and Celik (2018) [16] was on the re-
newable energy utilization of municipalities in Turkey and they concluded that it should
be increased.

Gazhelia and Berghb (2018) [17], Arikan and Pine (2016) [18], Adam et al. (2015)

[12], and Guven (2017) [13] conducted studies focused on decision making between
solar and wind energies. Among these studies, Gazhelia and Berghb (2018) [17] used
the "Real options valuation" technique to make a decision, but this technique did not
provide a variety of approaches. On the other hand, Adam et al. (2015) [12] took a
decision-making approach based on the “Life cycle cost” in which case social and en-
vironmental consequences were also taken into account.
In a study carried out by Yilan et al. (2020) [19], it was analyzed which sustainable
resources Turkey should focus on for electricity production, and in this study, Multi-
Criteria Decision Making (MCDM) is employed to analyzeby comparing Total Cost of
Living, Cost-Benefit Analysis and MCDM. MCDM offers a broader perspective as it
provides an approach from many different aspects (technical, environmental, eco-
nomic, social). Similarly, an application of this method was performed by Li, Li and
Guo (2020) [20] and calculated the most accurate renewable energy investment for
China with MCDM techniques.

The use of MCDM techniques are examined by Pohekar and Ramachandran (2003)

[21] and they concluded that this technique was very useful for energy planning and
found that it was being used more and more frequently in this field.
Some studies can be found confirming this result; Dogrusoy and Serin (2013) [22] eval-
uated the city of Izmir on the basis of districts and calculated its energy potentials using
the Analytical Hierarchy Process (AHP), which is a MCDM technique. Likewise,
Karatop et al. [23] analyzed most suitable energy investment for Turkey using MCDM
techniques including Fuzzy AHP. In a similar study Wang et al. [24] use the same tech-
nique for select an energy source for Pakistan.

In this study, it will be evaluated which renewable energy source would be more
beneficial for a selected municipality on the Aegean region of Turkey. Balikesir is lo-
cated at the north-west of Anatolia, the coordinates are 270530 N and 390390 E, the
height above the sea level is 600 meters [25]. The total area is 14,292 km2 and the
population is 215,000, the density of population per km2 is 15 [26].

In this sense, a decision will be made between the solar energy potential that is left
behind in use, the wind energy potential that is frequently used in coastal areas and the
geothermal energy which Turkey has a big potential especially in the western side of




the country. Within the scope of this decision, economic, environmental and social im-
pacts will be considered. To achieve this, an appropriate MCDM technique will be de-
termined. The decision for method selections explained in detail in the Methodology
section. The sources mentioned in the literature review are listed chronologically in

Table 1.

Table 1. Source table for literature survey

Author

Avrticle

Purpose

MCDM Method

Contribution

Pohekar and Rama-
chandran (2003)

Karaca, Gurkan and
Yarar (2011)

Dogrusoy and Serin
(2013)

Adam, Hoolohan,
Gooding,
Knowland, Bale and
Tomlin (2015)

Avrikan and Cam
(2016)

Guven (2017)

Application of
multi-criteria deci-
sion making to sus-

tainable energy
planning—A review

Solar Energy Poten-
tial of Konya and Its
Surroundings and
Application of Solar
Electricity Produc-
tion System in
Selguklu Municipal-
ity Headman's
Houses

Architectural Exam-
ination of the Poten-
tial of Renewable
Energy Resources in
the City of Izmir

Methodologies for
city-scale assess-
ment of renewable
energy generation
potential to inform
strategic energy in-
frastructure invest-
ment

Web Based Feasi-
bility Analysis of
Wind and Solar En-
ergy Systems

Meeting the Energy
Need of Bahge-
lievler Municipality
Building with Solar
and Wind System,
Optimization and
Cost Analysis

The applications of

MCDM in energy

planning have been
examined

The solar energy
potential of Konya
was calculated and
solar panel applica-

tion was made in the
headman's houses

izmir districts were
evaluated in terms
of energy potential
using one of the
MCDM techniques.

Energy investment
decision has been
made for Leeds city
council..

Amasrada made a
potential analysis of
solar and wind ener-

gies.

Energy source deci-
sion has been made
for Bahgelievler
municipality build-
ing

PROMETHEE
(Preference ranking
organization method
for enrichment eval-

uation) and

ELECTRE (The

elimination and

choice translating
reality)

Analysis

MCDM AHP

Mapping

Rayleigh statistical
method

Analysis

A literature review
on sustainable en-
ergy planning exist-
ing shows uncounta-
ble applicability of
MCDM methods in
s0cio-economic sce-
nario.

It constitutes an ex-
ample of renewable
energy use for the
district municipal-
ity.

It sets an example
for the use of
MCDM on a district
basis.

It is an example of
energy use in inter-
national municipali-

ties.

It constitutes an ex-
ample of decision
making on a district
basis.

It constitutes an ex-
ample of renewable
energy use for the
district municipal-
ity.




Kumar, Sah, Singh,
Dneg, He, Kumar
and Bansal (2017)

Biberci, Dogan, Dil-
ber and Celik
(2018)

Gazhelia and
Berghb (2018)

Topcu, Ulengin, Ka-
bak, Isik, Unver and
Ekici (2019)

Emeksiz and
Demirci (2019)

Argin, Yerci, Er-
dogan, Kucuksari
and Cali (2019)

Taminiau and Byrne
(2020)

A review of multi
criteria decision
making (MCDM)
towards sustainable
renewable energy
development

Local Alternative
Renewable Energy
Sources Use in Ad-
ministration and Fi-

nancial Returns

Real options analy-
sis of investment in
solar vs. wind en-
ergy: Diversifica-
tion strategies under
uncertain prices and
costs

The evaluation of

electricity genera-

tion resources: The
case of Turkey

The determination
of offshore wind en-
ergy potential of
Turkey by using
novelty hybrid site
selection method

Exploring the off-
shore wind energy
potential of Turkey
based on multicrite-
ria site selection

City-scale urban
sustainability: Spati-
otemporal mapping
of distributed solar

Comparisons were
made between
MCDM techniques

An investigation has
been made on the
use of renewable

energy in Turkey's
local governments.

It has decided to in-
vest between solar
and wind energies.

Turkey's energy re-
sources have been
compared and eval-
uated in nuber of
ways.

The wind potential
of the coastal re-
gions of Turkey has
been examined..

The wind potential
of the coastal re-
gions of Turkey has
been examined.

The solar energy
potential of New
York City was eval-
uated.

Analysis

Analysis

Real Option Analy-
sis

MADM (Multiple-
attribute decision
making)

MCDM

Mapping

Geographic infor-
mation system
(GIS)

In this study several
MCDM methods are
introduced and the
possibility of usage
is searched to find
the future optimal
renewable energy
application proce-
dure.

It shows the lack of
use of renewable
energy.

It constitutes an ex-
ample of investment
decision between
two energy sources.

It affords robust rec-
ommendations for
energy policymak-

ers in Turkey by
taking into account
by several dimen-
sions. It is seen that
Turkey has to
growth the share of
original and renewa-
ble electricity gener-
ation resources.

The methodology
suggested in this
study can be used to
attain a decision
making processat
the regional level
for offshore wind
farm planning.

The proposed meth-
odology can be ap-
plied to make a de-
cision to solve a
problem about off-
shore wind energy
plant in the regional
base.

The interrelations
between the produc-
tion and consump-




power for New tion across the en-

York City ergy networks are
not searched in this

study since more

detailed works are

required to see the
opportunities for de-

velopment of solar

cities.
The sustainable de-
velopment-oriented
development and An energy invest- It presents its appli-
Li, Li and Guo utilization of renew- ~ ment analysis has MCDM cation by comparing
(2020) able energy indus- been made for different techniques
try-A comprehen- China. of MCDM
sive analysis of
MCDM methods
Analysis of electric-
ity generation op-
Yilan, Kadirgan and tions for sustainable Turkey h’fls been It shows the energy
e . evaluated in terms MCDM R
Ciftcioglu (2020) energy decision . potential of Turkey.
o of energy potentials.
making: The case of
Turkey
Review of Turkey’s
photovoltaic energy  The development of It shows the situa-
Celik and Ozgur status: nggl st!'uc— Turkey's _PV use . tion of Turkey in
(2020) ture, existing in- was examlneq and Analysis terms of solgr en-
stalled power and compared with 5 ergy according to
comparative analy-  European countries. European standards.

SIS

3 Methodology

Although renewable energy is preferred more due to the increasing energy demand and
the limited use of fossil fuels, it has disadvantages due to intermittency and low effi-
ciency. In addition, the dependence of renewable energy sources on climatic and geo-
graphical conditions makes the source from which the highest efficiency can be ob-
tained different for each region.

In this case, it is necessary to apply optimization methods in order to make the most
proper choices (source, location, size) according to the conditions of the region where
the power plant will be established. This approach has shown a geometric increase over
the last 20 years [27]. The reason for this is the development of optimization techniques
and computer technology over time, and problems that were once considered impossi-
ble to solve can be easily solved by computer algorithms.

Since switching to a new renewable energy source instead of fossil fuels in current
use will cause radical change in the long run; It is a situation that affects many areas,
both economic, environmental and social. VVarious approaches have emerged to take




the right decision. While methods such as linear programming and mix-integer are used
for problems such as region determination and system capacity increase [29], genetic
algorithms are preferred for problems such as calculating plant dimensions that will
optimize cost and emissions [29].

MCDM is the mostly used method to decide on the source to be used. As mentioned
earlier, making this decision will affect many different areas; therefore, a multidimen-
sional assessment is needed.

MCDM is a method that deals with the decision-making process between multiple
conflicting objectives. This method needs a decision maker to decide. There are many
different MCDM techniques and the most suitable one among these techniques should
be chosen in order to find an optimum solution [21].

MCDM techniques have a wide area of use outside of energy systems. There are
usage examples in many fields such as agriculture, industry, and economy. Examples
include the selection and layout of storage areas [30], maritime operations and maritime
logistics [31], placing distribution centers of some warehouses in the best possible lo-
cations in the military logistics system [32], portfolio optimization related to risk and
return [33].

At this point, it is useful to mention MCDM techniques. It is not right to distinguish
between good and bad for any technique because each technique has its own advantages
and disadvantages [20]. Among the techniques those are used to decide on the energy
source, it is clear that AHP is the widely used technique among all. [21] and [34]
reached conclusions that confirm this.

However, it cannot be denied the fact that in recent years, the fuzzy extension of
AHP became more and more popular. Although this technique has been known since
Zadeh’s proposal at 1965 [34] and acceleration on devolopment is recorded after
Chang’s [35] study at 1996. As explained in the study of Liu et al. [36], Fuzzy AHP
has a wide range of uses. This includes the energy sector. It has been supported by many
studies in the literature that it is very suitable for decision-making problems between
energy sources, as in the study of Ligus and Peternek [37].

Since this study also includes an energy source decision, it was decided to determine
the decision by using one of the MCDM methods, Fuzzy AHP. This method is one of
the most common MCDM techniques in the literature and it is examined the usage
examples in similar studies in Literature Survey.

3.1 Fuzzy AHP

The AHP is one of the many MCDM methods. By using AHP, criteria weight calcula-
tion can be made to be used in other weighted decision making methods and calcula-
tions can be made to decide between these criteria. AHP was first developed by Thomas
L. Saaty in the 1970s and is a method that enables the decision maker to make a decision
by placing a complex problem in a hierarchy [38].

The pairwise comparison is performed by employing a ratio scale in the conventional
AHP. To emphasize the decision or preference a nine-point scale is used between




choices those may be defined as equally, moderately, strongly, very strongly, or ex-
tremely preferred. This nine-point discrete scale is simple and easy to use, but it does
not evaluate the uncertainty coming from the identifying the choices as a number. It is
not disregarded subjectivity and imprecision of human decisions on relative importance
of criteria. The verbal expressions are always related to the sensations and are not pre-
cise every time [39]. Instead of defining verbal expressions and representing the im-
portance level of criteria, it is easy to represent them by using objective, incalculable
and precise numbers. These problems can be converted a fuzzy model, if its boundaries
became unclear. Because of this reason, the Saaty scale is replaced Triangular Fuzzy
Numbers for the pair wise comparison part [40].

In the AHP method, the purpose is determined first. The top rung of the hierarchy is
purpose. The next step is criteria and sub-criteria; the last step is definition and evalu-
ation of alternatives [41].

Please note that the first paragraph of a section or subsection is not indented. The first
paragraphs that follows a table, figure, equation etc. does not have an indent, either.

1 A 0 Qip
A &)
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Each a;; term in this matrix represents the importance value of criterion i relative
to criterion j. This significance value is decided according to Table 2.

Table 2. AHP Saaty’s scale of importance and corresponding triangular fuzzy numbers [41]

Importance Value Meaning Triangular Fuzzy Numbers
1 Equally important 1,11
2 Intermediate value between 1 and 3 123
3 Slightly important 2,34
4 Intermediate value between 3 and 5 3,45
5 Important 4,5,6
6 Intermediate value between 5 and 7 5,6,7
7 Strongly important 6,7,8
8 Intermediate value between 7 and 9 7,89
9 Strongly important 99,9

um(X): R— [0, 1] is equal to the membership function:




L - ; X € [l, m]’
m-—l1 m-—l1
HuX = r % xe [m,u] 2
m-u  m-u
0, otherwise

where | <m <u, | and u denote the lowest and highest values of the support of M, re-
spectively, and m is the mid-value of M. When | = m = u, it is a non-fuzzy number tra-
ditionally. The triangular numbers My, M3, Ms, M7, Mg are used to show the choice from
“equal to extremely preferred,” and M2, M4, M6, and M8 are interim values. Figure 1
shows the triangular fuzzy

numbers M; =(It ,mt , ut) wheret=1, 2...9 and where It and ut are the lower and
upper values of the fuzzy number Mt respectively [39]:

FETRED] Equally Moderately Strongly Bt\;fc?;;ly Extramely
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Fig. 1. The membership functions of the triangular numbers [39]

For the consistency check, first need to find the A_max eigenvector. After A_max is
found, the following operations are performed in order to obtain the consistency ratio;

_ ‘maks-1
Cl = ~mele== @)
_a
CR = py 4)

In this equation, RI is a constant determined by n. The RI constant to be used ac-
cording to the number n is given in Table 3 [41].

Table 3. : Rl Constants for the AHP Consistency Check [39]

N 1 2 3 4 5 6 7 8 9

10

RI 0 0 0,58 0,9 1,12 1,24 1,32 1,41 1,46

Then to calculate the weights, the following equation is applied for each criterion;

F= (H;l=1d~i}')1/n,i =12,.. (5)

1,49
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Here d is the average triangular fuzzy number and n stands for the size of the matrix.
After this process, w; is found by [33];

~ - ~\—1
wp=1 X (27:1 T}) = (lwi,mlwi,ulwi) (6)

Finally, the relative non fuzzy weigth is calculated for each criterion [42];

Mi — lwi+miw;+ulw; (7)
3
M; is normalized;
_ M
Mln - ?=1Mi (8)

4 Model Application and Results

To implement the Fuzzy AHP method at first a hierarchy diagram must be constructed.
In this diagram, the target is specified in the first layer and criteria are determined in
the second layer in order to reach this target. There may be as many sub-criteria as
necessary from the main criteria. In the last layer, the alternatives are determined and
the diagram is completed. Then, pairwise comparisons of these alternatives and criteria
will be made in the mathematical model [42].

In the proposed model, the goal is to determine the renewable energy source to be
invested for the province of Balikesir. Criteria for this target have been determined as
technical, economic, environmental and social. There are sub-criteria for each main
criterion. Some judgements will be prepared between 3 alternative energy sources,
namely solar, geothermal and wind (Figure 2).

Goal Layer RE Dynamics Attributes Alternatives

Production Capacity (PRCP)
Maturity (MAT)

—> ”
(TEC! Efficiency (EFF)
i - _ SOLAR
Installation Time (INST) 1r

Capital Investment Cost (CIC)

Operation Cost (OPCS)

Economic
(ECO)

SELECTION OF
Renewable Energy
INVESTMENT FOR [—>|
BALIKESIR

i

GEOTHERMAL

Resource Potential (RP)

Govemnment Policv (GP)

Fig. 2. A hierarchy of renewable energy source alternatives for Balikesir
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4.1 Criteria

When the similar studies in the literature are evaluated to determine the criteria, it is
seen that 4 main criteria are used in previous studies [19] and [43] mentioned earlier in
this article. As it is mentioned before, these criteria are technical, economic, environ-
mental and social criteria. Stein's study [44] also chose the same main criteria, support-
ing this decision. The explanation of the sub-criteria for each criterion is given below.

Table 4. . Importance weights for the fuzzy AHP model

Benefit
Criteria Description Attrib- Reference
ute

Technical

Production Capac-  Corresponds to the amount of energy to be produced by ~ Positive [20], [45]

ity the power plant to be established.
Maturity It expresses the recognition of technology and the Positive [43], [20], [45],
awareness of its weak points. [35], [46], [47]
Efficiency Refers to the technology's percentage of efficiency. Positive [19], [43], [20]
, [45], [33],
[46], [47]
Installation Time Time: It is the criterion that measures how long the Negative  [45]

plant can be installed.

Economic

Capital Investment  The capital required for the establishment of the power Negative  [43], [20], [45],

plant. [35], [46], [47]
Operation Cost It refers to all the costs to be incurred each year to Negative  [43], [20], [45],
maintain the power plant (such as the energy it spends [35], [46], [47]
to operate, maintenance costs..)
Life Time The time that the plant can spend in operation after its Positive [35], [46]
installation.

Resource Potential ~ The criterion expressing the availability of the selected Positive [20], [35]
resource in the region.

Environmental

CO2 Emission It refers to the carbon emission that will occur during Negative  [19], [20], [45],
production. [35], [46], [47]

Land Necessity The size of the land needed for the installation of the Negative ~ [19], [43], [20],
power plant. [35], [46], [47]

Disposal Green It refers what kind of policies are followed on the recy- Positive [47], [48], [49],

Politics and Tech-  cling of the wastes to be generated and what level of [50]

nologies technology is available in this regard.

Social
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Job Opportunities The employment rate to be created by the power plant Positive [19], [43], [20],

to be established. [35], [46], [47]
Energy Security It refers to the degree of continuity that energy can be Positive [47], [61], [52],

obtained. [53]
Goverment Policy It is the criterion that measures how supportive the poli-  Positive [20], [47]

cies of the state towards the resource to be selected are.

4.2 Evaluation Weights of Individual Levels of Proposed Hierarchy

The succeeding charge of the decision makers is the comparison of the elements for a
defined level of a pairwise base after construction the hierarchy, to foresee the relation
between the relative importance and the proceeded element of the model. The Renew-
able Energy Dynamics of proposed AHP model is evaluated by three experts in energy.
These experts are elected from the pool of the persons who are experienced about the
region and the energy. After their evaluation, the mean of pairwise comparison results
is calculated. The weights of criteria at each level are determined by using these results
of calculations and the triangular fuzzification values seen at Table 2. Moreover, the
desired choice is the one having the highest weight between the alternatives. The nor-
malized energy dynamics and their characteristics can be obtained by Fuzzy AHP as
shown at Table. 5.

Table 5. Importance weights for the fuzzy AHP model

Normalized Weights Normalized Weights
RE Dynamics Attributes
Technical 037 Efficiency 0,062
Production Capacity 0,051
Installation Time 0,069
Maturity 0,068
Economic 0.29 Capital Investment 0,116
Operation cost 0,033
Lifetime 0,051
Resource Potential 0,049
Social 035 Job opportunities 0,103
Energy Security 0,069
Government Policies 0,079
Environmental 0,37 CO2 Emission 0,103

Disposal green policies and Technologies 0,113

Land Necessity 0,033

The aggregated result for each alternative according to the normalized weight of
each criterion is seen in Table 6.
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Table 6. Aggregated results for each alternative according to each attribute

Attribute weights Weights Solar Geothermal Wind

Efficiency 0,246 0,062 0,461 0,227 0,312
Production Capacity 0,205 0,061 0,358 0,507 0,135
Installation Time 0,276 0,069 0,521 0,300 0,179
Maturity 0,273 0,068 0,442 0,442 0,116
Capital Investment 0,463 0,116 0,294 0,541 0,165
Operation cost 0,133 0,033 0,306 0,495 0,199
Lifetime 0,206 0,051 0,495 0,199 0,306
Resource Potential 0,198 0,049 0,315 0,411 0,275
Job opportunities 0,411 0,103 0,315 0,411 0,275
Energy Security 0,275 0,069 0,589 0,239 0,178
Government Policies 0,315 0,079 0,306 0,495 0,199
CO2 Emission 0,414 0,103 0,294 0,541 0,165
Disposal green policies and Technologies 0,453 0,113 0,306 0,495 0,199
Land Necessity 0,133 0,033 0,729 0,186 0,085
Total 4,000 1,000 0,384 0,416 0,200

After computing the CR of all pairwise comparison matrices, it was seen that all of
them are less than 10% [37]. Consequently, it can be said that the consistency of the
decision in all the pairwise comparison matrices is acceptable.

5 Conclusions and Future Work

Solar, wind, hydro, and geothermal heat are the natural sources to generate the renew-
able energy. It is seen that the renewable energy usage is making important contribu-
tions by supplying the energy requirements and offering chance for new establishments
and employments to the economies of the developing countries. Turkey is also a devel-
oping country but the depending on the energy import to supply the requirement. The
most energy consuming and one of the most populated city of north-west region is
Balikesir. In the future sight, it is seen that Balikesir will be keep its position in energy
consumption. Because of this reason, this study is focused on the energy demand and
supply of Balikesir. The selection between the renewable energy sources is performed
by using the fuzzy AHP technique.

Determining the relative importance of renewable energy resource alternatives is a
fundamental problem in selection for local authorities. The AHP supplies the required
abilities for solving this problem. Besides the disadvantage of using one to nine discrete
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scale in conventional AHP method, the uncertainty and conflicts of the resources alter-
natives are not evaluated. The determination of relative importance of resources pref-
erences is depend on the subjective sight and judgements. Here, in this study the im-
portance weighting for alternative renewable energy sources is identified by a fuzzy
AHP having an extend analysis which is an effective technique since it can overcome
the conflicts in human decisions. The fuzzy AHP algorithm having extend analysis sim-
plifies the establishment of weight vectors then application of them will be easier by
eliminating the depressing calculation of eigenvectors necessary in the conventional
AHP. In this paper, to exhibit of method, a renewable energy source selection problem
is modelled.

When technical dynamics is considered in this model, the ranking of attributes is
similar with all other criterion. When Economic dynamics is reflected, the ranking or-
der of attributes in descending order as capital investment, lifetime, resource potential
and operation cost. Capital investment is observed as the most dominant. When Social
dynamics is measured, the job opportunities and government policies has higher prior-
ity than energy security attribute. When Environmental dynamics is considered, the
ranking of attributes is the similar as all other attributes.

The optimal renewable energy resource for the location under consideration is se-
lected as the geothermal energy according to the MCDM analysis results. The alterna-
tive resources are sorted in the descending order are geothermal, solar, and wind. The
geothermal energy resource to generate electricity, is detected as important from the
point of investment. The solar resource can be evaluated as another investment alterna-
tive since it has just close weight with the geothermal. The result of this study is con-
sistent with actual situation, i.e., solar and geothermal resources are being preferred in
Turkey since they are more effective and clean for environment discussed by Hepbasli
& Utlu (2004) [54].

As explained by Dursun and Alboyaci, the power density, average speed and the
capacity of wind have the most preferable values in some regions of Balikesir that has
the best conditions to generate electricity with the wind tribunes [25]. However, in this
proposed model, it is observed that the model followed a holistic approach because the
dynamics weights, which are considered technical, economic, social and environmen-
tal, is very close.

This study is limited since the evaluated criteria in the prioritization analysis are
restricted. If required, these evaluations can be performed by developing the further
criteria in the future. Numerous MCDM methods as Fuzzy VIKOR, fuzzy
PROMETHEE, fuzzy ELECTRE, or fuzzy TOPSIS can be employed in the future stud-
ies to comparing their outputs. The techniques of establishing the correct fuzzy numbers
can be explained in the further studies.
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