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Article info Abstract

Article History: Capital allocation on real estate investments must be made after careful
Received: 15.11.2019 consideration. An investor can obtain a great amount of revenue with a good
Revised: 17.12.2019 investment, however, an investment can result by waste of capital, which is
Accepted: 20.12.2019 spent on an unprofitable asset. There are different aspects of investments

related to economic, legal, location and physical factors, which should be taken
into account in assessment of possible investment options. In this study, real
estate investment planning problem is considered as a multi-objective knapsack

Keywords: problem. An integrated AHP — Binary Linear Programming model is proposed

to determine the best investment plan considering different criteria
!nvestmentplannipg; simultaneously. Within the proposed model, multi-criteria evaluation of
Integer programming; investment alternatives is done by using Analytical Hierarchy Process and
multi-criteria decision making obtained criteria weights values are written as the objective function coefficient

in the knapsack model. A real estate investment planning application, which
contains 10 alternatives in Ankara, is presented to test the applicability of the
proposed decision model. Obtained results are compared with the results
obtained by only considering financial aspects of investment.

1 Introduction

Investors try to make a profit by spending their capital on alternatives. While some investors are getting returns by
putting their money on investment instruments such as foreign currency or gold, some investors are trying to get returns
from real estate assets.

Decisions related to real estate investments are generally based on the property’s ability to generate financial benefits
(Markhvidaa and Bakera 2018). Because of the high investment costs, real estate investments are long — term
investments. Therefore, selection among real estate investment alternatives is extremely important and utilization of
analytic techniques should be used before making decisions related to development, purchase, upgrade and
redevelopment of real estate.

One of the analytic techniques can be used for real estate investment planning is mathematical programming.
Mathematical programming models has a wide range of investment planning applications (Mulvey and Vladimirou
1989). By using these models, investors can evaluate the economic benefits that can be achieved with efficient planning
and the decision-making process becomes more systematic.

In this study, real estate investment planning is considered as a linear programming problem. If the problem is analyzed
from the perspective of an investor, the best combination of investment alternatives with the highest utility values must
be determined subject to budget limitation. To do so, the decision problem is modeled as a knapsack model, in which
selection of the alternatives is made by considering their resource consumption and possible returns to the decision
maker. Real estate investments have to be considered simultaneously on several aspects related to financial, social and
spatial attributes of the alternatives. A pre-evaluation is made by weighted sum of some important factors for each
investment alternative in order to ensure the simultaneously consideration requirement. To calculate weights for the
pre-evaluation process, Analytic Hierarchy Process is used. The evaluation values of alternatives are taken into account
as the objective function coefficients in knapsack model and solution of the model provides the suggested combination
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of alternatives. A comparison of suggested alternatives after multi-criteria evaluation of alternatives and by considering
only of the financial aspect of each alternative is also presented.

The knapsack model (Lorie and Savage 1955) is widely used by researchers in selection problems. Since real estate
investments require high amount of capital and it is expected to obtain the greatest return, it is possible to say utilization
of Knapsack model for investment plans would be sensible. Some variations of Knapsack model in the literature can
be confronted as bin packing problem, cutting stock problem, etc. Some applications of Knapsack problem are
automotive sector project selection (de Souza et al. 2012) and mobbing prevention (Bas 2011). Some other examples
of Knapsack problem are given in Table 1, as follows:

Table 1 Examples of Knapsack Problem

Author Year Application Significance
Yavuz and 2002 Project selection Multi period model
Captain
Alanne 2004 Renovation action selection Application area
Klamler et al. 2009 Committee selection Application area
Marinoni et al. 2010 Natural resource management Multi criteria analysis combination
project selection
Chang and Lee 2012 Project selection DEA combination and Artificial bee colony
algorithm solution
Bakirli et al. 2014 Defense project selection Multi objective multiple knapsack problem
Ic etal. 2017  Order selection in bakery Fuzzy TOPSIS - Knapsack
Husbandsetal. 2017 Transmit Antenna Selection Application area

As it seen from the literature summary, in some studies the decision problem is considered with evaluating multiple
criteria and multi-objective solution methods and/or multi-criteria decision making techniques are utilized to obtain
the solution. No studies related to real estate planning decisions is confronted. In this study, real estate investment
alternatives are evaluated under multiple criteria consideration. Evaluation criteria are prioritized by using Analytic
Hierarchy Process (AHP), which is a commonly used multi-criteria decision making technique. Results of AHP is used
in the Knapsack model as objective coefficients and choice between alternatives is made under budget constraint.
The rest of the paper organized as follows: in the second part, explanation of the proposed decision making
methodology is given. Next, an application of the proposed approach is demonstrated for real estate investment
planning in Ankara in the third part. Results of the application is compared with the results by considering only the
financial aspect investment. This analysis is given in the fourth part. Finally, the paper is concluded in the fifth part by
summarizing the results and presenting suggestions for extension.

2 Definition of the proposed decision model

In this study, multiple criteria real estate investment planning is considered. An investor has a certain budget and he/she
has to determine which properties can return the highest profit. Before making this kind of decisions about real estate
assets, he/she may face more than one aspect to consider. Real estate investments can be considered as one of such
investments. As it is presented in Figure 1, selection decision of an investor, who has to consider a number of criteria
simultaneously, is modeled in this study by using AHP integrated Knapsack model. Criteria weights are determined
via AHP and alternative investment scores in views of each criterion are aggregated as alternative score by calculating
weighted sums. Obtained results of this analysis are written as the objective function coefficient in the Knapsack model
(O’Leary 1995). Properties to invest money subject to budget constraint are determined by solving mathematical
model. The proposed decision making approach allows considering more than one criteria for an aggregated investment
planning.
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: Step 1.2. Determination of criteria weights by using AHP :
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Figure 1 General scheme for the proposed approach

Phase 1. AHP

Analytic Hierarchy Process is a very commonly used multi-criteria decision making method and is introduced by
Thomas L. Saaty (Saaty 1980). To solve complex decision problems with AHP, a hierarchical structure of decision
problem from goal to the alternatives is firstly formed. Then, pairwise comparisons of both tangible and intangible
decision elements at the same hierarchical level are made, by this way the solution of the problem is obtained. It is an
easy and flexible method to apply in different applications and applications of AHP is confronted in different
applications in a wide range such as environmental sciences, industrial decisions, healthcare systems, etc. Reader may
refer to Dagdeviren et al. (2009) and Rouyendegh and Erkan (2012) for detailed explanation of AHP.

In this study, AHP is used for calculation of criteria weights. Importance degree of criteria are must be determined.
Because different aspects of investments will not effect selection decision at the same degree and different aspects of
investment alternatives must be integrated as a single value by using these weights.

Phase 2. Knapsack Model

Knapsack problem is one of the most known problems in operations research concept. The aim of the problem is to
find a subset of items that yields maximum benefit without exceeding the capacity restrictions. This model is used in
different applications with various names such as container loading problem, capital budgeting problem, project
selection, etc.

Explanation of used notations and mathematical formulation of Knapsack model is given as follows:

Sets:
i: setofitems (i=1,2,...,N)
Parameters:

C, . unit benefit of item i

a, - weight of item i

B: capacity limit of knapsack
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Decision Variable:

_{l, if item i placed into the knapsack

0, otherwise

Model Formulation:
Objective Function:
N
max ) ¢.x,
i=1
Constraints:
ax <B
X, € {0,1}

Solution of the model shows appropriate alternatives subject to capacity limit. Corresponding items to decision
variables with 1 value should be placed in the knapsack and with 0 value should not be placed.

3 An application of real estate investment planning in Ankara

To demonstrate the applicability of proposed method, a set of 10 alternatives, which consists real estate assets in
various districts of Ankara such as apartment houses, detached house, residence, the land available for construction
and the field in the expansion areas of the city, is formed. Application steps are provided as follows:

Step 1.1: A set of 10 real estate alternatives are determined according to the decision maker’s preferences. Score of
each alternative in views of taxation, access to municipal services, distance to central zone, potential for appreciation
and socio-cultural development level of location criteria are collected and presented in Table 2. Alternative scores are
collected by asking opinion of a real estate office manager in Ankara, who has 30 years of experience in that job.
Hierarchical structure of alternative evaluation is presented in Figure 2.

Table 2 Alternative scores

Cl C2 C3 C4 C5 Investment Cost
Al 300 52 60 40 30 30
A2 600 72 50 25 60 175
A3 100 25 10 80 15 65
Ad 250 20 30 50 10 82
Ab 450 45 70 120 20 150
A6 1000 88 90 10 95 350
A7 900 65 60 30 85 400
A8 550 75 75 60 40 250
A9 500 47 60 70 45 65
Al0 750 80 80 45 55 190
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Taxation (C1)

Access to municipal services (C2)

Aggregated Alternative Score Distance to central zone (C3)

Potential for appreciation (C4)

Socio-cultural development level of location (C5)

Figure 2 Hierarchical structure of alternative evaluation

Step 1.2: Criteria values in Table 2 must be aggregated since we need single objective coefficient value for each
alternative. To do so, we again asked opinion of the real estate office manager for criteria evaluation.

Assessments made by the real estate office manager on problem criteria are collected to form a pairwise comparison
matrix. According to the pairwise comparison matrix, weights of criteria are calculated by using Eigenvector method
and calculations are made on Microsoft Excel software. Additionally, consistency ratio of pairwise comparison matrix
is also calculated. Pairwise comparison matrix is presented in Table 3 with criteria weights and consistency ratio, as
follows:

Table 3 Pairwise comparison matrix for criteria with respect to alternative score

Cl C2 (C3 ¢C4 G5 Criteria Weight

C1 1 173 15 19 173 0.042
C2 3 1 1 1/5 1 0.122
C3 5 1 1 1/5 3 0.180
Cc4 9 5 5 1 5 0.552
C5 3 1 /3 1/5 1 0.104

Consistency Ratio 0.043

It is seen from Table 3 that the consistency ratio is less than 0.1, so the pairwise comparisons are consistent. Moreover,
the most important criterion on alternative evaluation is potential for appreciation (C4). Distance to central zone (C3)
and access to municipal services (C2) follows potential for appreciation. The order of other criteria goes as socio-
cultural development level of region (C5) and taxation (C1). It can be summarized from these results that financial
return possibility is the most important factor for real estate investments, on the counter taxation, which is the regular
expense of properties, is the least important factor.

Step 1.3: Weighted sum method is used to aggregate alternative scores. To do so, obtained weight values in Step 1.2.
are used. An example of aggregated score calculation is presented as follows:

A, =0.042*250+0.122*20+0.180*30+ 0.552*50 + 0.104 *10
=10.5+2.44+54+27.6+1.04=46.98

Aggregated scores of all alternatives are presented in Table 4 as follows:
Table 4 Aggregated alternative scores

Alternative Al A2 A3 A4 A5 A6 A7 A8 A9 Al0
Total Score  54.944  63.024  54.77 46.98 10531 84.336  81.93 83.03 80.854 86.22

Step 2.1: Aggregated alternative scores in Table 4 are written as objective function coefficients and investment costs
of alternatives in Table 2 are written as constraint coefficients. Budget limit of the investor is assumed to be 1000.
According to these data, Knapsack model of the problem is constructed.
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Step 2.2: Solution of the Knapsack model is obtained by using LINDO software. Solution results are presented as
follows:

Objective Value : 528.1520
Decision Variable Values : X1=X2= X3= X5= X8=X9= X10=1 and X4=X6=X7=0

Step 2.3: According to the solution results of the model, investment alternatives A1, A2, A3, A5, A8, A9 and A10 are
suggested to invest. On the other hand, investor is suggested to avoid investing on A4, A6 and A7 based on the costs
and aggregated scores of alternatives.

Solution results indicate that under the budget limit, total benefit of selected alternatives is maximized as 528.1520.
To achieve this benefit level, selected alternatives are determined as Al, A2, A3, A5, A8, A9 and A10. As we see in
Table 2, A6 is the best alternative in views of C2, C3 and C5. Moreover, it has the third best aggregated alternative
score value. But its investment cost is very high and it is not selected. That shows a multiple criteria consideration is
meaningful instead of single criterion.

4 Comparison of results of the proposed model with only financial evaluation

In this part of the study, an analysis of single criterion consideration and multiple criteria consideration is compared.
For single criterion consideration potential of appreciation (C4) which is the most important criterion is taken into
consideration. Aim of the analysis is the comparison of selection by considering only potential of appreciation (C4)
with by considering all five criteria.

In the single criterion analysis, alternative values based on C4 in Table 2 are considered as objective function
coefficients in the model. Under budget limitation consideration solution results are obtained by LINDO. Obtained
results by using LINDO software are given as follows:

Objective Value : 465
Decision Variable Values : X1= X3= X4= X5= X8=X9= X10=1 and X2=X6=X7=0

This results show that selected alternatives for financial evaluation is A1, A3, A4, A5, A8, A9 and A10 with a financial
return value of 465. The alternatives, which have the worst three values of C4 are not selected in this evaluation.
Selected alternatives in single criterion evaluation and multiple criteria evaluation is given in Table 5 as follows:

Table 5 Selected alternatives in two cases

Al A2 A3 A4 A5 A6 A7 A8 A9 Al0

Multiple criteria evaluation + + + + + + +
Single criterion evaluation  + + + 4+ + + o+

The difference between two cases is the selection of A2 in multiple criteria evaluation, whereas A4 is selected in single
criterion evaluation. A4 has a good potential for appreciation and when we only consider C4, selection of A4 is
sensible. A2 is much better than A4 in views of the other four criteria and it makes A2’s aggregated score higher than
Ad4. For this reason, A2 is selected in multiple criteria evaluation.

This comparison indicates possible occurrence of changes in selected alternatives between evaluation with single
criterion and multiple criteria. Decision criteria and weight of these criteria can also cause changes in this results. It
can be said according to the results that investors have to consider carefully about selection criteria and importance
degree of these criteria in real estate investments. Because of the high investment costs, they must avoid making a
wrong decision.

5 Conclusion

Real estate investments can be considered as strategic level decisions. Effects of these decisions last for a long time
and they require an important amount of capital. A wrong decision would waste resources and such consequence is
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not desired by investors. For this reason, these kind of decisions need analytical evaluations before choosing. Due to
the requirement of truly management of capital, the effects of decision should be analyzed by considering all possible
factors simultaneously.

This study proposes an integrated investment planning model combining multi-criteria decision-making with Knapsack
model in order to support selection decisions among real estate investment alternatives. The applicability of the
decision model is tested with an application of selection among 10 real estate investment alternatives in Ankara.
Comparison of results with only financial aspect of decision shows that multiple criteria consideration of investment
alternatives seems sensible.

This study can be extended in the future by considering different criteria and/or sub-criteria. Interdependency among
criteria may be considered and for this case decision models can be constructed by combining Analytic Network
Process instead of Analytic Hierarchy Process. In applications with much more number of criteria and sub-criteria,
hybrid multi-criteria approaches to evaluate alternatives can be considered in the model. In such applications with a
complex structure, multi-criteria decision making methods such as TOPSIS, VIKOR, or MOORA can make it easier
to evaluate the alternatives.
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Article info Abstract

Article History: In the developing industrial world, assembly lines play an important role in the
Received: 02 10..2019 production of larger quantities of products and efficient use of scarce resources.
Revised: 05.12.2019 Assembly line consist an equipment system for flow of workpieces in mass-
Accepted: 12.12.2019 production operations. Today, the production of many products, especially

multi-part products, is carried out with the help of these assembly line systems.
But we encounter with real life problems of the manufacturing products in these
complex systems. Assembly line balancing problems are one of them.

Keywords: Assembly line balancing problems (ALBP) simply assign a set of tasks to a

- group of the workstations by considering precedence relations between the
Assembly alternatives, assembly tasks. Precedence relations are represented by a predetermined graph.
Assembly line balancing, But the assembly process may have subgraphs of alternative priorities. This has
Metaheuristic, Firefly algorithm led to the emergence of the Alternative Subgraph Assembly Line Balancing

Problems (ASALBP). Such problems are caused by changing the processing
times of the jobs depending on the order of operations with different mounting
alternatives. This study will focus on proposed the new metaheuristic firefly
for the solution the Alternative Subgraph Assembly Line Balancing Problem

1 Introduction

Assembly lines are flow-line production systems which are of a combination of workstations with a material handling
system. The assembly line balancing problem is one of the main topics in the literature on optimization of the assembly
lines. In this context, assembly line balancing problem (ALBP) is known as the decision problem of optimally
balancing the assembly work among the workstations with respect to some objectives (Scholl, 1999).

There are many studies on assembly line balancing problems in the literature, Salveson (1955) developed first
mathematical formalization of the assembly line balancing (ALB) problem.

On the other hand, an early one of the best known classification was prepared by Baybars (1986) on assembly line
balancing problems. In this study, assembly line balancing problems are divided into two groups: the Simple Assembly
Line Balancing Problem (SALBP) and the General Assembly Line Balancing Problem (GALBP).The simple case
(SALBP) that is an assembly line where only one standard product is produced on a serial assembly line. The problems
with greater complexity and constraints are considered to be GALBP.

In ALBP studies, priority relations are simpler, while in real life problems priority relations have a more complex
structure. Therefore, it is considered that ALBP should be discussed in more detail and a new GALBP named ASALBP
(Alternative Subgraph Assembly Line Balancing Problem) was developed by Capacho and Pastor. This problem is
mostly related to the assembly line balancing problem faced by suppliers with a large product range and product
number, which enables them to offer more options to their customers in direct proportion to increasing customer needs.
The distinctive aspect of the alternative sub-graph assembly line balancing problem is that it has alternative sub-graph
priority relationships, not definite priority relationships. In the alternative subgraph assembly line balancing problem,
mounting alternatives for different parts of an assembly or manufacturing process are considered. Each process is
represented by a sub-graph that specifies the tasks and task priority relationships required to process a particular
product. With the increase in the number of alternatives and the expansion of the solution space, the problem is
evaluated in the NP-hard problem class.
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The problem has two basic different solution methods. The first one is the exact solution methods and the other one is
approximate solution methods. Capocho and Pastor (2005) presented the integer linear mathematical model to solve
of the problem. Capocho and Pastor, Dolgui and Guschinskaya (2006) studied to solve the alternative subgraph
assembly line balancing problems by way of heuristic methods. Capacho and Pastor (2014) were used to solve the
Alternative Subgraphs Assembly Line Balancing Problem (ASALBP) with metaheuristic approach (Greedy
Randomized Adaptive Search Procedure) GRASP in this article. The firefly algorithm is a new metaheuristic algorithm
recently developed by Yang. Firstly, although it is suitable for the solution of continuous problems, it has been applied
within the discrete problems in the literature and good results have been obtained.

Sayadia et al. presented a discrete firefly algorithm to minimize cycle time for flow shop scheduling problems.
Marichelvam et al. presented a discrete firefly algorithm for the multi-objective hybrid flow shop scheduling problems.
A discrete firefly algorithm was proposed by Jati and Suyanto to solve the travelling salesman problem. Osaba et al.
proposed a discrete firefly algorithm to solve a rich vehicle routing problem modelling a newspaper distribution system
with recycling policy. When the literature is examined, it is suggested that the big problems will be solved by
metaheuristic methods. In this study, we aimed to minimize the number of machines in ASALBP by using firefly
algorithm. The rest of the work will continue as follows: Section 2 ASALBP definition is explained in detail. Section
3 Firefly algorithm and its application were given to the ASALBP. Section 4 presents computational experiments.
Section 5 provides computational conclusions and analysis. Section 6 explains of conclusion.

2 Alternative subgraph assembly line balancing problem’s description

The alternative sub-graph assembly line balancing problem is that the product has different installation alternatives
during the assembly process. The alternative sub-graph assembly line balancing problem consists of two sub-problems.
The first is the decision problem and one of the installation alternatives needs to be selected. The second is the line
balancing problem and it is intended to assign tasks to the workstation in a minimum number. The problem may come
from multiple assembly sections and these assembly sections may have different sub-graphics. Task priorities may
change in sub-graphs, and this change may result in different task times. All these changes cause a change in the
objective function. One small problem for example,

Alternative 1

OROROROROROROR0

11 17 9 10 9 5 12 4
Alternative 2

OmOnORORORORON

11 17 9 5 8 10 12 3

Figure 1 Two assembly alternatives

As in Figure 1, the task sequences and times for each subassembly may change, which may cause the number of
stations to change in the objective function.

3 Firefly algorithm

The firefly algorithm is a nature-inspired algorithm, based on the principle that fireflies produce light with special
structures in their bodies in order to catch their prey or draw their pairs. First of all, it is suggested for continuous
problems, but it is tried to be adapted to discrete problems due to its success in problem solving. The creation of the
firefly algorithm is based on the following three main ideas: 1) All fireflies are of the same sex, in which case all
individuals are affected in the same way.2) It is the intensity of light they emit that makes them influenced by each
other.
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Whichever emits more light and closer to the distance in the range, the other moves towards it. Fireflies move randomly
if they have equal light intensity.3) the objective function is proportional to brightness. In the firefly algorithm there
are three steps:

Attractiveness: p(r) =Boe """, (M>=1)
r is the distance between two fireflies, 8, is the attractiveness at r=0 and Y is a fixed light absorption coefficient.

Distance: 7;;=|1X; -X;II=_ | X¢_1( Xix -Xjx)

The distance between any two fireflies i and j at X; and X; expressed by the Cartesian distance, k is parameter of firefly,
d is parameter number.

Movement: X; = X; + [)’Oe_yrizf(Xj —-X;) +a (rand-é)
i. firefly is affected by the brighter j firefly and j moves towards the firefly. Y, o, rand ; These are the parameters used
for continuous problems, taken within a certain value range.

4 Implementation of Firefly Algorithm to ASALBP

The swarm-based firefly algorithm developed by Xin -She Yang (2008) was examined in previous discrete studies and
adapted for ASALBP. 1) Randomly Subgraph Selection: An alternative subgraph was selected for each subassembly
and tasks were chosen to form the solution.

2) Initial population: A starting solution population was created by paying attention to the constraints by the rank
positional weight method.

3) Distance: Then the distance step of the firefly algorithm was applied on the initial solutions. The objective function
of each solution has been compared with each other and the solution function has been tried to improve (the
minimization of the number of stations is aimed in our problem). The number of different tasks in each solution as the
distance is found by the Hamming distance formula.

4) Movement: A random number between 2 and distance ( 7;;) is selected and a neighbor search algorithm (swap) is
applied to the poor solution to obtain a new solution under constraints.

n=Random (2, r;;) n, the sequence of tasks that can be changed for each solution, paying attention to constraints.
X;=Movement Function (X;, n), every i. a new solution for firefly with tasks modified in accordance with constraints.
So, each firefly moves n times and each firefly will have n new solutions. After all candidate fireflies move and come
up population size x n new solutions, later n of the best fireflies will be selected for the new population. Then, best
fireflies will be chosen basis of the objective function for the next iteration. This algorithm continues until the number
of iterations is reached.

5 Computational experiments

The proposed algorithm was run to see the results of the computational experiments. A firefly algorithm for the
alternative subgraph assembly line balancing problem was coded in MATLAB R2013 and run on a PC with Intel Core
3 2.27 GHz CPU, 4GB RAM, running Windows 7.

Test instances

For the experiments, the data sets were used of Capacho and Pastor (2006) available at web site www.assembly line
balancing.de. The data included 90 medium-sized problems and 45 large-scale problems. The data consisted of
different sub-graphs, tasks and work completion times. The data structure is detailed in the related table.
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Table 1 Data sets
Problem Number of subgraphs
Cycle times 5 8 11
Number of tasks
Gunther 41 49 49 61 81 37 37 37
Hahn 2004 2338 2806 3504 4676 56 56 63
Warnecke 54 62 74 92 111 63 63 67
Tonge 160 176 207 251 320 73 75 75
Lutz3 75 83 97 118 150 93 98 101
Kilbrid 51 79 92 138 184 45 46 48
Arc2 5785 6540 7916 9400 11570 115 121 125
Bartholdi 403 470 564 705 805 151 157 160
Scholl 75 83 97 118 150 299 302 305

5 Computational results and analysis

The results for the large and small problems are shown in tables 2 and 3. The results are calculated on the basis of
which percentage of the best run problems are encountered. In Table 2, 39 optimal results were achieved in 90 problems
for medium-scale problems, while 17 of 45 problems in Table 3 yielded optimal results. As a percentage, the best
results were achieved in 43% of the medium-scale problems and the best results in 37% of the large-scale problems.
In terms of solution time, the medium-scale problems can be solved in not too long periods, whereas in the large-scale
problems, three big problems have not been achieved. Although the results provide better time results than previously
developed integer programming, it is seen that the firefly algorithm should be developed in comparison with the
heuristic studies made by Capacho et al (2006). However, in the study conducted with heuristic methods, 10 different
heuristic methods were tried to obtain the results. The aim of this study is to achieve better results with a single meta-

heuristic algorithm.

Table 2 Medium Scale Problem’s Results Obtained by the Firefly Algorithm

Problem n

Gunther 37
37
37
37
37
37
37
37
37
37
37
37
37

Time
41
44
49
61
81
41
44
49
61
81
41
44
49

Sub assembly
number

1

W W W NN DN DNDMNDND PP PP

Subgraph
number

© O 0 O © O o1 o1 o1 g

e
[N SN SN
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Firefly
solution

14
14
11
9

7

14
16
13
10
8

17
16
14

Optimal
14

12

11

9

14
12
11
9

14
12
11

Solving Time
(seconds)

2

© © © 00 0 N N NN
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37 61 3 11 11 9 31
37 81 3 11 8 7 30

Hahn 56 2004 1 5 8 8 17
56 2338 1 5 7 7 16
56 2806 1 5 6 6 16
56 3507 1 5 5 5 19
56 4676 1 5 4 4 17
56 2004 2 8 8 8 50
56 2338 2 8 7 7 51
56 2806 2 8 6 6 53
56 3507 2 8 5 5 53
56 4676 2 8 4 4 51
63 2004 3 11 8 8 296
63 2338 3 11 7 7 297
63 2806 3 11 6 6 306
63 3507 3 11 5 5 291
63 4676 3 11 4 4 298

Warnecke 63 54 1 5 33 31 18
63 62 1 5 29 27 17
63 74 1 5 23 22 18
63 92 1 5 18 17 18
63 111 1 5 15 14 18
63 54 2 8 33 31 71
63 62 2 8 29 27 66
63 74 2 8 23 22 65
63 92 2 8 18 17 65
63 111 2 8 15 14 65
67 54 3 11 33 31 233
67 62 3 11 29 27 249
67 74 3 11 23 22 227
67 92 3 11 18 17 234
67 111 3 11 15 14 241

Tonge 73 160 1 5 23 23 27
73 176 1 5 22 21 27
73 207 1 5 18 18 28
73 251 1 5 15 14 28
73 320 1 5 12 11 29
75 160 2 8 23 23 88
75 176 2 8 22 21 86
75 207 2 8 18 18 88
75 251 2 8 15 14 89
75 320 2 8 12 11 88
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75 160 3 11 23 23 402
75 176 3 11 22 21 408
75 207 3 11 18 18 410
75 251 3 11 15 14 408
75 320 3 11 12 11 416

lutz3 93 75 1 5 24 23 89
93 83 1 5 21 21 90
93 97 1 5 19 18 90
93 118 1 5 15 14 91
93 150 1 5 12 12 89
98 75 2 8 24 23 402
98 83 2 8 21 21 410
98 97 2 8 19 18 406
98 118 2 8 15 14 406
98 150 2 8 12 12 407
101 75 3 11 24 23 1432
101 83 3 11 21 21 261
101 97 3 11 19 18 1465
101 118 3 11 15 14 340
101 150 3 11 12 12 329

Kilbrid 45 57 1 5 10 10 17
45 79 1 5 8
45 92 1 5
45 138 1 5 4
45 184 1 5 4 7
46 57 2 8 10 10 22
46 79 2 8 10 7 23
46 92 2 8 23
46 138 2 8 4 22
46 184 2 8 3 3 22
48 57 3 11 10 10 83
48 79 3 11 8 7 82
48 92 3 11 7 6 83
48 138 3 11 4 4 81
48 184 3 11 3 3 82

Table 3 Big Scale Problem’s Results Obtained by the Firefly Algorithm
Sub assembly Sub graph
Problem n Time number number Firefly Solution  Optimal Solving Time
ARC2 115 5785 1 5 27 27 89
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115 6540 1 5 24 24 92
115 7916 1 5 20 20 87
115 9400 1 5 17 17 87
115 11570 1 5 14 13 88
121 5785 2 8 27 27 412
121 6540 2 8 24 24 410
121 7916 2 8 20 20 405
121 9400 2 8 17 17 424
121 11570 2 8 14 13 407
125 5785 3 11 27 27 311
125 6540 3 11 24 24 315
125 7916 3 11 20 20 314
125 9400 3 11 17 17 314
125 11570 3 11 14 13 311

Bartholdi 151 403 1 5 15 14 73
151 470 1 5 13 12 70
151 564 1 5 11 10 75
151 705 1 5 75
151 805 1 5 8 7 75
157 403 2 8 15 14 321
157 470 2 8 13 12 320
157 564 2 8 11 10 321
157 705 2 8 334
157 805 2 8 326
160 403 3 11 15 14 1061
160 470 3 11 12 12 1020
160 564 3 11 11 10 1028
160 705 3 11 1020
160 805 3 11 1065

Scholl 299 1394 1 5 52 51 326
299 1584 1 5 45 44 721
299 1699 1 5 42 42 663
299 2049 1 5 35 34 785
299 2787 1 5 26 25 682
302 1394 2 8 52 51 602
302 1584 2 8 45 44 597
302 1699 2 8 42 42 590
302 2049 2 8 35 34 605
302 2787 2 8 26 25 600
305 1394 3 11 52 51 681
305 1584 3 11 45 44 672
305 1699 3 11 - 42 -
305 2049 3 11 - 34 -
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305 2787 3 11 - 25 -

6 Conclusion

In this study, the metaheuristic approach Firefly algorithm was used to solve the Alternative Subgraph Assembly Line
Balancing Problem. Firstly, the ranked positional weight method was used to generate an initial solution to insert it
into the intial population and then the discrete firefly algorithm used to improve the intial population. The proposed
algorithm tested on an existing benchmark set containing medium and large scale instances. The obtained results
compared against the benchmark problems’ optimal solutions taken from the related literature. As a result, while
medium-sized problems are developed for time, they need to be improved for large problems.
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Makale Bilgi Ozet

Makale Gecmisi: Enerji hayatimizda vazgegilmez bir yere sahiptir, giinliik hayatimizda
Gelis:  06.07.2019 hemen hemen yaptigimiz her sey icin enerjiye ihtiyag duyariz. Ulkeler
Revize: 10.12.2019 enerji arz giivenligini siirdiiriilebilir kaynaklardan gerceklesmesini
Kabul: 25.12.2019 saglamak i¢in ¢esitli 6nlemler almakta, enerji stratejilerini ve politikalarini

olusturmaktadir. Avrupa Birligi (AB)’ nin lisanslamaya iliskin seffaf
kurallar ile herhangi bir iireticinin AB i¢inde herhangi bir yerde yeni bir

Anahtar Kelimeler: enerji santrali kurmasina ve elektrik iiretmesine izin vermektedir. Ancak

AB enerji santrallerinde kullanilacak enerji kaynaklari AB’ nin enerji
Enerji, politikalar1 ile uyumlu olmas: gerekmektedir. Bu kapsamda; AB “Enerji
Cok Kriterli Karar Verme, 2020 Stratejisi” ile 2020 yilinda sera gazi emisyonlarini 1990 yilindaki
Bulanik Mantik, oranmnin %40 oraninda diisiirmeyi, tikettigi enerjinin %27’sinin
Avrupa Birligi yenilenebilir kaynaklardan elde etmeyi, enerji verimliligini en az %27

oraninda artirmay1 hedeflemektedir. AB “2050 Enerji Yol Haritas1” ile
2050 yilinda sera gazi emisyonlart 1990 yilindaki oraninin %80-95° in
altina diistiriilmesi hedeflemektedir. AB enerji politikasinin hedeflerinden
biride enerji liretiminde kullandig1 enerji kaynaklarimi gesitlendirmektir.
AB’nin 2020 ve 2050 yili enerji hedeflerine ters diismesine ragmen, AB
yerli kdmiir kullanimini tegvik etmeyi ve yurtigi tiretim kapasitesini daha
rekabet¢i kilmay1 hedeflese de dogal gaz kullaniminin yayginlagmasi ve
ithal komiir yerli komiirden ¢cok daha ucuz olmasi nedeniyle yerli komiir
titketimi hizli bir sekilde azalmaktadir. 2017 yilinda AB iginde en fazla
tiiketilen enerji kaynag: petrol olup %77'1 ithalat yoluyla karsilanmustir.
AB’ de en ¢ok kullanilan ikinci enerji kaynagi %36 ile dogal gaz olup dogal
gaz1 %33 ile diger yakitlar takip etmektedir. 2017 yilinda AB; %44.,4 ile en
¢ok fosil yakitlardan (dogal gaz %19,7), %30 yenilenebilir kaynaklardan,
%25,6 niikleerden elektrik iiretilmistir. Caligma kapsaminda iilkemizde
kamuda ve 0Ozel sektdrde enerji konusunda uzman yoneticiler (Karar
Vericiler:KV) ile goriisiilmiis ve detayli bir anket ¢aligmasi yapilmustir.
Dilsel degiskenler vasitasiyla KV ler iilkemizin enerji amag fonksiyonlart,
enerji senaryolar1 ve kriterleri degerlendirilmistir. Bu dogrultuda;
iilkemizin 2035 yilinda enerji sektoriinde kullanilacak enerji kaynaklar
yeni bir bulanik ¢ok amacgl programlama methodu ile bir matematiksel
model  gelistirilmis  ilkemizin 2035 yili  enerji  senaryosu
olusturulmustur/hesaplanmistir. Ulkemizin ve AB’ nin enerji stratejileri ve
politikalar1 kapsaminda gelistirilen matematik model ile {ilkemizin 2035
yili enerji hedefleri olusturulmustur.
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Turkey and EU’s energy strategies and policies

Article info Abstract
Article History: We use energy in our daily lives/activities; therefore energy has an indispensable
Received: 06.07.2019 place in our lives. Countries take various measures to ensure energy supply
Revised: 10.12.2019 security from sustainable energy sources and establish their energy strategies and
Accepted: 25.12.2019 policies. European Union (EU)'s transparent licensing rules allow any energy

producer to construct a new power plant and can easily generate electricity inside
EU. However, the energy resources to be used in EU’s energy sector need to be

Keywords: in line with EU’s energy policies. EU’s “Energy 2020 Strategy” aims to reduce

greenhouse gas emissions by 40% (produced in 1990) in 2020, to generate 27%
Energy; Multi-Criteria Decision Making, of its energy from renewable sources, and aims to increase energy efficiency by
Fuzzy Logic, at least 27%. EU’s “2050 Energy Roadmap” aims to reduce greenhouse gas
Fuzzy Multi Objective Programming, emissions by 80-95% (produced in 1990) in 2050. Another goal of EU’s energy
European Union policy is to diversify the energy resources used in energy generation. In

contradistinction to EU’s year 2020 & 2050 energy targets, EU’s energy policy
encourage the use of domestic coal and domestic energy production. The use of
domestic coal consumption is rapidly decreasing due to the widespread use of
natural gas and low price of imported coal. In 2017 the most consumed energy
source in EU was petroleum and about 77% of it was imported. The second
energy source used in EU (about 36%) was natural gas and the third one is other
type of fuels (about 33%). In 2017 about 44,4% of EU’s energy generation is
from fossil fuels (natural gas: %19,7), about 30% of it is from renewable sources
and about 25,6% of it is from nuclear power plants. Within the scope of the study,
detailed energy survey was conducted with energy experts (Decision-Makers:
DM) who work in Turkey’s public and private sectors. With the help of linguistic
variables, DMs evaluate Turkey’s energy objective functions, energy scenarios
and criteria. In the study, a mathematical model is developed to obtain/calculate
Turkey’s year 2035 energy generation plan by using a new fuzzy multi objective
programming method. Considering Turkey and EU’s energy strategies and
policies; Turkey’s year 2035 energy targets are obtained/established by the help
of developed mathematical model.

1 Giris

Giinliik hayatimizda hemen hemen yaptigimiz her sey i¢in enerjiye ihtiya¢ duyariz. Giiniimiizde enerji yasamin her
alaninda kargimiza ¢ikmaktadir, bu kapsamda enerji insanligin vazgeg¢ilmezi olmustur. Enerji, surddrulebilir
kalkimmanin ekonomi ve c¢evre agisindan en Snemli unsurudur. Bu kapsamda iilkeler enerji arz giivenligini
stirdiiriilebilir kaynaklardan gerceklesmesini saglamak igin dnlemler almakta kullandig1 enerji kaynagi cesitliligini
artirmaya ¢aligsmaktadir.

Diinyada her y1l yaklagik 23.5 trilyon kilovatsaat elektrik enerjisi tiiketilmektedir. World Energy Organization (WEO:
Diinya Enerji Kurulusu)’ a gére en ¢ok elektrik iireten iilkeler listesinde Cin 5 milyar 207 milyon kilovatsaat ile birinci,
Tirkiye 15. siradadir. Gliniimiizde {ilkeler enerjide disa bagimliliklarini azaltmak igin kullanmig olduklari enerjiyi
cesitlendirmek ve ithal ettikleri enerji kaynak sayisini, lilke sayisii arttirmak istemektedirler. Bu sayede tek bir
kaynaga/iilkeye bagimli hale gelmemek i¢in gerekli dnlemleri almaktadirlar.

International Energy Agency (IEA: Uluslararas1 Enerji Ajansi)’ a gore giliniimiizde diinya enerji piyasasi liginde
Avrupa Birligi (AB) ithalata birinci sirada yer alirken, tiiketimde ise ikinci sirada yer almaktadir. AB enerji ihtiyacinin
yarisint AB disindaki kaynaklardan temin etmektedir. Bu durum AB enerji arz giivenligi i¢in bir tehdit unsuru
oldugundan AB’ i ortak bir enerji politikasi gelistirmesi zorunlugu dogmus, bu kapsamda AB {iye iilkeleri ile ortak bir
enerji politikasi olusturmustur. AB enerji politikasi enerji kaynaklarinin arz giivenligini giiglendirmek, elektrik ve
dogalgaz piyasasinda ise; seffaf, verimli, AB iginde biitiinlesmis dinamik bir i¢ enerji piyasasi olusturmaktir. Ulkemiz
AB Uyelik mizakerelerine devam ettiginden (enerji fasillar1 gériismeleri devam etmektedir); AB’nin enerji hedeflerini
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gerceklestirmek icin Enerji ve Tabi Kaynaklar Bakanligi (ETKB) tarafindan tilkemizin 2023 yilindaki enerji hedefleri
“Elektrik Enerjisi Piyasast Arz Giivenligi” strateji belgesi (ETKB 2009) olusturulmus ve uygulamaya konmustur.
ETKB iilkemizin 2023 y1l1 enerji hedeflerini dikkate alarak 2035 yili enerji hedeflerini olusturulmaya ¢aligmaktadir.
Bu kapsamda ¢alismada AB ve ETKB enerji politikalar1 ¢ergevesinde; yeni bir bulanik ¢ok amacgli programlama
methodu ile bir matematiksel model gelistirilerek, ETKB’nin 2023 yili enerji hedefleri/kisitlar1 altinda; iilkemizin 2035
yil1 enerji senaryosu hesaplanmistir.

2 Enerji hedefleri
2.1 AB’nin enerji hedefleri

AB’nin enerji politikasi; rekabet giicii, enerji arzinin giivenligi ve ¢evrenin korunmasi arasinda bir dengeye vararak,
toplam enerji tiikketiminde komiiriin payini korumayi, dogal gazin payini artirmayi, niikleer enerji santralleri i¢in azami
giivenlik sartlari tesis etmeyi ve yenilenebilir enerji kaynaklarinin payini artirmay1 hedeflemistir.

1995 yilinda AB enerji politikalarinin genel ilkeleri ve hedefleri "Avrupa Birligi i¢in Bir Enerji Politikasi" baglikli
Beyaz Kitap'ta yaymlanmistir. Enerji arzinin giivenligi, ¢evrenin korunmasi ve genel rekabet glicll, ginimizde AB
enerji politikasinin en dnemli hedefleri olarak belirlenmistir (incekara 2011). AB kuruldugu zaman enerji politikasinin
amact; rekabet giicli, enerji arzinin giivenligi ve ¢evrenin korunmasi arasinda bir denge kurarak, toplam enerji
tilketiminde komiiriin payin1 korumak, dogal gazin paym artirmak, niikleer enerji santralleri i¢in azami giivenlik
sartlar1 tesis etmek ve yenilenebilir enerji kaynaklarinin payini artirmak olarak agiklanmistir. AB ham petrolii baska
bir enerji bicimleriyle ikame etmeyi hedeflemis bu kapsamda ¢esitli programlar uygulamaktadir. Ancak AB petroliin
ve dogal gazin glinlimiizdeki dnemi nedeniyle; AB gelecekte de kullanacagindan dolayt AB icinde hidrokarbon
kaynaklarinin aranmasini tegvik etmektedir. AB' nin enerji politikasinin temelinde birey bulundugundan tiiketicilere
daha ucuz enerji saglamak, daha yiiksek kalitede ve kesintisiz bir hizmet sunmak, AB enerji politikasinin temel
hedefini olusturmaktadir. AB; 13 Mart 2001 tarihinde dogal gaz ve elektrik piyasalarinin tamamen
serbestlestirilmesine yonelik tedbirler paketini dnermistir. Bu kapsamda; tiiketiciler elektrik ve dogal gaz sunucularini
se¢me olanagina kavusmus olmasi1 amaglanmustir.

AB enerji politikasi, dogal gaz ve elektrik piyasalarinin tedricen serbestlesmesi yoniindedir (dogal gazin ve elektrigin
sebekeler icinde taginmasi ve dagitilmasi zorunluguna ragmen). AB i¢inde mallarin serbest dolagimi, hizmet saglama
serbestligi, yerlesme hakki ve rekabetin bozulmamast ilkeleri, enerji sektoriinde uygulanmasi hedeflenmektedirler. AB
enerji piyasasi/sektorii asagida 6zetlenmistir:

- AB Elektrik piyasasi: AB'de elektrik iiretimi; yillarca tekelci liretime ve 15 ayr1 ulusal pazara dayali
olmustur. 19 Subat 1996 tarihinde AB iginde elektrik ticareti ve iiretimi igin, rekabet bir kural haline gelmistir.
Elektrik tek pazarini kuran bu mevzuat, rekabetin adil ve seffaf bir sekilde gelisebilecegi asgari sartlarini
belirlemistir. AB’ nin lisanslamaya iligkin seffaf kurallar: ile herhangi bir iireticinin, AB iginde herhangi bir
yerde yeni bir enerji santrali kurmasina ve elektrik tiretmesine izin vermektedir. Bu sayede AB iginde blyik
ve orta 6lgekli elektrik tiiketicileri, elektrigi nereden alacaklarini segme imkanina sahip olmustur. AB elektrik
i¢c pazarinda temel unsur tiiketicinin se¢gme hakkinin bulunmasidir.

- AB Dogal gaz piyasasi: AB dogal gaz piyasasi yillarca 15 iiye iilkesinin ulusal piyasalarina dayali olarak
kalmugtir. S6z konusu 15 iilkenin ¢ok ¢esitli dogal gaz tekelleri yaratan farkli 6zellikleri/uygulamalari vardir.
AB (ye 5 Ulke -Almanya, Fransa, Italya, Hollanda ve ingiltere; AB'nin dogal gaz tiiketiminin % 85’ ten
fazlasini gergeklestirmektedir. Finlandiya, AB'nin dogal gaz sebekesine bagli degildir. Dogal gaz AB iginde
talebin en hizli biiyiimesinin beklendigi enerji kaynagi ve sektordiir. AB Enerji Konseyi; Aralik 1997'de
"dogal gaz i¢ pazari/piyasasi" kurulmasimi kararlagtirmistir. AB i¢inde dogal gaz piyasalarin cesitliligi
nedeniyle; ortak dogal gaz cercevesi esnek bir diizenlemeye dayanmaktadir. AB icinde dogal gaza iliskin
siyasi mutabakat; AB elektrik piyasasi ilkelerine dayanmaktadir. Bu ilkeler ¢erceve ilkeler olarak adlandirilir.
Bunlar; zaman i¢inde kademeli olarak rekabete acilma (10 yil), seffaflik ve haklar1 veya yiikiimliiliikleri
acisindan firmalara karsi ayrimci olmamak seklinde belirlenmistir. Cerceve, dogal gazin depolanmasi,
iletilmesi, sunulmas ve dagitilmasi konularinda ortak kurallar getirmistir. Dogal gaz sektoriiniin orgiitlenisi
ve isleyisi hakkinda ayrintili kurallar belirlenmis, lisans verme kriterleri ve prosediirleri tanimlanmusgtir.

- AB Petrol piyasasi: Petrol sektorii AB pazarinda 6nemli bir yeri vardir. AB enerji politikasi, petrolii baska
enerji bigimleriyle ikame etmeyi hedeflemistir. Ancak, bu enerjinin 6nemi nedeniyle, AB yerli hidrokarbon
kaynaklarinin aranmasi ve isletilmesinde tesvik etmektedir. Ozellikle petrol iiriinleri {izerindeki tiiketim
vergileri ve lisanslama konularinda, énemli tedbirler alinmistir. 1994’ ten beri, AB, Avrupa Ekonomi Alan1
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icinde hidrokarbon arama, kesif ve tretim faaliyetlerindeki sirketlere ayrimci olmayan erisim imkant
saglamustir. Petrol iiriinleri iizerindeki tiikketim vergileri, enerji i¢ pazarinin temel taslarindan biri olarak kabul
edilmistir.

- AB Komiir piyasasi: AB'de ilk i¢ pazar olma dzelligini tasiyan kdmiir pazar: 1952 yilinda Avrupa Koémiir
ve Celik Toplulugu (AKCT) Antlagsmasi ile kurulmustur. Bu antlagsmanin siiresi 23 Temmuz 2002’de sona
ermistir. AB i¢inde komiir ticareti herhangi bir kisitlamaya tabi olmamigtir. AB i¢inde halen komiir iireten
sadece ii¢ iilke vardir: ingiltere, Almanya ve Ispanya’dir. AB, komiir kullanimini tesvik etmeyi ve yurtici
uretim kapasitesini daha rekabetgi kilmay1 hedeflemektedir. AB’ de dogal gaz kullaniminin yayginlagmasi ve
ithal komiirtin yerli komiirden ¢ok daha ucuz olmasi nedeniyle yerli komiir tiiketimi hizli bir sekilde
azalmigtir. Diigiik komiir fiyatlari, dogal gaz gibi diger rakip yakitlarin fiyatlarini diizenleyici bir rol
oynamaktadir. Kati yakitlar, AB'de elektrik {iretiminin %30'dan fazla bir boliimiinii saglamaktadir.

2017 yilinda AB i¢inde en fazla tiiketilen enerji kaynag1 petrol olup %77' ithalat yoluyla karsilanmistir. AB de
kullanilan ikinci kaynak %36 ile dogal gaz olup dogal gaz1 %33 ile diger yakitlar takip etmektedir. 2017 yilinda AB
i¢cinde elektrik iiretiminde kullanilan enerji kaynaklarinin oranlar1 Sekil 1’ de gosterilmistir. Buna gére AB; 2017
yilinda %44,4 ile en ¢ok fosil yakitlardan, %30 yenilenebilir kaynaklardan, %25,6 nikleer enerjiden elektrik
tretilmistir (Energy Atlas 2018; CEPS 2017).

RENEWABLES" MIX IN POWER GENERATION: GROWING ACROSS EUROPE
Wind, biomass and solar as percentage of electricity pr ion, percent

asof I2011 2017

27

@ ENERCY ATLAS 2018/ AOR

EU eleciricity generation mix, 2017,
percent

Sekil 1 2017 yilinda AB iginde elektrik iiretiminde kullanilan enerji kaynaklari

AB mevzuati, rekabet giicii yiiksek, giivenli ve siirdiiriilebilir enerji piyasalar1 olusturulmasi, kalitenin artirilmasi,
tilketiciye daha fazla secenek ve daha ucuz fiyatlar sunulabilmesi amaciyla enerji piyasalarinda serbestlesmeyi ve
rekabeti saglayict diizenlemeleri icermektedir. AB "Avrupa i¢in Akilli Enerji (2003-2006)" programi Kasim 2000'de
"Enerji: Arzin Giivenligi" isimli Yesil Kitapta yayimlanarak uygulamaya baslamistir. Burada hedeflenen; arzin
giivenliginin giiglendirilmesi, yenilenebilir enerji, enerji etkinligi ile iklim degisikligi ile miicadele ederek, rekabeti
tesvik etmektir. Avrupa Birligi enerji politikalarinin {i¢ temel amac1 vardir:

- Toplulugun rekabet edebilirligine katki saglamak,
- Enerji arz giivenligini temin etmek,
- Siirdiiriilebilir kalkinma temelinde ¢evrenin korunmasina katkida bulunmak.

AB enerji verimliligini her y1l %1 oraninda artirilmasini, yenilenebilir enerji tiiketiminin 2010 yilina kadar %6' dan
%12' e yiikseltilmesini, 2010 yilina kadar yenilenebilir kaynaklardan elektrik iiretimini %22,1° e ¢ikarmay1 hedeflemis
ve Kyoto'da belirlenen mekanizmalarin tesvik edilmesi ile s6z konusu hedefleri gergeklestirmistir. Tklim degisikligi
politikalar ile iklim degisikligi ile miicadele AB nin siirdiiriilebilir enerji politikasinin temelini olusturmustur. Avrupa
Birligi 2007 yilinda “Enerji ve Iklim Degisikligi Paketi’ni onaylamis ve 2020 yilina kadarki enerji hedefleri
tanimlanmistir. AB enerji politikalarinin ve programlarinin hayata gegirilmesi i¢in; 2003-2006 ddneminde 215 milyon
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Euro, 1998-2002 dénemindeki Enerji Cerceve Programi kapsaminda ise toplam 175 milyon Euro harcamistir. AB’nin
“20-20-20” olarak tanimlanan enerji politikasindaki hedefler:

- Sera gaz1 emisyonlarini 1990 seviyesinin en az %20 altina diisiirmek,
- Yenilenebilir enerji payimnin %20’ye ¢ikarilmasi,

- Ulasim sektdriinde biyoyakit kullaniminin en az %10’ a ¢gikarilmasi,
- Birincil enerji tiiketiminde %20 tasarruf saglanmasi.

AB’nin orta ve uzun vadeli enerji politikalar1 “Enerji 2020 Stratejisi” ve “2050 Enerji Yol Haritasi”nda tanimlanmig
olup karbonsuz bir enerji sistemi hedeflenmistir (Incekara 2017; 2019a). AB’nin 2030 yili i¢in hedefleri asagida
sunulmustur:

- 1990 y1l1 seviyelerine kiyasla sera gazi emisyonlarin1 %40 oraninda azaltmak,

- AB tarafindan tiiketilen enerjinin %27’sinin yenilenebilir kaynaklardan elde edilmesini saglamak,

- Enerji verimliligini en az %27 oraninda artirmak,

- AB iilkeleri arasinda elektrik dahili baglanti hedefi olarak belirlenen %15 oranina ulagsmak ve altyapi
projelerini ilerleterek i¢ enerji piyasasini tamamlamak.

AB 2050 y1linda sera gazi emisyonlar1 1990 yilindaki oraninin %80-95’ in altina diisiiriilmesi hedeflenmektedir. AB’
nin 2050 Enerji Yol Haritast bu hedefe ulagsmaya yonelik birka¢ senaryo bulunmaktadir. AB ilk asamada -2020 yilina
kadar- AB; tiikettigi enerjisinin en az yiizde 20' sini yenilenebilir kaynaklardan ve temiz bir enerji kaynagi olan
dogalgazdan elde etmeyi hedeflemektedir.

Eurostat verilerine gore; AB’nin 2030 yilinda enerji ihtiyacinin %27’ini dogal gazdan, %34’{inii petrolden, %11 ini
niikleer enerjiden, %12’ini yenilenebilir enerji kaynaklarindan ve %16’im1 da kati yakitlardan karsilanmasi
beklenmektedir (Avrupa Komisyonu, 2015). Bu kapsamda AB’nin 2030 y1l1 itibariyle petrolde %93, dogal gazda ise
%84 oraninda disa bagimli olacaktir. Sonug olarak rapora gore AB gelecekte-2035 yilinda en biiyiik dogalgaz
ithalat¢is1 konumunu siirdiirmesi beklenmektedir.

2.1.1 AB Enerji Programlari

AB; 25 Subat 2015 tarihinde “Ileriye Déniik Iklim Degisikligi Politikasi ile Direngli bir Enerji Birligi igin Cerceve
Strateji” belgesini yayimlamuistir. Enerji Birligi Cergeve Stratejisi olarak anilan belgede; enerji giivenligi,
stirdiiriilebilirlik ve rekabetgiligi artirmak hedefi dogrultusunda tanimlanan AB’nin 6ncelikleri asagida siralanmustir:

- Enerji arz giivenliginin saglanmasi,

- Tam entegre ortak bir Avrupa enerji pazarimin olusturulmasi,

- Enerji talebini azaltilmasina yonelik enerji verimliliginin artirtlmasi,
- Ekonominin karbonsuzlagtirilmasi,

- Aragtirmacilik, yenilik¢ilik ve rekabetcilik.

AB iginde tiiketilen enerjinin yarist tigiincii iilkelerden ithal edilmektedir. AB tarafindan en ¢ok ithal edilen enerji
kaynag petroldiir. AB'de tiiketilen petroliin %78'i ithalat yoluyla karsilanmaktadir. Bunu, %36 ile dogal gaz ve %32
ile diger yakitlar takip etmektedir. Avrupa'nin enerji tilketimi arttik¢a enerjide diga bagimliligi artmaktadir (European
Commission 2003; Incekara 2017).

AB enerji politikasinin hedeflerinden biri, enerji arzinin kesintiye ugramasin1 6nlemek ve enerji kaynaklarini
cesitlendirmektir. AB yeni enerji kaynaklarini gelistirmek adina; hidro, giines ve riizgar enerjileri gibi yenilenebilir
enerji kaynaklarinin kullanimini tesvik etmektedir. Ayrica AB arz giivenligini saglamak amaciyla, Avrupa Enerji Sartt
gibi bazi anlagmalar yaparak ticiincii {ilkeler ile transit projeleri ve uluslararasi enerji isbirligini arttirmaktir. Dis
baglantilarin gelistirilmesi ve siirdiiriilmesi de arz giivenliginde bir bagka temel unsurdur. Trans-Avrupa Enerji Aglari
bu amag¢ dogrultusunda kurulmustur.

AB; sera gazi emisyonlarinin azaltilmasi, enerji verimliliginin artirilmasi1 ve yenilenebilir enerji kaynaklarinin

kullanimini artirmay1 amaglayan cesitli iklim ve enerji hedefleri dogrultusunda kendisine hedefler koymustur. AB
hedefleri dogrultusunda gerekli adimlari/tesvikleri/programlart uygulamaya koymustur. AB tarafindan yayinlanan
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"Avrupa'da Enerji ve Ulasim: 2030'a Dogru" aragtirmada (EU Directive 2012; IEA 2013); 2010 yilinda AB’nin enerji
kaynaklar1 i¢inde yenilenebilir enerjinin miktar1 %6 olarak gosterilmistir. Ayni arastirma, bu oranin 2030 yilinda ancak
%?27'e ulasacagini 6ngdrmektedir. AB’deki yenilenebilir enerji dagitiminin 2005 yilinda yakaladig yiiksek ivmenin
2015 ve 2016'da hafif bir sekilde yavasladigin1 géren AB bu kapsamda; AB enerji hedeflerini gergeklestirmek i¢in
cesitli onlemler almistir. Bu kapsamda agagida sunulan enerji programlarini ve tesviklerini (Avrupa Komisyonu 2008;
2015) gelistirerek uygulamaya koymustur.

Avrupa Enerji Sarti: Purupa Enerji Sarti, 1991 yilinda Lahey'de imzalanmis olup 38 iilke ve AB tarafindan
onaylanmistir. Enerji Sartinin baslica hedefleri, AB i¢cinde arz giivenligini artirarak, enerji iiretimi, doniisiimii,
taginmasi, dagitimi ve kullaniminda enerji verimliligini en iist seviyeye ¢cikarmak ve enerji ile ilgili cevre problemlerini
en aza indirmektir. Nisan 1998'de, Enerji Sarti Antlagmasi ve AB Enerji Verimliligi lizerine bir Protokol yiirtirliige
girmistir.

Trans-Avrupa Enerji Aglar1 (TEN-E): AB i¢inde enerji arzi giivenliginin saglanmasi i¢in, enerjinin giivenli bir
sekilde taginmasi gereklidir. Maastricht Antlagmasi ile ulusal aglarin birbirleriyle baglantisini ve birlikte ¢aligmasini
tesvik etmek i¢in ulagim, telekomiinikasyon, enerji ve ¢evre alanlarinda ilerleme saglanmasi amaciyla olusturulmustur.
I¢ pazarinin genislemesini hedefleyen AB, dogal gaz ve elektrik sebekeleri gelistirilmesi amaciyla sz konusu
programi gelistirmis ve uygulamaya baslamistir. TEN-E kapsaminda gelistirilen hatlar asagida 6zetlenmistir:

- Elektrik nakil hatlart: Yiiksek voltaj hatlari, denizalti baglantilart ve koruma, izleme ve kontrol sistemleri,

- Dogal gaz hatlari: Yiiksek basingli dogal gaz boru hatlari, yeralti depolama faaliyetleri, sivilastirilmig dogal

gazin elde edilmesi ve depolanmast ile ilgili faaliyetler, koruma, izleme ve kontrol faaliyetleridir.

TEN-E programinin amaci: elektrik sektoriinde; izole durumda bulunan elektrik aglariyla baglanti saglanmasi, tiye
iilkeler arasinda enerji nakil hatlar1 baglantilarmin gelistirilmesi, iiye iilkelerle {igiincii {ilkelerin baglantilarinin
giiclendirilmesi (6rnek: bazi Akdeniz iilkeleri, Orta ve Dogu Avrupa iilkeleri ve Norveg ile baglantilar yapilmistir,
Polonya, Cek Cumhuriyeti, Slovakya ve Macaristan't kapsayan CENTREL elektrik sebekesi, baslica Avrupa elektrik
sebekesi olan UCPTE'ye 1995 yilinda baglanmistir); dogal gaz sektoriinde, dogal gazin yeni bolgelere ulastirilmast,
izole durumdaki gaz aglarinin baglantisinin saglanmasi, alim ve depolama kapasitesinin gelistirilmesi, dogal gaz boru
hatlarinin arzinin artirilarak ulastirma kapasitesinin yiikseltilmesidir.

ALTENER I1: AB o6zellikle riizgar ve hidro kaynaklari1 kullanarak yenilenebilir enerji elde etmek i¢in Altener 11
programu gelistirilmistir. Yenilenebilir enerji, karbondioksitin azaltilmasinda 6nemli bir rol oynamaktadir. Altener 11
yenilenebilir enerji konusundaki faaliyetleri genisletmistir. Beyaz Kitap "Gelecek i¢in Enerji: Yenilenebilir Enerji
Kaynaklar1" hazirlanarak AB’ nin yenilenebilir hedefleri tanimlanmistir. Bu sekilde Topluluk Stratejisi ve Enerji
Faaliyet Plani’na biiyiik katki saglamistir. AB 2003-2006 yillarin1 kapsayan donemde; Altener II programi igin 80
milyon Euro harcamustir.

SAVE: Program AB’nin enerji etkinligi konusunda teknolojik olmayan faaliyetlerinin temel odagi konumundadir. AB,
SAVE programi ¢ercevesinde; siyasi onlemler, pilot faaliyetler ile yerel/bdlgesel enerji yonetimi yoluyla enerjinin
etkin bir sekilde kullanilmasini saglamaktadir. Program ile sanayide, ticarette ve ulasim sektoriindeki AB i¢indeki
enerji titketiminde tutumlu ve verimli olunmasini tesvik etmektedir. AB SAVE programi kapsaminda 2006 yilina kadar
170 milyon Euro harcamustir.

COOPENER: Program, AB’ nin uluslararasi alanda enerjinin etkin kullanimini ve yenilenebilir kaynaklardan enerji
arzinin saglanmasini tesvik etmektedir. AB 2003-2006 yillarin1 kapsayan COOPENER programi igin 17 milyon Euro
harcamustir.

CARNOT: Program, AB i¢inde temiz ve etkin sivi yakit kullanimini tesvik ederek yillara sari AB iginde teknolojik
faaliyetleri/yatirimlari igeren bir plani igeren programdir. Programin amaci; karbondioksit emisyonu dahil olmak tizere
emisyonlar1 sinirlandirmak ve var olan en iyi teknolojilere karsilanabilir fiyatlarla ulagmaktir. Tiiketiciler bu amacla
gelismis s1v1 yakit1 teknolojilerini kullanma/gelistirme yoniinde tesvik edilmektedir. Buna ek olarak oncelikli hedef,
dengeli enerji politikasi izlenmesi (arzin giivenligi, rekabet ve ¢evrenin korunmasi) ve Enerji Cer¢eve Programi’nin
dikkate alinmasidir. CARNOT, 2003 yilindan itibaren "Avrupa i¢in Akilli Enerji" programina entegre edilmistir.

STEER: "Ulastirmada enerji" isimli yeni bir faaliyet alani olusturan bir programdir. AB; 2003-2006 y1llarin1 kapsayan
STEER programi igin 32 milyon Euro harcamistir.
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SYNERGY: Synergy, Avrupa Komisyonu Enerji ve Ulastirma Genel Miidiirligii tarafindan yonetilen bir isbirligi
programudir. Program, AB iiyesi olmayan iilkelerle enerji politikasinin katilimcilara fayda saglamasi amaci ile igbirligi
faaliyetlerinin sekillendirmesi ve uygulanmasi i¢in finansman saglamaktadir. Diger AB programlarmin aksine,
SYNERGY programi AB'nin enerji siyasetinin dis boyutunu ele almaktadir. SYNERGY programi kapsaminda verilen
destek -genelde- proje basina 250.000 Euro'dan az olmamistir. SYNERGY, "Avrupa i¢in Akilli Enerji" programia
entegre edilmistir.

SURE: Program, AB ic¢indeki niikleer sektordeki faaliyetlere yogunlagmistir. AB niikleer enerji konusunda farkli
yaklagimlara sahiptir. AB’nin bazi iilkeleri niikleer enerjiye biiyiikk 6l¢iide bagimliyken, digerleri 1986 yilinda
Cernobil'de meydana gelen faciadan dolay: niikleer enerjiden uzaklagmis, bu duruma uygun bir enerji politikasi
izlemeyi tercih etmistir. Program, AB icindeki niikleer enerji yatirimlarmi/planlamalarini diizenlemek amaciyla
gelistirilmistir. Program, AB Enerji Cerceve Programi'ni tamamlayici bir nitelige sahiptir.

S6z konusu programlar/tesvikler sayesinde AB yenilenebilir enerji kaynaklarindaki yatirimlar hizla artmistir. Bu
kapsamda AB yenilenebilir enerji i¢inde hidroelektrik %90'lik payiyla birinci sirada yer alirken, "yeni" yenilenebilir
kaynaklar olarak da adlandirilan riizgar ve giines enerjisi 6zellikle Bati Avrupa'da 6nemli bir gelisme gostermistir. AB
genelinde riizgar ve giines enerjisinde Danimarka, Almanya ve Ispanya'nin gosterdigi hizli gelisme ile Avusturya,
Yunanistan ve Almanya'nin 6zellikle giines enerjisi alanindaki gelismeler/ilerlemeler saglanmustir.

AB Komisyonu'nun yayinladigi "Enerji Arzi igin Avrupa Stratejisine Dogru" isimli Yesil Kitap'ta enerjide talep
yonetimi i¢in ii¢ nokta vurgulanarak, 6nlem alinmasi belirtilmistir/vurgulanmistir:

i. AB dig enerji kaynaklarina bagimli hale geldiginden, 6nlemler alinmazsa giiniimiizde %50 seviyesinde olan
ithalata bagimlilik oran1 2023 yilinda %70 seviyesine ulagacaktir.

ii. Giiniimiizde AB'de sera gazi emisyonu yiikseligtedir. Bu durum; AB i¢inde iklim degisiklikleri i¢in 6nlem
almmasini  giiclestirmektedir, Kyoto Protokolii taahhiitlerini kargilamayi zorlagtirmaktadir. AB Kyoto
Protokolii'ndeki taahhiitleri, iklim degisimine karsi atilacak ilk adim olarak kabul edilerek taahiitler yerine
getirilmelidir.

iii. AB'nin enerji arzin1 etkileme kapasitesi simrlidir. Konuyu talep yoniinden degerlendirecek olursak temel
olarak binalarda ve ulagimda enerji tasarrufunun desteklenmesi yoluyla AB'nin etkin olabilmesi miimkiindiir.

Avrupa Birligi, enerji alanindaki kararlarinin daha etkili uygulanmasina hizmet etmek amaciyla 11 Kasim 2003 tarihli
Komisyon karari ile Avrupa Elektrik ve Gaz Diizenleme Grubu'nu olusturmustur. Bu sayede AB elektrik i¢ pazar1 ve
sinirlar arasi elektrik ve dogal gaz ticaretine iliskin politikalarinin bu diizenleyici ¢erceve sayesinde daha kolay hayata
gecirilmesi hedeflenmektedir.

Ayrica; AB “2030 yilina yonelik iklim ve enerji politikalarinin gergevesi” programi ile; sera gazi emisyonlarinin 2030
yilina kadar 1990 seviyesine kiyasla %40 oraninda azaltilmasi, yenilenebilir enerjinin toplam enerji tliketimi igindeki
paymin %27 oranina yiikseltilmesi ve enerji verimliliginin asgari olarak %27 oraninda artirilmasi hedeflenmektedir.

2.2 Tiirkiye’nin Enerji Hedefleri

Ulkemiz jeopolitik konumu nedeniyle, enerji konusunda 6nemli bir role sahiptir. Ulkemiz bilyiik bir hidroelektrik
iireticisi olmanin yaninda, Orta Dogu, Karadeniz ve Kafkaslar gibi fosil enerji kaynaklarmin bulundugu bolgeler ile
AB arasinda gegcis lilkesi konumundadir. AB tam iiyelik hedefi dogrultusunda kararlilikla ilerleyen iilkemiz, AB' ne
enerji konusunda tam uyumu hedeflemektedir. Bu dogrultuda enerji ile ilgili bircok alanda gerekli yasal diizenlemeleri
yaparak uygulamalarina ge¢mistir. Tiirkiye nin enerji hedefleri/politikasi olugturulurken dikkat edilen temel dncelikler
asagida siralanmistir:

- Maliyet, zaman ve miktar yoniinden enerjinin tiiketiciler i¢in erisilebilir olmas,

- Serbest piyasa uygulamalari i¢inde kamu ve 6zel kesim imkanlarinin harekete gecirilmesi,
- Disa bagimliligin azaltilmasi,

- Enerji alaninda tilkemizin bolgesel ve kiiresel etkinliginin artirilmasi,

- Kaynak, giizergah ve teknoloji ¢esitliliginin saglanmast,

- Yenilenebilir kaynaklarin azami oranda kullanilmasinin saglanmasi,
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- Enerji verimliliginin artirtlmast,
- Enerji ve tabii kaynaklarn tretiminde ve kullaniminda ¢evre iizerindeki olumsuz etkilerin en aza
indirilmesidir.

S6z konusu temel oncelikler dikkate alinarak ETKB tarafindan iilkemizin 2023 yilindaki enerji hedefleri “Elektrik

=19

Enerjisi Piyasast Arz Giivenligi” strateji belgesi (ETKB 2009) olusturulmus ve yayinlanmaistir.

- Yerli kaynak kullanimina 6ncelik verilerek enerji kaynak kullaniminin ¢esitlendirmesinin saglanmasi,

-2015 yilina kadar dogalgaz ithalatinin en fazla oldugu iilkenin payini %50’ nin altina indirecek kaynak tilke
cesitliliginin saglanmasi,

- Ulkemizin jeostratejik konumundan faydalanarak iilkemizi enerji koridoru ve terminali olmasini saglanmasi,
- 2023 yilinda yenilenebilir enerji tiretim hedefi olan %30’ un saglanmasi,

- 2023 y1il1 sonuna kadar giines enerjisinin 5.000 MW (8.000 GWh) kurulu giice ulagilmasini saglamak,

- 2023 y1l1 sonuna kadar riizgar enerjisinin 20.000 MW (50.000 GWh) kurulu giice ulasilmasini saglamak,

- 2023 yili sonuna kadar jeotermal enerjisinin 600 MW (5.100 GWh) kurulu giice ulagilmasini saglamak,

- 2023 yili sonuna kadar iilkemizdeki biitiin ekonomik hidrolik potansiyelimiz olan 50.000 MW’ 1 (140.000
GWh) kullanmak,

- 2023 yil1 sonuna kadar biyokiitle enerjisinin 1.000 MW (4.533 GWh) kurulu giice ulagilmasini saglamak,

- 2023 yil1 sonuna kadar {ilkemizdeki elektrik enerjisi {iretimimizin yiizde 5 (yiiksek talepte: 26.892 GWh,
diistik talepte: 23.990 GWh)’ inin niikleer enerjiden saglanilmasi,

- 2023 yili sonuna kadar tiim yerli komiir potansiyelimizin ekonomimize kazandirilmasimin saglanilmasi. (tas
komiiri potansiyelimiz: 11.000 GWh, linyit potansiyelimiz: 118.000 GWh, asfaltit ve bitimli sist
potansiyelimiz: 16.000 GWh)

Ulkemiz 2011, 2012, 2013 ve 2014 yillarinda elektrik iiretimimiz yiiksek yenilebilir enerji potansiyelimize ragmen
yaklasik yaris1 disaridan ithal edilen dogalgazdan karsilanmustir (Incekara 2013). 2012 yilinda elektrik iiretimimizde
dogalgazin pay1 %43,6 olup 2017 yilinda %37 olmustur.

3 Hesap yontemi: bulamk mantik

Gergek diinya karmasiktir ve bu karmasiklik, genel olarak belirsizlik ve kesin karar verilemeyisten kaynaklanmaktadir.
Giliniimiizde birgok konuda; sosyal ve teknik konular dahil tam bir karara varamadigimizdan, kesin kararimizi tam
olarak ifade edemedigimizden dolay1 glinliik hayatimizda her zaman belirsizlikler yer almaktadir. Bu nedenle bilimsel
diinyada karar verme siirecine bulanik mantik teorisinin dahil edilmesi ihtiyact ortaya ¢ikmistir. Bulanik mantik;
karmagiklik ve belirsizlik gibi tam ve kesin olmayan bilgilere dayanarak tutarli ve dogru kararlar vermeyi saglayan
diisiinme ve karar verme mekanizmasidir.

Bulanik mantikta karar vericilerin degerlendirmelerinin dilsel degiskenler vasitasiyla ¢éziim siirecine dahil edilmistir.
Dilsel degiskenlerin bulanik sayilarla ¢6zim surece dahil edilmesinin c¢ok kriterli karar verme problemlerinde
karsilagilan belirsizliklerin giderilmesini sagladig icin literatiirde siklikla kullanilmaktadir. Bulanik mantik teorisi ilk
olarak 1965 yilinda Zadeh (1965) tarafindan ortaya atilmigtir. Zadeh “Bulanik Kiimeler” adl1 iinlii makalesinde bulanik
kiimeler teorisinin temel kavramlarini ve matematiksel Ozelliklerini literatiirde ilk defa tanmimlamustir. (Zadeh
tarafindan 1965 yilinda yayinlanan “Bulanik Kiimeler” baglikli ilk makalesinde bulanik kiimeyi {iiyeligin
derecelendirilmesinin siirekli oldugu bir nesneler sinifi olarak tanimlamaktadir.) Zadeh bir bulanik kiimedeki “tyeligi”
kabul veya reddetme meselesi olarak degil, bir derecelendirme meselesi olarak nitelendirmektedir. Zadeh’in bu 6nerisi
(1965°ten beri) klasik veya kesin kiimelerden “Bulanik Kiimelere” dogru bir gegis modeli olarak kabul gérmiistiir.
Zadeh’ in “Bulanik Kiimeler” i ile belirsizlik ile kesinsizlik kavramlarinin degerlendirilmesinde dnemli bir yere sahiptir
ve belirsizlik konusundaki diisiincesi bilim diinyasini derinden etkilemistir. Hem olasilik teorisinin belirsizlik igin tek
temsil edici yontem olmadigini géstermis, hem de olasilik teorisinin dayandigi temelleri de sorgulamistir (Klir ve Yuan
1995). Klir (1995) tarafindan belirsizligin olusumu “Genellikle incelenen olay ve gdzlemin evrensel biitiinliikle iliskisi
karmasiklastik¢a, dogrusalliktan uzaklagma ve belirsizlikler ortaya ¢ikar” seklinde belirtilmistir. Bulanik kiime ve
bulanik mantik teorileri bu s6z konusu belirsizlikleri ve kesinsizlikleri yakalamasi/igermesi ile iinlii teorilerdir. Bulanik
kiimenin karakteristigi, yani iiyelik fonksiyonu dyle bir fonksiyondur ki onun deger kiimesi kapali birim aralikta
diizenli tiyelige sahip bir kiimedir. Bundan dolay1 ¢ogu bulanik kiime bir fonksiyon ile karakterize edilebilmektedir.
Bulanik kavram ve sistemlerin diinyanin ¢esitli arastirma merkezlerinde dikkat ¢ekmesi 1975 yilinda Mamdani ve
Assilian tarafindan yapilan gercek bir bulanik kontrol sistemi uygulamasi ile olmustur.
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3.1 Bulanik Kiime

Kime “iyi tamimlanmis nesneler toplulugu” olarak adlandirilir, diger bir tanimu ise “klasik kiime” olup elemanlar1 da
“klasik kiime elemanlar1” dir. Klasik kiimelerde, hem kiime hem de kiimenin elemanlari net bir sekilde tanimlanmustir,
tanimsal sapmasizlik gostermektedirler. Bulanik kiime ise sinir kosullari net olarak belirlenmemis olan kiimeler olarak
adlandirtlir. Klasik kiimede, kiime elemanlarinin alabilecekleri iiyelik fonksiyonu degerleri; “0” veya “1” olabilir. Bir
nesne ilgili klasik kiimeye aitse “1”, degilse “0” degerine sahip olur.

Bulanik kiimede ise; “0” ve “1” degerlerine ek olarak bu iki deger arasindaki tiim degerleri de alabilirler. Bu durum
olabilirlik olarak ta ifade edilmektir. Olabilirlik kavrami i¢inde belirsizlik icermektedir. Zadeh bu durumu, insan dogasi
ve mantig1 agisindan daha gecerli oldugunu ifade etmistir. 1965 yilinda Zadeh tarafindan ortaya atilan bulanik kiime
teorisi, mantik ve sistem kavramlari; uzun yillar boyunca Zadeh’ in kontrol alaninda c¢aligmasi ve kontrolii elde
edebilmek i¢in ¢ok fazla dogrusal olmayan denklemler yiiziinden yontemin karmasiklagsmasi ve ¢6ziimiin zorlagmasi
sonucunda ortaya ¢ikmistir (Sen 2009). Zadeh (1965)’ e gore, “bulanik kiime notasyonu, klasik kiimeler kullanilarak
olusturulan gercevelere bir¢ok agidan benzer ancak potansiyel olarak desen siniflandirmasi ve bilgi isleme alanlarinda
daha genis bir uygulanabilirlik alan1 sahip; esasen, belirsizlik kaynaginin rastgele degiskenlerin varligindan ziyade
kesin bir sekilde tanimlanmis sif iiyeligi Olgiitlerinin bulunmadigi durumlarin ¢éziimlenmesinin dogal yolunu
saglayabilecek bir olgu” olarak ifade edilmistir.

3.2 Uyelik Fonksiyonu ve Bulanik Say

Bulanik mantigin temel elemani bulanik kiimelerdir, kiimeler iiyelik fonksiyonlar1 yardimiyla tanimlanirlar. Uyelik
fonksiyonlar1 bulanik sayilardir. Bulanik bir A kiimesi “A” veya “pa” ile temsil edilir. “pa” kiimesinin elemanlari da
iiyelik fonksiyonlari ile ifade edilir. Uyelik fonksiyonu, bir kiimeye ait olmanin karisik bir sekilde 6gelere yayilmasin
ifade eder. Nesnelerle Uyelik dereceleri arasindaki iligkiye bulanik teklik denir. Bulanik kiime teorisinde; bulanik
islemlerde tiyelik fonksiyonlari belirlendikten sonra bulanik olan herhangi bir seyin kalmadigi kabul edilmektedir.
Uyelik derecesi ve nesnenin ifadesini gdsteren, sirali ¢ift gdsteriminin, Denklem (1) de gdsterilmistir (Zimmermann,
1993).

A=(x pa(X), VX e U @

Denklem (1) de “A” bulanik kiime, pa(x) Uyelik derecesi, (X, Ha(x)) bulanik tekliktir. Bulanik mantik her alanda
kullanilir. Ayrica insanlarin giinliik hayatta karsilastiklari, yasadiklari cogu olaylar karsisindaki karar verme sistemi
ile benzerlik gostermektedir. Zadeh (1965) bu durumu “¢ogu insanin karar verme siirecinde, Karar vermelerini
tetikleyen kanitlar, bulanik ve se¢imlidir(tanecikli)” olarak tanimlamistir. Zadeh’e gore, klasik kiimede “0” ve “1”
noktalar1 sadece tam iiyelik veya hig tiyelik derecelerini alirlar. Bulanik kiimede; gergek siirekli aralik [0, 1] lizerinde
cesitli “iiyelik dereceleri” alabilmesi i¢in Zadeh ikili iiyelik kavramini genisletmistir. S6z konusu u¢ noktalar
arasindaki sonsuz adet sayinin, ayni evren lizerinde bazi kiimelerde bir x elemani i¢in gesitli tiyelik dereceleri ile temsil
edilebilmektedir. Bu yiizden Zadeh tarafindan “iiyelik derecelerini” iginde bulunduran bu evrenindeki kiimeler, bulanik
kiimeler olarak adlandirilmustir.

Literatiirde kullanilan gesitli tiyelik fonksiyonu tiirleri bulunmaktadir. Bunlar ¢ogunlukla gorsel olarak algilandiklar
seylere benzetilerek isimlendirilirler: {iggen, yamuk, tekil, sigmodial, s-tipli, z-tipli, Gaussian, genel ¢an gibi.
Literatirde modellemede siklikla iiggen, yamuk, ¢an egrisi, Gaussion ve sigmoid tiirleri kullanilir. “A” bulanik kiimesi
i¢in liggen ve yamuk tipli liyelik fonksiyonlarinin hesaplanmasi Sekil 2’ de gdsterilmistir.

1 ( 0, ifx <a
x—a
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xQ
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2
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Sekil 2 Uggen ve Yamuk Uyelik Fonksiyonlari

Bulanik kiimeler ile ilgili yapilan ¢aligmalarda her bir elemana matematiksel olarak, kiimedeki tiyelik derecesini temsil
eden bir deger atanir. Atanan deger; ilgili elemanin ilgili bulanik kiime igindeki tiyelik derecesini gosterir, bu islem
yapildiktan sonra artik bulaniklagma gerceklesmistir. Hesap sonunda elde edilen sayilar artik bulanik degildir ancak
temsil ettikleri seyler bulaniktir.

3.3 Bulanik Cikarim Sistemi (Bulanik Model)

Genel olarak Bulanik Sistemler; mevcut verilerden segilen girdi degiskenlerinden ¢ikti degiskenlerinin elde edilmesini
saglamak amaciyla bulanik kiime ilkelerini kullanan/faydalanan sistemlerdir. Bulanik sistemlerin en biiyiik avantaji;
insan deneyimlerini ve sozel/dilsel ifadelerini bulanik modele katilmasi ile ¢oziime ulasmasidir. Bulanik model-
Bulamik Cikarim Sistemi (BCS: Fuzzy Inference System-FIS); bulanik “Eger-ise” kurallari adi verilen bulamk
kurallara dayanan bir sistemdir. Bulanik modelin temeli, bulanik “Eger-ise” kurallar1 ile ifade edildigi {izere dnciil ve
soncul kisimlardan olusmaktadir. Onciil kisimda sonuca sebep olan giris degiskenleri ve bunlar arasindaki mantiksal
iligkiler, soncul kisimda ise bu giris degiskenlerine bagli olarak ortaya ¢ikan sonug¢ degiskenleri yer almaktadir. Bu
duruma Ornek olarak; “a=>b” seklindeki bir matematiksel anlam iliskisi, dilsel terimlerle su sekilde ifade edilir; “Eger,
a dogru Ise b’de dogrudur”. Bu durum; hem klasik, hem de bulanik mantik icin gecerlidir(Chen ve Pham 2001).

BCS, “Eger-Ise” kurallarinda belirtilen bilgiler {izerinden tanimlanmamus birgok veriye dayali karar verme siirecinin
davranigini tahmin etmek i¢in uygulanir. BCS' nin diger yontemlere gore en biiyiik avantaji, temel fiziksel siiregler
hakkinda derinlemesine bilgiler gerektirmemesi ve istememesidir. Sekil 3’ te gosterildigi {izere bir bulanik ¢ikarim
siireci, “Eger-ise” ile ifade edilen, mantiksal baglant: islemlerini (“ve”, “veya”, “degil”) ve toplama operatorlerinden
“min”, “max”) faydalanarak bulanik ¢ikt1 i¢in bulanik degerleri birlestirmek olarak adlandirilabilir.
Bulanik mantigin klasik kiimelerden en biiyiik farki; bir elemanin bir kiimeye ait olup olmasi konusundaki yanitinin
klasik kiimelerden farkli olarak “Evet/Hayir” gibi kesin olmamasidir. Bu durum; elemanmn ilgili kiimeye ait olma
durumunu/olasiligini [0, 1] araliginda degerler alarak, siirekli bir iiyelik durumu/fonksiyonu olarak ifade edilmesidir.
Elemanin iiyelik fonksiyonundan aldigi deger, iiyelik derecesi olarak ifade edilir. Bulanik kiime teorisinde; elemanin
iiyelik derecesinin 0 ile 1 arasinda degerler almasi, sézel/dilsel ifadelerin, problemin ¢dziimii sirasinda sayisal verilerle
birlikte kullanilmasimi miimkiin kilmaktadir. S6zel/dilsel ifadelerin bulanik modellere katilmasi durumu; bulanik
mantig1 diger ¢6ziim yontemlerinden farklilasmakta, bir adim 6ne ¢ikarmaktadir.

n "

Bulanik mantiksal islemleri Sekil 3’de gosterilmis olup bulanik mantik islemlerinde; "ve" ifadesi minimum
fonksiyonu, "veya" ifadesi maksimum fonksiyonunu ifade edilmektedir. Sekil 3’de gosterildigi lizere; "A ve B" ifadesi
min(A, B)’yi, "A veya B" ifadesi max(A, B)’ye, "degil" ifadesi A’y1 (kiimesini) "1-A" olarak tanimlamaktadir (Wang
2015).
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A B
A B
Aveya B
A degil
AveB ™,
VE VEYA DEGIL
min (A,B) max (A,B) (1-A)

Sekil 3 Bulanik Mantiksal Islemler (Wang 2015)

Literatiirde problem ¢oziimlerinde pek ¢ok BCS tiirleri kullanilmaktadir. Bazilar1 probleme 6zgii 6zel amaglar
dogrultusunda gelistirilmis, bazilar1 endiistride kullanilan pek ¢ok sisteme entegre edilmistir. Genel olarak ¢ tip
bulanik ¢ikarim sistemi kullanilmaktadir. Bunlar; Mamdani, Sugeno (Takagi-Sugeno-Kang) ve Tsukamoto’ dur.
Bunlar i¢inde en yaygin olarak kullanilanlar; Mamdani ve Takagi—Sugeno tipi bulanik modellemelerdir. S6z konusu
sistemler, iki kisma ayrilir. Birinci kisim (giris degiskenlerinin kesin degerlerinin uygun bulanik kiimelere gore iiyelik
degerlerine doniistiiriildiigii/atandig1 kisim) ii¢ yontemde de aynidir. Wang (2015) tarafindan da ifade edildigi lizere;
sonucgta tim dilsel/sdzel ifadeler, ¢ikti igin tekil kesin degere doniistiigiinden ikinci kisimda farkliliklar
dogmaktadir/olusmaktadir. Genel bir bulanik model sisteminin yapist Sekil 4’de gosterilmistir.

BULANIK KURAL TABANI

GIRIS CIKIS
VERILERI VERILERI
—— BULANIKLASTIRICI DURULASTIRIC]  [re———-

BULANIK CIKARIM |
BI.‘Hf ANIK MOTORU BULANIK
Ry CIKIS
KUMELERI KUMELERI

Sekil 4 Bulanik Cikarim Sisteminin Genel Yapisi

Sekil 4° te Bulanik Cikarim Sisteminin Genel Yapisinda yer alan:

- Bulaniklastirici: Sayisal girdi degerlerini sdzel/dilsel ifadeyi bulanik kiimelerdeki iiyelik degerlerine doniistiiren bir
islemcidir.

- Bulanik Cikarim Motoru Birimi: Bulanik kural tabaninda giris verileri/bulanik kiimeleri ile ¢ikis verileri/bulanik
kiimeleri arasinda kurulmus olan birimdir. Bulanik ¢iktilarin hesaplanmasi igin bulanik girdilerin kombinasyonunu ve
nasil bir ¢ikt1 vereceginin belirlenmesine yarar.
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- Bulanik Kural Tabani1 Birimi: Veri tabanindaki girisleri ¢ikis degiskenlerine baglayan mantiksal “Eger-Ise” tiiriinde
yazilabilen; giris verileri/bulanik kiimeleri ile ¢ikis verileri/bulanik kiimeleri arasindaki kurallarin timiini igerir. Her
bir kural girdi verileri/bulanik kiimeleri ile ¢ikt1 verileri/bulanik kiimeleri arasinda mantiksal bir bag kurar.

- Durulastirici: Bulanik ¢iktinin  tekrar kesin degere doniistiiriilmesini (keskin sayisal ¢ikis degerlerine
doniistiiriilmesini) saglar.

- Genel Bilgi Tabani Birimi: Incelenen durumun etkilendigi girdi degiskenlerini ve bunlar hakkindaki tiim bilgileri
icermektedir. Bilgiler; sayisal/sozel/dilsel olabilir.

- Cikt1 Birimi: Bilgi ve bulanik kural tabanlarinin bulanik ¢ikarim motoru vasitast ile etkilesimi sonunda elde edilen
cikt1 degerlerine denir.

3.4 Mamdani Tipi BCS:Bulanik Modellemenin Esaslari

Mamdani tipi bulanik model; insan davranislarina ve dilsel ifadelere ¢ok uygun oldugundan ve ¢ok kolay
olusturuldugundan; literatiirde ¢ok sik kullanilir. Bulanik kiime teorisi ile inga edilmis olan ilk kontrol sistemidir.
Ayrica diger bulanik mantik modellerin temelini olusturur. Mamdani tarafindan 1975 yilinda; deneyimli insan
operatorlerinden elde edilen dilsel kontrol kurallarini inceleyerek buhar motoru ile kazan kombinasyonunu kontrol
etmeyi basarmistir.

Mamdani calismasinda Zadeh’in 1973 yilindaki karmasik sistemler ve karar siireci i¢in bulanik algoritmalar
konusundaki ¢alismasini/makalesini dikkate almistir. Mamdani tipi bulanik modelde hem girdi degiskenleri, hem de
c¢ikt1 degiskeni kapali formdaki iiyelik fonksiyonlari ile ifade edilirler.

Hr(X,Y) = min [ua (X), Le(y)] 4)

Denklem (4); Mamdani 6nermesi olarak adlandiriimaktadir. Onermede, R= A x E boyutlu bulanik A ve bulanik E
kiimelerinin bulanik Kartezyen kiimesini ifade eder. Mamdani tipi bulanik modelde; “Eger-Ise” kuralinin sonucu bir
bulanik kiimeyle ifade edilir. (Ayrica uzman bilgisinden faydalanmaktadir.) Her bir kuralin bulanik ¢ikt1 kiimesi,
sistemde eslesen bir say1 ile yeniden sekillenmektedir, bu sekillendirme sonucunda elde edilen bulanik kiimelerin
tamami toplanip, sonrasinda durulastirilmak zorundadir (Wang 2015).

Literatiirii inceledigimizde bulanik sistemlerin bir¢ok alana yayilmis olup konuyla ilgili pek ¢ok ¢aligma yapilmustir.
Ancak uygulamalarda Mamdani tipi BCS diger tiim yontemlere gore daha ¢ok kullanilmaktadir. Bu sebepten dolay1
caligmada Mamdani-tipi BCS kullanilmistir. 1965 yilinda ilk Zadeh ile baslayan bulanik mantik/yontemler sonradan
bu yontem kullanilarak literatiirde bir¢ok disiplin alaninda (bulanik mantikla) ¢alisma yapilmistir (Chan vd 2007;
Buckley 1985; 2003; Chang 1996; Chen vd 1992; 2001; Chou 2001; Klir 1995; Kaufmann vd 1988; Bender 2000;
Kumar vd 2016; Shukla 2014; Van Laarhoven vd 1983; Wang 2015; Incekara 2019b).

Yontemde enerji sektoriinde galisan yoneticilerle yapilan goriismeler sonrasinda yapilan anket calismasi ile
gerceklestirilmistir. Enerji sektoriindeki beklentileri degerlendirmeye yonelik bir CKKV problemi {izerinde Bulanik
¢ok amagli programlama methodu ile bir matematiksel model gelistirilerek degerlendirilmistir. Arastirma kapsaminda
calismada kullanilan kriterler ve alt kriterlerinin ve agirliklarinin (AB ve ETKB enerji politikalari/hedefleri/
direktifleri/programlari, rekabet ilkeleri, enerji verimliligi hedefleri/politikalar, yerli ve milli kullanim
orant/programlari/tesvigi, AB ve tilkemizin Kyoto Protokolii ile Paris Anlagmasindaki taahhiitlerimiz, tilkemizin 2023
yilindaki enerji hedefleri dikkate alinarak) belirlenmesi i¢in enerji sektdriinde ¢alisan uzman, miidiir, yonetici 41 kisi
ile (KV) goriisiilmiistiir. Caligmada enerji sektoriinde c¢alisan yoneticiler/karar vericilerle yapilan goriismeler
neticesinde kriterler ve alt kriterler olusturulmustur. Sonrasinda olusturulan kriterler ve alt kriterlerin degerlendirilmesi
i¢in arastirmay1 temsil edebilecek sekilde enerji sektoriinde ¢alisan karar vericilerden/yoneticiler (41 kisi) anketi dilsel
degiskenler vasitasiyla (5°li) degerlendirmistir. Calismada MATLAB (fuzzy logic toolbox) paket programi ile
literaturde pek cok calismada kullanilan Mamdani metodu (Mamdani ve Assilian, 1975) (Mamdani tipi bulanik
kurallar: if-then rules) kullanilmigtir. Calismada kullanilan Mamdani tipi BCS nin kurallar1 denklem (5) te verilmistir.

Ri: Eger (x1 = Ain) ve...ve (xkx = Ai) ise (y=Cj) i=1,2,..., PS (5)
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Cizelge 1 Dilsel Terimler, Karsilik gelen Bulanik Sayilar ve Keskin Degerleri

Dilsel Terimler Bulanik Sayilar Keskin Degerler
(Linguistic term) (Fuzzy number) (Crisp value)
Cok Diisiik (VL) (0,0,0,0.3) 0.075

Diisiik (L) (0,0.3,0.3,0.5) 0.275

Orta (M) (0.2,0.5,0.5,0.8) 0.500

Yilksek (H) (0.5,0.7,0.7,1) 0.725

Cok Yiksek (VH) (0.7,1,1,1) 0.925

Calismada AB ve ETKB enerji politikalari/hedefleri/direktifleri/programlari, rekabet ilkeleri, enerji verimliligi
hedefleri/politikalari, yerli ve milli kullanim orani/programlari/tesvigi, Kyoto Protokolii ile Paris Anlagmasindaki
taahhiitlerimiz, tilkemizin 2023 yilindaki enerji hedefleri ¢ercevesinde; yeni bir bulanik ¢ok amacgli programlama
methodu ile bir matematiksel model gelistirilerek, ETKB’ nin 2023 yili enerji hedefleri/kisitlar1 altinda; tilkemizin
2035 yili enerji senaryosu hesaplanmistir. Bu ¢aligmada, tilkemizin 2035 yili enerji senaryosu KV’ler vasitasiyla dilsel
ifadeler (Cizelge 1) ile degerlendirmesi, Mamdani tipi BCS ile gerceklestirilmistir. Bulanik kiimelerinin normal iiyelik
fonksiyonu %95 giiven aralig1 icerisinde istatistiksel olarak hesaplanmuistir. Bu hesaplama bulaniklastirma ile
sonuclandirilmistir. Gerekli hesaplamalarin yapilmas: ve modelin kurularak uygulanmasinda MATLAB paket
programi kullanilmistir. Matematiksel modelin sonucu elde edilen 2035 yilinda iilkemizde {iretilecek elektrik
miktarinin kaynaklara gore dagilimi Cizelge 2.” de sunulmustur. Cizelge 2’de ¢ikan sonug iilkemizde 2035 yilinda
%46,8 ile dogalgaz agirlikli (KV’lerin goriisii/degerlendirmesi dogrultusunda s6z konusu senaryo ortaya ¢ikmistir) bir
senaryo Ongorilmiistiir.

Cizelge 2 Tirkiye’nin 2035 yili enerji kaynaklarina gore elektrik tiretim miktarlari

Kaynak Elektrik iiretim miktarlar1 (GWh)
Ithal Komiirii 4.175
Tas Komiirii 11.000
Linyit 25.950
Asfaltit ve Bitiimli Sist 4.860
Dogalgaz 319.755
Hidrolik 126.350
Ruzgar 101.000
Jeotermal 15.200
Biyokditle 1.790
Giines 1.280
Nukleer 72.000

4 Sonug

Avrupa Birligi, enerji alaninda diinyanin en dnemli pazarlarindan biridir ve iilkemizin en 6énemli komsusudur. AB
icinde tiiketilen enerjinin (talep) yarisi igiincii iilkelerden ithal edilmektedir. Avrupa'nin enerji tiiketimi arttikga
enerjide diga bagimliligr artmaktadir. 2017 yilinda AB'de tiiketilen petroliin %77'1 ithal edilerek ilk sirada yer almistir,
ikinci sirada %36 ile dogal gaz yer almaktadir. AB’ nin enerji hedefi -ilk asamada-2020 yilina kadar; tiikettigi
enerjisinin en az yizde 20' sini yenilenebilir kaynaklardan ve temiz enerji kaynagi olan dogal gazdan elde etmeyi
hedeflemektedir.

AB her ne kadar son yillarda riizgar, glines ve hidroelektrik gibi yenilenebilir enerji kaynaklarinin kullanimini

artirmaya yonelik ¢alismalar, programlar yiiriitsede, en temiz fosil yakit olan dogal gazin, AB’ de gittikge artan bir
sekilde elektrik tiretiminde kullanimi ve ilgili yatirimlarinin artmasi nedeniyle, 2035 yilinda da AB’de kullanilan
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mevcut enerji kaynaklar1 arasinda artan bir 6neme sahip olacagi ve AB’ nin 2035 yilinda en biiyiik dogal gaz ithalatc1
konumunu surdiirmesi beklenmektedir.

AB dogalgazini halihazirda ¢esitli kaynaklardan saglamakta olup, bunlarin basinda Rusya ve Norveg agirlikli olmak
iizere Kuzey Denizi fosil kaynaklar1 gelmektedir. Bunun disinda Cezayir ve Libya’dan dogal gaz ithalat1 yapmaktadir.
Avrupa’nin, 6zellikle cografi olarak Rusya’ya yakin bolgeleri (Dogu Avrupa), enerji ihtiyacinin iigte birinden fazlasini
dogalgazdan saglamaktadir ve Dogu Avrupa iilkelerinin hemen hemen tamami Rus dogalgazina ciddi anlamda
bagimlidir.

United Nations Economic Commission for Europe (UNECE: Birlesmis Milletler Avrupa Ekonomik Komisyonu)
tarafinda yapilan bir projeksiyonda AB’nin dogalgaz ihtiyacinin 2035 yilinda giiniimiize oranla %70-80 artmasi
beklenmektedir. AB’ de petrol ve dogalgaz rezervleri smurlidir ve ihtiyacinin biiylik boliimiinii ithal ederek
kargilamaktadir. AB enerji arz giivenligini saglamak ve cesitlendirmek amaciyla tigiinci iilkeler ile uluslararasi enerji
isbirligini giiclendirmek adina bazi enerji anlagmalar1 imzalamaktadir. AB enerji arz cesitliligini ve giivenligini
saglamak, “20-20-20” enerji hedefini gerceklestirmek i¢in (bunlar: enerji verimliligi, fosil yakitlarin temiz kullanimi
ve yenilenebilir kaynaklarla isletilen kojenerasyonun tegviki vb) gesitli enerji programlari gelistirmektedir, ayrica son
yillarda Trans-Avrupa Enerji Agi cergevesinde birgok strateji ve projeler gelistirilmektedir. Ulkemiz AB’ nin soz
konusu projelerinde yer alarak ¢alismada ortaya ¢ikan iilkemizin 2035 yili enerji senaryosunda hesaplanan %46,8
dogal gaz kullanimi igin gerekli yatirimlarinit AB’ nin s6z konusu tesvikleri/programlari vasitasiyla gergeklestirmesi
durumunda; enerji yatirimlarini daha ucuza mal ederek, iilkemizin ihtiyaci olan enerji yatirimlarin1 daha ucuza elde
etmis olacaktir.

Ulkemiz 2035 yili enerji hedeflerinde; 2023 enerji hedefleri dogrultusunda fosil kaynaklarmin ithal etmemiz ve
fiyatlarinin pahalli olmas1 sebebiyle yerli ve yenilenebilir enerji kaynaklari agirlt bir enerji senaryosu iizerinden enerji
yatirimlarini gergeklestirmeyi planlasa da; ¢aligmada enerji uzmanlari tarafindan {ilkemizin enerji planlamasi kriterleri
lizerinden degerlendirilmistir. Calismada AB ve ETKB enerji politikalari/hedefleri/direktifleri/programlari, rekabet
ilkeleri, enerji verimliligi hedefleri/politikalar1, yerli ve milli kullanim orani/programlari/tesvigi, Kyoto Protokolil ile
Paris Anlagmasindaki taahhiitlerimiz, tilkemizin 2023 yilindaki enerji hedefleri ¢ergevesinde; yeni bir bulanik ¢ok
amagli programlama methodu ile bir matematiksel model gelistirilmis, ETKB’ nin 2023 yili enerji hedefleri/kisitlari
altinda; iilkemizin 2035 yili enerji senaryosu hesaplanmistir. Bu ¢alismada, {ilkemizin 2035 yili enerji senaryosu
KV’ler vasitasiyla dilsel ifadeler (Cizelge 1) ile degerlendirmesi, Mamdani tipi BCS ile gerceklestirilmistir. Bulanik
kiimelerinin normal iiyelik fonksiyonu %95 giiven aralig1 igerisinde istatistiksel olarak hesaplanmistir. Bu hesaplama
bulaniklastirma ile sonuglandirilmistir. Gerekli hesaplamalarin yapilmast ve modelin kurularak uygulanmasinda
MATLAB paket progranmu kullanilmistir. Matematiksel modelin sonucu elde edilen 2035 yilinda iilkemizde tiretilecek
elektrik miktarinin kaynaklara gore dagilimi Cizelge 2.” de sunulmustur. Yapilan analiz sonucu yenilenebilir olmayan
dogal gazin agirlikli (%46,8) bir enerji planlamasi/durumu/senaryosu agirlik kazanmistir. Senaryoda yenilenebilir
enerji kaynagi kullanma orani ise %35,94° tiir. Yenilenebilir kaynaklar i¢cinde %18,49 ile hidrolik santraller ilk sirada,
%14,78 ile riizgar santralleri ikinci sirada yer almaktadir.

Tiirkiye'nin enerji tiikketiminin yarisindan fazlasini ithalata dayali petrol ve dogal gaza dayali fosil kaynaklardan
kargilamasindan dolayi, bu durum iilkemiz ekonomisi {izerinde agir bir yiikk olusturmaktadir. Santral isletme ve
maliyetleri agisindan iilkemizdeki kdmiire dayali eski termik santraller verimliligini kaybettigi i¢in yeni enerji
santrallerinin (6zellikle yerli kaynaklarimizi kullanan) yapilmasi gereklidir. Ulkemiz AB'me uyumlu enerji
politikalarini olusturarak/gelistirerek enerji santral ¢esitliligini ve verimliligini artirmasi son derece dnemlidir. Tiirkiye
enerji konusunda AB igin Kilit role sahip, dnemli bir enerji Ureticisi ve stratejik/transit lilke konumundadir. Tiirkiye'nin
stratejik konumu tilkemizi; Avrupa'ya elektrik, petrol ve dogal gaz tasinmasi i¢in dnemli bir transit iilke haline
getirmektedir.

Calisma sonucu ortaya ¢ikan enerji senaryosuna paralel olarak; lilkemiz diinyada ispatlanan dogal gaz rezervlerinin
yaklagik %71 ile ispatlanmig petrol rezervlerinin %72’sinin bulundugu (Pamir, 2006) {ilkelerin gecis alaninda yer
aldigindan iilkemiz AB ile ortak Hazar, Ortadogu ve dogu Akdeniz’deki hidrokarbon projelerini hayata gegirerek,
jeostratejik konumu sayesinde, hem kendi hem de AB’ nin enerji arz giivenligini saglayan giiclii bir transit tilke olacak,
hem de bu sayede kendi ihtiyaci olan enerjiyi ucuza mal edecektir. AB’nin arz giivenligine ve kaynak ¢esitlendirmesine
katki saglayarak Avrupa’ nin giiclii bir 4. Enerji koridoru olacaktir.
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Ulkemiz Tirkiye-Yunanistan dogal gaz enterkoneksiyonu, Bakii-Tiflis-Ceyhan, Kerkiik-Yumurtalik petrol boru
hatlar1 gibi biiyiik ¢apli uluslararasi projeleri hayata ge¢irmis olup ¢aligmada ortaya gikan senaryo/durum kapsaminda
TANAP (Trans Anadolu Dogal Gaz Boru Hatti), Tirk Akim (Phase-11), Baku-Tiflis-Erzurum dogal gaz boru hatti
(Phase-II), Irak dogal gaz boru hatti, Dogu Akdeniz dogal gaz boru hatti, Samsun-Ceyhan petrol boru hatti gibi
uluslararas1 projeleri gergeklestirmek igin gerekli caligmalari ivedilikle sonuclandirmalidir/tamamlamalidir.
Tiirkiye’nin dahil oldugu dogal gaz ve elektrik iletim ve transit projeleri hizla tamamlanmasi ile lilkemiz AB ile
entegrasyonu kolay bir sekilde saglayacaktir. Bu sayede lilkemiz AB’nin 4. Enerji koridoru olarak arz giivenligine ve
kaynak cesitlendirmesine katki saglayacaktir. Boylece iilkemiz AB miizakelerinde giiglii bir yere/konuma sahip
olacaktir.
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of Facility Management (FM), this research first examines the role of GSCM
Green Supply Chain Management, in adopting environmentally friendly approaches, and then explores the role
Sustainable Facility Management, FM plays in the context of GSCM. The study concludes by investigating how
United Arab Emirates, both concepts could be further extended in accordance with the UAE’s vision
Facility Management, Sustainability of 2030 toward sustainable development using a qualitative benchmarking

analysis. The analysis makes use of primarily European and North American
best practices from the current literature. From the benchmarking exercise, an
extended list of proposed initiatives is recommended with future implications
also discussed.

1 Introduction

Over the past few decades, organizations have evolved and business processes have become more complex and
integrated. The way managers used to operate has changed dramatically in part due to the way business has become
less labor-intensive and more dependent on technology. The old approaches to performing daily tasks manually are
becoming more obsolete. On the other hand, personal computers and smart mobile devices have automated more of
the work. Moreover, the office walls are increasingly being replaced with open-plan layouts. Layers of management
are being removed and managers are becoming their own administrative assistants, scheduling their meetings and
planning their agenda themselves using electronic applications. The world is demanding everything faster and
employees have remote communication through mobile devices, making their work hours extend past the traditional
work day. As a result, businesses are more dynamic as means of communication have become accessible to everyone
on all levels. This technology revolution has created a need for smart facilities that host such dynamic activities and
provide a safe, secure, and productive environment that contributes to a firm’s success. Eventually, as businesses’
technological infrastructure has become more of a necessity in order to be competitive, employees are being replaced
by machines to further facilitate efficiency, thus reducing operating costs and running more efficient and sustainable
properties.

With the advent of the internet of things, there is a greater probability that the infrastructure needs of businesses will
be radically redefined, including normal work hours being replaced by always-on as well as the elimination of physical
offices for some employees. This leads into virtual offices and cloud hubs redefining the work environment.
Furthermore, future office buildings will be greener and run more efficiently by utilizing cleaner energy (wind and
solar energy solutions for example) where businesses and communities will collaborate toward advanced sustainable
environment solutions provided by professional suppliers. In addition to this, there is a growing need for Facilities
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Management (FM) solutions that provide energy plans and cost reductions across business environments. These
solutions will make use of new technologies that will drive the development of new models for businesses to outsource
their real estate needs. Hence, this development will allow the intelligent aggregation of business solutions, data
optimizing and visibility of total operating costs in order to minimize total costs. To assist organizations with such a
strategic shift and combining a vast scope of services with innovative IT and consultative FM, various innovate
opportunities can be created (EuroFM, 2009).

FM is often an unseen industry that operates in the background to ensure buildings and services operate safely and
effectively. This allows employees to do their work without having to worry about how their business facility functions
promptly, productively, and in a safe environment. Millions of people work within the facilities management industry
to ensure buildings are maintained efficiently. There are some tasks required to be performed, for instance FM
managers need to ensure the lights work properly, air-conditioning is comfortable, workspaces are clean, waste is
collected, and security keeps the premises safe. However, sometimes the users of these services take the industry for
granted and fail to notice how everything is working efficiently and safely. Of course, this process of efficiency requires
specific managerial skills, and this is where FM managers play a pivotal role. These managers are responsible for the
training of their workers while they also have to maintain tight coordination amongst the subcontractors to facilitate
adequate service delivery to their clients.

2 Purpose

The purpose of this research is to relate modern Sustainable Facility Management (SFM) tactics as a sub-discipline of
Green Supply Chain Management (GSCM) within the UAE. How these disciplines are implemented determines to
what level the UAE government’s 2030 agenda is being met, which is primarily based upon the United Nation’s 17
goals of sustainable development.

The research explores how SFM & GSCM comply with Dubai Expo 2020, the UAE’s government vision of 2021, and
the 2030 Agenda that fulfills one of the UN’s 17 goals of sustainable development. Consequentially, this research first
explores how supply chain management principles can aid in adopting an environmentally friendly approach toward
green principles and continues with exploring the role SFM plays in the context of the GSCM. The research concludes
by investigating how both of these concepts can be applicable in compliance with the UAE’s vision of 2021 and 2030
Agenda goals of building sustainable cities and communities.

The topic for this research was chosen based on the fact that sustainability is one of the major challenges that threatens
our modern way of living and contributes to the UN initiative of sustainable development that is intended to make the
world a better place. Additionally, the UAE infrastructure and various facility developments are being accelerated to
meet the challenge of hosting the Dubai Expo 2020 as well as meeting the UAE vision of 2021 and the 2030 Agenda
for building sustainable cities and communities in the region. This research adopts a qualitative approach to build a
case study using secondary information from literature on recent developments in the field of study. Since SFM is a
relatively recent field of study, and because in particular there is lack of literature in the gulf region, this is an important
topic to study.

3 Methodology

Benchmarking was used to critically analyze the UAE’s 2030 Agenda and to provide insights into further
recommended enhancements to the country’s current performance in regards to FSM and GSCM. By benchmarking
against current best practices that have been implemented or proposed within other countries, it allows for direct
comparisons that can determine how much more the UAE could theoretically achieve in regards to its current agenda.
Benchmarking also allows the ability to think beyond these current best practices in order to become a leader in the
implementation of new best practices in these fields.

In order to achieve the purpose of the paper, a three-step process was implemented for the qualitative benchmarking
study. First, a thorough literature review was conducted in the areas of SFM and GSCM. Next, a review and analysis
of the current state of SFM and GSCM practices within the UAE was performed in regards to the country’s mission in
accomplishing the UAE 2030 Agenda. Finally, a qualitative benchmarking analysis was conducted based on the best

315



Formaneck JTOM « 2019+ 3

practices of current research findings in various related fields of interest, including design management, green supply
chain management, facility management, resource management, and sustainable refurbishment (see Achillas 2019;
Atkin & Brooks 2015; International Water Association, 2013; Meng 2014; Samar Ali Kaur, & Marmolejo, 2019; Shah
2012; Wison 2015; Yao 2013). The result is an extensive list of recommendations for future enhancement of SFM and
GSCM within the UAE that could be further extended to other GCC countries as well as globally.

4 Literature review
4.1 Green supply chain management

For the purposes of the research, the focus of the literature review is on the last two decades when supply chain
management (SCM) was directed towards an environmentally friendly approach in order to reduce the carbon footprint.
However, to understand how the literature has evolved, a brief overview of the historical development of operations
and supply chain management leading into the current sustainability era is presented.

When humans averted from hunting to agriculture, the settlement of domestic communities and bordered kingdoms,
raised the need to develop raw materials into consumable goods. However, the expanding of communities led to
increases in demand that could not be satisfied by manual means. The need to have more cost-effective methods of
production created a need for machinery, that led to the rise of automation and factories. Accordingly, the first
Industrial Revolution started in Europe in the late 1700s and early 1800s. However, in North America, it did not start
until the end of the Civil War in 1812. The uniting of the United States of America required sustainability through
developing means of transportation, such as the railways, to connect the whole country and to allow the mobility of
people and exchange of resources and goods This development was the cornerstone of supply chain management.
Supply chain management is essentially the managing and planning of the processes required to source, procure, and
transform products and services. The management of the supporting logistics are also included in supply chain
management. Additionally, supply chain management involves the collaboration and coordination needed among
supply chain partners, which can include customers, service providers, suppliers and other intermediaries. Efficient
integration of supply and demand among the supply chain members is another key aspect of successful supply chain
management.

The second Industrial Revolution started in the early 20th century when Henry Ford mastered the moving assembly
line, accompanied by mass production. The Third Industrial Revolution, digital manufacturing, is currently taking
advantage of the rapid development of digital technology, cloud computing and the internet of things. The last decade
witnessed a shift from traditional mass production to fully automated manufacturing facilities that employ robots more
than humans. Absolute labor costs are being reduced and many industries are returning manufacturing to their home
countries due to the cheap labor in developing countries becoming less of a driving cost factor. Raw materials are
becoming lighter and stronger such as the carbon fiber that can be easily customized by new digital machine technology
such as 3D printing. This technology does not require spacious factories to host large mechanical machines, which
reduces the maintenance cost. As a result, firms are planning to make use of new digitalized applications, such as
mobile applications and digitally controlled means of transportation such as drones, hyperloops, and self-driving trucks
(The Economist 2012).

Jeremy Rifkin, an advisor to the European Union and the president of the Foundation on Economic Trends in
Washington, D.C. argued the following:

“Today, Europe is laying the groundwork for the Third Industrial Revolution. The digitalized communication Internet
is converging with a digitalized, renewable “Energy Internet” and a digitalized, automated “Transportation and
Logistics Internet” to create a super “Internet of Things” infrastructure. In the Internet of Things era, sensors will be
embedded into every device and appliance, allowing them to communicate with each other and Internet users,
providing up-to-the-moment data on the managing, powering and moving of economic activity in a smart Digital
Europe. Currently, billions of sensors are attached to resource flows, warehouses, road systems, factory production
lines, the electricity transmission grid, offices, homes, stores and vehicles, continually monitoring their status and
performance and feeding big data back to the Communication Internet, Energy Internet and Transportation and
Logistics Internet. By 2030, it is estimated there will be more than 100 trillion sensors connecting the human and
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natural environment in a global distributed intelligent network. For the first time in history, the entire human race can
collaborate directly with one another, democratizing economic life”” (Rifkin 2015).

The digital manufacturing revolution that rose in the last decade brought along concerns about the negative effect of
the industry on the environment, such as carbon emission and the excessive use of natural resources. As a result, green
and sustainable supply chain management practices have been developed by some dedicated academic researchers and
industry leaders. This has resulted in a significant growth of knowledge with business applications aiming to
incorporate environmental concerns into organizations and reducing the unintentional negative impact of its production
on the environment.

GSCM has been described as “the integration of environmental, social, and economic criteria that allow an organization
to achieve long- term economic viability to the logistics literature, and positioned sustainability within the broader
rubric of SSCM” (Carter & Rogers 2008). This work presented a comprehensive evaluation of the sustainability
literature, introduced sustainability to the field of supply chain management, and expanded the conceptualization of
sustainability beyond the triple bottom line, “evaluating the firm against social, economic, and environmental criteria”
(Rogers 2008). Seuring and Muller (2008) provided a conceptual framework for sustainable supply chain management
using 191 papers published from 1994 to 2007 as the basis for contextualizing GSCM. Sarkis, Zhu, & Lai (2011) have
further outlined most of the recent significant theories pertaining to GSCM.

The increased attention given to the topic of GSCM drove Chin, Tat, and Sulaiman (2015) to focus on environmental
collaboration, which has been seen as a key relational component to facilitate GSCM strategic formulations into action.

Industry has also contributed to GSCM research. For example, Deloitte created a strategic process for green sourcing
that complements traditional techniques in order save costs and improve their environmental sustainability numbers.
They accomplished this through a six-step process involving critically analyzing their current operations, seeing where
unsustainable resources are damaging their bottom line and overall sustainability, and then shift their strategic plan to
include transitioning out of these risky areas. For example, Deloitte upgraded to energy-efficient lighting for their
offices in order to reduce the need for electricity consumption which resulted in millions of dollars of annual savings.
Thus, using these sorts of techniques can result in reducing costs, waste and overall use of common yet essential
resources (Jacobs & Chase 2017).

In terms of waste reduction, there are several examples to draw upon. One such example is the redesign of something
as simple as a milk jug (Nefedova 2013). By altering the dimensions of a jug, it can make for less water required for
cleaning, less waste of spilled milk, and less space needed for packaging, storing, and transportation. These changes
can result in reduction in the reduction of various resource requirements while simultaneously reducing costs to
supplier and purchaser. These sorts of changes inevitably result in stronger relationships among supply chain partners.

4.2 Facility management

Facility Management is a challenge to define. The literature discusses various definitions as FM plays various
functional roles in practice, and its application is significantly broad between the varoious domains. For instance, some
suggest that the factors pertaining to the culture of the organization and various business needs form the basis for FM.
However, others argue that it is significantly concerned with the services and maintenance activities conducted within
the organization. Therefore, FM is largely seen as the operational and functional services that support the core activities
of an organization. On the other hand, the literature expresses its link with resource management, suggesting that FM
plays a pivotal role in contributing and aligning with the organization’s strategic directions (Waheed & Fernie 2009).

Typically, the British Institute of Facilities Management (BIFM) defines FM as follows: “Facilities management is the
integration of processes within an organization to maintain and develop the agreed services which support and improve
the effectiveness of its primary activities” (BIFM 2010).

Furthermore, some sources have extended the definition of FM by linking it to specific categories. For instance, FM
has been concerned mainly as the integration of three main components of organizational activities that include:

Q) Property management
2 Property operations and maintenance
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3) Offices administration

All these departments have one thing in common; they all support the core activities of the organization. However,
they significantly differ with respect to the financial impact they create and the skills that are required to perform such
activities. Consequently, these also greatly depend upon the culture and people of the organization itself.

Nevertheless, only recently has FM been recognized as a separate discipline and has emerged mainly due to changing
organizational environments in which highly competitive firms are trying to provide the best product to their customers.
This has paved the way for FM to offer significant aid in supporting more competitive work environments for
organizations in terms of sustainability. Therefore, FM is often associated with managing the infrastructure of firms.
Moreover, these organizations tend to have a continuous range of processes and activities operating on a daily basis.
Consequently, the need for integrating the processes has been identified by practitioners of FM and the discipline has
been successful in making processes more efficient than ever before (Kincaid 1994).

Markets today have become more dynamic and many countries are facing economic downturns. These circumstances
create the need for organizations to be more proactive in their approach to enhance the efficiency of their management
systems. It is evident from the literature that FM has significantly helped organizations reduce their costs and support
the business process via applying coordination between their activities. For this purpose, it has been suggested that a
coordinated model could facilitate organizations’ processes. Furthermore, outsourcing could be one of the methods
that could enhance coordination and provide better integration within the organization as outsourcing has also played
a vital role in enabling organizations to reduce costs (Potkany 2015).

It is evident from the discussion above that the scope of FM is quite broad. But no matter in what context it is used,
FM eventually leads to enhancing the environment of firms by focusing on improving employees’ performance and
minimizing the operating costs. For instance, International Facility Management Association (IFMA), a respected
representative of the majority of world facility managers, defines FM as “a method whose task in organizations is to
mutually harmonize employees, work activities and the work environment that includes principles of business
administration, architecture and humanities and technical sciences” (Potkany, Vetrakova, & Babiakova 2015).
Furthermore, this contribution of FM and FM management, leads towards sustainability. Sustainability and FM are
seen as complementary, and both are relatively new concepts. In addition, their relationship could be substantiated by
the fact that both significantly empower three basic domains: environmental, social, and economic sustainability.
Moreover, economic and environmental concerns have made it mandatory for FM managers to adopt more sustainable
approaches towards managing the businesses processes that could reduce waste and cost simultaneously for firms (ITU
2016).

Some arguments have been made that despite developments towards sustainability, the construction industry has not
been able to eradicate wastes and reduce costs. Instead, the industry has been criticized heavily for its slower and more
traditional processes, which have further harmed corporate social responsibilities (CSR). However, this is where FM,
if combined with sustainability, can play a vital role not only to minimize the costs for the construction industry but
also to enhance the environmental value and efficiency of the industry (Meng 2014).

4.3 Sustainable facility management

Before discussing the link of sustainability with FM, one should define sustainable development. One such definition
is as follows: “a development that meets the needs of the present without compromising the ability of future generations
to meet their own needs” (The International Institute for Sustainable Development (IISD)).

The reason why there is a need to incorporate FM with sustainability is due to the challenges that the changing
environments and climate changes have presented. These challenges have further created the need for sustainable
development and energy efficient applications to be adopted by organizations. Furthermore, most figures suggest that
buildings contribute about 40 percent of the total energy consumption and one-third of greenhouse gas emissions in
Europe while 80% of the impact on climate change is created during the operation phase of the buildings. The operating
phase can not only affect energy consumption, but it also requires the use of renewable resources because it may lead
to the inefficient use of food consumption, hence giving rise to poverty and disrupting the health of society. Moreover,
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these factors have forced practitioners to focus on the built environment, making buildings and offices that are
environmentally friendly and sustainable in nature. In relation to the built environment, green buildings have not only
enhanced the satisfaction levels of the tenants, but have also significantly improved the productivity of the employees
working within such green spaces. Therefore, this has enabled stakeholders such as property owners and building
owners to adapt more sustainable practices in the context of the built environment. For instance, stakeholders are not
only forced to use sustainable construction and building materials, but the focus has also shifted towards creating
sustainable designs of the buildings. This is where sustainable facility management (SFM) can propose solutions for
making the operation phase and maintenance of the buildings to be more sustainable and efficient than the traditional
methods used previously (Hollander 2004).

Nevertheless, to benefit from both FM and sustainability, it is imperative to develop a system that could digitally
automate and integrate the processes for the construction industry. Consequently, some research has suggested that co-
creation of digital systems along with FM services would greatly enable on-site monitoring system to aid in minimizing
cost and waste (Lavikka, Lehtinen, & Hall 2017).

On the other hand, the evolution of Information and Communication Technologies (ICT) can further benefit SFM to
apply automation and integration in the business process. ICT has emerged rapidly over the past few decades while
several advancements of the Internet-of-Things (I0T) have enabled ICTs to support and improve the digital economy.
Eventually, enabling these technologies will add value to society by building less costly and more environmentally
friendly work environments (ITU 2016).

Before applying SFM in the UAE, it is imperative to know the issues the region has been facing regarding
sustainability. Therefore, the next section is focused on what role sustainability plays in the GCC and the UAE in

particular.
5 Current findings of sustainability within in the UAE and the gulf region

The Gulf Cooperation Council (GCC) consists of six countries. Its member states are Bahrain, Kuwait, Oman, Qatar,
Saudi Arabia, and the United Arab Emirates. All the other GCC countries have significant political and economic
influence on the UAE. Sustainability has been one of the critical issues in the GCC over the past few decades. Reports
suggests that all of the GCC countries are in the top 10 countries that are either less effective in sustainability or they
have the highest consumption in the world. The report by the International Energy Agency suggested that these
countries are amongst the highest energy consumers per capita in the world. The State of Qatar is at the top while Saudi
Arabia and Oman are at the 11th and 15" places respectively. Furthermore, Bahrain holds the fifth position while
Kuwait is sixth. The UAE is ranked ninth overall in the world. This means that all the GCC countries have been
consuming resources such as water, energy, and food quite extensively compared to the rest of the world (Azar &
Abdel Raouf 2017).

The report raised many concerns for the Gulf region and the UAE as well. The UAE has been focusing on reducing
the consumption of these resources and in building sustainable cities that could enhance the economic growth and
simultaneously reduce the greenhouse gas emissions in the region. The UAE leadership has set some clear goals and
vision for the year 2030 that is discussed in the next section.

6 The UAE 2030 vision and sustainability goals

The vision of 2030 for the UAE expresses clear and identifiable goals towards the sustainable development of the
region. The UAE leadership aims to reduce poverty and food consumption and to make sure that the educational needs
are accessible to every citizen and resident in the country. To create a healthier lifestyle for future generations, the
UAE leadership is focusing on developing sustainable architecture and infrastructure. One such example is the
development of Masdar City in the Abu Dhabi Emirate. The objective of developing Masdar City is to build a city that
can be the first sustainable city that can inspire other countries to follow the same methodology for urban development
(Nader 2009). Moreover, the UAE has been focusing on implementing renewable energies, particularly solar power to
reduce consumption. However, this has posed a significant challenge to develop architecture to support an eco-friendly
city that could pave the way for other countries to adopt new path towards sustainable and urban development (Ibrahim,
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2016). Therefore, the Emirate of Dubai has also adopted similar approaches in developing four sustainable cities and
communities to further the testing of eco-friendly cities.

The project called Sustainable City has already been started in the community known as Dubailand. The project aims
to build a township by planting 10,000 trees and organic house farms. It is expected to operate on solar power energy
as the main source of electricity.

Desert Rose City is another sustainable mini city whose construction has been underway in the area of Al Ruwwaya.
The city utilizes renewable energy and is required to produce its own energy. Already 10,000 units have been
designated for expatriates and 20,000 units for Emiratis.

Dubai South District is the venue of EXPO 2020 which is to be hosted in Dubai. This city is expected to generate half
of its energy on-location, while the rest will be generated from other renewable resources.

Dubai Silicon Oasis has been operating for several years, and was expected to reduce energy consumption by 30%
according to the Dubai Integrated Energy Strategy 2030. The city has already been successful in surpassing this margin
by reducing energy consumption by 31%. This has been primarily achieved by implementing some of the following
sustainable technologies:

. Power consumption of lights
. Smart street lights
. Smart building technologies (UAE Goverment 2017)

It is evident from the discussion above that the UAE government understands the importance and the value of having
a sustainable development for the sake of country prosperity and the future of the next generation.

Along with the sustainable developments discussed earlier, the government has been making progress in facility
management as well. For example, in 2009 the Middle East Facility Management Association (MEFMA) was
established as a member of Global FM and supported by the Real Estate Regulatory Authority and the Dubai Real
Estate Institute. The association works with industry professionals to implement long-term sustainable development
strategies. Imdaad organizes accredited training programs, educational courses, seminars, and conferences. Imdaad
further provides extensive FM regional networking and fundraising events tasked with reaching out to members and
governments across the Middle East, MEFMA conferences, open days and networking events. Their aim is to help
shape a sustainably built environment in order to further socio-economic development now and for future generations.
(MEFMA, n.d.)

The Dubai Government-owned global holding company, Dubai World, focuses on the strategic growth areas of urban
development, transport & logistics, maritime, and financial services. As it is committed to investing in the long term
and generating value in strategic areas, it established Imdaad as a subsidiary company to offer strategic and operations
solutions in facilities management, FM consultancy, specialist facilities services, and employee welfare activities.
Imdaad clients’ portfolios contain most of the prestigious real-estate developers and logistics and operation
corporations of the region. For instance, Nakheel, Jafza, DP World, Dubai Customs, and Limitless cover landmark
developments such as The Palm Jumeirah, The Gardens, International City, Jumeirah Islands, Burj Khalifa, Al Barari,
the Jebel Ali Port and Free Zone and The Dubai Mall, among others (Imdaad 2017). Moreover, it was estimated in
2015 that Dubai FM serves contracts in the UAE in the value of approximately Dh20 billion per annum. This statistic
included FM services that ranged from cleaning services, pest control, office services, landscaping, waste management
and building management systems with the exclusion of security services. An average of 60 percent of most industries
in the UAE are thought to outsource its FM requirements (WAM 2014).

7 Benchmarking, analysis and recommendations

Despite implementing the sustainable approaches discussed, the government of the UAE is still concerned about the
sustainability in the region as resource consumption is still relatively high compared to other countries of similar size.
Moreover, the research on this topic is quite scarce in this part of the world. To fill this gap, further opportunities
within the 17 goals of the United Nations on sustainability need to be explored deeper. If the UAE needs to apply the
sustainable approaches, it can follow the standards proposed by the United Nations. However, keeping in view of the
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vision of the UAE and the scope of this research, this paper limits its scope to exploring goal number 11 amongst the
UN 17 sustainable goals to be implemented in this region. Goal 11 pertains to developing sustainable cities and
communities. Although the UAE has already tried to implement the sustainable city in the shape of Masdar City as
well as several smaller implementations, it still requires improvements. For instance, the UAE still needs to reduce
congestion and also further exploit building designs that are sustainable. This could be achieved by complementary
infrastructure, efficient use of resources and creating more jobs that support the economic development of the region
(UN 2015). Therefore, it is suggested that the importance of FM and green supply chain management are more
emphasized. In particular, both concepts could be used to provide complementary benefits that could further aid the
vision of the UAE. As a result, after conducting a comprehensive review of literature, the following is a general list of
ways FM and GSCM can greatly influence and foster the UAE vision of 2030:

Integrating Green processes in supply chain and facility management

Creating healthier work environments

Preparing and consolidating for better future and living standards

Mainstreaming green business practices

Streamlining the business processes

Bolstering the growth of economic, social and environmental sustainability.
Eventually reinforcing the UAE vision of 2030 towards sustainable development

Nogok~kwbdpE

However, to efficiently implement these suggestions, the UAE could adopt the framework of current studies,
particularly from developed regions such as Europe and North America. For example, the UAE can use as a benchmark
a study conducted in the UK and Ireland by Meng (2014). The study identified some key roles of FM and GSCM that
could foster sustainable development. These key roles were identified in order of importance to those interviewed in
the study as: Integrating all sustainability considerations, linking strategic level with operational level, incorporating
FM knowledge and experience into design, disseminating sustainable knowledge and educating people, and
encouraging sustainability through innovation (Meng 2014). Consequently, it is recommended to use these findings as
a benchmark and thus propose this framework to be utilized by both the appropriate practitioners within and leadership
of the UAE.

Further to the previous example, Achillas (2019), Atkins and Brooks (2015), the International Water Assocation
(2013), Samar, Kaur, and Marmolejo Saucedo (2019), Shah (2012), Willson (2015), and Yao (2013) have recently
provided a plethora of case examples and theoretical recommendations that can be applied as best practices for the
UAE specifically and the GCC region as a whole to emulate. The following are a list of recommendations specific for
the UAE based on the literature:

» Phase-in the sustainable cities implementations already installed in Dubai and Abu Dhabi to the rest of the
cities. This can be done in a systematic way through phasing out older areas of the city first and replacing
them with newer technology in order to have the greatest impact.

» Take a holistic approach to city planning in order to customize SFM and GSCM implementations that best
complement the rest of the city and its supply chain requirements.

» Move from a throw away culture (e.g. plastic bottles, water) to a reuse and refurbish culture. Governmental
policies and public campaigns can help in encouraging this initiative. Careful planning on water reuse would
especially have a great impact on the region due to the lack of naturally fresh water.

» Redesign parking facilities for more efficient use of resources. With the UAE being a car culture, reducing
congestion and creating more efficient parking would create a meaningful impact.

> Designing facilities that are flexible enough for expansion with minimal excess resources required would
reduce the carbon footprint in regards to future growth and keep costs down. This would also allow more
compact expansion, which is more efficient. This would be in contrast to developing land further and further
inland as is the current trend.

» Continue to invest in construction technologies in regards to streamlining the currently inefficient processes
that exist in the industry. This field has a lot of room for improvement in regards to sustainability. Since the
UAE is fairly new in its development process as a country with much more expansion planned in the future,
improvements made in this sector will bring large benefits to the economy.

> Apply more weight in regards to environmental factors when deciding location of new developments. This is
in contrast to the traditional practice of profitability.
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» Adopt more sustainability education requirements in grade school through university. Creating awareness and
interest in the youth would result in more residents getting involved.

» Invest more in both basic and applied research at both the university and industry level. The research should
encompass the science, engineering, social, and economic levels in order to provide holistic sustainable
solution. This will also position the UAE as a leader in the field and allow the resulting technology to spread
to its neighbors.

» Grow coalitions with neighboring countries as well as other countries in regards to sustainability knowledge-
sharing in order to increase the speed of state-of-the-art implementations.

> Design new facilities with the perspective of a developing country. In other words, the UAE should not
become comfortable in its current infrastructure and operations. They should strive to always be learning,
improving and willing to expand its goals rapidly.

If the UAE takes these cues provided by others and puts enough leadership and supporting resources behind the
initiatives, they can be the leader in SFM and GSCM for the region and the world.

8 Future implications

SFM and GSCM can support the vision of the UAE, and in order to implement sustainability, focus should be on
building techniques such as reducing costs of construction and using sustainable designs for buildings. Moreover, the
application of ICT can help ensure integration and coordination between the processes. However, it cannot be done
without the support of the citizens and for that, the mindset needs to be changed. The UAE needs to be more educated
about the consequences caused by global warming and this could contribute to developing a healthier society for future
generations. Only then can SFM and GSCM be effective and compliment the 2030 vision of the UAE.

Moreover, it is evident that this challenge requires an adequate operational strategy that sustains the country’s resources
for future generations. It is also clear that the UAE government is known for seeking invasive approaches and new
tactics to make the best use of its resources. On the contrary, it is also evident from the literature reviewed that there
is a dearth of research in this specific region. As a result of this knowledge gap, it is recommended that more research
is conducted to complement and further analyze the local initiatives of sustainable development knowledge building
in the region.
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