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a b s t r a c t

This paper proposes an integrated framework for analysis of an electricity supply chain using an integrated
SWOT-fuzzy TOPSIS methodology combined with Analytic Hierarchy Process (AHP). The paper is divided
into two main sections. In the first main section, the integrated framework comprising a qualitative frame-
work and a quantitative framework is presented. In the qualitative framework, a general structure and so-
called advanced planning framework are developed for an electricity supply chain based on the literature
review in supply chain management (SCM). Then, a quantitative Strengths–Weaknesses–Opportunities–
Threats (SWOT) framework is used to formulate a strategy plan based on the elements from the proposed
qualitative framework. Since a qualitative SWOT analysis can be insufficient to formulate an action plan, an
integrated SWOT-fuzzy TOPSIS methodology combined with AHP is proposed to prioritize the defined
SWOT factors and to formulate a strategy plan with top priorities. In the second main section, the integrated
framework is illustrated with the case of electricity supply chain in Turkey.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

SCM is a value chain management from the supplier of a sup-
plier to the customer of a customer of a company with the aim
of attaining an overall value. A rich literature is available in SCM
[1–5]. A holistic view to end-to-end processes is the core value of
the SCM concept enhancing overall optimization rather than sub-
optimization of processes.

An electricity supply chain is a significant supply chain incorpo-
rating the processes from the primary fuel sourcing to electricity
consumption. Since, electricity is a highly perishable commodity,
a holistic view of processes with proper supply chain design be-
comes particularly invaluable to avoid any electricity losses. Con-
siderable research has been conducted in the electricity supply
chain. Bayod-Rujula [6] examined the consideration of a large
number of distributed small generators in an electricity supply
chain and presented innovative concepts such as microgrids and
virtual utilities. Bouffard and Kirschen [7] explored the current
state of research on centralized and distributed electricity systems
and discussed the future of a hybrid system integrating the advan-
tages of both systems. Forgionne and Guo [8] proposed optimal
production and inventory policies for a centralized supply chain
and adapted the policies to the electric utility supply chain.
Gutiérrez-Alcaraz and Sheblé [9] proposed a dynamic game-theo-
ll rights reserved.
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retic model by using discrete event system simulation to consider
the interactions among different players in an electricity supply
chain. Odenberger and Johnsson [10] investigated the role of CO2

capture and storage technologies for CO2 emission reduction in
an electricity supply chain. Peças Lopes et al. [11] discussed the
key issues and challenges with respect to the integration of distrib-
uted generation to an electricity supply chain. Slingerland [12]
examined the relationship between energy conservation and orga-
nization of an electricity supply chain by analyzing three case stud-
ies of energy conservation. Zhijun and Kuby [13] proposed a model
for simultaneous consideration of supply side and demand side
investments in an electricity supply chain. As evident from the
examples, although the literature in the electricity supply chain
is considerably rich, most papers focused on a few issues of the
supply chain and there is a lack of an integrated framework consid-
ering different dimensions of an electricity supply chain.

The contribution of this paper is threefold. As a significant sup-
ply chain, an electricity supply chain could benefit from the con-
cepts introduced in SCM literature. With this regard, as a first
contribution, a qualitative framework is proposed for a better
understanding of an overall view of an electricity supply chain
and its elements by adapting the concepts defined in SCM litera-
ture. In this framework, the general structure of an electricity sup-
ply chain is defined and so-called advanced planning framework
defined in SCM literature is adapted to the electricity supply chain.
Advanced planning is a hierarchical and modular-based planning
approach to design a whole supply chain for different planning
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Fig. 1. The integrated framework proposed in the paper.
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horizon. Stadtler and Kilger [14] provided the general concept and
modules of advanced planning and illustrated the advanced plan-
ning projects with case studies. Typical modules of an advanced
planning framework are strategic network planning at long-term
level, master planning at midterm level and production planning
and scheduling at short-term level [15]. In an advanced planning
system (APS), all modules are integrated with each other by an in-
put or feedback relationship. The motivation for proposing ad-
vanced planning approach for an electricity supply chain is that
this approach systematically covers different planning levels in
an electricity supply chain and has a potential of integrating a wide
variety of conceptual models and mathematical approaches intro-
duced in electricity supply chain literature. Although the literature
is rich in mathematical approaches and conceptual models pro-
posed for different sections of electricity supply chain, it is not sys-
tematic and integrated, and advanced planning approach is aimed
at addressing this gap in the literature.

The second contribution of the paper is that it proposes a quan-
titative framework for development of a strategy plan for an elec-
tricity supply chain. In this framework, SWOT factors are derived
from the elements of the proposed qualitative framework. SWOT
analysis is a structured approach to evaluate an organization with
respect to its internal and external environment. By identifying
factors in a SWOT matrix, action plans can be developed to aug-
ment strengths, eliminate or minimize weaknesses, exploit oppor-
tunities and identify threats. However, a qualitative SWOT matrix
can be insufficient in many cases with no prioritization of SWOT
factors. With this regard, the so-called quantified SWOT analysis
has been proposed in the literature. The first quantified SWOT
methodology, so-called A’WOT, included AHP integration and has
been proposed by Kurttila et al. [16]. Other papers also appeared
to illustrate A-WOT applications [17–19]. As an extension to
SWOT-AHP integration, Yüksel and Dagdeviren [20] proposed Ana-
lytic Network Process (ANP) to be integrated with SWOT analysis.
Other quantified SWOT techniques have also been proposed with
or without uncertainty considerations [21–23]. However, the
application of quantified SWOT methodology in energy planning
has been relatively scarce [24]. The literature in integrated
SWOT-TOPSIS methodology has also been very limited [25]. In this
paper, an integrated SWOT-fuzzy TOPSIS methodology combined
with AHP is proposed to structure and prioritize the SWOT factors
for an electricity supply chain. AHP approach is used for determin-
ing the relative importance of factors within each SWOT group as
well as the relative importance of factors across SWOT groups,
while fuzzy TOPSIS is used for evaluating an electricity supply
chain with respect to SWOT factors.

The third contribution of the paper is that the proposed qualita-
tive framework and quantitative framework are illustrated with
the case of electricity supply chain in Turkey. The current state of
electricity supply chain in Turkey is outlined and a strategy plan
is developed following the steps given in the qualitative and quan-
titative framework.

The paper has been organized as follows: In Section 2, the inte-
grated framework proposed in the paper is outlined and detailed.
In Section 3, the electricity supply chain in Turkey is evaluated
with respect to the proposed methodology given in Section 2. Fi-
nally, in Section 4, conclusions and potentials for next research
are discussed.

2. The integrated framework proposed in the paper

The integrated framework proposed in this paper is outlined in
Fig. 1. Based on the literature review in SCM concepts and concep-
tual models, a general structure and advanced planning framework
are developed for an electricity supply chain. Then, key factors are
defined from the general structure and advanced planning
framework as SWOT factors and these SWOT factors are
incorporated into the integrated SWOT-fuzzy TOPSIS methodology
combined with AHP for formulating a strategy plan.

2.1. Developing a general structure for an electricity supply chain

Based on the literature review in SCM, an electricity supply
chain can be defined as a cross-company approach that incorpo-
rates the upstream and downstream integration of the processes
and coordination of the electricity, information and financial flows
from the supplier of the supplier to the customer of the customer
of a company with the aim of maximizing overall value to all
society (adapted from [2,26,27]). Overall value to all society can
be attained by maximizing system reliability measures including
adequacy and security of electricity supply, while minimizing total
costs including an adverse effect to the environment (adapted from
[28]). In system reliability measures, adequacy of supply refers to
the ability of a system to supply electricity under normal condi-
tions, while security of supply refers to the dynamic response of
the system to unexpected events [28]. The general structure of
an electricity supply chain comprises different elements, which
will be detailed in the next subsections:

2.1.1. The overall long-term strategy of an electricity supply chain
The overall long-term strategy of an electricity supply chain can

be defined as maximizing system reliability measures, while min-
imizing total costs across the supply chain.

2.1.2. Core processes in an electricity supply chain
The core processes in an electricity supply chain are primary

fuel sourcing, electricity generation, electricity transmission, elec-
tricity distribution and electricity consumption [29]. The adapta-
tion of the well-known Supply Chain Operations Reference
(SCOR) model to electricity supply chain is provided in Fig. 2. Dur-
ing the transmission process, the electricity is drawn by transmis-
sion grids operating at a very high voltage, while during the
distribution process, the electricity is distributed by regional grids
operating at a low voltage [29]. The electricity consumption pro-
cess includes also retailing process [29].

2.1.3. Internal environment of an electricity supply chain
The internal environment of an electricity supply chain repre-

sents the environment within companies or between the compa-
nies. Strengths and weaknesses with respect to internal
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environmental factors should be evaluated. Some examples of
strengths may be experiences of state-owned companies in the
supply chain, commitment to environmental responsibility and
some examples of weaknesses may be cultural conflicts and defi-
ciencies in information systems and process capabilities.

2.1.4. External environment of an electricity supply chain
An electricity supply chain is particularly influenced by external

factors such as economical, political, social, technological and nat-
ural environment at national and international levels. Opportuni-
ties and threats as a result of interaction with the external
environment should be evaluated. Some examples of opportunities
may be growing electricity demand, diversity of primary fuel
sources and some examples of threats may be public resistance
against transmission-line network investments and a shortage of
primary fuel sources [31,32].

2.1.5. Horizontal structure of an electricity supply chain
As adapted from Lambert et al. [33], the horizontal structure of

an electricity supply chain is characterized by the number of tiers
in an electricity supply chain, where each tier is represented by a
core process as illustrated in Fig. 2.

2.1.6. Vertical structure of an electricity supply chain
As adapted from Lambert et al. [33], the vertical structure of an

electricity supply chain is characterized by the number of compa-
nies within a tier. As an example, the vertical structure of the elec-
tricity generation process can be short with a few companies, the
electricity distribution process can be long with many regional
state-owned and private companies and the electricity transmis-
sion process can be very short with one or two companies [29].

2.1.7. Integration of processes, coordination of flows and collaboration
in an electricity supply chain

According to the literature review in SCM, the integration of pro-
cesses in a supply chain is defined as the electronic linkage of the
processes for data exchange. Internal integration is the integration
of processes within a company, while external integration is the
integration of processes between the companies in a supply chain
[34]. A rich literature is available in horizontal and vertical market
integration of electricity supply chains [35–38]. However, the def-
initions are different from the definition given in SCM literature. As
an example, Cournot definition of an integrated electricity market
is ‘‘an entire territory of which the parts are so united by the rela-
tions of unrestricted commerce that prices take the same level
throughout with ease and rapidity’’ [39,40]. In this paper, by adapt-
ing from the SCM literature, vertical market integration in an elec-
tricity supply chain will be defined as the integration of generation,
transmission, distribution and retailing companies into one com-
pany and horizontal market integration will be defined as the inte-
gration of companies within a tier into one company [41].

Based on the literature review in SCM, coordination of flows can
be defined as the design of electricity, information and financial
flows across the supply chain with interdependency consideration
for overall optimization (adapted from [42]). There is also a consid-
erable literature in coordination mechanisms for an electricity sup-
ply chain. Some topics covered are coordination of use of reserve
capacities, coordination of adequacy policies and coordination of
neighboring electricity transmission companies [43–46]. However,
in this paper, coordination of all electricity, information and finan-
cial flows will be considered across the electricity supply chain for
a synchronization of processes.

Based on the literature review in SCM, collaboration can be
defined as the mutual design, planning, implementation and moni-
toring of the integrated processes in a cross-company environment
[34]. Since electricity cannot be stored in a large amount, collabora-
tive planning is crucial for all planning tasks to avoid any energy
losses resulting from information distortion.
2.1.8. Role model for an electricity supply chain
A role model includes the assignment of roles and responsibili-

ties to different players of a supply chain. A role model proposed
for an electricity supply chain is provided in Fig. 3. In this model,
independent service providers and government are also considered
as well as the players performing core processes.

In Fig. 3, design of overall supply chain strategy represents the
definition of long-term overall strategy of the electricity supply
chain. Overall supply chain design is the long-term supply chain de-
sign with respect to factors such as horizontal structure, vertical
structure and integration, coordination and collaboration mecha-
nisms. Regulatory-based supply chain design is supply chain design
with respect to regulations including their definition, update and
enforcement rules. An energy hub is a center for managing energy
reserve capacities and coordinating energy flows across the supply
chain. An information hub is a center of information storage respon-
sible for real-time transmission of information across the supply
chain. Task-based supply chain design is supply chain design with
respect to the advanced planning tasks and their implementation.
Performing supply chain operations is performing the respective
energy, information and financial flows by considering the overall
supply chain strategy.
2.2. Developing an advanced planning framework for an electricity
supply chain

Advanced planning is a modular planning approach with hierar-
chies of long-term, midterm and short-term planning horizon
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levels [15,47]. The adaptation of the advanced planning framework
to an electricity supply chain is provided in Fig. 4.

In this framework, each planning module is connected with
each other horizontally or vertically. Long-term planning module
of strategic network design impacts the strategic position of the
electricity supply chain in the long run, while load forecasting,
the midterm planning task of supply network planning, short-term
and real-time planning task of supply and demand balancing deter-
mine the supply chain performance with respect to system reliabil-
ity measures and total costs.

An advanced planning framework comprises an integrated infor-
mation system and advanced planning modules, which will be de-
tailed in the next subsections:

2.2.1. Integrated information system
An integrated information system for an electricity supply chain

is proposed to include an enterprise resource planning (ERP)
system, a geographic information system (GIS), a remote sensing
system and a repository for real-time data. An ERP system connects
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all basic internal processes such as financial, manufacturing, inven-
tory and supply, sales and delivery and human resources manage-
ment [48]. Weng [49] provided the definition of Calkins and
Tomlinson [50] for GIS as ‘‘an integrated software package specifi-
cally designed for use with geographic data that performs a com-
prehensive range of data handling tasks such as data input,
storage, retrieval, and output’’. A GIS has potentials in advanced
planning tasks of an electricity supply chain such as strategic net-
work design and load forecasting [51–54]. Weng [49] defined a re-
mote sensing system as a ‘‘science and technology of acquiring
information about the earth’s surface and atmosphere using sen-
sors onboard airborne such as aircraft or balloons or spaceborne
such as satellites and space shuttles’ platforms’’. A remote sensing
system has also potentials in strategic network design and load
forecasting tasks [55,56]. A repository for real-time data is a data
warehouse for real-time data such as real-time electricity con-
sumption, weather conditions and real-time voltage levels.

The integration of the systems is invaluable for data exchange
between systems. Although the integration of remote sensing
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system and GIS is already possible [49,57], the integration of all
systems may not be feasible because of possible incompatibilities
in different data structures.

2.2.2. Advanced planning modules for an electricity supply chain
2.2.2.1. Strategic network design. Strategic network design of an
electricity supply chain characterizes the long-term optimum net-
work design of generation facilities, transmission-line and distribu-
tion networks with respect to their optimal numbers, locations,
capacities, route of electricity and synchronized timing of their
investments (adapted from [58]). The basic inputs for strategic net-
work design are long-term load forecasting results, horizontal and
vertical structure, distribution of state-owned and private compa-
nies, national and international fuel sources, generation capacities,
load capacities of transmission-line and distribution networks and
technical, environmental, social and residential constraints. The
objective can be defined as minimization of total costs while max-
imization of system reliability. Mixed-integer linear programming,
mixed-integer nonlinear programming, what-if analysis and ex-
pert-based systems have been proposed in the literature for opti-
mum network design in an electricity supply chain [58–64].

2.2.2.2. Load forecasting. The basic inputs for load forecasting are
demographic and economic factors in the long-term and in the
midterm planning horizon; seasonal input variables, weather fore-
cast variables and historical load data for the short-term planning
horizon. Long-term planning tasks such as strategic network de-
sign and short-term planning tasks such as supply and demand
balancing depend on the load forecasting results. Thus, a large
body of research has been devoted to the topic and several tech-
niques including simulation, what-if analysis, statistical forecast-
ing, expert systems and heuristics have been proposed in the
literature to improve load forecasting accuracy. Some examples
of expert-based system and heuristics applications in load fore-
casting are neural network, fuzzy modeling and ant colony optimi-
zation [65–76].

2.2.2.3. Supply network planning. Analogous to master planning
module in an APS system provided in [77], the aim of supply net-
work planning in an electricity supply chain is to determine how
much electricity to generate in which generation facilities and in
which time periods by using which fuel sources from which pri-
mary fuel suppliers, how much electricity to transmit and distrib-
ute through which transmission and distribution routes to which
customers in which time periods and to determine generation
and transmission reserve capacity. The basic inputs from the sup-
ply side are national and international fuel sources, generation
capacities, load capacities of transmission-line and distribution
networks, technical and environmental constraints; while the basic
inputs from the demand side are midterm load forecasting results
with industry, geography and fuel source dimensions.

2.2.2.4. Supply and demand balancing. The balance between supply
and demand is defined as ‘‘satisfaction of foreseeable demands of
consumers to use electricity without the need to enforce measures
to reduce consumption’’ [78]. The main objective of supply and de-
mand balancing is to synchronize supply and demand by using
some market mechanisms such that supply and demand imbalance
will be minimized. Batlle and Rodilla [79] made a critical assess-
ment for securing electricity supply and provided two strategies
‘‘do-nothing’’ and ‘‘do something on behalf of demand’’, then clas-
sified the latter into price-based approaches and quantity-based
approaches. Price-based approaches entail ‘‘capacity payment’’
made to generation companies in addition to the income; while
in quantity-based approaches, the regulator buys the electricity
for security of supply [79]. Müller and Rammerstorfer [80] pro-
vided a literature review of supply and demand balancing includ-
ing design of auction mechanisms. Frunt et al. [81] discussed
primary, secondary and tertiary control mechanisms. Primary con-
trol is supply and demand balancing within a very short-time per-
iod where all control areas are balanced by using reserve
capacities. In secondary control, only the areas that cause the
imbalance will be balanced. Tertiary control is used when reserve
capacities are needed permanently [81].

2.3. An integrated SWOT-fuzzy TOPSIS methodology combined with
AHP for strategy formulation

In this section, the key factors from the qualitative framework
given in Sections 2.1 and 2.2 will be defined as SWOT factors to
be incorporated into the integrated SWOT-fuzzy TOPSIS methodol-
ogy combined with AHP. The reason for using a quantified SWOT
methodology is that it provides prioritized SWOT factors so that
the limited resources can be allocated to the SWOT factors with
top priorities. Since evaluation parameters are mostly expressed
as linguistic variables, fuzzy set theory is a proper approach. Before
proceeding with the methodology, the preliminaries for fuzzy set
theory relevant to the proposed methodology will be provided.

2.3.1. Preliminaries

Definition 1. A fuzzy set ~A ¼ ða1; a2; a3; a4Þ is a trapezoidal fuzzy
number on R if its membership function can be represented as

l~A ¼

x�a1
a2�a1

a1 6 x 6 a2

1 a2 6 x 6 a3

x�a4
a3�a4

a3 6 x 6 a4

0 otherwise

8>>>>>><
>>>>>>:

ð1Þ

where a1; a2; a3; a4 are real numbers [82].
Definition 2. The multiplication of a fuzzy number ~A ¼ ða1; a2;

a3; a4Þ with a scalar k P 0 is defined as

k� ~A ¼ ðka1; ka2; ka3; ka4Þ ð2Þ
Definition 3. Let ~Ai ¼ ðai1; ai2; ai3; ai4Þ be a trapezoidal fuzzy num-
ber for i 2 I. Then, the normalized fuzzy number of each ~Ai is
defined as

~Ri ¼
ai1

max
i2I
fai4g

;
ai2

max
i2I
fai4g

;
ai3

max
i2I
fai4g

;
ai4

max
i2I
fai4g

0
@

1
A ð3Þ

if the criterion is a profit criterion or

~Ri ¼
min

i2I
fai1g

ai4
;
min

i2I
fai1g

ai3
;
min

i2I
fai1g

ai2
;
min

i2I
fai1g

ai1

0
@

1
A ð4Þ

if the criterion is a cost criterion [83].
Definition 4. The Dp;q distance between trapezoidal fuzzy num-
bers ~A ¼ ða1; a2; a3; a4Þ and ~B ¼ ðb1; b2; b3; b4Þ can be defined for
p = 2 and q = 1/2 as follows [84]:

D2;12
ð~A;~BÞ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
6

ða1�b1Þ2þða2�b2Þ2þða3�b3Þ2þða4�b4Þ2þ
ða1�b1Þða2�b2Þþða2�b2Þða3�b3Þþða3�b3Þða4�b4Þ

" #vuut
ð5Þ
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Definition 5. A linguistic variable is a variable in linguistic terms
[85]. Several representations of linguistic variables are possible.
An example is given in Table 1.
2.3.2. An integrated SWOT-fuzzy TOPSIS methodology combined with
AHP

The steps of the integrated SWOT-fuzzy TOPSIS methodology
combined with AHP are provided as follows (adapted from
[16,83]):

� Step 1. Identifying SWOT factors: Define the set of factors to
be considered for each of four SWOT groups as S, W, O, T
with i 2 S;W;O; T.

� Step 2. AHP within each SWOT group: Construct pairwise
comparison matrix for comparing the relative importance
of factors within each SWOT group with respect to the
objective ‘‘overall long-term strategy of supply chain’’ and
obtain the relative importance weight vectors for each
SWOT group as WS;WW ;WO;WT .

� Step 3. AHP across SWOT groups: Construct pairwise compar-
ison matrix for comparing the relative importance of SWOT
groups with respect to ‘‘overall long-term strategy of supply
chain’’ and obtain relative importance weight vector WG

with entries wS;ww;wO;wT .
� Step 4. Final relative importance weights of SWOT factors:

Obtain final relative importance weight vector WF with
wi 2WF and entries WSF ;WWF ;WOF ;WTF , where
WSF ¼WSwS; WWF ¼WW ww; WOF ¼WOwO; WTF ¼WT wT .

� Step 5. Evaluation vector: Obtain evaluation vector ~E by eval-
uating the electricity supply chain for each SWOT factor
i 2 S;W;O; T with linguistic variable ~ei ¼ ðei1; ei2; ei3; ei4Þ.

� Step 6. Normalized linguistic variable: Obtain normalized lin-
guistic variable

� ~ni ¼ ei1
max

i
fei4g

; ei2
max

i
fei4g

; ei3
max

i
fei4g

; ei4
max

i
fei4g

� �
if i 2 S;W;O; T is eval-

uated with respect to a profit criterion or

~ni ¼
min

i
fei1g

ei4
;

min
i
fei1g

ei3
;

min
i
fei1g

ei2
;

min
i
fei1g

ei1

� �
if i 2 S;W;O; T is evalu-

ated with respect to a cost criterion.
� Step 7. Weighted normalized linguistic variable: Obtain a

weighted evaluation of electricity supply chain with respect
to each SWOT factor i as ~nw

i ¼ ~ni �wi by using Eq. (2).
� Step 8. Distance to positive ideal normalized weighted linguistic

variable: Calculate the distance of ~nw
i to positive ideal nor-

malized weighted linguistic variable ~np
i ¼ wi � ð1; 1; 1; 1Þ

as dþi by using Eq. (5) for each i 2 S;W;O; T.
� Step 9. Distance to negative ideal normalized linguistic vari-

able: Calculate the distance of ~nw
i to negative ideal normal-

ized linguistic variable (0, 0, 0, 0) as d�i by using Eq. (5) for
each i 2 S;W;O; T .

� Step 10. Closeness coefficient: Calculate closeness coefficient
CCi ¼ d�i

dþi þd�i
for each i 2 S;W;O; T.
Table 1
An example of a set of linguistic variables (adapted from [86]).

Linguistic variable Trapezoidal fuzzy number

Extremely poor (EP) (0,0,1,2)
Very poor (VP) (1,2,3,4)
Poor (P) (2,3,4,5)
Medium poor (MP) (3,4,5,6)
Fair (F) (4,5,6,7)
Medium good (MG) (5,6,7,8)
Good (G) (6,7,8,9)
Very good (VG) (7,8,9,10)
Extremely good (EG) (8,9,10,10)
� Step 11. Strategy formulation: Formulate a strategy plan
including SWOT factors with top priorities to increase
strengths, eliminate or minimize weaknesses, exploit
opportunities and prepare for threats based on the results
of Step 4 and Step 10.

According to the proposed methodology, the SWOT factors
should be determined for Step 1. The key factors assigned to
Strengths and Weaknesses are overall long-term strategy, internal
environment, horizontal structure, vertical structure, integration
of processes, coordination of flows and collaboration, role distribu-
tion and advanced planning modules. The key factors assigned to
Opportunities and Threats are external environment including eco-
nomical, political, social, natural, technological environment and
advanced planning modules.

Some basic features of AHP will be provided with respect to AHP
within each SWOT group based on Winston [87]. Accordingly, the
SWOT factors within a group are evaluated in pairwise comparison
matrix, by using the AHP importance scale given in Table 2 with 2,
4, 6 and 8 as intermediate values. It should be noted that upper and
lower triangles of a pairwise comparison matrix are reciprocal to
each other. Then, each column of the pairwise comparison matrix
is normalized by dividing each entry of the column by the sum
of the entries in that column. The arithmetic average of the entries
in each row of the normalized matrix gives the approximate rela-
tive importance weight for each SWOT factor within a SWOT
group. The consistency of the results should also be checked and
consistency index (CI) should not exceed 0.1 [87]. For details of
AHP, the reader is referred to [87,88].

Kurttila et al. [16] proposed AHP across SWOT groups to involve
one representative factor from each SWOT group with the highest
relative importance score. In this paper, this approach will be
followed.
3. The analysis of electricity supply chain in Turkey

The analysis of the electricity supply chain in Turkey will be
based on some regulations and strategy reports issued by the Turk-
ish government and an independent report by Deloitte [89]. If
there is no regulation or report with respect to an element given
in Sections 2.1 and 2.2, then that element is not included in the
analysis. Overall value to all society has been defined as maximiz-
ing the security of electricity supply and use of national primary
fuel sources, while providing cost-effective electricity with mini-
mum adverse effect to the natural environment [90].

3.1. Developing the general structure of the electricity supply chain in
Turkey

The general structure of the electricity supply chain in Turkey is
given in Fig. 5, where key players and basic electricity flows are
illustrated.

3.1.1. The overall long-term strategy of the electricity supply chain in
Turkey

Overall value to all society can be interpreted as the overall
long-term strategy of the electricity supply chain in Turkey.

3.1.2. Horizontal structure
The horizontal structure is short as illustrated in Fig. 5. The En-

ergy Market Regulatory Authority is a department of the Republic
of Turkey Ministry of Energy and Natural Resources and acts as
an independent department responsible for the regulation of the
electricity supply chain in Turkey [91]. The electricity distribution
is partly two-tiered, since TETAS and other wholesale companies



Table 2
AHP importance scale [88].

AHP importance scale

1 – Equally important
3 – Moderately more important
5 – Strongly more important
7 – Very strongly more important
9 – Extremely more important
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purchase electricity in a large amount to sell to corporate customers
and to distribution companies through TEIAS, to supply and
demand balancing market and to cross-border companies [92].

3.1.3. Vertical structure
The vertical structure of electricity generation tier is long with

‘‘one state-owned company, EÜAS, their subsidiaries, affiliates,
partnerships, the companies having Build–Operate–Transfer
(BOT), Build–Operate–Own (BOO) and Transfer of Operation Rights
(TOOR) contracts, other private generation companies and auto-
producers’’ [93]. The electricity transmission tier is represented
by a single state-owned transmission company, TEIAS. The vertical
structure of electricity distribution tier is relatively long with 12
affiliates of TEDAS in the process of privatization, eight privatized
companies of TEDAS and one private company [93].

3.1.4. Integration of processes, coordination of flows and collaboration
levels in a supply chain

No overall integration across the supply chain has been re-
ported. Instead, the integration of information systems has been
reported as a strategy [90,94]. Supply and demand balancing
mechanism, so-called Balancing and Settlement system, can be
interpreted as a measure for coordination of electricity flows in
Turkey and will be discussed shortly in Section 3.2.4.

3.1.5. Role model for electricity supply chain in Turkey
The governmental body responsible for energy is the Republic

of Turkey Ministry of Energy and Natural Resources. To the best
of our knowledge, there is no independent service provider who
is responsible for all tasks given in Fig. 3. However, Energy Market
Regulatory Authority acts as an independent regulator of the elec-
tricity market for overall value to all society [91]. TEIAS is respon-
sible for task-based supply chain design, for regulating operations
such as regulating Balancing and Settlement market and load dis-
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Fig. 5. The general structure of elec
patching and frequency control [93,94]. All other players are
primarily responsible for performing supply chain operations and
providing data to TEIAS for task-based supply chain design.

3.2. Developing an advanced planning framework for electricity supply
chain in Turkey

Some regulations are available in Turkey for the implementa-
tion of some advanced planning tasks in the electricity supply
chain. In this section, the current status will be provided.

3.2.1. Integrated information system
Integration of information systems is one of the strategies of the

Republic of Turkey Ministry of Energy and Natural Resources. As an
example, an integrated information system for generation compa-
nies has been reported as a strategy [90]. The integration of TEIAS
SCADA/Energy Management System (EMS) with the systems of
generation and distribution companies has also been reported as
a future project [94].

3.2.2. Load forecasting
According to Regulation for Load Forecasting [95], each regional

electricity distribution company is responsible for annual regional
load forecasting for a 10-year period by considering high load, low
load and base case scenarios. Then, single reports accompanied
with data set are sent to Energy Market Regulatory Authority for
review with respect to some factors such as assumptions, mathe-
matical model, validation of results, forecasting of parameters
and updatability of the model [95]. If the whole review is success-
ful, then load forecasting results are sent to TEIAS by the distribu-
tion companies for compilation. Although there is no optimization
technique provided in this regulation, according to the report by
Deloitte [89], Model for Analysis of Energy Demand (MAED) sce-
nario-based simulation technique is used by the Republic of Turkey
Ministry of Energy and Natural Resources.

3.2.3. Supply network planning
Although there is no regulation or report for supply network

planning, some strategies from [96] can be adapted to the frame-
work provided in Section 2.2.2.3. As the basic inputs from the sup-
ply side, the factors such as priority to national primary fuel
sources and renewable energies, diversification of fuel sources, cli-
matic and environmental constraints and wholesale activities of
TETAS can be incorporated into the framework [96].
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tricity supply chain in Turkey.
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Table 3
SWOT factors considered for the case of Turkey (some factors adapted from [89,90]).

Strengths
S1: Overall long-term strategy: Long-term commitment to security of electricity supply
S2: Internal environment: Commitment to technological adaptation

Weaknesses
W1: Internal environment: Possible cultural conflicts between state-owned and private companies
W2: Internal environment: Financial problems
W3: Advanced planning: Problems in data retrieval from information systems and deficiencies in data integration between systems
W4: Advanced planning: Lack of variety of load forecasting techniques and long information flows
W5: Advanced planning: Synchronization problems in investments
W6: Role distribution: Unclear definition of roles and responsibilities

Opportunities
O1: External environment: Abundance and diversity of national primary fuel sources
O2: External environment: Restructuring of energy markets and competitive market environment
O3: External environment: Growing demand
O4: External environment: Geo-strategic position of Turkey

Threats
T1: External environment: Density of residential areas and public resistance to investments
T2: External environment: Level of dependence on international primary fuel sources
T3: External environment: Inconsistencies in regional political environment
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3.2.4. Supply and demand balancing
Supply and demand balancing is achieved by so-called ‘‘Balanc-

ing and Settlement System’’ in Turkey. Regulation of Balancing and
Settlement System in Electricity Market [97] provided the regula-
tory details of the system, Camadan and Erten [93] and Erdogdu
[98] reviewed and discussed the system. The basic system is illus-
trated in Fig. 6. Erdogdu [98] provided the mechanism of the sys-
tem such that ‘‘Bid and offer prices are submitted for each
settlement period (daytime, peak, night, twice a month). Until
14:30 every day, they are also required to present physical notifi-
cations covering the 24 h period between 00:00 and 24:00 h before
the day physical notifications are made. Then bids and offers are
evaluated by TEIAS. Bids and offers accepted by TEIAS are trans-
formed into loading and deloading instructions and issued to the
relevant players’’. For details of discussions of the system, the read-
er is referred to [93,98].

3.3. An integrated SWOT-fuzzy TOPSIS methodology combined with
AHP for strategy formulation: The case of Turkey

The steps of the methodology given in Section 2.3.2 will be
illustrated for the case of Turkey.

� Step 1. Identifying SWOT factors. Celiktas and Kocar [99]
conducted a SWOT analysis to evaluate Turkish renewable
energies by considering policy, market, technology and
social dimensions. In Table 3, a set of SWOT factors are
given for the electricity supply chain in Turkey.



Table 4
Final relative importance weights, closeness coefficients of SWOT factors and ranking
orders.

SWOT factor WF WF ranking order CCi CCi ranking order

S1 0.4020 1 0.548260 3
S2 0.0804 4 0.548260 3
W1 0.0286 9 0.548260 3
W2 0.0429 7 0.451740 4
W3 0.0078 13 0.451740 4
W4 0.0061 14 0.548260 3
W5 0.0590 5 0.451740 4
W6 0.0132 11 0.548260 3
O1 0.0122 12 0.548260 3
O2 0.0241 10 0.828302 1
O3 0.0052 15 0.644356 2
O4 0.0468 6 0.828302 1
T1 0.1580 2 0.355644 5
T2 0.0840 3 0.355644 5
T3 0.0298 8 0.261204 6

Table A1
AHP within ‘‘Strengths’’ group.

S1 S2 WS

S1 1.00 5.00 0.8333
S2 0.20 1.00 0.1667

CI 0.0000

Table A2
AHP within ‘‘Weaknesses’’ group.

W1 W2 W3 W4 W5 W6 WW

W1 1.00 0.50 5.00 5.00 0.50 2.00 0.1815
W2 2.00 1.00 7.00 7.00 0.50 3.00 0.2726
W3 0.20 0.143 1.00 2.00 0.143 0.50 0.0492
W4 0.20 0.143 0.50 1.00 0.143 0.50 0.0386
W5 2.00 2.00 7.00 7.00 1.00 5.00 0.3744
W6 0.50 0.33 2.00 2.00 0.20 1.00 0.0836

CI 0.0204

Table A3
AHP within ‘‘Opportunities’’ group.

O1 O2 O3 O4 WO

O1 1.00 0.50 3.00 0.20 0.1378
O2 2.00 1.00 5.00 0.50 0.2735
O3 0.33 0.20 1.00 0.143 0.0585
O4 5.00 2.00 7.00 1.00 0.5302

CI 0.0186

Table A4
AHP within ‘‘Threats’’ group.

T1 T2 T3 WT

T1 1.00 2.00 5.00 0.5813
T2 0.50 1.00 3.00 0.3092
T3 0.20 0.33 1.00 0.1096

CI 0.0032

Table A5
AHP across SWOT groups.

S1 W5 O4 T1 WG

S1 1.00 3.00 5.00 2.00 0.4824
W5 0.33 1.00 2.00 0.50 0.1575
O4 0.20 0.50 1.00 0.33 0.0883
T1 0.50 2.00 3.00 1.00 0.2718

CI 0.0054

Table A6
Evaluation vector.

SWOT factor ~E

S1 (4,5,6,7)
S2 (4,5,6,7)
W1 (4,5,6,7)
W2 (3,4,5,6)
W3 (3,4,5,6)
W4 (4,5,6,7)
W5 (3,4,5,6)
W6 (4,5,6,7)
O1 (4,5,6,7)
O2 (7,8,9,10)
O3 (5,6,7,8)
O4 (7,8,9,10)
T1 (2,3,4,5)
T2 (2,3,4,5)
T3 (1,2,3,4)
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� Step 2. AHP within each SWOT group. The objective is
defined as ‘‘maximizing the security of electricity supply’’.
The results of AHP within each SWOT group are provided
in Tables A1–A4. As an example for Table A1, the following
question is asked: ‘‘Which of the following is more impor-
tant, S1 or S2, and how much with respect to maximizing
the security of electricity supply?’’. The same question is
also relevant for each pairwise comparison within other
SWOT groups.

� Step 3. AHP across SWOT groups. The SWOT factors with
the highest relative importance weights are selected from
each SWOT group for AHP across SWOT groups and the
results are given in Table A5.

� Step 4. Final relative importance weights of SWOT factors.
The final relative importance weights of SWOT factors are
given in the second column of Table 4. According to the
results, ‘‘S1: Overall long-term strategy: Long-term com-
mitment to security of electricity supply’’ has the highest
relative importance weight with 0.4020, and ‘‘T1: External
environment: Density of residential areas and public resis-
tance to investments’’, ‘‘T2: External environment: Level of
dependence on international primary fuel sources’’ and
‘‘S2: Commitment to technological adaptation’’ have the
second, third and fourth highest weights with 0.1580,
0.0840 and 0.0804, respectively.

� Step 5. Evaluation vector. The evaluation vector is provided
in Table A6. Each SWOT factor is evaluated by using the set
of linguistic variables given in Table 1.

� Steps 6–10. Fuzzy TOPSIS methodology to prioritize the
evaluated SWOT factors.As a result of Steps 6–10, closeness
coefficients of SWOT factors are obtained and given in the
fourth column of Table 4. The SWOT factor with a closeness
coefficient of 1 represents an ideal SWOT factor. ‘‘O2: Exter-
nal environment: Restructuring of energy markets and
competitive market environment’’ and ‘‘O4: External envi-
ronment: Geo-strategic position of Turkey’’ have the high-
est closeness coefficient value of 0.828302.

� Step 11. Strategy formulation. The ranking orders of SWOT
factors are given in the third and fifth column of Table 4
with respect to the relative importance weights and close-
ness coefficients of SWOT factors. The improvement poten-
tials are available for SWOT factors with high relative
importance weights, but relatively low closeness coefficient
values. As an example, the SWOT factors with ranking order
up to 9 with respect to the relative importance weights can
be considered in strategy formulation. In case of a corre-
sponding ranking order greater than or equal to 3 with
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respect to closeness coefficient, the inclusion of that SWOT
factor in strategy formulation is suggested.

Accordingly, some measures to augment strengths ‘‘S1: Overall
long-term strategy: Long term commitment to security of electric-
ity supply’’, ‘‘S2: Internal environment: Commitment to technolog-
ical adaptation’’ and to eliminate or minimize weaknesses ‘‘W1:
Internal environment: Possible cultural conflicts between state-
owned and private companies’’, ‘‘W2: Internal environment: Finan-
cial problems’’, ‘‘W5: Advanced planning: Synchronization prob-
lems in investment’’ should be conducted. Moreover, some
measures to be prepared for threats ‘‘T1: External environment:
Density of residential areas and public resistance to investments’’,
‘‘T2: External environment: Level of dependence on international
primary fuel sources’’ and ‘‘T3: External environment: Inconsis-
tency in regional political environment’’ should be introduced.
4. Conclusions

An electricity supply chain is a significant supply chain with
electricity as a perishable product. In this paper, an integrated
framework is proposed to analyze an electricity supply chain. In
this study, a holistic view to electricity supply chain is aimed to
understand the interdependencies of processes. This is already
the main motivation of SCM approach for any industry. However,
in an electricity supply chain, since the product is a highly perish-
able product and cannot be easily stored in a large amount, the sig-
nificance of synchronized processes will be more crucial. Thus, the
investigation of the potentials of the concepts defined in SCM liter-
ature is significant for an electricity supply chain. In the proposed
framework, although some dimensions of the general structure
such as core processes and horizontal structure will not be case-
specific, other dimensions will be case-specific and can help ana-
lyzers gain a structured view regarding the specific case. The adap-
tation of the advanced planning framework to electricity supply
chain is contributory for showing the interdependencies of the
planning tasks for different horizon and a need for coordination
among these tasks. An integrated SWOT-fuzzy TOPSIS methodol-
ogy combined with AHP provides structured and prioritized SWOT
factors to identify strengths, weakness, opportunities and threats
with their ranking orders. Based on the defined priority levels, an
electricity supply chain strategy can be formulated. To illustrate
the methodology, the integrated framework is applied to electricity
supply chain in Turkey and the integrated SWOT-fuzzy TOPSIS
methodology is illustrated with a sample set of SWOT factors. As
a next research, a more detailed SWOT analysis can be recom-
mended for the case of Turkey.
Appendix A

See Tables A1–A6.
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