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Abstract—The aim of this paper is to utilize Bayesian
Networks scenario-building method to create a framework for
analyzing the future of Iran’s energy industry. This framework
helps to develop more resilient conservation policies when
faced with uncontrollable, irreducible uncertainty by the ability
to prediction and diagnose scenarios. Also this paper aims to
quantify the scenarios as well as explaining qualitatively. In
this paper, a combination of FMEA for recognition of
significant factors and Agena Risk as an uncertainty modeling
software were used for modeling. Foreign investment in energy
industry, foreign investment and level of energy technology
were identified as the three key criteria and critical
uncertainties of the Iranian energy industry. Using these
critical uncertainties and all the information gathered from
experts, three scenarios were developed the validation of the
model showed via them: Global reconciliation, Separation
aware and good relationships.
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INTRODUCTION

Nowadays every industry is facing critical, and to a large extent,
uncertain changes. Industrial boards are collapsing, new forces
are emerging and competitiveness dynamics are changing. Due to
these changes, suppliers, distributors and consumers are treated in
new and unexpected ways. Since it is not possible to eliminate all
the uncertainties, we have to identify and manage them for design
of a sustainable plan. Neglecting the uncertainties will result in
missing valuable opportunities and rendering a company or an
industry unable to achieve the resiliency[1]. Using a few
contrasting scenarios make it possible to explore the uncertainty
surrounding the future consequences of the probable events[2].
1.1. Conceptual framework
Due to the quick and comprehensive change, accurate
prediction seems unlikely[3]. Increasing rates of complexity and
turbulence make the traditional forecasting and traditional
strategic management methods less precise and applicable[4].
Scenario-based planning has been proven to be effective as a
strategic management tool[5]. Also it is a well-known foresight
method used for developing and planning for possible futures
based on the different scenarios[6]. The aim of the technique is
not to accurately predict the future, but rather to develop better
strategies by overcoming perceptual biases of managers.It is
IJSET@2014

necessary to clarify the uncertainties for better understanding of
the scenarios[7,8,9]
1.2. Uncertainty and the scenario
Obviously we don‟t have any tools to explain how to achieve
a plausible future completely, but it doesn‟t mean we cannot
prepare for a number of possibilities[10] Scenarios help us to
analyze the uncertainties and trends which is shaping the
future[11]. Uncertainty is the unpredictability of the evolution
and events of the future[12]. There are a lot of definitions for the
concept of scenario in the literature: “An internally consistent
view of what the future might turn out to be—not a forecast, but
one possible future outcome” [13] .“A tool for ordering one‟s
perceptions about alternative future environments in which one‟s
decisions might be played out” [9]. “A disciplined method for
imagining possible futures that companies have applied to a great
range of issues” [6]. “Scenario is simply a means to represent a
future reality in order to shed light on current action in view of
possible and desirable futures” [14]. (1) External scenarios are
“internally consistent and challenging descriptions of possible
futures”; (2) Internal scenario is “a causal line of argument,
linking an action option with a goal,” or “one path through a
person‟s cognitive map” [15]. Critical uncertainties are the
surrounding factors of a phenomenon that are difficult to predict,
but have significant impact on the future[14].
We will analyze a system in energy supply chain using some
metrics and analyze energy statue by Bayesian Network (BN)
which is capable to predict performance and also diagnose
possible scenarios.
This paper is organized as follows. In section 2 we will briefly
introduce our methodology and different steps of modeling.
Section 3 provides some of scenarios which are possible in Iran.
Also the application and validation of the model will be shown
through case study scenario analysis in sections 3. Finally it ends
with conclusion.
1.3. Bayesian Networks
A BN is a way of describing the relationships between causes
and effects, and is made up of nodes and arcs. The nodes
represent variables .The arcs in a BN represent causal or
influential relationships between variables. Each node has a
probability function which consists of initial probability (for
nodes without parents) or conditional probabilities related to
different combinations of parent nodes.
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Bayes' theorem expresses the relation between the dependent
variables. Bayes theorem uses a probabilistic knowledge of a
hypothesis before any observation, and then presents an estimated
number for the hypothesis after the observations.
Bayes theory expressed as (1):
(1)
The ability to model and reason about uncertainty is one of
the main capabilities of BNs. We can use Bayesian probability to
different types of analysis by entering the probabilities. We can
enter several number of observations anywhere in the BN and see
the probabilities of all the unobserved variables. We can refer to
other features of BNs as follows:
1- Explicitly model causal factors: This key benefit is
differed from classical statistics because in this case
prediction models developed by incomplete data.
2- Reason from effect to cause and vice versa (forward and
backward propagation): by entering observed value on
every variable, we can see the probability distributions
for every unknown variable. So entering an observation
in an “effect” node will result in back propagation. In
fact, diagnostic ability of BN is not possible in other
approaches.
3- Reasoning with incomplete data: Instead of traditional
modeling methods, we can use model just by entering
some evidence of inputs. As we mentioned before, the
model produces revised probability distributions for all
the unknown variables when any new observations are
entered. If no observation is entered then the model
simply assumes the prior distribution.
4- Combining different types of evidence: A BN is
“agnostic” about the type of data in any variable and
about the way the NPTs are defined. We can combine
both subjective beliefs and objective data in modeling.
The first practical application of BN was the classical problem
of medical diagnosis[16]. Companies like Microsoft used these
networks
for
fault
diagnosis,
specially
printer
troubleshooting[17].
In recent years using of BNs has increased and various
applications were created, but its application in suggesting energy
policies and energy management is a new problem that we are
going to discuss it.
2.

METHOD

The best model will be attained when a balance occurs
between competencies and weaknesses of a model [18]. In order
to define this balance, experts should decide based on situations.
Accuracy and number of variables have essential roles in model
validation, because few numbers of variables cannot cover all
parts of the problem and on the other hand more number of
variables can disrupt effectiveness of model [19]. There exist a
lot of tools for determining risk. The most common method is
Failure Method and Event Analysis (FMEA) which was
developed by NASA in 1963. In this method a number between
one and ten was assigned for severity and occurring probability
of each variable, so that bigger numbers show more criticality
IJSET@2014
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and importance. Risk ranking is based on two parameters and
calculated using (2):
(2)
The bigger the number, the more critical is the factor. After
literature review and several brainstorming sessions held with
experts, 31deriving forces determined in 4 groups. Then some of
metrics which their RPN were bigger than 60 were selected as a
base model for performance metrics. The goal is to prepare a
flexible model that is representative of real statue.
Expert opinion can be elicited to create a Bayesian Belief
Network. A common technique for validating BNs based on
expert opinion in the absence of complete data, is simply asking
the experts whether they agree with the model structure,
discretization, and parameterization or not [18].
The common cause for the nodes is considered as a „ranked‟
variable with three levels: low, Medium, and high. In this study,
the new systematic approach in determining the probabilities of a
BN, proposed by [20] is used.
Imagine a case that there are n states S1, S2, …,Sn of a prior
node N, and we should identify the probability of each state Si,
i.e., P(Si). Usually, P(Si) is specified directly by experts opinion
which derived from their knowledge and experience, but this
became so difficult when we have several number of states.
The prior probability of each state of a node can be
determined by the following pair-wise comparison matrix:
Table 1. pair-wise comparison matrix for prior nodes probability
S1

S2

…

Sn

ω

S1

a11

a12

…

a1n

ω1

S2

a21

a22

…

a2n

ω2

…

…

…

…

…

…

Sn

an1

an1

…

ann

ωn

max

CR

CI

aij means “which one is more likely to occur and how much
more likely?” and the value of aij represents the multiple of the
likelihood of the presence of Si over that of Sj. Obviously aji =
1/aij and aii = 1, so there are n(n − 1) different comparisons in the
above pair-wise comparison matrix.
Table2. Random consistency index
N
1 2
3
4
5
6
7
8
9
RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45
We derive the probabilities of the wi from Eigen vector
w=(w1,w2,..,wn)T of matrix Si. We should accept the pair wise
comparison in which the consistency of it( CR=CI/RI) is less than
0.1. CI is the consistency index and calculated by max n/ n-1
and RI is a random index related to n and max is the maximum
eigen value corresponding to w. Sum of the all elements is 1 and
we shows the importance of Si, so P(Si) =wi
Regarding the probabilities of child nodes, they constituted of
parent nodes with a special weight. Note that, some of the factors
(Energy consumption per capita, Rate of energy consumption
growth, Sanction and War/terrorist attack) have a negative impact
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Economical

Political
Technological
Technological
Technological

Goal of scenario project

Technological
Strategic level of analysis

Definition of Stakeholder

Political
Economical

Participants

Time horizon

Finally, We used this framing checklist to prepare a scenarioplanning process for the Iranian energy industry to envision the
possible futures the industry may face. We decided to focus on a
time horizon ending in the year 2025 (the time horizon of
Iran's 20-Year Perspective Document). Academic members of top
Iranian universities such as Sharif University of Technology and
Amirkabir University of Technology, as well as experts from the
Petroleum and Energy Ministries and the Department of
Environment, agreed to participate in the scenario-building phase
and in the perception analysis for which they provided the
internal view of the industry.
2.3. Phase Two: Explore
In this phase, we explored many driving forces that could shape
the focal issue. Driving forces are the forces of change outside the
IJSET@2014

Political

Political

Environmental

Economical
Political
Social
Social
Economical

Reference

2.2. Phase One: Orient
The aim of this phase is to clarify the issue at stake and to use
that issue as an orienting device throughout the remaining four
phases.
For this purpose, we developed the “framing checklist,” a tool
that specifies the goal, persons involved, and any other key
characteristics of the process. The checklist consists of five
simple questions for which the answers need to be agreed upon
before starting to plan the scenario.
Table 3. Framing checklist

Rate of energy
consumption
growth
Energy
consumption per
capita
Dependance to
energy carriers
import
Levelof
energytechnologies
Final energy use
vraiety
Empty capacity of
the energy
production
Total oil reservoir
Foreign investment
in energy industry
Energy intensity
Foreign policy in
relation to other
countries
Geopolitical trends
which prevailing in
international
markets
Environmental
regulations
regarding the
energy
consumption
Energy exports
Changes in global
energy prices
Changes in energy
consumption
patterns
Targeting Energy
subsidies
Risks of
investment in

RPN=PxO

Economical

Probability
(P)
Occurrenc
e(O)

Table 4. Driving forces
Driving
Forces

2.1. The basic process
The following description of the basic process is intended to
explain what is involved in scenario development. [22]
Phase1: Orient including interviews and focal issues.
Phase2: Explore including Critical uncertainties, predetermined
elements
Phase3: Synthesize including Bayesian Network, Scenarios
Phase4: Act including Implications, Strategic agenda
Phase5: Monitor including leading indicators and monitoring
system

energy industry that will shape future dynamics in unpredictable
ways. Driving forces include factors within a closed-in working
environment, such as developments related to the stakeholders or
the community, or shifts in the broader environment—whether
social, technological, economic, environmental, or political.
In our case, we performed two steps to identify what driving
forces could shape the future of the Iranian energy industry. First,
We created a list of driving forces by brainstorming among our
expert panel. Then, We did a comprehensive literature review on
the factors affecting the future of the Iranian energy industry (See
Table 4).
complete content and organizational editing before formatting.:

Type

on energy management, and we considered their states from High
to Low.
Over the last 40 years, authors have developed different
approaches to scenario planning[21] .The consulting company
GBN and the Royal Dutch Shell approaches are the most
influential ones among them. In this regard, the Van der Heijden
and Shoemaker approaches have the most citations[10]. Although
these approaches differ in their details, the majority have
common characteristic process steps.
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Figure 2. BN model of Enery management
3.

THE SCENARIO-BUILDING

One of the most common and reliable ways to create
scenarios is to give scenario on these critical uncertainties and
see what will happen.
Prior nodes which do not have parents are sensible criteria for
managers. In fact, managers can make changes in prior nodes
based on the predictive and diagnostic results. Fig. 3 and Fig. 4
provide a ranked tornado graph for sensitivity analysis and their
impact on energy management for factors and prior nodes
respectively. As we see political factor is the most important
factor for energy management and it can change energy
management between 0.3 and 0.63 in different states. As shown
in Fig. 6, foreign investment, foreign policy and Level of energy
technology were identified as the three key factors and critical
uncertainties in different scenarios of the Iranian energy
industry.

2.4. Phase Three: Prioritization
In phase three, we synthesized and combined the driving
forces that were identified to create scenarios. We identified
numerous driving forces, some of them extremely different from
one another. While all driving forces have an impact, they are not
equally important. Phase three is a narrowing phase in which we
cull and refine our driving forces to just a handful. We started
prioritizing using FMEA which is based on two criteria: (1) the
degree of uncertainty (2) the probability of occurrence. The goal
of prioritization was to identify the two or three driving forces
that are both most uncertain and most important to the focal
issue. These driving forces are our “critical uncertainties,” and
they are the foundation of our scenario set.
We refined the driving forces that were gathered in the prior
phase by performing FMEA. After applying FMEA, the base
BNs has showed in Fig. 2.We have considered energy
management node as a continuous node between 0 and 1. Like
reliability, the bigger this index is, the more it is better and vice
versa. For visualizing the result of the analysis, we used Agena
Risk software.

Figure 3. Tornado graphs of factors for expected value of energy
management

Figure. 4. Tornado graphs of driving forces for expected value of
energy management
IJSET@2014
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Using sensitivity analysis by tornado graph, we see that foreign
policy and foreign investment have more impact on energy
management, so we selected the most important criteria and
defined scenario for them.
Basically anything that is not measurable, it is not manageable.
The purpose of risk modeling is to get insight into the system
performance, represent or express the uncertainties, identify the
risk contributors and see the effect of changes. [37] referred to
the concept of sensitivity as a method of testing the predictive
validity of expert- elicited networks.
Three main scenarios were developed: Global Reconciliation,
Separation, and self-sufficiency.
3.1. Global reconciliation is the key
For the first scenario analysis, we have considered a scenario in
which foreign investment and foreign policy are in High state,
and other variables are in their default state. Energy management
is expected to become better comparing to the base state. As we
see in Fig. 5., Energy management has skewed to high and
became 0.58. See Fig. 5., for the details.
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dynamics of internal and external components (both fixed and
variable) not only has a broader representation but also given the
open geopolitical space, it has a proper field for converting
threat factors to opportunities and a favorable context for
reaching strategic objectives in the form of designing a
comprehensive geopolitical strategy. Third, in order to achieve
comprehensive interests in the form of strategic considerations
in the international system, Iran should formulate its geopolitical
strategy with a careful study of geopolitical strategy in
neighboring countries and paying attention to the precedence of
Iraq, Turkey, Azerbaijan, Bahrain, Saudi Arabia, United Arab
Emirates, Qatar, Kuwait as well as by identifying regional
interests of other neighboring countries. In the 21st century, the
axes of strategic thinking are based on the collective security
arrangements and geopolitical systems. Accordingly, Iran‟s
geopolitical components and axes are in such a way that with
coherence and continuity in strategic areas of other countries in
the region, observance of conformity with them is also
necessary; otherwise, it will lead to threat formation through
strengthening of crisis.
3.2. Be aware of seperation
In second scenario we evaluated energy management supply
chain when both foreign investment and foreign policy are in
contrast with scenario one. We set them in Low state and see its
effects on the model. In this case, „Energy management‟
decreased to 0.35. Note that, neither foreign investment nor
foreign policy individually can‟t decrease „energy management‟
performance up to this extent. Fig 6 provide the details for
second scenario.

Figure 5.Model statue for the first scenario.
Energy industries in Iran, especially oil and gas, are the main
fields in which energy management should be implemented.
These industries require development of multiple scenarios and
based on appropriate strategies to develop and promote this
industry consistent with the world. With this vision, it seems that
the realization of Iran‟s geopolitical potential in terms of foreign
policy strategy on the basis of geopolitical and with the aim of
providing optimal national interests, needs consideration of the
following issues: First, restoring and strengthening the
geopolitical, geo-economic and geo-cultural situation of Iran in
international interactions to realize the strategic benefits depend
on the identity elements of Iranian foreign policy with the
component of „„Iranian characteristics‟‟. Because being Iranian
is the main component and other aspects of identity are the
second. Therefore, by weakening the main component, negative
function of its second components are reflected in external
relations. Conversely, it leads to higher national and
international authority for Iran. Second, since each country‟s
geopolitical importance varies based on the atmosphere of
regional and global relationships and trends in international
politics, this condition for the Islamic Republic of Iran given its
IJSET@2014

Figure 6. Model statue for the second scenario
As shown in Fig. 6., when the foreign investment and
foreign policy are in the low status. This scenario would be
appeared when the diplomatic relationships does not have a large
priority in the foreign policy. It is obvious weak diplomatic
relationships cause to distrust among the investors.
Consequently second main factor, foreign investment falls down.
In fact, this scenario is a simple simulation indicate how
neglecting from diplomacy will affect negatively the energy
management performance.
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3.3. Good relationship
Predictions of probable happenings help the managers and
provide them a better view for management of company. In 3 rd
scenario we want to know the state of prior nodes of economical
and political factors. In what state should the economical and
political parents‟ nodes be, if we know social and technological
are in medium state and we want to increase energy management
performance to 0.6. After entering observations and running the
model, trend of all the prior nodes of economical and political
factors goes toward High state. For instance, we see that parent
nodes of economical and political factors changed positively.
Results of this scenario give us worthy information, in a case
that we want to improve energy management and also we have
constraint in some variables. We can see other changes occurred
in prior nodes and compare them with base state in Fig. 7.
The result could be summarized in two main issues:
Attention to economic and political security with regional and
global priorities
1- Iran is able to achieve an economic security with regional
and then international priority, by considering the Muslim
world geo-economic facilities and its geopolitical position,
not only it does not need militarism procedures, but also
this actualizes the action capacity of the country, and leads
to sustainability and development of excellence in regional
power and even its international presence with the lowest
cost.
2- Energy sectors cooperation with Ministry of Foreign
Affairs of Iran. Given the close relationship between
production and energy supply security in Iran and political
stability and interactive relationships with countries having
technology or energy consumer countries, it seems that
more cooperation between oil and gas sector and the
Ministry of Foreign Affairs of Iran and decision makers is
necessary. Due to security concerns and Iran‟s nuclear
activities and widespread international sanctions against the
regime, advancing the industry that has long been tied and
will be tied to economy, society and foreign policy of Iran,
is a very large art which is given to the experts of
international energy area and internal and foreign policy.

Figure 7. Model statue for the third scenario.
IJSET@2014
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4.

CONCLUSION

In this paper we used a BN framework for modeling
foresight and strategic planning in Iranina energy industry. We
used Agena Risk software for modeling uncertainties. After
clarifying the main issue, we gathered 32 driving forces by
comprehensive literature review and a brainstorming process.
Then we identified critical uncertainties among these driving
forces by FMEA. Also we identified the importance of each
criteria and its impact on Energy Management performance by
criticality analysis. We developed three main scenarios for
visioning the plausible futures which Iranian energy industry
will be faced. Foreign investment in energy industry, foreign
investment and Level of energy technology were identified as
the three key criteria and critical uncertainties of the Iranian
energy industry.
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