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Scenario writing is a way to draw the future workspace. Different
scenarios suggest different strategies that will have different
applications. In the process of scenario writing, real options are found
to decide what goals should be chosen and what the means to achieve
those goals could be. This article has extracted the descriptors and
modes that have been adapted to Iran's conditions after the discussion
and exchange of opinions in the expert meetings. Next, the Cross-
Impact Balance (CIB) was formed to evaluate the parameters relative
to each other, and the simulation of descriptors and states was
performed in the ScenarioWizard software. The results introduced 9
scenarios to achieve different goals in the state space. They followed 7
scenarios of technology development in the energy sector and two
scenarios of technology development in the strategic sector of industry
and mining. In the results, it was found that 8 descriptors were
compatible in only one state and the remaining 5 descriptors found
meaning in more than one compatible state. The development of
distributed generation up to 15 thousand megawatts to expand the
systems of combined heat and power, as well as use in areas far from
the grid, and determining the penetration rate of renewable sources of
10 thousand megawatts in the country's electric energy network were
among the important numerical states selected in the descriptors.
Expanding international relations, attracting foreign capital, using
domestic government credit resources such as the budget and credits of
the National Development Fund of Iran, the development of targeted
industrial knowledge-based companies according to the needs of the
country and simultaneous attention to planning, infrastructural and
operational parameters were considered important in the discussion of
the resilience of the power grid from the selected non-numerical states
At the end of the results, battery, hydrogen and pumped-hydro storage
were selected as the preferred technologies.

Introduction

The development of energy storage technologies

The development of energy storage technologies
and systems is one of the implementation plans
emphasized in  many strategic development
documents of the Islamic Republic of Iran. The
foresight of the officials of this field in the
implementation of the country's strategic plans
leads to less dependence on fossil fuel sources,
greater social welfare and increased competition in
the energy market.
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in the country will lead to the progress of various
sectors such as transportation, information
technology, industry and mining. In addition,
progress in the energy sector will also be evident at
a faster rate than other sectors. The main challenge
with the penetration of a large percentage of
renewable energies in the near future will be that
policy and executive officials should choose which
of the types of energy storage sources. A process
that decision-makers in the energy field must
identify solutions and determine the right path of
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investment years before the maximum penetration
of renewable energies.

For this purpose, one of the ways to explain the
future paths for energy storage systems with a
comprehensive review is to express the
solutions in the form of scenarios.

After a general review of the studies regarding
the external and internal status of energy storage
technologies, it was concluded that a
comprehensive review of the future of energy
storage in Iran has not been done so far.

The results of scientific studies and review of
upstream documents regarding energy storage made
it clear that 5 general aspects are of interest in this
issue. International relations, electricity industry,
investment dimensions, technological approach and
national challenges and passive defense constitute 5
general factors.

This article has been prepared considering the
general aspects of the development of electrical
energy storage in Iran with the aim of developing
development scenarios for this purpose with the
CIB analysis.

The salient features of this article include 3
items:

1. The characteristics that were used to
determine the scenario in other studies were not
compatible with the conditions of Iran. This article
has proposed the descriptors and their modes
according to the social, political and economic
conditions of Iran.

2. According to the reviews of the authors of
this work, a coherent structure of presenting the
development scenario for the future of energy
storage in Iran has not been provided so far.

3. For the first time in Iran, the parameters of the
energy storage field in Iran have been evaluated
with the CIB analysis and related scenarios are
proposed.

Methodology
Possible stakeholders need to investigate the future
of the presence of storage resources in the energy
basket in the form of scenarios and the possibilities
of using them in different situations. One of the
reasons that this study has taken into account is the
current situation in the country, which is a
combination of foreign relations, the granting of
hidden subsidies, and the impatience of production
and consumption in the energy sector. With the
process of paying attention to the explanations, this
article has attempted to provide scenarios with the
CIB analysis by covering all effective parameters in
the future of electrical energy storage in Iran.

By studying valid scientific sources, the
research team identified the electrical energy
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storage descriptions. Subsequently, using the
knowledge of the team of elite members of the
Shahid Beheshti University of Tehran's Energy
Research Center, the descriptions classified the
descriptions below:

Technological approaches:

1. Development of strategic technologies

2. Storage Strategy

3. Knowledge-Based Development

International Relations:

1. Foreign policy

Investment dimensions:

1. Foreign investment

2. The power of governmental investment

3. Crowd funding and Stock Exchange

National challenges and non-operating defense:

1. Resiliency of the power grid

2. The hidden energy subsidy

3. Energy security

4. Reducing environmental issues

Electrical Energy Network:

1. Penetration rate of renewable energy

2. The development of distributed generation
and smart grid

3. Improvement the load duration curve

After holding numerous bilateral meetings and
the presence of companies and policymakers in the
field of electrical energy storage in elite sessions,
states were measured and the CIB matrix was
completed.

Extraction of Selected Scenarios

According to the evaluation performed by the elite
group, the CIB matrix were completed. With the
modeling in the ScenarioWizard software, the
selected scenarios were obtained according to Table
1 with blue color.

Three scenarios have been selected from the
nine scenarios in Table 1 In the comprehensive
review of compatible scenarios, some of the
features that were considered in the selection of the
proposed items are:

The scenarios should be selected in a way to
cover the development of strategic technologies in
both the fields of energy and industry and mining

2. To take advantage of the potential of the main
storage technologies to control the country's peak
electric energy consumption in different periods of
time.

3. The capacities of the production and
knowledge-based sector should be used in the
development of storage resources.

These three scenarios seem to be the best
choices for the future considering the risks that exist
for other scenarios.
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Table 1. Selected scenarios for the development of electrical energy storage in Iran

Scenario | Scenario
1 2

Scenario 3 Scenario 4

Scenario 5

Scenario 6 Scer;arlo Scenario 9

Development of strategic technologies:
Energy sector

Development of
strategic
technologies:
Industry and mining
sector

Development
of strategic
technologies:
Energy sector

Foreign . Foreign
. . Foreign . .
investment: | . .| investment:
Lo ) investment:
Foreign investment: In the form . In the form
- : Foreign
Foreign direct of - of
. - L direct L
investment is made. | multinational | . multinational
- investment -
cooperation . cooperation
. is made. .
companies companies

Foreign

investment:

Foreign
direct
investment
is made.

Foreign investment:
In the form of
multinational

cooperation
companies

Foreign
investment: In
the form of
multinational
cooperation
companies

Foreign policy:

Development of foreign relations

The power of governmental investment:
There should be no problem in allocating funds and credits of the National Development Fund.

Crowd funding and Stock Exchange:
Movement in this direction should be accelerated.

The development of distributed generation and smart grid:
The growth of distributed generation up to 15,000 megawatts will be accompanied by the expansion of cogeneration systems
for use in off-grid areas. The development of smart networks in the electricity industry should also be pursued.

Resiliency of the power grid:
Planning and infrastructural procedures and operation should be emphasized.

The least
environmental
threats:
. ) The
The least environmental threats:
. ) . . challenges of
There is the least challenge in urban air pollution. .
the country's
water
resources are
in their least.
Development of knowledge-based technology and innovation centers:
Development of purposeful industrial innovation centers.
Improvement
. ) . . the load
Improvement the load duration curve: Improvement the load duration curve: durati
. uration
Daily Monthly .
curve:
Monthly
Penetration rate of renewable energy:
To achieve 10,000 megawatts.
Energy security:
The main criterion is the security of electricity supply.
The hidden energy subsidy:
Do not pay subsidies on fuel and electricity.
Storage
Storage Strategy: Storage Strategy: Storage Strategy: SStorage. ?trategé/:
Hydrogen Battery Hydrogen trategy: umped-
Battery Hydro
Storage

The scenario of focusing on battery storage
technology: the most important sources of pollution
production in metropolises in Iran are power plants
near the city, and gasoline and diesel vehicles. Due
to the unbalance between the production and
consumption of electric energy, it is suggested to
use battery storage complexes and replace them
with power plants around the cities. Also, one of the
ways to solve the second part of the challenge is to
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increase the use of public electric vehicles and
expand the use of electric cars. Electric and hybrid
cars use the battery as a storage system. The use of
these types of cars leads to a reduction in gasoline
consumption and air pollution. On the other hand,
benefiting from the storage system in these cars in
the form of load response plans will make them
participate in supplying the required power of the
network during peak times. The two technologies of
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lithium-ion and lead-acid batteries are the target of
domestic and foreign investment for development.
Lithium-ion battery technology, which is suitable
for mobile storage, is limited in Iran, and foreign
investment should be made in this field in order to
commercialize and increase production. Unlike
lithium-ion technology, lead-acid technology is
available in the country and the production of this
type of battery is cost-effective. This technology,
which is conventional and economical to produce in
the country, is suitable for use in large-scale fixed

storage complexes in power plant applications.

The scenario of focusing on hydrogen storage
technology: This scenario targets the aspect of
transferring technology and diversifying the
portfolio of storage resources. Since even in the best
domestic conditions, the possibility of the public
sector entering into the development of investing in
the diversification of the storage portfolio is out of
mind, a strong private sector, especially the industry
and mining, can make this possible. In various
fields, industries and mines interact the most with
foreign companies. Therefore, in case of
development of international communication and
creation of multinational companies, it will be a
great help to spread this technology in the country.
Therefore, as long as the development of
technology in industry and mining is set as a
criterion, it is suggested to use hydrogen technology
that can store on a scale of several weeks to several
months with the aim of providing energy during
very hot and very cold days of the year.

Scenario focusing on pumped-hydro storage
technology: If there are minimal water stresses, the
best option for storage is to use a pumped storage
power plant. In general, pumped-storage power
plants in their various technologies can be used in
the side market of the power grid and support wind
and solar farms in providing reliability and reducing
the uncertainty of these resources. But it is added
that due to the fact that there are losses in this
method in both open loop and closed loop systems
for sending water to ponds, its use in Iran depends
on the absence of concerns in the field of electricity
and water. Therefore, according to the hot and dry
weather conditions with low rainfall, its use in Iran
has a lower probability of occurrence.

Conclusion

This article deals with the challenge of electric
energy storage in the country with a new and
innovative perspective. This perspective has been
implemented using CIB matrix and its compatible
scenarios have been investigated. This type of
analysis allows comprehensive policies to be
proposed based on these scenarios for storage
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development and even if possible, there are no
contradictory plans in them.

For this purpose, 5 basic areas in the
development of electrical energy storage were
extracted with the titles of international relations,
investment dimensions, technological approach,
national challenges and passive defense and the
country's electrical energy network.

Then, with expert analysis by the research team
and members of the Energy Research Center of
Shahid Beheshti University, as well as a review of
scientific research and policy, 13 descriptors were
formulated, including Development of strategic
technologies in the country, foreign investment,
foreign policy, the power of investment from
national resources, investment in the form of
financial crowdfunding and stock exchange,
development of distributed generation and smart
grid, resilience of the power grid, the lowest
environmental stresses, the development of
knowledge-based technology and the development
of innovation centers in the country, fixing the
imbalance of the consumption curve, development
of the penetration rate of renewable resources in the
energy portfolio, energy security, hidden energy
subsidy and main storage strategy.

Next, CIB matrix was formed and 9 scenarios
were presented in the output by modeling in
ScenarioWizard software. With peripheral analysis
and considering potential and actual potentials in
the country, 3 scenarios were proposed as the
selected scenarios in the country. The development
of battery storage was proposed as the first scenario.
The reason for this choice was the development of
the energy industry through the development of
foreign and domestic investments. The second
scenario was planned based on the development of
hydrogen storage technology. Taking advantage of
the process of peak load of the power grid on a
monthly basis, providing energy needed by
industries and completing the value chain were
mentioned as the features of using this type of
storage. The third scenario was regarding the
development of pumped storage power plant
technologies. This scenario had the possibility of
success in the conditions of the lowest water
tensions and with the entry of multinational
companies.

It seems that in the continuation of this research,
the point of view of electrical energy storage (the
subject of this article) can be extended to the point
of view of energy storage by including the storage
of all energy sources, including natural gas, to a
more comprehensive approach in the country. In
such comprehensive approaches, convergence in
water and energy policies will be more reliable.
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