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Abstract

Sustainable energy development is one of the requirements for the continued growth and sustainable
development of societies and humanity. The main purpose of this study is to plan the supply of sustainable
electricity by share of each type of the share of different power plants in the country.

The methodology of this study is applied based on the purpose and has been done by mixed method
(documentary, qualitative and quantitative). This research has been collected and analyzed using the data
obtained from the study of documents, using (selected model) MESSAGE software and in the form of three
reference scenarios, energy sustainability and high fuel price, the optimal composition of the country's power
plant until 2050 has been investigated and proposed.

Based on results and the model outputs, the optimal power plant composition in the form of energy
sustainability scenario is the priority of combined cycle, nuclear and renewable power plants, respectively.
Also, according to the findings, nuclear power plants are in the second place in the reference scenario and the
sustainability scenario, and in the third place in the fuel price increase scenario. The results obtained from this
study, considering the need for sustainable development of electricity in the country and according to the
upstream documents and laws, it is necessary to prioritize the development of power plants, respectively.
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Introduction

Sustainable energy development in societies is considered as a requirement for sustainable development of
countries. In Iran in recent years, the supply of electricity with an average annual growth of 15.1 percent and
its consumption with a growth of 15.4 percent is increasing. Available data indicate that the electricity deficit,
especially in recent years, has been achieved through electricity imports, while the average growth of energy
supply and demand in the world is lower than in Iran. According to the performance report of the water and
electricity industry in 2020, it is observed that the total installed capacity of power plants in 2016 compared to
2015, has increased by about 2.2 percent, while in the same year, the energy sent abroad increased by 19.4%
compared to the previous year and the energy received abroad increased by 103.1% compared to the previous
year.

There are important and influential variables in national electricity supply planning, including the type of
electricity generation technology, final electricity demand, base year and time horizon, load areas, resource
constraints and performance constraints, as well as technical and economic specifications, power plants pointed
out. This is done in most countries through existing models, the most important of which are the following
models: MARKAL, LEAP, MESSAGE, WASP, ....

Methodology

Energy models are a standard tool for energy planning. In recent years, many efforts have been made to
formulate and implement energy planning strategies and various energy models have been proposed in the
world. Some of these models have also been implemented in Iran. In this study, the above four models were
investigated. In order to select a suitable model for planning the supply of electricity in Iran, the above 4
models with the following indicators were reviewed and evaluated: Objectives, Model assumptions,
Methodology, Geographical coverage, Time horizon, Inputs and Outputs.

Results and Discussion

The present research is based on an applied purpose and is a mixed method (documentary, qualitative and
quantitative). In this study, the collection of statistics and information, capabilities and bottlenecks of energy
supply planning models from the perspective of inputs and outputs as well as previous studies have been
studied. The information obtained in this step made it possible to select the appropriate software. The data
required to implement the model were performed using the official statistical sources of the country. In order
to select the appropriate model, at first the most appropriate software based on AHP method to determine the
optimal composition of power plants in the country and then using selected software (MESSAGE) to determine
the optimal composition of power plants in the horizon of 2050 was taken.

The hypotheses and main questions of this research are:

Hypothesis 1: The MESSAGE model is the most compatible model for planning the supply of electrical energy
with the environment in Iran.

The research questions are as follows:

Question 1: What is the optimal and sustainable composition of the country's power plants in the long run
based on environmental considerations?

Question 2: What is the position of nuclear power plants in the optimal and long-term sustainable composition
of the country's power plants?

Model selection

To select the most suitable model, the hierarchical process method was used, so that by selecting the
appropriate indicators and receiving the opinion of experts, different models of sustainable electricity supply
planning for Iran were reviewed and compared by 9 indicators. The decision model for selecting the
appropriate model was completed according to the designed questionnaire in the form of pairwise comparisons
of the introduced models.

After determining the weight of the nine criteria, in the next step, 4 energy supply planning models were
compared in pairs based on each criterion. Then, in order to integrate the relative weights, the weight matrix
of the indicators for each energy supply model was multiplied by the weight of the indicators and the energy
supply models were ranked. Based on the obtained results, MESSAGE model with a score of 0.1387 and then
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LEAP model with a score of 0.0902 are the most suitable models for energy supply planning in Iran. Based on
this, the hypothesis of the present study is confirmed.

Determining the optimal composition of the countries power plant

According to previous studies, in order to study and evaluate the energy supply system, it is necessary to
consider the interactions of different sub-sectors. For this purpose, the concept of "energy reference system" is
introduced, which is used as a framework for analyzing supply models. In this study, the year 2018 as the base
year of calculations and planning horizon of energy supply is equal to the total length of the study period in
terms of years, which was considered from 2020 to 2050 in 5-year sections. Also, the final demand for
electricity was exogenously applied in the electricity supply model. According to the forecasts of the Ministry
of Energy, the demand for electricity will be a maximum of 762 TWh at the end of the study period. The
forecast of the final electricity demand trend during the planning period 2018 to 2050 has been estimated
assuming a decrease in demand, so that from the beginning of the period to 2035 the annual growth of final
electricity demand is about 4%, from 2035 to 2045 about 3% and from 2045 About 2.5% has been applied
until the end of the period.

In this study, the load areas intended for modeling the country's electricity supply system, the limitations
applied in the model and also the technical-economic specifications of power plants, are predicted and applied,
as well as scenarios. Also, the scenarios considered in the implementation of the model are: 1) "reference"
scenario, 2) "high fuel price scenario" and 3) "energy sustainability scenario"

In response to question No. 1, At the beginning of the period (2018) is equal to 80 GW, which with a growth
of 3.04 percent per year at the end of the period will reach 244 GW based on the reference scenario, which is
reduced to 66 GW based on the energy stability scenario and At the end of the period, with an annual growth
of 2.11 percent, it will reach 177 GW. Also, in the scenario of high fuel prices, the installed capacity has been
reduced to 221 GW with an annual growth of 2.75%.

The position of nuclear power plants

The position of nuclear power plants in the optimal and long-term sustainable composition of the country's
power plants (Answer to Question 2 of this study), given that the proposed capacity to install nuclear power
plants by 2050 in all three scenarios is the same and about 20,000 MW The optimal trend of electricity
generation in the reference scenario by various nuclear power plant technologies at the end of the program
(2050) will account for about 12 percent (12.29) of the share of electricity generation. In the scenario of energy
sustainability, it will account for about 19% (18.96) and in the scenario of high fuel prices, it will account for
about 18% (17.84) of electricity production. Therefore, the position of nuclear power plants in the optimal and
long-term sustainable composition of the country's power plants was obtained as follows.

Conclusion

Based on results and based on the model outputs, the optimal power plant composition in the form of energy
sustainability scenario is the priority of combined cycle, nuclear and renewable power plants, respectively.
Also, considering the need for sustainable development of electricity in the country and according to the
upstream documents and laws, it is necessary to prioritize the development of power plants, respectively.
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