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Abstract

The main purpose of this study is to investigate and evaluate the status of energy indicators for sustainable development
in Iran in three areas: social, economic, and environmental. For this study, energy indicators for sustainable development
have been studied and calculated based on the method introduced by the International Atomic Energy Agency. In this
method, 30 indicators in three areas of social (4 indicators), economic (16 indicators), and environmental (10 indicators)
are introduced.

The research method in this study was applied in terms of purpose and library (documentary) and field (qualitative and
quantitative) in terms of collecting statistics and information. The statistical population of the research in the stage of
identifying and measuring energy sustainability indicators was experts in the field of energy and environment.

Out of 30 energy indicators for sustainable development, according to experts, 17 indicators were selected as the final
energy indicators for sustainable development in Iran (2 social indicators, 11 economic indicators, 4 environmental
indicators) and 13 indicators due to lack of statistics were deleted. The amount and size of each of the indicators were
measured and evaluated separately.

Regarding the status of the indicators, the results obtained indicate that: The status of electricity access indicators and the
share of household income paid for electricity is favorable. Also, the status of the indicators of the ratio of reserves to
production, areas whose acidity is too critical and the ratio of radioactive solid waste to the unit of energy produced is
relatively favorable. Status of other indicators, including: per capita energy consumption, the ratio of resources to
production, the intensity of energy consumption in industry, agriculture, services, households, and transportation, the
share of fuel in energy and electricity, the share of non-carbon energy in energy and electricity, the share of renewable
energy in energy and concentration of air pollution in urban areas are undesirable.
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Extended abstract
Introduction
Iran's 20-year vision document is a document to explain the horizon of Iran's development in various cultural,
scientific, economic, political and social fields. The solar year 1404(2025) is the horizon of this vision. In the
horizon of this perspective, Iran will be a developed country, with advanced knowledge and proper distribution
of income and benefiting from a favorable environment (The Islamic Council of Iran, 2003). In other words,
the vision document implicitly seeks to achieve the goals of sustainable development. According to the
definition of the World Commission on Environment and Development, sustainable development is
development that meets the needs of the current generation without creating problems in the ability of future
generations to meet their needs. The country's energy sector is one of the most important sectors of the industry,
which, in addition to supplying domestic energy, is also responsible for a major share of the national gross
income. (Zahedi & Najafi, 2015).
Sustainable development of energy in societies is considered one of the requirements of sustainable
development of countries. Topics such as; The increase in energy demand, the use of fossil and renewable
fuels for energy production, investment in the development of various types of energy carriers, energy
production technologies, etc. are among the basic issues in every country. Measuring the state of the country
from the point of view of sustainable energy development indicators and comparing it with the existing
standards in the world is very important as identifying the current situation. Also, this important starting point
for energy planning in its various fields is considered based on predetermined goals.
The issue of energy indicators for sustainable development has been started mainly by researchers in this field
since 2004. The first studies in this regard were carried out by the International Atomic Energy Agency(IAEA)
and other international organizations under the title of sustainable energy development for the countries of
Brazil, Cuba, Lithuania, Mexico, Russia, Slovakia and Thailand between 2002 and 2005 (UN & IAEA, 2015).
In these studies, while introducing MESSAGE and MAED energy supply indicators and models, energy
indicators have been calculated from the perspective of sustainable development and the optimal combination
of power plants in the country in question has been determined in a 30-year horizon.
In this study, the indicators of sustainable energy development (EISD)! in Iran were determined and measured
based on the indicators of sustainable energy development introduced by the IAEA, and then these indicators
were evaluated and monitored in the country.
In this regard, the current research seeks to answer the following questions:
— Considering the lack of information and statistics and other structural limitations, what are the available
energy indicators for sustainable development in Iran?
— What are Iran's energy indicators for sustainable development in social, economic and environmental
fields?
— What is the status of energy indicators for sustainable development in Iran in three social, economic and
environmental fields?

Methodology

The current research is based on practical purpose and is a mixed method (documentary, qualitative and
guantitative). This research approach has been achieved by combining two sets of qualitative and quantitative
approaches. In this research, the subject under study has several aspects, and for this reason, a mixed method
was used to facilitate the research process and understanding of the investigated issues. In fact, the data
obtained from the qualitative and quantitative document study has been collected and analyzed. In this report,
identification, measurement and weighting of energy indicators related to sustainable development in Iran have
been done.

In the first stage of the study, which deals with the identification and measurement of energy indicators for
sustainable development in Iran, the necessary information and statistics have been collected based on the
country's official statistics sources and in the library method (documents). Also, in order to determine the
weight of energy sustainability indicators in the field and to get the opinion of subject matter experts,
information has been collected using the Delphi method. In order to identify, measure and weight energy
indicators in Iran (in three social, economic and environmental fields), Shannon's entropy and CVR's relative
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content validity coefficient have been used. One-sample t-test was used to determine the desirability status of
indicators in Iran.

Results

In order to identify the energy indicators for sustainable development in Iran, among the 30 indicators proposed
by the IAEA (4 indicators in the social dimension, 16 indicators in the economic dimension and 10 indicators
in the environmental dimension), the researchers conducted a survey of experts. In order to determine the final
indicators from the point of view of the available features and available statistics and sent it to the experts. The
obtained results showed that from the point of view of subject experts, among the 30 indicators of the
International Atomic Energy Agency, it is possible to access and collect information about 2 social indicators,
11 economic indicators and 4 environmental indicators, and therefore, a total of 17 indicators from the total
The investigated indicators were confirmed.

After identifying the indicators with the opinion of experts, they were weighted using the Shannon entropy
technique. The use of Shannon's entropy technique has advantages such as software and systematic weight
calculation, based on experts' opinions, more consistent pairwise comparisons and higher reliability results.
The results of Shannon's entropy for weighting energy sustainability indicators in three social, economic and
environmental fields are as follows.

Tablel. Shannon entropy results for EISD indices of Iran

Fields Indicator Weight
Socl | Share of households (or population) without electricity or 58
. . commercial energy, or heavily dependent on noncommercial
Social Indicators energy
of energy Soc2 | Share of household income spent on fuel and electricity 42
Total 100
Ecol | Energy use per capita 12
Eco4 | Reserves to production ratio 10
Eco5 | Resources to production ratio 7
Eco6 | Industrial energy intensities 8
. Eco7 | Agricultural energy intensities 7
|r[1£dciggt%rpslf)f Eco8 | Service/ commercigl energy intensities 6
energy Eco9 | Household energy |nten_5|_t|es 6
Ecol0 | Transport energy intensities 8
Ecoll | Fuel shares in energy and electricity 12
Ecol2 | Non-carbon energy share in energy and electricity 11
Ecol3 | Renewable energy share in energy and electricity 13
Total 100
Env2 | Ambient concentrations of air pollutants in urban areas 33
. Env5 | Soil area where acidification exceeds critical load 20
Enw_ronmental Env8 | Ratio of solid waste properly disposed of to total generated solid 23
Indicators of waste
energy Env9 | Ratio of solid radioactive waste to units of energy produced 24
Total 100

In order to determine the status of each of the indicators of sustainable development in Iran in three social,

economic and environmental areas, based on the desirability, the amount and amount available for each of the

indicators, taking into account their standard/permissible/average limit, is measured and evaluated. It should

be noted that this evaluation was done with the help of one-sample t-test.

The amount and size of each of the indicators:

1. The share of households that do not have access to electric energy was zero in urban areas and about 0.3%
in rural areas

2. About 3.1% of the total expenses of urban households and 9.1% of the total expenses of rural households

were allocated to energy

Per capita energy consumption in Iran was 1.7 times the global average per capita

4. The ratio of oil reserves to production was 0.010 and the ratio of natural gas reserves to production in Iran

@
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was equal to 0.006
. The ratio of resources (oil, gas and mines) to production was about 0.01
Energy consumption intensity in industry 1.64
Energy consumption intensity in agriculture 0.58
Energy consumption intensity in services 2.09
Energy consumption intensity in households 2.17 and
Energy consumption intensity in transportation 7.70 barrels of crude oil equivalent per million Rial
The share of fuel consumed by the country's power plants: The calorific value of the consumed fuel per
megawatt of electricity produced is equivalent to 3.8 billion kilocalories
12. The share of carbon-free energies including hydro, solar and nuclear power plants (hominal capacity) of
the total nominal capacity was 15.7%
13. The share of renewable energy including hydro, wind, solar, biogas and heat recovery power plants
(nominal capacity) of the total nominal capacity was 17.0%
14. The concentration of air pollution in urban areas based on carbon monoxide pollutant was 2.63 (ppm) and
suspended particles above 10 microns was 72.58 (jug/m?®)
15. There were no areas with critical acidity in Iran
16. The ratio of solid waste to total waste produced was 0.35
17. The ratio of radioactive solid waste to the unit of energy produced was 3.75 grams.
(Ministry of Energy, 2015-2019)/ (Shahbazi & Besharati, 2013)/ (Rastegari & et al., 2019)/ (Habibi & Horkard,
2005)/ (Ministry of Petroleum, 2016).

RB©o~NOo O
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Conclusion

The main results of this study are related to examining the favorable or unfavorable status of sustainable energy
development indicators in Iran. Regarding the desirability status of the indicators, the obtained results are: the
indicator of the status of access to electric energy and the indicator of the share paid from household income
for electric energy were evaluated as optimal. The status of the indicators of the ratio of reserves to production,
the areas whose acidity is more than the critical level and the ratio of radioactive solid waste to the unit of
energy produced is relatively favorable, but the status of the indicators of per capita energy consumption, the
ratio of resources to production, the intensity of energy consumption in industry, the intensity Energy
consumption in agriculture, intensity of energy consumption in services, intensity of energy consumption in
households, intensity of energy consumption in transportation, share of fuel in energy and electricity, share of
carbon-free energy in energy and electricity, share of renewable energy in energy and concentration Air
pollution in urban areas is undesirable. In addition, the status of the ratio of solid waste to total waste produced
is uncertain.
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