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Thermal power plants are one of the most important sources of mercury emissions. Mercury
deposition in nature has a negative implication on human health. According to Article 8 of the
Minamata Convention, all parties are obliged to estimate mercury emissions from anthropogenic
sources and provide the best available control technologies. In this research, the analysis of mercury
emissions from Iran’s power sector has been illustrated using the UNEP toolkit and the STIRPAT
model for the period from 2011 to 2021. The average amount of mercury emissions and mercury
emission factor were estimated as 505.6 kg and 1.85 kg/TWh respectively. The average emission
factor of mercury for natural gas, heavy oil and gas oil combustion was calculated as 0.05 kg/TWh,
14 kg/TWh, and 1.29 kg/TWh respectively. The average amount of the external cost of electricity
generation due to mercury emissions was calculated as 2,616.67 US$/TWh and 5,931.11 US$/TWh
in two scenarios with and without the minimum exposure threshold respectively. The results of the
STIRPAT model, it was indicated that a one-percent increase in factors including population, the
share of electricity generation from natural-gas consumption, and the share of electricity generation
from liquid fuels consumption led to an increase of 14.83, 0.3 and 1.49 percent respectively in
mercury emissions. In addition, as a result of a one-percent increase in factors including gross
national product per capita, intensity of electric energy generation and the share of electricity
generation using non-fossil sources led to a decrease of 4.8, 4.74 and 0.15 percent respectively in
mercury emissions.
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Expanded Summary

Introduction

Mercury is one of the most dangerous environmental pollutants that can cause toxic effects on humans due to its chemical
composition. Article 8 of the Minamata Convention obliges all parties to report the amount of mercury emission from
various anthropogenic sources. Thermal power plants are one of those sources of mercury emissions into the atmosphere.
Between 2011 and 2021, thermal power plants will produce an average approximately 92% of Iran’s electricity. Based
on the very high proportion of electricity generated by fossil fuels, the evaluation of mercury emissions from these sources
is very critical. This paper presents the amount of mercury emissions from Iran's power sector and the factors affecting
mercury emissions from this sector using the STIRPAT model.

Materials and Methods

A toolkit provided by UNEP was used to estimate mercury emissions in Iran's power sector, and the factors influencing
mercury emissions in that sector were determined using the STIRPAT model. In this model, the term "I" refers to the
index of the impact on the environment, the term P is the population size, the term A is a function of the amount of wealth
in terms of GDP per capita and the term T is a function of the level of technology (energy intensity). This model is
introduced by equation (1). In this model, a, b, ¢, and d are the constants of the model, the population factor, the wealth
factor, the technology factor, and the model error rate, respectively. In this research, to investigate other factors affecting
the amount of mercury emissions, such as the consumption of fossil fuel sources and non-fossil fuel sources in electricity
generation, several terms related to the share of electricity generation resulting from the consumption of natural gas (NG),
heavy oil and gas oil as the liquid fuel (LF) and the use of electricity resources including, hydro, renewable and nuclear
energy (NFER) from the country's total electricity generation have been added to equation (1). In this extended STIRPAT
model (Equation.2), f, g, and h are the constants related to the above-mentioned extended parameters.

| —axP’xA°xT%xe Equation.1
| =axP°x A°xTYx NG’ xLF9 x NFER" xe Equation.2
Discussion

According to the results obtained from the STIRPAT model, the order of the effect of positive factors affecting mercury
emissions from Iran’s power sector is illustrated as this expression: population > share of electricity generation due to the
consumption of liquid fuels > share of electricity generation due to the consumption of natural gas. The positive effect of
population factor and the share of electricity generation due to the consumption of liquid fuels is 49.43 times and 4.96
times higher than the effect of the share of electricity generation due to the consumption of natural gas on the amount of
mercury emissions. The significant effect of the population on the amount of mercury emissions shows the effect of this
factor on the demand for electricity consumption in the country, especially in the domestic and agricultural sectors. Also,
the order of the effect of negative factors on mercury emissions from Iran’s power sector is illustrated as this expression:
per capita GDP > intensity of electricity generation > share of electricity generation using non-fossil resources such as
hydro, renewable energy and nuclear power. The negative impact of per capita GDP factor and the intensity of electricity
generation is approximately 32 times higher than the impact of the factor of the share of electricity generation using non-
fossil sources such as hydro, renewable and nuclear power on the amount of mercury emissions from the country's
electricity generation sector.

Conclusions

The results of this study show that mercury emissions from Iran's power sector decreased with a slope of 3.54 kg/year.
The average emission factor for consuming gas oil and heavy fuel oil are 280 times and 26 times higher than this factor
for consuming natural gas, respectively. In addition, the average mercury emissions and its emission factor were assessed
as 505.6 kg and 1.85 kg/TWh, respectively. Develop policies and use new energy-saving technologies to manage
electricity consumption on the demand side, as well as increase the share of electricity generation from non-fossil sources
such as hydropower, renewable energy, and nuclear power, will lead to a decrease in mercury emissions. The effect of
the share of electricity generation from liquid fuels in increasing mercury emissions is approximately five times greater
than the effect of the share of power generation from natural gas. This finding shows that increasing the share of electricity
generation from natural gas is one of the effective methods to control mercury emissions.
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