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Abstract

Energy plays a special role in economic growth, social welfare, improving the quality of life and
security of a society. Power plants are one of the world's major energy suppliers, a set of industrial
facilities that use other energy sources to generate electricity. Power plants use other forms of energy
to generate electricity, such as fossil fuel energy, chemical energy, renewable energy, nuclear energy,
and gravitational potential energy. There are different types of power plants, the main of which are:
steam power plant, gas turbine power plant, combined cycle power plant; nuclear power plant,
hydroelectric power plant and wind power plant, in this study, their advantages and disadvantages
from economic, technical and environmental aspects were compared and analyzed. In general, the
results showed that each of the mentioned power plants has its own characteristics, so their selection
should be based on technical, economic and environmental conditions in each city or country. For
example, among these power plants, although hydropower plants have the highest efficiency (about
%80) and are environmentally friendly, but their construction cost is high, or combined cycle power
plants and nuclear power plants, although relatively good efficiency is about %35, but due to their
technological complexity, there are restrictions on their use.
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INTRODUCTION

Energy plays a special role in economic growth, social welfare, improving the quality of life and
security of a society. Global research shows that there is a direct relationship between a country's
development and the amount of energy it consumes, and therefore the access of developing countries
to new types of energy sources is particularly important in order to improve and improve their
economic situation. Meanwhile, electricity is one of the main and underlying factors for the growth
and prosperity of industrial, economic and social sectors, so that it can be said that one of the
indicators for evaluation and development of countries is the index of increasing electricity generation
and distribution capacity. Various power plants and technologies are used to generate electricity [1-3].

A power plant is a set of industrial facilities that
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was used to light the cave. It was an initiative of Thomas Edison, organized and managed by his
colleague Edward Johnson. The electricity was supplied at a location that could reach power cables
under the railroad without digging the road, which was monopolized by the power company. The first
power plant in New York in September 1882, the Pearl Street Power Plant, was built by Edison for
lighting on Manhattan Island. Which was destroyed by fire in 1890 [4-7].

There are different types of power plants, the main of which are: steam power plant, gas turbine
power plant, combined cycle power plant; nuclear power plant, hydroelectric power plant and wind
power plant (Figure 1). The main purpose of this research is to study different types of power plants
benefits and advantages from economic, technical and environmental aspects.
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Hydroelectric power plant Wind power plant
Figure 1. The main types of power plants.
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Steam Power Plant

The difference between a steam power plant and other power plants is in how steam is generated.
Whatever method is used to generate steam, a large amount of heat must be used to operate the steam
turbines, which reduces the efficiency of the steam power plant. The thermal efficiency of the steam
power plant increases significantly. Therefore, in all places where in addition to electrical energy, a
large amount of thermal energy is needed, a steam turbine is used so that the remaining heat can be
used after electrical work. In steam turbines, the steam released from the last stage of the turbine is
directed by pipes for industrial and thermal uses [8-10].

Ways to increase efficiency and reduce losses in the heating plant:
1. Improve the efficiency of machines and devices by changing their structure and increasing their
power.
2. Reduce the internal consumption of the power plant by using the machines and devices
correctly.
3. Reduce heat loss by recovering heat from distilled water and turbine steam losses.
4. Improve thermal efficiency.

Thermal efficiency can be increased as follows:
a. Reduce the pressure inside the condenser
b. Raising the pressure and temperature of fresh steam
c. Frequent heating of steam
d. Preheating of feed water by steam drawn from the turbine

The disadvantage of this type of power plant is the production of abundant carbon dioxide, nitrogen
oxides, sulfur, etc., which are left in the ground and pollute the environment. The maximum efficiency
of this power plant is 41%, which can be achieved with all available facilities today [11-14].

Gas Turbine Power Plant

A gas power plant is a power plant that operates on the basis of gas cycle and thermal cycles, ie
fluid is the cause of gaseous work and the transfer and conversion of energy is gaseous like air, but in
steam power plants it is the transfer of liquid vapor [15-18]. Gas power plants can also be built from 1
Mw up to over 100 Mw.

Advantage of gas power plant:

Its simplicity: all equipment is mounted on one shaft.

Cheap: because its equipment is low.

Installation is fast.

It is small: In oil rigs, which require a lot of electricity generation, gas power plants should be

used to take up less space.

5. Does not need water: In the main cycle of the power plant, water is not needed, but in ancillary
equipment, for example, to cool the hydrogen used to cool the generator at high speeds, water is
needed.

6. The commissioning of this power plant is fast.

el oA

A steam power plant should not be turned off after commissioning, but a gas power plant is such
that it can be turned on in the morning and turned off late at night. Also, a gas power plant is very
suitable for a peak load, but a steam power plant is not suitable for a peak load.

Disadvantages:
1. Environmental pollution
2. Short life: Turbine and compressor wear
3. High depreciation: turbine blade, compressor blade
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4. Low efficiency
Reasons for low efficiency:
a. Exhaust smoke with high temperature
b. About 1.3 turbine power is spent on compressor. Therefore, it is not allowed for long-term
use in a gas power plant because the cost of fuel consumption is expensive.
5. It is not possible to use solid fuel. (Like coal) because the rotor blades are removed
immediately.

If the operation time is more than 2000 hours per year, steam power plant, if the operation time is
more than 5000 hours per year, hydropower plant is used. In Iran, the main electricity consumption is
domestic electricity (60%) and about 30% is industrial electricity. As a result, 50% of the country's
power plants must be turned on every night; Therefore, most of our electricity generation should be of
the gas power plant type. Gas power plants can also be used in factories due to their cheapness. Gas
power plants are also used in nuclear power plants and are used to cool the reactor, which provides
hot and compressed air to the gas power plant, which supplies electricity to the nuclear power plant.

In gas power plants, they adopt methods to increase efficiency.
1. With the exhaust smoke, it heats the air entering the room: the cycle is more complicated, but
the efficiency goes up.
2. Using a two-stage compressor

The highest efficiency is about 35% when the power plant has a two-stage compressor, a two-stage
turbine and a preheater.

Gas turbines play an important role in energy production in today's era, so many studies have been
done to optimize various components such as air intake, turbine and compressor, combustion
chamber, atomizers [19-23]. In addition, gas turbines are widely used in other industries such as
aerospace industries, which has made them doubly important [24-31].

Combined Cycle Power Plant

One of the most widely used power plants in our country are combined cycle power plants: This
power plant is a combination of two thermal and gas power plants [32-34]. A combined cycle power
plant is far more efficient than a thermal power plant, and another good feature is that it enters the
circuit very quickly! Neka power plant in the north of the Iran-Shahid Rajaei Qazvin power plant-
Shazand Arak power plant-Qom power plant is among these power plants. In addition to having high
efficiency and power, combined cycle power plants also have other advantages:

1. Flexibility

2. Quick starter

3. Suitability to provide base load and periodic performance

4. High efficiency in a wide range of load changes

5. The possibility of using coal and other fuels

The obvious disadvantage of the hybrid cycle is its complexity, because basically two different
types of technology are used in the hybrid cycle.

Hydroelectric power plants, which is one of the combined cycle power plants and is part of
strategic power plants, and energy production in this power plant is such that the production of these
power plants is never permanent and only depends on the time of water leaving the dam mouth! The
production capacity of these power plants is usually low and their only advantage is that they do not
need to spend on raw materials economically! And they actually work with water. Due to their
constant production, these power plants are usually used to control the network frequency! Combined
cycle power plants with an efficiency of more than 50% have the highest efficiency [35, 36].
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Nuclear Power Plant

A nuclear power plant is in many ways shared with a fossil fuel power plant. Both require water
vapor to run the steam turbine, the only difference being that nuclear power plants use steam reactions
instead of fossil fuels.

On the other hand, it can be claimed that the nuclear power plant is the most economical power
plant that is being built in the world today. There are other reasons for using a nuclear power plant to
generate electricity, the most important of which are the cleanliness of this method, the lack of
greenhouse gas emissions and other environmental pollutants. Fossil fuels, such as coal, release
significant amounts of pollutants such as carbon and sulfur into the environment, which are harmful to
human health. Nuclear energy is extremely efficient compared to other sources of electricity. The only
major problem is the provision of equipment and devices for uranium enrichment and its use to
generate electricity, and today this technology is more available to industrialized countries. One of the
disadvantages of this power plant is that the nuclear power plant is very unfavorable for the
production of peak power and should be used only for the production of basic electricity. The
efficiency of nuclear power plants is about 35%.

One of the problems of a nuclear power plant is its construction cost, which includes the cost of
building a reactor, the cost of security issues, the cost of building mining centers, the cost of building
nuclear fuel conversion centers, the cost of building nuclear rehabilitation centers and nuclear storage
facilities for nuclear waste. Each nuclear power plant costs an average of $ 10 billion to $ 15 billion.

Nuclear power generation costs in 2007 were about $ 0.0176 per kilowatt hour, compared to $
0.0247, $ 0.0678, and $ 0.026 for coal, natural gas, and oil, respectively [37-40].

Hydro Power Plant

Hydropower plants use gravity and solar power to generate electricity. Water evaporates due to
ambient heat, the main cause of which is the sun, and rises in the atmosphere. It then collapses in the
form of rain and snow. Water is poured on the heights and flows in the form of small streams and then
larger intestines, and then after passing some distance, its gravitational potential energy is converted
into Kinetic energy [40—44].

In hydropower plants, either the high state exists naturally, or we create the high state by creating a
dam and accumulating water and increasing its height behind the dam.

Today, the use of hydropower plants is the best option to improve the environment and reduce
pollution. Hydroelectric power plants have a very high efficiency of about 80%.

In 2015, the hydropower plant generated 16.6% of the world's total electricity and 70% of the total
renewable electricity and is expected to grow by about 3.1% per year for the next 25 years.

Hydropower plants are produced in 150 countries around the world. In 2013, the Asia-Pacific
region generated 33% of the world's hydropower. China is the world's largest producer of
hydropower, generating 920 terawatt hours in 2013, accounting for 16.9% of its domestic electricity
consumption.

The cost of hydropower is relatively low, making it a competitive source of renewable electricity.

Among the benefits of hydropower:
1. Use of natural resources.
2. High compatibility with the environment
3. The life of this power plant is long
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Meeting the major needs of the agricultural sector

Environmental reform one of the disadvantages of hydropower plants or something that limits
the use of hydropower for energy production is the high cost of facilities, so in developed
countries, hydropower plants are used only in special circumstances.

o &

Wind Power Plant

One of the methods of generating electricity in the world is the use of wind; wind power plant has
been built for this reason to provide some of the electricity we need. With the development of
environmental attitudes and cost-effective strategies in the exploitation of non-renewable energy
sources, the use of wind energy has increased compared to other energy sources in many countries
around the world. The use of wind turbine technology for the following reasons can be a good choice
compared to other renewable energy sources [45-50].

1. No need for water
No environmental pollution
No need for wind turbine fuel
Creating a sustainable energy system
Low price of wind turbines compared to other forms of new energy

arwd

One of the biggest obstacles to harnessing wind power is its environmental impact. Many people
believe that wind turbines are unpleasant in appearance and noisy; Especially because they are located
in beautiful areas outside the urban areas, the continuous sound of wind turbine tower turbines is an
important issue for those who are close to them. The overall efficiency of this power plant is 33%.

In Figure 2, the efficiency of different types of power plants can be compared:
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Figure 2. Efficiency of different types of power plants.

CONCLUSION

Energy plays a special role in economic growth, social welfare, improving the quality of life and
security of a society. Power plants are one of the main suppliers of energy in the world. There are
different types of power plants, the main of which are: steam power plant, gas turbine power plant,
combined cycle power plant; Nuclear power plant, hydroelectric power plant and wind power plant.
In this study, the advantages and disadvantages of different types of power plants from economic,
technical and environmental aspects were compared and analyzed. In general, the results showed that
each of the mentioned power plants has its own positive and negative characteristics, so their selection
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should be based on technical, economic and environmental conditions in each city or country. For
example, among these power plants, although hydropower plants have the highest efficiency and are
more environmentally friendly, but their construction cost is high, or combined cycle power plants
and nuclear power plants, although they have a relatively good efficiency but due to their
technological complexity, their use has limitations.
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