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Abstract

Due to the existence of various gas sources in various regions of the country, the
extracted natural gas has different heat value, which has a significant impact on the
performance of the power plant. In the current research, the effect of natural gas
extracted in various regions of Iran, including Khangiran, Kangan, Pars, Bidboland,
Ahvaz and Sarakhs on Ramin Ahvaz steam power plant was investigated. Power plant
cycle modeling has been done using EES software and the effect of parameters such as
ambient temperature and relative humidity on net power, exergy destruction rate,
energy and exergy efficiency has been investigated. The amount of additional air to
provide the flame temperature of 2000 °C was calculated between 12 and 17.5% for
various regions. Investigating the increase in temperature from 5 to 40 °C showed that
the net power output of the power plant decreases to 14 MW and of the exergy
destruction rate in the condenser increases to 16 MW. At 25 °C, the maximum exergy
destruction rate is related to Bidbland region with 500 MW and the lowest rate is
related to Sarakhs region with 370 MW. For low relative humidity, the reduction of
energy and exergy efficiency is 4.7% and 4%, respectively, and for saturated humidity,
it is 9% and 8.3%, respectively, which it indicates the increasing effect of ambient
humidity with increasing temperature.
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1- Introduction

Although new energy sources such as renewable
energies are growing due to technological
advancements, fossil fuels account for 62% of the

equipment, exergy analysis is used to examine the
quality of the energy transfer process and find points

power generation in power plants [1]. This value
shows that optimization and performance
improvement are very important. Although energy
analysis of power plant subsystems provides
important information about the operation of

in the system that have irreversible losses. By
knowing these points, a corrective solution can be
provided to reduce losses and increase the
efficiency of the power plant. These corrections
include adjusting the operating pressure of the
equipment or replacing it with another equipment.
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Haji Dolu and Vosouq [2] analyzed the energy and
exergy of a supercritical power plant (Ramin,
Ahvaz) by considering two assumptions of constant
pressure and constant temperature for the
condenser. They showed that assuming constant
pressure, exergy loss in the condenser decreases
with increasing temperature, but if the temperature
is assumed to be constant, this process is reversed.
They also reported a decrease in boiler and
condenser efficiency with increasing ambient
temperature. Ahmadi and Toghraei [3] studied the
energy and exergy analysis of the Montazeri power
plant in Isfahan and wrote the governing equations
including mass, momentum and energy continuity
using EES software. They showed that the
condenser has the highest thermal energy loss. The
condenser wastes more than 70% of the input fuel
energy. Of course, this is inevitable given the need
to liquefy the steam exiting the turbines. The exergy
quality analysis also shows that 85% of exergy loss
occurs in the power plant boiler. This high amount
of loss is due to entropy and irregularities in the
chemical reaction process resulting from
combustion in the boiler combustion chamber.
Sidor et al. [4] also showed, by analyzing the energy
and exergy of an industrial boiler, that the exergy
destruction in it is 65%. They increased the
efficiency of the power plant through variable speed
in the boiler fan and heat recovery from the exhaust
smoke from the chimney. Athir et al. [5] studied the
energy and exergy parameters including equipment
irreversibility, exergy losses, and input energy
losses in the temperature range of 5 to 30 Celsius.
In this temperature range, the exergy efficiency
decreases from 35.6% to 32%. Al-Jandi et al. [6], by
studying the Al-Hussein power plant in Egypt,
showed that the condenser with 134 MW has the
largest share in the amount of losses. This amount
of loss for the boiler is 13 MW. The maximum
amount of exergy destruction occurs in the boiler.
This amount is 77%, which can be reduced by
preheating the input air .

The innovation of the present work can be stated as
follows:

In the aforementioned research, the focus was on
one type of fuel (coal, natural gas, etc.), but in the

present study, the effect of different types of natural
gas extracted in Iran on the performance of the
power plant is investigated, considering their
calorific value and different compositions.

In the present work, the effect of temperature and
humidity on the performance of the power plant is
simultaneously investigated, and the effect of these
parameters on energy and exergy efficiencies is
investigated.

In the present work, the combustion process in the
boiler is fully simulated, and the amount of excess
air to produce an adiabatic flame temperature of
2000 Celsius is calculated for different types of
natural gas.

2- Research Methods

The Ramin Ahvaz power plant is a supercritical
steam power plant with 4 operating units (Fig. 1).
Each unit consists of a single-pass boiler, high-
pressure, medium-pressure and low-pressure
turbines, three high-pressure heaters and four low-
pressure heaters, and a feed tank. The nominal
power generation capacity for each unit is 315 MW
[2]. The volumetric flow rate of fuel (or natural gas)
and the amount of air required for combustion are
69,000 and 690,000 cubic meters per second,
respectively. For modeling the cycle system, the
steady-state cycle is considered and the combustion
process in the boiler is considered complete. In the
present work, a limit of 2000 Celsius is considered
for the adiabatic flame temperature. The
superheated steam temperature and pressure are 540
Celsius and 24 MPa, respectively. The feed water
flow rate to the boiler is 1017 ton/hr and the cooling
water flow rate in the condenser is 10000 kg/s. The
efficiency of the turbines (high, medium and low
pressure) is assumed to be 80% and that of the
pumps is assumed to be 75%. The temperature
range is considered to be 5-40 Celsius and the
relative humidity is considered to be variable
between zero and 100%. The standard pressure is
one atmosphere and the relative humidity is
considered to be 30% in the initial design state.
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3- Discussion and Results

Figure 2 shows the effect of ambient temperature on
net power output. The output power reduction in the
temperature range of 5-40°C is from 310.7 MW to
296.7 MW (a 14 MW reduction). Figure 3 also
shows the effects of ambient temperature on the
condenser exergy destruction rate. An increase in
ambient temperature increases the temperature of
the water entering the condenser (outlet of the
cooling tower), which increases the exergy
destruction rate.
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Figure 1: Schematic of the cycle of the Ramin Power Plant in
Ahvaz [2]
Figure 4 and 5 show the energy and exergy
efficiency values in terms of ambient temperature at
different relative humidity values. It is observed that
with increasing ambient temperature, the graphs
diverge from each other. Also, at constant ambient
temperature values, the energy and exergy
efficiency values decrease with increasing ambient
relative humidity. It is observed that at a
temperature of 5 ° C, the changes in the energy
efficiency value are between 37.86 and 37.64
percent (difference of 0.6 percent) and the exergy
efficiency is between 34.61 and 34.42 (difference of
0.55 %). For a temperature of 40 ° C, the changes in
the energy efficiency value are between 36.16 and
34.27 percent (difference of 5.2 percent) and the
exergy efficiency is between 33.23 and 31.54
(difference of 5.1 %). It can be concluded that with
increasing temperature, the effect of relative
humidity on energy and exergy efficiency
parameters also increases. Also, at a constant
relative humidity, the energy and exergy efficiency

values decrease with increasing ambient
temperature, so that at a relative humidity of 0%, the
energy and exergy efficiency values decrease by
4.7% and 4%, respectively. However, at a relative
humidity of 100%, the energy and exergy efficiency
decreases by 9% and 8.3%, respectively, which
indicates the great effect of humidity in reducing
efficiency.
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Figure 2: Effect of ambient temperature changes on the net power
generation of the power plant

Figure 3: Effect of ambient temperature changes on the condenser
exergy destruction rate
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Figure 4: Effect of ambient temperature changes and relative
humidity changes on energy efficiency for gas extracted from
Ahvaz
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Figure 5: Effect of ambient temperature changes and relative
humidity changes on exergy efficiency for gas extracted from
Ahvaz

4- Conclusion

As a general conclusion, it can be stated that with
increasing temperature, the performance of the
power plant in terms of energy and exergy
efficiency decreases. The destructive effect of high
ambient temperature on the low-pressure turbine is
greater due to its connection to the condenser
assembly. At low temperatures, the destructive
effect of humidity is low, but with increasing
temperature, this effect increases significantly.
Given the need to produce an adiabatic flame
temperature of 2000 Celsius, additional air is
required in the combustion chamber, which
increases the exergy destruction in the boiler.
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