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The optimization of the amount of fuel consumed (natural gas) entering the
combustion chamber done based on controlling the dew point temperature of the
exhaust gas considering the amounts of heat loss and blowdown of boiler. The effect
of this optimization was investigated on energy, exergy and environmental
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Introduction

Despite the advancement of technology and the emergence of new energy sources, combined
cycle power plants with fossil fuels still have the main share of energy supply in the world, so
that by 2030, the share of production power from fossil fuels, including natural gas and coal,
will be 62 %. Therefore, the use of various methods of increasing efficiency in gas power
plants, such as reducing thermal waste and blowing boilers, is of particular importance in
order to improve the performance of the power plant. Analysis of Energy, Exergy and
Environmental (3E) are used to check the efficiency and measure the performance quality of a
power plant and to detect its pollution. In classical analysis, using the first law of
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thermodynamics, the amount of power output from a power plant is compared with the energy
input to the system and the performance of the power plant is calculated, while the purpose of
exergy analysis is to check the quality of energy transfer processes in systems and equipment.
Therefore, in modern methods, exergy analysis using the second law of thermodynamics
provides a more realistic picture of the processes in a power plant. Exergy analysis makes it
possible for researchers to identify points of the system that have energy loss and plan
corrective measures to reduce energy loss.

Materials and methods
Ramin Ahvaz power plant is a type of supercritical steam power plant that has 4 units and
each unit has a single-pass boiler, three high pressure, intermediate pressure and low pressure
turbines, three high pressure heaters and four low pressure heaters and a feed water tank. Each
unit has a production capacity of 315 MW. The volumetric flow of fuel (types of natural gas)
and the volumetric flow of air (in operating conditions) are 69,000 and 690,000 m?s,
respectively. The assumptions governing the present problem are as follows:
v Modeling of the cycle is applied steady and changes in kinetic energy and potential of
the system (fluid weight) are ignored.
v" The combustion process in the combustion chamber (boiler) is complete combustion.
v The temperature of adiabatic flame should not exceed 2000 °C.
v The temperature and pressure of the superheat steam coming out of the boiler are
constant and are 540 °C and 24 MPa respectively.
v The mass flow rate of the feed water entering the boiler is 1017 ton/hr and the cooling
water flow rate in the condenser is 10000 kg/s.
v" The efficiency of turbine and pump is 80% .
v’ Standard pressure and standard temperature is 1.013 bar and temperature is 25 °C.
v" The relative humidity of the environment and in the design mode is considered to be
30%.

Results

The analysis of energy and exergy shows that the set of turbines and condenser have the
largest share in the energy consumption of the input fuel . Condenser has the largest share in
the input fuel energy consumption with 47% and after that the turbines are in the next rank
with about 42%. The contribution of the turbine is for power generation and the contribution
of the condenser is related to receiving energy from dead steam and transferring it to the
cooling tower for liquefaction for pumping to the boiler. The condenser and the set of turbines
receives a total of 89% of the input fuel energy, which has the largest share in energy
consumption, and the total of the rest of the equipment, including heaters, pumps and boilers,
is 14%. Boiler has the largest share in the exergy destruction of the power plant with about
85%, which is due to the nature of the combustion process, which has a high exergy
destruction. After the boiler, the most exergy destruction is related to the turbine assembly
with 7.5%. In the present work, the amount of radiation/convection losses from the boiler will
be investigated in the range of 1-4% and the amount of loss of the boiler in the range of 1-3%.
The operating values of radiation/convection and blowdown losses are 3.5 and 2%,
respectively. It can be seen that the output temperature increases with the reduction of the
blowdown loss ratio. The reason for that is the constant flow rate of the input fuel and the
production of a constant amount of heat in the combustion chamber. If the amount of loss is
reduced, the temperature of the exhaust gas will also increase. It can be seen that only in the
value of blowdown loss ratio of 3%, the output gas temperature and the permitted temperature
are equal, but the output temperature increases with the reduction of the loss. Considering the
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absence of a need for a temperature higher than the calculated allowable temperature at the
exit of the combustion chamber, it can be said that the increase in temperature causes an
increase in the heat loss of the exhaust gas.

Discussion and Conclusion

The results showed that a 3% reduction in each of the values of radiation/convection and
blowdown losses causes a decrease in adiabatic temperature by 33 °C and a 1.6% reduction in
natural gas fuel consumption. The amount of input fuel energy also decreases from 810.6 MW
to 784.65 MW. A 3% reduction in the amount of radiation/ convection and blowdown causes
a reduction in the amount of NOx, CO, CO, and the cost of pollution emission by 42%, 8%,
3.2% and 9%, respectively. Due to the strong dependence of the amount of NOx on the
adiabatic temperature of the flame, the decrease in the amount of NOx is more significant.A
3% reduction in radiation/convection and blowdown losses causes an increase in boiler
energy and exergy efficiencies by 3 and 1.6%, respectively, and power plant energy and
exergy efficiencies by 1.2 and 1.05%, respectively.
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1. Adiabatic Flame Temperature
2. Exergy
3. Destroyed exergy
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1. Lower Heating Value
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1. Combustion residence time
2. Cost of emission
3. Equation Engineering Solver
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