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ABSTRACT
In this study, an analytical model has been developed to predict the performance of coal-fired thermal power plant
based on effect of condenser pressure. The current model has been developed to anticipate the energy and exergybased behavior of the coal-fired power plants. This study deals fundamentally with the coal-fired power plants
based on exergy analysis. The objective of this study is to analyze the effect of condenser pressure that leads to
the highest exergy destruction. The plant’s thermal efficiency was determined to be 44% with a net efficiency of
31% for a gross power output of 594.25 MW. Increasing the condenser pressure lead to decreases energy and
exergy efficiency. It was observed that operating the coal-fired power plant yields a positive response regarding
exergy losses.
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INTRODUCTION
There has been a continuous demand for energy, especially the demand for electricity in recent decades. Today,
fossil fuels remain the major source of energy for electricity generation but as per the International Agency of
Energy, it has been predicted that gas-fueled combined cycle’s power plants will contribute majorly to fuel sources
by the year 2030 [1, 2]. One of the major indicators of development and improved standard of living among
communities is the level of energy consumption as increases in population, industrialization, and urbanization
results in increased energy utilization. Currently, more than 80% of global electricity production is contributed by
thermal power plants (TPPs) while the remaining 20% comes from different energy sources such as wind, solar,
hydraulic, nuclear, biomass, geothermal, etc. [3-7]. The growth of the economy of any nation is directly influenced
by the cost and availability of electricity. These days, electricity remains a part of normal life; it is so important
that electricity consumption per capita is considered today an economic development index and a measure of the
standard of living of a country [8-11]. Therefore, it is evident that the level of prosperity of a country is directly
dependent on the level of emphasis it places on the continuous development of electrical power, as well as energy
and exergy efficiency analysis [12].
Currently, improvements in industrialization, global population, and quality of life have significantly increased
the rate of fossil fuel consumption [13-20]. However, this increased consumption of fossil fuel has been suggested
to cause adverse environmental problems that could impact negatively on the quality of life; it has also been
suggested to cause global climate change and adverse depletion of natural fossil reserves [21-32]. Therefore, it is
important to develop methods that can help reduce the over-dependence on fossil fuels for energy generation.
Steam power plants (SPP) remain a major way of electricity generation, hence, it is necessary to focus on how to
improve their efficiencies. One of the ways to minimize fossil fuel consumption in SPP is to minimize the heat
transfer-related irreversibility in the feedwater heaters network. Furthermore, the second way to reduce fuel
consumption is to optimise the ambient and operating conditions of the steam power plants [33-39]. A
consideration of the energetic & exergy performance criteria during the analysis normally gives better plant
assessment, thus providing the basic information needed for performance enhancement. It is necessary that, after
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exergy analysis, the basic differences between exergy and energy concepts should be presented as tabulated in
Table 1.
Table 1. The basic differences between energy & exergy concepts [33, 40-42]
No

Energy

Exergy

1

Energy analysis is based on the law of
conservation (First Law of Thermodynamic).
Energy analysis is dependent on the condition of
the matter under consideration.

Exergy analysis is exempted from the law of
conservation.
Exergy analysis is dependent on both the condition
of the considered matter and on the condition of the
immediate environment.
Exergy analysis is calculated based on the condition
of the reference as imposed by the surrounding
environment.
For isobaric processes, minimum exergy is reached
at the temperature of the surrounding; it increases
with decreases in the temperature.
Exergy of ideal gases depends on the pressure.

2

3

Energy analysis can be calculated based on an
assumed state of reference.

4

Energy and temperature increase proportionally.

5

For ideal gases, energy is not dependent on the
pressure.

Many researchers have studied the energy and exergy analysis of thermal power plants. A component-based
exergy analysis that compared the exergetic performances of each component via the identification of their
weaknesses was performed by Wu et al. [43]. The aim of process-based exergy analysis is the determination of
the level of the inadequacy of the main processes in order to break the limitation of single component performance
optimization (a sensitivity analysis) and enlighten process-level optimization by innovative flow design, as well
as the consideration of the inter-component interaction. In this work, the exergy consumption and distribution
profile of a large-scale coal-fired power plant were provided with component-based and process-based analysis;
it serves as a guide for energy-efficiency measures [43]. The measures for improving the other components of
plants using exergy analysis have been investigated. For instance, the improvement of compression & expansion
processes using exergy analysis has been reported. Similarly, the use of exergy-based criteria for heat exchangers
optimization has been performed in general, and for feedwater heaters specifically. This research attempts the
development of an integrated strategy for the analysis and improvement of the overall performance of the coalfired power plants based on the effect of condenser pressure.
METHOD AND ANALYSIS
The energy and exergy analysis have been used as basis for the suggested methodology. Essentially, the
performance of the Coal-Fired Power plant will be evaluated by examining the influence of various ambient
temperatures and operation conditions. Integrated strategies developed from different enhancing elements are used
for constructing major models in order to improve the performance of Coal-Fired Power plant [44-46]. These
strategies included the effect of feed water heaters configurations on the performance of the Coal-Fired Power
plant. Optimization of Coal-Fired Power plant performance and integrated simulation is provided by energy and
exergy analysis [47].
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Figure 1. Process flow diagram of the considered power plant
In the present study, Unit 1 of Manjung Coal Fired power plant located in Malaysia is considered for investigation.
The process flow diagram (PFD) of this power plant is illustrated in Figure 1. To analyze the complete cycle of
the power plant, the continuity, energy and exergy equations governing various components of the cycle are
developed and resolved using Engineering Equation Solver (EES) software. The continuity equations are invoked
to find the distribution of feed water and steam throughout the cycle as shown in table 2. To examine the
performance of the power plant, two modes are considered. In the first mode, the actual data of the power plant at
several conditions are acquired and put into the computational code to generate the performance main data. These
results are compared with the real data measured at the power plant to demonstrate the credibility of the method
and computational code. In the second mode, a predictive model will be developed to reflect the impact of varying
the conditions of different components of the cycle on the performance parameters of the power plant. This model
will be capable of reckoning the efficacy of factors like the mass flow rate, pressure and temperature of the bled
steam for different feed water heaters; pressure and temperature of the exit steam from the superheater and
reheater; the mass flow rate of the main steam; the Approach of the boiler, and the pressure of the condenser.
Table 2. Model equations for different devices of the coal-fired power plant
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RESULTS AND DISCUSSIONS
All calculations are carried out by using EES program. This program made the assignment easier; because all
properties can be calculated without spend much time to get them from tables or books. By calculating the
properties in all point the T_S diagram is showed in figure 2. As it is clear here in the figure there are some errors
in T_S diagram and that because of accuracy in our calculation. Also figure does not show the work pump that
because the pump’s work very small comparing to rest energies.

Figure 2. Temperatures and Entropies in T_S diagram of the Reheat Rankin cycle.
From the results of this power plant the results that are calculated by using EES program are very close to power
plant design values. Hence this program can be used to make simulation for this power plant like study the effect
of some parameters on the boiler efficiency or thermal power plant efficiency in order to determine the most
factors that affect the efficiencies parts of power plant and try to improve them to make the power plant better.
Some of these factors are TIT (Turbine inlet temperature) and ambient temperature. The following figures show
the effects of these factors as example. Figure 3 shows the decreasing in thermal efficiency with decreasing of
Turbine inlet temperature as it is clear in the figure when TIT reduce to 400 oC the thermal efficiency may be
decrease to 34%.

Figure 3. The effect of turbine inlet temperature on the thermal efficiency of the power plant.
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Figure 4. Shows the ambient temperature effect on the thermal Boiler’s efficiency.
Figure 4 shows the decreasing in Boiler efficiency with increasing of ambient temperature as it is clear in the
figure when ambient temperature increase to be equal to 50 ℃ the boiler efficiency may be decrease to less than
44%. Changing the pressure of the condenser affects neither the coal consumption rate nor the exergy efficiencies
of high pressure turbine, intermediate pressure turbine and feed water heaters. The impact of changing the pressure
of the condenser on the thermal and powerplant efficiencies are given in Figure 5. It is observed that increasing
the condenser pressure reduces both efficiencies. Because, increasing the condenser pressure raises the back
pressure of turbine, and hence, the power delivered by the turbine will decline.

Figure 5. The effect of condenser pressure on thermal efficiencies of the cycle and powerplant
Figure 6 represents the variations of exergy efficiency of the cycle with the pressure of the condenser. Here again,
it is seen that the higher the pressure of the condenser, the lower the exergy efficiency. Increasing the pressure of
the condenser corresponds to the increase in its temperature. Thus, at higher condenser pressures, the temperature
difference between the condensing steam and cooling water increases. This leads to higher entropy generation and
irreversibility associated to heat transfer in the condenser. Hence, the exergy efficiency of the cycle will decline.
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The variations of the heat rate of the cycle and the net power delivered by the cycle with the condenser pressure
are given in Table 3. From this table, it is clear that increasing the condenser pressure decreases the net power
generated by the power plant. Because, the power produced by turbines are reduced while the fuel consumption
is fixed. By increasing the condenser pressure from 0.03 to 0.2 bar, the net power delivered by the cycle declines
from 594.659 to 585.536 MW. From the heat rate of the cycle, it is perceived that increasing the condenser
pressure in the mentioned range raises the heat rate of the cycle from 2.271 to 2.306.

Figure 6. The effect of condenser pressure on the exergy efficiency of the cycle
Table 3. The effect of condenser pressure on the Heat Rate of the cycle and net power delivered by the cycle
Condenser Pressure
[bar]
0.03
0.073
0.10
0.15
0.20

HRcycle

𝑾̇𝒏𝒆𝒕 [MW]

2.270
2.288
2.294
2.301
2.306

594.799
590.234
588.725
586.890
585.676

CONCLUSIONS
We can conclude from this study the following points:
•
•
•

By increasing the condenser pressure, both the thermal efficiency and exergy efficiency will decrease.
By increasing the condenser pressure from 0.03 to 0.2 bar, the net power delivered by the cycle declines
from 616.269 to 553.341 MW.
When the pressure of the condenser increases, the supplied exergy and destructed exergy to/at the LPT
decline.

ACKNOWLEDGMENT
The authors would like to thank Universiti Tenaga Nasional (UNITEN) for providing laboratory facilities and
financial support.
74

Energy and exergy assessment of the Coal-Fired power plant based on the effect of condenser pressure

REFERENCES
[1] E. Panos, M. Densing, K. Volkart, “Access to electricity in the World Energy Council's global energy
scenarios: An outlook for developing regions until 2030”, Energy Strategy Reviews, Vol. 9, Pp. 28-49, 2016.
[2] C. Deng, A.T. Al-Sammarraie, T.K. Ibrahim, E. Kosari, F. Basrawi, F.B. Ismail, A.N. Abdalla, “Air cooling
techniques and corresponding impacts on combined cycle power plant (CCPP) performance: A review”,
International Journal of Refrigeration, Vol. 120, Pp. 161-177, 2020.
[3] T.K. Ibrahim, M. Rahman, “Effect of compression ratio on the performance of different strategies for the gas
turbine”, International Journal of Automotive and Mechanical Engineering, Vol. 9, Pp. 11, 2014.
[4] T.K. Ibrahim, M. Rahman, “Effects of operation conditions on performance of a gas turbine power plant”, in:
National Conference in Mechanical Engineering Research and Postgraduate Studies (2nd NCMER 2010), pp.
135-144, 2010.
[5] M.K. Mohammed, W.H. Al Doori, A.H. Jassim, T.K. Ibrahim, and A.T. Al-Sammarraie, “Energy and Exergy
Analysis of the Steam Power Plant Based On Effect the Numbers of Feed Water Heater”, Journal of Advanced
Research in Fluid Mechanics and Thermal Sciences, Vol. 56, Pp. 12, 2019.
[6] T.K. Ibrahim, M.N. Mohammed, “Thermodynamic evaluation of the performance of a combined cycle power
plant”, International Journal of Energy Science and Engineering, Vol. 1, Pp. 11, 2015.
[7] T.K. Ibrahim, F. Basrawi, O.I. Awad, A.N. Abdullah, G. Najafi, R. Mamat, F. Hagos, “Thermal performance
of gas turbine power plant based on exergy analysis”, Applied Thermal Engineering, Vol. 115, Pp. 977-985,
2017.
[8] F. Basrawi, Y.C. Leon, T.K. Ibrahim, M.H. Yusof, A. Razak, S.A. Sulaiman, T. Yamada, “Experimental
Analysis on the Effect of Area of Surface Cooling for a Water-Cooled Photovoltaic”, in: MATEC Web of
Conferences, EDP Sciences, Vol. 225, Pp. 01011, 2018.
[9] F. Basrawi, A. Al-Anati, T.K. Ibrahim, M.H. Yusof, A. Razak, S.A. Sulaiman, T. Yamada, “Theoretical
Analysis on the Micro Gas Turbine Integrated Solar Farm for Power Output Stabilization”, in: MATEC Web
of Conferences, Vol. 225, pp. 04012, 2018.
[10] F. Basrawi, M. Chand, K. Koo, T.K. Ibrahim, “Theoretical analysis on the economic performance of micro
gas turbine-trigeneration system with different operation strategies for residential building in a tropical
region”, in: MATEC Web of Conferences, EDP Sciences, Vol. 38, Pp. 01003, 2016.
[11] T.K. Ibrahim, M. Rahman, M. Mohammed, F. Basrawi, “Statistical analysis and optimum performance of
the gas turbine power plant”, International Journal of Automotive and Mechanical Engineering, Vol. 13, Pp.
3215, 2016.
[12] B. Dudley, “BP statistical review of world energy”, in: World Petroleum Congress: London, 2019.
[13] O.I. Awad, R. Mamat, T.K. Ibrahim, F.Y. Hagos, M. Noor, I. Yusri, A. Leman, “Calorific value enhancement
of fusel oil by moisture removal and its effect on the performance and combustion of a spark ignition engine”,
Energy conversion and management, Vol. 137, Pp. 86-96, 2017.
[14] O.I. Awad, R. Mamat, T.K. Ibrahim, M. Kettner, K. Kadirgama, A. Leman, A. Saiful, “Effects of fusel oil
water content reduction on fuel properties, performance and emissions of SI engine fueled with gasoline-fusel
oil blends”, Renewable Energy, Vol. 118, Pp. 858-869, 2018.
[15] T.K. Ibrahim, M. Rahman, “Effective Parameters on Performance of Multipressure Combined Cycle Power
Plants”, Advances in Mechanical Engineering (Hindawi Publishing Corporation), 2014.
[16] A. Elghool, F. Basrawi, H. Ibrahim, T.K. Ibrahim, M. Ishak, T. Yusof, S.A. Bagaber, “Enhancing the
performance of a thermo-electric generator through multi-objective optimisation of heat pipes-heat sink under
natural convection”, Energy conversion and management, Vol. 209, Pp. 112626, 2020.
[17] T.K. Ibrahim, M. Rahman, “Effects of isentropic efficiencies on the performance of combined cycle power
plants”, International Journal of Automotive & Mechanical Engineering, 12, 2015.
75

Energy and exergy assessment of the Coal-Fired power plant based on the effect of condenser pressure

[18] O.I. Awad, R. Mamat, M. Noor, T.K. Ibrahim, I. Yusri, A. Yusop, “The impacts of compression ratio on the
performance and emissions of ice powered by oxygenated fuels: A review”, Journal of the Energy Institute,
91, Pp. 19-32, 2018.
[19] A. Zulkepli, M. Chand, T.K. Ibrahim, H. Sakidin, F. Basrawi, M.H. Yusof, “Performance analysis of a Copper
Indium Gallium Selenide (CIGS) based Photovoltaic Thermal (PV/T) water collector”, in: MATEC Web of
Conferences, Vol. 225, pp. 04023, 2018.
[20] T.K. Ibrahim, M. Rahman, “Optimum performance improvements of the combined cycle based on an
intercooler–reheated gas turbine”, Journal of Energy Resources Technology, Vol. 137, Pp. 061601, 2015.
[21] T.K. Ibrahim, M. Rahman, A.N. Abdalla, “Improvement of gas turbine performance based on inlet air cooling
systems: A technical review”, International journal of physical sciences, Vol. 6, Pp. 620-627, 2011.
[22] T.K. Ibrahim, M.K. Mohammed, O.I. Awad, M. Rahman, G. Najafi, F. Basrawi, A.N.A. Alla, R. Mamat,
“The optimum performance of the combined cycle power plant: A comprehensive review”, Renewable and
Sustainable Energy Reviews, Vol. 79, Pp. 459-474, 2017.
[23] T.K. Ibrahim, M.K. Mohammed, O.I. Awad, R. Mamat, M.K. Abdolbaqi, “Thermal and Economic Analysis
of Gas Turbine Using Inlet Air Cooling System”, in: MATEC Web of Conferences, Vol. 225, EDP Sciences,
pp. 01020, 2018.
[24] O.I. Awad, R. Mamat, T.K. Ibrahim, O.M. Ali, K. Kadirgama, A. Leman, “Performance and combustion
characteristics of an SI engine fueled with fusel oil-gasoline at different water content”, Applied Thermal
Engineering, Vol. 123, Pp. 1374-1385, 2017.
[25] A.N. Abdalla, O.I. Awad, H. Tao, T.K. Ibrahim, R. Mamat, A.T. Hammid, “Performance and emissions of
gasoline blended with fusel oil that a potential using as an octane enhancer, Energy Sources”, Part A:
Recovery, Utilization, and Environmental Effects, Pp. 1-17, 2018.
[26] A. Elghool, F. Basrawi, H. Ibrahim, T.K. Ibrahim, M. Ishak, T.M. Yusof, S.A. Bagaber, “Enhancing the
performance of a thermo-electric generator through multi-objective optimisation of heat pipes-heat sink under
natural convection”, Energy conversion and management, 209, Pp. 112626, 2020.
[27] T.K. Ibrahim, A.T. Al-Sammarraie, M.S.M. Al-Jethelah, W.H. Al-Doori, M.R. Salimpour, H. Tao, “The
impact of square shape perforations on the enhanced heat transfer from fins: Experimental and numerical
study”, International Journal of Thermal Sciences, Vol. 149, Pp. 106144, 2020.
[28] C. Deng, A.N. Abdalla, T.K. Ibrahim, M. Jiang, A.T. Al-Sammarraie, J. Wu, “Implementation of Adaptive
Neuro-fuzzy Model to Optimize Operational Process of Multiconfiguration Gas-Turbines”, Advances in High
Energy Physics, Pp. 6590138, 2020.
[29] A. Elghool, F. Basrawi, T.K. Ibrahim, H. Ibrahim, M. Ishak, M. Hazwan bin Yusof, S.A. Bagaber, “Multiobjective optimization to enhance the performance of thermo-electric generator combined with heat pipe-heat
sink under forced convection”, Energy, 208, Pp. 118270, 2020.
[30] M.H. Zaidan, T.K. Ibrahim, A.A. Alkumait, “Performance Enhancement by Using Wet Pad in Vapor
Compression Cooling System”, Journal of Engineering and Technological Sciences, Vol. 51, Pp. 48-63, 2019.
[31] A.A.R. Alkumait, T.K. Ibrahim, M.H. Zaidan, A.T. Al-Sammarraie, “Thermal and hydraulic characteristics
of TiO2/water nanofluid flow in tubes possessing internal trapezoidal and triangular rib shapes”, Journal of
Thermal Analysis and Calorimetry, 2020.
[32] O.A. Hussein, K. Habib, A.S. Muhsan, R. Saidur, O.A. Alawi, T.K. Ibrahim, “Thermal performance
enhancement of a flat plate solar collector using hybrid nanofluid”, Solar Energy, Vol. 204, Pp. 208-222, 2020.
[33] T.K. Ibrahim, M.K. Mohammed, O.I. Awad, A.N. Abdalla, F. Basrawi, M.N. Mohammed, G. Najafi, R.
Mamat, “A comprehensive review on the exergy analysis of combined cycle power plants”, Renewable and
Sustainable Energy Reviews, Vol. 90, Pp. 835-850, 2018.

76

Energy and exergy assessment of the Coal-Fired power plant based on the effect of condenser pressure

[34] T.K. Ibrahim, M. Rahman, K. Sharma, “Influence of operation conditions on performance of combined cycle
gas turbine”, in: International Conference on Mechanical and Electrical Technology, 3rd,(ICMET-China Vol.
1, 2011, Pp. 9-15, 2011.
[35] A.T.A. Al-Sammarraie, R.R. Jassem, T.K. Ibrahim, “Mixed Convection Heat Transfer in Inclined Tubes with
Constant Heat Flux”, European Journal of Scientific Research, 97, Pp. 144-158, 2013.
[36] A.A.R. Alkumait, M.H. Zaidan, T.K. Ibrahim, “Numerical Investigation of Forced Convection Flow over
Backward Facing Step Affected By A Baffle Position”, Journal of Advanced Research in Fluid Mechanics
and Thermal Sciences, Vol. 52, Pp. 33-45, 2018.
[37] M. Rahman, T.K. Ibrahim, M. Taib, M. Noor, R.A. Bakar, “Thermal analysis of open-cycle regenerator gasturbine power-plant”, Fuel, Vol. 200, Pp. 1307-1312, 2010.
[38] T.K. Ibrahim, M. Rahman, “Parametric simulation of triple-pressure reheat combined cycle: A case study”,
Advanced Science Letters, Vol. 13, Pp. 263-268, 2012.
[39] T.K. Ibrahim, M. Rahman, O.M. Ali, F. Basrawi, R. Mamat, “Optimum performance enhancing strategies of
the gas turbine based on the effective temperatures”, in: MATEC Web of Conferences, Vol. 38, pp. 01002,
2016.
[40] A. Martínez González, R. Lesme Jaén, E.E. Silva Lora, “Thermodynamic assessment of the integrated
gasification-power plant operating in the sawmill industry: An energy and exergy analysis”, Renewable
Energy, Vol. 147, Pp. 1151-1163, 2020.
[41] M. Mehrpooya, M.M.M. Sharifzadeh, S.A. Mousavi, “Evaluation of an optimal integrated design multi-fuel
multi-product electrical power plant by energy and exergy analyses”, Energy, Vol. 169, Pp. 61-78, 2019.
[42] N. Lior, N. Zhang, “Energy, exergy, and second law performance criteria”, Energy, Vol. 32, Pp. 281-296,
2007.
[43] L. Wu, L. Wang, Y. Wang, X. Hu, C. Dong, Z. Yang, Y. Yang, “Component and Process Based Exergy
Evaluation of a 600MW Coal-fired Power Plant”, Energy Procedia, Vol. 61, Pp. 2097-2100, 2014.
[44] M.H. Zaidan, H.J. Khalaf, B.A. Ahmed, “Thermal analysis of a solar absorption cooling system with hot and
cold storage tanks”, 2018.
[45] I. Dincer, M.A. Rosen, “Chapter 12 - Exergy Analysis of Steam Power Plants, in: I. Dincer, M.A. Rosen
(eds.) Exergy (Second Edition), Elsevier, pp. 261-284, 2013.
[46] T.K. Ibrahim, M. Rahman, “Thermal impact of operating conditions on the performance of a combined cycle
gas turbine”, Journal of applied research and technology, Vol. 10, Pp. 567-577, 2012.
[47] T.K. Ibrahim, M.M. Rahman, “Study on effective parameter of the triple-pressure reheat combined cycle
performance”, Thermal Science, Vol. 17, Pp. 497-508, 2013.

77

