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ABSTRACT 

In this study, exergy, and economic analyses of a unit of 50 MW of 

Lakhra steam coal power plant, situated near Jamshoro Pakistan is 

presented. Firstly, a thermodynamic model is developed using 

Engineering Equation Solver (EES) software and validated, followed 

by a parametric analysis to show the impacts of various operating 

parameters on the power plant performance. The condenser pressure, 

main steam pressure and temperature are selected as operating 

parameters while net power output, energy and exergy efficiencies 

are selected as performance parameters. The investigation under two 

conditions were performed; Designed and Off designed. Under 

designed parameters, the unit is simulated yielding 53.5 MW power 

output with 31.02% and 26.24 % energy and exergy efficiencies, 

respectively. While under off-designed conditions the unit yielded 

power output of 28.2MW, with energy and exergy efficiencies of 

20.83% and 17.62%. The component-level analysis at designed 

conditions show condenser as a main contributor towards energy loss 

of 68.19% followed by boiler with energy loss of 24.7% while the 

latter plays a major role in the exergy destruction of the plant 

contributing of 93.84% (38.74 MW) out of total exergy destruction of 

41.52 MW succeeded by feedwater heaters with exergy destruction 

of 2.94% (1.24 MW) and turbine with exergy destruction of 1.72% 

(0.71 MW) while the least exergy destruction happens in condenser. 

The first law efficiency of boiler, turbine, condenser is as 82.93%, 

98.62% and 52.88 % respectively. While the second law efficiency of 

these components are as 67.2%, 94.89% and 94.89% respectively. 
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1. Introduction 

However, generally the world’s electricity demands are still met by fossil fuels and there is still heavy reliant 

on those sources and it will continue to remain until and unless the fossil fuels are completely exhausted and 

depleted from this earth as fossil fuels are readily available, indigenously present and effective, efficient and 
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since long time use of the existing technology of the power production and the reliance of many heavy 

industries on the fossil fuels which resist the transition from the non-renewable to renewable by tooth and 

nail because of heavy cost and disruption associated with the change [1]. Moreover, with the advancement 

and development, the new technologies are coming to the fore which have reduced or helped to reduce to a 

great extent the energy and exergy losses and environmental repercussions of emissions from the burning of 

fossil fuels and have increased the work output and thermal efficiency and exergy efficiency of coal, oil and 

gas-based power plants especially running on Rankine and Brayton cycles [2]. Pakistan being developing 

country faces dilemma while pulling itself out from the chronic power shortage which forced many 

industries of textile and manufacturing nature to be shifted to Bangladesh and South East Asian Countries 

and this greatly dented the Pakistan’s economy and which can gauged from the fact that in 2012-2013 the 

Domestic consumption of electricity and the industrial consumption were 47% and 29.1% respectively and 

in 2017-2018 period the situation took reverse turn when Pakistan’ domestic consumption and the industrial 

consumption stood at 50.3% and 25.7% respectively [3].  The power generation on non-renewable sources 

like oil ,Gas and Coal still continue to exist in parallel to renewable energy sources like wind, Hydel and 

solar because of the presence in abundant quantity the indigenous coal ( more than of 175 billion tonnes of 

lignite thar coal in Sindh Pakistan) and the production has increased to the level of 8.3% from coal in 2017-

2018 from just 0.9% in 2013 due to the huge investment made in the form of China-Pakistan Economic 

Corridor (CPEC) by the mighty China to invest billions of dollars in the generation of power from the non-

renewable energy sources especially from coal so many early harvesting power plants have been made 

operational in different blocks of thar coal on the Rankine cycle with some new, latest, efficient, advanced 

and updated modifications and changes in the proper and less-loss usages and installation of components, 

devices, machines and parts to offset the emissions of the harmful gases and to increase the thermal 

efficiency and work output  and this trend is likely to get accelerated by setting up of many new more power 

plants and interestingly some are in the pipeline and offing to be commissioned because of the urgency 

economically of the situation Pakistan finds itself in repeatedly despite presence of immense and vast local 

resources even though it faces pressure from the environmentalist groups not to continue with the fossil fuels 

for the production of power but being poor and less developed country it has no option and recourse but to 

go towards utilizing the indigenous resources effectively, efficiently, greenly and responsibly whose 

production cost will be lower and moreover Pakistan has boldened by the increasing efficiency and 

performance of the thermal and steam power plants and still the low cost associated with their installation , 

capital and recovery cost through the study of energy, exergy and exergoeconomic analyses.  In 2017-2018, 

the electricity production has also been generated from the Regasified Liquefied Natural Gas (RLNG), Oil, 

Gas, Nuclear, Hydel at 7.4%, 22.5%, 30.0%,7.5%, and 21.3% respectively even though simultaneously the 

electricity generation from renewable sources are gaining traction and scope and stood at 3% in 2017-2018 

in the energy mix outlook [3]. The scenario has yet to be improved as country witnesses power outages for 6 

to 8 hours in different cities and towns. Global generation of electricity through coal is around 38.5 % coal 
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plays major role in the flourishing of iron and steel industries [4]. On the other hand, regardless of having 

massive stockpile of lignite, Pakistan brings about only 8.3% electricity from coal. So keeping in view the 

present and future power generation scenarios in Pakistan it is anticipated that more usage of the indigenous 

coal will happen and so more new steam and  thermal power plants will be made functional and operational 

on the Rankine cycle with greater efficiency and for this the ground work should be laid clear in terms of 

energy and exergy analyses of the existing thermal and steam power plants so that improved methods and 

techniques be used and utilized to evade the energy and exergy losses and their direction and magnitude in 

the components and parts of the plant be ascertained so in this perspective this research study is of great 

importance and significance as the aim is to present the clear picture of the thermal power plant 

thermodynamically so that lessons be learnt for the future design and consideration of the power plant and 

whether which area or part needs more attention for the enhancement of thermal efficiency and work output 

at the expense of less consumption of fuel and consequently its less harmful emissions. It has been observed 

that with sole improvement of furnace of the steam and thermal power plant with the latest, advanced and 

modernized technology the efficiency is increased and even it surpasses 40% and concurrently the exergy 

destruction is reduced and that exergy saved goes in the giving more work output and exergy efficiency. The 

performance assessment of power plants is mostly performed based on energy concepts, whereas currently 

exergy concepts are being widely used for more elaborative investigation and examination of the 

performance. Thermodynamic concept has permitted the analyzing of thermal and steam power plants and 

many other energy systems  whether it be of renewable or non-renewable energy systems as the main idea or 

theme behind them remains same for their determination of energy losses, exergy destructions, their 

direction as well as the magnitude and energy and exergy efficiencies and for the designing purpose of the 

efficient and effective energy systems the technique of using energy and exergy analyses is the most widely 

used method of computing the performance [5]. The exergetic performance assessment is more beneficial in 

designing, evaluation, and optimization of various energy conversion processes than using mere energy 

principles and  also provided a comprehensive energy and exergy-based analysis of a steam power plant 

located in Jordan, he had shown that exergy methods should be widely employed to evaluate the 

performance of power plants for effective and efficient utilization of energy resources [6]. Conducted the 

Energy and Exergy analyses of 660 MW steam power plant generation at  3rd Unit PT PLN (PERSERO) 

Centre Unit Generation Tanjung Jati B Indonesia where they found that greatest exergy destruction of 

881.08 MW occurs in Boiler and its exergy efficiency is 48.66% and concurrently the largest energy losses 

of 231 MW occur in boiler and its energy efficiency is 87.05 [7]. Carried out parametric based exergy 

analysis of cooling towers of the thermal and the lakhra coal power plant Jamshoro in which it was 

investigated that the lowest exergy destruction occurs in condenser along with cooling tower [8]. Analyzed 

three different steam power plants operating under ultra-supercritical, supercritical and subcritical conditions 

and when energy and exergy determinations were conducted it was witnessed that higher exergy efficiency 

and work output is found in the ultra-supercritical power plant because as it consumes less coal as a fuel thus 
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saving the cost and reducing losses and destruction and increasing thermal efficiency . Energy efficiencies of 

subcritical, supercritical and ultra-supercritical thermal power plants are as 41.5%, 43.8% and 46.0% 

respectively and similarly exergy efficiencies values of three power plants are found as 39.1%,40.8% and 

41.9% respectively and it was also observed that highest exergy destruction occurs in boiler and the major 

factor behind these destructions and losses is the chemical reaction [9]. In the similar vein, various 

researchers have conducted exergy-based analysis of different types of power plants worldwide. Analyzed 

power plant constituents and identified and quantified areas of greatest energy and exergy destructions and 

found boiler as a site which generates maximum irreversibilities with nearly 86% exergy destruction of total 

followed by stack with 13% [10]. Investigated actual steam power plants by exergy methods under designed 

and off-designed conditions, they reported that plant performance is highly affected by the load variations 

and highest exergy destruction occurs in boilers followed by turbines [11].  Performed the thermodynamic, 

environmental, and economic analyses of simple and regenerative gas turbine cycles. The authors have 

developed various regression models to show correlation of response variables with predictor variables and 

finally optimization was carried out [12]. Carried out the energy and exergy analyses of the 50MW one unit 

of Lakhra coal power plant’s boiler and its parts furnace, economizer and superheaters and results showed 

maximum exergy destruction in furnace and it is because of the fast and uncontrolled chemical reaction in 

the furnace [13]. 

Keeping in view the current energy scenario of Pakistan and importance of exergy methods for power plant 

evaluation, this paper presents exergy-based analysis of Lakhra Coal Power Plant situated in Lakhra 187 km 

from major city Karachi. A 50 MW capacity unit of the power plant is selected for the study which is first 

thermodynamically modelled in Engineering Equation Solver (EES) software and simulated under various 

operating conditions and then the parametric study and the optimization determination were conducted. The 

impacts of operating parameters like condenser pressure, main steam pressure and temperature on 

performance characteristics namely net power output, energy and exergy efficiencies are analyzed. The 

lakhra coal power plant currently is in very bad condition as rather than generating revenue it goes in losses 

in the form of fuel expenditure, salary and other expense which are borne by the government of Pakistan. 

Only one unit of 50MW out of 150MW of three units is functional and working and ironically it is operated 

on partial load conditions (60%) with high fuel consumption and less work output and consequently lower 

thermal efficiency as it can’t be operated on full load because of limitations and restrictions due to the wear 

and tear of almost all major components and parts like furnace, turbine and condenser of the unit and in 

order to be operated on full load conditions(100%) it requires complete overhauling, changing and 

replacement with the new and advanced parts which can’t be afforded because of financial constraints and 

limitations by the government of Pakistan as it wants to install new and latest coal fired supercritical  steam 

generation power plant of 1320 MW near Jamshoro Power Company Limited (JPCL) which will be 

functional by 2023 so this crucial study will act as the critical part in designing and operating the new coal 
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based power plant as per some precautions, the awareness, the results, the suggestions and advice render and 

provide by this study. 

 

2. Process description  

The schematic diagram of the unit under study is shown in Fig.1. The plant has three same and similar and  

the same capacity units each consists of 50 MW unit with 150 MW of total capacity, however, the first and 

the third units are nonfunctional and dormant due to different technical factors so in this paper the Unit#2 of 

50MW is analyzed which is operative, functional and active. The demineralized water at 200 ton/hr is 

superheated in the FBC boiler to the temperature of 540
o
C and pressure of 9 MPa. The superheated steam 

then goes to the turbine through the main pipe and the main stop valve controls its regulation. The expansion 

of the steam is done in the impulse turbine in 21 stages. The last stage stands for condenser pressure 

equivalent to 8.04 kPa. A total of six main steam extractions is taken off from the turbine at different stages 

for feed water heating. Furthermore, around ten different steam flow streams shown as 1-9 and 42 in the 

diagram are the steam leakages throughout the plant to improve the cycle thermodynamically as some of 

them are used as motive steam for gland ejector and while others are discharged into the main big 

extractions lines to help in feed water heating properly and perfectly. The steam with the flow rate of 140 

tons/hr at condenser pressure is discharged into the condenser. Circulating in the tubes of the condenser is 

the cold water at the mass flow rate of 9850 tons/hr which enters at atmospheric pressure and temperature 

(nearly at 32
o
C and 0.1013 MPa). The condensate accumulates in the hot well. The two steam jet air ejectors 

(also referred as gland ejector and main ejector) are arranged alongside the condenser. The source of motive 

steam for these ejectors is the discharge steam from the deaerator. The steam flow in the respective ejectors 

is expanded, mixes with the incondensable and then condenses by transferring their heat to the condensate 

exiting the condensate pump. The condensate from the ejectors is drained back to the hot well, where it 

mixes with the condensate of the main condenser and is discharged as single stream passing through the two 

ejectors. The three closed type LP heaters are arranged next to the two air ejectors. The drain from the LP 

heater 2 and 3 is cascaded back to LP heater 1; thus, all the drains then accumulated in LP heater 1 equals 

the total steam flow extracted for the LP heaters. The condensate is then pumped and mixes with the 

feedwater stream exiting the LP heater 1. The resultant stream then passes through the next two LP heaters 

(heater 2 and 3) and then enters the open type feedwater heater. The steam from the deaerator at 13 and 14 

are used as motive steam for the two ejectors, while the streams 11 and 12 are evaporated in the atmosphere. 

The drain from the HP heaters 1 and 2 is also throttled back to the deaerator. The resultant stream exiting the 

deaerator is the saturated water corresponding to the deaerator pressure. This saturated water is pumped 

through the boiler feed pump, and it then circulates through two HP heaters. The final stream at the exit of 

HP heaters enters the FBC and hence completes the cycle. 
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The main assumptions made for analysis are given below: 

 Steady state flow conditions prevail for all fluid streams with negligible changes in kinetic and 

potential energies. 

 The dead-state condition is at 101.32 kPa and 25 
o
C. 

 Isentropic efficiencies of turbine and pump are 85 and 90%, respectively. 

 The heating value of lignite coal is 12.02 MJ/kg. 

 

3. Thermodynamics model equations 

The main equations based on three fundamental principles are utilized for the model development, as given 

below. The conservation of mass, first law and second law of thermodynamics for a steady flow process 

reduces to the form given in Eqns. (1) to (3), respectively. 

   ̇    ̇  (1)  
 

  ̇   ̇    ̇      ̇      (2)  

 

   ̇    ̇    ̇       ̇       ̇    (3)  

 

In Eqn. (3) left hand side consists of exergy transfer due to heat and work, inlet and exit fluid physical 

exergy flow, and exergy destruction rate. The specific physical exergy flow of the fluid is given by Eq. (4). 

    (    )    (    ) (4)  

In Eqn. (4) the subscript 0 refers the dead-state condition as defined in the assumptions. 

The performance parameters are calculated using Eqns. (5) to (7). 
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In Eqn. (5) various terms are defined in Eqns. (8) to (11).  
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The energy and exergy inputs (fuel) as defined in Eqns. (6) and (7) are defined by Eqns. (12) and (13), 

respectively. 

  ̇   ̇      (12)  
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All enthalpies and exergies are calculated under dead state conditions 

(13)  

 

  

     
Figure 1 schematic diagram of 50MW (FBC) lakhra Coal power plant 

 

 

4.  Results and Discussion 

In this section, results of thermodynamic and economic analyses of the power plant are discussed along with 

the discussion on parametric study exhibiting the impacts of operating parameters on performance. In this 

regard, net power output, energy and exergy efficiencies are nominated as performance parameters, whereas 

condenser pressure, main steam pressure and temperature are considered as operating parameters. 

4.1 Model validation 

The developed model of the power plant is validated by simulating the model with the designed and off-
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designed operating conditions. The net power outputs thus obtained are then compared with the actual 

values, as exhibited in Fig. 2, which shows a great degree of conformity. The designed and off-designed 

operating conditions are exhibited in Table 1. The designed values were provided by the power plant 

authorities while off-designed operating conditions were measured during a typical day operation of the 

plant on 21
st
 day of February 2017. 

 
Fig. 2: Model Validation (Net power output under designed and off-designed operating 

parameters) 

Table 1: Main operating parameters maintained during designed and off-designed analysis 

Conditions 
Main Steam Pressure 

(MPa) 

Main Steam Temperature 

(°C) 
Condenser Pressure (MPa) 

DESIGNED 9 540 0.00804 

OFF DESIGNED 8.29 499 0.086 

 

4.2 Energy and Exergy performance 

 

The net power output, energy and exergy efficiencies are obtained as 53.5 MW, 31.02 and 26.24%, 

respectively under designed conditions. Under same condition, efficiencies and energy loss/exergy 

destruction of various components are exhibited in Figs. 3 and 4, respectively. According to these Figures’ 

condenser contributes a major share in the total energy loss followed by boiler while other components play 

insignificant role. On contrary, exergy destruction is highest in the boiler and lower in the condenser. This is 

because heat transfer occurs between high temperature difference in the boiler (furnace temperature and 

water) while lower temperature difference exists in the condenser (condensate temperature and cooling 

water temperature). This is also the reason for lower exergy efficiency of boiler as compared to that for 

condenser, as shown in Fig. 3. 
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Fig. 3: Energy and exergy efficiencies of various plant components at designed conditions 

 

 
Fig. 4: Relative energy loss and exergy destruction ratios of various components at designed 

conditions 

 

4.3 Parametric study 

A sequence of simulations in which one or several independent variables (operating parameters) of the 

system are varied to examine their influence on the dependent variables (performance) is called parametric 

study. Such an investigation is performed to define, analyze, and examine the different relationships among 

the variables. 

Keeping in view the constraints in practice and prevailing economic situation, the variation in the 

independent variables of the power plant under study, i.e., condenser pressure, main steam pressure and 

temperature are made in the ranges 7.1-95 kPa, 6000-9000 kPa and 400-540 °C respectively.  

4.3.1 Thermodynamic analysis 

 

The impact of given thermodynamic operating parameters on plant performance are exhibited in Fig. 5. 

Fig.5 (a) illustrates the impact of condenser pressure on performance of the plant, according to which net 

power output and efficiencies decrease with an increase in the condenser pressure. The condenser pressure 

depicts the degree of pressure drop through the turbine. The drop of pressure is the straight function of the 

mechanical energy from the turbine owing to increased velocity of jet steam ejecting from the nozzle that 
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hits the blades of turbine. With the increase in condenser pressure, expansion of steam in the turbine 

decreases thus reduces the net power output. However, the lowest viable pressure for the proper functioning 

of the condenser is connected to the temperature of water available for cooling, which should be kept 

corresponding to the saturation temperature of steam with respect to the exit temperature of cooling water.  

 

 

  

 
Fig. 5: Effect of (a) condenser pressure (b) main steam pressure and (c) main steam temperature on 

performance 

 

Fig. 5 (b) demonstrates the impact of main steam pressure on performance. It is clear that plant performance 

increases as the main steam pressure increases. The heat required to produce the steam in boiler declines as 

the pressure gets higher due to reduction in latent heat of vaporization of water. Furthermore, the bled steam 

pressures also increase with main steam pressure and at constant temperatures, their enthalpies reduce, 

which also reduces feedwater temperature at the exit of each heater. This effect rises the heat transfer to the 

boiler. The overall impact is very slight increase in the net power output and efficiencies. 
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The effects of main steam temperature on performance parameters are exhibited in Fig. 5(c), which exhibits 

that plant performance improves with the main steam temperature. This is because enthalpy and exergy of 

steam entering the turbine increase, resulting in an increase in the net power output. Subsequently, in order 

to produce high temperature steam, rate of heat transfer to the boiler also increases but somewhat shaded due 

to rise in the bled steam that enhances the regeneration process. Therefore, the incremental rise in the net 

power output becomes more significant as compared to rise in the fuel supply, which causes increase in the 

efficiencies. The figure shows an even rise in the performance parameters with respect to main steam 

temperature.  

Conclusion 

This study presented a comprehensive energy and exergy analysis of a selected unit of Lakhra power 

plant, Pakistan. First the model of the plant was developed using EES software and simulated for base-

case and varying operating parameters. In base-case with designed operating conditions, the net power 

output, energy and exergy efficiencies were calculated as 53.5 MW, 31.02% and 26.24 % respectively. 

While under off-designed conditions the plant yielded power output of 28.2 MW, with energy and 

exergy efficiencies of 20.83% and 17.62%. The component-level analysis shows condenser as a main 

contributor towards energy loss of 68.19% followed by boiler with energy loss of 24.7% while the 

latter plays a major role in the exergy destruction of the plant contributing of 93.84% (38.74 MW) out 

of total exergy destruction of 41.52 MW succeeded by feedwater heaters with exergy destruction of 

2.94%(1.24 MW) and turbine with exergy destruction of 1.72%(0.71 MW). While the least exergy 

destruction happens in condenser. From the results of parametric study, it can be concluded that 

condenser pressure, main steam pressure and temperature flatly affects the performance. The 

performance characters tend to increase with increase in main steam pressure and temperature and 

decrease in condenser pressure.  

  
 

Nomenclature 

  

ex                   Specific exergy flow (kW) 

ExD               Exergy destruction rate (kW) 

h                    Specific enthalpy (kJ/kg) 

                     Mass flow rate (kg/s) 

P                  Pressure (kPa or MPa) 

                        Heat flow rate (MW) 

S                       Specific entropy (kJ/kg.K) 

T                  Temperature (
o
C) 

                        Power (MW) 

  

ABBREVIATION 

  

Cp Condenser pump 
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FBC Fluidized-Bed Combustion 

Fwp Feedwater pump 

LMTD Log-mean Temperature Difference 

 

  

 

 

 

 

 

References 
 

[1] Koyama,K,.(2017).The role and Future of fossil fuel IEEEJ Energy Journal Special Issue October. 

 

[2] Ameri, M., Ahmadi, P., and Hamidi, A. (2009).  Energy, Exergy and Exergoeconomic Analysis of a 

Steam Power Plant: A Case Study International Journal of Energy Research, Volume 33, Issue 5, pp 

499-512. 

 

[3] Hydrocarbon Development Institute of Pakistan (HDIP) (2018). Pakistan Energy Yearbook Ministry of 

Petroleum and Natural Resources, Government of Pakistan.  
 

[4] https://www.iea.org/fuels-and-technologies/coal share of global power mix (2018). 

 

[5] Ganapathy, T., Alagumurthi, N., Gakkhar, R.P., and Murugesan, K. (2009). Exergy Analysis of 

Operating lignite fired thermal power plant Journal of Engineering Service and Technology Review, 

Volume 2, pp.123-130, 2009. 

 

[6] Aljundi, I.H. (2009). Energy and Exergy Analysis of a Steam Power Plant in Jordan Applied Thermal 

Engineering Volume 29, pp.324-328. 

  

 

[7]  MSK  Tony Suryo U, Eflita Yohana  , Syarif Dwi Priyanto , Ignatius Apryando M. and 

Tauviqirrahman.(2019). Energy and Exergy Analysis of Steam Power Plant 3rd Unit PT PLN 

(PERSERO) Centre Unit Generation Tanjung Jati B  Use BFP-T Modification Cycle, E 3S Web of 

Conferences 125, (2019) https://doi.org/10.1051/e3sconf/2019125 ICENIS 2019 13003 13003 . 

 

[8] Jamali,J.A. (2020). Parametric based Exergy analysis of induced draught cooling towers of the thermal 

and the Lakhra power plants Jamshoro Noble International Journal of scientific Research, Volume 04, 

No,08, pp 73-79.  

 

[9] Mehmet Tontu,Besir Sahin &Mehmet Bilgili. (2019). Using energy and exergy analysis to compare 

different coal-fired powerplants. Energy Sources, Part A: Recovery, Utilization, and Environmental 

Effects. https://doi.org/10.1080/15567036.2019.1696429. 

 

[10] Regulagada P. Dincer I., and Naterer, G.F.(2010). Exergy Analysis of a Thermal Power Plant with 

Measured Boiler and Turbine Losses Applied Thermal Engineering, Volume 30, pp.970-976. 

 

[11] Pal, M.K., Chandra, H., and Arora, A. (2015). Thermodynamic Analysis of Existing Coal Fired 

Conventional Steam Power Plant Using Cycle Tempo International Journal of Advanced Engineering 

Research and Studies. 

 

[12] Memon, A.G., Harijan, K., Uqaili, M.A., and Memon, R.A.(2013). Thermo-Environmental and 

Economic Analysis of Simple and Regenerative Gas Turbine Cycles with Regression Modeling and 

https://www.iea.org/fuels-and-technologies/coal
https://doi.org/10.1051/e3sconf/2019125%20ICENIS%202019%2013003%2013003
https://www.tandfonline.com/author/Tontu%2C+Mehmet
https://www.tandfonline.com/author/Sahin%2C+Besir
https://www.tandfonline.com/author/Bilgili%2C+Mehmet
https://doi.org/10.1080/15567036.2019.1696429


North American Academic Research, 4(2) | 2021 | https://doi.org/10.5281/zenodo.4568879              Monthly Journal by TWASP, USA | 309  

 

Optimization Energy Conversion and Management, Volume 76, pp.852–864. 

 

[13] Jamali,J.A., Memon, A.G., Harijan, K.,Abbas, Z.,Khuwaja,A.( 2017). Energy and Exergy analyses of 

boiler and its parts of lakhra coal power plant (FBC) Jamshoro Noble International Journal of scientific 

Research,Volume 01, No,10, pp 104-111. 

 

 

 

 
 
 
 
 
Corresponding author : Jawed Ahmed Jamali 
Email :        jawedahmed879@gmail.com 
 

 

 
© 2021 by the authors. Author/authors are fully responsible for the text, 

figure, data in above pages.  This article is an open access article distributed 

under the terms and conditions of the Creative Commons Attribution (CC 

BY) license (http://creativecommons.org/licenses/by/4.0/) 

 

 

 
 

http://creativecommons.org/licenses/by/4.0/

