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Abstract— As far as power plant is concerned for proper 

system component working exergy and energy analysis have 

to be done. Thus we get clear idea about the different 

component performance. In Integrated Gasification Combine 

Cycle power plant with help of first and second law of 

thermodynamic applying to system component analysis is 

carried out. It include all the component used for the system 

to generate the steam one by one according to their condition 

and manipulation is done. The data then used as calculating 

energy and exergy efficiencies of the plant. Thus at last the 

irreversibility present more among the different component 

of plant and reason for that is given so that better performance 

of power plant is achieved and efficient power plant 

performance is achieved. At last, we get that maximum 

energy and exergy destruction among all the components 

found in combustion chamber and gas turbine. And its value 

is for energy destruction in combustion chamber is 33.62%, 

and in gas turbine is 23.92%. And similarly for combustion 

chamber and gas turbine maximum value for exergy 

destruction is 34.40%, 37.68% respectively. 

Key words: Energy, Exergy, Integrated Gasification Combine 

Cycle Power Plant 

I. INTRODUCTION 

Coal gasification technology, often referred to as Integrated 

Gasification Combined Cycle (IGCC), is the process of 

gasifying coal to produce electricity. The coal is gasified by 

burning finely-crushed coal in an environment with less than 

half the amount of oxygen needed to fully burn the coal. 

Essentially, the coal is not burned directly but undergoes a 

reaction with oxygen and steam. This produces what is 

known as synthetic gas or “syngas.” This gas is then 

combusted in a combined cycle generator to produce 

electricity. The technology integrates the production of 

purified gas and the production of electricity. In terms of 

environmental benefits, the technology reduces emissions of 

sulphur dioxide, particulates and mercury, as well as of 

carbon dioxide, in particular when combined with carbon 

capture and storage. Integrated Gasification Combined Cycle 

(IGCC) technology can reach a higher efficiency rate than 

typical coal combustion technologies, efficiency rate of 

higher than 45% is achieved. 

Energy: Energy is the ability to do work and work is 

the transfer of energy from one form to another. In practical 

terms, energy is what we use to manipulate the world around 

us, whether by exciting our muscles, by using electricity, or 

by using mechanical devices such as automobiles. Energy 

comes in different forms - heat (thermal), light (radiant), 

mechanical, electrical, chemical, and nuclear energy. 

Exergy: Exergy is term for a group of concepts that 

define the maximum possible work potential of a system, a 

stream of matter or heat interaction; the state of the 

environment being used as the datum state. In an open flow 

system there are three types of energy transfer take place in 

the control surface namely working transfer, heat transfer, 

and energy associated with mass transfer or flow. 

IGCC process description: The hot gases generated 

in the combustor is passes through the reductor section of the 

gasifier. With help of additional feeded coal and the heat 

generated in the combustor section, the remainder of the 

carbon from the char plus the fresh coal is converted in to 

gases by the gasification reaction. These gases are commonly 

known as fuel gas. Fuel gas is composed of hydrogen, carbon 

monoxide, methane, carbon dioxide, and other carbon and 

sulfur-containing compounds. Due to the high temperatures 

generated in the combustor section (in excess of 10940 C), ash 

in the coal is converted into a liquid and is allowed to flow 

out the bottom of the gasifier into a water-filled quench tank, 

where it is cooled to form a non-leachable glassy substance 

(slag). The fuel gas produced in the reductor section and any 

unreacted char exit the top of the gasifier and are fed to 

cooling systems where the fuel gas is cooled to approximately 

5380 C by various heat exchange surfaces and water spray to 

match the hot gas clean-up system. After the cooling, the fuel 

gas is cleaned to remove sulphur containing compounds and 

remaining fine particulate matter. The coal char gas stream is 

now passes through the high-efficiency cyclone, where fine 

particles and char that are suspended in the gas are separated 

from each other. The solid char is returned to the combustor 

section of the gasifier. The gas stream, free from the solid 

particles, goes to the hot gas clean-up system, where sulfur 

containing compounds are removed from the fuel gas. 

II. LITERATURE REVIEW 

Energy and exergy analysis of hydrogen-oriented coal 

gasification with CO2 Capture by Tomasz Malik. The present 

work is based on to propose implementation of a fully “zero-

emission” plant by introduction of biomass into the gasifier. 

The structure of the plant chosen is being proposed and 

modeled. It is composed basically of gasifier, water gas shift 

reactors, acid gas removal units, pressure swing adsorption 

process for hydrogen separation, combined cycle for power 

production and essential auxiliary components. The system 

shown is composed of a cryogenic air separation unit (ASU), 

a dry-feed gasifier with syngas cooler, COS hydrolysis and 

water gas shift reactors (WGSRs), the acid gas removal unit, 

and a pressure-swing adsorption (PSA) process for hydrogen 

separation and finally the combined cycle for power and 

district heat generation. 
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Fig. 1: Block Flow Diagram of the Analyzed Coal-To-

Hydrogen System 

The analyzed system has been modeled on the 

Thermoflex Software. Thermoflex contains models of typical 

energy conversion devices: like compressors, turbines or heat 

exchangers, as well as agglomerated multi-device models 

such as steam boilers or gasifier islands. The modeling 

approach combines the physical and empirical modeling. 

Comparison of IGCC (integrated gasification 

combined cycle) and CFB (circulating fluidized bed) 

cogeneration plants equipped with CO2 removal by Tomasz 

Malik. In this study, two case studies of CCS-integrated CHP 

units have been analyzed: - IGCC CHP plant with waste heat 

recovery equipped with Selexol-based CO2 absorption, - 

CFB CHP plant with waste heat recovery equipped with tap 

back pressure steam turbine and MEA-based CO2 absorption. 

Both analyzed cases have been compared with the reference 

plant which is based on CFB boiler and steam cycle of the 

same main parameters. 

Energy utilization factor has been calculated here 

and it has been assumed that the main product is heat and the 

emission assigned to heat is calculated as difference between 

total emission from the analyzed CHP unit and emission 

avoided in other power stations due to production of specified 

amount of electricity in considered CHP unit. The scheme for 

avoided emission calculus has been illustrated in fig. The 

equivalent power plant is assumed to be coal-fired, non- CCS, 

supercritical unit of net electric efficiency equal to 44% 

 
Fig. 2: Scheme for calculus of avoided CO2 emission 

For the comparison purposes, each of three analyzed 

units (IGCC with CCS, CFB with CCS and CFB reference 

without CCS) has been evaluated from the energy, exergy and 

CO2 emission points of view. 

Techno-economic assessment of hydrogen selective 

membranes for CO2 capture in integrated gasification 

combined cycle by Giampaolo Manzolini. In this study, from 

both technical and economic perspective view Pd-based H2-

selective membranes in integrated gasification combined 

cycle (IGCC) plants with CO2capture is performed. In 

present literature study, main consideration is hydrogen 

selective membranes for CO2 capture in power plants, the 

membrane reactor concept is adopted. In the present case 

CO2-rich stream is firstly dehydrated with a circulating tri-

ethylene glycol desiccant and molecular sieve to prevent 

plugging due to ice formation in the cold section. The stream 

is then cooled and partially condensed in a multi-flow heat 

exchanger. The temperature of the CO2stream at the outlet of 

this heat-exchanger is an important parameter in operating the 

process. The optimal temperature has been set around −30oC, 

a value that minimizes the overall compression power. Note 

also that the extent to which incondensable gases can be 

recovered is almost independent of the temperature. The 

liquid separated in the first knockout drum is throttled 

through valve and used as cold stream in the multi-flow heat 

exchanger. Since the separation efficiency increases 

monotonically with decreasing temperature, the vapour 

fraction exiting the first knockout drum is further cooled 

down to −53oC through the two additional exchangers. 

Economic evaluation of pre-combustion CO2-

capture in IGCC power plants by porous ceramic membranes 

by Pascal Maas. Pre-combustion-carbon-capture is one of the 

three main routes for the mitigation of CO2-emissions by 

fossil fueled power plants. Based on the data of a detailed 

technical evaluation of CO2-capture by porous ceramic 

membranes (CM) and ceramic membrane reactors 

(WGSMR) in an Integrated-Gasification-Combined- Cycle 

(IGCC) power plant this paper focuses on the economic 

effects of CO2-abatement. First the results of the process 

simulations are presented briefly. The analysis is based on a 

comparison with a reference IGCC without CO2-capture (dry 

syngas cooling, bituminous coal, efficiency of 47.4%). 

In second reference, an IGCC process with CO2 

removal based on standard Selexol-scrubbing is taken into 

account. The most promising technology for CO2-capture by 

membranes in IGCC applications is the combination of a 

water gas shift reactor and a H2-selective membrane into one 

water gas shift membrane reactor. For the WGSRM-case 

efficiency losses can be limited to about 6%-points (including 

losses for CO2 compression) for a CO2 separation degree of 

90%. This is a severe reduction of the efficiency loss 

compared to Selexol (10.3% points) or IGCC–CM (8.6% 

points). 

Low-temperature syngas separation and CO2 

capture for enhanced efficiency of IGCC power plants by 

David Berstad. The present work proposes low-temperature 

syngas separation as an alternative to the use of solvent 

absorption–desorption processes for CO2 capture from IGCC 

power plants. In the low-temperature process in 

consideration, CO2- and H2-rich product streams are 

obtained by phase separation from compressed syngas by 

combining distillation, flash separation, internal heat 

recovery and auxiliary refrigeration. For the selected CO2 

capture ratio of 73% simulation results show a potential 

specific capture and compression power of approximately 
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0.36 MJ/kgCO2 including sulphur pre-removal. Higher CO2 

capture ratio is obtainable and can be increased to about 85% 

by increasing the syngas feed pressure to about 110 bar. The 

low-temperature syngas separation process shows promising 

energy penalty figures for CO2 capture from IGCC power 

plants and may hence be an interesting energy- and cost-

efficient alternative to conventional capture methods. In the 

present study a pre-compression pressure of 51.3 bar with a 

targeted CCR of approximately 73% has been selected to 

demonstrate how a capture ratio between that of “natural gas 

parity” and “full capture” may be obtained. 

Detailed exergetic evaluation of heavy-duty gas 

turbine systems running on natural gas and syngas by Max 

Sorgenfrei. In the present study, gas turbine running on 

natural gas, having an overall net efficiency of approximately 

40%, is modeled using Aspen Plus and characteristic 

parameters are identified. Based on these parameters, a gas 

turbine running on syngas was simulated. The emphasis here 

is on a very detailed evaluation of the inefficiencies. Twelve 

types of inefficiencies were identified and rated. A 

comparison of the inefficiencies within each system and 

between both systems represented by their exergy destruction 

ratios is presented. The main focus here is on the detailed 

modeling and evaluation of a gas turbine system running on 

natural gas. To improve the understanding of inefficiencies, 

the model is designed to calculate the distribution of 

inefficiencies among all components divided by its sources. 

Furthermore, the bleed air of the compressor provided to the 

gas turbine is further split into cooling and sealing parts. 

Reducing CO2 emissions for an IGCC power 

generation system: Effect of variations in gasifier and system 

operating conditions by Nirmal Gnanapragasam. In this 

paper, the operating effectiveness of the gasifier and the 

IGCC system are analysed considering fuel utilization based 

on estimates of relative and specific net-work output rates, 

combined cycle efficiency and CO2 emissions. The analysis 

is discussed on the basis of the increase in gasification of the 

fixed carbon in the source fuel (i.e. from partial to full 

gasification) thus comparing the proposed IGCC system for 

the entire range of gasification. 

The objectives of the present work are: 

 To analyse the performance of the gasification process 

based on gasifier inlet feed conditions: (i) steam-to-coal 

ratio and (ii) oxygen- to-coal ratio. 

 Analysis of IGCC system performance based on the 

thermal operating conditions at three locations within the 

system: (i) the compressed air inlet temperature to the 

gas cycle, (ii) the gas turbine inlet temperature, and (iii) 

the inlet temperature to the heat recovery steam generator 

(HRSG). 

 The impact of varying feedstock on gasification and 

IGCC performance is analysed as a function of fuel. Four 

solid fuels are considered, having decreasing carbon 

contents. 

Performance evaluation of integrated gasification 

combined cycle (IGCC)  utilizing a blended solution of 

ammonia and 2-amino-2-methyl-1- propanol (AMP) for CO2 

capture by  Woo-Seung Kim. In this paper, a large-scale 

IGCC system is modeled and simulated in three 

configurations: IGCC without CO2 capture, IGCC with pre-

combustion capture, and IGCC with post-combustion 

capture. The validated model of CO2 capture based on a 

blended solution of ammonia and AMP is integrated with the 

IGCC to evaluate system performance in terms of net power 

produced, efficiency penalty due to CO2 capture, and energy 

losses in various sections of the IGCC. Moreover, an exergy 

analysis is carried out to investigate the loss of useful work in 

major sections of the IGCC for three cases (IGCC without 

capture, IGCC with pre-capture and IGCC with post-capture). 

After validating the model, the gasifier was scaled-

up. The gasifier diameter was kept constant, while the length 

was varied to achieve carbon conversion of 98.8% to match 

the validated model. 

Thermodynamic evaluation and experimental 

validation of 253 MW Integrated Coal Gasification 

Combined Cycle power plant in Buggenum, Netherlands by 

p. v.  Aravind. This study investigates the steady state 

operation and performance of a 253MW Integrated Coal 

Gasification Combined Cycle (IGCC)   that is based on the 

design and operating parameters of the existing Willem-

Alexander plant in Buggenum, the Netherland. To validate 

the model that was developed based on design data, 

simulation results are compared with actual process data, i.e. 

experimental values obtained at the plant location of Nuon–

Vattenfall in Buggenum, the Netherlands. Uncertainties were 

identified such as, for example, inconsistent design drawings, 

unrecorded plant modifications, approximations of real fuel 

composition, and an omission of or inaccurate measurements 

of process values, particularly the coal flow input 

measurement 

Energy penalty estimates for CO2 capture: 

Comparison between fuel types and capture-combustion 

modes by Suraj Vasudevan. In this study, all the three modes 

of capture-combustion: pre-combustion, post-combustion, 

and oxy combustion are considered. Here, evaluation of the 

minimum thermo-dynamic work for CO2 capture, and then 

estimation of achievable target is carried out. 

An oxy combustion process uses enriched air for 

combustion. Preparing enriched air adds to the energy 

penalty. The flue gas from oxy combustion has a very low N2 

content, so the flue gas from oxy combustion is wet CO2. 

Neglecting the energy for condensing water, the CO2 capture 

energy for an oxy combustion process equals the energy 

required for air separation. A pre-combustion process 

involves the gasification of a fossil fuel with enriched air to 

obtain a mixture of CO and H2. This is converted to a CO2-

H2 mixture via the WGS (water-gas shift) reaction. Then, H2 

is separated from CO2 and combusted to generate power. 

Thus, pre-combustion capture involves two separation steps; 

the first to separate oxygen from air, and the second to 

separate. 

III. METHODOLOGY 

By applying 1st & 2nd law to different component of IGCC 

plant and carried out evaluation of energy and exergy 

efficiencies then performance of different component is 

involved and irreversibility, losses occurred in this system in 

which exergy destruction high is predicted. 

For this data collection and manipulation is required and for 

that below path is followed: 



Energy & Exergetic Evaluation of Integrated Gasification Combine Cycle Power Plant 

 (IJSRD/Vol. 6/Issue 02/2018/619) 

 

 All rights reserved by www.ijsrd.com 2269 

A. Methodological Framework 

The framework for the methodology of this 400 MW IGCC 

system study was classified into 2 major categories as shown 

in Figure. 

 
Fig. 3: Methodological framework 

B. Operation Variables 

These are parameters concerned with the functioning of the 

power plant. They indicate measurable (direct operational 

variables) and computable (indirect operational variables) 

properties which describe the generic thermodynamic 

activities taking place in a power plant. Overviews of these 

properties are outlined in Figure 3. 2. 

1) Measurable Properties 

These are usually monitored and recorded directly from 

inbuilt or attached IGCC plant measurement indicators over 

a specified period of time. An inventory data collection 

process is normally used to comprehensively collect 

information. 

 
Fig. 4: Operational Variables Framework 

2) Computable Properties 

These properties are those that are not usually read directly 

from indicators, and as such would have to be computed 

through the use of appropriate energy tables or charts; 

thermodynamic formulae, such as conservation of mass and 

energy, and exergy balance equations. 

3) Performance Variables 

These are parameters concerned with the performance of the 

boilers. Hence, they serve as indices to ascertain and analyse 

various performance levels of the steam plant. They include 

variations of energy and exergy values and efficiencies of 

steam boilers in relation with input and output resources; and 

the magnitudes and types of irreversibility (exergy losses) 

and the locations they occur in steam boilers. Methods for 

computing various performance variables are enumerated in 

the theoretical framework. 

IV. ENERGY & EXERGY ANALYSIS OF IGCC 

A. First Law & Second Law Efficiency 

A common measure on energy use efficiency is the first law 

efficiency; ηI. The first law efficiency is defined as the ratio 

of the output energy of a device to the input energy of the 

device .The first law is concerned only with the quantities of 

energy, and disregards the forms in which the energy exists. 

It does not also discriminate between the energies available 

at different temperatures. 

It is the second law of thermodynamics which 

provides a means of assigning a quality index to energy. The 

concept of available energy or exergy provides a useful 

measure of energy quality with this concept it is possible to 

analyze means of minimizing the consumption of available 

energy to perform a given process, thereby ensuring the most 

efficient possible conversion of energy for the required task. 

The second law efficiency, ηII of a process is defined as the 

ratio of the minimum available energy (or exergy) which 

must be consumed to do a task divided by the actual amount 

of available energy (or exergy ) consumed in performing the 

task. ηII = minimum exergy intake to perform work / actual 

exergy intake to perform same work. 

Coal Analysis (Proximate)  

As Received (wt 

%) 
Value 

Dry Basis 

(wt%) 
Value 

Moisture 11.12 Moisture 0.0 

Ash 9.70 Ash 10.91 

Volatile Mater 34.99 Volatile Mater 39.37 

Fixed Carbon 44.19 Fixed Carbon 49.72 

Total 100.00 Total 100.00 

HHV 11666 HHV 13126 

Table 1: Coal Analysis Based On Proximate 

Coal Analysis (Ultimate)  

As Received (wt %) Value Dry Basis (wt %) value 

Moisture 11.12 Moisture 0.0 

Carbon 63.75 Carbon 71.72 

Hydrogen 4.5 Hydrogen 5.06 

Nitrogen 1.25 Nitrogen 1.41 

Chlorine 0.29 Chlorine 0.33 

Sulfur 2.51 Sulfur 2.82 

Ash 9.7 Ash 10.91 

Oxygen 6.88 Oxygen 7.75 

Total 100 Total 100 

Table 2: Coal Analysis Based On Ultimate 

Stream no 
M 

(kg/s) 

T 

(k) 

Pressure 

(bar) 

Sp. Enthalpy 

(kj/kg) 

Sp. 

Entropy 

(kj/kg.k) 

Energy 

(MW) 

Exergy 

(MW) 

4 135.317 677.6 13.79 3267.9059 7.3259 442.202 140.4785 

10 1.297 783.2 31.03 3478.5246 7.2469 4.5116 1.6505 

13 1.123 591.5 110.32 2706.1561 5.5532 3.0390 1.1430 

14 103.398 591.4 110.32 1451.2910 3.4315 150.0606 42.4778 
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16 112.319 591.4 110.32 1451.2910 3.4315 163.0076 46.1494 

30 5.846 783.2 31.03 3478.5246 7.2479 20.3355 7.4395 

32 230.690 810.9 20.34 3551.1261 7.5262 819.2093 290.7137 

37 10.027 529.8 1.01 2987.7421 8.0550 29.9580 5.3676 

44 0.159 546.5 51.71 2823.8298 6.0159 0.4490 0.1581 

47 19.317 591.4 110.32 1451.2910 3.4315 28.0346 7.9369 

50 31.509 493.1 110.32 945.970 2.5016 29.8066 5.9725 

52 61.064 390.2 113.76 499.2771 1.4860 30.4878 3.2376 

72 753.316 505.4 1.01 135.2377 0.4676 2461.7658 1878.964 

73 574.975 677.6 13.79 3267.9059 7.3259 1878.9641 596.9065 

74 805.824 1497 13.38 5210.4 9.1936 4198.6654 1942.237 

75 848.848 865.4 1.03 3688.4942 9.0664 3130.9709 787.0374 

76 848.848 676.3 1.03 3285.3269 8.5415 2788.7432 580.8837 

77 848.848 609.5 1.03 3148.2743 8.3282 2672.4063 519.8424 

78 848.848 580.1 1.03 3088.7682 8.2281 2621.8947 495.2806 

79 848.848 524.6 1.02 2977.6556 8.0314 2527.5770 451.9550 

80 848.848 519.7 1.02 2967.9086 8.0127 2519.3017 448.5290 

81 848.848 466.2 1.02 2861.9445 7.7976 2429.3559 414.3438 

82 848.848 428.9 1.02 2788.1593 7.6327 2366.7234 394.4597 

83 848.848 409.8 1.02 2750.1473 7.5421 2334.4570 385.6803 

88 0.193 591.4 110.32 1451.2910 3.4315 0.2801 0.0793 

90 848.848 605.8 1.03 3140.4548 8.3153 2665.7688 516.5490 

101 169.372 810.9 99.97 3468.9762 6.7781 587.5474 242.0048 

102 0.072 810.9 99.97 3468.9762 6.7781 0.2497 0.1028 

104 116.578 613.5 24.13 3106.7942 6.8252 362.1838 120.0690 

105 129.252 810.9 22.68 3540.0626 7.4785 458.7234 164.4985 

106 131.443 701.2 10.34 3323.7157 7.5378 436.8791 135.2862 

107 0.213 613.5 24.13 3120.7626 6.8479 0.6647 0.2209 

108 131.655 701 10.34 3323.2879 7.5372 437.5274 135.4722 

109 0.081 701.2 10.34 3323.7157 7.5378 0.2692 0.083 

110 0.127 495.2 24.13 953.1323 2.5367 0.1210 0.0236 

111 0.152 733.3 10.34 3392.5586 7.6338 0.5156 0.1625 

112 1.694 591.4 110.32 1451.2910 3.4315 2.4585 0.6960 

113 50.239 659.5 34.47 3192.2208 6.8030 160.3739 56.3758 

114 13.928 322.3 1.78 205.9265 0.6927 2.8681 0.0270 

115 131.655 322.4 0.12 206.2011 0.6940 27.1474 0.2397 

118 189.874 322.3 0.12 205.7831 0.6927 39.0728 0.3417 

119 0.152 372.8 1.01 417.6230 1.3030 0.0634 0.0041 

120 175.946 322.3 1.72 205.9214 0.6927 36.2310 0.3410 

121 175.946 323.0 1.72 208.8469 0.7017 36.7458 0.3721 

122 175.946 347.1 1.72 309.6806 1.0028 54.4871 1.9341 

123 13.928 347.1 1.72 2699.6442 7.1779 37.6006 7.1740 

125 110.002 390.6 113.76 500.9229 1.4903 55.1025 5.8689 

129 12.801 389.1 24.13 488.180 1.4819 6.2492 0.5527 

130 12.801 472.6 24.13 850.2713 2.3242 10.8843 1.8949 

133 129.252 610.9 22.70 3104.1063 6.8478 401.2119 131.8830 

134 141.512 570.9 110.32 1329.3485 3.2281 181.1188 49.9506 

135 169.372 591.4 110.32 1451.2910 3.4315 245.8081 69.5913 

136 12.675 599.8 22.70 3078.6781 6.8057 39.0222 12.7737 

138 169.009 806.7 89.98 3471.2825 6.7661 586.6779 238.7223 

139 118.770 613.5 24.13 3106.7942 6.8252 368.9939 122.3266 

140 131.523 807.9 22.68 3542.3770 7.4702 465.9040 166.8429 

141 131.523 701.2 10.34 3323.2879 7.5372 437.0887 135.3364 

142 131.636 591.4 110.32 1451.2910 3.4315 191.0421 54.0864 

145 110.002 495.9 112.06 958.7748 2.5270 105.467 21.4060 

146 141.512 495.3 110.32 955.9862 2.5218 135.2835 27.2982 

147 12.801 388.7 1.72 2699.4293 7.1774 34.5617 6.5927 

Table 3: Energy & Exergy Calculation of Different Components
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V. RESULT & DISCUSSIONS 

Energy and exergy analysis has been done to analyse the 

overall performance of the different components has been 

conducted and results shown in the following table 5.1.Whole 

work is divided in two parts: 

1) Energy analysis 

2) Exergy analysis of different components of IGCC 

Also find out the first law efficiency and second law 

efficiency by calculating the energy and exergy data. 

Sr.No. Component Energy In, Ein Energy out Eout 
Energy 

Destructed 

First law of efficiency, 

𝛈I 

1 Air compressor 2461.7658 1878.9462 582.8196 76.32 

2 Combustion chamber 2698.1733 4198.665 1500.4917 64.26 

3 Gas turbine 4198.6653 3130.9709 1067.6944 74.57 

4 Super-heater 342.2277 341.7393 0.4884 99.85 

5 Re-heater 342.2277 57.5115 284.7162 16.80 

6 H/P Drum 116.3369 98.6713 17.6656 84.81 

7 IP super-heater 6.6383 26.9412 20.3029 24.64 

8 IP Drum 43.874 1.1966 42.6774 28.03 

9 HP2 Economiser 94.3177 52.8353 41.4824 56.01 

10 IP Economiser 8.2753 4.6352 3.6401 56.01 

11 HP1 Economiser 89.9459 50.3646 39.5813 56.00 

12 FWH1 62.6324 34.7325 27.8999 55.45 

13 FWH2 32.2664 17.7413 14.5251 54.98 

14 HP Turbine 586.6779 529.3678 57.3101 90.23 

15 IP Turbine 465.9040 437.0887 28.8153 93.81 

16 LP Turbine 437.5274 271.4740 166.0534 62.04 

17 SSR 0.5189 0.5156 0.003 99.36 

18 Condenser 27.1474 39.072 11.9246 69.48 

19 Deaerator 92.0876 512.31 420.4638 17.96 

20 G.S. Condensor 36.7466 36.8091 0.0625 99.83 

21 HP Pump 135.2835 29.9580 105.3255 22.14 

22 IP Pump 34.5618 6.249 28.3128 18.08 

Table 4: Energy Analysis of IGCC Plant

A. Energy Destruction 

Fig. shows the comparison among the different components 

of steam turbine and rankine cycle based on energy 

destruction and it is found that maximum value is for re-

heater and is 284.71 MW and it gradually decreased for other 

components. 

 
Fig. 5: Energy Destruction of Different Components of 

HRSG Section & Rankine Cycle 

Fig. indicate the comparison between HRSG and 

rankine cycle with include the pump section and information 

gathered is that in deaerator more energy destruction is taken 

place of 420.46 MW and reason is that due to mixing of 

condensate and feed water and then gradually decreased 

value for other components as shown: 

 
Fig. 6: Energy Destruction of different components of 

HRSG Section and Rankine Cycle 

B. First Law Efficiency 

Fig. shows the comparison of energetic efficiency of different 

components of Gas turbine and HRSG section and outcomes 

achieved is that super heater, HP steam drum has efficiency 

more than 80% and gradually this value is decreased for other 

components. 
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Fig. 7: First Law Efficiency of Gas Turbine and HRSG 

Section 

Fig. indicate the comparison of different 

components of rankine cycle based on first law of efficiency 

and outcomes taken is that G.S. Condenser, SSR value is 

reaches to 100 % and then HP turbine, IP turbine has value 

93.81%, 90.23% and then other component value is between 

(70−50 %) and for deaerator, HP pump, IP pump has very law 

efficiency between (25 20 %) as shown in the graph: 

 
Fig. 8: First Law Efficiency of Steam turbine cycle and 

FWH 

1) Exergy analysis 

Sr.N

o. 

Compon

ent 

Exergy 

In, Ψin 

Exergy 

out 

Ψout 

Exergy 

Destruc

ted 

Second 

law of 

efficien

cy, 

𝛈II 

1 

Air 

compres

sor 

782.05

00 

596.90

65 

185.14

35 
76.32 

2 

Combus

tion 

chamber 

887.62

02 

1942.2

307 

1054.6

105 
45.70 

3 
Gas 

turbine 

1942.2

307 

787.03

74 

1155.1

933 
40.52 

4 
Super-

heater 

206.15

37 

172.41

35 

33.740

2 
83.63 

5 
Re-

heater 

2006.1

537 

32.615

5 

173.53

82 
15.82 

6 
H/p 

drum 

61.041

3 

31.249

3 

29.792

0 
51.19 

7 

IP 

superhe

ater 

3.2934 
10.416

3 
7.1229 31.61 

8 IP Drum 
21.268

4 
0.4621 

20.806

3 
21.70 

9 

HP2 

Econom

iser 

43.325

6 

22.652

4 

20.673

2 
52.28 

10 

IP 

Econom

iser 

3.4260 1.3422 2.0838 39.17 

11 

HP1 

Econom

iser 

34.185

2 

15.337

1 

18.848

1 
45.44 

12 FWH1 
19.884

1 
7.1470 

12.737

1 
35.94 

13 FWH2 8.7794 1.5620 7.2174 17.79 

14 
HP 

Turbine 

238.72

23 

178.70

24 

60.019

9 
74.85 

15 
IP 

Turbine 

166.84

29 

135.33

64 

31.506

5 
81.11 

16 
LP 

Turbine 

135.47

22 
0.2397 

135.23

25 
17.69 

17 SSR 0.1858 0.1625 0.0233 87.45 

18 
Condens

er 
0.2397 0.3417 0.1020 70.14 

19 
Deaerat

or 
9.1080 

97.788

6 

88.680

5 
9.31 

20 

G.S. 

Condens

er 

0.5035 0.3762 0.1273 74.71 

21 
HP 

Pump 

27.298

2 
5.3676 

21.930

6 
19.66 

22 IP Pump 6.5927 0.5527 6.0400 8.38 

Table 6: Exergy Analysis of IGCC Plant 

Exergy destruction: fig. shows the comparison of 

exergy destruction between Air Compressor, Combustion 

chamber, Gas Turbine and result indicate that maximum 

exergy destruction is takes place in Gas Turbine as 1155.1933 

MW. 

 
Fig. 9: Exergy Destruction of Air Compressor, C.C & Gas 

Turbine 

Fig. indicate the comparison of different 

components of HRSG section and Rankine cycle section and 
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outcomes in terms of maximum value of exergy destruction 

is in re-heater as 173.5382 MW for HRSG section and LP 

Turbine as 135.2335 MW of Rankine cycle and then value is 

gradually decreased as shown below: 

 
Fig. 10: Exergy Destruction of Different components of 

Rankine cycle 

Fig. shows comparison among the HRSG section 

and Rankine cycle based on exergy destruction and maximum 

value for IP Stream Drum as 20.8063 MW for HRSG section 

and for Rankine cycle Deaerator as 88.6805 MW as shown 

below: 

 
Fig. 11: Exergy Destruction of Different components of 

HRSG and Rankine cycle 

First law efficiency: fig. shows the comparison of Second 

Law Efficiency for the Gas Turbine and HRSG section and 

result indicate that super-heater has maximum value as 83.63 

%, followed by Air Compressor as 76.32 % and then HP2 

Economiser as 52.28 % for other components value is in 

between (50 – 60 %) as shown: 

 
Fig. 12: Second Law Efficiency of Gas Turbine and HRSG 

Fig. shows the Second Law Efficiency among the 

different components of Rankine cycle and result indicate 

that maximum value is for SSR 87.45% followed by IP 

Turbine 81.11 %, HP Turbine (74.85%), G.S. Condenser 

(74.71%), Condenser (70.14%) and for other components 

value is between (35- 15 %) as shown: 

 
Fig. 13: Second Law Efficiency of Steams Turbine and 

FWH 

VI. CONCLUSION 

Thus, this is case study and it shows evaluation of energy and 

exergy in better optimized flow and the conclusion or 

outcomes as discussed below is taken: 

For air compressor, combustion chamber, gas 

turbine and HRSG section we get energetic efficiency 

57.51% and for Rankine cycle or steam turbine cycle section 

energetic efficiency 63.65%. Thus overall combine energetic 

efficiency of this two unit plant is 60.58%. 

We found that energy destruction in combustion 

chamber and gas turbine is high among all the components 

and its value is 33.62% for combustion chamber and 23.92% 

is for gas turbine components. And for HRSG section its 

value is 11.04% and this law value indicate the inefficient 

performance of this heat exchanger unit and due to high 

pressure steam generated and low temperature water re-

circulated continuously so better heat transfer is not possible 

and leads to more losses occurred in it. 

Now exergetic efficiency of air compressor, 

combustion chamber, gas turbine, and HRSG section has 

found value 42.85%, and for steam turbine section this value 

is 49.25% and for combine overall efficiency of this two unit 

is calculated and it found 46.05%. 

The maximum exergy destruction taken place 

among the different components is gas turbine and 

combustion chamber and its value is 37.68%, 34.40% 

respectively. 

Overall performance of IGCC plant shows that 

energetic efficiency is 60.03%, and exergetic efficiency is 

45.47%. 
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