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Abstract— In the present study, the analyses of first and 

second laws of thermodynamics  for IGCC  plant is achieved 

and it  include all the component like Combustion chamber 

(CC), Heat recovery steam generator (HRSG), Air 

compressor, Steam Turbine and  Gas Turbine 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 IGCC plant. Thus, here 

we get clear idea that energy destruction and irreversibility is 

high in combustion chamber compared to different 

component and this is due to incomplete combustion, also due 

to high amount of excess air is supplied to it. And from that 

performance improvement is achieved from it. 
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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. 

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, a pressure-swing adsorption (PSA) 

process for hydrogen separation and finally the combined 

cycle for power and district heat generation. 

 
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%. 
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Fig. 2.2: 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 

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. The 

models consider cooling and sealing flows. The syngas 

considered in this study is typically used in IGCC processes 

with carbon capture resulting in a high concentration of 

hydrogen. 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 
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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. CONCLUSION 

From above literature study we can conclude that there is 

different method for improving the efficiency of IGCC power 

plant. Also for co2 capture schemes there are more result of 

research is there with three methods of pre-combustion, post-

combustion and oxy-fuel combustion method. And with help 

of software modelling and simulation we can know better 

result about the power plant in terms of irreversibility and 

energy is where more destructed. So, that paper only gives us 

simple idea about the improving the efficiency of igcc power 

plant with help of different technique used in it. 
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