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A B S T R A C T   

Ion Transport Membrane (ITM) is an emerging technology for producing O2 by separating air in 
its membrane. To decrease energy loss in air separation unit and to increase the overall efficiency 
of a power generation unit ITM is added with the gasification unit in this model. Ceramic ma-
terials are generally used to make the ion transport membrane that produces oxygen by con-
ducting oxygen ions at a specified temperature. Potential advantages can be gained by integrating 
ITM technology with power generation units as 99% pure oxygen is produced from ITM. Using 
ITM air separator is more beneficial compared to cryogenic air separation as ITM technology 
helps to improve IGCC overall efficiency and also reduces plant auxiliaries than that of power 
generation systems integrated with cryogenic. This paper proposed a novel and effective inte-
gration of ITM, gas turbine, HRSG system, gas clean up system and gasification unit to produce 
sustainable energy. Environmental impacts are considered to design this integrated power gen-
eration unit. The proposed model achieved a high gross electric efficiency of 47.58% and high net 
power of 296730 kW which revealed its potentiality compared to available cryogenic ASU-based 
combine cycle power plants.   

1. Introduction 

The energy demand has been increased with increased population and growth of different power sectors [1,2]. From the past 
decades the development of Integrated Gasification Combined Cycle (IGCC) has started and in recent years it is widely used as power 
generation system. IGCC system has some potential advantages like low amount of sulfur, less NOX, higher thermal efficiency, and 
higher CO2 capturing capacity in pre-combustion stage [3–6]; however, it requires more development and optimization for global 
utilization [7]. A high plant efficiency ranging from 28 to 40% can be achieved via IGCC technology [8–10] as well as generate other 
valuable chemicals such as methanol, hydrogen which can reduce the dependency on fossil fuels [11,12]. 

Model of an oxygen-blown IGCC using an Ion Transport Membrane (ITM) to produce oxygen, instead of a conventional cryogenic 
system, is proposed in this study. Currently, the most common way to produce oxygen is by pressure swing absorption, and cryogenic 
air separation [13]. These processes are well-proven, but energy intensive, lower O2 purity, and expensive to build and operate [14, 
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15]. Work is underway to develop commercially viable metal-ceramic materials that are selectively permeable to oxygen ions. 
So-called Ion Transport Membranes are proven at research scales and are actively being commercialized. Commercial systems promise 
to produce hundreds to thousands of tons per day of high purity oxygen with significantly lower capital and operating expenses and 
with lower energy requirements [16,17]. 

In recent years, researchers have carried out several experiments to investigate the performance of a powerplant by integrating 
several energy generation and processing units such as gasifier, gas turbine, Heat Recovery Steam Generator (HRSG), Air Separation 
Unit (ASU) and gas clean up systems. Various researchers have reported significant improvements in power generation by increasing 
the yielding power, lower the emissions, lowering the cost, utilization of waste heat and water and modeling a compact power plant. 
The combination of the ASU with gas turbine has emerged as a key process due to high energy requirement for the ASU unit and net 
efficiency [18,19]. In this regard, researchers have developed the ITM, which has the potential to supply high purity O2 to the gasifier 
and it can be operated with lower cost compared to the conventional ASUs. 

In this study, a novel model is proposed by employing heat recovery steam generator, gas turbine, gasifier, gas clean up system, 
syngas separator with different subsystems such as evaporator, economizer, superheater, compressor, heat exchanger etc. Focusing on 
the oxygen production portion of the model, air from the gas turbine (GT) compressor is pressurized in a boost compressor and 
preheated in a recuperator before admission to the topping heater. Illinois no-6 is used as fuel in our proposed model which is a high 
volatile bituminous type of coal, and the ultimate and proximate analysis are presented in Table 1. 

The air is heated to its final temperature (1088K) by burning syngas before admission to the membrane array. Oxygen ions 
permeate the selective membrane and form oxygen molecules on the other side. Approximately 90% of the available oxygen is 
separated from the air when operating around 1088K and GT compressor discharge pressures. The membrane introduces a minor 

Table 1 
Ultimate and proximate analysis of Illinoi no-6 fuel.  

Ultimate analysis (%) Proximate analysis (%) 

Moisture 12 Moisture 12 
Ash 16 Ash 16 
Carbon 55.35 Volatile matter 33 
Hydrogen 4 Fixed Carbon 39 
Nitrogen 1.08   
Chlorine 0.1   
Sulfur 4   
Oxygen 7.47   
Total 100 Total 100  

Fig. 1. Schematic Diagram of a powerplant consisting of ITM, ST, GT, GCS, Reactor.  
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pressure loss. 99% pure oxygen exiting the array is cooled by heating feedwater and then compressed for delivery to the gasifier. 
Oxygen-depleted air is cooled against O2-rich air in the recuperator and delivered to the GT for NOX reduction and power augmen-
tation. Pressure drops introduced by the recuperator and heat exchangers are overcome by dedicated compressors. 

2. Modeling of the IGCC system with ITM 

Integrated Gasification Combined Cycle is the system where the syngas produced in gasification chamber is used in a gas turbine to 
produce electricity [20]. It consists of a fuel preparation system, fuel source, cooler (radiant), gas clean-up system, valves, gas turbine 
system. Here, in this model, IGCC is combined with the ITM and the HRSG. To make the power production system more efficient these 
systems are combined to get the maximum efficiency for power production. In this combined system (Fig. 1), ION Transport Membrane 
is used for oxygen production and this oxygen is supplied in the gasifier where the oxygen mixes with water and fuel and the raw 
synthesis gas is produced [21]. The temperature of this raw gas is very high and for usability it is moved to the cooler (radiant) where 
the gas loses some amount of heat, and the temperature of the raw gases reduces. Then this raw gas goes through a gas clean-up system 
where the gas cools down by going through three different coolers and then hydrogen sulfide is removed from the gas. Then this clean 
syngas is supplied as fuel to the ITM combustor and to the GT system for combustion. 

Air is also supplied to the compressor and mixes with the fuel in the GT combustor. Then the air fuel mixture goes through the 
turbine and hits the turbine blades for which electricity is produced due to spinning of turbine blades. Then the hot gas from the turbine 
enters HRSG system for the purpose of waste heat treatment and power generation. The processes which occurred in the HRSG system 
are discussed briefly in this paper. The hot gas is used to convert water into hot steam by passing the gas through different heating and 
reheating systems. In this process, the hot steam is used to establish momentum in different turbines by which electricity is produced in 
the generator connected with turbine shaft. 

3. Synthesis gas (syngas) production in the gasifier unit 

Gasifier is the chamber where synthesis gas can be produced by gasification of biomass products or other solid waste particles. 
Gasifier fuel contains high amount of carbon and it’s the technology that produces synthesis gas by gasifying carbon containing 
material like biomass, coal or solid waste [22]. If gasifier fuel contains less amount of fuel, then the low-heat value will be less. So, it’s 
better to use such fuel that contains high content of carbon. The fuel characteristics and operating conditions in the gasifier unit has 
great impact on the produced syngas [23,24]. There is no combustion process involved to convert carbon containing fuels into syngas. 

Gasifier wall is maintained at very high temperature for gasification of solid waste or biomass. From Table 1, the amounts of 
different elements of fuel can be seen. The gasifier fuel after fuel preparation used in this model contains 16% ash, 12% moisture, 
55.35% carbon, 4% hydrogen and other ingredients like nitrogen, sulfur and chlorine in very low amounts. The low-heat value of this 

Fig. 2. Gasifier unit.  
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fuel is 22325 kJ/kg and high heat value is 23491 kJ/kg. 
Before entering the gasifier (Fig. 2) the fuel is mixed with some amount of slurry water with temperature 288.1 K and pressure 

3.447 bar. With the water mixed fuel pure oxygen is also supplied to the gasifier which has a temperature of 977 K and pressure 36.92 
bar. The gasification is controlled at very high temperature in the gasifier and the gasifier temperature is maintained at 1644.3 K. Here, 
the pressure of gasifier is 36.92 bar and nominal fuel flow rate is maintained as 30.82 kg/s. After gasification different gaseous products 
are produced and of these products, amount of carbon dioxide, hydrogen and water is in top. Here, the efficiency of gasifier is 75.78% 
and heat loss in it is accounted as 68.8 kW. 

The gasifier is connected with a radiant syngas cooler with water walls where the water wall surface temperature is 678.7 K and 
heat loss is 180.6 kW. Water enters this cooler from economizer (HPE3) with temperature 602 K and pressure 129.89 bar. The 
temperature of hot syngas reduces from 1644.3 K to 1005.4 K and pressure decreases from 36.92 bar to 35.08 bar. There are three exit 
ways in this cooler. In one way slag is removed at mass flow rate 5.272 kg/s and temperature of slag is 373.2 K and it contains 6.479% 
unburnt carbon. In another way water/steam exits the cooler at 603K temperature. And in other way raw syngas exits the cooler with 
temperature 1005.4 K and pressure 15.08 bar. Then this raw syngas to gas clean-up system where this syngas is treated by different 
processing to make this gaseous fuel more useable. 

4. Gas clean-up system 

Coming out from gasifier and radiant cooler the raw syngas enters the gas clean up system (GCS) to become more useable [25]. The 
GCS consists of three cooler system, one AGR (acid-gas removal) system and drainage system to remove condensed water [26]. 

Raw syngas exiting from radiant cooler enters a scrubber which is a part of GCS (Fig. 3). Raw syngas enters here with temperature 
1005.4 K and pressure 35.08 bar. One water source is added to the scrubber from which water is supplied to cool down the hot raw 
syngas and after processing in the scrubber temperature of raw syngas decreases to 473.5 K. 

Then this raw gas goes through a CO2 hydrol where hydrolysis of carbonyl sulfide (COS) is occurred, and this hydrolysis is an 
impurity treatment process where hydrolysis of carbonyl sulfide (COS) occurs with present of water to form hydrogen sulfide (H2S) and 
carbon dioxide. Here COS is not corrosive, but H2S is corrosive. However, COS hydrolysis should be done to get more carbon dioxide to 
enrich the gaseous fuel.  

Reaction: COS + H2O → CO2 + H2S                                                                                                                                                 

At the time of reaction at CO2 hydrol, the syngas achieves some heat, and the temperature becomes 474.3 K. 
Then this syngas enters cooler-1 and its temperature reduces from 474.3 K to 469.5 K. At 3.94 kg/s condensed water is removed 

from cooler-1 to a drainage system and the amount of heat removal in this cooler is 8651 kW. After this the syngas goes through cooler- 
2 where condensed water is pumped from water-cooled condenser which is connected to low-pressure turbine (LPTL). This inlet water 

Fig. 3. Gas Clean-up system.  
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with temperature 305.6 K exits cooler-2 where the exit water has a temperature 398.9 K after receiving heat from the syngas. At 16.46 
kg/s condensed water is removed through the drainage system from cooler-2. After cooling in the syngas exits cooler-2 with tem-
perature 441.5 K and the amount of heat rejection in cooler-2 is accounted as 38156 kW. Later this cooled syngas enters cooler-3 
(external cooler) to become more cooled by releasing heat outside the system and the amount of heat rejection heat is accounted 
as 40107 kW. Here the syngas temperature decreases from 441.5 K to 310.9 K. At 11.72 kg/s condensed water is removed through the 
drainage from this system. 

After passing external cooler syngas enters an AGR system where the syngas is treated to remove the H2S, which can cause corrosion 
of materials of the operating system. Therefore, it is required to remove H2S from syngas to use this syngas as a perfect fuel. Most 
known and used techniques which are used in AGR are regenerable, cyclic and solvent absorption. There are different types of solvents 
which are used to remove hydrogen sulfide from syngas by contacting it in an absorption tower and then the acidic gases are thermally 
generated in a stripping tower to remove H2S. The most common solvents which are used in AGR system are shown in Table 2. 

Using an AGR system, almost 100% of hydrogen sulfide is removed from the synthesis gas and the raw syngas is cleaned by 
processing in AGR. This clean syngas exits AGR with temperature 310.9 K and enters syngas reheater (cooler-1) where it gains some 
heat from the coming raw syngas and the exit temperature of clean syngas is 440.2 K. Carbon dioxide and hydrogen are the high 
amount ingredients of the clean syngas coming out from the gas clean-up system and this clean syngas exit GCS at 45.65 kg/s mass flow 
rate. 

5. Gas turbine 

Gas turbine combine cycle (GTCC) has gained much popularity in power production due to their lower emission, higher thermal 
efficiency, and high regulation capacity [31]. Optimizing the GTCC with the HRSG unit, higher overall efficiency can be achieved from 
a combine cycle power plant. Air enters in the compressor from an air source and also from the air compressor which is connected with 
the ITM unit. Air enters from an air source with 288.2 K temperature and 1.013 bar pressure and air from ITM air compressor enters 
with temperature 971.4 K and pressure 18.74 bar. At first, fuel coming out from gas clean up system enters in a valve where pressure 
drop occurs 1.579 bar and then divided into two ways in a splitter. In one way some amount of clean syngas enters ITM combustor and 
in another way the remaining part of clean syngas enters in the gas turbine system for burning to achieve high temperature. Clean 
syngas enters the GT system with a temperature of 440.2 K and pressure 18.74 bar. Air is discharged from the GT compressor at a 
temperature of 674.4 K and pressure 17.67 bar which goes through ITM air preheater. Here the efficiency of GT for low-heat-value is 
38.49% and for high-heat-value it is 36.05%. Exhaust air from the turbine exits at temperature 912.6 K and pressure 1.0379 bar and 
then enters in the HRSG system. The turbine is connected to the generator through a shaft where mechanical power is supplied by the 
turbine shaft. Here some values are listed in Table 3. 

Table-2 
Common solvents used in Acid-Gas Removal system.  

Solvent type Working procedure Example of solvent 

1. Chemical solvent These are aqueous based which reacts with hydrogen sulfide reversibly after hydrolyzing in 
water to weak acids. 

Methanolamine (MEA), methyl- 
diethanolamine (MDEA) [27] 

2. Physical solvent These are polar molecules having negative and positive charge which attract the polar 
hydrogen sulfide. Here absorption is performed at low temperature, and it also requires 
cooling. 

Selexol, rectisol, purisol, morphysorb 
[28] 

3. Chemical-physical/ 
mixed solvent 

This process includes both the chemical solvents and physical solvents, and it also requires 
cooling. 

Sulfinol, amisol [29] 

4. Oxidative solvent These solvents are used to oxidize hydrogen sulfide to elemental sulfur reacting with it 
where the sulfur is recovered as a solid. 

Sulferox, Lo-Cat [30]  

Table-3 
Input and output power in different sources.  

Generator power output 181257 kW 

Shaft power 183830 kW 
Compressor power 174901 kW 
Turbine power 359875 kW 
Mechanical loss 1143.2 kW 
Generator loss 2573.2 kW 

Sulfur dioxide is emitted at a rate of 91.1 kg/h and per year the 
amount of SO2 emission is 798 metric tons. Net carbon dioxide 
is emitted 207316 kg/h and per year the amount of CO2 
emission is 1816088 metric tons. 
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6. Heat recovery steam generator 

Heat recovery steam generator is a widely used technology for cogeneration where a HRSG unit contains normally economizer, 
evaporator, and superheater [32]. HRSG unit can utilize the waste heat from a system output that can rise the efficiency of the plant 
from 50% to 70–90% [33]. Usually, high temperature waste heat is much more potential than medium and lower temperature waste 
heat [34]. The electricity production capacity and thermal efficiency of a combine cycle power plant largely depends on the design of 
HRSG unit and for this reason, to utilize the exchanged heat and to improve the overall efficiency of the plant, HRSG unit must be 
designed carefully [35]. Water comes out from cooler-2 of Gas-Cleanup-System and enters the make-up/blowdown and after pro-
cessing the make-up water exits from make-up system. This make-up water and the heating steam splitting out from evaporator (IPB) 
enter into the deaerator. The type of deaerator which is used in this model is horizontal heater. Here the operating pressure is 3.675 
bar, operating temperature 413.7 K and total storage volume is 45773 L. The feed water exits deaerator at a mass flow rate of 100.8 
kg/s, temperature 413.7 K and pressure 3675 bar. 

This feedwater (FW) split into two parts in the splitter which can be seen from Fig. 4. Some amount of feed water goes through 
evaporator (IPB) and the other amount goes through a pump (24). In the evaporator (IPB) the enthalpy of steam increases and the exit 
steam from evaporator goes through a splitter from where some amount of steam goes again towards deaerator and another amount 
from splitter enters superheater (IPS1). In this superheater, mass flow rate of entering and exiting steam is 4.97 kg/s and temperature 
rises from 413 K to 533 K. This superheated steam exiting from superheater (IPS1) enters the superheater (IPS2). Here, the superheated 
steam gains more heat and raises its temperature from 533 K to 593 K and the mass flow rate of steam is same as before 4.97 kg/s. Then 
the superheated steam coming out from superheater (IPS2) goes through a pipe (22) and then mixes with the steam exiting from high 
pressure turbine (HPTL) in a mixer (18). Then this mixed hot steam enters low pressure turbine (LPTL). 

The remaining amount of split feed water exiting from the deaerator enters a multistage centrifugal pump which is driven by an 
integral motor and this pump consume 2422 kW electricity. Feed water exiting from the pump enters a splitter and is divided into two 
ways. Some amount of feed water goes through superheater RH3 and HPS3 and the other remaining amount enters economizer HPE2. 
In this economizer, the inlet temperature of water is 417 K and the exit temperature is 538 K. Water exiting from economizer (HPE2) 
enters into a splitter where it splits into two ways. In one way some amount of water enters into a heat exchanger (53) to cool the 
incoming gas and in another way the remaining amount of water enters an economizer (HPE3) where the temperature of water in-
creases from 538 to 602 K. The exiting water enters a splitter and some amount of split water enters into the cooler 1 (radiant) and the 
remaining amount of water mixes with the exit water from heat exchanger (53) in a mixer (54) and then the mixed water enters an 
evaporator (HPB1). Here in this evaporator the inlet water is converted into steam. Steam after leaving evaporator mixes with the exit 
steam coming from the cooler 1 (radiant) in a mixer and then this mixed steam enters a superheater (HPS0). In this superheater the 
inlet steam temperature is 603.9 K and the exit temperature of steam is 740.4 K. Then the superheated steam goes to another su-
perheater (HPS1) and the steam temperature increases from 740.4 to 800.4 K. Then this superheated steam goes through superheater 
HPS3, and the steam temperature increases from 800.4 K to 840.4 K. Some amount of feed water is supplied before from the deaerator. 
This superheated steam goes through a pipe (19) and enters in the high-pressure turbine (HPTA1) and gives momentum to turbine 
blades to rotate. In this turbine, the overall efficiency is 87.31%, expansion power is 34016 kW, shaft power is 33912 kw and me-
chanical loss is 103.9 kW and the inlet and outlet temperature are 838.9 K and 633.9 K respectively. Here, high pressure end leakages 
are 0.2929 kg/s and 1.483 kg/s and the low-pressure leakage is 0.5784 kg/s. As expansion occurs in the turbine so both the pressure 
and temperature decrease and inlet and outlet pressure in this turbine are 124.1 bar and 30.97 bar respectively. 

The outlet steam of turbine HPTA1 enters into a superheater (RH1) with steam temperature 631.8 K and pressure 29.81. After 
heating the superheated steam exits the superheater with temperature 780.3 K and pressure 28.82 bar. Here, the heat transfer rate from 
gas is 30370 kW and heat transfer rate to water is 30219 kW and so in this superheater heat loss is 151.2 kW. Then the superheated 
steam coming out from superheater RH1 enters a superheater (RH3) and after heating the temperature rises from 780.3 K to 840.3 K. 
Here the amount of heat loss is 60.96 kW. The superheated steam enters a high-pressure turbine (HPTL) through a pipe. As expansion 
occurs, the volume increases and the temperature and pressure reduce for the turbine work. In this turbine, Pressure decreases from 
26.81 bar to 3.447 bar, temperature decreases from 838.7 K to 563.5 K and enthalpy also reduces. Here, the group overall efficiency for 

Fig. 4. Elevation view of deaerator.  
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this turbine is 88.38%, expansion power 51031 kW, shaft power is 50875 kW and mechanical loss is 155.8 kW. High-pressure end 
leakage in is accounted as 1.718 kg/s. The exit steam of turbine HPTL mixes with the steam coming from superheater IPS2 in a mixer 
and then enters into a low-pressure turbine. In the expansion process, temperature decreases from 565 K to 303.4 K and pressure 
decreases from 3.447 bar to 0.0483 bar. The expansion power of this turbine is 63487 kW, shaft power is 63293 kW and the mechanical 
loss 193.93 kW. The overall efficiency of this turbine is 89.11% and low-pressure leakage is 0.5526 kg/s. Annulus velocity is 219.8 m/s 
and for this exhaust loss is accounted as 26.62 kJ/kg. Fig. 5 shows the relation between annulus velocity and exhaust loss can be 
realized. 

With the processing of these turbines (HPTA1, HPTL, LPTL) the generator gets power to produce electricity. The generator is driven 
by these three turbines. The total shaft power of these three turbines equals 148080 kW which is the final shaft power goes to generator 
to convert mechanical power to electricity and the shaft speed is 3600 rpm. Here, the generator nameplate power is 153404 kW and 
nameplate efficiency 98.68%. However, the generator power output is 146099 kW and generator efficiency 98.66%. Total generator 
loss is accounted for 1981.5 kW which is contributed by 1738.5 kW of electrical loss and 243 kW of mechanical loss. 

The exit steam from low-pressure turbine (LPTL) enters in a water-cooled condenser and some amount of cooling water is pumped 
in this condenser from a water source. The pump type is vertical turbine driven by an integral motor and its mechanical and isentropic 
efficiency is 97% and 87%, respectively. After cooling and condensation some amount of water is carried out through a pipe in a water 
sink and the remaining amount of water is pumped to cooler 2 of gas clean-up system. 

7. Ion transport membrane (ITM) unit 

Ion Transport Membrane is a recently developed technology to produce pure oxygen from syngas [36]. ITM technology emerges as 
a potential alternative of cryogenic air separation system due to the permeability of oxygen at much higher temperature (700–1000 ◦C) 
with high purity and lower expense [37]. In their studies, they were mainly focused on chemical reactions that occurred inside the ITM 
reactor. An ITM unit can also be employed as catalytic partial oxidation reactor to produce synthesis gas [38]. There are different 
companies in developed countries which are working to develop ceramic membranes for the purpose of oxygen separation from hot air. 
Researchers have carried out several experiments to enhance the oxygen permeability, durability, stability and inner phenomena to 
prepare ITM technology for commercialization [39–41]. Different air products and various chemicals are used to develop an ion 
transport membrane system. The ion transport membrane system is based on ceramic membranes which operate at very high tem-
perature to produce oxygen. These membranes carry out the separation of oxygen from air of very high temperatures like 900–1100 K. 
There is no requirement of any electrodes or any electrical circuit to operate in the ion transport membrane system. 

Fig. 5. Relationship between exhaust velocity and exhaust loss.  

Fig. 6. Schematic diagram of Ion Transport Membrane Unit.  
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The O2 diffuses from the high oxygen partial pressure side towards the low oxygen partial pressure side, maintaining overall charge 
neutrality via counterbalancing electron flux. The air is heated to its final temperature (1088K) by burning syngas before admission to 
the membrane array. Oxygen ions permeate the selective membrane and form oxygen molecules on the other side. Approximately 90% 
of the available oxygen is separated from the air when operating around 1088K and GT compressor discharge pressures. 

In the combustor, air is burnt at very high temperature (900–1100 K) and clean syngas is used as fuel to burn the air (Fig. 6). Air 
from gas turbine compressor enters into an air compressor with temperature 674.5 K and pressure 17.67 bar. The exit temperature and 
pressure from this air compressor are 869.5 K and 15.369 bar. This hot air then goes to a combustor to become more heated by burning 
gaseous fuel which exits form gas clean up system and then coming through valve and splitter. This gaseous fuel enters the combustor 
with a temperature of 440.2 K and pressure 16.91 bar. 

After burning in the combustor, the air achieves a temperature of 1088.7 K. Combustion is controlled by the specified outlet 
temperature. Fuel inlet at low heat value is 30641 kW, at high heat value 32715 kW and combustor heat loss is 92.66 kW. Then the hot 
gas enters in a converter and here the hot gas is converted into gaseous fuel and then goes the o syngas separator. In this separator, 
syngas is separated into two portions. In one exit way, oxygen-rich rich gas is exited where the amount of oxygen is 99%, nitrogen 
0.9943% and sulfur dioxide 0.0038%. In another way the syngas is extracted from the syngas separator where the amount of nitrogen 
is 91.33%, carbon dioxide 2.649 %oxygen 2.278% and argon 1.102%. This extraction syngas is in gaseous fuel form with much high 
temperature and this gaseous fuel is converted into air in a converter. Then this hot air (1088.7 K) enters an air preheater, and its 
temperature reduces to 866.5 K by releasing heat to the incoming air coming from GT compressor. Then this gas with temperature 
866.5 K goes through a gas/air compressor where its temperature increases at 971.4 K and pressure increases from 12.47 bar to 18.74 
bar. Here the compression power is 11287 kW, shaft power 11309 kW, mechanical loss 22.62 kW, and mechanical efficiency of this 
compressor is 99.8%. 

Fig. 7. T-S diagram for Gas/Air compressor (46).  

Table 4 
Amount of gas emissions from different components of the power plant.  

Emitted gas Plant component Amount (kg/hr) Total (kg/hr) Tonne/year 

SO2 Combustor 5.927 97.027 660.4 
Gas turbine 91.1 

CO2 Combustor 13488 220804 1600836 
Gas turbine 207316  

Table 5 
Summary of the proposed powerplant.  

Summary Unit Amount 

Annual exported electricity kWh 2151 × 106 

Annual fuel imported Tj 17957 
Annual CO2 emission ktonne 1601 
Annual water imported I 12.1 × 106 

Annual captured CO2 ktonne 0 
Net electric efficiency of plant % 43.13 
Gross power kW 327356 
Net Power kW 296730 
Gross electric efficiency (LHV) % 47.58  
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From Fig. 7, the T-S diagram shows the change of properties of air. Then the compressed gas goes through a splitter where it divides 
in two ways. In one way some amount of gas is rejected in a gas sink and remaining amount of gas enters gas turbine compressor with 
temperature 971.4 K and pressure 18.74 bar. 

8. Results and discussion 

The amount of gas emission can be found in Table 4 from where it can be seen that approximately 1601 ktonne of CO2 and 660.4 
ktonne of SO2 are emitted from the plant. As no carbon capture technology was integrated with this system, the emitted gas dissipated 
through the stack. 

Table 5 represents the output summary of the proposed plant from where it can be seen that 47.58% of gross efficiency can be 
achieved from this proposed model which comparatively higher than the model developed by shi et al. [42] where they employed 
cryogenic ASU with IGCC based powerplant and obtained 40.25% net efficiency. However, no carbon capture technology was applied 
to capture the massive amount of CO2 from the plant and further development is possible by integrating a potential CCS technology 
with this model. 

9. Conclusions 

Power consumption rate is reduced for the auxiliary components which is possible due to larger amount of air extraction rate. The 
air compressor consumes less amount of power which causes an increase in net efficiency of system and this increase in net efficiency is 
very low because of the loss of ai mass flow rate from GT combustor. In comparison with the cryogenic air separator, the ITM system 
has capacity to increase net power production and improve net efficiency by reducing auxiliary load with a small incremental fuel 
demand. However, some additional fuel is burnt to heat the air for the ITM, so the fuel consumption increases. Nonetheless, the net 
electric efficiency improves from about 40.25% in the base (cryogenic ASU) case to about 47.58% in this case, a noteworthy increase as 
well as annual gross power was obtained as 327356 kW. A novel design of ITM integrated powerplant is proposed in this paper that can 
give direction for further development of a powerplant and to implement for commercialization. Integrating a potential CO2 capture 
technology can further improve the efficiency and potentiality of the powerplant. 
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