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Abstract

An Integrated Gasification Combined Cycle (lgcc) Is A Technology That Turns Coal Into Gas Synthesis
Gas (Syngas). It Then Removes Impurities From The Coal Gas Before It Is Combusted And Attempts To
Turn Any Pollutants Into Re-Usable Byproducts. This Results In Lower Emissions Of Sulfur Dioxide,
Particulates, And Mercury. Excess Heat From The Primary Combustion And Generation Is Then Passed To
A Steam Cycle, Similarly To A Combined Cycle Gas Turbine. This Then Also Results In Improved
Efficiency Compared To Conventional Pulverized Coal. It Is The Most Environmentally Friendly Coal
Fired Power Generation Technology. This Paper Presents The Advances In Gasification Technology To
Generate Power With Zero Green House Gas Emission.
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Introduction

Coal Gasification Is The Process Of Converting Coal To A Gaseous Fuel Through Partial Oxidation. The
Coal Is Fed Into A High-Temperature Pressurized Container Along With Stem A Limited Amount Of
Oxygen To Produce A Gas. The Gas Is Known As Synthesis Gas Or Syngas And Mainly Consists Of
Carbon Monoxide And Hydrogen. The Gas Is Cooled And Undesirable Components, Such As Carbon
Dioxide And Sulphur Are Removed. The Gas Can Be Used As A Fuel Or Further Processed And
Concentrated Into A Chemical Or Liquid Fuel.

The First Stage Is The Coal Gasification Process As Mentioned Above. The Second Stage Takes The
Cleaned Gas And Burns It In A Conventional Gas Turbine To Produce Electrical Energy, And The Hot
Exhaust Gas Is Recovered And Used To Boil Water, Creating System For A Steam Turbine Which Also
Produces Electrical Energy. In Typical Plants, About 65% Of The Electrical Energy Is Produced By The
Gas Turbine And 355 By The Steam Turbine.

Coal Gasification
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There Are Three Basic Gasifier Designs Used For Coal Gasification In Igcc Plants.

Entrained Flow Gasifiers, S— o
Fixed Bed Gasifiers se‘,!;f"a'ho'.?’é‘mi—l 1-s.3:y
Jirl

Fluidized Bed Gasifiers. ’

Texaco

Entrained Flow Gasiifer Gasifier

Entrained Flow Is The Most Aggressive Form Of Gasification,
With The Pulverized Coal And Oxidizing Gas Flowing
Concurrently. High Reaction Intensity Is Provided By A High Foed —>
Pressure (20-30 Atm), High Temperature (>1400-1500°C)

Environment. Extremely Turbulent Flow Sees The Coal
Particles Experience Significant Backmixing, And Residence
Times Are Measured In Seconds.

Advantages

Syngas
—_—

Extremely High Temperatures Shorten Refractory Life.

There Is A Limit To The Heat That Can Be Recovered From
The Raw Fuel Gas, Without Water Quench Becoming Necessary
A Cost Is Incurred In Providing Oxygen And Coal To Sustain
The Gasifier Temperature

“Black Water"
Recycled

Slag to
Recovery

Entrained flow gasifier
Fixed Bed Gasifiers
Basically Two Types Of Fixed Bed Gasifiers Are Used: -

Counter-Current Fixed Bed ("Up Draft'") Gasifier

A Fixed Bed Of Carbonaceous Fuel (E.G. Coal Or Biomass) Through Which The "Gasification Agent"
(Steam, Oxygen And/Or Air) Flows In Counter-Current Configuration. The Ash Is Either Removed Dry Or
As A Slag. The Slagging Gasifiers Have A Lower Ratio Of Steam To Carbon, Achieving Temperatures
Higher Than The Ash Fusion Temperature. The Nature Of The Gasifier Means That The Fuel Must Have
High Mechanical Strength And Must Ideally Be Non-Caking So That It Will Form A Permeable Bed,
Although Recent Developments Have Reduced These Restrictions To Some Extent. The Throughput For
This Type Of Gasifier Is Relatively Low. Thermal Efficiency Is High As The Gas Exit Temperatures Are
Relatively Low. However, This Means That Tar And Methane Production Is Significant At Typical
Operation Temperatures, So Product Gas Must Be Extensively Cleaned Before Use. The Tar Can Be
Recycled To The Reactor.

In The Gasification Of Fine, Undensified Biomass Such As Rice Hulls, It Is Necessary To Force Air Into
The Reactor By Means Of A Fan. This Creates Very High Gasification Temperatures, At Times As High As
1000 C. Above The Gasification Zone, A Bed Of Fine, Hot Char Is Formed, And As The Gas Is Forced
Through This Bed, Most Complex Hydrocarbons Are Broken Down Into Simple Components Of Hydrogen
And Carbon Monoxide.
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Co-Current Fixed Bed ("Down Draft") Gasifier

Similar To The Counter-Current Type, But The Gasification Agent Gas Flows In Co-Current Configuration
With The Fuel (Downwards, Hence The Name "Down Draft Gasifier"). Heat Needs To Be Added To The
Upper Part Of The Bed, Either By Combusting Small Amounts Of The Fuel Or From External Heat
Sources. The Produced Gas Leaves The Gasifier At A High Temperature, And Most Of This Heat Is Often
Transferred To The Gasification Agent Added In The Top Of The Bed, Resulting In Energy Efficiency On
Level With The Counter-Current Type. Since All Tars Must Pass Through A Hot Bed Of Char In This
Configuration, Tar Levels Are Much Lower Than The Counter-Current Type Fixed Bed Gasifier Operate At
26 Bar And Closely Resemble A Blast Furnace. Coal And Fluxes Are Placed On The Top Of A Descending
Bed In A Refractory Lined Vessel. On Moving Downwards, The Coal Is Gradually Heated And Contacted
With An Oxygen Enriched Gas Flowing Upwards Counter Currently.

The Temperature At The Top Of The Bed Is Typically 450°C, And At The Bottom Approximately 2000°C.
All Coal Mineral Matter Melts And Is Tapped As An Inert Slag. Ash Melt Characteristics Influence Bed
Permeability, And Fluxes May Need To Be Added To Modify Slag Flow Characteristics.

Integrated Gasification Combined Cycle
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Modern Gas Cleanup Technology Requires The Gas To Be Cooled Before Processing. This Cooling Can
Be Achieved More Efficiently Using Heat Recovery Heat Exchangers That Produce Steam; However This
Adds Operational Complexity. Gas Cooling Is Typically Integrated Into The Gasifier Design. Particulate
Removal Equipment (E.G., A Venturi Scrubber) Can Also Provide Additional Gas Cooling. An Alternative
To Extensive Gas Cooling Is To Use Hot Gas Cleanup Technology, Which Is Still In A Developmental
Stage.

Heat Recovery
Steam Generation

If The Syngas Is At A Relatively High Pressure Compared To Exhaust Gases, The More Efficient Process
Of Physical Absorption Can Be Used Instead Of Chemical Absorption. Physical Absorption Is Discussed
Later In More Detail. Carbon Dioxide Is Removed From The Syngas After H2s Is Removed. A Few
Different Processes Could Potentially Be Used To Remove The Co2. These Options Gasifier Gas Cooling
Particulates Removal (And Further Gas Cooling) H 2 S The Removed Co2 Is Compressed And Is Then
Ready For Sequestration. The Synthesis Gas Is Burned As Fuel In The Gas Turbine Combined Cycle Power
Plant. If The Gasifier Is Fired With Oxygen And Fuel Nitrogen Compounds Are Removed During Gas

IJCRTAU02042 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 271


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 2 February 2025 | ISSN: 2320-2882

Cleanup Then The Nox Is Formed Exclusively In The Combustion Turbine, Which Produces Relatively
Little Nox.

Waste Heat Contained In The Turbine Exhaust Gas Is Captured For Steam Production Using Heat Recovery
Steam Generation. The Steam Is Sent To A Steam Turbine For Additional Production Of Electricity. The
Compressor For The Gas Turbine Also Supplies Compressed Air To The Oxygen Production Unit, Which
Separates Air Into Separate Streams Of Oxygen And Nitrogen Combined With Other Gasses Using The
Method Described For Oxygen-Fired Combustion. Near-Term Technology Involves Cryogenic Based
Oxygen Production Whereas lon Separation Membranes Have Potential For Long-Term (2010) Application.
The Oxygen Is An Input To The Gasifier And The Nitrogen Is Sent To The Combustion Chamber To
Reduce Nox Emissions By Decreasing Combustion Temperatures.

Fluidised Bed Gasifier

In A Fluidized Bed Gasifier, The Bed Material Can Either Be Sand Or Char, Or Some Combination. The
Fluidizing Medium Is Usually Air; However, Oxygen And/Or Steam Are Also Used. The Fuel Is Fed Into
The System Either Above-Bed Or Directly Into The Bed, Depending Upon The Size And Density Of The
Fuel And How It Is Affected By The Bed Velocities. During Normal Operation, The Bed Media Is
Maintained At A Temperature Between 1000ef And 1800ef. When A Fuel Particle Is Introduced Into This
Environment, Its Drying And Pyrolyzing Reactions Proceed Rapidly, Driving Off All Gaseous Portions Of
The Fuel At Relatively Low Temperatures. The Remaining Char Is Oxidized Within The Bed To Provide
The Heat Source For The Drying And De-Volatilizing Reactions To Continue. In Those Systems Using
Inert Bed Material, The Wood Particles Are Subjected To An Intense Abrasion Action From Fluidized
Sand. This Etching Action Tends To Remove Any Surface Deposits (Ash, Char, Etc.) From The Particle
And Expose A Clean Reaction Surface To The Surrounding Gases. As A Result, The Residence Time Of A
Particle In This System Is On The Order Of Only A Few Minutes, As Opposed To Hours In Other Types Of
Gasifiers.

The Large Thermal Capacity Of Inert Bed Material Plus The Intense Mixing Associated With The Fluid
Bed Enable This System To Handle A Much Greater Quantity And, Normally, A Much Lower Quality Of
Fuel. Experience With Epi's Fluidized Bed Gasifier Fluidised Bed Gasifier Has Indicated The Ability To
Utilize Fuels With Up To 55 Percent Moisture And High Ash Contents, In Excess Of 25 Percent. Because
The Operating Temperatures Are Lower In A Fluid Bed Than Other Gasifiers The Potential For Slagging
And Ash Fusion At High Temperatures Is Reduced, Thereby Increasing The Ability To Utilize High
Slagging Fuels.

[ L LT L i T e )
-

Advantages Of Igcc (Integrated Gasification Combined Cycle)

It Can Achieve Up To 50% Thermal Efficiency. This Is A Higher Efficiency Compared To Conventional
Coal Power Plants Meaning There Is Less Coal Consumed To Produce The Same Amount Of Energy,
Resulting In Lower Rates Of Carbon Dioxide (Co2) Emissions

It Produces About Half The Volume Of Solid Wastes As A Conventional Coal Power Plant.

It Uses 20-50% Less Water Compared To A Conventional Coal Power Station.
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It Can Utilise A Variety Of Fuels, Like Heavy Oils, Petroleum Cokes, And Coals.

Up To 100% Of The Carbon Dioxide Can Be Captured From Igcc, Making The Technology Suitable For
Carbon Dioxide Storage.

Carbon Capture Is Easier And Costs Less Than Capture From A Pulverised Coal Plant

A Minimum Of 95% Of The Sulphur Is Removed And This Exceeds The Performance Of Most Advanced
Coal-Fired Generating Units Currently Installed.

Nitrogen Oxides (Nox) Emissions Are Below 50ppm. This Is Lower Than Many Of Today’s Most
Advanced Coal-Fired Generating Units.

The Syngas Produce From A Gasifier Unit Can Be Burned In A Gas Turbine For Electricity Generation,

Conclusion

Advances In Gasification Technology And Improved Methods Of Separating Oxygen Will Be Required
Before This Option Can Be Used. Power Plants That Use Pre-Combustion Capture Are Additionally
Attractive Because Of Based On A Combined Cycle Design Which Is Inherently More Efficient Than The
Rankine Cycle That Traditional Coal Plants Use. Since Hydrogen Production Is A Potential Option, Pre-
Combustion Capture Is Also Compatible With Hydrogen Economy.
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