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Abstract—This Coal gasification has been investigated for 
several decades.  Recently,  coal  gasification  combined  cycle  
power plants  have  been  identified  as  attractive  alternatives  
for Since  wide  variations  occur generating  electricity’. 
among  coals,  knowledge  of  the  effect  of  coal  type  on 
gasification  is  important  for  future  gasification applications.  
Previous  investigations  of  coal  type  have dealt  mainly  with  
demonstration  of particular  processes, and  have  not  
attempted  to  determine  basic  coal  type effects. Coal 
properties  were  also  found  to  influence  gas composition,  
especially  those  properties  which  affect reaction  
temperature  (coal  HHV,  volatile  matter  content, and  
moisture  content).  Higher temperature resulted in higher H, 
and CO concentrations.  Higher  feed  H/C  ratio (including  H  
in  coal  moisture)  correlated  with  higher  H, concentration,  
suggesting  that  some  of the  coal  moisture reacted  to  form  
hydrogen.   

Keywords-Gasifier,IGCC, Gas turbines, Steam turbine, Coal 
gasification, Syn gas. 

I.  INTRODUCTION 
The increase in price of natural gas and the need for a 

cleaner technology to generate electricity has motivated the 
power industry to move towards Integrated Gasification 
Combined Cycle (IGCC) plants.  The system uses a low 
heating value fuel such as coal or biomass that is gasified to 
produce a mixture of hydrogen and carbon monoxide. The 
potential for efficiency improvement and the decrease in 
emissions resulting from this process compared to coal-fired 
power plants are strong evidence to the argument that IGCC 
technology will be a key player in the future of power 
generation. In addition to new IGCC plants, and as a result 
of new emissions regulations, industry is looking at 
possibilities for retrofitting existing natural gas plants. 
Gasification is a key enabling technology for advanced, 
high-efficiency; low-emission energy generation. The coal 
gasification process uses the reaction of coal with oxygen 
and steam to create Syngas, a combustible mixture of 
carbon monoxide and hydrogen. Integrated Gasification 
Combined Cycle (IGCC) plants combust this Syngas in a 
combined-cycle turbine system to produce 
electricity. Syngas is also widely used as a feedstock for the 
production of chemicals and liquid fuels. Next-generation 
IGCC systems will produce hydrogen for use as a fuel, for 
example in fuel cells, and capture the CO2 produced by this 
process in a form ready for sequestration. 

Coal gasification is a process that converts coal from a 
solid to a gaseous state. The gas that is created is very 
similar to natural gas and can be used to produce electric 
power Pulverized coal is mixed with water forming slurry. 
The slurry is fed into the gasifier where it reacts with steam 
and oxygen at high temperature and pressure. This produces 
a synthesis gas, or Syngas, made up primarily of carbon 
monoxide and hydrogen (more than 85 percent by volume) 
and smaller quantities of carbon dioxide and methane. The 
high temperature in the gasifier converts the inorganic 
materials in the feedstock (such as ash and metals) into a 
vitrified material resembling coarse sand. With some feed 
stocks, valuable metals are concentrated and recovered for 
reuse. The vitrified material, generally referred to as slag, is 
inert and has a variety of uses in the construction and 
building industries.  Sulphur is recovered either in its 
elemental form or as sulphuric acid, both marketable 
commodities [10]. 

 IGCC is the cleanest, most efficient means of producing 
electricity from coal. The combined cycle system has two 
basic components. A high efficiency gas turbine burns the 
clean Syngas to produce electricity [3]. Exhaust heat from 
the gas turbine is recovered to produce steam to power 
traditional high efficiency steam turbines The Syngas can 
also be processed using commercially available 
technologies to produce a wide range of products, such as, 
fuels, chemicals, fertilizer or industrial gases. Some 
facilities have the capability to produce both power and 
products from the Syngas.  

Coal gasification process is containing different stages 
initial reaction is shown in the equation (1). 
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This causes the coal to undergo different chemical reactions.  
Shown in equations above are partial oxidations of the coal's 
carbon releases heat that helps feed the gasification 
reactions. The first of these is pyrolysis, which occurs as 
coal's volatile matter degrades into several gases, leaving 
behind char, a charcoal-like substance. Then, reduction 
reactions transform the remaining carbon in the char to a 



gaseous mixture known as Syngas. Carbon monoxide and 
hydrogen are the two primary components of Syngas. 
During a process known as gas cleanup, the raw Syngas 
runs through a cooling chamber that can be used to separate 
the various components. Cleaning can remove harmful 
impurities, including sulfur, mercury and unconverted 
carbon. 

II. IGCC CYCLE FOR POWER GENERATION 
IGCC is a technology that can conserve primary energy 

sources and can significantly limit air emissions, while 
avoiding use of high cost and scarce fuels, such as natural 
gas or distillate oil.  The IGCC plant can utilize a variety of 
low cost and abundant fuels, such as coal, petroleum coke, 
bio-mass and oil/tar residue to produce a wide range of 
valuable products, including power, heat, hydrogen, 
ammonia, methanol, sulfur, aggregate, etc.  This concept is 
the most economically viable approach to clean coal 
technology and when combined with an advanced, high 
firing temperature, high efficiency gas turbine technology, 
as believed to be the most efficient method for coal or other 
low-grade opportunity fuel utilization for electricity 
generation [8].   

 

 
Figure 1.  IGCC Detailed Process Cycle  

 Recent combustion system technology developments to 
allow efficient Syngas operation have made gas turbines 
ideally suited for integration in advanced IGCC plants.  The 
market challenge is to reduce capital costs and emissions 
while improving fuel flexibility, efficiency and operating 
reliability.  The capital cost reduction goal can be addressed 
by increased gas turbine capacity, optimized integration into 
the IGCC plant and decreased overhead expenditures, such 
as engineering and project management costs.  Fuel 
flexibility entails the ability to burn Syngas fuels with very 
low and varying heat content; being able to operate on 
different fuels during starting and fuel transfers; ability to 
maintain stringent emissions limits over the operating range; 
and ability to co-fire with natural gas or distillate oil over a 
wide output power range [2]. The IGCC plant normal 
operating range is from -34.4C to 50C ambient temperature 

and sea level to 2,300 m altitude.  Due to the increased mass 
flow through the turbine resulting from Syngas operation, 
the gas turbine output approaches the maximum capability 
of the turbine under most ambient temperatures [4].  The 
normal starting time from start initiation to base load is 30 
minutes on secondary (natural gas) fuel. The reliability, 
availability and maintainability (RAM) targets will be the 
same as for a standard natural gas fired engine.  The 
combustion system inspection, turbine hot gas path 
inspection and major overhaul intervals will be the same as 
for the standard engine. The overall process of IGCC with 
CO2 recovery is shown in figure 1. The IGCC Plant is a 
multi unit complex (process and utility units), which is 
called to operate simultaneously in an integrated way. Its 
design can be easily optimized to meet the desired hydrogen 
and electric power production. 

A. Advancements in cycle technology 
The main process blocks of the complex are Feedstock 

storage and preparation, Air separation (cryogenic 
technology), Gasification, including black water/grey water 
treatment, Syngas treatment and conditioning, including acid 
gas removal (AGR), Hydrogen production, Combined cycle 
power generation. These basic blocks are supported by other 
ancillary units, such as sulphur recovery, tail gas treatment, 
and a number of utility and offsite units, such as cooling 
water, flare, plant/instrument air, machinery cooling water, 
dematerialized water, auxiliary fuels, etc. Each process unit 
of the complex may be a single train for the total capacity or 
split in two or more parallel trains, depending on the 
maximum capacity of the equipment involved or on the 
necessity to assure, through the use of multiple parallel 
trains, a superior degree of reliability. The key and first 
process step is the entrained flow gasification, which is 
suitable both for solid and liquid feed. In this type of gasifier 
the feed, atomized oil or petcoke slurry flows co-currently 
with the gasification agents (O2 and steam). Residence time 
is very short, between 0.5 and 5 seconds; the temperature 
inside the gasifier is uniform and very high, from 1,300° to 
over 1,500°C, well above the ash fusion temperature 
Recovery of gasifier sensible heat is made through a water 
quench inside the gasifier and subsequent recovery of the 
degraded heat in external waste heat boilers, producing 
medium and low-pressure steam. The quench system permits 
to remove efficiently solids from the raw gas, before entering 
the downstream facilities. In addition, water quench is 
attractive for the downstream CO shift reaction, which 
increases the H2 /CO ratio. In fact CO shift requires large 
amounts of water in the gas, which can be conveniently 
added in the quench. Syngas main components are H2 , CO, 
CO2 ,  H2O and, additionally, H 2 S and CO2 that need to be 
removed, and inerts. Downstream gasification, the shift 
reaction occurs on a catalyst suitable to process H S 
containing syngas (sour shift) to convert CO and water to H2 
and CO2. The shift catalyst promotes also the CO2 hydrolysis 
with its conversion to HS and CO. Raw syngas is then 
treated in the Syngas treatment and conditioning unit to 
remove all the contaminants and prepare the syngas to 



produce both hydrogen and electric energy. A physical 
solvent washing makes the removal of acid gases (H2 S and 
CO2 ). For alternatives without the CO2 capture, in the acid 
gas removal (AGR) two clean Syngas streams are produced: 
the first one taken from the H2S absorber outlet is ready to be 
fed to the power island. The second one is further washed to 
remove CO2 and then sent to a pressure swing adsorption 
unit for hydrogen purification. The hydrogen produced with 
a purity of 99.8% is sent to the plant battery limits at 30 barg, 
to be delivered to users by means of a dedicated pipeline. 
The CO2 rich stream is compressed and mixed to the clean 
Syngas upstream of the gas turbine. For alternatives with the 
CO2 capture, CO2 is removed by the entire Syngas stream 
entering AGR, and then dried/compressed to 110 bar in order 
to be delivered to geological storage reservoirs. The cost of 
CO2 storage depends on local factors, such us transport 
distance, pipeline diameter and type of reservoir. At some 
locations CO2 could have a positive value for enhanced oil 
recovery but at other locations transport and storage results 
in additional substantial costs. n the sulfur recovery unit, the 
H2S rich stream coming from the AGR regenerator is burned 
in the presence of oxygen in a muffle furnace, followed by 
two reactors in series where the Claus reaction takes place to 
produce liquid sulfur. The oxygen required both for the 
gasification reaction and the Claus reaction is produced in 
the air separation unit (ASU), where air is fractionated by 
cryogenic distillation. The ASU is partially integrated with 
the power island as a portion of the compressed air required 
by the oxygen plant is delivered from the gas turbine 
compressor. For alternatives with the CO2 capture, the 
absence of CO 2 as medium for NOx control and power 
augmentation is compensated with compressed nitrogen 
from the ASU, added to the Syngas before feeding the gas 
turbine. 

B. Effect of selection of Selection coal  
The term "coal" as used herein means peat, lignite, sub-

bituminous coal, bituminous coal, anthracite, or mixtures 
thereof. In certain embodiments, the coal has a carbon 
content of less than about 90%, less than about 85%, or less 
than about 80%, or less than about 75%, or less than about 
70%, or less than about 65%, or less than about 60%, or less 
than about 55%, or less than about 50% by weight, based on 
the total coal weight. In other embodiments, the coal has a 
carbon content ranging up to about 90%, or up to about 85%, 
or up to about 80%, or up to about 75% by weight, based on 
the total coal weight. Examples of useful coals include, but 
are not limited to, Illinois #6, Pittsburgh #8, Beulah (ND), 
Utah Blind Canyon, and Powder River Basin (PRB) coals. 
Anthracite, bituminous coal, sub-bituminous coal, and lignite 
coal may contain about 10 wt %, from about 5 to about 7 wt 
%, from about 4 to about 8 wt %, and from about 9 to about 
11 wt %, ash by total weight of the coal on a dry basis, 
respectively. Particulate composition comprising an intimate 
mixture of  a coal particulate having a size distribution 
suitable for gasification in a fluidized bed zone, transition 
metal gasification catalyst, an alkaline earth metal source; 
and an alkali metal gasification catalyst, where in the 
presence of steam and under suitable temperature and 

pressure, the catalysts exhibit gasification activity whereby a 
plurality of gases including methane and at least one or more 
of hydrogen, carbon monoxide, carbon dioxide, hydrogen 
sulfide, ammonia and other higher hydrocarbons are formed, 
the transition metal gasification catalyst is present in an 
amount sufficient to provide, in the particulate composition, 
a ratio of transition metal atoms to carbon atoms ranging 
from 0.001 to about 0.10, the alkaline earth metal source is 
present in an amount sufficient to provide, in the particulate 
composition, from about 0.1 to about 3.0 wt % alkaline earth 
metal atoms on a dry basis; and the alkali metal gasification 
catalyst is present in an amount sufficient to provide, in the 
particulate composition, a ratio of alkali metal atoms to 
carbon atoms ranging from 0.01 to about 0.08.  

TABLE I.  COAL COMPOSITIONS 

Properties  Type I (%) Type II ( %) 

Proximate Analysis Standard Data 

Moisture  27.1 % 27.0  

Ash 10.1 8.0 

Volatile Matter 33.0 6.0 

Fixed Carbon 29.8 29.0 

Total 100.0 100.0 

Ultimate Analysis 

Carbon 70.4 69.5 

Hydrogen 5.2 4.5 

Nitrogen 1.3 -- 

Chlorine 0.0 -- 

Oxygen 22.8 24.8 

Sulfur 0.3 0.3 

Total 100.0 100.0 

Heating Value(Btu/lb) 7650 7800 

III. GASSIFICATION METHOD EFFECT ON SYN GAS 
COMPOSITION  

Gasification of coal - as well as gasification of other 
carbon-based resources such as biomass or oil residues - is a 
versatile conversion technology that adds flexibility to the 
energy systems. In a gasification reactor the feedstock is 
transformed into a synthesis  gas, basically a mixture of H2, 



CO and CO 2, which opens up to making a variety of 
downstream energy carriers. The Syngas may be used as a 
fuel in integrated gasification combined cycles or as a 
feedstock for producing H2 or synthetic natural gas (SNG). 
Depending on the CO to H2 ratio, which can be adjusted 
using catalysts, the gas can also be used as a feedstock for a 
number of chemical processes. Gasification takes place 
under oxygen shortage. Coal is first heated in a closed 
reaction chamber where it undergoes a pyrolysis process at 
temperatures above 400°C. During pyrolysis, hydrogen-rich 
volatile matter is released, along with tar, phenols, and 
gaseous hydrocarbons[2]. Then, char is gasified, with the 
release of gases, tar vapors and solid residues. The dominant 
reactions consist of partial oxidation of char, which produces 
a Syngas with high fractions of CO and H2. The process 
takes place at temperatures between 800°C and 1800°C. 
Specific operating conditions depend on coal type, on 
properties of the resulting ash, and on the gasification 
technology. 

The most important variable in a gasification process is 
the oxidant. It can be either air (with its nitrogen component) 
or pure oxygen if the process includes an air separation unit 
(ASU) for oxygen production. The use of oxygen instead of  
air facilitates the partial combustion of coal, but involves 
higher investment costs due to costly additional equipment. 
As gasification takes place under stoichiometric shortage of 
oxygen, the reaction mechanism in the gasification chamber 
has to be adjusted with appropriate energy balance. The 
direct partial oxidation of carbon to CO, for instance, is 
strongly exothermic, leading to high release of energy in 
form of sensible heat. However, steam gasification of coal 
(forming both CO and H2)  is strongly endothermic[6]. As a 
consequence, a steam/oxygen mixture is commonly used. In 
the gasification practice, the basic equipment can be grouped 
in three main categories: moving-bed gasifiers, fluidized-bed 
gasifiers, and entrained-flow gasifiers. 

A. Moving bed gassifier  
Moving bed gassifier is the oldest gasification device in 

use. It is characterized by a reaction bed where coal moves 
slowly downward under gravity and it is gasified by a blast 
(in general) in counter-flow to coal. An important feature of 
the Lurgi dry bottom gasifier is the low consumption of 
oxygen and the high steam demand. Moving-bed gasifiers 
need graded coal in the range 6–50 mm. highly caking coals 
cannot be processed in moving-bed gasifiers. Mildly caking 
coals require the assistance of a stirrer in order to avoid 
pasting-up of the bed. Tars and other oxygenated compounds 
are produced as by-products. The much lower steam and 
somewhat lower oxygen consumption of the slagging 
gasifier results in much higher syngas production per unit of 
coal intake and much lower yield of pyrolysis products 
compared with the dry bottom unit. Further, the CO2 content 
of the gas is lower and the methane content is halved. In 
moving bed gasifiers, gases flow relatively slowly upward 
through the bed of coal feed. There are only three 
gasification processes using moving bed gasifiers (BGL, 
BHEL, Lurgi dry ash) developed at industrial scale. Theycan 
be either slagging (BGL) or dry ash (Lurgi, BHEL) gasifiers 

and are only  suitable for solid fuels. Because the combustion 
zone in dry ash gasifiers is at a much lower temperature 
(1000ºC) than in the BGL gasifier, they are more suited to 
reactive coals like lignites than the latter. The main 
requirement of moving bed gasifiers is good bed 
permeability to avoid pressure drops and channel burning 
that can lead to unstable gas outlet temperatures and 
composition as well as risk of a downstream explosion. 
Depending on the gasifier design and other characteristics of 
coal, such as caking properties.  

 
Figure 2.  Moving bed Gassifier Design 

B. Fluidized bed gassifier  
Fluidized Bed Gasifier offers the advantage of 

promoting excellent mass and heat transfer due to the 
intensive mixing. On the other hand, individual particles 
have widely varying residence time n the bed volume. 
Therefore, unreacted carbon particles are inevitably 
removed from the bed along with fully reacted particles 
(ash). The best existing fluidized bed devices offer a carbon 
conversion of 97%. In comparison, both moving-beds and 
entrained-flow processes offer carbon conversions of 
99%.In fluidised bed gasifiers coal particles are suspended 
in the gas flow and feed particles are mixed with the 
particles undergoing gasification. There are six types of 
gasification processes (BHEL, HTW, IDGCC, 
KRW,Transport reactor, ABGC) usingfluidised bed 
gasifiers. They can only operate with solid crushed fuels, 
with  the exception of the transport reactor. They can differ 



in ash discharge conditions, being dry ash or 
ashagglomerated. They can operate at variable loads giving 
them a high turndown flexibility. Because of the low 
operating temperatures in these gasifiers, reactive coals such 
as lignites and brown coals are considered the coals of 
choice. Fluidised bed gasifiers with agglomerated ash 
operation can however process higher rank coals as they 
have a higher cold gas efficiency than dry ash systems. With 
coal ash  being a major constituent of fluidized bed gasifiers 
it also has a major impact on their operation. To avoid ash 
agglomeration which causes uneven fluidisation in dry ash 
fluidised bed gasifiers, it isnecessary to process coals with a 
higher ash fusion temperature (AFT) than the operating 
temperature (>1000ºC) of the gasifier. Fluidised bed 
gasifiers are more tolerant to coals with a high sulphur 
content as sulphur can be partly retained in the bed (up to 
90%) by the use of sorbents. Coals with a low swelling 
index (low caking coals), which depends on ash 
composition, are preferred to avoid bed agglomeration. 

 
Figure 3.  Fluidized bed Gssifier dessign 

C. Entrined flow gassifier  
Entrained Flow Gassifier is of advantage of the 

entrained flow gasifies is the ability to handle any coal 
feedstock and produce a clean, tar-free gas. Additionally, 
the ash is produced in the form of inert slag or frit. This is 
achieved with the penalty of additional effort in coal 
preparation and high oxygen consumption, especially in  the 
case of coal-water slurries or coals with a high moisture or 
ash content. The majority of the coal gasification processes 

that have been developed after 1950 are based on entrained-
flow, slagging gasifiers operating at pressures of 20 to 70 
bar and at high temperature (1400°C). Entrained-flow 
gasifiers have become the technology of choice for hard 
coals, and have been selected for the majority of 
commercial-sized IGCC plants. Short gas residence times 
inentrained flow gasifiers require coal tobe pulverised to 
ensure high carbon conversion. A coal with a high 
Hardgrove index is preferred as it favours the production of 
slurry with a high concentration for use in slurry fed 
gasifiers. Entrained flow gasifiers are all slagging gasifiers 
and each technology has slightly different requirements for 
coal properties depending on the design. There is a 
minimum ash content required for gasifiers with a slag self-
coating which has to be covered by slag to function and 
minimize heat loss through the wall. Amaximum ash 
content is also usually fixed for each type of entrained flow 
gasifier as the tolerance to ash content depends on economic 
and technical factors. 

 

 
Figure 4.  Entrined flow Gassifer design 

 



IV. CONCLUSION 
In this paper we tried to explain various trends in 

gasification and how coal feed selection and gassifier design 
has direct impact on performance and emissions from the 
plant. Due to increasing environmental awareness, resulting 
in the Kyoto Protocol and restrictive emission limits, 
today’s power plant design has to provide simultaneously 
for high efficiencies and low emission levels. A world under 
constant development is completely dependent on the 
available energy to power the new technologies. Several 
energy sources such as solar, wind, hydraulic, nuclear and 
fossil fuels are converted to electricity as it is the most 
valuable form of energy because it can be easily transmitted 
and applied in many ways. Different technologies have been  
developed to take advantage of renewable energies, but 
fossil fuels still occupy the first place on the list of energy 
sources to produce electricity. Natural gas has been used for 
years to power gas turbines in simple and combined cycle 
applications. Some years ago, natural gas was abundant and 
the excessive supply kept its price at a reasonable level for 
independent power producers. In the last few years the 
supply has decreased, and the constant demand has elevated 
the price to levels that decrease the cost competitiveness for 
natural gas combined cycle plants. This trend, together with 
the need for cleaner technology, motivates the power 
generation industry to move into IGCC Plants. Under these 
conditions a good amount of work need to be carried out for 
successful designs of gasification technology as a clean 
power generation method.  
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