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A.  Executive Summary 
 
 The AIChE 2008 National Design Project Competition involved the production of 
5000 metric tonnes (MT) of methanol per day via the gasification of Montana Sub-
Bituminous Coal.  The Shell Coal Gasification Process (SGCP) was chosen as the 
preferred gasification process based on its relative efficiency, economic practicality, and 
adequate environmental concerns.  The first step in this system involved the gasification 
of coal into three main components: carbon monoxide, carbon dioxide, and methane.  The 
following Acid Gas Removal step converted H2S into elemental sulfur.  Rectisol was the 
wash used to separate H2S from and CO2 from valuable syngas streams, and the Claus 
process converted H2S to elemental sulfur.  Ultimately 18 MT/day elemental sulfur were 
synthesized using these methods, and the water gas shift reactor recovered a 2:1 mol ratio 
H2 to CO.  This is 4,400 MT/day of carbon monoxide and 160 MT/day of hydrogen gas.  
The final step was methanol production.  The system, with the addition of one plug flow 
reactor, produced 5400 MT/day methanol.   
 

B.  Overall Project Scope Description 
 

The AIChE 2008 National Student Design Competition has proposed a scenario 
involving the project design of a methanol production facility on the Texas Gulf Coast. 

Energy needs are at a rise as the world becomes increasingly industrialized.  
Consequently, the price of crude oil, a major energy source, is in constant escalation.  In 
order to cap this problem, experiments involving alternative energy are currently being 
explored.  Coal gasification to methanol is one very attractive option, as it offers a 
relatively environmentally safe methanol conversion process.  This methanol may be 
used as a prime energy source such as fuel.  The abundance of coal reserves throughout 
the US will be used as sources for this gasification process.  The following tasks were 
completed: 

This is the compiled final report, which evaluates numerous aspects of the coal 
gasification  to methanol project.  A final flowsheet which integrates the separate 
processes is included.  The commercial technologies chosen will be identified and 
described.  The process will be simulated to obtain mass and energy balances, assisting in 
the evaluation of capital and operational costs.  In the final report, Internal Rate of Return 
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(IRR) is assessed.  The IRR is necessary to determine sensitivity to various design 
decisions in the overall process.  Environmental and safety considerations are the final 
subject addressed in this report.  A summarized breakdown of each step is outlined 
below. 

Pre-Processing:  The first necessary decision involves coal selection.  The three 
options listed are: Martin Lake Texas Lignite, Wyoming (PRB) Sub-Bituminous, and 
Illinois #6 Bituminous.  The decision is based on composition and cost of the type of 
coal.  Pre-processing of the coal has already been done by the company and the cost 
determined for the processing is $40 per short ton (907 kg) of coal. 

Coal Gasification: The process of coal gasification yields a synthesis gas (CO 
and H2).  Stoichiometry of the coal used is vital for this process because it determines the 
amount of synthesis gas produced by this reaction.  Product gas concentrations and 
effluent gas compositions are stated within the report.  The gasification process is 
designed using commercial technology, and selection of the process depends on 
compatibility with the coal, as well as the efficiency.  The company has decided that 
oxygen for the reaction will be supplied by a third party at the price of $70 per metric ton 
of oxygen. 

Acid Gas Removal: Once the gasification process is evaluated, acid gas removal 
is addressed. The feedstock has small amounts of sulfur which causes the production of 
acid gas (H2S). The H2S gas must be removed, so a separation process is designed in 
order to promote acidic gas removal.  A physical wash is included in order to separate the 
H2S from valuable feed gas streams.  The Claus process actually converts the H2S to 
elemental sulfur. 

Water Gas Shift: This unit ensures the correct 2:1 ratio of H2 and CO is present 
in order for methanol production.  Once the necessary ratio of H2 to CO is determined, 
the equilibrium constant of the reaction is approximated, and the reactor is designed.   

Methanol Synthesis: Once the desired ratio of gases is obtained, the methanol 
fuel is synthesized by utilizing the product from the water gas shift reactor.  Concerns 
regarding the reactor include the production of ethanol (in addition to methanol) and the 
catalyst causing a water-gas shift reaction. 

Methanol Refining: Methanol production in this synthesis process must meet the 
standards of AA methanol purity.  The summarized specifications are 99.85% by weight 
of methanol on a dry basis, less than 0.1% by weight of water, and less than 50ppmw of 
ethanol.  Based on these specifications, the team has designed a method for refining and 
purifying methanol.  

Each of the processes previously mentioned are designed and modeled.  Mass and 
energy balances are conducted on each as well.  Operational costs are determined based 
on utilities used, and costs of feedstocks.  Capital costs are determined by the equipment 
that needs to be purchased.  To handle by-products, the pricing of treatment and disposal 
are also determined. 
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C. Design Basis, Principles and Limitations 
  

Methanol can be synthesized from coal via a gasification process.  The 
gasification of coal is represented by the following simplified reaction, where the specific 
stoichiometry of the reaction depends on actual compositions: 

x y 2 2

1 y
C H  + O x CO + H

2 2
↔    (1) 

The gasification of coal is associated with gases harmful to the environment.  An 
Acid Gas Removal (AGR) step is included in order to cap dangerous gas production, and 
the Water Gas Shift (WGS) is included to ensure a correct 2:1 H2 to CO ratio.   
The AGR is a sulfur recovery process that is applied in order to reduce harmful gas 
emission.  Rectisol is a physical that separates acid gases from valuable feed gas streams.   

The acid gas is then used as the source for recovering elemental sulfur via the 
Claus process.  A modified Claus process involves two stages which are presented below.  
The first step involves the addition of hydrogen sulfide with oxygen to produce sulfur 
dioxide and water: 

     2 2 2 2

3
H S + O   SO  + H O

2
↔    (2) 

 The second step reacts the rest of the hydrogen sulfide with the sulfur dioxide 
from the previous step, to produce water and elemental sulfur: 

   2 2 2 8

3
2H S + SO   2H O + S

8
↔    (3) 

 This is the overall equation for the Claus process: 

2 2 2 8

3 3
3H S + O   3H O + S

2 8
↔    (4) 

 Claus technology is divided into two different process steps.  These are the 
thermal and catalytic steps.1  The thermal step, reaction 2, occurs at extremely high 
temperatures.  The catalytic step involves the presence of either alumina or titanium 
dioxide to push reaction 3. 
 A water-gas shift reaction is used in order to produce a 2:1 H2 to CO ratio.  The 
temperature of operation varies between 200 to 500oC, depending on the catalysts used.  
In this process, CO is reacted with steam as the source of hydrogen.  The overall equation 
is shown below: 

   2 2 2CO + H O  CO  + H↔     (5) 

High temperature shifts use iron oxide-based catalysts, and operate between 300 
to 500oC.  The catalyst in a high temperature shift is capable of sulfur content up to 100 
ppmv; however, varying the sulfur content may ultimately cause the catalyst to lose 
mechanical strength.  Low temperature shifts operate in the range of 200 to 270oC.  These 
reactions are highly sulfur-sensitive.  This report contains a low-temperature water gas 
shift. 

Methanol synthesis may occur as two or three-phase processes, however this 
report is only concerned with the two-phase process.  Listed below are a series of three 
chemical reactions that take place in methanol synthesis. 

 
 

(6) 
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2 32CO H CH OH+ ↔  

 

2 2 2CO H CO H O+ ↔ +  

 

2 2 3 23CO H CH OH H O+ ↔ +  

 
   Two-phase reactors are equipped with a porous catalyst in a solid phase and the 
reaction mixture in a gaseous phase.2  These reactors are placed in a recycling system, as 
methanol synthesis reactions 6, 7, and 8, are limited by chemical equilibrium.  The 
reaction mixture is cooled after exiting the reactor, and the un-reacted remaining 
synthesis gas is partially recycled back through the reactor inlet.  The kinetics of the 
reaction system is also important in order to determine methanol conversion; material and 
heat balances are solved simultaneously via the use of kinetic rate expressions.2 

Kinetic data are also indicated, as rate equations are used in the specifications of 
the plug flow reactor.  These rate expressions are listed below. 
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 A catalyst is utilized in order to ensure the completion of reactions.  Furthermore, 
relatively high temperatures, roughly 260oC, yield a maximum methanol production.  
Methanol refining involved a separation step in the resulting stream to produce pure 
methanol.

(7) 

(8) 

(9)

(10) 

(11) 



 5 

 
 

D. Technology Selection Criteria and Conclusions 
 
 There are three types of gasifiers available for the coal to methanol process: 
fluidized bed, fixed bed, and entrained flow. It was concluded that the entrained-flow 
gasifier was the most efficient for the gasification process with Montana sub-bituminous 
coal.  This decision is based upon specific advantages which including the gasifier’s 
ability to produce a clean, tar-free gas from virtually any coal.  Entrained-flow gasifiers 
operate at high temperatures, and therefore have the ability to remove a high percentage 
of ash present in the coal as slag.  This is very important regarding the high ash 
percentage in Montana sub-bituminous coal. 

Several coal gasification processes are considered next.  These processes 
included: Koppers-Totzek, Shell Coal Gasification Process (SCGP), Noell, Texaco, E 
Gas, CCP, and Eagle.  Ultimately SCGP, a dry coal feed process, is applied based on 
several characterized advantages including: essentially complete gasification of virtually 
all solid fuels, production of clean gas without by-products, high throughput, high 
thermal efficiency and efficient heat recovery, and environmental acceptability.1  The 
process runs at very high temperatures (from 1400 to 1600oC); these high temperatures 
allow for easy removal of resulting ash as slag, and also prevent the formation of 
undesirable pyrolysis by-products.  Despite the high operating temperatures, thermal 
efficiency is still maintained.3  Ultimately a 99% conversion is expected from this 
process.2 

AGR is applied in order to cap dangerous acid gas production.  The Rectisol 
process, a type of physical wash, is the washing method utilized.  In particular, this 
process involves the use of cold methanol as a solvent, and operates within a -30 to -60oC 
temperature range.  Sulfur recovery is modeled as a system known as the Claus process.  
Although there are several Claus processes available, the Oxygen Claus process is 
utilized in this project.  The Oxygen Claus process is a specific system chosen mainly for 
economic reasons, as it is significantly cheaper to oxidize H2S via pure oxygen versus 
air.4 

 A water-gas shift reaction is applied in order to rid the syngas of CO.  This 
reaction produces hydrogen from a synthesis gas.  In this process, CO is reacted with 
steam as the source of hydrogen.  This reaction is a sub-process that may ultimately be 
contributed to the production of methanol.  It is ideal to convert the maximum amount of 
CO as is possible in order to produce large amounts of the desired H2 product.  The H2 
may be utilized in further processing for methanol production.  This system operates with 
a variety of catalysts within the 200 to 500oC temperature range, and occurs as either high 
temperature, medium temperature, or low temperature shifts.  A low temperature shift is 
the most applicable, as very little H2S is present in this inlet gas. 

Final methanol synthesis takes place immediately following the water gas shift 
reaction.  The one plug flow reactor pushes the methanol synthesis to completion, and is 
specified by kinetic rate data shown as equations 9, 10, and 11.  A separator is used after 
the plug flow reactor to refine the methanol.  This piece of equipment ultimately acted to 
extract pure methanol from the resulting stream; an additional stream leaving the 
separator was designated as a waste stream. 
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E. Process Performance Summary 
  

The completed process produced 5400 MT of methanol/day.  This was produced 
from 5800 MT/day coal fed into a gasifier along with 430 MT/day steam and 4,200 
MT/day oxygen gas.  The resulting streams from the gasifier were a solid ash waste 
stream of 730 MT/day and a gas stream of 9,730 MT/day.  Hydrogen sulfide is separated 
from this stream and subsequently enters acid gas treatment where elemental sulfur is 
produced.  The amount of elemental sulfur produced is 18 MT/day.  The synthesis gas 
goes into the water gas shift reactor.  A specified amount of water, 2,900 MT/day, is 
reacted with 9,600 MT/day of the synthesis gas, producing 1,300 MT/day of hydrogen 
gas and 8,800 MT/day of carbon dioxide gas.  This correctly composed gas enters the 
plug flow reactor, producing 5400 MT/day of methanol.  The inlet and outlet streams are 
specified in the following table. 
 
Table 1:  Stream Table of Inlet and Outlet Flows 
 

  
The properties of the streams are fairly consistent throughout the process.  The 

temperature raises after the reaction in the plug flow reactor, but pressure does not.  
Because the reaction is exothermic, the temperature change is realistic.  The lack of a 
pressure change is an incorrect estimation because the reaction creates energy within the 
system.  All the modeled separators gave very desirable results they were modeled very 
ideally due to unreasonable results when solving using methods such as the Fenske-
Underwood-Gilliland equations. 
 
 
 
 
 
 
 

kg/hr DRYCOALA 
STEAM-
A AIR-A SOLIDS-A OXY-A WASTE-A ELEM-S-A WATER SYNGAS2   

Mass Flow TOTAL kg/hr                     
  WATER            18000                                  835.01            118900.8 3396.678   
  NITROGEN                                                                                         3600.833   
  OXYGEN                       176000            741.574                                               feed streams 
  S                                                                                         0.074   waste streams 
  H2                                                                                         26569.529   product streams 
  CO                                                                                         182525.12   
  CO2                                                                                         305083.49   
  H2S                                                        1579.594                                    
  S8                                                                   1486.262                         
  METHANOL                                                                                                      
 COAL 241666.666           
  ASH                                 30232.5                                                           
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Table 2:  Properties of Inlet and Outlet Flows 
 

 DRYCOALA STEAM-A AIR-A SOLIDS-A OXY-A WASTE-A ELEM-S-A WATER SYNGAS2 METH1 TOPS BOTTOMS 

Temperature C   242 25   25 200 200 300 260 713.2499 713.2499 713.2499 

Pressure bar 1.01 35 1.01   1.01 1 1 1 20 20 20 20 

Vapor Frac   1 1   1 1 1 1 1 1 1 1 

Mass Flow  kg/hr 0 9000 88000 0 370.787 1207.302 743.131 118900.8 521175.7 533780.4 226867.5 306912.8 

             

 
F. Project Economics Summary 
  

The overall capital cost for building this processing plant is $750 million dollars.  
The revenue for one year that is made from the production of methanol and elemental 
sulfur is $610 million dollars.  The annual operation cost is $350 million for the utilities 
cost.   
 
Table 3:  Capital Cost 
 

  Diameter (m) Height (m) Cost per unit ($) quantity Cost ($) 
Gasifier NA NA $301,392,000.00 1 $301,392,000.00 
Acid Gas Removal NA NA $19,020,000.00 1 $19,020,000.00 
Separator 2.45 75.44 $7,340,000.00 2 $14,680,000.00 
Separator (Radfrac) 14.81 59.24 $59,500,000.00 2 $119,000,000.00 
Water Gas Shift 4.3 17.2 $6,390,000.00 1 $6,390,000.00 
Plug Flow Reactor 14 60 $283,200,000.00 1 $283,200,000.00 
Total         $744,391,000.00 
 
Table 4:  Revenue 
 

  kg/hr MT/day MT/year $/MT $/year 
Methanol 226867.53 5444.821 1905687 340 $647,933,665.68 
Elemental Sulfur 743.13136 17.83515 6242.303 340 $2,122,383.18 
Total   0 0 340 $612,941,070.84 
 
Table 5:  Operational Cost 
 

  kg/hr MT/day MT/year $/MT $/year 
Coal 241666 5799.984 2029994 60.8 $123,423,659.52 
High Pressure Steam 18000 432 151200 22 $3,326,400.00 
Oxygen 176741.57 4241.798 1484629 70 $103,924,045.51 
Low Pressure 13750 330 115500 15 $1,732,500.00 
Water 118900.8 2853.619 998766.7 22 $21,972,867.84 
Solid Wastes 30232.5 725.58 253953 325 $82,534,725.00 
Liquid Wastes 2414 57.936 20277.6 410 $8,313,816.00 
  KJ/s     $/KJ   
Electricity 40000     0.07 $235,000.00 
Total         $349,122,793.06 
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 The cashflow of the project is calculated in a Microsoft Excel file for a span of 20 
years using the capital costs, annual revenue, annual operational costs, tax rate, inflation 
rate, and capital maintenance rate.  This spreadsheet is available in the appendix and 
shows that profit is made starting in the third year of operation.   

Capital costs for particular units are estimated in various manners.  The gasifier 
was modeled as a single unit, and the prices re estimated based on data taken from a 
source that performed a similar gasification process.  The same is done for the AGR.5  
Separators are modeled as distillation columns, and are sized and costed accordingly.  
Flow rates are used to size the water gas shift, and capital costs are based off of this. 

These values were used to find an internal rate of return in Microsoft Excel using 
the solver tool.  The solver tool calculated an IRR of 31.9%.  This IRR is indicates a high 
return rate and indicates this process plant would be a good investment. 
 

G. Process Description 
 

Coal Selection and Gasifier Technology:  The goal of this project is to produce 
5000MT/day methanol via coal gasification. Montana sub-bituminous coal was selected 
because it had the highest percentage of fixed carbon among the three choices (Texas 
lignite, Illinois bituminous).  

The utilization of an entrained-flow gasifier was based on its principal 
advantages, which included the gasifier’s ability to handle virtually any coal as feedstock, 
and ultimately produce a clean, tar-free gas.  A majority of commercial-sized IGCC 
applications use entrained-flow gasifiers, as these have become the preferred gasifiers for 
hard coals. 

In terms of stages, single-stage entrained-flow gasifiers yield gas with high purity, 
and are relatively insensitive to coal quality.  Although the two-stage process is slightly 
more efficient, it is also is a significantly more complex process.  It was therefore decided 
that the single stage dry-coal process was the best choice. 

The SCGP/Prenflo process, which requires a dry-coal feed, was selected over 
other entrained-flow gasifiers because of its various advantages over other designs, and 
it’s prevalence in industry. Technology for coal-water-slurry feeds require an abundant 
water supply, and are therefore non-ideal regarding both economic and environmental 
purposes.  Another unfavorable design characteristic for applying a coal-water-slurry 
feed is the 20%-25% increase in oxygen consumption over dry-coal feeds. Oxygen is 
expensive, and therefore it is ideal to limit the amount of oxygen used. 

There were certain design assumptions and constraints that had to be taken into 
account when the gasifier was designed. The dry coal feed was assumed to be pre-
processed and moisture free. Since particle size of the coal was not given, the default 
particle size applied in the Aspen tutorial was used. 
 In order to attain the desired amount of methanol, 5000 MT/day of methanol, it 
was calculated that 5800 MT/day of coal had to be used, with a minimum amount of 176 
MT of oxygen, and a significantly lower amount of steam (18 MT/hr). The coal feed was 
split evenly into two gasifiers with equivalent specifications for mass flowrates to 
resemble those of built gasifiers. Since slag solidifies at temperatures lower than 
operating temperatures (1400°C – 1600°C), steam was limited so quenching would be 
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minimal and the chance of solids being present in the reactor would be reduced. Although 
it was estimated that nitrogen does not react in the gasifier, it actually reacts in trace 
amounts to form HCN and NH3.   

Acid Removal:  The two syngas streams (GASES-A, GASES-B), which exited 
their respective gasifiers, each entered a separator, where only H2S was removed and 
treated.  These streams of H2S were then treated to produce elemental sulfur. Two 
RSTOICH reactors for each stream were applied in ASPEN to represent the Claus 
process. In the first reactor (REACT1A, REACT1B), the acid gas stream was combusted 
with oxygen to push the reaction 1 to the right. The operating temperature of the first 
reactor was assumed to be 1000 °C since it is in the range of temperatures where H2S is 
combusted. The second stoichiometric reactor (REACT2A, REACT2B) was run at a 
comparatively lower temperature, 200°C, than the first reactor. This was done to favor 
reaction (4) and achieve a higher yield of elemental sulfur, S8. The two exit streams from 
these Claus processes each entered their own separator, where S8 was completely 
separated from the other remaining components. 1.5MT of elemental sulfur is produced 
per hour, 12,500 MT annually. 

Water Gas Shift:  Syngas leaving the separators was mixed prior to being treated 
in a water-gas shift reactor to shift the stoichiometric ratio between hydrogen and carbon 
monoxide to 2:1 respectively. To simulate a water-gas shift, an RGIBBS reactor was 
applied. In order to push the water-gas shift reaction to the right in reaction (5) and 
produce more hydrogen, an additional steam stream was added to react with the carbon 
monoxide in the syngas. It was also assumed that a low temperature shift reactor was 
used since the amount of sulfur remaining in the syngas was minimal. The reactor had an 
operating temperature of 260°C.  

Methanol Synthesis and Refining:  Methanol synthesis took place immediately 
following the water gas shift reaction.  This process occurred as a two-phase system, and 
was based on a series of three reactions.  A plug flow reactors was specified in 
ASPENPlus in order to push the methanol synthesis to completion.  Kinetic data 
ultimately played an important role in the specifications of each chemical reactor.  
Reactions (6), (7), (8) occurred at differing reaction rates.   
 Kinetic rate expressions, (9), (10), (11), were specified in ASPENPlus.  All rate 
constants within these reactions were accounted for by using associated kinetic 
parameters and chemical equilibrium constants; specifications within ASPENPlus also 
accounted for the orders of the fugacity coefficients via adsorption properties. Streams 
were initially led through catalyst beds, with a bed voidage of .38 and catalyst loading of 
20kg; however, failure to produce any methanol led to the omission of any catalyst being 
input into the reactor. The reactions were run at 260oC, as this temperature maximized 
methanol production.  Furthermore, it was also assumed that ethanol production was not 
taken into account. 
 A separator was used after the plug flow reactor.  This component ultimately 
acted to extract pure methanol from the resulting stream; an additional stream leaving the 
separator was designated as a waste stream.  2230 MT/day was the resulting methanol 
production amount for this particular reactor design.  This number falls short of the ideal 
methanol production of 5000 MT/day methanol as a result of the water gas shift reaction.  
A scale-up will be performed in order to attempt the targeted production rate of methanol.   
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I. Safety and Environmental Considerations 
 

Safety:  Safety considerations are an important aspect of plant operation.  In 
particular, gasification plants are complex, and able to produce a high-pressure toxic gas 
that may be inflammable or even explosive in the presence of oxygen and an ignition 
source. 
 There are several safety precautions necessary for the gasification process, as 
gasification plants are capable of producing high-pressure toxic gases that are 
inflammable or explosive in the presence of oxygen or ignition sources. 
 First of all, the dangers posed by the primary ignition step are extensive, as the 
burners operate at pressures ranging from 20-70 bar.  The increased pressure causes the 
risk of combustion to escalate; thus, a mixture of a combustible gas and oxygen should 
never be present in the reactor. 
 Following shutdown, the gasifier is coated with nitrogen in order to avoid 
corrosion.  If repairs must be made within the gasifier, the immediate environment must 
be rid of all gases other than air by drawing a good vacuum and breaking it with air, 
sometimes several times. 
 Spontaneous combustion may be caused by the fuel present, as well as FeS that 
may have formed as a product of corrosion.  Special handling of catalysts is also 
important; the consumed catalyst must also be discarded. 
 There are several toxic materials that may be formed as a result of the gasification 
process, such as H2S, COS, NH3, HCN, and CO2.  Nitrogen poses a threat due to its lack 
of smell, and exposure can quickly lead to unconsciousness.  In order to avoid this 
danger, good ventilation of the plant is very important.  The presence of CO2 may also 
pose as a risk, as it is heavier than air, and may have a tendency to leak through open 
valves. 
 Finally, environments with high concentrations of oxygen have the ability to 
cause more vigorous form of combustion; materials such as metals that normally oxidize 
at slow rates may behave as fuels for fire in such conditions.  Materials must be selected 
in order to minimize the ignitability probability.  Furthermore, system geometry must be 
constructed so that velocities of oxygen lines are low.  Oxygen compressors and fireproof 
walls may be incorporated in a plant in order to ensure the safety of personnel, 

Environmental Issues:  Several considerations must be taken into account when 
operating a gasification plant.  From an environmental standpoint, it is imperative that a 
gasification process is performed under acceptable pollution regulation guidelines for the 
given country in which the plant operates.  Various waste effluents, as well as greenhouse 
gases, threaten natural surroundings, and must therefore be kept to a minimum.   
 1.  Gaseous Effluents 

Gaseous effluents are certainly contributors to environmental deterioration.  
Those that are emitted via the use of fossil fuels are oxides of sulfur, nitrogen, and 
particulate matter, as well as components like carbon monoxide which are not fully 
combusted; oxides of sulfur, nitrogen, and particulate matter are all subsequently 
removed in the intermediate fuel gas.   
 Sulfur compounds are of primary concern due to the role they play in acid rain.  
Modern techniques can remove sulfur readily by 98-99%.  Particularly for methanol 
production, sulfur levels can be reduced below the 10 ppbv mark in the flue gas alone.  
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Though this is an expensive procedure, it confirms the modernity of the gasification-
based technology, as acid rain poses an ongoing threat to the environment.  
 Nitrogen content in coal is particularly high at 1-2 wt%.  Combustion oxidizes the 
nitrogen to NOx, which is removed from the flue gas and catalytically reduced with NH3 

to elemental nitrogen. The gasification process converts this nitrogen to HCN and NH3; 
these components are further removed in a water wash, or the HCN may be catalytically 
converted to NH3 with COS.  This leaves the gas combusted in the turbine essentially free 
of all nitrogen compounds aside from molecular nitrogen. 
 Mercury content within coal varies, and is very difficult to remove.  One 
difficulty mercury poses is its distribution as an oxide, chloride, sulfide, or sulfate.  
Multiple mercury capture techniques may therefore need to be applied to the coal in order 
to extract the mercury.   
 Arsenic may also pose as a contaminant, as it is mainly present in coals that have 
a high pyrite content.  When treated by fuel gas, the arsenic may accumulate in the water 
treatment plant and end up in the settler/filter cake of the flocculation section, considered 
chemical waste.  In the case of a raw gas shift, the arsenic will deposit on the catalyst. 

2.  Greenhouse Gases 
The threat of greenhouse gases to the environment is yet another major factor that 

must be taken into consideration.  Increased CO2 emission seems to stem from two 
sources, electric power and transport sectors.  The only real way to terminate the rise of 
CO2 emission would be to convert to energy sources such as natural gas or hydrogen.  
Another alternative to reduce CO2 emission could be to increase the efficiency of the 
power plant, though this would be a difficult and expensive undertaking. 
 CO2  recovery has also become essential in the manufacture of urea, as well as its 
role in enhanced oil recovery.  Statistics show that the gasification-based process holds a 
natural advantage over combustion, as it economical and very efficient.  Gasification has 
a 5% increased capital cost in comparison to combustion’s 60-80% increase.    The 
efficiency of the gasification process drops a mere 2%, whereas the combustion 
efficiency plummets 9.5-14%.  It is therefore safe to say that gasification techniques are 
most definitely the way to go when undertaking CO2 recovery.  Other options of CO2 
recovery, such as combustion with pure oxygen, have been ruled out as possible solutions 
as there is little economic and efficiency reasonability. 
 Methane contamination is 20 to 25 times more powerful than that of CO2; the 
methane originates from fossil sources, and leaks into the atmosphere as vented or 
incompletely combusted associated gas, leaks in natural gas pipelines, and methane 
emissions related to coal mining.  The potential for greenhouse gas reduction could be 
carried by carrying out synfuels production via partial oxidation of the gas, and 
subsequent Fishcer-Tropsch synthesis. 

3.  Liquid Effluents 
Generally, gasification plants include a water wash at some point in the syngas 

treatment.  Particularly for coal gasifiers, the main purpose of the water was is to remove 
ammonia and chlorides; the process also filters out various other constituents that are part 
of the gas composition.  The end result of the final water washing stage is a brine 
concentration and evaporation unit that ultimately produces a solid waste salt; the salt is 
composed of various constituents such as fluorine, cyanide and cyanometallates, as well 
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as heavy metals.  Though fluorine will dissolve in the wastewater, it calcium ions may be 
added in order to precipitate the fluorine via CaF2 production. 
 One alternative to aid in the removal of cyanide and cyanometalltes is a process 
where excess water is stripped in order to extract free ammonia, H2S, and HCN.  
Oxidation may be utilized as another approach.  It would be most economical to set up 
this process so that the ozone acts as a strong oxidant. 
 Heavy metals constitute a portion of the process condensate and must be removed 
via treatment by flocculation and precipitation.  A flocking agent is chosen by accounting 
for the metals being removed, although it typically tends to be ferric chloride.  Sand 
filtration may also be necessary to remove traces of metal hydroxides from the flocking 
step so that the excess water does not contains no fluorides, cyanides, or heavy metals, 
and contains only dissolved salts instead. 
 4.  Solid Effluents 

The amount of ash in the feedstock generally influences the solid effluent 
quantity.  The range can vary from 40 wt% to under 1 wt% depending on the given coal.  
Dry coal ash may be used for cement or the building industry.  In fact, its presence in ash-
form may become a major environmental liability if the ash is caustic or leachable in 
nature. 
 Slagging is slightly more advantageous than dry ash production via nonslagging 
gasifiers.  Ash components that leave the slagging gasifier can ultimately be converted 
into a fine, inert, gritty material similar to that of sand.  Slag can contain trace metals 
such as lead, arsenic, selenium, chrome, antimony, zinc, vanadium, and nickel, all 
captured within a nonleachable glassy matrix.  Slag may be utilized in asphalt, 
construction backfill, and landfill cover applications.   

Most heavy metals will either end up in the slag or as fly ash; the remaining heavy 
metals will eventually end up in wastewater from the water wash.  Water treatment by 
flocculation and precipitation will ultimately filter out such elements as arsenic, 
antimony, or selenium; these elements are not inert, and must be considered as chemical 
waste.  Dissolved salts will also exist in the treated wastewater.  Evaporation of water 
from the salt-wastewater mix is the best method of separation; the resulting salts must 
also be considered chemical waste. 
 
Safety: 
 There are several safety precautions necessary for the gasification process, as 
gasification plants are capable of producing high-pressure toxic gases that are 
inflammable or explosive in the presence of oxygen or ignition sources. 
 First of all, the dangers posed by the primary ignition step are extensive, as the 
burners operate at pressures ranging from 20-70 bar.  The increased pressure causes the 
risk of combustion to escalate; thus, a mixture of a combustible gas and oxygen should 
never be present in the reactor.  Normal process operation occurs at extremely high 
temperatures, roughly 1500oC. 
 Following shutdown, the gasifier is coated with nitrogen in order to avoid 
corrosion.  If repairs must be made within the gasifier, the immediate environment must 
be rid of all gases other than air by drawing a good vacuum and breaking it with air, 
sometimes several times. 
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 There are several toxic materials that may be formed as a result of the gasification 
process, such as H2S, CO, and CO2.  The presence of CO2 may also pose as a risk, as it is 
heavier than air, and may have a tendency to leak through open valves.  CO is a colorless, 
odorless, and tasteless gas, and is highly toxic. 
 The SCGP/Prenlfo process aims at economic efficiency, whilst taking into 
consideration environmental and safety conditions.1  The main products of concern 
regarding coal gasification are CO, H2, and CO2; H2S, although not produced as 
abundantly, also poses a safety and environmental threat.  
 The threat of greenhouse gases to the environment is a major factor that must be 
taken into consideration.  CO2 emission is a major factor in coal gasification.  The 
potential damage of CO2 emissions has ultimately become a long-term issue.  The 
correlation between CO2 concentrations and the rise of global temperatures is 
indisputable.   
 The component H2S, is harmful to the environment as well; it is a toxic, 
flammable gas.4  Excess water from the gasification section is usually stripped to remove 
components like H2S. 
 Finally, environments with high concentrations of oxygen have the ability to 
cause more vigorous form of combustion; materials such as metals that normally oxidize 
at slow rates may behave as fuels for fire in such conditions.  Materials must be selected 
in order to minimize the ignitability probability.  Furthermore, system geometry must be 
constructed so that velocities of oxygen lines are low.  Oxygen compressors and fireproof 
walls may be incorporated in a plant in order to ensure the safety of personnel. 
 

J. Conclusion and Reccommendation: 
 
 The process designed and modeled in this report yields 5400 MT/day of 
methanol.  The initial capital costs is $750 million dollars and one can break even after 3 
years of operation.  After 20 years of operation, approximately $3.3 billion is made.  
These values are very approximate, but give highly desirable results.  Many of the results 
from the Aspen simulations were not entirely realistic, so it is recommended that this 
design should be reconsidered and redesigned.  Additional components such as pumps, 
cooling systems, and additional reactors need to be added.  All such components will add 
to the capital costs and decrease the cash flow, lowering the overall internal rate of return. 
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