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Executive Summary 
 
With increasing concern about the finite nature of worldwide petroleum reserves, as well as the lack of 

political stability in regions where those reserves are located, interest is rising in the conversion of coal 

and biomass into clean fuels, particularly liquid transportation fuels, as well as chemicals and synthetic 

natural gas (SNG).  A number of states with substantial coal reserves within their borders are mounting 

efforts to site coal to liquids (CTL), coal to gas (CTG) and coal-based chemical plants.  Indiana is no 

exception, and the accompanying report has been produced at the behest of Indianaôs Center for Coal 

Technology Research (CCTR).  The goal of this report is to do a preliminary assessment of the suitability 

of several sites in southwest Indiana for the location of one or more coal conversion facilities.   

 

The team has evaluated in detail eight sites in southwest Indiana, including 1) one in the Breed/Fairbanks 

area, 2) one in the Francisco area, 3) one by the Minnehaha mine, 4) one by the Merom Power Station, 5) 

one in the NSA (Naval Supporting Activities) at Crane in Martin County, 6) the one in the NSA by Lake 

Glendale in Sullivan County, 7) one by the Port of Indiana at Mt. Vernon ,and 8) one by the CountryMark 

Refinery in Mt. Vernon. Although Figure I shows only five of the eight sites, the circles cover all eight. 

 

Seven additional sites have been selected as potential sites for further study, including (1) one near the 

Gibson Power Station, (2) one near the A.B. Brown Power Station, (3) one near the F.B. Culley Power 

Station, (4) one near the Rockport Power Station, (5) one near Tell City, (6) one inside the Indiana 

Arsenal between Jeffersonville and Charlestown, and (7) one near the Wabash IGCC power plant west of 

Terre Haute, Indiana. 

 

These preliminary assessments focus on the availability of the resources and infrastructure that would 

permit the development and operation of a coal conversion facility.  The major resources include land and 

water.  There is also an evaluation of proximity of coal resources and the potential for CO2 sequestration 

or other use (e.g., for enhanced oil recovery or enhanced coal bed methane or shale gas production).  The 

infrastructure needs also include assessing the access to the electric power grid, natural gas and petroleum 

product pipelines, major roads, and rail systems. 

 

The major conclusions are: (1) all of the sites examined are feasible for the development of a synfuel 

park, (2) due to limited water resources, some sites may not be appropriate for large capacity plants or for 

production of SNG or pure hydrogen, (3) special considerations must be given to the transportation of 

large pieces of equipment such as gasifiers and reactors to the plant site, which makes the sites located 

along major rivers that could accommodate barge deliveries advantageous, (4) generally there is some 

sequestration potential associated with each site although some sites clearly have significantly higher 

potential for the enhanced production of petroleum using produced CO2, and (5) although the proximity 

of major infrastructural components, including transportation systems for products and feedstock, occur 

near each of the sites, the ability of these systems to handle the increased loads associated with such a 

synfuels park will need to be further evaluated. 
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I.  Introduction  
  
This report summarizes the findings of a project focused on a preliminary assessment of the potential of 

several sites in Indiana to serve as the location of one or more Synfuel Park/Polygeneration Plants.  This 

assessment has been performed for the State of Indiana, funded by the Center for Coal Technology 

Research (CCTR). The primary contractor is the State Utility Forecasting Group (SUFG) in the Energy 

Center of Discovery Park at Purdue University, with a subcontract to the Indiana Geological Survey (IGS) 

at Indiana University. The contract period spanned from July 2006 to September 2007.  

 

 

 
 

Figure I.1. Flow diagram of the Synfuel Park/Polygeneration Plant 

 

 

Synfuel is short for synthetic fuel, which can be produced from a variety of feed stocks, including coal, 

biomass, algae, etc. The synfuel product can take various forms such as liquid, solid and gas. In this 

report, coal is the primary feed stock for synfuel production, with biomass serving as a secondary feed 

stock. We focus on liquid and gaseous synfuels, including liquids derived from the Fischer-Tropsch (FT) 

process (Department of Trade, 1999), synthetic natural gas (SNG), and, for some sites, the possibility of 

hydrogen. Co-production of electric power is included via an integrated gasification combined cycle 

(IGCC) generating unit. Direct coal liquefaction (DCL) is not considered in this report due to the higher 
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capital cost of DCL. A flow chart diagram of the synfuel park/polygeneration plant (hereafter referred to 

as a synfuel park) is illustrated in Figure I.1 and Appendix A, in which FT diesel, jet fuel, gasoline, 

wax/lubricants, hydrogen and power are the likely finished products. Other products, such as methanol 

and DME (dimethyl ether) can also be produced (SES and Golden, 2007). However, we concentrate on 

the analysis of FT diesel, jet fuel, SNG, hydrogen and power in this study. 

 

This report assesses the feasibility of locating a synfuel park at each of six sites according to the following 

criteria:    

  

¶ Coal availability  

¶ CO2  sequestration potential  

¶ Transportation infrastructure/logistics  

¶ Land/real estate requirements 

¶ Transmission lines and power availability  

¶ Gas and oil pipelines  

¶ Water requirements and resources 

¶ Waste disposal and environmental issues 

¶ Risk factors 

¶ Labor force/availability  

 

Eight sites have been evaluated in detail as potential locations for synfuel parks in this report:  

 

(1) One near the Francisco Mine in Gibson County; 

(2) One near the Fairbanks/Breed in Sullivan County; 

(3) One near the Minnehaha Mine in Sullivan County; 

(4) One near the Merom Power Station in Sullivan County;  

(5) One near the Port of Indiana at Mt. Vernon; 

(6) One near the CountryMark Refinery in Mt. Vernon; 

(7) One at the Naval Supporting Activities at Crane (NSA Crane) in Martin County; and 

(8) One the NSA Crane Sullivan Site. 

 

In addition, seven backup sites are also preliminarily evaluated and compared, including  

 

(1) One by the Gibson Power Station in Gibson County; 

(2) One by the A.B. Brown Power Station in Posey County; 

(3) One by the F.B. Culley Power Station in Warrick County; 

(4) One by the Rockport Power Station in Spencer County; 

(5) One near Tell City in Perry County;  

(6) One in the Indiana Arsenal, Jefferson;  

(7) One near the Wabash Valley Power Associationôs IGCC power plant west of Terre Haute; and 

(8) One near the Newport Chemical Depot in Newport, Indiana. 

 

Coal gasification is one of the critical sections of the synfuel park. Gasification can be carried out 

aboveground or underground.  In an aboveground gasification system, high temperature, high pressure 

reactors are used to create precisely controlled chemical reactions with primary inputs of coal to produce 

raw syngas, plus steam and/or oxygen. The resulting heat content of the syngas is very stable. Coal 

gasification can also be performed underground, in which case an underground tunnel in a coal bed is 

used as a ñgasifierò without the use of an actual steel reactor vessel. The advantage of this scheme is 

lower cost because the coal does not need to be mined or transported, a costly steel gasifier containment 

vessel does not need to be used, and the slag/ash does not need to be handled and transported for disposal 
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purposes. The disadvantage of underground coal gasification (UCG) is that the syngas stream may have 

less consistent heat content. A number of UCG projects have been proposed around the world, including 

the Chinchilla UCG IGCC in Australia (Chincilla Pilot, 2007), the ESKOM 2,100 MW UCG/IGCC 

electricity generation plant in South Africa (Olivier, 2007), and the UCG synfuel project in China (Global 

Energy Network, 2007). In this report, however, we consider aboveground gasification exclusively 

because site evaluation is far more complicated due to the need to actually evaluate the underground coal 

bed, water issues and other aspects of geology.  

 

The FT process was developed by two German scientists, Franz Fischer and Hans Tropsch, in 1923.  The 

process is an indirect coal liquefaction (ICL) process.  ICL, including the FT process, is a mature 

technology.  In the past commercialization of ICL technology was not widespread, for the simple reason 

that oil prices did not remain high enough for a long enough period of time. However, due to the high 

crude oil prices of the past few years and concerns about national energy security, many countries have 

been considering the development of ICL plants for producing synfuels. The current leader in plant 

construction and development is China, with a few large commercial projects under development, and 

many more in the planning stage.   

  

ICL and the FT process have been developed and used successfully for some time. At the end of World 

War II, Germany was operating nine indirect and 18 direct coal liquefaction plants.  Direct coal 

liquefaction, or DCL, plants involve a somewhat different technology from ICL, but have the same 

ultimate goal of creating liquid fuels from coal.  These plants supplied Germany with almost four million 

tons of fuel (both diesel and gasoline) per year (Department of Trade, 1999).   

 

Since the early 1950s, South Africa has been the world leader in production of ICL liquids, with three 

large commercial plants.  The Sasol Company has been the major force in ICL research, development, 

and operation. They have achieved substantial improvements over the original FT synthesis process, 

including the use of iron-based catalysts, the high temperature FT (HTFT) fluidized circulating bed 

technology, and the Sasol Advanced Synthol (SAS) technology. The fuels which have been the primary 

products serve up to 60% of South Africaôs oil demand. The plants also yield a substantial amount of 

various chemical feedstocks (see Department of Trade, 1999, and Figure I.2).  Additional details of the 

FT process may be found in Appendix D of this report. 

 

The U.S. has conducted significant research in the ICL area with sponsorship from both industry and 

government. ExxonMobil, Rentech and Syntroleum have independently developed ICL processes. One 

commercial plant using ICL technology, the Eastman Kingsport methanol plant, has been operating 

successfully for the past 10 years, with co-sponsorship from the U.S. Department of Energy (DOE).   

 

We now provide brief and general descriptions of the site selection criteria. More detailed descriptions of 

these criteria are provided in sections II-IX and XVIII.  

 

ǒ  Coal resources ï In general, coal is plentiful in Southwestern Indiana in particular and in the 

Illinois Basin in general (see Figure II.1). However, each site may be closer or farther away from 

coal sources, which may affect plant economics and railroad congestion. 

 

ǒ  CO2 sequestration and other uses ï CO2 capture and sequestration is not currently required in the 

U.S. However, it may become economically advantageous due to the potential imposition of 

carbon taxes or a cap-and-trade policy in the future. It appears that Southwestern Indiana has 

good potential for sequestration, including deep aquifers.  In addition, other uses including 

enhanced oil recovery (EOR) from nearly exhausted oil wells/fields, enhanced coal bed methane 

(CBM) production, and enhanced shale gas/oil production may prove to be economical uses of 
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CO2. Each potential synfuel park site may be closer to or farther away from these resources, 

which will affect plant economics and construction lead times.  

 

 
   

Figure I.2. The Sasol Secunda Synfuel Plant, South Africa (Department of Trade, 1999) 

 

 

ǒ  Transportation infrastructure/logistics ï Southwestern Indiana has a good rail system and is also 

accessible to the Ohio and Wabash Rivers. However, each site has its own unique transportation 

features.  For example, low overpasses may impede the transportation of very large equipment, 

which in turn may affect costs of plant construction. In addition, the impacts of congestion may 

be site specific and may affect costs of coal supply and finished products distribution. 

 

ǒ  Electricity transmission lines and gas/petroleum pipelines ï These resources are needed for 

different purposes during the construction and operation phases.  Electricity and gas may need to 

be imported to the site during the construction phase.  However, most designs investigated 

involve some export of electricity during the operation phase.  In addition, either gas or petroleum 

pipelines may be needed during the operation phase for export of products.   

 

ǒ  Water resources ï Water requirements are substantial, with the majority of estimates ranging 

from 7-15 barrels of water per barrel of FT liquids.  The use of air cooling or hybrid systems can 

substantially reduce the water needs.  There is also the potential for realizing economies of scale 

in water use for larger operations through increased recycling of water. 
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ǒ  Land resources ï a small synfuel park (i.e., 10,000 barrels per day) with FT production capacity is 

estimated to require about 120 acres for the plant, including water cooling and treatment, and co-

production of electric power.  An additional 20 acres is required for coal handling, and substantial 

land 500-1,000 acres (depending on topography) is needed for slag and ash disposal. 

 

ǒ  Waste disposal and environmental considerations ï Synfuel plants with CO2 sequestration are 

relatively benign from an environmental perspective.  Waste water can be treated to remove 

pollutants.  Based on IGCC experience, air emissions are superior to pulverized coal power 

plants.  Solid wastes, primarily in the form of slag and ash, are inert and may be useful as 

construction materials.   

 

ǒ  Labor resources ï The National Energy Technology Laboratory (NETL) estimates 144 direct 

operations personnel for a 50,000 barrel per day (bpd) plant.  Administrative, maintenance and 

other support personnel are likely to add another 40-50 percent.  The scaling of the labor needs is 

probably not linear, with smaller scale operations requiring more labor per barrel of capacity.   

 

ǒ  Economic impact ï NETL estimates that revenues (including power export) are on the order of 

about $80 per barrel of FT liquids.  Even for a small plant (i.e., 10,000 barrels per day) running at 

a 90 percent capacity factor, this amounts to revenues of three quarters of a million dollars per 

day.  The indirect impact would be much larger through the economic multiplier effect, which is 

particularly high for the coal mining sector.  More information regarding the economic impact of 

synfuel park/polygeneration plants can be found in Irwin et al. (2007). 

 

Our major conclusions are as follows:   

 

(1) Coal, natural gas, water, and geological sequestration resources are available, to varying degrees, 

at each of the eight sites to operate synfuel parks with co-production of electric power. The 

capacity varies with the sites, from a very large plant with a potential capacity of 50,000-100,000 

bpd at Mount Vernon, to about 10,000-20,000 bpd in the Minnehaha area or the NSA Crane site 

in Sullivan County.  

  

(2) Power and gas transmission lines are available either onsite or nearby and should be able to 

handle the added load required during construction. However, if significant amounts of power 

and/or SNG are to be exported, these infrastructures may have to be further evaluated for 

enhancement. 

 

(3) The Mount Vernon site can take delivery of large equipment such as the FT reactors. A port on 

the Ohio River at Mount Vernon has a crane that can lift up to 1,000 tons per load, which would 

allow the use of very large FT reactors. The apparent economies of scale in ICL production as a 

function of reactor size give the Mount Vernon site an advantage in terms of production 

efficiency. Other sites would be restricted to smaller FT reactors due to transportation limitations 

imposed by the overpasses and tunnels on the rail or highway systems.  

 

(4) Water may be a limiting factor for some sites such as the Minnehaha mine-mouth site.  This gives 

an advantage to sites with access to large, flowing bodies of water such as the Ohio and Wabash 

Rivers.   

 

The remainder of the report is arranged as follows: Section II analyzes coal resources, while Section III 

focuses on carbon dioxide sequestration. Section IV examines the infrastructure requirements; Section V 

describes water requirements. Section VI analyzes land resources. Section VII discusses the 

environmental issues associated with the synfuel park. Emissions and waste disposal issues are analyzed 
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in detail. Sections VIII and IX address labor requirements and economic impacts. Sections X through 

XVI cover the analysis of the seven primary sites, including their advantages and disadvantages. Section 

XVII presents preliminary analysis of a few more sites that could be good synfuel park candidates. 

Section XVIII discusses some policy and regulatory issues related to synfuel park development in 

Indiana. Section XIX presents a report summary and suggests directions for future work. Various 

background documents are provided in Appendices A-D, and the results of the evaluation of 

sequestration, enhanced oil recovery, enhanced coal bed methane, and enhanced shale gas production 

potential are presented in Appendix E. 

 

 

II . Coal Resources 
 
Coal is available in abundance in southwestern Indiana.  Figure II.1 shows the region where coal is 

available in Indiana, amounting to some 20 counties in the mining area.  As shown in the apex of the 

resource triangle in this figure, the available resources for surface and underground mining amount to 

over 17 billion tons of coal.  This amount is sufficient to supply a substantial clean coal conversion 

industry for at least the next 500 years.  Thus, the availability of coal is not a limiting factor in 

considering the establishment of a synfuel park in southwest Indiana. 

 

 

 
 

Figure II.1.  Coal availability in southwest Indiana 
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III. CO2 ï Sequestration and Other Uses 

 
The deep subsurface geology of the state has significant potential for use in the sequestration of produced 

carbon dioxide. There are four basic geological options or types of reservoirs available including injection 

into: (1) saline aquifers, (2) mature oil and gas fields (including the potential for use in enhanced oil 

recovery (EOR) projects using CO2 flooding), (3) deep unminable coal seams (including the potential use 

for enhanced coal bed methane (ECBM) production), and (4) organic rich gas shales which also have the 

potential to produce enhanced shale gas. 

 

These four sequestration options were evaluated for five of the principal sites in the southwestern part of 

the state. The area surrounding each site was defined as a circle with a twenty five mile radius. The index 

map in Figure III.1 shows the location of each of the five sites evaluated for sequestration potential with 

the respective circular areas. 

 

The parameters used in these evaluations and the means by which these parameters were used to make the 

quantitative assessments are the same as those used in the national sequestration capacity assessments 

(NETL, 2007). The results of these evaluations are presented in maps and tables in Appendix E.   

 

 
 

Figure III.1. Twenty-five mile radius buffer region surrounding five locations covering the eight primary 

sites for potential synfuel parks. The analysis of Crane in Martin County was completed earlier and the 

results included in CCTR evaluation of that site (Irwin et al. 2007).  
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IV.  Infrastructure  ï Transportat ion/Logistics, Electricity Transmission, and 

Gas/Petroleum Pipelines 
 
Infrastructure is needed to support the synfuel park in two distinct phases: the construction phase and the 

operation phase.  The network of supporting infrastructure in southwest Indiana is displayed in Figure 

IV.1.   

 

 
 

Figure IV.1. Potential site locations in southwest Indiana 
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IV.1  Transportation/logistics 

 
Three processes require use of the transportation infrastructure: (1) shipment of large components of the 

synfuel park (mainly gasifier(s), raw syngas cleaning units, FT reactors, and liquids upgrading equipment) 

during construction, (2) the transportation of coal to the park, and (3) the distribution of finished products. 

These issues are discussed separately below.  

 

IV.1.1 Shipment of large pieces of equipment  

 

Gasifiers, hydro-crackers, ASUs and especially FT reactors are quite heavy and large. A gasifier may 

weigh 200 to 300 tons, with a diameter ranging 5-7 meters.  The exception is the Rocketdyne type gasifier 

which is only about one tenth the size of competing gasifiers (Rardin, Yu, Holland, Black, Oberbeck, 

2005). A Sasol FT synthesis reactor with a capacity of 20,000 bpd can weigh over 2,000 tons and have a 

diameter of about 33 feet (10 meters) and a height of over 180 feet (Foster Wheeler, 2005) (see Figures 

IV.2 and IV.3). Fortunately, gasifiers and FT reactors can be manufactured in various sizes according to 

customer requirements. According to Sasol (Ganter, 2005), a Sasol low temperature FT reactor with a 

capacity of 17,000 bpd may weigh approximately 2,200 tons, and for shipping purposes, its diameter is 10 

meters with a length of 60 meters. Therefore, a FT reactor with a capacity of about 2,500 bpd could weigh 

less than 400 tons (2,200/7 º 314 tons), and its diameter could be less than 6 meters and its height less 

than 20 meters depending on pressure and other parameters (1 meter = 3.28 feet).   

 

 

 
 

Figure IV.2. Transportation of very large FT reactors (Appendix B)  

 

 

As reported in Appendix B, it is almost impossible to transport very large equipment on the interstate 

highway system due to restrictions on weight as well as the frequency of narrow passageways and low 

overpasses. Hence, we only consider using the rail system to transport very large facilities.  

 

The shipping strategy may depend upon the place the equipment is manufactured.  From a shipping 

perspective, the most challenging pieces of equipment are likely to be the FT reactors.  Sasol does not 

have the capability to manufacture its own FT reactors and has been contracting with Japanese and 

Korean companies for the manufacture of reactors. If Sasol FT reactors are chosen, they are likely to be 

manufactured in either Japan or Korea, and shipped by sea with ultimate delivery via the Mississippi 

River to the Ohio River to southern Indiana.  If U.S. technology is used for an FT portion of the plant, the 
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equipment could possibly be manufactured in the U.S. and transported via the rail system. In this case, 

overpasses may also hinder the use of very large FT reactors at the Francisco site.  Onsite manufacturing 

of large FT reactors is conceptually feasible, but may not be economical since special tooling and staff are 

involved.  Even in the case of domestic sourcing of the FT reactor(s), shipping primarily via waterways is 

likely to be preferred.   

 

 

 
 

Figure IV.3. Onsite transportation of the Sasol FT Reactor for the Sasol Qatar Oryx GTL Plant (Louw, 

2006. The capacity is 34,000 bpd, with 2 FT reactors; each weighs 2100 tons) 

 

 

There are two primary sites on waterways adjacent to southwest Indiana with the capacity to handle large 

equipment.  Both the Jeffboat facility in the Jeffersonville/New Albany area and Mount Vernon can 

unload units weighing over 1,000 tons. Jeffboat is the largest single-site inland shipbuilding and repair 

facility in the U.S. In addition to building tanker and hopper barges, Jeffboat also operates a dock.  

 

Once large equipment is unloaded at either Jeffboat or Mount Vernon, the best strategy for its delivery 

will be via rail.  For the largest pieces of equipment, specialized train cars will likely be needed.  

According to Appendix B, up to 850 tons can be loaded onto a specialized type of railroad freight car 

called a Schnabel car.  Schnabel cars are designed to carry heavy and oversized loads in such a way that 

the load itself makes up part of the car. The largest Schnabel car in operation, owned by ABB, carries the 

number CEBX 800, and is used in North America. It can carry loads up to 113 ft 4 in (34.5 m) long. For 


