
FINAL TECHNICAL REPORT 
October 1, 2007, through September 30, 2008 

 
Project Title: ENVIRONMENTAL ANALYSIS OF ILLINOIS COAL ENTRY                              

INTO THE TRANSPORTATION MARKET 
 
ICCI Project Number:          07-1/ER10                
Principal Investigator:          James Mathias, Southern Illinois University Carbondale 
Other Investigators:              Bradley Paul, Southern Illinois University Carbondale 
             Darin Starkey, Southern Illinois University Carbondale 
Project Manager:                  Joseph Hirschi, ICCI 
 

ABSTRACT 
 
High oil prices and nationalist desires to reduce foreign dependency create opportunities 
for Illinois bituminous coal to be involved in the transportation market.  Using Illinois 
coal for transportation will have varied environmental effects depending on the method of 
involvement.  To determine these effects, this study calculated CO2 emissions for 
gasoline and eight vehicle propulsion methods involving Illinois coal per 100,000 miles 
traveled.  The vehicle propulsion methods considered are electricity from pulverized coal 
in a sub-critical power cycle (PSC), electricity from integrated gasification combined 
power cycle (IGCC), electricity from an ultra super critical power cycle (USC), ethanol, 
butanol, Fischer-Tropsch (FT) diesel, hydrogen, and a combination IGCC/ethanol system 
to propel vehicles that use their respective fuels.  Results show USC, IGCC, PSC, and 
hydrogen emit the lowest CO2 with a net of 69,499, 72,866, 75,758, and 81,587 lb CO2, 
respectively. The base-line gasoline method emits 99,170 lb CO2, while ethanol, butanol, 
and IGCC/ethanol methods emit 96,379, 104,568 and 87,024 lb CO2, respectively.  The 
highest CO2 emission came from Fischer-Tropsch diesel with 180,562 lb CO2.  It was 
concluded that energy efficiency and CO2 offset were the most influential factors for CO2 
emissions per 100,000 miles.   
 
With the possibility of future carbon constraint regulations, each vehicle propulsion 
method was evaluated to determine the economic effects of CO2 emissions.  Different 
types of possible regulations were reviewed and three different regulation scenarios were 
considered.  For each type of regulation, favorable vehicle propulsion methods were 
specified.       
 
 
 
 



EXECUTIVE SUMMARY 
 
Illinois coal has an opportunity to enter the transportation market and be economically 
competitive with petroleum fuels.  The environmental effect of using Illinois coal for 
transportation was evaluated in this study by calculating CO2 emissions per 100,000 
miles traveled for nine different vehicle propulsion scenarios.   
 
Vehicle propulsion methods evaluated in this study include: gasoline, electricity from 
pulverized coal in a sub-critical power cycle (PSC), electricity from integrated 
gasification combined power cycle (IGCC), electricity from an ultra super critical power 
cycle (USC), ethanol, butanol, Fischer-Tropsch (FT) diesel, hydrogen, and a combination 
IGCC/ethanol system to propel vehicles that use their respective fuels.  Carbon emissions 
were determined (in lb of CO2 per 100,000 miles) for each vehicle propulsion method.   
 
Each vehicle propulsion method was mapped and separated into CO2 emitting steps.  
These steps include: feedstock extraction, material transportation, fuel production, and 
fuel use.  For each step, CO2 emissions were determined specific to the fuel used.  Then, 
total CO2 emissions from every step are divided by vehicle fuel efficiency for each 
specific propulsion method to yield lb CO2 per mile.  
 
The gasoline vehicle propulsion method was evaluated in this study as a base case 
scenario. Steps in the life cycle of gasoline include oil extraction, oil refining, gasoline 
transportation, and vehicle use.  The total CO2 emitted per 100,000 miles traveled in a 
gasoline vehicle was calculated to be 99,170 lb.   
 
The PSC, USC, and IGCC electricity vehicle propulsion methods all generate electricity 
for use in an electric car.  The steps in each of these life cycles include:  coal extraction, 
coal transportation, electricity production and transmission, and electricity use.  The total 
CO2 emitted per 100,000 miles traveled in an electric vehicle was calculated to be 
69,499, 72,866, and 75,758 for USC, IGCC, and PSC electricity, respectively. 
 
The ethanol and butanol vehicle propulsion methods use corn as a feedstock for fuel 
production and coal for process energy.  The major steps in both of their life cycles 
include: corn farming, coal extraction, corn and coal transportation, fuel production, fuel 
transportation, and vehicle use.  The total CO2 emitted per 100,000 miles traveled in their 
respective vehicles was calculated to be 96,379 for ethanol and 104,568 for butanol. 
 
The hydrogen and FT diesel vehicle propulsion methods gasify coal to convert it into 
fuel.  The steps in both life cycles include: coal extraction, coal and fuel transportation, 
fuel production, and vehicle use.  The total CO2 emitted for hydrogen and FT diesel per 
100,000 miles was calculated to be 81,587 and 180,562 lb respectively.     
 
The IGCC/ethanol vehicle propulsion method generates electricity and produces ethanol 
for use in vehicles that use their respective fuels.  The major steps in the life cycle include 
all the steps in both the ethanol and IGCC vehicle propulsion methods.  The total CO2 
emitted per 100,000 miles was calculated to be 87,024 lb.  



 
Figure 1 graphically shows total CO2 emissions per 100,000 miles traveled for each 
vehicle propulsion method.  
 
 

 
Figure 1:  CO2 emitted per 100,000 miles for all vehicle propulsion methods. 

 
 
When all CO2 emissions values were found for all vehicle propulsion methods, the effect 
of possible carbon constraint regulation was determined.  The three different carbon 
constraint regulation scenarios considered were: 1) taxing the end user on total emission, 
2) taxing the end user on net emission, and 3) taxing industries for process emissions. It 
was found that electricity and hydrogen methods, the lowest CO2 emitters, are penalized 
the most in the third regulatory scenario, while ethanol and butanol are penalized the 
most in the first regulatory scenario.           
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OBJECTIVES 
 
The overall objective of this project was to determine carbon emissions (in 
lb CO2/100,000 miles) of various vehicle propulsion methods utilizing Illinois coal and 
compare the cost of complying with potential environmental regulations to find those 
vehicle propulsion methods that may have more favorable economic and environmental 
benefits than the currently employed gasoline system, which was also evaluated as a 
base-line scenario.  Specific objectives completed for the project include: 
 

 Literature Review 
 
 Assess state of current research on transportation fuels from coal 
 Evaluate methods previously used for completing similar research 

 
 Determine carbon emissions of vehicle propulsion methods that use Illinois coal  

 
 Construct Assumptions 
 Map entire life-cycle of transportation fuels for all vehicle propulsion methods 
 Establish CO2 emitting steps  
 Quantify CO2  from each step  
 Calculate carbon efficiency for all vehicle propulsion methods 

 
 Determine market and environmental effects associated with transportation fuels 

in various carbon constrained scenarios 
 
 Compare hypothetical carbon tax penalty for gasoline with the other vehicle 

propulsion methods utilizing coal 
 Determine which vehicle propulsion methods have the smallest carbon 

footprint and the greatest economic benefit if a carbon tax is issued. 
 

Each objective was completed for nine vehicle propulsion methods by performing the 
following tasks:  
 

Task 1- Map standard conditions of vehicle propulsion methods (Assumptions) 
 

Task 2- Assess the impact of raw material preparation (Feedstock Acquisition) 
 

Task 3- Map distribution of fuel (Material Transportation) 
 

Task 4- Access the impact of fuel preparation (Fuel Production) 
 

Task 5- Identify automotive technology (Vehicle Use) 
 

Task 6- Evaluate the relative competitive position of vehicle propulsion methods 
(Carbon Regulation)  
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INTRODUCTION AND BACKGROUND  
  
Illinois Coal Opportunity 
 
Illinois coal has an opportunity to enter the transportation market by being economically 
competitive with petroleum fuels.  Using Illinois basin coal for various vehicle 
propulsion methods could decrease dependency of foreign oil and benefit the economy. 
 
Environmental effects, specifically carbon dioxide (CO2) emissions, need to be 
determined when using alternative fuels for vehicle propulsion.  In this study, life cycle 
CO2 emissions for a passenger vehicle traveling 100,000 miles were determined for 
gasoline and eight other vehicle propulsion methods involving Illinois coal.  Also, the 
effects of a possible carbon tax have been determined.  
 
Assumptions  
 
Vehicle Propulsion Methods 
  
For this study, a gasoline powered vehicle is used as the base case.  This method assumes 
gasoline is made from oil and burned in a traditional engine.  The next methods evaluated 
generate electricity for use in electric vehicles.  These methods include: electricity from 
pulverized coal in a sub-critical power cycle (PSC), electricity from integrated 
gasification combined power cycle (IGCC), and electricity from an ultra super critical 
power cycle (USC).  Another category of methods evaluated make fuels from gasification 
of coal.  These methods consist of hydrogen and Fischer-Tropsch (FT) diesel.  This study 
assumes hydrogen is used to produce electricity in a fuel cell vehicle and diesel is used in 
a conventional diesel engine.  Additional methods assume that fuels are made from corn 
using coal as process fuel and this fuel is burned in a traditional engine similar to 
gasoline. These methods include ethanol and butanol.  The last method combined IGCC 
and ethanol.  Waste heat from the IGCC power plant was assumed to be used to convert 
corn into ethanol.  Outputs for this method include electricity and ethanol.  Electric and 
ethanol vehicles were assumed to be driven in the same ratio of the fuels produced. 
Vehicles used for all methods were assumed to be passenger automobiles. 
 
Illinois Coal  
 
This research assumes Illinois # 6 coal is used for all coal inputs in each vehicle 
propulsion method.  Coal was assumed to be used for all major thermal inputs in every 
vehicle propulsion method but gasoline. Also, all electricity inputs were considered to be 
100% from coal for all methods.  The heating value of Illinois coal ranges from 10,000 to 
14,000 BTU/lb coal [1].  The value used for this project falls close to the middle of this 
range at 11,666 BTU/lb coal [2].  The CO2 emission factor used in this study is 203.5 
lb/MMBTU of coal [3].  The emission factor can also be shown as 2.374 lb CO2/lb coal 
burned. This value is always assumed for all coal that is burned in all vehicle propulsion 
method. 
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Carbon Dioxide (CO2) Emission Ratio 
 
In this study, CO2 is considered to be emitted from combustion, fermentation, and 
gasification. The complete combustion or gasification of a carbon substance will produce 
a CO2 molecule for every carbon atom in the reaction.  Complete combustion or 
gasification is difficult to achieve but, in this study, it is always assumed for the purpose 
of comparison. Table 1 shows emission coefficients and higher heating values (HHV) 
used in this study [2-7].  In each vehicle propulsion method, the energy input and fuels 
used for that input were determined for every step in the lifecycle.    
 

Table 1: Heating values and carbon emission ratios for various fuels. 
  Higher Heating Value (HHV) Carbon Dioxide Emission Ratio 
Illinois coal 11,666 (BTU/lb) [2] 2.37(lb/lb) [3] 
Gasoline  125,070 (BTU/gal) [4] 19.4(lb/gal) [4] 
Heavy diesel 138,095 (BTU/gal) [4] 26(lb/gal) [4] 
Light diesel 137,550(BTU/gal) [4] 22.20(lb/gal) [4] 
Natural gas  1,030(BTU/ft3) [4] 0.12(lb/ft3) [4] 
Liquid petroleum gas 92,096(BTU/gal) [4] 12.8(lb/gal) [4] 
Oil 138,095(BTU/gal) [4] 22.7(lb/gal) [4] 
Ethanol  84,031(BTU/gal) [5] 12.6(lb/gal) [5] 
Butanol 108,940(BTU/gal) [6] 16.07(lb/gal) [6] 
Hydrogen  60,990(BTU/lb) [7] 0.00 

 
Techniques to Use Illinois Coal for Transportation 
 
This project considers three major techniques for using coal in transportation.  The first 
technique is to produce electricity with coal to run an electric vehicle.  IGCC, PSC, and 
USC electricity all embody this route.  Another way to use coal for transportation is for 
process heat for bio-fuels such as ethanol or butanol. The bio-fuels are used directly in 
their specific vehicles.  The last way to use coal in transportation is to gasify coal into 
synthetic gas, then convert that gas into other fuels such as hydrogen or diesel.  These 
fuels can then be used in their respective vehicles. 
 

EXPERIMENTAL PROCEDURES 
 
Determining the CO2 emission from all the vehicle propulsion methods required 
investigation into the life cycle of each.  Standard methods for feedstock recovery, 
material transportation, fuel production, and fuel use were designated to determine CO2 
emitting steps.  Energy requirements specific to the fuel produced and fuels used to 
provide the energy were determined for each step in all vehicle propulsion methods.  
Using these values and values in Table #1, CO2 emissions were found per fuel produced.  
Also, CO2 values were found for gasification, fermentation, and CO2 offset. An offset 
CO2 emission is a negative emission. The summation of all CO2 values from every step 
was divided by the fuel efficiency for that specific fuel to yield lb CO2 per mile.  The unit 
used to compare all vehicle propulsion methods was lb CO2/100,000 miles of vehicle 
travel.  Final CO2 emission values are shown in the results section of this report.  This 
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section states all energy values and fuel compositions assumed for all vehicle propulsion 
methods. 
 
Gasoline 
 
Task1: The gasoline vehicle propulsion method was the base case evaluated for CO2 
emissions.  The major steps in gasoline’s life cycle include: oil extraction, oil refining, 
gasoline transportation, and vehicle use.  For each step in gasoline’s life cycle, lb CO2 per 
gallon of end use gasoline was determined. 
 
Task 2: Oil production emits CO2 during the extraction process as well as from 
manufacture, assembly, and repair of oil producing equipment.  CO2 emissions from oil 
extraction and equipment repair were found by determining fuel and electricity 
requirements specific to a gallon of oil pumped. These requirements are 0.003 gallons of 
light diesel, 1.85 ft3 of natural gas, 0.002 gallons of gasoline, and 0.533 kWh of 
electricity [8]. The product of these requirements and each fuel’s carbon dioxide emission 
ratio yields CO2.  The CO2 emission from the manufacture and assembly of oil machinery 
material was found by determining the price of machinery per fuel unit [8, 9], then 
multiplying the price by manufacturing intensity (BTU/$) [9].  The energy used to 
manufacture equipment material, 53 BTU/gallon of gasoline, was considered to be 
provided by 81 percent coal and 19 percent diesel [10]. The energy used for machinery 
manufacture, 11.21 BTU/gallon of gasoline, was considered to be provided by 60% 
natural gas and 40% coal [11]. 
 
Task 4: Oil refining emits CO2 from fuel used to convert oil into gasoline as well as from 
fuel used to build the refinery.  The specific requirements to refine oil into gasoline are 
305 BTU of fuel, 12,576 BTU of steam, and 0.33 kWh of electricity per gallon of 
gasoline produced [12].  All thermal inputs at the refinery are assumed to be from oil, 
with steam having 75% production efficiency.  Fuels used to convert oil into other 
products at the refinery are not considered.  The energy to build the refinery is found by 
using the manufacturing intensity and the cost of the refinery [9, 13].  The composition of 
fuels used to build the refinery was considered the same as the composition of fuels for 
material manufacture.  To find CO2 emissions from refinery construction specific to a 
gallon of gasoline, the life of a refinery was assumed to be 30 years at full capacity.  The 
energy to build the refinery was calculated at 3.15 BTU/gallon of end use gasoline.  This 
method for finding refinery construction energy was used for all vehicle propulsion 
methods.  The source of energy for building construction was also used for all vehicle 
propulsion methods. 
 
Task 3: CO2 emissions from the gasoline transporting step were determined using specific 
assumptions. Oil is assumed to be extracted and refined in the Beaumont Texas region 
because of the high volume of oil in that area.  Once oil is converted into gasoline, it is 
assumed to be sent by the Centennial Pipeline to Illinois.  The Centennial Pipeline was 
used for gasoline transportation because it is an existing pipeline that runs from 
Beaumont Texas to Martinsville Illinois.  From Martinsville, gasoline is transported by 
diesel truck to a gas station in Springfield Illinois.  The CO2 emission is determined in 
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this step by finding the power to capacity ratio of the Centennial Pipeline and the 
capacity and fuel economy of a diesel truck gasoline tanker.  The Centennial Pipeline is 
powered by five 3,000 HP pumps that can provide 210,000 barrels of gasoline per day 
[14]. A diesel truck has a capacity of 9,246 gallons [15], with an average fuel efficiency 
of 7 miles per gallon [16].  The Centennial Pipeline receives all energy from electricity, 
while the tanker uses diesel fuel.  The total energy used for gasoline transportation was 
determined to be 865 BTU/gallon of gasoline. 
 
Task 5: The vehicle assumed for the gasoline vehicle propulsion method was a passenger 
vehicle with average fuel efficiency of 23.9 miles per gallon [17].  This is an average of a 
combination of city and highway miles. 
 
PSC Electricity 
 
Task 1: The PSC electricity method assumes that pulverized Illinois coal is burned in a 
sub-critical power plant to generate electricity.  Electricity is transmitted to users over the 
power grid and used to power an electric vehicle.  The major steps considered for this 
vehicle propulsion method include: coal extraction, coal transportation, electricity 
generation, and vehicle use.  In each step of the PSC electricity method, lb CO2 per kWh 
produced is found. 
 
Task 2: Coal extraction steps include coal mining, coal cleaning, coal mine dust 
collection, manufacture of material for mining equipment, mining equipment 
manufacture, and mining equipment repair.  The energy input for coal mining, coal 
cleaning, and coal mine dust collection was calculated to be 75, 0.8 and 46 BTU/kWh 
produced, respectively [10].  All energy for coal mining, coal cleaning, and coal mine 
dust collection was provided by electricity at an underground mine.  The energy required 
for mining equipment material manufacture, mining equipment manufacture, and mining 
equipment repair were found from determining the equipment used at a mine per amount 
of coal mined [10].  Material used for equipment was also found along with the embodied 
energy of that material [11].  The total energy used for equipment was calculated to be 
4.0 BTU/kWh produced.  Fuels used to provide the energy for mining equipment material 
manufacture and mining equipment manufacture are of the same composition as the 
respective gasoline vehicle propulsion method.  The energy for equipment repair was 
assumed to be 100% from electricity for a conservative estimate.  If the actual energy 
necessity is not supplied 100% by electricity, the change is insignificant to overall CO2 
emission values.  In all vehicle propulsion methods, equipment repair CO2 emission was 
less than 1% of the total. 
 
Task 3: The next step in the PSC electricity method is coal transportation.  The CO2 
emission was found for this step by determining the average distance from an Illinois 
mine to Springfield Illinois. This distance was found to be 148 miles [18].  The mode of 
coal transportation was assumed to be 50% by train and 50% by diesel truck.  The fuel 
efficiency of a train is 423 ton-miles/gallon of diesel [19], while truck fuel efficiency 
matches the truck used in the gasoline vehicle transportation method.  The total energy to 
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transport coal was calculated to be 57.5 BTU/kWh of electricity produced. Both train and 
truck are fueled by diesel. 
 
Task 4: Electricity generation emits 98% of the CO2 in the PSC electricity method.  The 
sub critical power plant used in this study uses steam at 1,050°F and 2,400 psi.  The 
efficiency of the power plant is 36.8% [2].  Eight percent of the electricity generated at 
the power plant is lost during transmission through power lines [20].  The energy used to 
build the power plant was found to be 3.1 BTU/kWh produced [2, 9]. 
 
Task 5: Use of an electric car does not emit CO2 while driven, but the efficiency is 
directly related to lifetime emissions.  The efficiency of an electric car was calculated at 
2.76 miles per kWh as received.  This value was similar, but more conservative than the 
3.2 miles per kWh efficiency of the gasoline-powered Mitsubishi Lancer [21]. 
 
IGCC Electricity 
 
Task 1: The IGCC electricity method produces electricity by gasifying Illinois coal into 
synthetic gas for use in a gas turbine.  The exhausted heat from the gas turbine is utilized 
to heat up water, turning it into steam to run a steam turbine.  The combined net 
electricity produced is used to propel an electric vehicle.  Major steps in this vehicle 
propulsion method include: coal extraction, coal transportation, electricity generation, 
and vehicle use.  In each step lb CO2 was found per kWh of electricity produced. 
 
Task 2-3:  The coal extraction and transportation steps include all the steps previously 
stated in the PSC electricity method.  Coal extraction and transportation energy found for 
the PSC electricity method is used for the IGCC method.  The energy used in the PSC 
electricity method was converted into BTU/lb coal, then BTU/kWh generated at the 
IGCC power plant.  Using a factor of 0.765 lb coal/kWh [2], the total energy for coal 
extraction and transportation was found to be 179 BTU/kWh produced.  The composition 
of fuels used for coal extraction and transportation in the PSC electricity method was 
used for this vehicle propulsion method. 
 
Task 4: The generation of electricity from an IGCC power plant involves gasification of 
Illinois coal.  Coal gasification is when coal is turned into synthetic gas using high 
temperatures, steam, and a low oxygen environment.  Synthetic gas is a mixture of 
hydrogen and carbon monoxide.  The gas is cooled after it is synthesized, then sent 
through a series of units to remove unwanted chemicals such as carbon oxide sulfide 
(COS), hydrogen sulfide (H2S), mercury (Hg), and CO2.  Clean synthetic gas is then 
reheated with boiler feed water, then sent to the gas turbine combustor.  The combustion 
powers a gas turbine to produce electricity.  The exhaust heat is then sent to a heat 
recovery steam generator (HRSG) that powers a steam turbine to produce additional 
electricity.  The overall efficiency of the IGCC power plant used in this study was found 
to be 38.2%.  The energy used to build the IGCC plant was 3.6 BTU/kWh [2, 9]. 
 
Task 5: The electric vehicle used for the IGCC vehicle propulsion method was identical 
to the vehicle used in the PSC electricity method. 
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USC Electricity 
 
Task1: The USC electricity vehicle propulsion method assumes Illinois coal is burned to 
generate electricity in an ultra super critical power plant.  The electricity is then used in 
an electric car.  The steps considered in this vehicle propulsion method include: coal 
extraction, coal transportation, generation of electricity, and vehicle use.  For each step 
CO2 was found per kWh of electricity produced. 
 
Task 2-3: Coal extraction and transportation steps include the same components 
previously stated in the PSC and IGCC electricity methods. Energy was found using the 
same conversion technique used in the IGCC method and a factor of 0.73 lb coal/kWh 
produced at the USC plant [22].  The energy used for coal extraction and transportation 
was calculated at 171 BTU/kWh of electricity produced. 
 
Task 4: The generation of electricity from an USC power plant involves burning Illinois 
coal.  The heat from coal combustion is used to create steam at 1,100°F and 4,500 psi 
[22].  This steam is then used to power a turbine to generate electricity.  The overall 
efficiency of the USC power plant is 40.1% [22].  The energy to build the USC power 
plant was calculated to be 3.9 BTU/kWh with the assumption that a USC power plant is 
1.29 times more expensive per kW than a PSC power plant [23]. 
 
Task 5: The electric vehicle used for the USC vehicle propulsion method was the same as 
that used for previous vehicle propulsion methods. 
 
Fischer-Tropsch Diesel 
 
Task 1: The vehicle propulsion method using Fischer-Tropsch diesel gasifies Illinois coal 
into synthetic gas to make diesel fuel.  The diesel fuel is then used in a piston engine 
vehicle.  The major steps in this vehicle propulsion method include: coal extraction, coal 
and diesel transportation, coal gasification, and vehicle use.  In each step lb CO2 per 
gallon of end use diesel was found. 
 
Task 2-3: Coal extraction and transportation data from the PSC electricity method was 
used for this vehicle propulsion method.  The only adjustment was the fuel unit used.  
CO2 emissions for the PSC electricity method was found on a kWh basis, while it was 
calculated per gallon of diesel for this method.  The adjustment was made using the ratio 
of coal input to diesel output, 25.08 lb coal/gallon diesel [24].  Energy used for coal 
extraction and transportation was calculated to be 5,873 BTU/gallon of diesel.  Energy 
used for diesel transportation was found to be 1,706 BTU/gallon of diesel.  This was 
found by using the energy needs of transporting ethanol, then adjusting the value for the 
difference in densities between ethanol and diesel [5]. 
 
Task 4: The gasification/FT reaction step was evaluated next.  The process used for 
gasifying coal in the IGCC electricity method was used for this method.  When diesel 
fuel is the desired output, the clean synthetic gas will go through a shift reaction to obtain 
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the desired ratio of carbon monoxide and hydrogen.  After the shift reaction, the mixture 
will go through the Fischer-Tropsch reaction with a catalyst that favors production of 
diesel sized hydrocarbons.  Emissions from this step include three major areas of the 
gasification plant and building the gasification plant.  The three areas of the plant that 
emit CO2 are: the acid gas removal unit, the F-T recycle loop, and the out-the-stack after 
gas turbine and HRSG.  Energy necessary at the gasification plant is provided by 
electricity produced at the plant.  Excess electricity produced was assumed to be a carbon 
offset.  An offset CO2 emission is when emissions are being prevented or when CO2 is 
being extracted from the atmosphere.  The value of the offset was determined by the 
emissions from producing electricity at a PSC power plant.  The total energy input at the 
FT plant was found to be 292,600 BTU/gallon of diesel and a net electricity output of 
2.44 kWh of electricity.  Energy to build the gasification plant was found to be 107 
BTU/gallon of diesel [9, 24]. 
 
Task 5: The last step was diesel vehicle use. The fuel efficiency of a diesel vehicle was 
found to be 31.67 miles per gallon.  Gasoline efficiency was increased by 32.5% [25] to 
determine this efficiency.  The fuel efficiency of a diesel car was not found in the same 
way as the ethanol or butanol vehicles because the compression ratio of a diesel engine is 
higher than that of an engine using ethanol, butanol, or gasoline. 
 
Hydrogen 
 
Task 1: The hydrogen vehicle propulsion method gasifies Illinois coal into synthetic gas 
for hydrogen gas extraction.  This method uses hydrogen to generate electricity in a fuel 
cell vehicle.  The major steps in the hydrogen vehicle propulsion method include: coal 
extraction, coal and hydrogen transportation, hydrogen production, and hydrogen use in a 
vehicle.  In each step CO2 was found per pound of end use hydrogen. 
 
Task 2-3: The coal extraction and transportation step used the same data as corresponding 
steps in previous vehicle propulsion methods.  Like Fischer-Tropsch diesel, values used 
in PSC electricity are adjusted to a specific fuel unit.  In this case the fuel unit was one 
pound of hydrogen.  Coal input for this amount of hydrogen is 8.44 lb/lb hydrogen [26].  
Total energy input for coal extraction and transportation was found to be 1,943 BTU/lb of 
hydrogen. 
 
Hydrogen transportation was also considered for material transportation.  Hydrogen 
transportation emits CO2 from the vehicle used to transport hydrogen and the fuels used 
to compress hydrogen.  The vehicle transporting hydrogen was a diesel truck using 
263 BTU of diesel per lb of hydrogen [15].  The energy used for the compression of 
hydrogen was found at 1.41 kWh/lb hydrogen [15]. 
 
Task 4: Gasification of coal into hydrogen gas was the next step considered for this 
transportation method. The gasification process for this vehicle propulsion method was 
also used in IGCC and FT diesel methods.  When hydrogen is the desired fuel, cleaned 
synthetic gas will go through a water gas shift reaction to obtain the desired ratio of 
hydrogen to carbon atoms.  After the shift reaction a pressure swing adsorption unit will 
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separate the hydrogen.  CO2 is emitted in this step before hydrogen separation, as well as 
at the gas turbine and during construction of the hydrogen plant.  All energy needed at the 
plant is supplied by a gas turbine producing electricity from synthetic gas.  The energy 
used at the hydrogen plant was calculated to be 98,130 BTU/lb of hydrogen and1.11 kWh 
of electricity produced.  The extra electricity produced was considered to be a CO2 offset.  
Energy used to build the hydrogen plant was calculated to be 27 BTU/lb of hydrogen. 
 
Task 5: The last step is hydrogen use.  Hydrogen is used to generate electricity in a fuel 
cell vehicle with an efficiency of 25.8 miles per lb of hydrogen [15, 27].  There is no CO2 
emitted during this step because the fuel is pure hydrogen and the byproduct is water. 
 
Ethanol 
 
Task 1: In the ethanol vehicle propulsion method, coal is used to meet the energy needs 
of corn-to-ethanol conversion and then ethanol is burned in an ethanol capable vehicle.  
The major steps considered in ethanol’s life cycle include: corn farming, corn and ethanol 
transportation, ethanol production and vehicle use.  In each step, CO2 was found in lbs 
per gallon of ethanol. 
 
Task 2: The corn farming step includes all pesticides, fertilizers, and fuels used at the 
farm as well as material manufacture for farm equipment and farm equipment assembly 
and repair.  The total energy used to farm a bushel of corn was found to be 57,472 BTU 
[5].  This includes energy used for production of insecticides, herbicides, and fertilizer 
plus energy used to run equipment.  The composition of fuels used to provide this energy 
were found to be 23% coal, 38% natural gas, 9% liquid petroleum gas, 23% diesel, and 
7% gasoline [5, 28].  Farm equipment material manufacturing, assembly, and repair 
energy were found to be 1149.1, 258.1, and 340.0 BTU/gallon of ethanol, respectively.  
These values were found by determining the equipment necessary for a specific size of 
ethanol farm, how long the equipment lasts, what materials are used for the equipment, 
the embodied energy of the materials, the assembly energy of the equipment, the repair 
energy of the equipment [11], and how much ethanol is produced in the equipment’s 
lifetime [9].  The farm assumed in this study produced 125 bushels of corn per acre [5].  
The composition of fuels used for equipment was assumed to be the same as the 
corresponding steps in the previous vehicle propulsion methods. 
 
A CO2 offset credit is due to corn growth.  The process of photosynthesis uses six moles 
of CO2 to make one mole of glucose.  The CO2 offset from corn growth is equal to the 
combination of CO2 from fermentation and vehicle use. 
 
Other CO2 emissions from corn farming include CO2 that would have been consumed by 
the farm land previous to farming.  This value was found by finding the net earth 
consumption of CO2 [29] and amount of land with vegetation [30].  Another emission 
accounted for was from equipment used to change the land into a farm [31]. 
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Task 3: The next step is material transportation.  Corn and ethanol transportation are 
assumed to be 100% fueled by diesel.  The energy to transport corn and ethanol was 
found to be 2,263 and 1,588 BTU/gallon of ethanol respectively [5]. 
 
Task 4: Ethanol production was the next step considered.  Converting corn into ethanol 
emits CO2 from the burning of fuels, fermentation, and ethanol plant construction.  In this 
study a combination of wet and dry ethanol mills were considered at 55% and 45%, 
respectively [5].  The difference between a dry and a wet mill are the processes involved.  
At a wet mill, shelled corn is first steeped in a diluted sulfur dioxide solution to soften the 
kernel and remove the corn germ.  The corn slurry is then screened to remove fiber.  
After screening, the slurry is a mixture of gluten protein and starch.  Gluten is removed 
by a centrifuge and then the starch is hydrolyzed continuously.  The sugars created are 
then fermented and finally distilled to produce ethanol.  Co-products from the wet mill 
are corn gluten meal (CGM), corn gluten feed (CGF), and corn oil.  At a dry mill, the 
incoming corn is mashed and put into water to create corn slurry.  The slurry is treated 
with enzymes to liquefy the starch.  Next, the corn mash is fermented and distilled.  The 
co-product produced at a dry mill is dried distiller grain with solubles (DDGS). The 
weighted average ethanol yield per bushel of corn was found to be 
2.66 gallons per bushel [5]. The weighted energy requirement for both dry and wet mill 
ethanol plants was found to be 48,000 BTU of thermal energy and 0.9 kWh of electricity 
per gallon of ethanol all provided by coal[9].  Energy used to prepare coal used in this 
step was calculated to be 1,238 BTU/gallon of ethanol.   CO2 emitted during ethanol 
fermentation is equal to 96.2% of the weight of ethanol produced. 
 
CO2 offset credits have been evaluated for ethanol fermentation co-products assuming 
100% market entry.  The DDGS co-product at a dry mill is produced at a rate of 
0.92 lb DDGS/lb ethanol.  It can replace corn in animal feed with a ratio of 
1.077 lb corn/lb DDGS based on energy content.  The saved CO2 was what would have 
been emitted from farming the corn that was replaced. At a wet mill, CGF, CGM, and 
corn oil are produced at rates of 0.68, 0.16, and 0.13 lb/lb ethanol, respectively. CGF and 
CGM both replace corn in feed with replacement values of 1.0 and 1.53 lb corn/lb co-
product, respectively. Corn oil can replace soy oil with a replacement value of 1.0 lb soy 
oil/lb corn oil.  CO2 emissions saved by replacing soy oil with corn oil were calculated by 
finding energy and fuels used to make soy oil [32]. 
 
Task 5: The last step evaluated was ethanol vehicle use.  CO2 emissions from ethanol use 
were found by counting carbon atoms in ethanol. The number of carbon atoms is 
equivalent to the amount CO2 molecules because complete combustion is assumed.  The 
chemical makeup of ethanol is C2H6O, composing 52.2% carbon by weight.  Fuel 
efficiency for a pure ethanol vehicle was found to be 16.1 miles per gallon.  This was 
determined by proportioning gasoline’s fuel efficiency with the heating value of ethanol 
[5].  This method can be used because it is assumed that ethanol and gasoline are both 
used in engines with the same compression ratio.  The ethanol vehicle would have 
different specifications for the carburetor. 
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Butanol 
 
Task 1: The butanol vehicle propulsion method has the same steps as the ethanol vehicle 
propulsion method.  In each step, CO2 emissions were found in lbs per gallon of butanol. 
 
Task 2-3: Data used for corn farming and material transportation in the ethanol vehicle 
propulsion method were also used for the butanol vehicle propulsion method.  An 
adjustment was made for differences in yield of butanol and ethanol per bushel of corn. 
 
Task 4: Butanol is made from corn by a two-step fermentation process.  Glucose from 
corn is first converted into butyric acid, and then turned into butanol using two different 
types of bacteria.  After fermentation, butanol is distilled out for use.  The yield of 
butanol from corn was found to be 2.047 gallons per bushel [33].  The co-product created 
during fermentation and distillation is DDGS with a yield of 1.34 lb/lb butanol [34].  The 
replacement value for DDGS was the same value used for the ethanol vehicle propulsion 
method.  The total energy use at a butanol production facility was found to be 83,600 
BTU of thermal heat and 1.8 kWh of electricity per gallon of butanol, provided by coal 
[34].  Calculated energy used to prepare coal used in this step was 1,802 BTU/gallon of 
ethanol.  Fermentation CO2 emissions are 0.41 lb of CO2 per lb of fermented glucose, 
while butanol yield was found to be 0.38 lb per lb of glucose.  Energy used to build the 
butanol plant was assumed to be equal to energy required to build the ethanol plant. 
 
Task 5: Using the same method as in the ethanol case, fuel efficiency of a butanol vehicle 
was calculated at 20.8 miles per gallon of butanol.  Carbon emissions from burning 
butanol were found using the chemical composition of butanol, C4H10O, and assuming 
complete combustion. 
 
IGCC/Ethanol 
 
Task 1: The IGCC/ethanol transportation method assumes that exhaust heat from the gas 
turbine in the IGCC electricity method provides heat to an ethanol facility instead of 
electricity in a steam cycle.  The output from this system was a combination of ethanol 
and electricity.  The modes of transfer for 100,000 miles were both from an electric car 
and an ethanol vehicle.  Steps considered in this transportation method include: corn 
farming, coal extraction, material transportation, production of electricity and ethanol, 
and vehicle use.  For each step, lb CO2 was found per gallon of ethanol. 
 
Task 2: For corn farming and coal extraction steps, data from previously stated vehicle 
propulsion methods was used.  Corn farming data did not have to be modified from the 
ethanol transportation path.  For coal extraction, data had to be modified to a gallon of 
ethanol basis.  Coal input was calculated to be 13.19 lb/gallon of ethanol [2, 9]. 
 
Task 3: The next step was material transportation.  This includes transportation of corn, 
coal, and ethanol.  For all three, the energy value is taken directly or derived from 
previous vehicle propulsion methods.  All transportation of materials was done using 
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diesel fuel.  The total energy used for material transportation was calculated to be 4,805 
BTU/gallon of ethanol. 
 
Task 4: The co-production of ethanol and electricity was the next step considered.  
Ethanol and electricity are produced in a ratio of 9.08 kWh of electricity/gallon of 
ethanol.  This ratio was obtained by sizing the IGCC plant to provide just enough exhaust 
heat as required by the ethanol plant.  CO2 emissions from these steps come from exhaust 
emissions from after the ethanol plant including fermentation, and from building both the 
gasification and the ethanol plants.  Energy used to build both facilities was determined 
to be 180 BTU/gallon of ethanol.  Energy for ethanol fermentation and the fermentation 
yield were stated in the ethanol section. 
 
Task 5: For the vehicle use step, the fuel efficiencies of electric and ethanol vehicles were 
stated earlier.  These efficiencies were used for this task to determine the amount of 
ethanol and electricity needed, and consequently the total CO2 produced, while 
propelling both vehicles a combined 100,000 miles. 
 

RESULTS AND DISCUSSION 
 
CO2 emissions for nine vehicle propulsion methods were determined.  For each method, 
CO2 emitting steps include: feedstock production, material transfer, fuel production, and 
vehicle use. For all vehicle propulsion methods, total energy input for each step was 
found.  Also, the composition of fuels used to provide energy was found.  Using these 
values and values in Table 1, CO2 emissions were found for each step.  The sum of CO2 
emissions from each step minus any CO2 offset for that transportation method yields the 
net lb of CO2 per 100,000 miles traveled.  Results for all vehicle propulsion methods are 
shown in Table 2.  
 

Table 2: Pounds of CO2 per 100,000 miles. 
 

Vehicle 
Propulsion 

Method 

Task 2 
Feedstock 
Production 

Task 3 
Material 

Transport 

Task 4 
Fuel 

Production 

Task 5 
Vehicle 

Use 
lb CO2 
Offset 

Total lb 
CO2/ 

100,000 
miles 

Gasoline 5,846 638 11,514 81,172 0 99,170 

PSC 1,044 365 74,348 0 0 75,758 

USC 959 335 68,205 0 0 69,499 

IGCC 1,004 351 71,510 0 0 72,866 

FT Diesel 2,642 1,793 120,539 70,103 -14,516 180,562 

Hydrogen 1,304 11,727 76,659 0 -8,102 81,587 

Ethanol 31,671 3,871 111,285 78,748 -129,196 96,379 

Butanol 31,923 3,538 134,185 77,185 -142,264 104,568 

IGCC/Ethanol 13,558 1,983 92,642 31,881 -53,039 87,024 
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Gasoline 
 
CO2 emissions from each step in the gasoline vehicle propulsion method are graphically 
shown in Figure 2.  Vehicle use was the highest CO2 emitting step, accounting for 82% of 
total emissions.  Total CO2 per 100,000 miles was calculated to be 99,170 lb.  There was 
no CO2 offset. 
 

 
Figure 2: Pounds of CO2 emitted from gasoline for 100,000 miles. 

 
 
PSC Electricity 
 
CO2 emissions from each step in the PSC electricity vehicle propulsion method are 
graphically shown in Figure 3.  Electricity production was the highest CO2 emitting step, 
accounting for 98% of total emissions.  Total CO2 per 100,000 miles was calculated to be 
75,758 lb.  There was no CO2 offset. 
 

 
Figure 3: Pounds of CO2 emitted from PSC electricity for 100,000 miles. 
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IGCC 
 
CO2 emissions from each step in the IGCC electricity vehicle propulsion method are 
graphically shown in Figure 4.  Electricity production was the highest CO2 emitting step, 
accounting for 98% of total emissions.  Total CO2 per 100,000 miles was calculated to be 
72,866 lb.  There was no CO2 offset. 

 
Figure 4: Pounds of CO2 emitted from IGCC electricity for 100,000 miles. 

 
 
USC Electricity 
 
CO2 emissions from each step in the IGCC electricity vehicle propulsion method are 
graphically shown in Figure 5.  Electricity production was the highest CO2 emitting step, 
accounting for 98% of the total emission.  Total CO2 per 100,000 miles was calculated to 
be 69,499 lb.  There was no CO2 offset. 
 

 
 

Figure 5: Pounds of CO2 emitted from USC electricity for 100,000 miles. 
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Fischer-Tropsch Diesel 
 
CO2 emissions from each step in the FT Diesel vehicle propulsion method are graphically 
shown in Figure 6.  Fuel production and vehicle use were the highest CO2 emitting steps, 
accounting for 62% and 36% of total emissions, respectively.  With a CO2 offset of 
14,516 lb, total CO2 per 100,000 miles was calculated to be 180,562 lb. 
 

 
Figure 6: Pounds of CO2 emitted from FT Diesel for 100,000 miles. 

 
 
Hydrogen 
 
CO2 emissions from each step in the hydrogen vehicle propulsion method are graphically 
shown in Figure 7.  Fuel production was the highest CO2 emitting step, accounting for 
85% of total emissions.  With a CO2 offset of 8,102 lb, total CO2 per 100,000 miles was 
calculated to be 81,587 lb. 
 

 
 

Figure 7: Pounds of CO2 emitted from hydrogen for 100,000 miles. 
 



16 
 

Ethanol 
 
CO2 emissions from each step in the ethanol vehicle propulsion method are graphically 
shown in Figure 8.  Fuel production and vehicle use were the highest CO2 emitting steps, 
accounting for 49% and 35% of total emissions, respectively.  The CO2 offset was found 
to be 129,196 lb, with corn growing accounting for 91.5% and co-products accounting for 
8.5%.  The total net CO2 per 100,000 miles was calculated to be 96,379 lb. 
 

 
Figure 8: Pounds CO2 emitted from ethanol for 100,000 miles. 

 
Butanol 
 
CO2 emissions from each step in the butanol vehicle propulsion method are graphically 
shown in Figure 9.  Fuel production and vehicle use were the highest CO2 emitting steps, 
accounting for 54% and 31% of total emissions, respectively.  The CO2 offset was found 
to be 142,264 lb, with corn growing accounting for 92.5% and co-products accounting for 
7.5%.  The total net CO2 per 100,000 miles was calculated to be 104,568 lb. 

 
Figure 9: Pounds of CO2 emitted from butanol for 100,000 miles. 
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IGCC/Ethanol 
 
CO2 emissions from each step in the butanol vehicle propulsion method are graphically 
shown in Figure 10.  Fuel production and vehicle use were the highest CO2 emitting 
steps, accounting for 66% and 23% of total emissions, respectively.  The CO2 offset was 
found to be 53,039 lb, with corn growing accounting for 91.5% and co-products 
accounting for 8.5%.  The total net CO2 per 100,000 miles was calculated to be 87,024 lb. 

 
Figure 10: Pound CO2 emitted from IGCC/Ethanol for 100,000 miles. 

 
Task 6 - Implications of a Carbon Tax  
 
Types of Regulations 
 
While no one can predict the final shape of carbon regulations, review of past regulatory 
history and existing programs can be instructive. Four types of regulation include: 
 

1- Command and Control 
2- Carbon Tax 
3- Cap and Trade 
4- Combination 

 
Command and Control Regulations decree that all installations must follow some 
specified program.  They can be at least somewhat technically based – for example 
imposing a Best Available Control Technology requirement where in regulators examine 
the market, decide what the available technology is and then require everyone to achieve 
that result or better.  In commercially demonstrated coal burning technology, the best 
proven technology is to maximize efficiency since carbon capture technology is only on 
the drawing board and in the planning stage.  Command and control regulations can also 
be arbitrary and capricious and follow political whim with no apparent linkage to facts.  
An example of this would be requiring that all electric power companies generate 20% of 
their power from renewable sources by some date.  Such a requirement pays no attention 
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to the availability of wind, geothermal, solar, or biomass energy that might be more 
favorably distributed in one part of the country versus another. 
 
The Carbon Tax or Energy Tax approach places a tax levy on every unit of carbon 
released or unit of energy consumed or delivered.  (The system must assume that you can 
measure the unit to be taxed).  The approach attempts to create an economic disincentive 
to carbon based fuels by raising their cost relative to other fuels.  The approach does not 
guarantee carbon reduction, only additional costs for the private sector and additional 
revenue for the government or surrogate institution.  The rate for the tax could be linked 
to the cost of harm done by carbon in the atmosphere (which implies that models can be 
made to quantify the harm).  The rate could also be based on the cost differential between 
energy production by one technology versus another.  Of course, like most tax rates, it 
could be based on revenue needs or political limits on the money that can be extracted 
from people without triggering rebellion, or a political process of negotiations that may 
forget completely why things were being done before it is finished. 
 
Cap and Trade programs are generally modeled on the United States (US) system for 
sulfur dioxide and it’s more complicated cousin, the European carbon trading system.  An 
amount of “pollution” credits are given to participating entities.  In order to emit a unit of 
“pollution” one must hold one credit.  Those not using all their credits can sell them to 
others, while those coming short on credits must buy from others.  In theory, the rational 
process of the market sets the cost, while the cap limits and eventually forces down the 
amount of carbon emitted. 
 
The final category is the Combination method.  Various versions of the proposed Large 
Final Emitter (LFE) program in Canada or the provincial program suggested by Alberta 
fall in this category [35-39].  On the surface, these are cap and trade programs; however, 
if one emits “pollution” without credits they are charged a fixed fee that goes toward 
some environmentally “noble” cause.  In this way it is a cap and trade program with a 
carbon tax “safety valve”.  The safety valve insures that key energy needs projects will 
not be crushed and that there is a rational limit to market place speculation and pricing.  
One US proposal would create a capped number of “pollution” credits, but rather than 
issue the credits to “polluters” it would sell them all at auction.  Thus, the program is a 
carbon tax that allows the market to set the tax rate but still has an absolute limit on 
emissions.  Many proposals being floated also have some minimum amount of energy 
that must come from “renewables” built into the rules with taxes and trade caps. 
 
One of the most critical elements of any of these four control plans is what is included.  
Unlike most “pollution” that is composed of cast off impurities or unusable byproducts, 
carbon is the building block of almost all organic processes and a common part of the 
inorganic surface and processes of the planet.  There is good reason to question whether 
one can build a government large enough to monitor, regulate, and control the total fabric 
of existence.  Where government is still held to be an agent of the people and answerable 
to the people (rather than the other way around), one must worry that if one burdens “the 
people” directly, the people may take their frustration to the polls.  Although regulators 
are seldom elected, their “bosses” are.  The popularity of the IRS might serve as an 
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illustration of an agency less intrusive than regulators of carbon.  The European carbon 
trading and Canada’s LFE program both impose controls only on large carbon intensive 
industries.   Some US discussions go so far as to suggest that carbon regulations should 
apply only to electric power plants.  While no one entertains the illusion that these 
programs will not impose cost burdens on average citizens, none of the programs regulate 
carbon emissions from individual sources and living activities.  Costs are conveniently 
passed through on the products of industries.  Then price hikes can be blamed on the 
greed of large corporations rather than governments who imposed the costs but must face 
election. 
 
There are 4 major issues that will determine how any set of carbon regulations will 
impact vehicle propulsion methods involving Illinois Coal.  Those issues are: 
 

1- Which carbon emissions are included in the program? 
2- What offsets are counted for emissions? 
3- What is the energy efficiency of the process? 
4- How much carbon is embedded in the fuel? 

 
Command and Control Impact 
 
If one begins this discussion assuming there is objective reasoning behind Command and 
Control, one would look for energy processes that provide transportation services to 
people while minimizing carbon emissions.  Figure 11 shows total carbon emissions.  
Gasoline (the status quo) is carbon attractive because processing liquid crude oil into 
liquid fuel for auto engines does not require a lot of breaking and rebuilding of chemical 
and physical structures.  On the other hand, gasoline fired vehicles are burdened with the 
gross thermodynamic inefficiency of the internal combustion engine.  Processes that 
break down solids and reform them into carbon based liquid fuels are all poor choices 
with respect to total carbon emissions.  This includes ethanol, butanol, and FT diesel 
methods.  Ethanol and butanol are made from corn using coal for process heat while FT 
diesel uses coal to make liquid fuel for automobiles. All three processes incur huge 
penalties in processing emissions while also retaining the inefficiency of the internal 
combustion engine (diesel picks up several percentage points in efficiency gains by using 
a higher compression ratio).  The clear winners from a total carbon emission standpoint 
are electric and hydrogen powered cars.  In these cases, the processes take advantage of 
the fact that electric generation cycles are much more efficient than internal combustion 
engines and a fuel cell platform in a car will achieve vast enough improvements over an 
internal combustion engine to compensate for the difficulty of making hydrogen fuel 
from a solid. 
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Figure 11: Total CO2 emissions per 100,000 miles driven by an “average” passenger car. 

(Note: All methods except gasoline assume Illinois Coal provides process energy to make fuel.) 
 
 
 
Here, the issue of offsets becomes important.  The biofuels based automotive propulsion 
methods grow biomass for use in making the fuel.  Growing biomass removes CO2 from 
the atmosphere.  Often biofuels production has solid wastes that are sometimes regarded 
as replacements for other commodities and so credits for “not producing” these other 
items are considered.  In the case of biomass, it is usually waste grain animal feeds or 
other impurity liquids such as acetone.  For other processes, it may include readily 
marketable things such as electricity.  Figure 12 shows the various automotive propulsion 
methods in greater detail including their “offsets” for CO2 removal or byproducts.  While 
byproduct credits do not seem to be big “game changers”, CO2 removal credits are.  
Biofuels based processes for ethanol and butanol become either slightly lower or slightly 
more “net carbon emitting” than gasoline when offsets are considered.  Thus, the two 
most carbon inefficient processes reach a par with gasoline when credits are counted. 
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Figure 12: Net CO2 emissions by source and offset for 100,000 miles driven. 

 
The command and control regulation can become little more than a battle of special 
interests for public perception.  Fuels regarded as “renewable” are often foisted on the 
public as “green” or environmentally friendly.  Special interest groups claiming “green” 
characteristics tend to favor technologies that have not been commercially deployed to 
any great extent.  Thus, environmental effects are not known first hand by the majority of 
the population.  Biofuels like ethanol, once popular with the environmental movement 
have lost some of their “shine” as ethanol has become a real industry and people have 
perceived that it has competed for food supplies and driven up food prices.  The fact that 
ethanol does not save significantly on carbon footprints over gasoline is also becoming 
more widely known.  It should still be pointed out that it allows domestically available 
resources to compete “head to head” with imported oil. This has implications for US 
energy security or the need for a more diversified energy base if world oil production is 
indeed nearing a peak.  Hydrogen is a popular fuel alternative for environmental special 
interests.  Hydrogen vehicles are said to emit only water vapor and overall, it is one of the 
lowest net carbon emitters of the vehicle propulsion methods studied.  Because the 
hydrogen industry is mostly nonexistent, it does not have the problem of people seeing 
weaknesses or bad points first hand.  This is in significant contrast to the electricity 
methods which have the smallest net carbon footprint of all the vehicle propulsion 
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methods but are widespread and their impacts are known first-hand by large numbers of 
people. 
 
Thus, the automotive propulsion methods most likely to be favored by command and 
control strategies are: 
 

1- Hydrogen 
2- Biofuels (ethanol and butanol) 
3- Pushing for greater energy efficiency in electric power generation 

 
Still, overall there is reason to believe that Illinois Coal would have potential market 
entry into automobile propulsion under a command and control carbon system. 
 
Carbon Tax Implications 
 
The size of a carbon tax is unsure since none exist, but carbon emission prices that have 
been generated or suggested thus far seem to be in the range of $15 to $30 per ton of 
CO2.  Also uncertain is what emissions would be subject to the tax.  It should be noted 
that the analysis herein is not meant to cover the total economic impact of a carbon tax 
and considers only carbon tax effects on driving private passenger automobiles.  Because 
goods and services usually involve transportation and people and businesses use energy 
in many other forms for living or making of goods, the total impact of a carbon tax will 
be far greater than indicated here.  For illustrative purposes, a $20/ton tax rate is assumed.  
With regard to the question of what is included, three different conditions are considered. 
 
Under condition #1, total CO2 emissions are subject to tax.  For liquid fuels such as 
gasoline, ethanol, butanol, or diesel, CO2 emissions that result from making the fuel and 
those that will result when it is burned are all known.  Since liquid fuel into vehicles is 
currently metered, the tax could also be metered.  Almost certainly hydrogen dispensing 
would be metered so a total carbon tax could be similarly applied.  Electricity to end 
users is also metered and can be taxed per unit.  Thus applying a carbon tax at transfer to 
the end user is possible.  Because the public is familiar with federal and state gasoline 
taxes on a per gallon basis, these existing gasoline taxes are used as a baseline.  All 
carbon taxes are converted to an equivalent per gallon of gasoline basis.  To do this, total 
CO2 emissions per 100,000 miles calculated in this study was used as a starting point.  
The carbon tax was applied on a per ton basis to get the amount of tax per 100,000 miles.  
Since an average passenger car gets 23.9 miles per gallon, the number of gallons needed 
for 100,000 miles is known.  The total carbon tax per 100,000 miles on each automotive 
propulsion method is then divided by this number of gallons of gasoline to express the 
tax as an equivalent tax per gallon of gasoline.   
 
Under condition #2, the process is the same except that only net CO2 emissions are 
considered and CO2 capture and byproduct offset credits reduce the magnitude of 
emissions. 
 



23 
 

The problem with conditions #1 and #2 is that the carbon tax is applied directly to 
individuals at the pump or on their electric bill.  As mentioned previously, government 
agencies often prefer to pass costs onto voting citizens in a stealth manner by increasing 
costs on business and then letting businesses raise prices to voting citizens.  Under 
conditions #1 and #2, government regulators would be subject to the direct ire of voters.  
The European carbon trading system and Canada’s proposed LFE programs target only 
large businesses.   If governments wished to hide behind businesses by letting costs pass 
through them, they would have to apply the carbon tax to something they could measure 
at the large business level.  Laws that regulate emissions from large industrial plants are 
usually linked to process flows in the industrial plant (which are usually measured for 
control purposes).  Measuring CO2 emissions associated with process inputs can be 
nightmarish.  Similarly one would want to avoid measuring and taxing emissions from 
citizens’ automobiles both for reliability and avoiding aggravating voters (having voters 
track their auto odometers, record it on their income taxes, and send in money would 
probably be a worst case scenario for regulators hiding from voters).  Thus, condition #3 
assumes that only industrial process emissions are subject to the carbon tax.  Condition 
#3 also assumes that processes can claim credits for CO2 captured from the air or through 
byproduct offsets. Net results for all three conditions are shown in Figure 13.  
 

 
Figure 13:  $20/ton CO2 carbon tax expressed as an equivalent tax per gallon of gasoline. 
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Several observations quickly become apparent.  A comprehensive CO2 tax not focused on 
large businesses alone would be equal to more than doubling the federal gasoline tax.  If 
applied to total CO2 emissions the tax would place biofuels and FT diesel at a major 
disadvantage.  A tax of this type would favor electric vehicles which have the smallest 
total carbon footprint per 100,000 miles driven.  Hydrogen would be roughly on an equal 
basis with gasoline. 
 
If one maintained the idea of a comprehensive CO2 tax but allowed credits for CO2 
removed from the atmosphere or offset from other products (a more difficult scheme to 
set-up but likely needed to avoid the politically unpopular act of penalizing renewable 
fuel), then biofuels come roughly in line with gasoline, and hydrogen picks up an 
advantage over gasoline.  This result would certainly be more palatable to environmental 
special interest groups.  Still, coal fired electricity is the most economically favored 
vehicle propulsion method based on fuel tax equivalents. 
 
Under the last condition, only CO2 emissions at the process level not offset by credits are 
counted for taxation.  The results here are highly different from other scenarios.  If 
taxation were applied this way it would favor staying with gasoline driven cars and 
avoiding movement to alternative means of propelling automobiles.  This result would 
occur even though alternate fuels would improve U.S. energy independence, balance of 
trade and reduce carbon emissions from the automobile fleet.  Only ethanol would be cost 
competitive in tax terms with gasoline.  Taxes on electric or hydrogen driven cars would 
be over six times as large as taxes on gasoline.  The problem with processing only based 
taxes is that the cleanest automotive propulsion systems (electric and hydrogen) incur 
most of their carbon emissions in a processing plant where they are taxed, versus during 
individual citizen operations at the tailpipe where they are not taxed.  This type of tax 
would be the easiest to implement but would actually work against means that reduce 
carbon emissions the most. 
 
A movement to major new technologies such as electric or hydrogen cars is fraught with 
investment risk.  To be sure, Illinois coal can supply these propulsion methods with fuel 
for considerably less per gallon equivalent than oil, but a process only carbon tax would 
whittle away at the incentives for shifting away from oil to more carbon efficient energy 
methods. 
 
Cap and Trade Implications 
 
One of the first impacts of cap and trade is the addition of another cost to production and 
in initial stages, a cap and trade program would likely be similar in its impact to a carbon 
tax.  Indeed European market carbon credits have been in the $15 to $30 range; the same 
range as suggested previously for carbon taxes.  (It should be noted that this was under 
phase I of the cap and trade program when credits were abundant and no squeeze was 
present).  Cap and trade schemes may do two particular things that carbon taxes might 
not.  Business’ behavior under the European carbon credits market seems to aggressively 
look for carbon offsets.  In other words, even though the European system targets large 
businesses, these large businesses have gone after smaller carbon sources trying to find 
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documentable offsets. (One could question the morality of some of these offsets in such 
cases as driving poor farmers off their land in Africa.)  One could argue this is a 
favorable feature of a cap and trade in that the government imposes only large emitter 
regulations and yet the program generates carbon reduction from small sources.  The 
documentation for processes being used as offsets is hard to call simpler than if the 
government had made more comprehensive regulations in the first place.  If anything, 
they are probably more arbitrary.  One idea that suggests itself with a cap and trade is for 
large power producers to claim offset credits for carbon emissions they reduced from 
vehicles using electricity instead of gasoline.  While the idea seems natural, the 
implementation would be difficult.  The first generation electric cars are being built to 
charge from ordinary household electric outlets.  Indeed this was desired by auto and 
utility collaborators to prevent the need for whole to plug and electric systems.  
Monitoring power flow from an electric outlet would be adding quite a cost to an outlet 
and would reduce the advantage of special outlets.  Further, how one can measure what 
somebody plugs into an electric outlet is uncertain.  Meters could be applied in cars, but 
if having meter readers track electricity usage at fixed location is a big task, then it will 
be near impossible to track electric meters in cars that could drive all over America. 
 
A second effect of cap and trade is the tendency for sudden explosive or speculative price 
jumps.  When traders believed the European carbon credits market might not have 
generated as many credits as industry required, there were big price spikes to close to 
$35/ton when the longer term steady price had been $15/ton.    Building infrastructure 
takes time.  As witnessed in many commodities markets of late, including energy, 
speculative price jumps can be devastating in their scope and suddenness. Trading credits 
by computer takes fractions of a second.  This may be one of the reasons the Canadian 
LFE program built in a carbon tax safety valve where businesses could pay a tax rather 
than buy a credit (of course the Canadian program effectively has no operating track 
record). 
 
How high markets might take the cost of carbon credits is unsure.  Most environmental 
groups suggest that $40/ton would be an upper limit for any kind of “steady state” and the 
European experience has demonstrated a 2.33:1 ratio of short term market price to steady 
state.  For purposes of this work, a back calculation was done to determine the credit 
price necessary to make the cost of electricity from a new coal fired power plant equal to 
the cost of electricity from a new wind turbine (the idea that wind power costs form the 
upper limit is somewhat arbitrary since wind power lacks the environmentally sustainable 
capacity to offset coal use).  Figure 14 illustrates the calculation which assumes a 
$2,700/kWh capital cost for both a coal fired power plant and a wind turbine (the two 
costs are about equal).  Capital is amortized at 12% interest over 30 years in both cases 
with the coal plant running at 89% capacity factor and the wind turbine at 36%. (Most 
windmill farm installations have 25 to 30% capacity factors with the very best getting to 
40% [40-41].  A major Wisconsin project has 34% [42].)  The non-fuel OEM of the coal 
plant is based on the high end of published figures while the wind turbine assumes 0.5% 
of initial capital cost of the wind turbine.  Fuel and CO2 credit costs for the coal plant are 
based on the standard constants discussed previously and used throughout this work.  As 
can be seen, the critical price is $49/ton for CO2 credits. 
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Figure 14:  Cost equivalence between coal and wind power. 

(Used to fix market price of carbon credits.) 
 
 
 
Because not all vehicle propulsion methods investigated here are equally efficient, the 
impact of credit costs is not even.  An analysis considered here looks at the cost of carbon 
credits as a surcharge per ton of coal.  This is illustrated in Figure 15 (tons of coal used 
by different vehicle propulsion methods) and Figure 16 (equivalent surcharge per ton of 
coal).  Both figures assume a CO2 credit cost of $49/ton.  Figure 16 continues the practice 
of showing impacts if total CO2, net CO2, or only process CO2 is capped. 
 
Several points can be made relative to Figure 16.  It is clear that cap and trade would be 
enormously expensive with costs more than double the cost of the fuel itself.  These 
credits will have the same impact on drivers as crude oil price increases of $20 to 
$55/barrel.  Distinctly noteworthy is that on a surcharge basis per ton of coal, FT diesel is 
competitive with or superior to electric or hydrogen.  This is because FT diesel uses more 
coal per 100,000 miles traveled.  Although the units on the scale do not match, Figure 16 
shows the relative CO2 emissions cost per ton of coal used.  The figure also shows the 
continuing pattern that if politicians take the “easy out” and cap only large industrial 
sources, the effect will be to favor vehicles with high tailpipe emissions and to penalize 
those sources which actually achieve the greatest reduction in CO2 emissions.  A final 
observation from this figure is that hydrogen (which was generally a little behind electric 
cars in terms of CO2 emissions) actually has a potential advantage over electricity when 
costs are structured as a coal surcharge. 
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Figure 15: Tons of coal used by different vehicle propulsion methods. 

 
 
 

 
Figure 16: CO2 credit cost of $49/ton as a cost for coal. 
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The last impact of cap and trade versus carbon tax is risk.  European CO2 markets have 
exhibited price variations on the order of a factor of seven (ratio of late 2007 spot price to 
2005 price spike).  All automotive propulsion methods using coal require significant 
capital investments and the price swings in the CO2 market can be larger than the total 
cost of all other things combined. This means that capital is at risk and investors have no 
way of protecting themselves by designing efficient processes or managing costs well.  
No graph of this impact seems possible, but in the electric utility market, the impact of 
major market changes like deregulation and uncertainty about NOx regulations was to 
freeze investment.  There is cause for speculating that a cap and trade program will 
increase costs (for risk premium) on projects built and decrease the total number of 
projects. 
 

CONCLUSIONS AND RECOMMENDATIONS 
 
Vehicle propulsion methods exist that can allow Illinois coal to power the U.S. passenger 
transportation fleet.  Biofuels and FT diesel propulsion methods require little retooling of 
the passenger car fleet, but electric or hydrogen powered vehicles would likely require 
replacing cars.  From an environmental standpoint, use of Illinois coal to power vehicles 
could lower CO2 emissions to around 60 to 70% of present emission rates per 100,000 
miles driven.  Electric or hydrogen powered cars with fuel derived from Illinois coal 
would provide the greatest reduction in CO2 emissions because the process efficiency of 
electric power plants and electric motors is a large improvement over the internal 
combustion engine.  The relative value of other non-electric car alternatives is most 
sensitive to the question of what offsets are allowed to total CO2 emissions.  All 
processes that convert a solid to liquid fuel (ethanol, butanol, FT diesel) have high total 
CO2 emissions; however, when offsets are allowed ethanol provides a small reduction in 
CO2 emissions from gasoline and butanol provides a small increase in emissions.  
Inclusion of offsets was thus one of the largest single factors in determining the relative 
value of different automotive propulsion methods in reducing CO2. 
 
Regulations can always be a source of uncertainty but assuming that regulations will be 
based on facts that can be demonstrated and not “political truths”, direct command and 
control regulations appear most likely to allow Illinois coal to reduce CO2 emissions 
since they could rule that CO2 saving vehicle propulsion methods such as electric or 
hydrogen cars would be used. 
 
A carbon tax would have some advantages over a cap and trade program because it 
would not be subject to wide price fluctuations that discourage or increase the cost of 
investment.  Imposing fees on CO2 emissions will be costly.  Steady baseline carbon fees 
could be the largest single source of cost in fueling automobiles given predicted or 
suggested sizes.  Even a carbon tax at the bottom of the suggested range could be 
equivalent to more than doubling the federal gas tax.  At larger values, its impact is 
similar to a $20 to $55 per barrel jump in the price of oil or a $100 per ton jump in the 
price of coal.  Cap and trade programs add to those high fees the problem of volatility.  
Carbon trading history on the European market shows that price spikes for carbon credits 
based on the simple belief that supplies may be short are 2.33 times the “steady state” 
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level and that price swings of a factor of seven have occurred in just three years time.  
Since all forms of retooling America to move away from oil and toward lower carbon 
emissions will involve significant investments, the price uncertainty of a cap and trade 
system may prove to be an especially great hindrance to investment. 
 
If one assumes CO2 controls will be achieved by cost imposition either through cap and 
trade or a carbon tax, the choice of favored technology depends mostly on what is 
included in the program.  At the most extreme end of the spectrum, total CO2 would be 
charged.  Such a structure would eliminate biofuels and FT diesel and favor electric cars 
as best with hydrogen vehicles having only a slight advantage over gasoline.  In the net 
carbon emissions case where offsets are allowed, the cost of biofuels is similar to 
gasoline, FT diesel continues to be eliminated, electric cars continue to be the lowest cost 
choice, but hydrogen comes close to electric cars.  Both total or net carbon fee systems 
require extensive monitoring including tracking and charging of ordinary citizens in 
everyday activities.  Politically such micromanagement may be unpopular.  Most 
countries looking at cap and trade or fee structures have chosen to regulate only large 
concentrated process sources.  Such a system would eliminate auto tailpipe emissions 
from fees and would put large disincentives on emission free automotive propulsion 
methods.  Electric and hydrogen cars would face disincentives six times the size imposed 
on ordinary gasoline vehicles.  No coal utilizing technology would enjoy a price 
advantage over gasoline, although ethanol would be quite close. 
 
In terms of maximizing Illinois coal use in auto transportation, FT diesel is best with 
hydrogen and butanol a distant second.  If the cost of CO2 emissions is a surcharge per 
ton of coal, FT diesel and hydrogen seem to be the most favored technologies. 
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DISCLAIMER STATEMENT 
 
This report was prepared by James A. Mathias, Southern Illinois University Carbondale, 
with support, in part, by grants made possible by the Illinois Department of Commerce 
and Economic Opportunity through the Office of Coal Development and the Illinois 
Clean Coal Institute.  Neither James A. Mathias, Southern Illinois University Carbondale, 
nor any of its subcontractors, nor the Illinois Department of Commerce and Economic 
Opportunity, Office of Coal Development, the Illinois Clean Coal Institute, nor any 
person acting on behalf of either: 
 
(A) Makes any warranty of representation, express or implied, with respect to the 

accuracy, completeness, or usefulness of the information contained in this report, 
or that the use of any information, apparatus, method, or process disclosed in this 
report may not infringe privately-owned rights; or 

 
(B) Assumes any liabilities with respect to the use of, or for damages resulting from 

the use of, any information, apparatus, method or process disclosed in this report. 
 
Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its 
endorsement, recommendation, or favoring; nor do the views and opinions of authors 
expressed herein necessarily state or reflect those of the Illinois Department of 
Commerce and Economic Opportunity, Office of Coal Development, or the Illinois Clean 
Coal Institute.  
 
Notice to Journalists and Publishers:  If you borrow information from any part of this 
report, you must include a statement about the state of Illinois’ support of the project. 
 


