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ABSTRACT: This paper investigates the steps of indirect liquefaction, specifically on the Fischer-Tropsch process. In particular, 
the essence of Fischer-Tropsch is elaborated, including its history and prerequisites. In the Fischer-Tropsch process, the catalytic 
conversion of synthetic gas produced from carbon feedstocks to synthetic fuels, works in specific conditions of temperature and 
pressure. This paper investigates the benefits of the diesel fuels derived from Fischer-Tropsch processes to the automotive industry, 
including the relatively low cost, the low greenhouse gas emission rates, and the facilitated process of gas conversion to synthetic 
fuel. In this paper, current and past investigations and experiments have been examined. As a result, several advantages of synthetic 
fuel over conventional crude oil were determined.    
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� Introduction
Nowadays, with the globally increasing energy market and 

the need for energy preservation, many kinds of energy and 
fuel are being sought. Especially for the industrial areas in a 
search for an extensive amount of fuel, the application of the 
Fischer Tropsch (FT) process can be a leading energy source. 
The FT process, including gas-to-liquid conversion, has the 
potential to produce high-value automotive fuels and petro-
chemicals from fossil and renewable sources. However, FT 
fuels currently are not a significant fraction of the global die-
sel fuel market due to the large capital investment required 
for production. 

This research paper will investigate the benefits of using 
synthetic fuels produced via Fischer-Tropsch synthesis rath-
er than conventional crude oil in the transportation industry 
and elaborate on the specific reasons why the merits of the 
mechanism outweigh the drawbacks. The paper starts with an 
introduction to indirect liquefaction and goes into the back-
ground, chemistry, and application mechanisms of several 
steps of conversion: feed-to-syngas conversion, preparation 
of syngas, facilities for the FT process, the Fischer-Tropsch 
process itself, and syncrude-to-products conversion. While 
alluding to the use of Fischer-Tropsch mechanisms in the au-
tomotive industry throughout the paper, there is a separate 
section merely mentioning the uses and benefits of FT-de-
rived synthetic fuels in automobiles. 
� Discussion
Indirect Liquefaction:
Indirect liquefaction is the conversion of a feed, in this case, 

carbon-based energy sources, into a useful chemical or liquid 
fuel through intermediate steps where the feed is first converted 
into synthetic gas (syngas), then into synthetic fuel (syncrude), 
and finally into useful products. The liquefaction technology 
is generally defined as X-to-liquid (XTL) and more common-
ly classified as coal-to-liquid (CTL), gas-to-liquid (GTL), or 

biomass-to-liquid (BTL) conversion depending on the prima-
ry source of the syngas.

Feed to Syngas Conversion:
All the raw feed materials are already costly in terms of lo-

gistic commerce, and their requirement for some form of feed 
pretreatment before they are completely suitable for the con-
version process also adds up to the cost. Because the carbon 
content of biomass is not concentrated at a single point of or-
igin, it has a low energy density. As a result, the feed logistics 
involved in collecting and transporting biomass from its source 
to the indirect liquefaction facility add significantly to the cost 
and complexity of the process. Although it is already available 
from a pipeline supply, the widely used natural gas is hard to 
transport in gaseous form, and hence must be arranged into a 
condensed form. However, the ease provided by the raw feed 
materials for the next steps of the liquefaction makes it worth 
spending a large sum of money.¹

The high cost of the feed pretreatment makes it critical for 
facilities to select the syngas production technology carefully 
and accordingly. It should be compatible with the feed, and 
it should ideally be selected to meet the syngas component 
requirements of the syngas-to-syncrude conversion 
technology.¹ There are three catalyst-involving ways in which 
the feed materials can be converted into syngas, a mixture of 
carbon monoxide (CO) and hydrogen (H₂): steam reforming, 
adiabatic oxidative reforming, or gasification.

Figure 1: Feed-to-liquids (XTL) conversion and its overall indirect 
liquefaction process. 
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Method 1: Steam Reforming:
Steam reforming is usually used when the feed is natural 

gas.¹ A steam reformer is a reactor consisting of a fired heater. 
The heater will be filled with waste fuel coming from the 
combustible materials found in the waste coming from the 
households or industry. Then, the fuel will be burnt to supply 
the heat needed for reforming. A light hydrocarbon feed-
stock, primarily natural gas, is reacted with steam at extreme 
temperatures and pressures in nickel-based catalyst-filled 
tubes to create synthesis gas in the steam reforming process. 
Hydrogen and carbon monoxide make up the majority of this 
gas, but other gases including carbon dioxide and nitrogen, as 
well as water vapor, are also present. The produced syngas will 
have a high H₂:CO ratio since natural gas mostly consists of 
hydrocarbons and steam (H2O).

Method 2: Adiabatic Oxidative Reforming:
Adiabatic oxidative reforming is mostly used when the feed 

is methane-rich and oxidant-consisting: biomass material or, 
in some cases, natural gas.¹ The heat needed for reforming 
is directly supplied by the combustion of part of the feed. 
The carbon monoxide produced after combustion then com-
bines with water to generate carbon dioxide and additional 
hydrogen in a water-gas shift reaction. The process of partial 
oxidation is exothermic, meaning it generates heat. In most 
cases, the process is much faster than steam reforming and 
requires a smaller reactor vessel.  Although this allows for a 
more compact design than a steam reformer, it has the dis-
advantage of requiring an associated air separation unit due 
to the combustion of material consisting of oxygen. The pro-
duced syngas will have a moderate H₂:CO ratio.

Method 3: Gasification:
Solid feed materials such as coal have to be gasified to 

produce proper syngas. Gasification is the conversion of 
organic or fossil-based carbonaceous resources with a con-
trolled amount of oxygen into syngas and CO₂. It can take 
place at different temperatures. 

However, the high-temperature conditions are the most 
advantageous ones, as they not only produce the required 
syngas but also clean them from pyrolysis products, which 
are organic materials heated in the absence of oxygen.¹ This 
helps the facility by simplifying the downstream gas cleanup 
and refining the process in further steps.

Syngas Cleaning, Cooling, and Conditioning:
The produced syngas via steam reforming, adiabatic oxida-

tive reforming, or gasification includes compounds that are 
referred to as FT poisons. Poisons are formed from the pres-
ence of heteroatoms, any atomic element other than C and H, 
and are most commonly converted into gaseous compounds 
like H2S, COS, and NH3. These are known to disrupt the 
proceeding of the FT process by disabling the related cata-
lysts, mainly Fe and Co. Hence, syngas cleaning, cooling, and 
conditioning through industrial applications are required to 
remove the poisons and ensure the continuity of the process.¹

Although many nitrogen-containing compounds or bro-
mides are also considered poisonous for FT, the universal 
poison for FT catalysts is sulfur.¹ Both iron (Fe) and cobalt 
(Co) catalysts are deactivated in the presence of sulfur; how

ever, Co is more sensitive to it. This is one reason why the 
facilities would prefer cobalt catalysts for FT processes with 
syngas derived from natural gas, which turns out to be rel-
atively lower in sulfur content with a higher H₂:CO ratio.¹

Through syngas cooling, nitrogen compounds and py-
rolysis products can be removed from the syngas. Nitrogen 
compounds are mostly soluble in an aqueous medium, so it 
is almost like using water-washing to remove NH₃. However, 
the pyrolysis products need some more developed industrial 
mechanisms to be separated from the syngas.¹

Syngas conditioning is the last step before the FT process. 
The H2:CO ratio is adjusted to meet the specific requirements 
of the chosen FT technology mainly by water gas shift con-
version :

(n) CO + (n) H₂O → (n) CO₂ + (n) H₂
The syngas can be turned into syncrude once the feed-to-

syngas conversion is complete, and the syngas has been cleaned 
and conditioned using the appropriate technological combina-
tions that are available.¹

Fischer-Tropsch Requirements:
The process of the conversion of syngas into syncrude can 

take place in a myriad of ways, one being the Kölber Engel-
hardt process, but in this case, the main focus will mainly be 
on the Fischer-Tropsch process.

In the Fischer-Tropsch process, CO and H₂- syngas- goes 
under a catalytic chemical reaction and are converted into 
primary hydrocarbons- syncrude- of various weights accord-
ing to the following chemical equation:

(2n + 1) H₂ + (n) CO → CnH(₂n+₂) + (n) H₂O 
The FT procedure conditions should be chosen to maxi-

mize the formation of higher molecular weight hydrocarbon 
liquid fuels, possessing higher value due to the high energy 
that will be produced when broken down.² Hence, the type 
of catalyst, the type of reactor, temperature, and pressure con-
ditions should be inclusively considered. The facility should 
go with the combination that will provide the highest desired 
product yield. One can select the reactor, temperature, cata-
lyst, and pressure conditions to produce a specific product.

Catalysts:
In the 1920s, Franz Fischer and Hans Tropsch discovered 

that they could produce paraffin hydrocarbons by passing the 
syngas over catalysts in optimum temperature and pressure 
conditions.³ They worked with many different metal catalysts, 
but it was found that the most beneficial options were Fe and 
Co in the end.

Fischer and Tropsch considered the conditions of the FT 
process and the possible outcomes, and they concluded that 
the ideal catalyst should both adsorb CO, preferably in a dis-
sociative way, and H₂. Also, the metal oxide of the catalyst, 
co-produced as a result of the dissociative adsorption of CO 
or reaction of the metal with the co-produced water, should 
easily be removed.

Firstly, they worked with early transition metals. These ele-
ments successfully dissociated the CO molecules but did not 
adsorb H₂. Furthermore, their oxides were not the kinds that 
could be reduced under usual FT conditions. The final result 
was that these molecules were not the optimum FT catalysts.
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Later on, they worked with late transition metals and Group 
12 elements such as Zn, Cd, and Hg.⁴ These elements showed 
either no CO adsorption or adsorbed it in a non-dissociative 
way. Although they adsorbed H₂ efficiently and produced 
metal oxides that were easily reduced, they were also not the 
ideal FT catalysts.

They then worked on the elements Ni, Fe, Co, and Ru. 
Nickel was not a common option, since it promoted the for-
mation of an undesirable byproduct: methane. Ruthenium was 
not available either because it was too rare and expensive to be 
used on a huge scale. In the end, Fischer and Tropsch were left 
with Fe and Co. Since both elements have different properties, 
they promoted different mechanisms for FT.

Iron Catalysts:
Iron catalysts are relatively low-cost and have a higher wa-

ter-gas shift activity. Therefore, they are more suitable for 
lower H₂:CO ratio syngas. So, they are widely preferred for 
processing syngas derived from coal gasification or biomass 
reforming.² One advantage of iron catalysts is that they can 
be operated both in high temperatures between 300 to 350 
°C and in low temperatures between 220 to 270 °C.

When iron is utilized at high temperatures, the primary 
products are composed of gasoline, mainly 2,2,4-trimeth-
ylpentane (iso-octane) with a chemical formula of C₈H₁₈. 
Furthermore, the high-temperature conditions will trigger 
the formation of secondary and undesired products, such as 
ketones, that will need further removal operations.² However, 
at low temperatures, diesel production is more dominant with 
higher carbon number products and nearly no byproducts. 
Due to this fact, if the automotive industry were to able, they 
would choose and use low temperatures with an iron catalyst. 
This will cost less both for the catalyst & operation and will 
be easier to obtain. Still, iron is not the primary preference of 
the transportation sector.

Iron also has an advantage over cobalt in terms of being 
open for promoters. Alkali promoters, such as K₂O, can be 
reacted with iron before the process to further enhance the 
efficiency and rate of CO dissociation. Promoters operate by 
interacting with active components of catalysts to enhance 
their catalytic activity.

Cobalt Catalysts:
Cobalt catalysts are much more expensive than iron cata-

lysts and they only can operate in low-temperature regimes. 
On the other hand, being active in lower synthesis pressures 
and temperatures significantly decreases the operating cost. 
Furthermore, they have a longer lifetime when compared to 
iron when the catalyst surface area is maximized. Maximizing 
efficiency can be done by dispersing cobalt onto aluminium 
oxide (Al₂O₃), silicon dioxide (SiO₂), or titanium dioxide 
(TiO₂).⁵ The catalyst will need replacement less frequently. 
These advantages offset the high catalyst cost. Thus, cobalt 
becomes a much more useful alternative for FT catalysis.

Cobalt is not as active as iron when it comes to catalyzing 
the water-gas shift reaction. It is mostly preferred when the 
feed material is a natural gas (GTL Conversion). The auto-
motive industry’s primary feed material is mainly natural gas 
due to the produced cetanes and non-produced sulfur con-

tent. Hence, the industry usually makes use of cobalt catalysts 
rather than iron ones. 

Similar to the iron catalysts, the main product after 
cobalt-based low-temperature FT is diesel. This is another 
advantage of cobalt for the automotive industry because their 
desired product is diesel molecules, and the operation cost 
for such a product will be lower when compared to higher 
temperature conditions.

Temperature:
The temperature conditions of FT vary accordingly with 

the relative usage of catalysts. This temperature moderation 
can be a significant factor in the composition of the syncrude. 
The temperatures between 180 °C - 300 °C are set as ideal for 
the process to take place.

When gasoline is the desired product, facilities most-
ly prefer high-temperature conditions because gasoline is 
a low-carbonated and highly hydrogenated liquid, in line 
with the typical outcomes of high-temperature catalysis. 
High-temperature FT also yields low molecular weight 
alkenes, which are classified as undesired byproducts in most 
cases for the further processing of the fuels formed through 
FT.² High-temperature conditions will cost higher for the 
facility since it is hard to initiate and maintain such tempera-
tures within a mechanism.

As it is desired in the automobile industry case, low-tem-
perature FT processes yield high molecular weight diesel 
molecules. They also do yield high molecular weight linear 
waxes. Low temperatures are easier to maintain because most 
industrial facilities have already developed systems suitable 
for such conditions.

The regulation of the temperature conditions should be 
made in accordance with the desired products primarily. The 
facilities can then consider the operation costs in specific 
conditions as a secondary factor. This is crucial in this matter. 

Table 1: Syncrude compositions that are typical of iron-based high-
temperature FT (Fe-HTFT), iron-based low-temperature FT (Fe-LTFT), 
and cobalt-based low-temperature FT (Co-LTFT) syntheses.¹
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Pressure:
The ideal pressure for the process is determined to be be-

tween 20-50 bars. High pressures support the production of 
waxes, while moderate pressures are suitable for diesel pro-
duction and more favorable for the automotive industry.

Reactors:
The FT process is a reaction with a heat outcome. This 

exothermic reaction needs heat removal for the continuity of 
the process in the design of a commercial reactor. In general, 
there are three different types of reactors: fixed bed, fluidized 
bed, and slurry bed.

Fixed bed reactors are used to produce high carbon num-
ber liquid hydrocarbons and waxes. This could be favorable 
in normal conditions for the automotive industry. However, 
the automotive industry doesn't only consider the products, 
but also the process. Hence, slurry bed reactors that offer 
better temperature control and higher conversion efficiency 
than fixed bed reactors are preferred in automotive industrial 
processes. On the other hand, fluidized bed reactors are most-
ly used to produce low molecular weight hydrocarbons like 
gasoline.

Fischer-Tropsch Process:
First carried out by German chemists Franz Fischer and 

Hans Tropsch in the 1920s, the Fischer-Tropsch (FT) pro-
cess is a catalytic chemical reaction that allows carbon-based 
energy sources to be converted into products such as fuels 
or chemicals. Back then, Fischer, the director of the Kai-
ser-Wilhelm Institute for Coal Research in Germany, 

wanted to perform research on coal. It was one of the most 
used fuels back in the 1920s, and therefore, every country 
needed to know about the processing of coal for the further 
development of industrial factories and the weapons industry. 
However, Fischer soon realized that Germany did not have 
enough oil resources to combine with coal and make an ef-
ficient system of power. Hence, he shifted his goal towards 
converting coal to petroleum, now known as the FT process. 
Fischer worked with Hans Tropsch, another chemist working 
in the Kaiser-Wilhelm Institute, on reducing CO by using 
excess H₂. They spent nearly a decade working on the pro-
cess, but their efforts didn’t pay off until they replaced the 
chemical catalysts with cobalt and iron derivatives. By 1944, 
nine commercial-sized Fischer-Tropsch stations were under 
construction with a production capacity of 4.1 million barrels 
of hydrocarbon fuels annually. These stations provided nearly 
10% of German fuels during World War II, hence causing 
controversy between countries, as only Germany knew about 
the usage of the system. Nonetheless, in the past, it was an un-
deniable fact that it was a revolutionary finding in industrial 
fuel production.

Today, as soon as all the prior conditions of the required 
FT technology are set, the process can take place through a 
variety of steps with intermediate products.

The FT reaction is initiated by the adsorption of the re-
agents on the catalyst surface. The catalysts work on the 
syngas to convert its components CO and H₂ into long-chain 
paraffin. The C-O and H-H bonds are first cleaved by the 
catalysts.

Then, the separated hydrogen atoms contribute to the for-
mation of hydrocarbons and water by forming new covalent 
bonds with separated carbons and oxygen, respectively.

These reactions occur in the reactor section of the FT 
mechanism. Furthermore, during this chain of reaction, heat 
is released. The outcoming heat is removed by a cooling tube 
mechanism inside the reactor by generating high-pressure 
steam.

Table 2: Comparison between the product compositions obtained from FT 
synthesis.¹

Figure 2: The catalysis of CO and H₂ over Fe catalyst. 

Figure 3: The formation of hydrocarbons and water as a result of syngas 
catalysis. 

ijhighschoolresearch.org



 81 DOI: 10.36838/v4i4.15

The formed H₂O and hydrocarbons are then transferred 
into a separator, where the mixture is condensed, and water is 
removed. This both aids in the further cleaning of the main 
product and the definite formation of liquid hydrocarbons. 
In the separator, there could be formation of light gases as 
byproducts. These will be sent to the initial mechanism of 
feed transformation for further processing in possible future 
operations.

Moving through with the FT process, the condensed hy-
drocarbons are sent to a hydrocracker. In the hydrocracker, 
the very long-chain waxy hydrocarbons are heated and react-
ed with hydrogen to form high-quality fuels. This step is the 
most essential step in the overall process for the automobile 
industry. Facilities can only reach their desired product, diesel, 
only by this last reforming process on the long-chain paraf-
fins.

Synthetic Fuel to Final Product:
The products of the Fischer-Tropsch reaction are not di-

rectly used in industrial processes, as the byproducts formed 
as a result of a catalyst reaction will reduce the efficiency of 
the synthetic fuel. Synthetic fuel can be transformed into fi-
nal and useful products only if it goes under the upgrading 
and refining processes. In refinement processes, the aim is to 
remove impurities or unwanted elements from the synthetic 
fuel. The experts describe this step as an inseparable part of 
the Fischer Tropsch conversion process.

Upgrading is the primary step of further enhancement of 
the synthetic fuel where some other intermediate products are 
formed. The produced chemicals are easier to process through 
an industrial mechanism. Once the syncrude is upgraded, it 
can either be partially refined or categorized as stand-alone.

When partial refining takes place, some of the syncrude 
is refined to the final products, whereas some are destined 
for blending with coal liquid for further use as a final prod-
uct.¹ Nevertheless, in stand-alone refining, all the syncrude is 
directly converted into final products. This requires some spe-
cial and complex mechanisms. Hence, many Fischer-Tropsch 
entrepreneurs have built stand-alone refineries within the fa-
cility.

Automobile Industry:
Automotives are one of the most energy-using machines 

that are being manufactured, even one single automobile 
wastes tons of liters of fuel. Today’s 97% of energy demands 
of are met by petroleum-based fuels.⁷ While this extensive use 
of fossil fuels creates concerns for the environment, the high 
costs of petroleum fuels are also to the detriment of the indus-
try. Hence, in the case of diesel fuel for automotive engines, 
many alternative fuel sources are being discussed as plausibly 
viable through the petrochemical industry. Fischer-Tropsch-
based diesel produced from the syngas is one commercially 
viable alternative for this energy demand. In other words, the 
hydrocarbons produced by the FT process can be refined and 
used in place of more conventional liquid fuels derived from 
crude oil.⁶ Since these hydrocarbons can be used in automo-
tive engines directly and are almost identical to fuels refined 
from crude oil, they are set apart from most currently avail-
able fuels, such as ethanol, that have to be mixed with gas, and

require special engines, or create challenges for low-tempera-
ture operations.⁸

As mentioned above, the desired fuel for automobiles is 
most commonly diesel, which is the main product of the in-
direct liquefaction of natural gas. The synthetically produced 
diesel fuel after gas-to-liquid conversion will have a high ce-
tane number and no sulfur content. This reduces the rate of 
residuals, such as minerals in the process, facilitating the deri-
vation of diesel directly from the FT mechanism.⁵ In addition 
to the facilitated processing, natural gas is an available source 
all over the world and has a low cost compared to high petro-
leum prices. Many automobile facilities would prefer this less 
complex and less costly way of obtaining the main product 
over the more difficult and more costly mechanisms of crude 
oil processing.

Furthermore, the main point of using syncrude instead of 
petroleum is to substitute fossil fuels with renewable feed-
stocks and make use of them through an environmentally 
friendly mechanism. The global climate concerns will be 
eradicated over time by using FT fuels to help with the flar-
ing of natural gas and emission of a tremendous amount of 
CO2, each time fossil fuels are used directly. Christodoulos 
Floudas, a professor of chemical and biological engineering 
at Princeton University, claims that even if a country immedi-
ately converted to zero-emitting electric or fuel cell vehicles, 
millions of internal combustion vehicles would still be used.¹² 
According to him and his research data, switching to syn-
thetic fuels, nevertheless, could help the countries reduce CO2 
emissions at a high rate. The heavy metal and sulfur contam-
inants of petroleum fuels can be captured in synthetic fuels 
before they are shipped out. In regards to these environmental 
benefits, the American Institute of Chemical Engineers (AI-
ChE) calls for greater integration of energy sources and urges 
policymakers of every country to consider chemical conver-
sion processes as a potential method to produce cleaner and 
cheaper fuels.⁸

Expectedly, as the Fischer-Tropsch facilities have been re-
fined to increase efficiency over years, their cost of the building 
has increased significantly.⁸ For example, it is estimated that 
roughly 45 billion dollars will be required for the entire sys-
tem that is expected to be composed of around 100 facilities 
all around the United States.⁸ This might seem costly, but 
Richard Baliban, a chemical and biological engineering grad-
uate from Princeton in 2012, claimed that as long as crude oil 
is between $60 and $100 per barrel and it continues increasing 
at the current rate, synthetic fuels are very competitive and 
can be profitable over time.⁸
�   Conclusion
Low greenhouse gas emissions, a streamlined procedure, and 

reduced cost are just a few of the benefits of synthetic fuel over 
conventional crude oil that make it a favorable alternative for 
consideration as a fuel source for the automotive industry. Syn-
thetic fuels would enable carbon reduction with the present 
fleet of cars on the road. Millions of internal combustion vehi-
cles would still be on the road even if the country switched to 
zero-emission electric or fuel cell vehicles right away. By con-
verting to synthetic fuels, the governments would be able to 
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minimize emissions, even if they could not be totally eradicat-
ed. Synthetic fuels are cleaner in many aspects than petroleum 
fuels. Petroleum fuel impurities such as heavy metals and sulfur 
can be collected in synthetic plants before the fuel is transport-
ed out. Unlike many biofuels, synthetic fuels can be utilized in 
gasoline and diesel engines without modification and hence 
are more practical for use in industrial applications. In terms 
of the investment in the Fischer-Tropsch process, the cost of 
creating the facilities would be the largest contribution to the 
price of synthetic fuel, followed by the purchase of biomass and 
finally power. The cost could be much lower if plants didn't use 
biomass and instead ran on coal and natural gas, but most of 
the environmental benefits then would be lost.

Currently, there are a few facilities in Sasolburg and Malay-
sia that are operating and a few under construction in Nigeria, 
Qatar, China, and the United States. Applications to daily life 
have already been experienced by Syntroleum and Audi. Syn-
troleum, a publicly traded American corporation, has produced 
over 400,000 gallons of diesel and jet fuel at its demonstration 
plant outside Tulsa, Oklahoma, utilizing the Fischer–Tropsch 
process using natural gas and coal. Syntroleum is developing 
coal-to-liquid and gas-to-liquid plants in the United States, 
China, and Germany, as well as gas-to-liquid plants around 
the world, to market its licensed Fischer–Tropsch technology. 
The ultra-clean, low sulfur fuel, which uses natural gas as a 
feedstock, has been extensively studied by the US Department 
of Energy (DOE) and the US Department of Transportation 
(DOT). Syntroleum has recently been collaborating with the 
US Air Force on the development of a synthetic jet fuel blend 
that will assist the Air Force to lessen its reliance on imported 
petroleum. A B-52 took off for the first time from Edwards 
Air Force Base, California, on December 15, 2006, propelled 
only by a 50–50 blend of JP-8 and Syntroleum's FT fuel. The 
flight test, which lasted seven hours, was deemed a success. In 
2007, the test program came to an end. This initiative is part 
of the Defense Department's Assured Fuel Initiative, which 
aims to establish secure domestic energy sources for the mili-
tary. The Pentagon wants to cut down on its reliance on foreign 
crude oil and get around half of its aircraft fuel from alternate 
sources by the near future.⁹ In partnership with Sunfire, Audi 
produces E-diesel on a small scale with two steps, the second 
one being FT.

All these applications and plans require great optimization 
and efficiency. To that end, the increasing number of enhanced 
Fischer-Tropsch facilities will utilize synthetic fuels more than 
ever for the automotive industry while promising great poten-
tial in other areas as well. The works illustrated herein help 
provide a better understanding of the indirect liquefaction 
process, including Fischer-Tropsch, and highlight its benefits 
primarily for the automotive industry and our environment.  
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