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Synfuels & Redemption
Should we have shared resources with the less fortunate? Did
we abuse the environment past the point of no return? How many
other species did we drive to extinction by our actions? Does
our culture deserve this fall from grace that we have caused by
our own disregard for the bounty we were given?

The Fossil Fuel Industry has big plans for your future. You
might want to know what they have in mind.
Over the last 200 years, and intensely for the last century,
developed countries have created a lifestyle based on fossil fuels.
This fossil-fuel lifestyle has created a culture and economy unprecedented in human history.

One could infer nature’s answers to these troubling questions
in high fuel costs, resource depletion, resource wars, and global
warming.

Food can be imported from around the world. There are hundreds of square miles of buildings, supplied with air conditioning,
heating, and lighting, unprecedented not just in terms of space
and comfort, but in terms of space per person. There are 19.2
million miles of roads in the world providing support for over
860 million vehicles.(1,2) Communication with most countries
in the world is now almost instantaneous, and it is often possible to obtain information on the Internet in one’s own home
or phone that cannot be found in the world’s largest publication
libraries. The quality of medical care in the developed world, for
those who can afford it, surpasses what was provided to royalty
in past centuries.

But not everyone believes the golden moment is over. While
many believe that we must move away from fossil fuels with all
haste, or even plan for a very different society with decimated levels
of energy use, there is a niche of the energy industry planning
the salvation of our high-resource lifestyle. They are planning
the synthetic fuels (synfuels) industry.
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The developing world looks on with envy. They are not the
meek who shall inherit the earth. They see what we have and
want it! In their competition with developed countries, 6.8 billion
humans are reaching the limits of the world’s conventional energy
sources and industrial infrastructure. And using conventional
energy and natural resources has damaged our environment to
the point that it might not be able to support the current number of people even if new supplies are found. This comparative
“golden moment” in mankind’s history may be at an end, as
material standards of living, comfort, longevity, and education
are jeopardized on both a personal and societal level.
It is typical of our plight as humans to wonder what we might
have done to deserve ill fortune. Did we overconsume? Did
we overpopulate to cause this overconsumption? Were we too
greedy for material wealth?
Synfuels & Redemption – Introduction
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Executive Summary
Synfuels is a catch-all term for a number of different
processes that convert lower-grade hydrocarbons into the
high-quality oil and natural gas we use today. In the era
of cheap energy, synfuels were usually too expensive for
commercial use. But high energy prices of recent years
will allow these more expensive synfuels to compete.
There are at least eight that are considered viable enough
to displace large amounts of conventional fuel that can be
used to power vehicles and buildings, and supply petrochemicals. Their implications for the environment and our
economy mandate that synfuels be seriously evaluated for
their long-term effects.
1. Coal to Gas – The hydrocarbons in coal and other
solid fuels (such as petroleum coke and solid waste) can be
“cooked” out as gases using high temperatures, pressure,
oxygen, and water. These gases can be consumed as is, or
chemically reconfigured into a large number of other fuels,
including synthetic natural gas (SNG), or methane.

In Situ Underground Coal Gasification
place”) gasification reaction underground, controlling a
flame that gasifies the coal. The gas is harvested through
the second hole.
7. Tar Sands – Certain regions of the world, most notably
Western Canada, contain sand formations impregnated
with gooey bitumen. This primitive hydrocarbon can be
extracted as a liquid with a great deal of heat, and upgraded
with hydrogen (usually extracted from natural gas) into
synthetic oil. There is a large and growing tar sands industry in the Canadian province of Alberta.

2. Coal to Liquids (CTL) – Once coal is gasified, the hydrogen in the gas can be recombined to make oil, gasoline,
and chemicals.
3. Gas to Liquids (GTL) – In many situations, “stranded”
gas co-produced with oil is reinjected into the ground
because there is no pipeline to bring it to market. In other
cases, wells are simply not drilled because they are too
far from markets to justify pipelines. Just as it is possible
to turn coal gas to liquids, it is even easier and in general
cheaper to do the same thing with natural gas.

8. Oil Shale – Certain regions of the world also contain
huge amounts of rock impregnated with kerogen, a precursor to petroleum. With several million years of heat and
pressure, it will turn into oil or hydrocarbon fuel naturally.
The U.S. has the largest oil shale deposits in the world.
Oil shale has been produced in small quantities over the
last few centuries, but has not been able to compete with
conventional oil because of the high amounts of energy
and capital needed to process it.

4. Flared Gas to Liquids or Power – In other cases,
natural gas associated with oil drilling is flared or vented
because it is too far away from transport, a fate of 5% of the
world’s annual gas production. Until recently, GTL plants
could not be cost effective unless they used huge quantities
of gas. But recent advances have allowed much smaller
installations to be considered competitive.

A History of Syn
Synfuels are being proposed as a major substitute or
replacement for expensive and possibly diminishing supplies of conventional oil and natural gas. However, they
have been used in various forms throughout recorded and
unrecorded history.

5. Biomass – The same gasification process that can turn
coal and gas to liquid can also be used to create Biomass
to Liquids (BTL) and SNG. Plants can also be turned into
liquid fuel through other means, including fermentation of
plant sugars to create combustible fuels such as ethanol to
replace gasoline, and modification of plant oils to substitute
for diesel. While some biofuels are in widespread production, their potential is constrained by the amount of land
available. As an example, 30% of the 2007 U.S. corn crop was
used for ethanol production, though it only produced the
equivalent of 3% of the country’s 2008 transportation fuel.

The first synfuel was charcoal, wood or organic matter
that is reduced to something close to pure carbon so that
it burns hotter than the feedstock it was derived from. It
was used for cooking and metal working.
Gasifying coal to create fuel for lighting and building
heat was quite common in the U.S. from the middle of the
19th Century until the 1920s. Underground Coal Gasification was first conceived of in the early part of the 20th
Century, and has been in operation in the former Soviet
Union since the late 1930s.

6. Underground Coal Gasification (UCG) – The majority
of the world’s coal is inaccessible because it is too far from
the surface to be economically excavated with conventional
mining. There is growing interest in using oil drilling
techniques to drill twin holes in formerly inaccessible coal
formations. One hole will supply oxygen for an in situ (“in
Synfuels & Redemption – Executive Summary

Synthetic oil was produced from coal in prodigious
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Breakeven biomass costs from food-grade feedstock are
high: $1.62-5.86 per refined gallon wholesale, depending
on the price of crops. Refining profit, marketing and taxes
take the price even higher. BTL can be $100-216 per barrel of
crude equivalent, in part because it is difficult to find enough
crop or wood waste to build large economies of scale plants.

amounts by Germany during W.W.II, and provided half of
the Nazi war machine’s fuel. It was again produced in large
amounts by South Africa to provide oil during the world
trade embargoes over its Apartheid policy in the 1980s.
Canadian tar sands oil was first produced experimentally
in 1920 and commercially in 1967. And biofuels have been
known to fuel internal combustion engines since the first
automobiles were invented in the late 19th Century.

Tar Sand oil is $34-37 per barrel (2005 dollars) for existing
mined products. The new Nexen in situ operation, with
onsite gasification with onsite gasification of tar sands byproducts to eliminate expensive natural gas, costs $45-55
per barrel. New projects coming online in 2013 may range
from $35-90 per barrel.

Current and Future Market Share of Synfuel
About 3% of the world’s oil equivalent in 2008 was provided by synthetic fuel, including CTL, GTL, tar sands oil,
and biofuels. In the same year in the U.S., about 1.4 million barrels of oil equivalent per day were displaced with
synfuel. This amounts to 7% of total U.S. oil consumption
and 10% of its transportation oil consumption provided by
these sources. Almost all of this was produced in North
America.

Oil Shale in above-ground retorts is predicted to cost
$70-95 per barrel (2005 dollars) for a first-of-a-kind oil shale
operation to be profitable, falling to about half this with a
mature industry. However, this assumes this technology
can be commercialized at all.
Though the cost is dependent on which synfuel is
evaluated, it would not be outrageous for a new synfuels
plant to cost $100,000 per barrel of production per day. If
only 20% of U.S. domestic fuel came from these sources,
this would require a capital investment of $4 trillion. Renewable energy advocates would call this “the syn of lost
opportunities,” in that the money invested could be better
spent on environmentally preferable alternatives.

Synfuel production in North American plants is expected to rise to between 3.4-4.2 million barrels per day
of oil equivalent by the year 2022. This is the equivalent
of 17-22% of 2008 U.S. oil use and 24-30% of the nation’s
transportation oil consumption. Synfuel plants are also
predicted to provide natural gas in volumes equivalent to
2% of 2008 U.S. consumption.

In 2008, the U.S. consumed 23% of the world’s oil and
22% of its natural gas. Our country, with its large reserves
of coal, oil shale, and crop land, and Canada, with its large
reserves of tar sands, are in a good position to use synfuels
if national policy dictates. Many other countries do not
have this advantage. According to some estimates, synfuels
could supply U.S. oil and gas needs for several decades and
possibly several centuries. Some of this will require new
technology (e.g., oil shale); but other synfuels are already
in use, and their production is growing.

The Price of Syn and A Future of Syn
The cost of synfuels depends on a number of things,
including the synfuel discussed, the country in which the
plant is built, the amount of government subsidies given
to a particular fuel, whether the plant is existing or new,
and the environmental protection measures incorporated.
While it is fairly safe to say that you may never see synfuels
as low as the cost to produce old conventional oil ($2-12 per
barrel), the predicted costs would generally be below the
record spot oil price in 2008 ($147 per barrel). This assumes
a mature industry and not a one-of-a-kind plant.

Environmental Effects – The Seven Deadly Syns
Since all synfuels are produced by upgrading lower form
of hydrocarbons, one could easily infer that environmental
problems are considerable. While this is true in most cases,
there are actually a few examples where environmental
effects are better than conventional oil and gas extraction.
Unfortunately, these examples are not very developed at
this point, and almost all existing or proposed expansions
levels of environmental damage.

When considering if the increased cost is worth it, one
should consider that the price of oil is not only paid for at
the pump. For instance, if the cost of the Iraq war in 2006
($100 billion) was considered the price we pay for security
of oil from the Middle East, it would add a premium of $110
per barrel to the already outrageous cost in recent years.
Coal to Gas can cost $3-8 per million BTUs, depending
on purity. Coal and gas to liquids can cost less than $90/
barrel, and much less in foreign countries with cheap labor
and lax environmental laws. Underground Coal Gasification is much less expensive because the underground
chamber substitutes for expensive equipment at the surface.
Predicted costs are $1.39-2.77 per million BTUs for natural
gas and $15-40 per barrel for coal to liquids, though this is
highly speculative since there were no commercial operations outside the former Soviet Union in 2009.
Synfuels & Redemption – Executive Summary

The seven major environmental problems surrounding
synfuels are typical of most conventional energy sources:
1) mining/extraction; 2) water pollution; 3) air pollution;
4) carbon emissions; 5) energy consumption; 6) water
consumption; and 7) waste (solid and hazardous). Environmental damage from synthetic fuel, perceived and real,
is one of the main things holding back its expansion. For
a full discussion on this subject, see the complete article
following this summary.
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The Map to Redemption
Synfuels in North America.(1)
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Proposed Gulf Coast Pipelines

Barrels Per Day

A. Kinder Morgan Chinook-Maple Leaf

440,000 bpd

B. Altex Energy Gulf Coast

425,000 bpd

C. Transcanada Keystone Gulf Coast

700,000 bpd

D. Sunoco Gulf Coast

300,000 bpd

E. ExxonMobil Pegasus

30,000 bpd

F. ExxonMobil/Enbridge

445,000 bpd

Total

2,340,000 bpd
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Above is a map depicting current and future synfuel infrastructure
related to synfuel resources, production, and distribution. Currently 10% of transportation fuel (barrels of oil equivalent) in the U.S.
comes from synfuels. This amount could triple by the year 2022.
There are 214 ethanol manufacturing plants in the country, and it
would be difficult to plot them all here. However, the top states are
identified here by the amount of production capacity. The 11 states
that are top ethanol producers represent 86% of domestic capacity.
There are already 25 refineries in the U.S. that have been known to
process tar sands synfuel, and another 9 are being built or expanded.
There are 34 synfuel plants that are working, being financed, or proposed, which are using or planning to use solid fuel to create oil and
gas substitutes. Some of the proposed plants may ultimately not be
built, but others could well take their place. Two companies are in
preliminary stages of Underground Coal Gasification development.
There is also enough oil shale in the Mountain West to provide the
U.S. with oil for over a century if the technology can be developed.
Note that Texas is trying to get its share of this growing synfuel market as a large provider of ethanol and tar sands refining. You should
never tell a Texan it's not their oil.
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U.S. Synthetic Fuel Plants, Operating and Proposed
PLANT

State

Products

Liquid
Gas or Gas Equivalent
Barrels/Day
Million BTUs/Yr

Operating Synfuel Plants – Solids to Chemicals
1Coffeyville Syngas Plant
KS
Ammonia
8,164,904
2Eastman Kingsport
TN
Methanol
8,799,420
3Great Plains Synfuels Plant
ND
SNG/Ammonia/Chemicals
54,000,000
Proposed Synfuel Plants – Solids to Fuel or Chemicals
4Alaska Natural Resources-to-Liquids
AK
CTL
80,000
5Ambre Energy
MT
CTL
4,400
6American Clean Coal Fuels (ACCF)
IL
CTL
25,114
7DKRW Medicine Bow Project
WY
CTL
35,000
8Fairbanks Economic Development
AK
CTL/IGCC
20,000
9Hopi Indian Tribe Project
AZ
CTL
10,000
10Kentucky Fuel Frontiers
KY
CTL
4,600
11Many Stars
MT
CTL
50,000
12Ohio River Clean Fuels
OH
CTL
53,000
13Power Ecalene Fuels
CO
BTL
240
14Rentech Mingo Project
WV
CTL/BTL (20%)
20,000
15Rentech Natchez CTL Project
MS
CTL
30,000
16Rentech/Rialto
CA
BTL
640
17Sierra BioFuels Plant
NV
BTL
500
18Silverado Green Fuel
MS
CTL
300
19Syntroleum
LA
BTL
5,000
20TransGas
WV
CTL
18,000
21Chicago Clean Energy
IL
SNG
NA
22Coal Synthetics
KY
SNG
24,500,000
23Faustina Hydrogen Products
LA
Ammonia/Methanol
28,213,012
24Global Energy
IN
SNG
14,000,000
25Global Energy
OH
SNG
26,000,000
26Indiana Gasification
IN
SNG
40,000,000
27Kentucky NewGas
KY
SNG
60,000,000
28Lackawanna Clean Energy
NY
SNG
36,000,000
29Lake Charles Cogeneration
LA
SNG
42,000,000
30Mississippi Gasification
MS
SNG
40,000,000
31Power Holdings of Illinois LLC
IL
SNG
60,000,000
32Secure Energy Inc.
IL
SNG
20,000,000
33Southeast Idaho Energy
ID
Ammonia/Chemicals
13,767,800
34Taylorville Energy Center
IL
SNG
3,000,000
Underground Coal Gasification
35Linc Energy UCG
MT, ND, WY SNG, CTL
NA
36Cook Inlet UCG
AK
SNG
NA
AK
SNG
NA
37 Linc Energy UCG
Proposed U.S. Syngas Production and % of 2008 Gas Use
407,480,812 (2%)
Proposed U.S. Liquid Synfuel Production
356,794
Liquid Synfuel (Adjusted for heat value) and % of 2008 Transportation Oil Use
324,683 (2%)
SNG=Synthetic Natural Gas CTL=Coal to Liquids BTL=Biomass to Liquids IGCC=Integrated Combined Cycle Electric Plant

U.S. SYNTHETIC FUELS USE(2)

Barrels/Day Oil Equivalent
2008 Oil Use

Tar Sands (Adjusted for heat value)
Biofuels (Adjusted for heat value)
Coal to Liquids (Adjusted for heat value)
TOTAL
Percent of 2008 Total Oil Use
Percent of 2008 Transportation Oil Use
Synfuels & Redemption

922,465
468,877
NA
1,391,342
7%
10%
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Future Oil Use

1,447,000-2,249,000
1,612,524
324,683
3,384,207-4,186,207
17-22%
24-30%

1. Mining/Extraction – However cleanly synfuels may be
consumed at the point of use, extracting the raw materials
(coal, gas, tar sands, oil shale) has marked and sometimes
devastating environmental effects. About 2/3 of coal and
60% of tar sands in North America are strip mined, often
draining and contaminating aquifers, and often leaving
the land unreclaimed. Mountaintop removal of coal is
particularly sinister in this regard, as there is no way to
restore the contours or forests of former mountains after
they have been leveled. Tar sands mining converts boreal
forests and bogs into open pits, and there has never been
successful restoration back to this natural state.
Coal mining can contaminate water in a number of
ways, including: 1) acidic mine run-off; 2) contaminated
wash water stored in giant impoundments; 3) leaching of
heavy metals from coal ash; and 4) coal pile dust and runoff. Drilling for natural gas brings up water along with
hydrocarbons, which is often severely contaminated and
treated as dangerous waste. Hydraulic “fracking” fluids
laced with chemicals that enhance unconventional drilling
have the potential to contaminate groundwater.

Appalachian Mountaintop Removal Mining
While water use per barrel for tar sands in situ mining is greatly reduced compared to strip mining, it is still
prodigious. For every barrel, 0.2 to 0.5 barrels of water are
needed. The water from this process is easier to recycle,
but after a point, it is not reusable and must be treated as
hazardous waste. Water use in the new in situ THAI (Toeto Heel Air Injection) process is said to be non-existent.
However, this process is still being tested.

Ground subsidence is another common malady associated with underground mining. In the U.S., there are about
100,000 mines, 90% of which are abandoned or inactive.
About 25% of the land above them has subsided to some
degree, with about 99% of this related to coal mines. Mining
subsidence building insurance is common in states with
a history of underground mines. Subsidence has also occurred near major oil fields, with egregious examples of
this in Long Beach, CA and Baytown, TX.

3. Air Pollution – Air emissions from most liquid synfuels
discussed in this article relied on the widely-used GREET
model from Argonne National Laboratory for a well-towheels analysis. This analyzes major “criteria” air pollutants for various fuels: volatile organic compounds, carbon
monoxide, nitrogen oxides, sulfur oxides, and particulates.
Several liquid fuels produced through gasification, such
as CTL, GTL, Flared GTL. and BTL, are generally cleaner
burning than their conventional competitors in urban areas, where most people will be exposed to emissions. But
overall emissions, including mining and manufacturing,
are usually higher, depending on the pollutant studied.

Underground Coal Gasification, and in situ tar sands
and oil shale mining have greatly reduced effects on terrain
compared to strip mines. But they fragment wilderness
and wildlife habitat by intrusive roads, pipelines, power
lines, and onsite pads and buildings.

The worst offender is particulate emissions from Coal to
Liquids fuel. These are 2100% higher than normal diesel.
Pollutants from Underground Coal Gasification may be
greatly reduced compared to CTL. But no liquid fuel plant
based on UCG has ever been built.

2. Water Pollution from Processing Plants – While modern CTL and GTL plants are relatively clean compared to
older chemical plants, their emissions are still noticeable.
A proposed 53,000 barrel per day CTL plant in Ohio will
annually discharge an estimated 21,540 pounds of toxic
effluents into the Ohio River. Only five chemical plants
in Ohio discharged more than this in 2007.

The GREET model shows only modest increases in air
pollutants from tar sands on a lifecycle basis. However,
the increased emissions are concentrated where the bitumen is mined and upgraded. Much of this is concentrated
in Alberta: 32% of sulfur emissions in the province come
from the tar sands industry.

Tar sand processing from strip mines is even more polluting. In the extraction process, huge amounts of heated
water are necessary to extract bitumen from tar sands in
strip mining operations. It typically takes 2-4 barrels of
water for each barrel of bitumen. The used water has the
consistency of catsup, as it is mixed with sand and clay. It is
toxic, containing polycyclic aromatic hydrocarbons (PAHs),
naphthenic acids, and high levels of metals and salts.

Air emissions from food-based biofuels are mixed.
Biodiesel generally has lower emissions in both urban
and lifecycle analyses. Ethanol is generally lower in urban
emissions, but noticeably higher overall.
Oil shale is not evaluated by GREET because there is no
modern plant built. However, a coalition of environmental
groups in the Mountain States estimated a 1 million barrel
per day industry for in situ mining would require so much
new electric capacity that 35,000 tons of sulfur dioxide and
35,000 tons of nitrogen oxides would be emitted.

This sludge is stored in giant tailing ponds. The tailings
are held back with dykes as high as 300 feet. Currently they
cover an area of about 50 square miles. They are among
the largest man-made structures on earth, so large that they
can be seen from space without magnification.
Synfuels & Redemption – Executive Summary
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4. Carbon Emissions – With the exception of biomassderived fuels, synfuel carbon emissions are usually higher.
If carbon can be captured and “sequestered” underground,
emissions can actually be reduced compared to conventional
fuel. Unfortunately, there are only a few companies in the
world pursuing this strategy.

6. Water Consumption – Much of the mining for synfuel feedstock is or will be located in arid regions of North
America. A mature synfuels industry will demand large
amounts of water anywhere. But the water-short U.S. Mountain West and Alberta will be particularly vulnerable.
A synfuel plant using coal or gas will consume 5-7 barrels
of water for every barrel of fuel it produces. A single 50,000
barrel per day plant (1/4 of 1% of U.S. needs in 2008) would
consume 4 billion gallons a year. Old shale oil technology
uses 2-5 barrels of water for every barrel of oil.

Coal to Gas has CO2 emissions 200% higher than a new
natural gas plant; Coal to Liquids has 119-147% higher
emissions than conventional petroleum. Gas to Liquids
has 9-30% higher CO2 levels than conventional fuels.
Corn ethanol has 20% lower emissions than gasoline,
and cellulosic ethanol will have a predicted 90% emissions
reduction if it is commercialized. Biodiesel has a 67% reduction. Biomass to Liquids can be below carbon neutral, and
358% below conventional petroleum with sequestration.

Tar sands surface mining requires 2-4 barrels of water
per barrel of (non-upgraded) bitumen. In situ tar sands
operations are in the range of 0.2-0.5 barrels of water per
barrel of bitumen.
Ethanol plants consume 4 barrels of water per barrel of
oil equivalent. BTL has a water/fuel ratio of two to one.

Tar Sands oil has 15-40% higher emissions than conventional petroleum, with strip mining emitting less than
most in situ techniques.

7. Solid and Hazardous Waste – Given the coarse feedstock that is being upgraded, it is no surprise that prodigious amounts of solid and sometimes hazardous waste are
created. For some fuels, there may be improvements over
conventional oil and gas. For others, waste from a mature
industry will be a major environmental problem.

Conventional Oil Shale, if commercialized, is predicted
to have 28-172% higher CO2 than conventional petroleum
and the in situ process is predicted to be 21-47% higher.
5. Energy Consumption – It takes energy to create energy. This is typically known as Energy Return on Energy
Invested (EROEI). If a synfuel takes so much energy to
produce that there is no energy or monetary reward for all
the work, it has little chance to succeed commercially.

The waste from gasification of coal or solid fuel is much
less toxic than typical combustion ash because the process
vitrifies the waste; as such, toxics such as heavy metals are
less likely to leach into water. Waste from Underground
Coal Gasification is almost all left in the reactor cavern
beneath the earth’s surface. There are no ash ponds, and
no acidic run-off water from coal piles or tailings. No
contamination of aquifers is expected if the site is located
in proper geologic formations.

There is more than one way to look at energy profit. A
synfuel such as CTL might have a low EROEI in strict “first
law of thermodynamics” terms. But if one looks at it in
"energy security” terms, as the amount of energy it takes to
produce the fuel and ignores the energy embodied in the
coal itself, the EROEI is vastly greater. For instance, coal
burned in an older electric generator has a thermodynamic
EROEI of only 0.32 because of losses from heat conversion
and transmission lines. But since the amount of energy to
mine and ship coal is minimal, it has an energy security
EROEI of 16. Unless otherwise noted, all EROEI numbers
below are evaluated in energy security terms.

Virtually all waste from biomass fuel processes can be
used as soil amendments, animal feed, processed food, or
food-based products.
For every barrel of synfuel from tar sands from strip
mines, about 1.5 barrels of tailing pond sludge is created.
Of this, 10-13% is “mature fine tailings, which contain most
of the hazardous waste, including polycyclic aromatic hydrocarbons (PAHs), naphthenic acids, and high levels of
metals and salts. There is no current commercial solution
to drying or disposing of this. Critics have suggested that
some or all of it should be treated like hazardous waste.

Synthetic Natural Gas: 25-40.
Coal to Liquids: 26.
Gas to Liquids: 12; Flared Gas to Liquids: 43.
Biomass: Biomass to Liquids: 7; Forest Coppicing for syngas: 16; Corn Ethanol: <2; Brazilian Sugarcane Ethanol: 8;
Cellulosic Ethanol (not commercial): 4.4-10.
Underground Coal Gasification: 20-35.
Tar Sands: High: 12 for mining; 4 for in situ. Low: <2
Tar Sands (THAI pilot): 29.
Oil Shale – Mining and Retort: Thermodynamically, less
than 1 to as high as 4.6. One analysis from energy security
EROEI was as high as 50 because byproducts were used.(43)
Oil Shale – In Situ: Thermodynamically, 2.5 with electricity;
6.9 with primary heat; if oil shale is used as process fuel,
energy security EROEI will be much higher.
Synfuels & Redemption – Executive Summary

Spent oil shale that has been through the retort process is
expanded in volume by 15-25% over its original size, making its complete disposal in mine reclamation difficult. The
waste itself can leach salts and sulfur into the groundwater,
and is heavily alkaline. As such, the leachate is acutely toxic
to aquatic life at certain concentrations. There is virtually
no direct waste from in situ mining of oil shale. But this
has never been pursued on a commercial scale.
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Oilchemy

ground because there is no pipeline to bring it to market.
In other cases, such as Qatar in the Middle East, wells are
simply not drilled because they are too far from markets
to justify pipelines. Just as it is possible to turn coal gas to
liquids, it is easier and in general cheaper to do the same
with natural gas. There are three plants in the world collectively making 93,700 barrels per day by volume of GTL,
one each in Malaysia, Qatar, and South Africa. Another
196,500 barrels per day of capacity are under construction
in Qatar, Nigeria, and South Africa.(1)

Synfuels is a catch-all category for a number of different
processes that convert “corrupt” lower-grade hydrocarbons
into something resembling the high-quality “pure” fuels
we enjoy today. If you invest enough work, money, and
energy into various chemical processes, it is quite feasible
to turn one type of hydrocarbon into another. In the era of
cheap oil and coal, synfuels were usually considered too
expensive for commercial use. But $4 per gallon gasoline
will earn a lot of dispensation, allowing more expensive
synfuels to compete.

These fuels have superior performance. In both 2006
and 2007, cars using GTL diesel won the Le Mans 24-hour
endurance race.(2)

There are (at least) eight synfuels that are considered
viable enough to displace large amounts of conventional
fuel–fuel that can be used to power vehicles and buildings, and supply petrochemicals. And most readers will
be surprised to learn that, to a limited degree, the world
is currently using them.

4. Flared Gas to Liquids or Power – In other cases, natural
gas is literally flared or vented because it is too far away to
transport, a fate of 5% of the world’s annual gas production.
(3) Until recently, GTL plants could not be cost effective unless they used huge quantities of gas. But recent advances
have allowed much smaller installations to be considered
competitive. Small plants can also process the wasted gas
into Liquefied Natural Gas, which is capable of being used
for heating or chemicals, or even used directly as auto fuel
in modified internal combustion engines.

1. Coal to Gas – The hydrocarbons in coal and other
solid fuels (such as petroleum coke and solid waste) can
be “cooked” out as gases using high temperatures, pressure, oxygen, and water. These gases can be consumed as
is, or chemically reconfigured into a large number of other
fuels. The primary gas used in our country is methane
(”natural gas”) from extractive drilling. In substitute or
synthetic natural gas (SNG), hydrogen gas is converted to
methane so it can be transported through existing natural
gas pipelines. Or the hydrogen can be used where it is
made for heat or electricity.

5. Biomass – The same gasification process that can turn
coal and gas to liquid can also be used to create Biomassto-Liquids (BTL) and SNG. There are some adjustments
necessary to the process and expense, in that biomass has
less energy per pound and cubic foot, and it has more tars
that need to be removed. But it breaks down into the same
elemental constituents that can recombine into gas, oil, and
chemicals. Remember, coal itself was once a plant (altered
by several hundred million years of heat and pressure).

Coal gasification was first invented in the 17th Century
and used extensively in the latter part of the 19th Century
to provide synthetic gas to buildings and street lighting
systems in the U.S. and Europe. (Austin used a syngas
system from the 1870s until 1928; see p. 8.) Today’s syngas
systems are much more sophisticated and less polluting,
at least from an air quality standpoint.

Plants can also be turned into liquid fuel through other
means. These include fermenting plant sugars to create
combustible fuels such as ethanol to replace gasoline, and
modifying plant oils to substitute for diesel.

2. Coal to Liquids (CTL) – Once coal is gasified, the hydrogen can be recombined to make oil, gasoline, chemicals
such as methanol and naphtha, dimethyl ether or DME (a
propane substitute), and many other liquids.

While some biofuels are technically proven and in widespread production, their potential is constrained by the
amount of land available to produce them. As an example,
30% of the vast corn crop in the U.S. was used for ethanol
production in 2008, though it only produced the equivalent
of 3% of the country’s transportation fuel.(4)

There are 66 plants in the world that use gasification
technology to make gas or liquids out of solid fuel. Six
of them are in the U.S.; three of these produce syngas
for chemicals or fuel. The other four generate electricity
with SNG produced onsite. Worldwide, most are used
for chemical manufacturing, though three are used for
synthetic oil, seven for consumer gas production, and 15
for electric production. About 150,000 barrels per day by
volume of synthetic oil are produced, almost all of it in
South Africa.

6. Underground Coal Gasification (UCG) – Several
countries, including the U.S., have vast amounts of coal.
But the majority of it is inaccessible because it is too far
from the surface to be economically excavated with strip
or shaft mining. There is growing interest in using oil
drilling techniques to drill twin holes in deeper, formerly
inaccessible coal formations hundreds or thousands of feet
below the ground. (Such depths are a fairly tame challenge
for the oil industry, which can now drill productive wells
as deep as 39,000 feet.(5)) One hole will supply oxygen for
an in situ (“in place”) gasification reaction underground,
controlling a flame that gasifies the coal. The gas is harvested through the second hole.

3. Stranded Gas to Liquids (GTL) – Natural gas, by its
nature, is difficult to transport. In many conventional
drilling situations (such as in the North Slope of Alaska),
“stranded” gas co-produced with oil is reinjected into the
Synfuels & Redemption – Oilchemy
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This has the potential to magnify coal reserves several
times, while eliminating most of the land and water damage
caused by surface mining. Commercial UCG operations
have been operating in Russia for about 70 years. Experiments with this technique in the U.S., Australia, Europe,
and China have been largely successful and have been
ongoing for many years.

roads and oil infrastructure. Both processes use large
amounts of energy to process the raw sands, produce huge
amounts of toxic emissions to air and water, produce more
greenhouse gases than conventional oil, and consume
prodigious amounts of water.
8. Oil Shale – Certain regions of the world also contain
huge amounts of rock impregnated with kerogen, a precursor to petroleum. With several million years of heat and
pressure, it will turn into oil or hydrocarbon fuel naturally.
But in its raw form, it takes huge amounts of capital, mining, energy, water, and processing to distill. Its commercial
name is “oil shale,” though technically it is neither. It is
low-grade organic matter impregnated in marl, a limerich mudstone. But it doesn’t sound marketable to call it
“kerogen-saturated mudstone,” hence the stage name.

7. Tar Sands – Certain regions of the world, most notably Western Canada, contain sand formations impregnated with gooey bitumen. This primitive hydrocarbon
can be extracted as a liquid with a great deal of heat, and
upgraded with hydrogen (usually extracted from natural
gas) to synthetic oil.
There is a large and growing tar sands industry in the
Canadian province of Alberta. In 2008 it produced 1.35
million barrels a day of oil, most of which was exported
to the U.S. to supply the equivalent of about 7% of its
transportation fuel needs. Tar sand synfuel production is
expected to grow 200-300% by 2020.

The U.S. has the largest oil shale deposits in the world,
most of them, located in the mountain states of Colorado,
Utah, and Wyoming. Theoretically, they could provide 500
billion to 1.1 trillion barrels(6), enough to run the country
at current rates of consumption for up to 151 years. But
the incredible cost and resources needed to process it has
kept it from being a major source of energy to date.

This oil is currently sent to refineries in the Upper Midwest and the Mountain States. But a number of refineries
on the Gulf Coast (including Texas) are being expanded
and adapted to process this oil, and a number of expensive
pipelines to export tar sand oil or bitumen to the region have
been proposed. The collective price for this infrastructure
may total over $50 billion.

However, it has been produced historically in small
quantities since the 19th Century, and even has a niche
market today in a few countries. About 13,000 barrels a
day were produced worldwide in 2007 (about 1/6,600 of
the world supply), and the rock is also burned as a solid
fuel in power plants to supply most of the electricity in the
small country of Estonia, south of Finland.(7)

Of all the current fuels in the oil industry, oil produced
from tar sands oil is generally the most polluting and destructive. About 60% of the 2008 annual production was
produced in some of the largest strip mines in the world.
A lot of the mined land resembles moon craters. The rest
is produced by heating bitumen underground. While less
destructive to land, it still disturbs the environment with

All told, about 2% of the world’s oil equivalent in 2008
was provided by synthetic fuel, increasing to 3% if biofuels
are considered. These calculations compensate for the different heat and octane values of synfuels.

WORLD SYNTHETIC FUELS PRODUCTION (8)

Barrels/Day
Equivalent

Tar Sands
Coal-to-Liquids
Gas-To-Liquids
Oil Shale
Biofuels
TOTAL
Percent of 2008 Conventional Petroleum Consumption

U.S. SYNTHETIC FUELS USE (9)

1,346,260
136,500
85,267
13,500
982,838
2,564,365
3.1%

Barrels/Day Equivalent
2008 Transportation
Oil Use

Tar Sands
Biofuels
Coal to Liquids
TOTAL
Percent of 2008 Total Oil Use

Percent of 2008 Transportation Oil Use

Synfuels & Redemption – Oilchemy

922,465
468,877
NA
1,391,342
7%
10%
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In the same year in the U.S., about 1.4 million barrels of oil equivalent per day were
displaced with synfuel. This would equal over
7% of total U.S. oil consumption and 10% of its
transportation oil consumption. Almost all of
this was produced in North America, though a
fraction of U.S. ethanol supplies were imported
from outside the continent.

Synfuel provided by North American
plants is expected to rise
to between 3.4-4.2 million barrels per day of oil
by the year 2022. This is
2022 Transportation
the equivalent of 17-22%
Oil Use
of 2008 U.S. total oil use
and 24-30% of the na1,447,000-2,248,000
tion’s transportation oil
1,749,511
consumption. Synfuel
344,869
plants are also predicted to
3,382,394-4,184,394
provide natural gas in volumes equivalent to 2% of
17-22%
2008 U.S. consumption.
24-30%

Which Path to Prayer? – Synfuel Technology

carbon dioxide out of the gases and use it for oil and gas
extraction or industrial purposes, or sequester it in geologic
formations to keep it out of the atmosphere.

There are a number of ways to turn solid fuel into gaseous or liquid fuel. This primer will discuss some of the
most common.

The process also allows 99% of sulfur and 95% of mercury
to be removed from the syngas. Some of minerals end up
as char waste, which is vitrified and relatively inert, so it is
less prone to leaching metals and toxins than normal coal
ash. The char can be used for road base, cement manufacturing, and ingredients in various industrial products
such as roofing tiles.

Gasification – Many of the various synfuel technologies
employ modern hydrocarbon gasification technology as
their platform. This uses heat in the presence of pressure,
oxygen, and water to break down solid fuels into basic
gases and elements.

The combustible gases can either be burned directly
for electric generation or industrial heat. They can also be
used as feedstock for nitrogen fertilizer, chemicals, or the
building blocks of liquid fuel.

In a classic modern gasification system, air or pure oxygen is fed into an entrained gasifier with solid fuel. Such
fuels include coal, petroleum coke (heavy residues from the
refinery process), biomass from forestry and agriculture,
biomass from solid waste, and in some cases, tar sands.
Under high heat (up to 1,400-2,800˚ F) and as much as
1,000 pounds per square inch pressure, the process breaks
down the fuel into gases consisting of hydrogen, methane,
carbon monoxide, and carbon dioxide. The hydrogen is
converted to syngas. Carbon dioxide waste can be easily
collected in pure form. Depending on the configuration,
gasification systems can also extract as much as 90% of the

*

* Air Separation Unit
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12

National Energy Technology Laboratory

Once clean syngas has been created, largely free of sulfur, mercury, tars, and other impurities, it is run through a
catalyst that changes it to fuel, or converts it to industrial
chemicals. The best known of these is the Fischer-Tropsch
process, which converts syngas to diesel fuel and naphtha. Another, developed by Exxon, converts coal-derived
methanol to gasoline.

Flared Gas – While any gas source can technically be
converted to synfuels, older technologies required huge
economies of scale that prohibit small sources from being
cost effectively converted. These small sources include
flared gas associated with oil drilling in places where it is not
economic to build gathering pipelines. Several companies
are developing small-scale conversion processes. Some of
these may be cost effective at only 500 to 10,000 barrels per
day, and can be located on floating ships or platforms next
to offshore oil wells.(1)

high in glucose as feedstock, such as corn, sugar cane, and
sugar beets. The most common method of conversion is
known as the dry milling process. The food is mixed with
water in a slurry or “mash.” Then it is boiled to prevent
bacteria, and transferred to a fermentation tank where yeast
and ammonia are added to convert the glucose in the mash
to low-grade alcohol. The level of purity is then upgraded
through distillation and a molecular sieve.
About 1/3 of the original crop by weight is leftover
“stillage,” which is run through a centrifuge to separate
solids and semi-dry and wet materials. These are then dried
and sold as animal feed. Carbon dioxide, the other main
co-product of fermentation, is sold for industrial purposes.
In the future, biomass producers hope to commercially
develop “cellulosic” ethanol derived from non-food sources
such as crop waste, wood waste, and municipal solid waste.
In this process, heat, acid, or enzymes break down cellulose into glucose to feed the enzyme fermentation process.
While pilot projects are being built, there are currently no
operating plants of this kind that can compete economically
against food-based fuel.

Floating GTL Plant

Various kinds of plant oils, most typically soy, canola,
and palm, are being used to replace or supplement diesel
fuel. It is possible to convert vehicles to operate on neat
vegetable oil. But it is much more common and effective
to break down the chemical bonds in these oils so that
they can be used in an unmodified engine, either alone or
blended with conventional diesel.

Biomass Conversion – While biomass can be converted
to liquid fuel through gasification, it is also converted via
fermentation and oil extraction.

Courtesy Renewable Fuels Association

Ethanol, currently the most common biofuel, uses crops
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Underground Coal Gasification – UCG employs two
vertical pipes in the ground connected by a horizontal
drilled channel or mined tunnel. One of the pipes provides
air or purified oxygen, which allows gasification to take
place in the horizontal chamber. The other pipe harvests
the syngas. This has numerous advantages, including
access to deep coal that was formerly inaccessible to mining, and increased worker safety. The product will also be
less expensive than above-ground gasification because the
underground chamber substitutes for expensive surface
equipment.

There are several types of in situ mining. The most common is Steam Assisted Gravity Drainage (pronounced and
abbreviated “SAG-D” or “SAGD”). Steam is sent through
horizontal tunnels under the earth, which loosens the dense
bitumen enough that it can be extracted in parallel tunnels
below them. This uses more energy than surface mining
and creates more carbon emissions, but it allows access to
reserves too deep to strip mine.

Tar Sands – This bitumen-saturated sand is extracted
exclusively in Canada, both from strip mines and in situ.
About 60% of tar sand oil came from surface mines in
2008.(2) Literally, the world’s largest steam shovels load
tar sands into the world’s largest dump trucks. The sands
are mixed with boiling water, which causes the bitumen to
rise to the top. The raw bitumen is then upgraded through
hydrogenation and purification to synthetic crude oil. Only
about 20% of tar sand reserves can be accessed economically using this method.

Nexen In Situ Process for SAG-D With Self Gasification
Synfuels & Redemption – Which Path to Prayer?
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Courtesy of Nexen Inc.

An interesting spin-off of SAG-D is the complete replacement of natural gas for process energy. Instead, gasified
coke and asphalt that are low-value waste products are
used. A 60,000-barrel per day facility at Long Lake, 40
miles southeast of Ft. McMurray, Alberta is now in operation using this strategy.

Courtesy Petrobank Energy and Resources, Ltd.

Toe-to-Heel Air Injection Process

There are also a number of techniques being developed
to treat shale in situ with heat or microwaves, and then
extract the resulting liquids with wells similar to oil. The
most advanced of these is being developed by Shell Oil
Company: the ICP (In situ Conversion Process). It employs
rods planted deep in the earth (up to 2,000 feet) that are
heated to 650-700˚ F for a period of two to three years. This
accelerates what nature itself would do with several million

Another spin-off of SAG-D is the Vapor Extraction
Process, which is very similar, except that it uses solvents
instead of steam to reduce bitumen viscosity.
Cyclic Steam Injection also employs steam, which is
injected into wells and allowed to soak for several weeks
or months, again loosening the bitumen so it can be extracted easily.
A developing technique that may set a new benchmark
for decreased carbon emissions and more economic operation is the “Toe to Heel Air Injection” (THAI). Similar to
UCG, an air tube allowing underground gasification is
inserted deep into the earth. Some of the underground bitumen provides fuel for heat at the “toe” that converts other
bitumen into heavy oil, which is then extracted through
the “heel.” The company that developed the technology,
Petrobank, has claimed a 1/3 reduction in greenhouse
gas emissions compared to conventional in situ SAG-D
methods.(3)
Oil Shale – Kerogen, the organic material impregnated
in oil shale, is extremely difficult to extract from the ore.
If mined on the surface, shale is crushed and then heated
in retort ovens to temperatures 900-1,000˚ F. Vapors from
the organics are then condensed. The liquid produced is
not stable and must be upgraded immediately by adding
hydrogen and removing impurities.
Synfuels & Redemption – Which Path to Prayer?
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years of heat and pressure. Unlike the retort process, the oil
is stable. The rods, heated with either electricity or primary
fuel, use considerable amounts of energy. But the process
theoretically produces more energy than it uses.

Century, a few buildings in Europe had begun using it for
building lighting, and it was first used for street lighting in
1801. The first gas utility system, employing wood pipe to
transport coal gas from a manufacturing plant, was used to
light the Westminster Bridge in London, England in 1813.
The first American gas works was established three years
later in Baltimore. Coal gas, and to a lesser extent, wood
gas, was a primary source of lighting throughout most of
the 19th Century in large European and American cities.
Coal gas competed for lighting with electricity until the early
20th Century, and natural gas, a by-product of petroleum
drilling, did not begin to replace coal gas in a significant
manner until the 1920s.

Genesis – Synfuels in History
Cheap fuels are, historically at least, a recent phenomenon. But there is nothing new about synfuels, and they have
had their place in historic and even prehistoric times.
In all likelihood, the first synthetic fuel produced in any
quantity was charcoal. Wood, bone, and other organic matter were reduced to 85-95% carbon by heating them without
oxygen. This fuel burned hotter and cleaner than ordinary
wood or biomass. Its use was essential to primitive metal
working, and it had uses in domestic heating, cooking, and
gunpowder manufacture. Due to its extensive use in metal
working and overpopulation, wood shortages developed
in England and Europe as early as the 13th Century, which
led to using coal as a substitute for wood.(1)

The first technology to change coal to liquids was
invented in Germany in 1913 by Friedrich Bergius, with
the first pilot plant online in the 1919. It was followed by
the rival Fischer Tropsch (also German) technology in the
mid-1920s, with the first plant built in 1934.(2) Due to the
country’s dearth of petroleum within its borders, its native coal was converted to oil and used extensively by the
Nazis during W.W.II. It supplied 50% of Germany’s oil in
its wartime effort. A similar process was used during the
Apartheid era in South Africa to supply fuel during the
trade embargoes against the country. Today, Sasol, the

Coal gas, commonly known as “town gas,” was first
scientifically identified in about 1609. In the late 18th

Austin’s Synthetic Fuel Plants

heated coke and a tank in which oil was sprayed on bricks
heated to about 1,200˚ F. The steam picked up the gas
from these hydrocarbons, which was purified to remove
tars and ammonia.

Before the widespread use of natural gas supplied to
cities by modern petroleum drilling, gas was manufactured
by heating solid or liquid hydrocarbons. “Town gas,” as
it was referred to, was first produced in the U.S. in 1816
in Baltimore, MD. This primitive form of synthetic gas
became common in cities throughout the country. Its
primary use was for lighting before the widespread use
of electricity. Gas stoves and appliances did not become
common until the early 20th Century.

This plant was succeeded by a coal gas plant at 3rd
Street and Medina, where lignite was heated in retort
ovens, and steam was then passed through them to pick
up the gas. After purification, the resulting coke from
coal solids was sold for heating and industrial use. An
additional water gas plant was also built at this site.

The first Texas town gas production took place in
Galveston in 1856. The earliest estimate of its use in
Austin was in 1861.(1) The city’s first exclusive license
for a citywide town gas utility was granted to the Austin
Gaslight and Coal Company in 1873.(2) In 1874, a small
piping system was begun that provided fuel for 44 city
street lamps by 1878.(3) By City ordinance, horses were
forbidden to be hitched to the lampposts. Gas service
was also funded by state government for the capitol and
Governor’s Mansion during this time period.

Natural gas from petroleum drilling was not provided
to Austin until 1928. The original town gas utility that
now provides natural gas service to Austin has changed
owners five times and is now owned by Texas Gas Service,
a division of Oneok, a national gas supply network.
Many decades after town gas production ceased, “oil”
was discovered in 1985 during construction excavation
for a modern office building at 100 North Congress.(6) A
substance resembling oil mixed with water was discovered
in the northwest corner of the site in a 35-foot pit. At least
70,000 gallons were pumped out of the ground. It was
believed to be wastes from the old gasification site just
west of the excavation. Gasification was crude compared
to today’s technology, so there were dangerous chemicals
discovered in the waste, including the poisons benzene,
benzo(a)pyrene, toluene, and cyanide, some of which are
confirmed or suspected carcinogens.(7)

By 1886 electric lighting had established a small presence in Austin (40 lamps), and the two fuels were competing for the lighting market.(4) Gas lamps continued
through the early part of the 1900s.
Austin’s town gas was extracted from wood, oil, or
lignite coal mined in the region.(5) The gas company was
expanded in 1889 and had three manufacturing sites. The
first plant was at 5th Street and West Avenue, with the
gas derived from pine knots. This plant was replaced by
a “water gas” plant believed to have been at 2nd Street
and Colorado. In this plant, steam was passed through
Synfuels & Redemption – Synfuels in History

Contaminated soil at the site was eventually removed,
and the waste is not believed to have harmed the water
table or leached into Lady Bird Lake. Still, this incident is
another example of how our industrial past haunts us.
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South African company that produced CTL for fuel and
chemicals, has the largest synthetic fuels industry in the
world, producing 150,000 barrels by volume per day. Sasol is often employed worldwide as a consultant by other
companies planning synfuel ventures.

first biodiesel plant opened in Austria in 1989.
Underground coal gasification (UCG) was first conceived
of by C.W. Siemens, the German-born English inventor,
in 1868. The first patent on the idea was granted in 1909,
and the first experiments took place in England in 1912 by
Nobel Prize winner Sir William Ramsay. He pioneered an
effort to raise money from British industrialists to pursue
the work, but this was cut short by the onset of W.W.I.

Using biomass to produce liquid fuel had its roots in
the late 19th Century when the first automobiles were
developed. Ethanol was used in Henry Ford’s first car, the
Quadricycle, in 1896. His hallmark Model-T, introduced in
1908, ran on both alcohol and gasoline. Ford was a longstanding advocate for the fuel, but it fell into disuse and
disfavor because gasoline was cheaper, and because the
Prohibition Era cast a stigma on alcohol production, even
for fuel. Its serious use as an alternative fuel was revived
in the late 1970s in response to high fuel prices, and the first
tax incentives for its production were introduced.

The technology was championed by Vladimir Lenin in
his book Pravda, which promised this “victory of technology” as a way to free workers from underground mines.
Beginning in 1928, Joseph Stalin invested the equivalent of
billions of dollars in research and development of UCG. The
first demonstrations were conducted in 1937 and proved
a failure, after which many top scientists were brought to
trial. A number were executed.

U.S. ethanol production increased very gradually until
the beginning of the 21st Century. The country was beginning a phase-out of the gasoline additive MTBE, which was
used to lower air pollution emissions and increase octane.
MTBE was originally used as a replacement for lead. Lead
was highly toxic and impeded effective operation of pollution control devices. But MTBE was found to contaminate
groundwater. Ethanol and its derivatives provided a ready
answer, and its use increased 200% between 2000 and 2006,
when MTBE was phased out in the U.S.(3) About half of
the ethanol consumed in the U.S. for fuel in 2008 was as a
gasoline additive.

But by 1939, the first successful plant began operation.
To date, there have been some 14 industrial UCG mines in
the former Soviet Union, using UCG to process 17 million
metric tons of coal. While its use has declined because of
discoveries of cheap natural gas, two of these mines, in
Uzbekistan and Siberia, Russia, remain in operation. The
Uzbek plant has operated for 50 years and provides fuel
for a 400 Megawatt (MW) power plant.
Between the end of W.W.II and today, there have been
several hundred tests with UCG in Australia, Belgium,
China, France, Germany, The United Kingdom, and the
United States.(5) Of the U.S. trials, two caused environmental damage by contaminating aquifers below the UCG
mine. Because of this experience, all future sites will probably be obliged to locate mines below ground water that
will reach the surface.

In 2005, ethanol was given further encouragement to
reduce foreign oil dependence by a national mandate for
renewable transportation fuel. The Energy Independence
and Security Act of 2007 increased these mandates. The
law required that 15 billion gallons (4.9% of 2008 U.S. transportation oil use equivalent) be provided by conventional
(food-based) alcohol sources by 2015, and that by 2022,
another 20 billion gallons (6.5% of 2008 U.S. transportation
oil use equivalent) be provided by unconventional (e.g.,
“cellulosic”) sources such as wood and crop waste. It also
required 1 billion gallons of biodiesel by 2012 (0.4% of 2008
U.S. transportation oil use equivalent).(4)

Worldwide, UCG has produced results with many types
of coal, at depths from 10 to 1,200 meters, and with seam
thicknesses from 0.3 to 30 meters wide.(6)
As of 2009, the most extensive work outside of the
Soviet Union was the Chinchilla plant in Australia, which
processed 35,000 tons of coal through UCG over the course
of three years. The company that accomplished this, Linc
Energy, plans to open a commercial UCG mine to provide
gas for a 20,000 barrel per day synthetic oil plant. An
Australian rival, Cougar Energy Ltd., is planning a UCG
operation for a 400 MW electric generating plant.

The cellulosic ethanol requirement was based on developing technology, and meeting this goal by the specified
date has been widely questioned. While there were 19 U.S.
companies developing some kind of cellulosic technology
in mid-2009 (representing about 18,000 barrels per day
of fuel), none of them have manufactured ethanol that is
competitive with food-based feedstock. But the U.S. is
ahead of its goal for food-based sources.

Tar Sands, or oil sands, in Canada are one form of natural
bitumen deposits that have appeared in many countries
worldwide. Though the vast majority of tar sands is buried
at some level underground, above-ground deposits occur
in various countries including the Democratic Republic
of Congo, Indonesia, Trinidad, Syria, and the U.S. These
deposits have historically been used for asphalt.

Biodiesel also had roots in the 19th Century, when Rudolf
Diesel first used vegetable oil to fuel the engine he invented
in 1893. But diesel engines were eventually adapted for petroleum fuel, which was less viscous. As such, using straight
vegetable oil often caused engine problems. The answer
to this was to convert vegetable oils into less complex, less
dense liquids by breaking down chemical (“triglyceride”)
bonds. But this was never done commercially until the
Synfuels & Redemption – Synfuels in History

The Canadian Province of Alberta has the majority of
the world’s bitumen deposits, primarily underground.
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Canadian tar sands, also called oil sands, are impregnated
with about 10% bitumen. Prior to European settlement, this
bitumen was used by Indians to waterproof their canoes.
It came to the attention of fur traders in the 18th Century.
In 1888, the head of the Geological Survey of Canada
described the oil sands as “the most extensive petroleum
field in America, if not the world.”(7)

lamp oil (to replace whale oil), wax, fuel oil, lubricants, illuminating gas, and fertilizers. Retorts to extract shale oil
were briefly operated in the U.S. in the 1850s for lamp oil,
but were quickly replaced by low-cost kerosene derived
from the first oil wells. It was briefly manufactured in
Canada between 1859-61, but was also replaced by lower
cost petroleum.

In 1915, the region began to use its native bitumen for
road paving. Experiments for recovering bitumen from
sand through separation in hot water also began as early
as 1915.(8) The first primitive pilot plant, which produced
a few barrels per day, began in 1930, and a larger plant (200
barrels per day) began operation in 1936.(9) The small plant
had numerous technical and financial difficulties,and was
never profitable.(10) The larger one burned in 1941 and
was rebuilt, only to burn down again in 1945. That time
it was not replaced.(11)

Australia attempted production in 1865, Brazil in 1881,
New Zealand in 1900, Switzerland in 1915, Sweden in 1921,
Spain in 1922, and South Africa in 1935. But all were closed.
There were a few countries, however, where economics
allowed an oil shale industry to prosper. Scotland began
mining in 1862, and this lasted about 100 years, until there
was no more shale to mine. Estonia began mining in 1921
and continues today, as does China, which began in 1929.
Other countries that have had oil shale industries at some
point include Germany and Russia. Production peaked
in 1980 at 46 million solid metric tons per day (equivalent
to 85,000 barrels of oil per day), but fell to 15 million solid
metric tons per day by 1999.(13) In 2005, world production was about 13,500 barrels per day of oil concentrated
in Brazil, China, and Estonia.(14)

Large-scale oil production from tar sands began in an
open pit mine in 1967, only at 32,000 barrels per day.(12)
A second mine, operated by Syncrude, opened in Alberta
in 1978 in response to high world oil prices. It began by
producing 109,000 barrels per day, and is now the largest
mine of any kind in the world.

High-quality oil shale ores have the heating value of lowgrade lignite coal. Estonia produced 90% of its electricity
in 2007 from two power plants that are exclusively fueled
by it. Israel also has a small electric generator run on oil
shale. But carbon dioxide releases from oil shale can be
high, not only because of the organic material but because
of the carbonate minerals in the rock, which release carbon
dioxide when exposed to high temperatures. Oil shale
releases 32% more CO2 per unit of energy than coal.(15)

Tar sand production grew at a relatively slow pace; by
1996 it had only reached 445,000 barrels per day. But with
new tax credits, and beginning with the new century, higher
oil prices, production trebled to about 1.4 million barrels a
day by 2008. Adjusting for conversion losses when bitumen
is upgraded to oil, this was the equivalent of 6% of the oil
used in the U.S. (About 3/4 of this was actually imported
by the U.S., with the rest of it consumed in Canada.)
Oil Shale use also goes back to prehistoric times, and
its recorded use goes back centuries. In general, oil shale
was produced as an alternative to scarce or high-priced
petroleum. Germany used it
to supplement its synthetic coal
oil in W.W.II because it had almost no petroleum reserves of
its own. Many other countries
experimented with it when oil
prices rose, including the U.S.
during the late 1970s. But the
main impediment has been the
huge amount of energy and
money to process it; the fuel
has never been able to compete
well with conventional oil extraction costs.
In 15th Century Sweden, oil
shale was processed to extract
potassium aluminum sulfate
used for tanning leather. In the
late 17th Century, shale oil was
used to light the city of Modena, Italy. In the 19th Century,
it was used for kerosene and

The United States, which has the largest oil shale reserves
in the world, established the Naval Petroleum and Oil Shale
Reserve in the early 20th Century in the Mountain West.
The Reserve was theoretically dedicated to ensuring the
supply of oil to naval ships. There were experiments in

Historic Oil Shale Production

Production of oil shale in millions of metric tons from Estonia (Estonia deposit), Russia (Leningrad and Kashpir deposits), United Kingdom (Scotland, Lothians), Brazil (Irat’ Formation),
China (Maoming and Fushun deposits), and Germany (Dotternhausen) from 1880 to 2000.
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production after W.W.II, but cost of oil from shale was too
high to compete with petroleum. Oil shale experiments
were attempted again during the 1970s in response to
high-priced foreign oil.

And it is complexity squared when you try to price in
national security. The price of Saudi oil may be hundreds of
dollars a barrel a few years from now. But it will cost only
a small fraction of this to produce. The country charges
exorbitant amounts because it can. If synfuels began stealing OPEC market share, would OPEC flood the market
with cheap oil to temporarily drive synfuel producers out
of business? Would the governments of countries these
synfuel producers operated in protect them with tariffs
and import bans?

In one case, Exxon spent over $1 billion attempting to
develop a pilot plant in Colorado. But the project was
abruptly cancelled on May 2, 1982, laying off 2,200 workers
in an event still remembered to history as “Black Sunday.”
Major economic displacement took place in the region,
which was overdependent on this pilot plant. The sunken
price of world oil was a main reason for the project’s demise.
Unocal also had oil shale experiments in the region, but
terminated them in 1991 for the same reason.

Another factor affecting the cost is foreign synfuel supply.
Synfuels may be produced in massive quantities even if
the U.S. decides to forego their development. If a country
such as China (now the second largest oil user in the world)
decides to create a sizeable synfuel infrastructure to provide
for its energy independence, will this lower fuel prices for
the entire world indirectly by lowering Chinese purchases
of oil on the world market?

With the increasing price of at the beginning of the 21st
Century, renewed interest in oil shale extraction, or R&D,
has taken place in Australia, Brazil, China, Israel, Jordan,
Russia, and the U.S. China, in particular, due to its incontinent appetite for more energy and raw materials, is
planning on expanding oil shale production for both liquid
fuel and electric generation. It has acquired considerable
technical expertise, and a trade association of producers
has formed.

Synfuel Potential in U.S./North America: In 2008, the
U.S. consumed 23% of the world’s oil and 22% of its natural
gas.(1) Our country, with its large reserves of coal and oil
shale, and Canada, with its large reserves of tar sands, are
in a good position to use synfuels if national policy dictates.
Many other countries do not have this advantage.

The Price of Syn, and A Future of Syn

However, the actual amount of these reserves is in dispute. While the U.S. has prodigious amounts of coal, the
stated reserves of conventional coal (mineable because it is
close to the surface) rely on very old analyses and is in severe
need of updating. And deep coal, that was formerly inaccessible until UCG, has also not been studied thoroughly for
its potential. Estimates referred to here are cursory at best.

Different synfuels must be evaluated and compared by
a uniform common set of standards to judge their environmental effects, cost effectiveness, and potential to provide for
growing demand and compensate for declining supply as
peak oil and gas begins to shape the world’s future. While
some synfuels have good qualities for the consumer such
as less onsite pollution, the off-site pollution they cause
must also be acknowledged. Synfuels need to be judged
in a life cycle analysis. In transportation, this is known as
a “well-to-wheels” analysis.

Another wrinkle in this standard is how much production a country or region can tolerate. Often neighbors,
environmentalists, and some industries such as tourism
and agriculture contest mine and factory proposals. Will
the public tolerate a doubling, tripling, or quadrupling of
coal mining to satisfy its projected fuel needs?

The costs and potential of various synfuels are defined
and estimated below. Environmental effects will be discussed at length in a subsequent section.

The Hidden Syn: The higher cost of synfuels is sometimes
criticized as the hidden syn of lost opportunities. The hundreds of billions, or trillions, of dollars of capital compete
with funding for clean energy strategies and sources that may
emerge in the near future. And it competes for a long time,
as these plants are built to last for decades. Most importantly,
it keeps society locked in to the same models of transportation, though it uses unconventional fuels to accomplish it.

Estimated Cost: Synfuels factories are much more
expensive than conventional oil and gas wells due to expensive processing equipment. Even the most enthusiastic
environmental despoiler will not want to buy synfuels
unless they guarantee supply at a reasonable price. What
is reasonable? Oil was $12 per barrel in 1998; it was $147
per barrel at its high point 10 years later. Some oil experts
believe that once the current recession ends, oil prices could
be hundreds of dollars a barrel (which could easily lead to
another recession).

The cost of producing most synfuels is much higher
than the average cost of conventional petroleum, and in
the higher range of production costs for natural gas. The
exception to this is underground coal gasification, which
may have the ability to reduce synfuel costs to more competitive levels. That being said, the higher cost of conventional
fuels that are expected in the future will justify many of
these synfuel technologies.

Reasonable price prediction is further complicated by
possible greenhouse gas regulations. Carbon sequestration (storing captured carbon dioxide in underground
formations) could greatly reduce carbon emission from the
manufacture of synfuels, and the use of biomass instead of
coal can make the entire use of synfuels (manufacture and
vehicle consumption) below carbon neutral if the carbon is
stored. However, this will raise the cost.
Synfuels & Redemption – The Price of Syn
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One should note that capital cost is not always the key.
Biodiesel, for instance, has a very low capital cost per barrel, but the fuel cost is high because so much expensive
vegetable oil is used as feedstock.

Gas-to-Liquids (GTL)
Cost Per Barrel: World GTL has predicted a breakeven cost
of $60-70 to be profitable.
Synfuels Inc. has predicted costs of $30-65.
Syntroleum is predicting a price of $30 plus the cost of gas
(at 10 MCF per barrel).(6)
Cost Per Barrel of Production per Day: $25,000-45,000 in
2004 dollars for large-scale units. The cost for small-scale
units is uncertain. The only company building one in
2009 is World GTL, which was constructing a pilot 2,500
barrel per day unit in Trinidad at $150,000. (It is using a
used reactor.) Another, Syntroleum, is predicting a price
of $75-100,000.(7)
World Resource Base: 3,000 trillion cubic feet of stranded
natural gas.t(8)
Resource Base Equivalent: 42 years of U.S. oil supply.

The cost per million BTUs, per barrel, and barrel of production is stated below, as estimated in studies on various
synfuels, or from actual construction experience. Note
that the capital cost of some of these on a per unit basis is
high. The cost of a small manufacturing plant could easily
exceed a billion dollars. The cost of getting a noticeable
share (20%) of America’s needs from synfuels would be
hundreds of billions of dollars.
How much potential synfuels have for accomplishing
the transition away from conventional oil and gas is usually not resource limited, at least in the next few decades.
There are literally hundreds of years of supply for America’s
continuing fossil-fuel energy use, and this potential is
detailed. However, some synfuels, such as Oil Shale, are
technology limited; there is no large commercial plant in
existence today. And others, such as Tar Sands, are infrastructure limited; the demand is so great that the mining and
production facilities cannot be built fast enough to keep up
with it. The demand for labor in Alberta has contributed to
soaring construction costs, which was made worse by the
demand for concrete, steel, and other industrial materials
worldwide until the global recession of 2008.

Flared Gas-to-Liquids (Flared GTL)
Cost Per Barrel: This is the same technology as Gas-toLiquids above. While the retail price would track the world
market, the breakeven price would be less than conventional
GTL because the feedstock is “free.”
Cost Per Barrel of Production per Day: This is the same
technology as Gas-to-Liquids above.
Worldwide Resource Base: 1.4 million barrels/day.(9)
Resource Base Equivalent: 7% of annual U.S. oil supply.
Biomass
Cost Per Barrel for BTL: From $100-$216 (2008 dollars).
Much of the cost is dependent on the facility's size, which
cannot be scaled as large as CTL plants because of the lack
of available feedstock at most sites.(10)
Cost per Wholesale Refined Gallon of Diesel Equivalent:
$2.97-5.86 (compared to $3.88 in July 2008).(11)
Cost per Wholesale Refined Gallon of Gas Equivalent: $1.623.62 (compared to $3.41 for gasoline in June 2008).(12)
Cost Per Barrel of Production per Day: $147,000 without carbon capture to $229,600 with carbon capture for BTL.(13,14)
$36,400 for corn ethanol.(15)
$24,000 for biodiesel.(16)
Syntroleum is building a plant to convert animal fat to fuel
for about $30,000. Syntroleum biomass gasification plant
estimated at $100-150,000.(17)
U.S. Resource Base: On a sustainable basis, two studies
have estimated 34% of 2008 domestic transportation fuel
could be derived from biomass.(18) Most of this was from
non-food sources.
Resource Base Equivalent: Theoretically renewable; dependent on how well land is maintained for future crops.

About the data below. Costs are estimates retrieved from
various studies and experts. Not all are directly comparable
because they use different assumptions or different years
for construction. Resource base is derived by comparing
2008 U.S. oil and natural gas use of about 19.4 million barrels per day and 23 trillion cubic feet.
Coal-to-Gas and Synthetic Natural Gas (SNG)
Cost Per Million BTUs: $3-5 for raw syngas; $4-8 for SNG.(2)
Cost Per Million BTUs of Production per Day: $7,000-14,000(3)
U.S. Resource Base: 254 billion tons of conventional (closeto-surface) coal.
Resource Base Equivalent: The U.S. uses about 1.1 billion
tons of conventional coal a year, almost all of it in power
plants. If the U.S. were to replace all of its natural gas with
SNG, coal production would have to roughly triple, reducing conventional coal reserves from a 238-year supply to
an 87-year supply.

Underground Coal Gasification (UCG)
Cost Per Barrel: $15-40/barrel CTL.(19)
Cost Per Million BTUs: $1.39-2.77 for SNG.(20)
Cost Per Barrel of Production per Day: NA
U.S. Resource Base: From 152 billion-1.76 trillion tons(21)
Resource Base Equivalent: The U.S. uses about 1.1 billion
tons of conventional coal a year, almost all of it in power
plants. If the U.S. were to replace all of its oil with CTL or
a similar process, coal production would have to increase
about 320%, but the additional resources would allow an
increase of 43 to 497 years of supply (added to conventional
coal supplies discussed above). This assumes all of this is
accessible. No detailed studies have been done to assess
how much of this upper potential is practical.

Coal-to-Liquids (CTL)
Cost Per Barrel: $37-86/barrel (high price 2008 dollars).(4)
Cost Per Barrel of Production per Day: $90,574 without
carbon capture (2006 dollars) to $106,200 with carbon
capture (2008 dollars).(5)
U.S. Resource Base: 254 billion tons of conventional (closeto-surface) coal.
Resource Base Equivalent: The U.S. uses about 1.1 billion
tons of conventional coal a year, almost all of it in power
plants. If the U.S. were to replace all of its oil with CTL or
a similar process, coal production would have to increase
about 320%, reducing conventional coal reserves from a
238-year supply to a 57-year supply.
Synfuels & Redemption – The Price of Syn
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Japan has had several products that have dominated the
international market, such as High Definition TV, that were
originally subsidized by its national government.

Tar Sands (U.S. Dollars)
Cost Per Barrel: $34-37 (2005 dollars) for existing mined
product.(22)
$45-55 for new Nexen in situ operation with onsite gasification (depending on rate of return); online in late 2008.(23)
$35-60 for new SAG-D projects in 2013.(24)
$60-90 for new integrated mining projects in 2013.(25)
Cost Per Barrel of Production per Day: $80-140,000 for new
integrated mining projects in 2013.(26)
$25-50,000 for new in situ projects in 2013.(27)
$100,000 for Nexen in situ operation with onsite gasification; online in late 2008.(28)
Resource Base: 315 billion barrels of recoverable resources.(29)
1.74 trillion barrels in place in Canada.(30)
3.3 trillion barrels in place worldwide. (31)
Resource Base Equivalent: 25 years of U.S. consumption
from Canada from recoverable reserves alone.

Using the lowest price of oil to compare prices is also
problematic given national security, balance of trade deficits, and the probability of oil depletion. Saudi Arabian oil
that cost $2 per barrel to produce in 2008 was selling for as
much as $147 per barrel. If a domestic synfuels industry
were developed in the U.S. that could provide a dependable source of petroleum at $50 per barrel, what is to stop
lower cost producers from temporarily underbidding until
the synfuels industry is bankrupt, and then charging a
premium to make up for its losses? (It worked for John
D. Rockefeller.)
Clean energy advocates who oppose synfuels might think
that a bankrupt synfuels industry is a good thing. But the
same situation could occur to clean energy technologies that
they favor. In the long term, the marginal cost of energy
will be going up, clean or not.

Oil Shale
Cost Per Barrel: $70-$95 (2005 dollars) for a first-of-a-kind
oil shale operation for surface retort to be profitable; costs
between $35-$48 within 12 years of the start of commercial
oil shale operations after 500 million barrels have been
produced.(32)
For Shell in situ process, mid-$20 range.(33)
Cost Per Barrel of Production per Day: $120,000 (2005 dollars) for first of a kind plant.(34)
U.S. Resource Base: 500 billion-1.1 trillion barrels.(35)
Resource Base Equivalent: 71-155 years of U.S. oil consumption.

Given these conflicts, and the increasing price of oil, it
is easy to see why governments are actively subsidizing
these fuels.
Biofuel Subsidies: America has spared little expense
in priming the biofuel pump. Taxpayer largesse rewards
ethanol $1.39 per gallon equivalent of gasoline (on a BTU
basis). It goes up to $1.75 if import tariffs that protect U.S.
farmers from foreign competition are included. Biodiesel is
subsidized at $2.25 per gallon equivalent of diesel. These
subsidies include an excise tax credit and tax deduction
for each gallon of ethanol and biodiesel, state waivers of
motor fuel taxes, federal crop subsidies, favorable income
tax treatment, and low-interest credit subsidies.(3) This
amounted to an estimated $13 billion in 2008.(4)

Buying Your Way to Heaven
Government Incentives for Synfuels
Governments, in an effort to both enhance energy security and create employment, are giving large economic
incentives to companies producing or selling these new
fuels. Free-market fundamentalists believe such subsidies encourage derelict industries and technologies that
cannot compete on their own economic merits (“lemon
socialism”). Such philosophers also believe that there is
just one bottom line.

Tar Sand Subsidies: In 2007, the tar sands industry received almost $1.9 billion U.S. in tax deferrals and credits,
or about $4.55 per barrel of synthetic oil, from the Canadian
federal government.(5)

Were life but that simple. The conventional petroleum
industry is already heavily subsidized. Some of the oil
America uses receives indirect subsidies in the form of
the national security budget. If you were to divide the
amount of money spent on the Iraq War in 2008 ($141 billion) by the amount of oil that the U.S. imported from the
Mideast, it would amount to a premium of $163 per barrel, or $4.57 per gallon of gasoline.(1) The U.S. oil and gas
industry receives up to $40 billion annually in additional
subsidies. While some of this money is related to defense
of oil in the Middle East and Alaska, it does not include
the Iraq War.(2)

And until 2007, the province of Alberta charged royalties
on tar sands at an extremely low rate of 1% until such time as
project investments had been recouped, allowing oil sands
manufacturers to skimp on payments for years or decades.
These royalty rates were often a small fraction of royalties charged for conventional oil. Comparing this disparity
between 1997 and 2005, low tar sands royalties conservatively cost the province $5.2 billion (2000 U.S. dollars), or
about $2 per barrel.(6)

It would also be unfair to target every industry that had
ever been subsidized as a lemon. The U.S. electronics industry was anchored by government purchases of microchip
technology for defense and space exploration, even though
it was initially more expensive. It was not until the 1970s
that the majority of its sales were for domestic purposes.
Synfuels & Redemption – Govenment Incentives

Coal and Oil Shale Subsidies: The U.S. federal government created some initial subsidies to help launch a domestic synfuels industry. These include a 50¢ per gallon tax
credit for CTL with at least 50% carbon sequestration, loan
guarantees, an investment tax credit, and federally funded
carbon sequestration research and demonstrations.(7)
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There were at least five federal bills in 2008 and a key
budget amendment in 2009 that offered financial incentives
or guaranteed markets for CTL and oil shale.(8) Collectively,
they reflected many of the recommendations in the Dept.
of Energy’s 2007 policy roadmap for synfuels. At least
four of these directly call for the Dept. of Defense to be an
anchor market for the fledgling industry. One of these calls
for a 6 billion gallons mandate (2% of America’s 2008 oil
use) by 2022. At least two of these pieces of legislation ask
for repeal of the section of the Energy Independence and
Security Act that prohibits federal agencies, including, the
Dept. of Defense, from buying high-carbon fuels.

For instance, coal burned in an older electric generator
has a thermodynamic EROEI of only 0.32 because of losses
from heat conversion and transmission lines. But since the
amount of energy to mine and ship coal is minimal, it has
an energy security EROEI of 16.(1)
Another complication is that some studies of EROEI look
strictly at energy input and output, while other studies
add the energy used to create the machinery used in the
extraction and conversion processes.
The Complicated Syn of Carbon: Many synfuels also
generate more carbon in their manufacture than conventional fossil fuels. This can be mitigated, but at some
financial cost. With scientists and activists calling for cuts
of 80 to 90% of carbon emissions just to keep the worst effects of climate change from happening, this would mean
the only real environmental synfuel would be Biomass
to Liquids (BTL). This would be much more expensive
than conventional fuel or synfuels based on most other
hydrocarbons. And unless dramatic increases in efficiency
occurred in the transportation fleet, it would be difficult
to produce enough sustainable biomass for the world’s
current demands.

Other features of these various bills include: 1) more
per gallon tax credits; 2) federal loans, including a “standby” loan program to bridge periods of low-cost oil or fuel
product dumping by oil-rich nations; 3) tax credits for
pipelines; and 4) a publicly funded corporation to perfect
carbon capture and synfuel manufacturing technologies.

The Environmental Effects of Synfuels
The Seven Deadly Syns
The seven major environmental problems surrounding
synfuels are typical to most conventional energy sources:
1) mining/extraction; 2) water pollution; 3) air pollution;
4) carbon emissions; 5) energy consumption; 6) water
consumption; and 7) waste (solid and hazardous). Environmental damage from synthetic fuel, perceived and real,
is one of the main things holding back its expansion. Some
of the fuels can have significant negative effects. Many
earlier experiences with them have caused severe if not
disastrous environmental consequences.

A complication in the calculation of carbon emissions
is the relatively new field of study regarding land-use
changes. Virtually all land surfaces have carbon-storing
plants above the surface, and carbon-stored plant matter
(roots, peat, etc.) and microorganisms below the surface.
Depending on the ecosystem and the situation, production of both conventional and synthetic fuels can have a
pronounced effect on the release of this carbon.
The highest carbon emissions from land-use changes will
be in the boreal forests and peat bogs (muskeg) where tar
sands are strip mined, the rainforests that are removed to
grow crops for biofuels such as sugarcane and palm trees,
and mountain-top removal in the forests of Appalachia.
America’s ethanol corn crop will also have noticeable landuse carbon emissions, though some farming techniques such
as no-till agriculture can diminish or eliminate this. Other
synfuels such as in situ tar sands as well as conventional
fuels will have surface disturbance for well and building
sites, pipelines, and service roads.

But it really is not as simple to criticize some of the
newer synfuel techniques and technologies. To at least
some degree, they really are getting better, causing less
pollution than in the past.
Is it possible for plucky synfuel scientists and engineers
to allow us to drill our way out of the oil shortages that
are looming? And not cause irreparable harm? Are they
really that clever?
Return on Investment: Of these environmental syns,
the hardest one to quantify is energy consumption, or
Energy Return on Energy Invested (EROEI). If a synfuel
takes so much energy to produce that there is no energy
or monetary reward for all the work, it has little chance
to succeed commercially. (You’re not going to drive from
Austin to Dallas to get gas for your car.)

Land remediation techniques such as replanting forests
will mitigate land-use carbon emissions, but in some cases,
it could literally take centuries for new plant growth to
make up for the stored carbon that is lost. In other cases,
biofuels can have a payback of only a few years if sustainable agriculture is practiced or if crop waste is used instead
of food crops to create ethanol.

In addition to studies from differing experts on this
subject, there is more than one way to look at energy profit.
A synfuel such as CTL might have a low EROEI in strict
“first law of thermodynamics” terms. But if one looks at
it in "energy security” terms, as the amount of energy it
takes to produce the coal and ignores the energy embodied
in the fuel itself, the EROEI is vastly greater.
Synfuels & Redemption – Environment

Finally, it should be noted that as time goes on, synfuel
carbon emissions compared to conventional hydrocarbons
will be lower. This is largely because premium sources of
petroleum are getting scarcer, and heavy oil and enhanced
oil recovery methods, which require more energy production energy or more carbon intensive feedstock, will be
used to fill the gap.
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To date, over 500 mountain peaks have been or are in the
process of being leveled by 500 to 1,000 feet to gain easy
access to coal underneath them.(4) This includes about a
quarter of the peaks in West Virginia. While the smaller
mines are 200 acres, the largest mine covers 10,000 acres, and
the largest mine permit will cover 35,000 acres (55 square
miles) when mining is completed.(5) The entire footprint
of mountain top removal mines will be an estimated 800
square miles by 2010.(6)

Coal To Gas
This is the primary step in converting solid hydrocarbons
to synfuels. “Raw” low-heat value gas is used onsite for
electric production, as industrial process heat, or as feedstock in chemical or liquid fuel production. The gas can
also be upgraded into synthetic natural gas (SNG) that can
be transported through natural gas pipelines. SNG can be
used to supply a “virtual coal plant,” where utilities can
fuel power plants with coal gas manufactured in another
state or region, without the controversy of siting a coal
plant in their area.

The spoils (excavated earth) are often dumped into valleys and streams, and have contaminated or buried about
1,200 stream miles to date. Contaminated outflow from
streams reaches the drinking water of major cities in the
region.(7)

1. Mining and Extraction: No matter how clean the
processing of coal is at an energy facility, all conventional
mining techniques are intrusive processes. In 2007, the
U.S. mined 1.2 billion tons of coal a year, and was only
surpassed by China in terms of volume mined.(1) There are
currently about 6,900 square miles of mines permitted in
the country; most of this is coal.(2) About 1/3 of domestic
coal production is achieved through underground mines.
Two-thirds of domestic coal production is surface (“strip”)
mined.(3) This includes about 5-10% of total production
mined in an incredibly destructive surface-mining process
called “mountain top removal.”

It is often impossible to reconstruct these mountains
after their dismantlement, and reclamation (when it is
finally practiced) often consists of planting grasslands on
the flattened landscape instead of mountain forests.

Mountain top removal is concentrated in the Appalachian
states of Kentucky, Tennessee, Virginia, and West Virginia.

Appalachian Mountaintop Removal
Synfuels – Environment/Coal to Gas
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In conventional strip mining for coal, the overburden
(earth) above the coal seam is moved and stored. After
the seam is mined, the pit is generally no more than a few
hundred feet deep. This mining is often done on rangeland, which is not generally as difficult or expensive to
reclaim as mountaintops. The overburden is replaced and
replanted. If enough money and attention is spent, it is
usually possible to return this land to something resembling
its former appearance.

• In 2004, near Sydney, Australia, it was discovered
that mine subsidence actually “broke” a river. Subsidence
faults diverted water flowing from the Waratah Rivulet
underground. The two-mile stretch of river temporarily
dried up until the mining company sealed the cracks.
Environmentalists were skeptical that the repair would
last. In the same region, the Cataract River ran dry when
it was undermined in 1994. And numerous incidents of
subsidence caused homes in certain parts of the region to
be abandoned.

But there are at least two differences after conventional
strip mining occurs. The first is that the land surface will
be lower. If a 20-foot coal seam is removed, the restored
height of reclaimed land will be reduced. The second
difference is that the water tables in the area might be
damaged. Water for local wells might dry up or become
contaminated. And rainwater that recharged the aquifer
prior to mining might be partially blocked on reclaimed
land, causing localized water shortages.
Reclamation, as a practical matter, has not been a priority
for coal companies. A 2007 study by the Natural Resources
Defense Council and the Western Organization of Resource
Councils showed that most of the land in the Western U.S.
that has been strip mined has never been completely reclaimed.(8) Utilities in Central Texas, including Austin's,
purchase coal from Wyoming, which had no mined land
that had gone through all phases of the reclamation process
reviewed in this study.

• In Britain, there are an estimated 170,000 unregistered
mine shafts that can cause subsidence.
• In Shanxi Province in China, nearly 400 square miles
of land have subsided, damaging or destroying 312 schools
and at least 21,000 houses.
• In the state of West Bengal, India in 2007, almost a mile
of roads collapsed and 10 cities were left without a water
supply pipeline after subsidence from illegal underground
mining created the equivalent of a minor earthquake.
The area that is undermined now affects about 100,000
people.

Underground coal mining can often extract minerals
located over 1,200 feet below the surface. Though there
are numerous health and safety problems related to this
type of extraction, such as lung disease and deaths and
injuries from cave-ins, the largest environmental damage
comes from ground subsidence.

• In early 2009, angry citizens in Bangladesh blockaded
the country’s only coal mine after subsidence damaged
several villages. The blockade ceased after the government
offered compensation for the damage.

In the U.S., there are about 100,000 mines, 90% of which
are abandoned or inactive. About 25% of the land above
them has subsided to some degree. And about 99% of this
is related to coal mines.(9)
It is unfortunately common for buildings
and infrastructure to be built on top of old
underground mines. As mine tunnels and
cavities collapse from the weight of the
earth on top of them, the built environment
becomes “undermined.” Incidents of subsidence have been recorded historically for
5,000 years. Structures can become uninhabitable and are on occasion demolished.
Affected roads, bridges, pipelines, and
powerlines must be repaired or rebuilt.

Illustration by Alan Morin for the Clean Air Task Force

In the state of Pennsylvania, there are
conservatively one million homes in danger of subsidence damage. In Allegheny
County (the location of Pittsburgh), about
a third of all homes are vulnerable. Much
of the city is under (over?) mined. A 1991
Illinois State Geological Survey study estimated that 278 square miles of developed
areas in the state were vulnerable to subsidence, including 320,000 homes.(10)
Mining Subsidence Insurance is common in states with a history of underground mines, including Illinois, Indiana,
Kentucky, Ohio, Pennsylvania, West Virginia, and Wyoming. Subsidence is also
pronounced in other countries.
Synfuels – Environment/Coal to Gas
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Subsidence can be mitigated if planned in advance.
Some mining operations literally depend on the collapse
of the earth so that mitigation can be permanent, rather
than the surface being vulnerable to subsidence over time.
In farming areas, for instance, planned subsidence can be
followed by filling in depressions and engineering drainage. But this can cause reduced agricultural productivity,
and alter groundwater quality and quantity.
Water Pollution from Mining – There are at least five
ways that coal mining and use pollutes water. It is hard to
quantify these collectively, as they differ by site, the amount
of coal used, by type of coal used, type of coal mine, climate,
and whether the miners and users are conscientious in
mitigating the damage. But they are pervasive throughout
the mining and energy industries.

Photo courtesy Vivian Stockman /www.ohvec.org.

• In 2007, in the state of Saarland in Germany, coal
mines themselves fell victim to subsidence so severe that
the government launched an investigation as to whether
it was even safe to keep them open.

There are over 300 coal cleaning impoundments in Appalachia
alone, holding back polluted water with earthen dams
In 1972, a surge of rain caused a structurally unsound
impoundment near Lorado, WV to break, spilling 132
million gallons of water and 1 million tons of sludge. The
flood took the lives of 125 people, injured 1,000, destroyed
546 homes, and damaged 943 more. The flood crested 30
feet high and was 550 feet wide. In 2000, a dam broke near
Inez, KY, leaking 309 million gallons. It killed almost all
aquatic life for 70 miles downstream and buried part of the
community.(12) In total, there have been over 667 million
gallons of spills in the Appalachian region alone between
1972 and 2009.(13)

• Aquifer and well contamination – Mining coal conventionally entails digging through water tables. This
frequently alters water quality and water flow.
• Spoils and mine run-off – Exposing coal to air and
water, in both surface and underground mines, as well as
in coal storage piles at mining and consumption sites, will
create hazardous run-off, which contains sulfates, calcium,
carbonates, and bicarbonates. Sulfur in the coal will combine
with air and moisture to create sulfuric acid. Acidic run-off
will also cause leaching of toxic metals and chemicals in
the coal, as well as contain sediment that can contaminate
land and water surrounding these sites.(11)

• Coal-pile air pollution and run-off – Large piles of
coal are located near their points of use. Coal dust is frequently stirred by wind, which adversely affects people and
wildlife living nearby. And rain coming in contact with
the coal piles carries water pollutants and acids that can
contaminate the soil, as well as water bodies and aquifers
located in the vicinity.

There are probably thousands of sites around the world
affected by this problem. Acid run-off often manifests itself
as orange or yellow-colored water caused by oxidized iron
that has washed out of the mined soil. In surface streams in
sufficient concentrations, it smells like rotten eggs because
of the sulfur in the water. The acids, toxins, and clouded
water make mine run-off difficult for the streams and water
bodies tainted with it to support aquatic life. Such run-off
can also flow from mine tailing piles or ponds.

• Coal-ash pollution and leaching – After coal is burned,
it leaves behind an ash residue of about 12% by weight.(14)
This ash, typically referred to as Coal Combustion Waste
(CCW), contains a concentrated mixture of toxic metals
and chemicals, and is also extremely alkaline.
In 2007, there were about 131 million tons of CCW produced in the U.S. About 41% of this (51.2 million tons) was
recycled in products such as concrete, road base, landfill
cover, construction fill, roofing materials, and wallboard.
(15) Another 15-19% of this is assumed to be used as mine
fill.(16) The remainder of U.S. coal waste is placed in giant ponds near coal plants because there is no market or
use for it.

Exposing the overburden in strip mining operations can
cause erosion of topsoil, oxidize soil nutrients, and kill soil
bacteria, making it harder to reinvigorate the land when
the overburden is replaced during reclamation.
• Cleaning slurry impoundments – Coal frequently has
to be cleaned, using prodigious amounts of water. The used
water is a mix of coal spoils contaminated with hazardous
chemicals such as arsenic, copper, chromium, lead, mercury,
and selenium. This slurry is stored in giant impoundments, held back by earthen dams. There are 312 of them
in Central Appalachia alone, some hundreds of feet high.
As well as the long-term dangers from leaching into groundwater, there is the acute hazard of these dams breaking to
unleash floodwaters and toxic chemicals upon the region.
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There are about 600 sites around the country that receive
CCW, including onsite impoundments and offsite landfills.
CCW impoundments pose an acute and long-term danger.
The Environmental Protection Agency’s 2006 Toxic Release
Inventory (TRI) calculated that about 60,000 tons of toxic
metals and chemicals were placed in surface impoundments
operated by the nation’s electric utilities. Almost all of this
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In Centerville, VA, a new golf course completed in 2007
was built on 1.5 million tons of fly ash. But, groundwater
under it shows elevated levels of chemicals found in CCW.
In Pines, IN, coal ash was disposed of in landfills and used
for road fill, sometimes 8 feet deep. Then in 2000, tests
revealed CCW chemicals had contaminated the region’s
groundwater.(22)

was from coal plants. This huge amount does not account
for CCW disposed of off site.
Dangerous chemicals in the TRI included arsenic,
barium, copper, lead, mercury, and nickel. Other hazardous chemicals and characteristics common to CCW, but
not listed in the TRI, include ammonia, nitrogen, nitrite,
nitrate, phosphorus, sulfate, potassium, iron, manganese,
aluminum, dissolved oxygen, chloride, total dissolved
solids, and total suspended solids.(17)

While the volume of solid waste in coal-gasification
plants is about half that of a conventional coal plant, the total
amount of toxics in the waste will be as great. However,
the relatively inert character of synfuel waste will make it
less likely to leach toxic chemicals into water supplies.

The spill of 1 billion gallons of CCW from the Tennessee
Valley Authority Kingston coal plant 40 miles west of Knoxville, TN, is the most dramatic example. On December 22,
2008, CCW sludge breached its impoundment and swept
into the Clinch River and surrounding land, contaminating
300 acres, damaging or destroying 15 homes, and causing
a massive fish kill as the fish were swept out of the water
by the spill’s wake.(18)

• Air pollutants become water pollutants – Air emissions
from coal combustion eventually fall to the surface and
find their way into water bodies, sometimes in dangerous
quantities. Nationwide, there are several thousand water
bodies where it is considered dangerous to eat fish caught
in them because of mercury, which is often linked to coal
emissions.(23) Texas is proud to host 18 of these, including the Gulf of Mexico. Coal-related mercury is the likely
cause of much of this contamination.(24)

Long-term, toxic compounds in CCW, both used in mine
fill and dumped into impoundment ponds and landfills,
can leach into ground water, surface water, and domestic
water supplies. There have been documented cases where
CCW has poisoned groundwater up to hundreds of times
the limit for toxins regulated by federal drinking water
standards. A 2007 report by the Environmental Protection
Agency discussed details of 24 proven damage cases and
43 potential cases from CCW disposal sites. Remediation
at some of these sites was extremely time consuming and
expensive.(19)

2. Water Pollution from Synfuels Plants: The discharge
from the synfuel facility itself is considerable. As an example, the proposed Lake Charles Cogeneration plant in
Louisiana will produce noticeable surface discharges when
it begins operation.(25) While the chemical process evaporates or recycles most of the water used by the plant, about
13% is discharged, including over 1,000 tons of minerals
and metals. About two pounds are released for every 44
million BTUs produced (the average annual gas use in an
Austin home). Almost 90% of this is sulfates.

The most dramatic cases of water pollution from CCW
come from older installations that do not have liners that
prevent leachate from seeping into the ground. Most new
or expanded CCW facilities are required to have such
protections. Depending on the technology and installation, liners can reduce toxic migration to extremely low
levels. However, there are still CCW disposal sites that
are unlined. Even lined disposal facilities, once closed,
will restrict future land uses.

3. Air Pollution: Criteria pollutants are chemicals produced in major quantities, which include volatile organic
compounds (VOC), carbon monoxide (CO), nitrogen oxides
(NOx), small particulate matter (PM10, or 10 microns, and
PM2.5, or 2.5 microns), and sulfur oxides (SOx). Criteria
emissions from coal-to-gas facilities are often, but not
always, lower than new conventional coal electric plants.
However, they are higher than new natural gas electric
plants. As can be seen from the chart below, sulfur emissions
are definitely higher in coal plants than gas plants because
coal contains so much of the element, and because more
energy is used per kwh due to gas manufacturing losses.
However, nitrogen emissions from coal gasification, both
raw gas and SNG, can sometimes be lower.(26)

Using CCW as fill dirt in reclamation is also problematic. A study of 15 mines in Pennsylvania that used coal
ash as mine fill showed that 10 of these caused significant
pollution to local water quality, and another three were
suspected of it. One of these was so egregious that the
arsenic contamination was 389 times federal drinking
water standards.(20)

Comparing various coal plants, SNG emissions are
higher than raw gas (IGCC) because more energy is used

And recycling CCW is not always environmentally beneficial. It depends largely on if the use embeds the toxins
in a way that they cannot spread into the environment.
Concrete, wallboard, and asphalt mineral filler can sequester
harmful chemicals. But CCW used as construction fill can
leach toxins into water supplies similar to CCW in mine
fills and landfills. About 42% of recycled CCW is employed
in uses where toxic constituents are easily exposed to the
environment, including construction fill, road base, soil or
agricultural amendments, ice control, sand blasting, mining
applications, landfill cover, and aggregate.(21)
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SULFUR AND NITROGEN
EMISSIONS FROM POWER PLANTS (lb per Megawatt Hour)

Current Electric Mix
Pulverized Coal
Natural Gas Combined Cycle
IGCC (Coal to Raw Gas)
SNG (Coal to Natural Gas)
SNG w/Carbon Sequestration
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SOx
min
6.04
0.24
0.04
0.27
0.35
0.45

max
1.54
0.20
1.57
2.15
2.80

NOx
min
2.96
1.42
0.30
0.47
0.88
1.03

max
2.46
2.57
0.70
1.85
2.18

from the waste stream of conventional coal plants, IGCC
reduces solid waste by about 14%.(31) However, IGCC
waste is vitrified slag, so it is less prone to leaching toxic
elements. It is thus more capable of being recycled as road
base and structural fill without leaching pollutants.

Carbon Equivalent Per Mwh – Pounds

Greenhouse Gas
Gas Emissions
for Coalfrom
PowerCoal
PlantsPlants
Greenhouse
Emissions
3,000
2,500

SNG (methane) can be sent by pipeline to natural gas
power plants. Due to the increased energy used to produce it, SNG has 18% more solid waste per Megawatt hour
than conventional coal plants, even though overall solidmaterials (wastes and by-products) are lower.

2,000
1,500
1,000

500
Carbon Equivalent Per Mwh/Pounds

Coal-To-Liquids

0
SNG
SNG w/

IGCC w/
Natural Gas

Sequestration
Pulverized Coal
IGCC (Raw Gas)
Combined Cycle

Sequestration

in production, as well as pipeline transportation losses.
Comparing manufactured gas to conventional coal, sulfur
emissions can sometimes be the same or higher, but nitrogen
emissions are lower in all cases.
4. Carbon Emissions: Comparing these same power plant
configurations, SNG emits about 30% more carbon than a
new conventional coal plant, and more than three times
that of a new gas plant. But if raw gas or SNG carbon is
sequestered, it emits 72% less than a pulverized coal plant
and 43% less than a gas plant.(27)

1. Mining and Extraction: The environmental problems
are exactly the same for mining coal for liquid fuel as gaseous
fuel. However, more coal is mined since the CTL conversion process is less efficient than gas production.

5. Energy Consumption: The amount of energy used to
gasify coal is related to the quality of the product. The raw
syngas process is 82% efficient in converting the energy of
coal.(28) But SNG is only 52-60% efficient in converting
coal, as the process energy to convert hydrogen to methane
is much higher. (The lower figure is with carbon capture
and sequestration.)(29)

2. Water Pollution: No state of the art coal-based synfuels
plant has been built in the U.S. The best approximation of
water pollution from such a plant has been estimated for
the Ohio Clean River Fuels plant, a vanguard 53,000 barrel
per day plant that will gasify coal and biomass to make CTL
and chemicals. This plant will discharge 9.7 million gallons
per day of wastewater into the Ohio River. Compared to
older plants of its kind, it will be relatively clean. But it
still will discharge about 21,540 pounds of toxic elements
and metals into the Ohio River each year.(1) There were
only five chemical plants in Ohio that discharged more
than this in 2007.(2)

These efficiency losses are not the same as "energy security" EROEI, as the amount of energy needed to mine and
transport coal compared to the energy produced is what
is measured. Raw syngas has an EROEI of 40; SNG has
an EROEI of 25-30.(30)
6. Water Consumption: The Louisiana plant cited above
will use 12 million gallons a day, most of which will not
be returned to the river. On an energy-equivalent (BTU)
basis, the plant will use about 60% more water than a coalto-liquids plant (see below).

3. Air Pollution: Lifecycle criteria air pollutants are
markedly higher, in part due to the increase in energy use,
and in large part because of the use of a dirtier fuel. The
Lifecycle Emissions Comparison of Coal-Derived Diesel and Conventional Diesel

7. Waste: Solids left after gasification are reduced by
about half compared to conventional CCW in IGCC power
plants, where syngas is burned where it is produced. When
saleable waste by-products (such as sulfur) are removed
Solid Waste From Coal-Based Powerplants
(Pounds/Megawatt Hour)
Pulverized Coal
IGCC

By-Products
Solid Waste
Total

195
172
367

35
148
183
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Total
VOC:

SNG

87%

CO

93%CO

96%

NOx

60%NOx

73%

PM10

2184%PM10

74%

PM2.5

1207%PM2.5

73%

69%SOx

8%

SOx

48
202
250

Urban
123%VOC

VOC=Volatile Organic Compounds CO=Carbon Monoxide NOx=Nitrous Oxides
PM=Particulate Matter SOx=Sulfur Dioxide
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incredible increase in particulates occurs both during mining and the manufacturing process. However, criteria air
pollutants are considerably reduced in urban areas (where
it affects the most people), since the fuel itself is cleaner
than conventional diesel. Most of the pollution takes place
at the synfuels plant itself.(3)

• Produced Water – All types of oil and gas extraction
remove water as well as gas and oil from underground
formations. This by-product, called produced water, is
tainted with oil, toxins associated with oil, and sometimes
toxins associated with oil extraction. In conventional production, these toxins include salts, ammonia, 21 different
metals (including arsenic, boron, lead, mercury, nickel, and
thallium), and a number of organic compounds known to
be hazardous or carcinogenic, including benzene, toluene,
xylenes, and polycyclic aromatic hydrocarbons such as
phenols.

4. Carbon Emissions: Due to both the increased carbon in
coal and the increased energy used to make CTL compared
to conventional petroleum, there is a marked increase in CO2
emissions compared to conventional oil. Without carbon
sequestration, CTL diesel emits 119-220% more carbon per
gallon of fuel.(4) With carbon sequestration, it emits 12%
less to 4% more carbon per gallon.(5)

There are typically 3 barrels of produced water for every
barrel of oil, though this can be as high as 10 barrels. There
is much less produced water in dedicated natural gas production, but 25% of U.S.-produced natural gas is currently
associated gas.(1) And while the volume from dedicated
natural gas is less, quantities of toxins in produced water
associated with it are greater.

5. Energy Consumption: The process used to gasify coal
and then convert it to liquid fuel is only about 53% efficient,
both with and without carbon sequestration.(6) But again,
these losses are not the same as EROEI, as the amount of
energy needed to mine and transport coal compared to the
energy produced is what is measured. CTL has an energy
security EROEI of about 26.(7)

Worldwide, quantities of produced water were estimated
at 77 billion barrels in 1999.(2) (The world produced about
26 billion barrels of oil that year.(3)) Quantities produced by
extraction operations in the U.S. (onshore) were estimated
at 14 billion barrels in 2002 for an annual production of
about 2 billion barrels of oil.(4) The volume of produced
water per barrel in the U.S. is over twice the world average
because more water is produced toward the end of a well’s
life, and the U.S. oil industry is past its peak.

6. Water Consumption: Water consumption for the
plant is estimated to be 5-7 barrels for every barrel of oil
produced, depending on factors such as the location, type
of plant, and type of coal.(8) A 50,000 barrel a day plant
would use over 4 billion gallons per year, an enormous
amount in the Mountain West, where scarce water is jealously coveted by growing populations, agriculture, and
industry. Nothing prevents coal from being transported
to more water-rich regions for fuel manufacture, but this is
a considerable expense. In addition, about 5 to 75 gallons
of water are used per barrel for coal mining.(9)

Produced water represents about 98% of U.S. oil and
gas waste by volume. Its hazards range depending on the
toxins in a given well, the method of disposal or recycling,
and its possible exposure to the environment.

7. Waste: Since the gasification process is the same for both
SNG and CTL, the slag is reduced by about half compared to
conventional coal combustion waste, and it is vitrified, so it
is less prone to leaching toxic elements. For every barrel of
CTL, about 205 pounds of solids are produced, with about 39
pounds of by-products such as sulfur, and 167 pounds of slag.
As stated perviously, the vitrified slag can be recycled.(10)

Typically it is disposed of through Underground Injection Wells, which adds to the cost of drilling. Some of
these wells have leaked into neighboring water supplies.
Another method for disposal diverts the water to open pits
that store other drilling wastes, which leave birds and land
animals exposed to toxins with frequent casualties. Some of
these pits are vulnerable to breaches in heavy rains, which
allow the toxins to flow into nearby water bodies. These
pits can also leach toxins into groundwater, particularly
older, unlined ones.

Gas To Liquids
1. Mining and Extraction: Natural Gas has a reputation
as clean-burning energy compared to coal and other solid
fuels. Obtaining it is not as virtuous. Environmental effects
are often pronounced. Many problems discussed here are
specific to North American geology. For the most part,
stranded gas conversion to GTL will come from countries
where gas is cheaper to produce. But these problems are generic enough that they can occur anywhere in the world.

In offshore drilling, some wells are allowed to dump
produced water directly into the oceans. In Louisiana,
for instance, the state permits direct discharges under the
assumption that the sea will dilute various pollutants to
safe levels. Unfortunately, these salty, toxin-laden waters
sink to the bottom, collect in sea-floor sediments, and get
into the food chain.(5) Effects of toxins have been observed
as far as 1 kilometer away from a well platform.(6) The
chemicals cause increased mortality and morbidity in sea
animals, and also bioaccumulate in seafood consumed by
people. With daily consumption of shellfish harvested
near these oil platforms, a person can consume 11 times
the annual hazardous dose of radium that is considered
safe by the Environmental Protection Agency.(7)

There are several types of natural gas: associated gas
(collected with oil), unassociated gas (dedicated production); coal-bed methane (produced from gas emitted from
underground coal formations); shale gas (produced by
fracturing deep shale deposits); and tight sand gas (produced by fracturing low-permeable rock). Each type of
extraction has several environmental problems.
Synfuels – Environment/Gas to Liquids
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black/gray sediments, iron precipitates, soaps, black jellylike grease, floating particles, diesel fuel or petroleum odors,
increased methane in water, rashes from showering, gassy
taste, and a decrease or complete loss of water flow.

Process Water – In addition to natural produced water
associated with conventional petroleum and gas extraction,
water is also added in various unconventional extraction
processes and contaminated in the process. In older wells,
surface water is injected into a well (“water flooding”).
Since oil is lighter than water, this increases yields.

A study of the Pinedale gas field in Wyoming measured
220 water wells in the area, and found that 23% of the
samples taken had unacceptable amounts of petroleum
hydrocarbons.(13)

In other unconventional drilling techniques such as
coal-bed methane, tight sands, and shale gas, pressurized
water is used to crack gas- containing geologic formations
beneath the surface to allow their free flow through wells, a
process called hydrofracturing or “fracking.” This fracking
water contains hazardous chemicals that modify the water
so it is more effective at petroleum extraction.

There are limited studies available at the state or national level on the severity of long-term potential dangers
of fracking to the general public.
Depending on the site and level of toxicity, produced and
process water can be disposed of several different ways.
The most common is underground injection. It is either
sent back underground at the well site to bring up more
oil, or sent away to “Class II” underground injection wells
specifically permitted for this purpose. There are almost
144,000 Class II wells in the U.S.; 35% of them are in Texas.
(14) While these are generally safe, they are not infallible
in preventing environmental harm.

These chemicals include friction reducers, biocides,
surfactants and scale inhibitors. Some of these chemicals
are extremely hazardous. They include diesel oil, benzene,
naphthalene, methylnapthalenes, fluorenes, phenanthrenes,
polyaromatic hydrocarbons, ethylene glycol, and methanol, and can occur in injected water at levels 4 to almost
13,000 times the levels associated with harm to humans.
(8) There are other fracking chemicals that are completely
unknown because there is no legal requirement to disclose
them. These and other chemicals can cause respiratory,
neurological, cardiovascular, immunological, and other
health problems, including cancer.

Produced water can also be stored in pits or metal tanks,
where it is treated to reduce or eliminate oil and toxic byproducts. In particularly arid regions of the U.S., including one region in Texas, it can be used to supply water for
wetlands, recreational uses, and agriculture.

Unlike any other industry, oil and gas drilling is exempt
from laws that prohibit the injection of chemicals in or near
drinking water sources.

In addition to water pollution dangers from produced
and process waters, there can be contamination of groundwater from hydrocarbons leaking from breaches in the wells
themselves. Damaged casements surrounding the well
or blowouts can allow oil and gas to infiltrate drinkingwater aquifers. The state of Texas logged 373 oil-and-gas
incidents of contamination from 1989 to 2006; 48 of these
are related to groundwater contamination from wells, and
seven were related to Class II injection wells.(15) (The
rest were from related infrastructure such as tank farms
and pipelines.)

Fracking fluids also contain acids and solvents that can
cause leaching of organic chemicals, metals, and radioactive
elements occurring underground, particularly in the case
of coal bed methane production. At least one company
manufacturing these fluids, Schlumberger, advises that
certain of its unused, undiluted products be disposed of
as hazardous waste.(9)
It is estimated that about 20-30% of these chemicals
are not reclaimed in the fracking process, and stay underground.(10) A study of coal-bed methane fracking in six
states concluded that 50% of the time the fluids migrate
into adjacent water formations.(11)

• Methane Leaks – Natural gas from fracking can also
appear in drinking water and cause danger to structures
near the fields. While water with methane is drinkable, its
build-up in structures can be a severe fire and explosion
hazard.(16)

The sheer volume of fracking water is enormous. In a
coal bed methane well, it can be hundreds of thousands of
gallons in one operation. In a shale gas operation, it can be
millions of gallons. These wells may be fracked numerous
times in their productive life. And the wells usually do not
operate in isolation. There may be hundreds or thousands
of wells in any given field, so stranded fracking fluids can
build up to a considerable degree.

– In Dimrock, PA, methane that probably originated
from nearby shale gas operations seeped into well water and built up in a well house. The resulting explosion heaved a concrete slab weighing several thousand
pounds. This happened to several other wells in the
area. The danger was so severe that at least one resident
was advised to open a window when he took a bath.

There have been numerous instances of water contamination or water flow decrease from fracking, though these
instances are largely anecdotal. They have been reported in
Colorado, New Mexico, Virginia, West Virginia, Alabama
and Wyoming.(12) Effects include murky/cloudy water,
Synfuels – Environment/Gas to Liquids

– Near New Cleveland, OH, a house located near a
shale gas fracking operation met the same fate, blasting
doors 20 feet from the building; 19 other homes nearby
were evacuated.
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– In Garfield County, CO, a study found dozens of water
wells with methane in the vicinity of drilling operations.

were removed. The problem festered for another 20 years,
by which time an area 35 square kilometers had sunk to a
depth of almost 30 feet. Sunken docks were inundated by
the ocean, rail lines and pipelines were warped, buildings
and roads developed cracks. Mitigation by water injection
was begun in 1960, though it took seven years for the area
to become stabilized.(19)

Note that while fracking is less frequent in conventional
and associated gas production, it still occurs. One estimate
states that 90% of wells experience fracking during their
operating life.

Fossil-fuel related subsidence has also occurred along
the Gulf Coast. One prominent example is Goose Creek,
Texas, about 20 miles southeast of Houston. A major oil
field was created there in 1916. Within a few days of the
start of operations, some land areas dropped 16 inches from
a resulting fault. In 1918, the subsidence moved the fault
another 16 inches, creating a minor earthquake in the town
of Pelley (now Baytown), the only one ever recorded in the
Houston area to date. Much of the drilling took place in
wetlands, which subsided by 3 feet in the 10 years after
commissioning. The oil pumps were eventually inundated
by the nearby bay, though they continued to operate.(20)

Drilling wastes – There are also about 149 million barrels a year of drilling wastes, including drilling muds,
lubricating fluids, cuttings, produced sands, completion
fluids, debris, filter media, and tank-bottom sludges.(17)
There have been at least 2,600 chemicals approved for oil
drilling, and many are both dangerous in their own right
and in combination with each other or with the oil and
produced water.
These wastes are generally retained in oil pits, a hole
often as large as an Olympic swimming pool. Often there
is one pit per well, into which various drilling wastes and
fluids are deposited, as well as produced water and oil that
cannot be properly separated from this produced water.
These pits can be so toxic that some would qualify as Superfund sites for hazardous material remediation if they
came from another source. However, oil drilling wastes
are specifically exempted through loopholes given to the
oil industry.

• Air Pollution from Drilling – Produced water, including fracking fluids, is often treated and stored in pits and
ditches prior to disposal. Some of the hydrocarbons can
volatilize and become air pollutants.
2. Water Pollution: There are no GTL plants operating
in the U.S. The pollution from a commercial plant would
be no more polluting than the Ohio CTL plant discussed
above. There is probably no direct contact between the
discharged water and the fuel. The contaminants will
instead come from external machinery, blowdown water
from cooling towers, etc. Still, as in the case of the Ohio
plant, effluent would be noticeable.

Older pits do not have liners underneath them and can
leak toxic wastes into area groundwater. Even pits under
new regulations requiring liners frequently leak due to
liner tears. In New Mexico alone, the New Mexico Environmental Bureau recorded more than 6,700 cases of pit
contamination to soil and water contamination between
the mid-1980s and 2003.(18)

3. Air Pollution: Air pollution from the GTL process is
markedly higher, even using relatively cleaner natural gas
instead of coal, in part due to the increase in energy use.
The only air quality benefit is that criteria air pollutants
are considerably reduced in urban areas (where it affects
the most people), since most of the pollution takes place
at the synfuels plant itself.(21)

Many pits in the U.S. are also easily accessible to birds
and other animals. Given the arid climates where many
wells are drilled, and the appearance of many of these pits,
wildlife can easily mistake them for water holes and ponds.
Some pits are acutely toxic. Oil can also coat the feathers
of birds, rendering the insulation quality of the feathers
useless, causing them to freeze. It has been estimated that
hundreds of thousands, and perhaps millions, of animals
die each year due to exposure to these pits.

Lifecycle Emissions Comparison of NG-Derived Diesel and Conventional Diesel
Total

In many states, pits are required to have exclusion
devices, including nets, to keep birds and animals away.
But many do not have them, or the barriers have fallen
into disrepair.
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At the end of a well’s life, pit remediation is required,
which adds to the cost of produciton.

4. Carbon Emissions: Due to both the increased energy requirements, there is a marked increase in CO2
emissions. Without carbon sequestration, GTL emits
9-30% more carbon per gallon of fuel. With carbon sequestration, it will emit 3% less carbon per gallon.(22)

• Subsidence – Removing subsurface support through
extraction of oil, gas, and water can cause land subsidence.
One of the more egregious examples of this is the Wilmington oil field in Long Beach, CA. One of the largest oil fields
in the U.S., it was discovered in 1932. Just six years later,
major subsidence had occurred as fossil fuels and water
Synfuels – Environment/Gas to Liquids
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VOC

5. Energy Consumption: GTL is generally only 52-60%
30

efficient in converting natural gas to fuel. So from a thermodynamic point of view, it only has an EROEI of 2.5 at
best. From an energy security standpoint, however, it
has an EROEI of about 12. If you count the natural gas
consumed in the drilling process as “free” from an energy
security standpoint, it has an EROEI of 43.(23)

Lifecycle Emissions Comparison of FG-Derived Diesel and Conventional
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6. Water Consumption: While water consumption can
be as high as 5-7 barrels per barrel of oil, its use is entirely
dependent on the technology. The Pearl GTL plant now
under construction in the desert country of Qatar will use
no freshwater from the country’s scarce supplies. It will
create its own supply through the same chemical process
used to make fuel, treat it to high industrial standards, and
use it for the manufacturing process.
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4. Carbon Emissions: Similar to air emissions, flared gas
lost in the petroleum extraction process would be emitted
anyway. So flared GTL is almost carbon neutral.
5. Energy Consumption: GTL is generally only 52-60%
efficient in converting natural gas to fuel. So from a thermodynamic point of view, it only has an EROEI of 2.5 at
best. But from an energy security standpoint, it has an
EROEI of about 12. If you count the natural gas used in
extraction as “free” from an energy security standpoint, it
has an EROEI of 43.(1)

7. Waste: There appears to be little or no solid or hazardous waste from these facilities that is not associated with
other similar large industrial operations.

Flared Gas-to-Liquids

6. Water Consumption: This would be identical to
water use at a facility using conventional natural gas as
feedstock.
7. Waste: This would also be identical to water use at a
facility using conventional natural gas as feedstock.

Biomass to Liquids and Other Biomass Fuels
1. Mining and Extraction: Some environmentalists have
compared the commercial forestry and agriculture industries to mining soil. Neither practice is natural.
Use of tree biocrop plantations and wood waste from
timber operations has several environmental repercussions.
If too much biomass is removed, there may not be enough
nutrients to sustain the harvested area, though this can be
supplemented by artificial fertilizer. Plantations themselves
are often a monocrop that displaces the species diversity
and ecosystems of natural forests.

Associated gas from oil production that is flared at the well
can be used to make synfuel. The volume of flared gas in the
world equals about a quarter of U.S. consumption.
1. Mining: While there are environmental effects associated with gas drilling, there is no extra drilling with flared
gas. It is simply use of a waste product.

Use of food-crop biofuels is a much more destructive
process. Ethanol from corn, the mainstay of the U.S. biofuels
industry, requires about 2 acres of corn per year to run the
average vehicle. The same amount of corn, on a calorie
basis, is enough food to feed 26 people.(1) (This does not
account for about 1/3 of the corn by weight that is distillers
grain left over from the ethanol process. This can be used
as animal feed. However, it takes several pounds of feed
grain to yield 1 pound of animal product, so there is still
a tremendous loss in food value.)

2. Water Pollution: Water pollution from a GTL plant
using flared gas is not expected to be different than a plant
using conventional gas.
3. Air Pollution: Criteria emissions are reduced compared to conventional GTL because this fuel uses the waste
gas that would have created pollution anyway when it
was flared. Some criteria pollutants are still higher than
conventional fuel because GTL takes more energy to produce. However, all urban pollutants are lower because it
is a cleaner burning fuel.

Synfuels – Environment/Biomass

Due to poor land-use practices, corn farming also creates
prodigious amounts of soil erosion. One estimate states
that U.S. farmland loses 20 pounds of topsoil for every
gallon of ethanol produced.(2) While this could be largely
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Food vs. Fuel
(That’s My Hamburger You’re Driving!)

that biofuels are a disruptive product overlayed on top of
another disruptive product, grain-fed animal protein.

The wrecking ball that was 2008 wrought havoc on
the world economy, including food prices. The surge in
corn ethanol production coincided with skyrocketing food
prices in the U.S. and worldwide. Biofuel critics ranging
from environmental groups like Friends of the Earth to
staunch anti-environmentalists like Texas Governor Rick
Perry jumped on the price increases as proof that use of
food for fuel was the cause. Biofuel supporters went on
the defensive. Long-time renewable energy advocate
Russel Smith remarked to me at a recent biofuels industry
conference “We’ve gone from being heroes to zeros in
the span of a year,” as ethanol boosters speaking at the
conference vehemently tried to rationalize their case.

It is not common in nature for animals to eat grain.
Grain is fed to fatten animals quickly, and because many
people prefer the taste. It takes several pounds of grain
to produce 1 pound of animal food. So a lot of food that
could be feeding people is diverted to feed animals.
About 36% of the world’s total grain crop is used for
animal feed.(6)
Over a period of decades, America (the world’s largest
grain exporter) has “sold” the animal-based high protein
diet to its own population and the world. In 1961 (not
exactly the Stone Age) the U.S. consumed about 16 million metric tons of meat overall and 188 pounds of meat
per capita. By 2007, it was consuming over 41 millions
tons of meat overall (a 161% increase) and 303 pounds
per capita (a 61% increase).(7)

If you look at the issue in context of the last few years,
both sides have good arguments. If you look at it in the
context of the last few decades, both sides are largely
ignoring the root cause of the conflict.

In 1961, the world consumed 390 million tons of meat
overall and 44 pounds of meat per capita. By 2007, it was
consuming about 886 million tons of meat overall (a 127%
increase) and 87 pounds per capita (a 97% increase).(8)

Biofuel supporters correctly point out that man does
not live by corn alone. Supporters show food prices in
the U.S. are only partially affected by rising corn and
oilseed prices, since many other foods, as well as product packaging and marketing, are in the final grocery
bill. So while corn costs went up 72% from 2006 to 2008,
total grocery bills only went up 12%.(1) A study by the
ethanol industry estimated that slightly increased food
costs of $15 per U.S. household between March 2007 and
March 2008 was compensated many times over by lower
transportation fuel costs of $116 to $526.(2)

While the world’s total production of grain per capita
has basically kept track with population, about 14% of
the world’s population is malnourished to begin with,
in part because they do not have the money to compete
with grain fed to livestock.(9) Since 2004, biofuel mandates in the U.S. and Europe began diverting much larger
volumes of grain and oilseeds from the world market.
This diversion has caused these crops to compete with
their two former uses, direct consumption for food, and
animal feed. In 2008, ethanol consumed only about 3% of
the total world grain crop (adjusted for ethanol residues
that can be fed to livestock).(10) But in an already tight
market, this small percentage came too fast to compensate
with increased production.

Supporters also state that other factors have increased
corn prices besides increased demand for biofuels. These
factors include rising energy costs to grow corn (which
have raised the production price of corn about 28% between 2004 and 2008), inflation, and predatory speculators
using grain investments as a hedge against inflation.(3)

In America today, we take both grain-fed animal food
and personal transportation as the norm. In poor countries, they are both luxuries. If biofuels were the norm
starting 50 years ago, and the increase in grain-fed meat
was the new disruptive product, many would blame
hamburgers for raising transportation costs instead of
biofuels for raising food costs. But the massive use of
biofuels got here second.

Biofuel critics correctly point out that while America’s
food bills do not directly track grain prices, poorer countries where it is common to purchase unprocessed grain,
are much more severely affected. In 2007, food riots broke
out in Guinea, Mauritania, Mexico, Morocco, Senegal,
Uzbekistan and Yemen.(4) In Chongqing, China, three
people were trampled to death and 31 were injured in a
crowd surge when a food store advertised a cooking-oil
special.(5)
Critics also correctly state that food diversion is cutting
into the incremental supply increases that would normally
be keeping up with the world’s growing population. They
worry that the increased biofuel demand has been too
much too fast. In a tight grain and oilseed market, even
small supply shifts can have a pronounced price effect.
What both critics and supporters have largely ignored is
Synfuels – Environment/Biomass
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inputs, but much less than corn for every gallon: 4 grams of
fertilizers and 1.4 grams of pesticides and herbicides.(5)

National Renewable Energy Laboratory

About 1/3 of the cropland in the U.S. was used to grow
corn in 2007 – 44% of total nitrogen fertilizer and 43% of
total fertilizers used in the United States in 2007 were used
for this crop.(6) Run-off from these fertilizers leads to high
nitrogen levels in potable water (which can be toxic), as well
as algae blooms in water bodies. A “dead zone” devoid of
all sea life because of algae, has become a permanent hazard
in the Gulf of Mexico near the mouth of the Mississippi
River. In 2008, it was as large as the state of New Jersey.
(7) This is specifically caused by nitrogen, with about half
of this coming from fertilizer run-off in corn-belt states.(8)
Soybeans account for only 5% of U.S. fertilizer use and
about 1% of nitrogen fertilizer use.
2. Water Pollution: Under normal operations, water
pollution from ethanol and biodiesel manufacturing plants
is negligible, as the plants do not discharge food residues
into water bodies. But corn grown on conventional farms
has pronounced environmental effects.
3. Air Pollution: With current technologies that convert biomass to liquid fuel, more energy is used than in
conventional oil production. Most of this energy is solid
fuel. These techniques are also related to chemical manufacturing. All of this means that lifecycle air pollutants are
higher than conventional fuel, biodiesel being the exception. But particulates are considerably reduced compared
to coal-to-liquid fuel. And as with other synthetic fuels,

Most biomass fuel requires large amounts of land. Corn
ethanol in particular has notoriously low yields. It takes 1.5
acres of corn per year to run one U.S. vehicle. It took 32% of
the 2008 U.S. corn crop to provide 3% of its liquid fuel.

Lifecycle Emissions Comparison of Biomass-Derived (BTL) Diesel and
Conventional Diesel
Total
Urban

avoided though soil conservation techniques such as notill agriculture, soil loss is still the norm. In fact, biofuels
have exacerbated soil erosion by encouraging planting on
marginal farmland more subject to erosion, such as land
on steep slopes.
If cellulosic ethanol is commercialized, environmental
effects will be greatly reduced. Little fertilizer or pesticide
would be needed in biomass crops (such as switchgrass).
No-till agriculture could be used, and crop waste (such as
corn stover) can also be used as a feedstock. However, if
too much crop waste that was formerly used to increase
fertility is removed from cropland, it could reduce soil
productivity and increase erosion.
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Creating biofuels from municipal solid waste (MSW) has
a different dilemma. Plasma gasification, a likely technology for this purpose, uses ionized gas to create extremely
high temperatures of 9,000˚ F to break down MSW. But
it wastes the embodied energy of the feedstock, most of
which could be recaptured if the MSW was recycled. For
example, paper in MSW takes a great deal of energy to
manufacture. (Paper manufacturing consumes 2.4% of all
the energy in the U.S.)(3) Reducing paper to gas instead
of recycling it wastes this embodied energy.
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Lifecycle Emissions Comparison of Biodiesel and Conventional Diesel
Total
VOC

Every gallon of corn ethanol uses 851 grams (almost 2
pounds) of fertilizers and 9 grams of pesticides and herbicides.(4) Biodiesel also uses measurable quantities of farm
Synfuels – Environment/Biomass
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urban emissions are reduced because synfuels themselves
are cleaner.

Another thing that can mitigate land-use changes is better
agricultural practices. Using no-till agriculture and cover
crops can reduce the carbon payback for biofuels from over
100 years to three years for converted grasslands and 14
years for converted forests.(13)

While the GREET model shows biodiesel NOX emission
reduced compared to conventional diesel, There is not
usinversal agreemnt. Air quality regulations in East Texas
require biodiesel blends higher than B5 and as high as B20
to use fuel additives to comply with new NOX standards.(9)

5. Energy Consumption: BTL gasification has an energy security EROEI of about 7.(14) Forest coppicing for
syngas has an EROEI of 16.(15) Plasma gasification suppliers have claimed an EROEI on the conversion process
of 20-50.(16)

4, Carbon Emissions: Theoretically, biomass is carbon
neutral. CO2 that is released during conversion is recycled
and sequestered by new plant growth. There may be carbon losses due to cultivation, harvesting, and processing,
though many biomass sources are from farm or agricultural
waste, which greatly reduces these losses.

Food crops are markedly lower. Corn ethanol is generally considered to have an EROEI less than 2, though some
biofuel critics (Pimentel & Tadzek) believe it is less than
1.(17) Sugarcane ethanol from Brazil has a substantially
higher EROEI of 8 because it is grown in a region with more
sunlight, has a longer growing season, and contains more
sugar. However, only a small percentage of U.S. ethanol
use comes from this source.

Some synfuel proponents advocate blending biomass
with fossil fuel to lower carbon emissions of the overall
fuel below those of conventional oil. A further possibility
is sequestering the carbon from biomass geologically. In
theory, this would lower net carbon emissions by as much
as 358% below conventional oil.(10)

In the future, “second generation” biofuels such as cellulosic ethanol derived from advanced enzyme production
may boost EROEI from 4.4 to as much as 10.(18) But the
technology is not commercialized, and this estimate is
speculative.

Conventional ethanol from food crops emits about 20%
less carbon than conventional oil, and biodiesel emits about
67% less emissions than conventional diesel. If the promise of cellulosic ethanol meets expectations, it may reduce
emissions by over 90%. But this is still theorectical.(11)

6. Water Consumption: Ethanol plants consumed 4.2
barrels of water per barrel of fuel in 2005. (19) BTL gasification plants are predicted to consume less than 2 barrels
of water per barrel of product.(20)

Complicating biofuel carbon reduction calculations are
the land-use changes from biocrops. In tropical countries,
conversion of rainforests to crop land has become an
unintended side effect of the world’s ravenous demand
for more biofuels. Stored carbon in these forests is being
released back into the atmosphere through slash-and-burn
agriculture. In temperate countries such as the U.S., marginal crop land formerly used as conservation easements
is being recommissioned, exacerbating soil erosion.

About 15% of the U.S. corn crop is grown on irrigated
land.(21) It takes 780 gallons of water on this land to grow
enough corn for 1 gallon of ethanol.(22) Irrigated corn used
for fuel is problematic, and could be temporarily solving
an energy shortfall while exacerbating water problems in
certain regions.

Direct land-use changes sometimes pale in comparison
to indirect changes. For example, U.S. corn that is diverted
to ethanol production will be taken off the world market,
causing new farmland to be commissioned in foreign countries. This new land might have formerly been occupied
by forests or grasslands, with considerable carbon stored
over centuries.

7. Waste: There is little or no waste from biofuels in an
environmental sense since biomass is generally non-toxic
and biodegradable. Char from BTL might be recycled
similarly to char from synfuels distilled from coal, or used
as a soil amendment. About 1/3 of the corn feedstock by
weight from ethanol can be used as animal feed, and about
82% of soybean biodiesel feedstock can be used as food for
humans and animals. Another 3% is food-grade glycerin
produced by the biodiesel production process.

The Environmental Protection Agency’s draft analysis
of carbon emissions from biofuels takes land-use changes
into account when determining carbon reductions from
various biofuels, both in a short-term (30-year) scenario, and
a long-term (100-year) scenario where net carbon output is
reduced every year because of biomass carbon storage or
“payback.”(12) (See next page.) The analysis shows that
even with land-use changes, conventional and cellulosic
biofuels reduce CO2 by as much as 128%. Food-based
ethanol, while having the least savings, can be improved by
using low-carbon fuels (such as gas) to power the process,
and efficient techniques (such as cogeneration).
Synfuels – Environment/Underground Coal

Underground Coal Gasification
The environmental effects of UCG are much reduced
compared to other synfuels. If the process became popular
enough, it might be an excuse to continue coal use.
1. Mining and Extraction: UCG eliminates most of the
physical danger associated with coal mining, such as mine
and wall cave-ins, and accidents with explosives.
34
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The only intrusion to the land would be the infrastructure (roads, pipelines, buildings) located on the surface.
While this has the potential to fragment land for wildlife
(similar to in situ mining for tar sands), intrusion is several
orders of magnitude less than strip mining or mountain
top removal.

to store some of the carbon dioxide from the process in the
reactor cavern that the coal gas was created in.
5. Energy Consumption: EROEI is extremely high.
Though it is site specific to every mine, two UCG experts
gave estimates of 20 and 35.(2)

Subsidence can occur, just as with shaft mining. This can
be reduced by various mining techniques. Some proponents
claim it can be eliminated altogether by deep drilling. (The
deeper the UCG mine, the less danger of subsidence.) One
UCG company (Texyn, located in Houston) intends to drill
a mile underground.

6. Water Consumption: There is essentially no water used
in the underground reactor cavity, though water would
be needed when the gas was used in industrial or power
production, or CTL manufacture.
7. Waste: Slag is almost all left in the reactor cavern beneath the earth’s surface. There are no ash ponds, and no
acidic run-off water from coal piles or tailings.

2. Water Pollution: UCG has the potential to contaminate
aquifers if not handled properly, as was witnessed in two
earlier experiments in the U.S. By drilling below water
tables, these effects are believed to be eliminated.

Tar Sands

3. Air Pollution: The gas from UCG can be cleaned of
impurities such as sulfur and heavy metals similar to pollution reductions in a coal gasification plant. While emissions
are still higher than a natural gas plant, they are greatly
reduced compared to conventional coal.

Tar sands synfuels have historically wreaked havoc on
the environment. To date their production has the worst
record of any petroleum product. One of its nicknames
is “dirty oil.” This is, in part, because it has the largest
manufactured volume of any synfuel, but also because it
is extremely clumsy and polluting to extract it, particularly
from strip mines.

4. Carbon Emissions: CO2 can be reduced to 65% of a
conventional coal plant with carbon sequestration.(1) This
is lower than sequestration potential from a surface gasifier
(85-90%). But UCG has the additional benefit of being able

Syncrude Tar Sands Strip Mine in Alberta – the Largest Mine in the World
Synfuels – Environment/Underground Coal
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1. Mining and Extraction: Though there are isolated deposits from tar sands around the world (including Texas),

Tar Sands and Texas
The world’s tar sands industry may be in Canada,
but the Texas petrochemical industry can’t keep their
hands off the stuff. The American oil industry is
planning on spending tens of billions of dollars to
build pipelines that will export even larger quantities
of tar-sands synthetic oil and bitumen from Canada.
It is planning on spending tens of billions more expanding or retrofitting existing refineries where this
bitumen will be upgraded into synthetic crude oil
and further processed into fuel and chemicals. And
Texas is getting its share.
John Dolley

The U.S. uses about 19-20 million barrels per day
(mbd) of oil, with about 2/3 of this being transportation fuel. Export pipeline projects to the U.S. for
synthetic crude and bitumen under construction or
planned for the future will have a capacity of 3.2
million barrrels per day.(1) (Bitumen is converted to oil at
efficiencies of about 90%.) They will come on line between
2009-2020. Not all of the costs for these pipelines have
been made public, but those that have total approximately
$22.8 billion.(2)

weight, tar-sands bitumen contains 11 times more sulfur, 6
times more nitrogen, over 5 times more lead, and 102 times
more copper.(10) While pollution control equipment can
mitigate this, there will still be more pollution per barrel.
2) Refineries will not only be processing dirtier oil, they
will be processing more oil. While some existing refineries
are being converted, others are being expanded or will be
newly built. About 1.6 mbd of capacity will be added to
the U.S. refinery fleet in the next decade.(11)

Refinery expansion and conversion, either under
construction or planned, to process tar sands or heavy
oil total about 2.2 million barrels per day.(3) This is in
addition to about 1 million barrels per day of bitumen and
synthetic crude America already processes.(4) Investment
is projected to be $31.7 billion.(5)

3) Bitumen upgraders will need to be built to process
the raw feedstock into refineable liquids. Conventional
crude oil does not need such upgrading, thus pollution
will increase to provide this energy-intensive chemical
conversion.

About 73% of the new pipeline capacity (2.3
mbd) will be for the Texas oil industry.(6) At least
three refineries in Texas are specifically being expanded to partially or totally process tar sands:

Together, these processing facilities can add tens of
thousands of tons of pollutants to U.S. airsheds.

• Motiva (Port Arthur) – $7 billion for 325,000 barrels
a day of heavy oil refining capacity, about half of which
may be dedicated to tar sands.(7)

Texans will also be consuming some of this oil. Tarsands oil will not be dedicated to Texas, as its refinery
industry markets to a broader area. But Texans will get
some this oil blended in their gas tanks.

• Valero (Port Arthur) – $2.5 billion for 80,000 barrels
a day of Canadian heavy oil;(8)

Not everyone in Canada is ecstatic about the situation.
Despite the many environmental and social problems
caused by the Canadian tar-sands industry, a lot of people
are employed by it at high salaries. Critics see the American import of raw bitumen as a potential loss of future
employment. They would prefer that the raw materials
be upgraded in Canada to provide value-added jobs.
Gasoline is worth more than unprocessed bitumen, and
petrochemicals are worth even more than gasoline.(12)

• Conoco/Phillips (Borger) – $600 million for 54,000
barrels a day of tar sands processing.(9).
These are just the plants that are currently being planned
or built. Texas has a lot of heavy-oil refining capacity
already in operation that can be redirected to tar sands if
the situation allows it.
Along with importing the monetary benefits, these
processing facilities will also import the environmental
pollution in at least three ways.

But for several reasons, this is not happening. The
political will in Canada to block these exports is lacking.
It is often cheaper to retrofit an existing refinery than
build a new one. And you should never tell a Texan it’s
not their oil.

1) Refineries will be processing a dirtier product. By
Synfuels – Environment/Tar Sands
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all commercial production is located in Alberta. An area
the size of Florida, representing about 21% of the province’s
land area, is endowed with bitumen. The extraction is
either accomplished through strip mining pristine boreal
forests and wetlands, or by in situ mining, where deeper
tars sands that are infeasible to surface mine are accessed
by tunnels and wells under the earth.

sliver of total tar sands production.

The open pit mines that transform wilderness to moonscapes covered an area of about 130 square miles by the end
of 2006.(1) However, there are about 1,356 square miles of
surface mine potential.(2) It takes about 2.2 tons of tar sands
to produce a barrel of oil.(3) This is in addition to about 2.2
tons of overburden per barrel that must be removed to get
access to the ore.(4) Though mining has taken place since
1967, less than 1% of the land has been reclaimed.

2. Water Pollution: In most extraction processes, huge
amounts of heated water are necessary to extract bitumen
from tar sands in strip mining operations. Strip mined tar
sands typically take 2-4 barrels for each barrel of bitumen.
(8) The used water has the consistency of catsup, as it is
mixed with sand and clay. It is toxic, containing polycyclic
aromatic hydrocarbons (PAHs), naphthenic acids, and high
levels of metals and salts.

There are very lax reclamation standards for this land.
The sparse data that exists suggests that mining companies,
which are required to post security deposits or “bonds” to
ensure proper reclamation, are only securing 6-10% of the
real cost.(5) Even this is probably insufficient, since 40%
of the mining area is wetlands, and there has never been
a wetland in the area that has successfully been reclaimed
or recreated after mining.

This sludge cannot be released into the environment,
so it is stored in giant tailing ponds along the Athabasca
River. If one is not impressed with the enormity of the
area involved in tar sand mining, the size of the area that
collects liquid tailings is stupifying. The tailings are held
back with dykes made from the more solid portions of the
solid waste from the extraction process, and are as high as
300 feet. Currently they cover an area of about 50 square
miles.(9) They are among the largest man-made structures
on earth, so large that they can be seen from space without
magnification.

There are 53,268 square miles of land that can be accessed
through in situ mining in Alberta, 50 times the area that
can be exploited through strip mining. About 26% of this
in situ land is currently leased for extraction.(7)

An advocate for tar sands might argue that in situ mining
would have less of an environmental impact. The main
method, Steam Assisted Gravity Drainage (SAG-D), involves drilling two horizontal tunnels, one above the other.
Steam is run through the top one, loosening the bitumen,
which flows into the bottom tunnel to be extracted. (See p. 14.)

These tailing ponds pose several hazards. Some of the
toxic chemicals, such as volatile organic compounds, evaporate in the air and cause harm as airborne pollution.
Wildlife, such as migrating birds, mistake the ponds for
wetlands and become poisoned. While tar sand companies
are supposed to have strategies to scare off unwary creatures,
they do not always work. In February 2009, Syncrude, the
largest of all tar sands producers, was fined for allowing
500 ducks to be poisoned in one of its tailing ponds.(10)

Another type of in situ mining is called Toe-to-Heel Air
Injection (THAI), which gasifies the bitumen underground.
Some of the underground bitumen itself is used as the heat
source to gasify the rest of the harvested oil.
These methods are certainly less devastating to the land.
But they are not used to eliminate strip mining. They are
used when the minerals are too deep to make strip mining
feasible. The necessary infrastructure of pipelines, roads,
and power lines will take up about 8% of the recently
developed SAGD site at Long Lake, creating a patchwork
that “fragments” wilderness areas.(6) This compromises
wildlife habitat and survival rates for various species.

Water pollution of regional rivers and water tables is
an ever-present danger. It is estimated that about 1 billion
gallons seep into the environment each year from the tailing
ponds.(11) And a breach of the dykes, caused by structural
decay, an earthquake, or an anomalous heavy-rain event
can send the contents of these toxic tailings ponds into
rivers in torrents, making the water dangerous for human
consumption and endangering river ecosystems.

Conventional in situ methods produce more air pollutants and carbon dioxide because they use more energy
than strip mining. And the energy they do use often comes
from bitumen or bitumen waste products, which has more
carbon than is contained in natural gas, the fuel of choice
in strip mining.

Tailing ponds have existed since the beginning of this
industry. It was originally thought that the tailings would
settle and allow the ponds to be remediated (or at least
reused). However, the consistency of the tailings is so
coarse that it might take more than a century for the solids
to settle. When they do, the solids will be toxic.

In situ mining has environmental benefits though.
SAG-D has greatly reduced water use. THAI uses no water
at all. THAI also promises to reduce greenhouse gas emissions. A pilot THAI operation has shown CO2 reduced by a
third compared to conventional in situ methods. However,
this technology is still in the development stage, and is a
Synfuels – Environment/Tar Sands

At this point, there is no long-term solution. Technology exists that can theoretically solidify the waste in these
ponds. But it has never been employed at a commercial scale.
Environmental advocates worry that if these ponds are not
dealt with while the mining is still occurring, companies
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may abdicate responsibility, and the remediation will be
left for the public to deal with. And even if solidification
technology works, the solids will need to be treated as
hazardous waste.

but only if there is a market for it. In the case of saturated
markets, it becomes a storage problem.
4. Carbon Emissions: Due to the heavy energy use needed
to extract and upgrade bitumen, synfuel from tar sands emits
about 15 to 40% more carbon dioxide in the fuel lifecycle
than ordinary oil.(15) In situ mining uses more energy than
strip mining, and is at the higher end of this range.

While water use per barrel for SAG-D is greatly reduced
compared to strip mining, it is used in prodigious quantities. For every barrel of in situ tar sands oil produced,
0.2-0.5 barrels of water are needed.(12) The water from
this process is easier to recycle. But after a point, it is not
reusable and must be treated as hazardous waste.

Upgrading liquid bitumen has traditionally used natural
gas as a source of heat and hydrogen. With gas going at
a premium price, some tar sands operations are innovating by using the bitumen or its waste products (coke and
asphaltines) instead. While lowering costs, these alternatives emit more CO2. However, with gas destined to go
up in price and dwindle in supply, the motive is present
to create a trend.

3. Air Pollution: Lifecycle criteria pollutants are slightly
higher than conventional fuel.(13) This is largely due to the
increased use of energy to manufacture this synfuel.
Lifecycle Emissions Comparison of Oil Sands and Conventional Gasoline
Total
Urban
VOC

101%VOC

100%

CO

100%CO

100%

NOx

104%NOx

100%

PM10

112%PM10

100%

PM2.5

116%PM2.5

100%

SOx

102%SOx

100%

Carbon emissions from tar sands represented about
5% of Canada’s total emissions carbon in 2006. They are
expected to grow from 33 million metric tons to 108 million metric tons by 2020, representing 12% of the country’s
carbon output.(16)

VOC=Volatile Organic Compounds CO=Carbon Monoxide NOx=Nitrous Oxides
PM=Particulate Matter SOx=Sulfur Dioxide

Carbon emissions caused by land-use changes from tar
sands mining have been estimated in a report by Global
Forest Watch Canada.(17) In a worst-case scenario, the
entire area mineable by surface and in situ techniques
was assessed: over 6,200 square miles. If 40% of the carbon above and below ground was released over the next
century, including forests, peatlands, and wetlands (and
not including the tar sands below) it would amount to an
additional 8.7 million metric tons a year, a 26% increase
over 2006 carbon emissions from the tar sands industry.

However in Alberta, these “slight” increases are pronounced. In 2005, the tar sands industry was responsible
for 32% of the sulfur dioxide emitted in the province, and
9% of both nitrogen oxide and volatile organic compounds.
Due to expansion, emissions of tar sands pollutants are
expected to rise while emissions from other sectors (power
plants, transportation) are generally expected to fall. So in
2020, tar sands will account for 49% of sulfur dioxide, 32%
of nitrogen oxides, and 34% of volatile organic compounds
emitted in the province.(14)
Sulfur Dioxide (1,000 metric tons)
2005
2020
Tar Sands
144 32%
245
Total
453
504
Nitrogen Oxide (1,000 metric tons)
2005
2020
Tar Sands
71
9%
244
Total
790
759
Volatile Organic Compounds
(1,000 metric tons)
2005
Tar Sands
58
9%

Total

625

2020
253

Interestingly, it is expected that over time, the carbon
emitted from tar sands will get closer to that of conventional oil. This is because some tar sands processes are
getting more efficient, and because conventional oil will
become more carbon intensive as time goes by.(18) Light
crude oil, which is more commercially desirable and has
less carbon, will become less available as petroleum gets
more difficult to find and extract. Heavy oil, deeper oil,
and oil from enhanced recovery methods, which are more
carbon intensive, will take its place.

49%

32%

5. Energy Consumption: It takes a tremendous amount of
heat to extract bitumen from tar sands. With surface mining,
this is done by emulsifying the raw ore in hot water. With
in situ mining, steam or hot water is sent underground, or
subterranean bitumen is gasified where it lies. Once the
bitumen is collected, it requires extensive upgrading. This
includes high heat to remove excess carbon, and high heat
and pressure in a hydrogen-rich environment (derived
from natural gas) to rid the bitumen of nitrogen, sulfur,
and metals. About 0.4 trillion cubic feet of natural gas per
year (6% of Canada’s 2007 gas production) was used by
synfuel manufacturers.(19)

34%

737

With the expansion of mining and upgrading, this is
expected to increase for most of these pollutants.
A great deal of sulfur is captured through pollution control equipment. This can be sold as an industrial chemical,
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Optimists have pegged EROEI of tar sands as high as
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12 for surface mining and 4 for in situ, while pessimists
have estimated it is less than 2.(20) The experimental
THAI process has a EROEI of 29, but is not commerically
produced.(21) For commercialized processes, no matter
which estimate you agree with though, it definitely takes
more energy than conventional crude oil to extract. So its
greenhouse gas emissions and air pollutants are higher.

naphthenic acids, and high levels of metals and salts.(24)
The two possibilities for dealing with waste disposal are to
dry it and dispose of the solids, or to place the tailings in
“end pit lakes.” However, there is no current commercial
solution.
There are several experiments or pilot programs for
solidifying sludge. While results have been encouraging,
there is currently no successful commercial-scale project to
remediate tailings. What will become of this dried sludge
is another matter. At least one of the mining companies,
Shell, has suggested that solids produced from drying the
sludge could be used for mine reclamation fill. But critics,
such as the Pembina Institute, a Canadian environmental
advocacy group, have suggested that some or all of it should
be treated like hazardous waste.

The EROEI has also caused concern about the type
of fuel used to produce synfuels. The preferred source
for processing energy has historically been natural gas.
However, Canadian natural gas production has been
declining just as synfuel production is expanding. Critics
of synfuel have suggested that this future gas curtailment
will either cripple the synfuels industry or divert natural
gas use from essential purposes such as domestic heating
in Canada and the U.S.

End pit lakes seem a far-fetched fantasy. Commonly
used in mining operations, they bury mine waste in artificial lakes. This practice is usually for mine waste that
is not toxic. Tar sands advocates theorize that the waste
will naturally deteriorate over time. However, there has
been no research to prove this. And as long as the waste
stays toxic, it has the possibility of leaching into the ground
waters and river systems, the same problem associated
with tailing ponds. Volatile organic compounds might
also evaporate out of the ponds to pollute the air, just as
they currently evaporate from tailings ponds. Yet there are
serious plans for at least 23 of these lakes.(25) And while
details for several of these are lacking, these lakes will cover
at least 88 square miles if built.(26)

As mentioned previously, the tar sands industry is
becoming innovative in finding new sources of energy.
In some in situ operations, such as the new Long Lake
plant, virtually all process heat is created from the waste
products of the extraction process, coke and asphaltines.
Unfortunately, these have more air pollutants and carbon
emissions than natural gas.
Another idea being discussed is nuclear power plants.
The theory would be for regional power plants located
near in situ mines to generate steam with their waste heat,
piping it up to several miles away. To site nuclear power
plants near geological resources without regard to the
soil types they will be built on and easy access to water
is enormously challenging and expensive. However, the
option is seriously being discussed.

Oil Shale
1. Mining and Extraction: Conventional strip or shaft
mining for oil shale has the same liabilities as mining for
other types of minerals, including groundwater disturbance,
polluted run-off from ore piles, ground subsidence, and
reclamation challenges and costs. Given that high-yield
oil shale deposits in the U.S. are generally 500-1,000 feet
below the surface, and are themselves 500-2,000 feet in
thickness, it is unlikely that there would be many surface
mines were a commercial industry to be established.(1)
U.S. oil shale synfuel projects in the 1970s and 80s were
supplied by underground mines.

6. Water Consumption: As stated, it takes tremendous
amounts of water to produce tar sands synfuel. While
this might be manageable when extracting relatively small
quantities, the production and manufacturing facilities now
operating or approved by 2006 were permitted to use 92
billion gallons annually. (22) It is expected to grow 50%
with increased production.(23) Added to this are the water
needs for American upgrader capacity needed to convert
the raw bitumen to synfuel.
Alberta is a relatively arid province. Its population is
increasing, in main because of increased industrialization,
much of it stemming from the petroleum industry. Global
warming is altering the snow packs upstream of the rivers, threatening to reduce their flows. And Alberta has
had more rain in the last century than it has historically
received. All these indicate that increased development
will cause consequences for the rivers, water tables, and
agricultural irrigation.

Since the amount of organic material in oil shale is
relatively unconcentrated, it would take approximately
500 million tons a year to produce 1 million barrels a day
(5% of U.S. annual consumption). This tonnage is roughly
half of the annual coal mined in the U.S.(2)
In situ mining for oil shale is being developed by a
number of companies. Foremost among these is Shell Oil.
The company’s In Situ Conversion Process (ICP) is almost
elegant compared to crude techniques of conventional extraction. ICP employs heated rods inserted in the ground.
These are inserted as deep as 2,000 feet. The rods are
packed closely enough that the underground temperature
surrounding the oil shale is raised to 650˚ F.

7. Waste: Tailings waste from strip mines is being produced at the rate of 450,000 gallons per day. For every
barrel of synfuel from tar sands, about 1.5 barrels of tailing
pond sludge is created. Of this, about 10-13% is “mature
fine tailings, which contain most of the hazardous waste,
including polycyclic aromatic hydrocarbons (PAHs),
Synfuels – Environment/Oil Shale
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operate a mature oil shale industry. As an example, an
estimate by a coalition of environmental groups in the
Western U.S., stated 12,000 MW of electric power would
be needed for a synfuels industry with an output of one
million barrels a day of shale oil using Shell’s ICP in situ
process. This would emit over 35,000 tons of sulfur dioxide,
over 35,000 tons of nitrogen oxides, and about 7,000 tons
of particulates annually. This is more than all the power
plants in the three-state area of Colorado, Utah, and Wyoming in 2002.(5)
No detailed estimate of air pollution from oil shale
can be made that compares to the ones presented in this
article for other processes. There are no working plants
in the U.S., and very little shale oil is produced anywhere
in the world.
4. Carbon Emissions: CO2 emissions from oil shale synfuels are high. It uses large amounts of energy to process
the material to obtain the fuel, which is relatively diluted
compared to other solid fuels. (An operating plant in China
has a 3% yield.) CO2 from surface mining and retorts is 28
to 172% more than conventional oil(6). Carbon emissions
from in situ mining are 21 to 47% more than conventional
petroleum.(7) Neither of these estimates consider carbon
sequestration.

Above is an experimental oil shale retort from Millennium Synfuels. Oil shale could supply the U.S. with
all its liquid fuel for more than a century, but commercial production has not been developed, and all
current technologies have huge environmental effects.

5. Energy Consumption: Energy consumption to power
a mature synthetic fuel industry would require enormous
investments in electric stations and other fuel infrastructure.
Some analyses of EROEI for oil shale have estimated it to be
less than 1.(8) Early retort technology in particular is very
inefficient, essentially “cooking” rocks to loosen kerogen.
But a more recent analysis has put EROEI at 4.6, and as
high as 50 if it is analyzed with the energy security method.
This is because almost all of the prodigious amounts of
manufacturing energy come from the waste coke and gas,
by-products from the original shale process.(9)

Over a period of two years, the heat accelerates what
nature would have done by itself a few million years hence.
The kerogen is converted to usable liquid fuel suitable for
oil refineries, and is brought to the surface through standard oil drilling techniques. Ground outside of the heated
zone is frozen with refrigeration compressors to keep the
synfuels from migrating into nearby water tables.
While ICP technology greatly mitigates long-term
damage from strip mining, it has serious environmental
problems. The land’s surface will be greatly disturbed for
at least a decade by the inserted heating rods and oil wells,
not to mention the roads, pipelines, and powerlines built to
service them. And the heat for the rods and the freeze wall
for aquifer protection will consume tremendous amounts
of energy and produce emissions.

Due to the huge amounts of energy needed to electrically heat the ground for long periods of time, as well as
chill the ground around it to protect water tables, EROEI
of the Shell ICP process is low, around 2.5. However, the
Energy Self-Sufficiency EROEI might be increased by using some of the oil shale extracted in the process instead
of other energy sources. ICP using non-electric (primary)
heat has a ratio of 6.9.(10)

2. Water Pollution: The enormous amounts of spent
shale (about 1.2-1.5 tons per barrel) from western U.S. oil
shale would have considerable run-off of contaminants if
processed in a conventional retort system.(3) The waste
itself can leach salts and sulfur into the groundwater. It is
also heavily alkaline. As such, the leachate is acutely toxic
to aquatic life at certain concentrations.(4)

6. Water Consumption: The U.S. may lead the world
in oil shale deposits. However, even if the technology to cost-effectively exploit it is developed, it may
be constrained by water availability. Using old (retort)
technology, production would require an estimated
2.1 to 5.2 barrels of water for every barrel of oil produced.(11) So 1 million barrels per day of production
capacity would require an estimated 150,000 acre-feet,
about what the entire city of Austin, TX uses annually.

ICP and other in situ processes also have the potential
to contaminate groundwater, but these are still in Research
& Development.

Water is scarce in the American West, and is likely to become more scarce in the future due to increasing population
and reduced snowpacks due to global warming. Despite

3. Air Pollution: Tremendous amounts of energy, most
likely produced from fossil fuels, would be required to
Synfuels – Environment/Oil Shale

41

these impediments, the U.S. National Energy Technology
Laboratories has suggested there may be enough water to
serve an oil shale industry of 2 million barrels a day (1/10
of 2008 U.S. demand) with retort technology.

commercialized yet. The requirement has a loophole to
waive this mandate if it proves to be infeasible.
In addition to the federal requirement, at least seven
states have biodiesel mandates(3) and at least eight states
have mandates for ethanol.(4)

The Shell ICP in situ process requires only 1/10th of the
water needed in a retort plant. However, this technology
is still in the R&D stage.(12)

• These biofuel mandates may have the effect of lowering fuel prices while increasing food prices. Under certain
conditions, they may raise both. Vigorous debate on this
subject exists. But public perception persists that we are
trading hamburgers for personal transportation (see sidebar, p. 32).

7. Waste: Oil shale conventionally extracted by strip or
shaft mines creates prodigious amounts of waste. Spent
shale that has been through the retort process is expanded
in volume by 15-25% over its original size, making its complete disposal in mine reclamation difficult.(13)

• To ensure that the U.S. develops other synfuels in a
timely manner, the federal government has again become
involved. In response to the Energy Policy Act of 2005, a
task force of federal agencies and state and local governments was coordinated by the Dept. of Energy to produce
an estimate of alternative fuels potential (tar sands, oil shale,
CTL, heavy oil, and enhanced oil recovery) and a strategy
to achieve it. In a 2007 report, the task force estimated it
would be possible to produce as much as 7.7 million barrels
per day from these sources, about 39% of 2008 domestic oil
use by 2035. About 3/4 of this would be from the types of
synfuels discussed in this article.(5) This does not include
Canadian tar sands or biofuels.

The waste itself can leach salts and sulfur into the groundwater. It is also heavily alkaline. As such, the leachate is
acutely toxic to aquatic life at certain concentrations. It is
possible, however, depending on the mineral make-up, that
spent shale can be reused for materials such as concrete
or road base.
There is virtually no direct waste from in situ mining
of oil shale. But this has never been pursued on a commercial scale.

The Laws of Man, Carbon, and Physics

To achieve this aggressive goal, a number of strategies
would need to be used. These include: 1) assured purchasing
(the Dept. of Defense was specifically listed as a possible
market); 2) a government-sponsored corporation to coordinate all aspects of alternative fuels growth; 3) favorable
tax incentives and financial policies; and 4) coordinated
R&D programs and expenditures.

Synthetic fuels may be the equivalent of divine intervention. However, their use will be determined by fallible
mortals through various laws, rules, and agencies. Cast
in man’s image, synfuel efforts are prone to conflicts and
inconsistencies.
• The U.S. military is keenly interested in synfuels, CTL
in particular. The military uses about 300,000 barrels of oil
a day, a,most 2% of total American consumption.(1) About
75% of this is for aviation.

But this report was so 2005. When the Democrats took
back majorities in Congress in 2007, global warming became
politically acknowledged. Many of the recommended actions discussed in this report remain untouched because of
the high carbon emissions associated with synfuels.

The Air Force has been certifying its aviation fleet to run
on CTL-based fuels, with the goal that 50% of its consumption will be provided by domestically-produced synfuels
by 2015. From the viewpoint of ensuring fuel supplies
with energy independence, it makes perfect sense. If the
military chose to, it could be the anchor market for a new
domestic synfuels industry.

• Since 2007, the U.S. Congress has been more cautious
of synfuels. A provision in the Energy Independence and
Security Act (Section 526) prohibits federal agencies (such
as the Air Force) from purchasing high-carbon fuels, including CTL and tar sands. It does, however, allow purchase of
these fuels if the excess carbon emissions are mitigated by
the fuel provider’s purchase of carbon offsets, which can be
a relatively inexpensive way to handle emissions compared
to carbon sequestration in geologic formations.

• U.S. biofuels are also receiving government help in
the form of a mandatory sales requirement dictating that a
certain amount of biofuel will be blended with conventional
fuel. The federal government has mandated that 36 billion
gallons of biofuels (equivalent to about 12% of 2008 U.S.
transportation oil use) be purchased by fuel providers by
the year 2022.(2) Of this, 15 billion gallons of ethanol will
be purchased from conventional (food crop) sources by the
year 2015, 20 billion gallons will be made from advanced
technologies such as cellulosic ethanol, and 1 million gallons
will be biodiesel. It is not at all certain that the cellulosic
mandate can be met, as the technologies have not been
Synfuels – Laws of Man, Carbon, & Physics

• The state of California probably has the most aggressive plan in the nation for dealing with carbon from
transportation fuels.(6) The California Air Resource Board
enacted its Low Carbon Fuel Standard in April of 2009 for
implementation two years later. It mandates that by 2020,
the state will reduce liquid fuel carbon emissions by 10%
compared to gasoline. By giving low carbon “credits”
for alternative fuels such as electricity and certain types
42

of biofuels, gasoline and diesel marketers can either sell
these fuels or obtain credits from others that sell them. The
Standard is a de facto carbon cap and trade system.

Federal government. In spring of 2009, the U.S. Congress
debated its own Low Carbon Fuel Standard. It was proposed to take effect later, with a 10% reduction reached in
2030. However, it also had a loophole that allows the carbon
reduction schedule to be altered if there is not sufficient
low-carbon fuel in the market, which is a legal bridge to
ignore the mandate and allow synthetic fuel.

Here is an example of how the system works. Gasoline
has a rating of about 96 grams of carbon per Megajoule (96g/
MJ) of energy. A 10% reduction by 2020 would mandate the
average carbon would be reduced to 86g/MJ. To do this,
gasoline marketers would buy ethanol credits (77 g/MJ),
electric vehicle credits (41g/MJ), or other low-carbon fuels
to bring the average down. The law is meant to encourage
new products and technologies (such as electric vehicles
and cellulosic ethanol) to help meet the new standard.
Gasoline represents 77% of conventional liquid fuel use,
and there is a seperate low-carbon requirement for diesel,
which represents the balance.

Realistically, if low-carbon fuels and technologies are
not available to displace sufficient quantities of petroleum,
and oil peaks, high-carbon synfuels are a major way to fill
the gap.
• Meanwhile, the economy of Alberta, where virtually
all commercial tar-sands bitumen is extracted, is threatened
by these fuel standards. It is trying to adapt so its synfuels
industry can maintain and increase its production. Tar
sands represented 5% of Canada’s greenhouse emissions
in 2006.(9) One study of tars sands growth predicted gross
greenhouse emissions from bitumen production would rise
by nearly 300% by 2020, making up 12% of the country’s
total.(10)

While there are elements of genius in the approach, a
hard look at the numbers points to major flaws in the concept. There are only a few thousand electric vehicles in the
entire state at the moment (if you include golf carts). While
the Standard allows a mix of fuels to meet the mandate,
if electric vehicles were the only method chosen to meet
the gasoline portion of the mandate, it would require that
about 18% of all vehicles in the state be electric by 2020.
That would mean that 27% of vehicles sold be between 2009
and 2020 be electric. Under normal market conditions, this
would be impossible.(7)

As of mid-2009, Alberta had put in place the only mandatory carbon emission reductions for point source industries in North America.(11) It mandates a 2% decrease for
all major sources including tar sands, power plants, and
manufacturing industries.

If the entire standard were met by conventional ethanol
made in California, it would require 12.1 billion gallons.
This is more than the entire volume of ethanol used in the
U.S. in 2008,. It would require 33% of the 2007 U.S. corn
crop just to meet the California Standard (though leftovers
from the distillation process could still be used as animal
feed).(8)

However, if these mandates are not met, the companies
can buy their way out of compliance through several mechanisms. Industries may buy carbon offsets by investing in
renewable energy, forest preservation, etc. They can buy
carbon emissions credits from other Canadian polluters that
have exceeded their mandatory reductions. Or they can
pay a $15 (Canadian) per metric ton offset fee, which will
go toward emissions reduction programs or development
of new carbon reduction technologies. Between April 2008
and May 2009, the Province had received $122.4 million
from carbon payments.(12)

California has obtained mixed results trying to legislate
standards for automobiles. It has mandated, and obtained,
a high standard for air emissions compared to most other
states in the country. However, when the state tried to
mandate Zero Emission (electric) Vehicles, it failed to get
the numbers it desired due to resistance from major automakers and a lack of political will.

Alberta is also spending $2 billion on a pilot program
to sequester carbon.(13) This is really a pilot for commercialization of the strategy, expected to fund three to five
facilities by 2015, which can capture 5 million tons a year of
carbon.(14) This would be enough storage to reduce carbon
emissions of about 32,000 barrels of tar sands oil (about 3%
of 2008 U.S. tar sands imports) to California’s Standard at a
cost of about 32¢ per gallon of gasoline.(15) Alberta officials
are hopeful costs will come down with the learning curve.

It becomes hard to imagine penalizing fuel providers for
failing to buy low carbon fuel credits that may not exist.
But this does raise the bar for high carbon synfuels, making it difficult if not impossible to sell them without huge
(and often expensive) carbon reductions.
At this time, almost no tar sands oil goes to California,
and other fossil-fuel based liquid synfuels are not made in
the U.S. commercially at this time. In theory, when they
are, synfuels would be avoided in California but used
elsewhere. That is why California wants to export their
idea to other states.

• California and Alberta are in major disagreement as to
how to account for carbon from synfuels in the new Low
Carbon Fuel Standard. While both governments agree that
such reductions are necessary, Alberta takes the easier (and
cheaper) path of allowing tar sands carbon to be offset in any
number of ways. Tar-sands carbon could be mitigated, for
instance, by funding an electric utility program that installs
energy-efficient water heaters. However, California will
only acknowledge reductions if the fuel production itself
has lower carbon. This has irked the Alberta government,

• Several states are in fact investigating the implementation of their own carbon regulations for fuel. So is the
Synfuels – Laws of Man, Carbon, & Physics
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lied about who I was in order to get in. I also asked if they
would waive the fee of $1,000, which to me is overwhelming. For both these reasons, I thought my chances of being
allowed to attend the event were nil.

which believes they are not being treated fairly. It is hard
to say how, or if, this conflict will be resolved.
*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

I was flabbergasted when they let me in! Yet excitement gave way to nervousness, as I quickly developed an
identity crisis. What would be my role? Skeptic? Gadfly?
Provocateur? Spy? A friend of mine teased me, suggesting
that I was traveling to Houston to cause trouble.

The laws of men attempt to convey virtue to fallible
mortals. We try to legislate a world we want to live in.
But the laws of physics are not necessarily in harmony
with virtue.
We are trying to balance the dual problems of dwindling supply of conventional petroleum, which threatens
our current lifestyle and population numbers, and rising
carbon emissions, which threatens the ability of humans
to survive at all.

“ No,” I said. Her joke seemed to crystallize my thoughts.
“I am going there as a guest, a dignitary from another
planet. I intend to be the Ambassador from Mars. I intend
to cut my hair, wear a coat and tie, and keep my antennae
tucked under my hair so I don’t alienate the inhabitants
of this other world to any great degree.”

On the one hand, it is a relief that most governments have
begun to realize that climate change is a reality. However,
it will require immense political discipline to keep carbon
mitigation efforts going in a forward direction. Even if
mitigation programs can be adequately funded in the
worldwide economic downturn, the problem of peak oil
consumption will make it difficult to eliminate synfuels.

I was going there as a diplomatic observer. No pointed
or challenging questions of the speakers (publicly, anyway),
no proud assertions of my own environmental beliefs,
no protests for lack of balance. It was a challenge, to say
the least. I had to change from activist and advocate to
observer and statesman.

The U.S. already obtained the equivalent of 10% of its
transportation oil use from synfuels in 2008. Were the
country to quit using synfuels immediately, the world oil
market would see energy prices rise to incredible levels,
probably much higher than their all-time peak in 2008.

It must have worked. I was unthreatening enough that
Zeus invited me back for another synfuels conference two
months later. I was the only press or writer that attended
these two conferences. Despite the high cost of oil in 2008,
the large metropolitan area the event was held in, and the
new technologies or companies the conferences discussed,
no other writer or reporter in the Oil Capital of the World
found it noteworthy enough to visit.

As conventional oil production dwindles further, there
will be increased pressure for more synfuels, conflicting with or overriding concerns about carbon. Despite
California’s pioneering efforts at lowering emissions, it
is not at all certain it will work. Alternative fuels might
not develop on the time scale the state has dictated, and
dwindling supplies of conventional petroleum will drive
demand for synfuel alternatives.

Say what you want, reader, about this extraterrestrial
voyage. At least I attended the meetings, covered the issues, and am reporting what synfuels mean to your future,
as stated by the experts themselves.

The Ambassador from Mars

How Many Martians Does It Take to Change a
Light Bulb?

Late night, as I was analyzing the world’s seemingly
hopeless energy situation, I wondered how our country
would try to deal with the continuing high costs of fossil
fuel. I reasoned that there would be a push for domestically
produced synfuel. But would the industry be organized
yet, and in what directions would it go?

Before considering the analogy of an interplanetary
visit too exaggerated, one must consider the context. As
both Martians and environmentalists will attest, it’s not
easy being green.
Houston is the Oil Capital of the World. Attendees of the
conference, professionals in the fossil fuel industry, were trying to devise the sequel to America’s industrial prominence.
The Ambassador spent most of his life as a grassroots activist
helping the City of Austin become a leader in clean energy
strategies such as wind power and efficient buildings.

I began to search the Internet, and found a Houstonbased company that serves as an information and organization hub for the nascent industry: Zeus Development.
Zeus publishes several specialty newsletters on synthetic
and specialty fuels. It also conducts conferences on this
developing industry in the Houston area.

Houston’s energy industry is connected to the highest
levels of international governance to facilitate more production. The Ambassador is a grassroots activist whose hobby
is annoying government officials by asking why they are
not doing their jobs.

Curious, I called Zeus and asked for permission to cover
a conference in the Spring of 2008. I figured they might
be skeptical of me, since I identified myself as an environmental writer. I even wondered to myself if I should have
Synfuels – The Ambassador From Mars
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Houston’s energy industry
deals in financial stakes collectively worth hundreds of
billions (perhaps trillions) of
dollars. The Ambassador is
lucky to own his own modest
home (actually, the bank still
owns most of it). For much of
the Ambassador’s adult life, he
fought sparrows for birdseed.

John Dolley

The luxury hotel hosting
the conference had electronic
treadmills in an indoor exercise
room. The Ambassador went for
outdoor walks to get exercise,
sometimes just to warm up from
the over-air conditioned meeting
rooms.
The hotel employed almost
every energy-using gadget or appliance imaginable to treat their
guests as royalty. The Ambassador’s first Austin home was built for energy efficiency,
and used a quarter of the electricity of the average home
in his city.

These Curious Earthlings
There were about 50 people that attended each of these
two meetings, held at the swank Marriott Westchase Hotel,
which is in the most sprawled metropolitan area in the U.S.
Many of the attendees were highly trained in fossil fuel
technology or policy. Only one other person there was an
identified environmentalist, who came all the way from
Wisconsin to learn more about the subject.

On my planet, clean energy means power directly or
indirectly coming from the sun. On their planet, clean
energy usually means manufacturing polluting fossil fuels
in a less polluting way – with pollution from the extraction
of the raw materials often overlooked.
On my planet, we consider it an emergency to transition from fossil fuels. On their planet, they consider it an
emergency to create new kinds of them.

Few were under 35. There was a pronounced Chinese
presence, in part due to intense interest from the People’s
Republic in using its coal to become more independent of
imported oil.

On my planet, we worry that global warming caused
by fossil fuels may end life as we know it. On their planet,
many of the inhabitants view Global Warming regulation
as a nuisance harmful to commerce.

Most of the speakers, as well as the attendees that I met,
had a cornucopian philosophy. They saw the increasing
price of oil and believed alternative technology must and
would provide for continuing a high-resource lifestyle.

On my planet, we constantly devise ways to lower our
environmental impact by reducing consumption of limited
natural resources. On their planet, they worry how they can
keep up with the world’s increasing demand for them.

It was most interesting to hear the candid views that
veteran executives in the fossil-fuel industry expressed
about environmentalists. While I went out of my way to
be non-confrontational whenever possible (that’s what
ambassadors do), I could not help but wince or laugh inside at certain things expressed. It is not so much that my
peers and I are despised as we are “respected,” the way a
competent rival or opponent is measured.

My room in the hotel where the convention was held
was symbolic of these different worldviews. It had incandescent light bulbs in every socket. You would think
a sophisticated chain of upscale hotels could install compact fluorescent lamps that cost a dollar apiece and save
two-thirds of the energy normally used. But such ascetic
customs are definitely from another world.

Synfuels – The Ambassador From Mars

Interestingly, most of the synfuels proposals in the U.S.
that were discussed at the conferences or in other meetings
or press reports I have read about are planning on carbon
mitigation to appease what is feared to be inevitable regulation of greenhouse gases. But not all project developers
proposed mitigation because they believed that Global
Warming was real. In fact, one of the premier critics of the
global warming theory was a conference speaker. Rather,
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it was considered good business to plan for such costs,
seeing as global warming regulation might be imposed
despite their skepticism.

all fossil fuels combined (oil, coal, and natural gas) would
have a combined peak only two years later. Meanwhile,
population would climb from 6.5 billion to 9 billion. To
manage these resource shortages, people in the room should
do “God's work” by providing new energy sources such
as new nuclear plants and unconventional fuels.

Finally, it could not be missed how cynical the participants were about government and politics. Despite
the fact that from 2001-2008, two former oilmen ran the
White House, and the conventional energy industry had
a favorable Congress for six years of this time, frustration
was high regarding how slow the regulatory process was
in allowing the unconventional fuels industry to launch.
The producer of the Zeus conferences, Tim Cornitius, was
animated and outspoken in his opinion that we had the
technology and had the resources to stop outrageous fuel
prices and the hemorrhaging of American industry, but
not the political will.

(Minor) Miracle Fuels
The majority of the presentations were from company
representatives that manufactured synfuel equipment or
processes, or who were actually building projects. They
spoke enthusiastically about the virtues of their products.
Modern CTL and GTL conversion technologies have
been in development since the 1970s and tested on over
100 feedstocks. Synthetic diesels have no tar, no sulfur, low
benzene, no eye irritation, low aquatic toxicity, low oral
toxicity, and excellent biodegradability. They evaporate
cleanly, do not smell, do not stain, have less smoke, promote quieter operation in engines, and have better starting
properties at low temperatures because of their incredibly
high cetane (diesel ignition quality) values.

Invocation
One of the first speakers was Fredrick Palmer, Sr., Vice
President for Government Relations at Peabody Coal, the
largest coal mining company in North America. His speech
might have been seen as the opening prayer. He said the
company believes in peak oil and gas. “Energy is one of
life’s necessities, like air and water, and we are blessed to
have coal to the extent that we have in the United States.
Coal equals electricity, and electricity equals life.”

They have the ability to stabilize fuel prices, albeit at
higher levels than many would prefer to pay.

He thought that China was “the second industrial revolution,” and that it was a great thing. “Everybody here
likes development.”

John Baardson, CEO of Baard Energy, discussed several
CTL plants he planned to build, beginning in Ohio. The
first phase of the plant will produce 53,000 barrels per
day. His company’s production may rise to 300,000 barrels per day (collectively) at three sites. He estimated his
breakeven cost at $50-55 per barrel. He was interested in
supplementing coal gasification with wood gas to reduce
carbon dioxide emissions. Since wood is “carbon neutral,”
combining the two fuels will reduce the plant’s carbon
footprint. Sequestering the woodproduced CO2 can actually create a
negative carbon balance since wood
is carbon neutral. But this will also
add to the expense, as you need
four times as much wood as coal by
volume to produce the same amount
of energy.

This prayer was echoed later in the conference by Dr.
Roger Bezdek, a consulting economist, who has analyzed
energy consumption and population trends. His grim
pronouncement was that world oil would peak in 2015
at 95 million barrels per day (13% higher than 2008), and

John Dolley

Edward Peterson, of Synfuels
International (a Texas company) discussed the development of modular
units to convert natural gas vented
or flared at production wells to oil.
He said that 75% of the world’s gas
reserves are remote or stranded,
away from easy pipeline access.
About 5.3 trillion cubic feet per
year of gas (equivalent to a quarter
of U.S. natural gas consumption in
2008) is flared or vented. This could
produce over 1.4 million barrels per
day (equivalent to 7% of U.S. oil consumption). To date, the technology to
Synfuels – The Ambassador From Mars
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do this has required “megascale” plants
to reach economies of scale. Less than 200
of the world’s 20,000 fields can support
this investment. However, his company
had developed modular units and was in
negotiations with nine firms and governments throughout the world.

John Dolley

Jim McCandless, President of Alternative Fuel Technology, was developing
prototypes that convert diesel engines
to consume DME, a derivative of CTL
methanol similar to propane. He said it
could be used to meet 2010 EPA diesel
standards for air pollution instead of the
new expensive equipment and catalyst
that was being sold. He also said there
were a number of demonstration vehicles
being tested today, including trucks
made by Volvo.
Xinjin Zhao, with ExxonMobil,
had a different strategy. Rather than
wait for engines to be developed
that run on methanol-derived DME, the company
will convert methanol to gasoline with a catalytic process. The proven technology, tested for 10 years, is
being applied in both China and the U.S. (Wyoming).

Shell has invested $200 million over the last 28 years and will
wait until 2015 to decide if it will proceed with commerical
development. However, other companies are tweaking the
bore hole method with microwaves, radio frequencies, and
hot carbon dioxide gas. These have the espoused benefit
of harvesting fuel in weeks rather than years.

George Stapleton, President of MegaWest Corp., added
to the lament about peak oil. But he advocates production
of heavy oil and bitumen (e.g., tar sands) in North America,
which has a potential of 3 trillion barrels. While most of
it is in Canada, there are 150 billion barrels in the U.S.,
including over 17 billion in Texas. His estimate of heavy
oil was much cheaper than some new tar sands developments, breaking even at $40-50 per barrel.

The Dragon’s Footprint
Even if synthetic fuels never take off in the U.S., there
are numerous proposals for new projects in other countries,
and China is on the leading edge of development. China’s
voracious appetite for economic prosperity has led it to
scour the world in an effort to secure resources that can
fuel its industrialization. It is the largest user of coal in
the world, and has recently become the largest greenhouse
gas emitter (in quantity, not per capita). Since it has large
reserves of domestic coal, it is laying the foundation for a
synfuels industry.

Mike Moore, Marketing Director at Falcon Gas Storage,
advocated for the reuse of CO2 for Enhanced Oil recovery,
which has a potential 30 billion barrels in Texas and 89 billion barrels nationwide.
Several speakers discussed technologies for producing
oil shale. This is more problematic than other synthetic fuel.
There is less energy per ton of rock, and the new processes
to do this are not proven. One can use the old fashioned
method of brute force: shaft mining, cooking the fuel out in
an energy-guzzling retort, and then disposing of the spoils,
which have a greater volume than the original feedstock.
But more expedient ways are being researched.

By 2008, there were 66 gasification projects around the
world converting coal or solid fuel to power or chemicals;
34 of them were in China, almost all related to the fertilizer
or chemical industries. China has more methanol production capacity than any other country or region in the world;
most of this production is from coal. By 2015 it intends
to triple capacity. China also has a well-developed DME
market (a propane substitute derived from methanol) that
will triple by 2020.

Erik Erickson of Syntec Energy is piloting a method to
treat oil shale in a rotary kiln, somewhat like a gasifier.
He claimed the cost is under $35 per barrel. But this is
not proven. Nor are many other projects that are trying
to liquefy or gasify the rock underground by heating the
ground through bore holes. In the most advanced scheme,
researched by Shell Oil, the ground is warmed via electric
heaters for about two years. The heat accelerates what
nature would have done several million years from now.
Synfuels – The Ambassador From Mars

Dr. Quigyun Sun, a professor at West Virginia University,
said China was building seven CTL demonstration projects
for $12 billion. The cost is estimated to be $35-40 per barrel
(using Chinese labor and material prices). Though the world
spot price for oil went as high as $147 per barrel in 2008,
the primary motivation is energy security. When Chinese
CTL plans began in 1998, oil was only $12 per barrel. The
country’s synfuel efforts are about the future.
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Chinese synfuel will add another complication to the
already formidable challenge of Global Warming. While
CTL technologies are generally easy and inexpensive to
adapt to carbon capture, carbon sequestration (the compression, piping, and storage) adds to the expense, both in
money and in energy use. Unless this coal-created carbon
is used for some industrial process that will pay for it,
such as Enhanced Oil Recovery (which uses carbon dioxide to bring up fuel that produces more carbon dioxide),
sequestration costs may be more than many countries are
willing to pay.

Some other Singer assertions of note follow.
• There is an absence of evidence about global warming;
there is no scientific consensus and science does not work
by consensus. (A 2009 survey of climatologists from the
University of Illinois at Chicago found 97% believed humans
significantly contribute to global warming.)(1)
• About 32,000 scientists have signed a petition denying global warming (an Internet legend with questionable
documentation).
• On polar bears being endangered: “I think they are
increasing right now.” (A 2007 U.S. Geological Survey
report concluded the bear population could fall 2/3 by
2060.)(2)
• On renewable energy: It works, but is expensive. It is
successful for niche applications such as his solar calculator.
It would take 30,000 square miles in the Southwest desert
of the U.S. to produce power for this country. “How will
you keep the birds off it? How will you keep it clean?”
• On auto efficiency: Mile-per-gallon standards are uneconomic (disputed by numerous economic analyses).
• On nuclear electricity: We need to lower costs of construction and standardize a variety of designs. Spent fuel
needs to be reprocessed.
• On natural gas: We need more domestic production,
pipelines, and processing stranded gas into DME.
• On petroleum: he supports drilling in the Alaskan
Natural Wildlife Refuge, offshore oil production, and
privatization of the Strategic Petroleum Reserve.

And China, which places economic development above
all else, may increase its carbon footprint in its quest for
energy independence, no matter the environmental urgency,
and regardless of carbon regulation in more developed nations. India and Pakistan are also pursuing Underground
Coal Gasification aggressively.

Environmentalists…Through Their Eyes
Say what you want about Dr. Fred Singer. He is perhaps
the world’s leading global warming skeptic or contrarian
scientist. He certainly is in the top 10. He is Professor
Emeritus of Environmental Sciences at the University of
West Virginia. He is frequently hired by global warming
opponents who need experts to show fossil fuels do not
cause the Greenhouse Effect.
“Nature, not humanity, rules the climate,” was his theme.
“CO2 is not a pollutant. Not toxic. Not a health threat. It’s
good for you.”

When asked how global warming skeptics get information out to educate the public, Singer was frustrated. “ We
need help from the media, but they are not about to help us.
They are of a different mind.” He was recently criticized
on ABC, though he found Fox News more helpful.

Singer believes CO2 is vital to life, and a valuable commodity. Whenever it pays to extract it from the power
plant and make a profit (such as enhanced oil recovery),
you should do it. If you can’t, you should let it go into the
atmosphere, for the common good, to grow plants. He
believes human contribution to climate change is minor,
that computer models proving global warming are very
fallible, and they overestimate the impact.

Another person in the audience commented that opponents of the global warming regulation needed to reduce
science to “Mickey Mouse and Donald Duck” and make
educational materials for schools.

Singer has set up a group of scientists in an organization
called the NIPCC, the Non-Governmental International
Panel on Climate Change. There were 24 members, but
he would not identify them for fear that these peers would
be attacked economically.

Singer was not the only one with criticism (and sarcasm)
for environmentalists.
John Baardson, who is planning on building a CTL plant
in Ohio, joked how he outmaneuvered the greens. He said
the Sierra Club knocked on every door, but found no opposition because,“We knocked on every door first.” (The
fact that his project will provide local jobs to an economically depressed area does not hurt either.)

Singer complained he has suffered from ad hominem
attacks linking him to Reverend Sun Myung Moon, Lyndon
LaRouche, and the John Birch Society. He labeled it a smear
campaign. He complained he has been branded a tool of
the oil industry and the tobacco industry.

Roger Bezdek said that peaking of fossil fuels would allow global warming to go away without major regulatory
action. He said this was bad news to: 1) environmentalists
who use global warming to make money; 2) politicians
who champion the cause of action on climate change; and
3) scientists under 40 who have spent their entire careers
in global warming research and will now have to find
“real jobs.”

Singer opined that global warming fears are distorting
energy policy. It is increasing energy costs and oil imports.
It is decreasing living standards and national security. He
thinks declaring CO2 a pollutant will be absolutely devastating to the economy.
Synfuels – The Ambassador From Mars
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carbon sequestration even though it
was a valid concept.
Mike Moore, Marketing Director at
Falcon Gas Storage, said, “If we had
more CO2 for Enhanced Oil Recovery,
we would put it to use.” He also
disparaged the Environmental Protection Agency for not making CO2 a
product of commercial value because
they will not define how to regulate it.

John Dolley

He added, “Don’t think oil and gas
companies in the U.S. are helping you
in DC or are carrying the ball for you.
They’re not. Every time they raise
their heads, they get hit with high oil
and gas prices. They’re loathe to be
in Washington right now.”
Tom Corcoran spoke as a lobbyist
for energy issues. He is the principal
at the Center for Unconventional
Fuels in Washington, DC. He was
a four-term Republican Congressman. During Arab Oil
Embargoes of the 1970s, he thought energy deregulation
was the key. He retired after deregulation was successfully
established, but believes that once again, antidevelopment
legislators were using government to lock up resources.
“What’s happening with oil shale is terrific!” he exclaimed.
At the time of his speech, however, there was a government
moratorium on oil shale development. “This is a de facto
Arab Oil Embargo placed on us by Congress.”

Perhaps the most interesting interaction I had at the
conference was with Clay Jones, a financier of large fossil fuel projects with the bank Société Générale. It was
perhaps the only confrontational exchange I had at these
conferences. When he found out I was an environmental
writer, he asked how good I was going to feel when the
Texas electric system crashed because I stopped 10 coal
plants from being built.
While I should have been flattered for giving me singlehanded credit for this huge task, he was confusing me with
other activists who spent years on the issue. But rising to
the absurdity of the bait, I said “I felt so guilty that one
night I slit my wrists out of contrition.” After looking at me
with utter confusion (after all, I am from another planet),
I assured him that environmentalists were proposing
alternatives that would provide for Texans' future needs.
He seemed slightly relieved, though I am not sure, in any
way, convinced.

Clay Jones, mentioned earlier, thought the attitude was
more primal; he believed the federal government viewed
Houston the way it was portrayed in the violent movie
“Rollerball.”
Dr. Quigyun Sun, also discussed earlier, bemoaned the
protracted permit and construction process in the U.S. that
can take as long as 10 years to see a project to completion.
He was dismayed by America’s talk-but-no-action attitude.
“If you want to do this, you need to do this right now!”

In his speech to the conference, Jones opined that environmentalists made money running against global warming.
He estimated the proposed 2008 Leibermann/Warner Act
on climate change, which was then before Congress, would
reduce coal use 62-89%, increase electricity costs 11-64%,
and increase auto fuel costs by over a dollar a gallon.

The Ambassador’s Return
Leaving the hotel after the first conference, I took a wrong
turn and spent the better part of an hour trying to navigate back to the Interstate. Houston is the most sprawled
metropolitan area in the country. The highway was bleak.
Given all the construction, traffic back-ups related to it, the
smog from cars, and lack of landscape, it was all a dingy
shade of Freeway Gray.

Good Government
Conference speakers did not spend all their wrath and
sarcasm on environmentalists. Government regulation,
government lack of regulation, and governmental lack of
support competed for their criticism.

The signs (when there were signs) were horribly confusing
as to which way to go. If you made the wrong turn, you
had to drive two miles back just to get another chance. I
found myself irritable and cursing. But I am not altogether
sure that the traffic engineers, oil companies, car manufac-

Tim Cornitius, the conference producer, was angry that
the U.S. Environmental Protection Agency has not accepted
Synfuels – The Ambassador From Mars
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turers, and city “planners” heard me. They might as well
have been on another planet.

Of course, conventional oil production is no stranger to
subsidies. For instance, if the $141 billion the U.S. spent
on the Iraq War in 2008 were divided by the amount of
oil America received from the Mideast in the same year,
it would amount to a $163 per barrel premium above the
purchase price, or about $4.57 per gallon.(3)

After finding the right road, and putting some miles
between me and the city, I calmed down enough to reflect
on what I learned.

A fair number of peak oil believers think that the energy
used to create synthetic fuels is so great that it will make the
strategy unaffordable. But this is often not the case. While
some synfuels such as ethanol have a very low EROEI,
several others such as CTL, GTL, and UCG are relatively
high, at least from an energy security standpoint. Still other
synfuels, such as oil shale, have an unknown return, as the
first modern plant has yet to be built. But synfuel advocates
claim a huge reward with minimal sacrifice.

I marveled at the transparency at the conference. They
knew I did not share their worldview. Yet they let me
stay and learn. I have found this same trait in a number
of people that I interviewed for this article. They feel
there is a problem they have solutions for. They want the
public to know.
In one sense, they are not that different from me and my
fellow activists in Austin who want to change the world
with clean energy. There are, however, stark differences.
Their material wealth is staggering. Their political influence
is profound. And while they acknowledge the dangers of
foreign oil dependence and the economic impacts of high
prices, most of them do not see major danger to the environment from the work they do.

The environmental atheists accuse synfuels of huge
problems, including air and carbon emissions, land damage
from mining, and prodigious amounts of solid, liquid, and
hazardous waste. Gazing at the moonscapes of Alberta tar
sands mining, or the flattened mountains in Appalachia to
access cheap coal, one can easily grasp the desperate lengths
society is willing to go to ensure future fuel supplies. But
not every synfuel is equally destructive.

In the Oil Capital of the World, the industry is so much a
part of the culture that it just seems like a part of the scenery.
It is taken for granted. It goes unnoticed, like the hum of
my car cruising down Highway 71 towards Austin.

Gasification technologies can produce fuel that burns
so cleanly that it is almost miraculous compared to the
sky-staining coal plants of 50 years ago. The carbon can be
captured and sequestered in geologic formations. UCG in
particular has the potential to exploit coal cleanly without
any surface mining. Advocates also claim that if UCG is
deep enough, there will not be any land subsidence.

They breathe carbon. We breathe perfume.
Their blood is molten. Our blood is like tree sap.
They drink fire. We bath in sunlight.

Synfuel made from flared gas creates a usable fuel out
of a waste product and displaces some of the need for
more oil. Biomass from sustainable coppicing of wood
plantations can provide a supplement for solid fuels, and
in the future, alcohol made from grasses and corn stover
grown with no-till agriculture might provide a respectable
percentage of motor fuels.

They swallow mountains. We forage on their slopes.

Answering the Heretics
You cynics of peak oil. You doubters of sustainability.
You blasphemers of utility and economy. You still disdain
the salvation that is before your very eyes?!

Economists sit in skeptical judgment of the high costs.

Believers in the theory of peak oil hold that the world’s
production of conventional oil and gas has either reached
the height of its production or shortly will. They generally think that synfuels cannot be produced fast enough
to delay major impending economic upheaval caused by
oil shortages.

Some of these apostates ask that if synfuels are such a
bargain, why isn’t Capital willing to fund them? Several
have observed that not one of the CTL or SNG proposed
U.S. plants that synfuel developers want to build is under
construction. But this is not true. There are three synfuels
plants in the U.S. on the ground now gasifying solid fuel,
and another two that have obtained government financing.
(4) Their purpose is for chemical or electrical production
rather than liquid fuel, and they are displacing natural gas
for their industrial processes. Add to this 237 operating
solid-fuel gasifiers at 64 locations worldwide, the CTL
plants in South Africa, the tar sands plants in Canada, and
biofuel production worldwide, and you get a sense that
maybe the doubters are overly cautious.(5)

But this will not stop us from trying. In fact, in the U.S.,
the equivalent of 10% of transportation fuel already came
from synfuels in 2008.
Peak oil proselytizers also denounce huge subsidies given
to synfuels. U.S. ethanol distillers received about $13 billion
in 2008, about $1.39 per gallon.(1) Tar sands manufacturers
received about $1.9 billion (U.S.) in Canadian federal tax
deferrals and credits in 2007, about 9¢ per gallon.(2)
Synfuels – Answering the Heretics
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els are extravagantly expensive. And some are, particularly
for the first new plants that might be built. In particular, a
modern oil shale plant does not exist, and given the huge
expense and risk of construction of a first-of-a-kind facility,
it is doubtful if it will even be built without major government subsidies. However, UCG promises very cheap fuel,
and SNG, once operational experience is gained, will be
more moderate in cost.

ification for EOR and shipping it 205 miles to a Canadian
oil field since 2000.(1)
However, the imperative to stem greenhouse gases by
cutting carbon emissions may be more demanding than
most synfuel producers are ready for. As already stated,
many synfuel developers are skeptical of the reality of
global warming anyway, and are only planning on carbon
mitigation because of pending regulations. So how will
they reconcile this with the attitude that their mitigation
efforts, as noteworthy and expensive as they are, come
nowhere close to solving the problem?

The economic apostates also point to the increasing price
of tar sands. New plant costs have risen at a staggering rate,
and these unforeseen expenses have caused some projects
to be delayed or cancelled. However, these increased tar
sand costs are only partially related to increased extraction costs. Up until the 2008 recession, cost increases were
largely driven by regional labor shortages and worldwide
price escalations of construction materials.

Just as a nation at war often produces a political climate
of “hawks,” this battle of opinions has produced “the carbon
hawks,” those who believe emissions should be reduced to
near zero. Former Vice-President Al Gore, NASA scientist
Bill Hansen, writer George Monbiot, and environmental
activist Bill McKibben are a few of the carbon hawk leaders.
They believe that the world must reduce its carbon emissions 80-90% in the next few decades or face environmental
Armageddon caused by changes brought about by heat
build-up in the earth’s atmosphere. They believe that even
if carbon emissions are constrained to these levels, it will
only avert the worst problems, and that significant damage
will be inevitable. Some believe even this is not enough!

This author crept into this subject with a certain set of
beliefs about synfuels. As an environmentalist, I am greatly
skeptical of extraction and overuse of resources, and aware
of the dangers they cause. As a consumer advocate, I am
wary of technological remedies that may be oversold.
While many of my worst suspicions were confirmed upon
research, it is not all black and white.
No matter your beliefs about whether synfuels should be
made, there are companies with billions of dollars willing
to produce them, governments willing to promote them,
and a hungry world waiting to buy them.

Synfuels developers can boast that they have the capability to reduce carbon noticeably. But it is a relative thing.
Since carbon can stay in the atmosphere anywhere from 50
to 200 years, and heat retained in the world’s oceans can
last a millennium, marginal reductions will not provide
much, if any, protection.

Heretics: Beware!

The Carbon Hawks

One can imagine the debate between the two polarized
attitudes.

Synfuel companies in industrial nations are generally
resigned to some form of carbon regulation in the near
future. Many of the proposed plants in developed countries such as the U.S. have carbon remediation designed
into them. The most advanced technology at this time is
carbon capture and sequestration, a method where carbon
dioxide is discretely separated in the hydrocarbon gasification process and then piped to underground formations.
These include old oil and gas wells, saline aquifers, salt
domes, and abandoned mines, which can retain the CO2
indefinitely.

THE DEVELOPERS: Carbon sequestration is a proven
technology.
THE HAWKS: There are only a few places in the world
where sequestration is being pursued. There is only one
syngas plant in the world capturing carbon with EOR.
Moreover, this technology is only for new plants, as the cost
of capturing carbon in existing plants is cost prohibitive.
THE DEVELOPERS: Coal-derived syngas can be used
onsite, or turned into natural gas and transported through
conventional pipelines to power plants nationwide. If carbon is sequestered at the gasification site, it would reduce
carbon emissions from coal to 40-60% of a natural gas plant
and 20-30% of a new coal plant. It would increase our
energy independence and stabilize utility costs.

The technology to store gas is commonly used in the
industrial world. About 15% of the natural gas used in
the U.S. is stored for peak use. And carbon dioxide, both
natural and man-made, is routinely pumped into depleting
oil and gas wells to recreate geological pressure to boost
production. While these gas storage technologies come
with a cost, they are often financially lucrative. Natural
gas can be bought low and stored to replace high peakgas costs. Enhanced Oil Recovery and Enhanced Gas
Recovery operations (EOR and EGR) purchase CO2 to
cost-effectively lengthen the productive life of wells. The
Great Plains Synfuels plant in North Dakota has actually
been profitably producing carbon dioxide from coal gasSynfuels & Redemption – The Carbon Hawks

THE HAWKS: Wait! This assumes a vast, hugely expensive
carbon management infrastructure is put in place very
quickly. To do this on a worldwide scale, it will require
expensive and energy-consuming infrastructure that the
world has never seen.
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And that does not consider the 41% of the world’s carbon
emissions that already come from existing coal infrastructure.(2) As it stands now, even a huge amount of fuel
produced with carbon sequestration infrastructure would
simply diminish carbon growth. It would not cause carbon
emission cuts unless it replaced existing plants.

profitably using it for Enhanced Oil & Gas Recovery.(8)
THE HAWKS: No. You are using carbon to bring up more
carbon. There is no real carbon reduction. It’s just that less
is emitted. This will reduce carbon emissions from oil
produced in this manner 50-80%, but there will be no net
reduction from the carbon dioxide created by the coal itself.

And the “virtual coal plant” enabled by SNG would allow utilities in states with regulators skeptical of coal to
continue to use it without local environmental effects and
the political baggage that comes with it.

EOR is only a supplement to the world’s growing oil demand, and CO2 is cumulative. As oil demand increases,
more carbon will build up in the atmosphere, even with
sequestration for EOR.

THE DEVELOPERS: You give us no credit. If we could
install this infrastructure over the course of a few decades,
the carbon reduction would be dramatic.

THE DEVELOPERS: Coal-derived liquid fuel can be
combined with wood gasification to reduce carbon. The
proposed CTL plant in Ohio will use 30% biomass to reduce
carbon emissions 50% compared to diesel.(9)

THE HAWKS: This assumes no growth. Worldwide carbon
emissions are growing by almost 3% a year(3). In the U.S.,
it has grown 4% between 1998-2008.(4) In China, it has
grown by 28% in the same decade!(5)

THE HAWKS: Extremely impressive. Where’s the money!?

THE DEVELOPERS: Carbon capture is not harmful to the
environment.

The plant itself has not been built. Most of this carbon
reduction involves carbon capture infrastructure that has
not been funded. When this flagship plant is funded, it will
only provide a quarter of 1% of the country’s fuel when its
first phase is complete. The plant, if built, will be a good
model of carbon reduction, nothing more.

THE HAWKS: This assumes no accidents. Carbon dioxide
becomes deadly to humans when it exceeds 10% of the
volume in the air that is breathed. The 1986 release of
naturally-created carbon dioxide from Lake Nyos in Cameroon caused an estimated 1,700 deaths to people living
as far as 16 miles away. Large volumes of carbon dioxide
are also the cause of accidental deaths in underground
coal mines.

THE DEVELOPERS: Regulations and carbon credits or
taxes are being created by industrial nations that will spur
these techniques and technologies to success.
THE HAWKS: That assumes: 1) the regulations are enforced,
and 2) the regulations are enforced in developing nations
such as China, Pakistan, and India. It is ironic that even if
synfuels are not produced in the U.S., our country might
profit from them anyway because their production overseas
will lower worldwide demand and price for conventional
petroleum. And these nations value economic development
over environmental protection.

If a large carbon storage infrastructure were set up around
the country or world, earthquakes or accidents could endanger people and wildlife living near it. While the odds
of such an event are unlikely, all it takes is one big accident
to humble a technology-dependent culture.
Perhaps more important in the long term is potential seepage. If large-scale, long-term storage is ongoing, and the
leakage rate is only 1% a year, over a period of decades,
this could cause measurable CO2 increases.

The bottom line is that the carbon hawks’ call for urgency
cannot be answered by gradual change. The synfuels industry does not share this sense of urgency, and the world does
not yet have the political will to rise to the emergency.

THE DEVELOPERS: As much as 5.3 trillion cubic feet of
gas are flared or vented from oil and gas wells every year,
equivalent to 5% of the world’s natural gas consumption.
Much of this gas can be turned into liquid fuel or chemicals. If it were all used for fuel, it would produce about 1.4
million barrels a day with a retail value of $21-72 billion
annually.(6)

Benediction
It reads like a prayer: “We are but mortals before the
power and might of your force that has raised us to a
higher level and blessed us with abundance, prosperity,
and shared this wealth with the multitudes.”

THE HAWKS: Impressive, but this is less than 2% of
worldwide oil consumption and 1% of worldwide carbon
emissions (before annual growth).(7) This won’t cut emissions 80% by 2050.

Throughout most of mankind’s history, we have lived
poor. We have subsisted on what the land would provide.
When resources ran low due to abuse of the land, overpopulation, or uncontrollable weather events, we starved,
migrated, fought wars, or did all three more-or-less at once.
Occasionally some new invention or innovation increased

THE DEVELOPERS: As much as 26% of all the carbon
dioxide from coal plants in the U.S. can be sequestered by
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our resources unexpectedly, but our species lost little time in
living beyond its newly-acquired means. One can observe
this pattern so often in humankind’s history that it seems
preordained – in a sense, original sin.

When does salvation become a devil’s bargain? When
does redemption become a temporary condition only
capable of delaying the day of reckoning? And when
is divine intervention only devised as a fleeting way for
humankind to cheat its fate?
Some mystics and theologians believe God has unlimited capacity to forgive. Nature is not so benevolent. If
the promise of synfuels, with their ominous potential to
ravage the environment and divert money from long-term
solutions, is fleeting, then redemption must be sought
another way.
Look Elsewhere.
Paul Robbins
4/6/09

DOCUMENTATION

And then came Fuel.

The U.S. Department of Energy, Energy Information
Administration, is a frequently cited source. It will
generally be referred to as DoE, EIA.

More than anything else, fossil fuels and conventional
energy have made it possible for our species and societies
to proliferate. It has given us our daily bread, as well as
our water, shelter, transportation, clothing, light, and heat.
Twelve thousand years ago, there were as few as one million
people on the planet. In 2008, there were 6.8 billion, and
this grows by over 75 million per year.(1) If the artificial
carrying capacity created by fossil energy vanishes, what
salvation is there from the combination of poverty, famine,
and war that awaits us?

The U.S. Department of Energy, National Energy
Technology Laboratory, is another frequently cited
source. It will generally be referred to as DoE, NETL.
INTRODUCTION
1 Roads from "Transportation Statistics, Roads, total
network," Nationmaster database, accessed October 25,
2009. Online at http://www.nationmaster.com/graph/tra_
roa_tot_net_km-transportation-roads-total-network-km
2 Number of vehicles and vehicle increase between
2000-2005 from Wright, John, Ed., The New York Times
Almanac 2009 (New York, NY: Penguin, 2008), p. 423.

Synthetic fuels promise to be part of our redemption.
But at what price? More carbon emissions? Mining so
intensified that entire regions turn into national sacrifice
zones? Ravenous water consumption in water-scarce areas? Food diverted for biofuel, and massive deforestation
to divert land for more?

The Map to Redemption
All synfuels are converted to oil equivalent (heat) values:
0.68 for ethanol, 0.92 for biodiesel, 0.91 for CTL/GTL, and
0.90 for non-upgraded bitumen.
Tar sands refinery locations from Earthworks Oil and Gas
Accountability Project, "What's in Your Tank, Tar Sands Oil
Refineries and Pipelines in the U.S.," (Washington, DC:
Earthworks, August 2008 [map]).
Tar sands production from Bill Wall, Oil Supply Analyst,
Alberta National Energy Board, May 6, 2009.
2008 tar sand imports to U.S. based on Wall, Bill, Ibid.
Future tar sands supply:
Range of total oil sands produced from Canadian Association
of Petroleum Producers, Crude Oil Forecasts, Markets,
and Pipeline Expansions, June 2009 (Calgary, Alberta:

Not every synfuel and technology discussed here is
without long-term benefits. Biomass fuels might be produced sustainably through gasification or enzyme-derived
cellulosic alcohol without using food. Underground Coal
Gasification can be much less damaging than conventional
coal use. However, these technologies have rarely been
implemented. Biofuels can only sustain a limited number
of people; many nations do not have enough land area to
make widespread use of them. Even above-ground gasification, which is at least a cleaner way to use solid fuel, is
usually passed over for conventional combustion technology because of the increased construction cost.
We are approaching two Armageddons simultaneously.
Synfuels & Redemption – Footnotes

One is where a population unprecedented in numbers is
fighting each other for diminishing conventional energy
sources. The other is massive, human-caused climate
change that, at its worst, will make the planet uninhabitable
to people, and even in the best case, more hostile toward
sustaining them.
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