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Rapidly Decreasing –Pollution and Carbon Concerns

Coal, being the least efficient fuel in terms of Btu to
electric energy, and highest CO2 producing fuel
compared to natural gas and petroleum fuels, faces a
serious challenge and may become obsolete. Coal is
the most abundant and cost-effective biomass (albeit
buried biomass) available today on almost all the
continents and cheap electricity produced with it
continues to be critical to alleviate poverty and
improve the health of many poor. Sustainability of
abundant coal resources in USA as a viable fuel is
not only needed to produce low cost energy, but also
to sustain the enormous economic infrastructure
which millions of Americans depend upon
for
employment.
The power industry depends upon coal for more
than one-third of its fuel needs and constitutes the
largest market for coal. The conventional method of
generating electricity with coal involves spraying
finely pulverized coal, along with hot air, into a
furnace chamber lined with water-filled coils. Coal
burning inside the chamber converts the water in the
tubes to steam, which is then used to rotate a
turbine-power generator.
This process, devised
more than a century ago, is termed the “Rankine
Cycle”. The use of emissions controls has recently
been mandated to prevent pollutants such as sulfur
dioxide and fly ash from being discharged into the
atmosphere. Alternatives to this approach have also
been explored. However, coal use is decreasing and
successes in the deployment of synthetic fuels and
coal gasification have been limited due to the high
costs involved with these conversion technologies.
Today, due to increasing dependence on vulnerable
supply sources of oil, coal is again being considered
for production of synthetic fuels utilizing the WWII
thermal technologies. Technologies based on these
thermal conversion have been in use in South Africa
for many years. These plants were built in South
Africa due to oil embargo during apartheid to meet
domestic fuel needs without regard for economics.
Recently, China has adopted these, but economic
viability of these technologies has remained elusive
due to fluctuating oil prices of the past four decades.
An integration of MicGASTM Coal Biotechnology
with proven methane reforming and Fisher-Tropsch
results in producing liquid fuels at prices, which will
compete with $3-5 per barrel oil, which still is the
real production costs of almost 70% of the world oil
supply today. More importantly it will create an
economical approach of removing CO 2 from
atmosphere through increased biomass, which will
result from use of humic acid.

In one innovative stroke, this technology would
mitigate 25% of CO2 emissions for energy production
but also set a path for mitigation of 75% from other
industrial and agriculture sources.
It would:
• Virtually eliminate further buildup of CO2 by
capturing it , the use of lower CO2 producing fuel gas
and hydrogen, and indirectly as carbon sink through
the pre-combustion sequestration of useful humic acid
in soil for enhanced vegetation and algae biomass;
• Enhance economic growth though lower cost
electricity and fuels, increased food production, and
environmental cleanup;
• Revitalize the coal industry and enhance national
security by maintaining low cost energy supply from
vast domestic coal resources; and
• Constitutes a
control.

“no regrets” strategy for CO2

The innovative MicGASTM technology is based upon
applying natural microorganisms adapted to convert coal
into clean fuels under anaerobic conditions. Unlike the
conventional coal gasifier, the solid residue from the
MicGASTM anaerobic treatment is not a waste but is rich
in organic humic matter.
The residual coal from this treatment is further subjected
to biochemical process for extraction of humic acid. This
valuable byproduct has applications as
a fertilizer
material and also in environmental remediation. Thus, it
results in utilizing total value chain of coals.

ARCTECH has developed this technology by

MicGAS Coal Bioreactor

adapting wood termites to eat coals and then the
microbes isolated from their guts to coals in presence
of appropriate nutrient components. The process
conditions have been optimized, so that the technology
can be applied in typical sewer treatment plants. The
technology has also been adapted for conversion of un
mineable coal, shale, residual oil in reservoirs into
clean methane gas. Per US DOE, un mineable coals
globally account for 90.7 % of all the fossil fuels,
coal, oil and gas.
Low cost gas produced with
MicGASTM In situ can be utilized as clean fuel or
converted into liquid fuels, chemicals or even to
hydrogen.
The bioconversion is accomplished in four major steps.
In the first step, the hydrolytic and fermentation
process, microbes convert the coal into volatile organic
liquids (primarily acetate and CO2). In the second
step, the liquid from the first step, along with the gases
produced, are contacted with methanogenic (“methane
producing”) microbes which hydrogenate the acetate
and CO2 to methane. The methane produced is
separated and the unconverted residual coal then, in
the third step, undergoes a biochemical conversion. In
this step, the coal residue is converted into humic acid
for formulating into agriculture and environmental
products. Fourth step, entails injection of microbes and
nutrients into deep un mineable coal seams for
production of gas. Depending upon site specific
factors, it can be applied only for mined coals or for
deep un mineable coals or integrated for both.

Termite Derived Microbes
Bio-converting Coal

In its simpler version, the MicGASTM technology converts
carbon in coal into two primary components. One is
hydrogen rich clean fuel gas and the second is carbon rich
humic acid products. The use of clean fuel gas in higher
efficiency advance power generation systems such as gas
turbines and fuel cells, will keep the costs of electricity
production low, while reducing the emission of CO2
emissions for every unit of power production than today’s
approach. The use of humic acid for enhanced vegetation
will further remove carbon dioxide from the atmosphere
through natural processes. This coal utilization concept is
similar to that used in an oil refinery. A barrel of crude oil
as a result of cracking and refining provides a multitude of
products that are valued several times higher than the
price of crude itself. The higher value obtained from the
sale of these by-products (petrochemicals) enables the oil
industry to sell #6 oil at almost the same or below the price
of crude coming into the refinery. Implementation of the
MicGASTM technology, while creating a solution to global
warming, will also result in creating a 20-40 -fold increase
in value from a ton of coal over today’s approach of coal
utilization. Though the strategy of MicGASTM follows the
oil refinery multiple product scenarios, it centers around
products based on humic acid products unique to coal.
These products will serve large agricultural and
environmental market sectors, and thus will not compete
with traditional petrochemical products.

A widespread application of humic acid products is
therefore needed to mitigate CO2 emissions and at the
same time create high value from the vast resources of
coals. Thus, ARCTECH in the past ten years, has
developed several innovative applications of humic
acid for both agriculture and environmental markets.
Humic acid is a black to brown, highly functionalized,
carbon rich macro-molecule. The structural makeup
and properties of this chemical have been the subject
of extensive research studies at various universities
and research institutions throughout the world.
Recently, the pre-eminent researchers at three
universities (Temple and Northeastern in the U.S. and
Birmingham in the U.K.) have announced a
breakthrough understanding
of the humic acid
molecule. They have evaluated humic acid samples
from a wide variety of sources and locations in both
North America and Europe and have found these
materials to be remarkable in not only uniform
chemical composition but also similar attributes in
terms of ability to capture metal ions.
These
researchers have put forward a new model structure
(TNB Model) of this uniform polymer consisting of
repeated units called building blocks. These building
blocks are joined together through a peptide-like
linkage. Joining four building blocks results into a
helical structure. This helix has a central cavity for
water, metal and solute binding. The water filled
helical model is consistent with properties of many
different humic acids extracted from many different
places.
As a water retainer, metal binder, and absorbent, humic
acid is essential to maintenance of fertile soils. Soils
are the fourth largest storehouse of carbon in our
planet after sedimentary rocks, fossil fuels and oceans.
Humic acid the largest component of soil organic
matter is the most stable form of carbon. The versatile
characteristic properties of humic acid include: a high
cation exchange capacity, the ability to chelate metals,
the ability to adsorb organics, a high-water holding
capacity, an ease of precipitation at low pH or in the
presence of coagulants, and an ease of combustion due
to its organic nature. These versatile properties are
useful for agricultural and environmental purposes.

The MicGASTM technology provides an approach of
pre-combustion sequestration of coal carbon as useful
humic acid products for meeting our critical human
needs of safe food and clean environmental. This
offers the potential of completely mitigating the
emissions of greenhouse CO2 gas by both direct and
indirect approaches. The direct reduction shall result
from the use of coal-derived methane gas in lower CO2
producing power plants. The indirect reductions shall
be realized through enhanced CO2 capture by biomass
growth with humic matter. Note www.ihccs.org
Recognizing the potential for MicGAS™ technology,
ARCTECH has built a prototype-production facility to
produce humic acid from inherently-humic rich lignite.
At this facility in South Boston, Virginia, ARCTECH
produces humic acid and formulates it into commercial
actosol® fertilizer products. ARCTECH is also
conducting several developmental projects focusing on
environmental cleanup of the U.S. DOE Weapons
Complex, and the safe disposal of DOD munitions.

Without actosol®

actosol® fertilizer products are being successfully
marketed worldwide. In the U.S. actosol is widely used
for golf course maintenance, landscaping, erosion control,
and for agricultural crops such as corn, wheat, and
soybean. actosol is also being successfully marketed in
the Middle East to enhance growth of alfalfa, palm trees,
and other crops grown both in greenhouses in the harsh
desert climate. On the prosperous island of Mauritius, in
the Indian Ocean, actosol is being used to increase yields
of sugar cane, while in South Korea, actosol has been
introduced into the marketplace for golf course and
greenhouse applications. actosol® is presently being tested
for distribution in the Chinese market.
King William Co., VA 1997
Bushels per acre

The above described diverse properties of humic acid
make it extremely useful material for increasing yields
and nutrition of our food, while enabling safe
agriculture practices. The environmental applications
include cost effective removal of both metal and
organic toxins from contaminated waters, recycling of
industrial wastes, and even the safe disposition of the
most dangerous chemical agents and explosive
chemicals devised for the military warfare.
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Increase In Soybean Yield Using actosol®

With actosol®

Humic Acid Fertilizer Enables Growth of Vegetation, Even In Beach Sand (Ocean City, Maryland).
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Actodemil® Unit for Safe Destruction and Recycling
of Explosives into Fertilizer
Actodemil® Unit for Safe Destruction and Recycling
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ARCTECH, Inc. is a diversified company that provides technologies, services
and products to meet growing needs of clean energy and for preserving the
environment. Formed as a spin-off company from the Environmental Science
and Technology division of the Atlantic Research Corporation, the ARCTECH
group through 30+ years of experience in energy, energetics, environment and
agriculture, has created outside the box solutions in these interrelated market
sectors. The entrepreneurial scientists and engineers at ARCTECH have
pioneered the use of vast resources of coal and coal-derived humic acid
products such as actosol® fertilizer; HUMASORB®, a multipurpose
contaminant adsorber; ACTODEMIL®, for cost-effective disposal of
munitions; ActoCLENSE™, a general purpose industrial cleaner, and an
overall encompassing MicGASTM technology described herein for production
of clean energy while eliminating the build up of greenhouse CO2 emissions.
For additional information about our products and applications, please visit
our web site: www.arctech.com

For more information on the remarkable
MicGAS™ technology and the status of our
projects, please contact:
Dr. Daman Walia
President and CEO
ARCTECH, Inc.
Centreville, Virginia USA
Phone: 571 338 5005
Email: dwalia@arctech.com

