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Introduction

Gas Technology Institute is a non-profit research and development organization. GTI primarily
focuses on areas of supplying clean energy, supporting reliable energy infrastructure, developing
efficient and environmentally responsible energy systems, and managing carbon emissions. GTI
has pilot scale gasification facilities that utilize resources such as coal and biomass to generate
syngas. Syngas can be used to generate power, fuel, and chemicals. In order to make gasification commercially feasible, GTI partners with a variety of clients by facilitating the research and
development. GTI strives to provide solutions that will help make gasification marketable.
Gasification is a chemical reaction similar to combustion but done in a more controlled environment. Feedstock such as coal or biomass is heated to between 800-900°C in a reactor known as
a gasifier. A certain amount of oxygen and steam is introduced in the gasifier and reacts with the
biomass to form carbon monoxide, hydrogen, and carbon dioxide. The carbon monoxide can be
furthered reacted with water to form carbon dioxide and more hydrogen.
C6 H12 O6 + H2 O →
− CO + CO2 + H2

(1)

CO + H2 O →
− CO2 + H2

(2)

This mixture of gases is otherwise known as syngas. The syngas can be combusted and used for
generating power or can be further processed using the Fischer-Tropsch process to produce other
liquid fuels.
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Experimental Process

Besides the large pilot-scale gasification, GTI also has the capability to do bench-scale gasification.
The mini bench-scale gasifier unit (MBU) can be seen in Fig 1 inside the clamshell drum heaters.
The MBU reactor is several feet long (compared to the pilot-scale reactor that is tall enough it
needs to be housed in a five-story building). A narrow chamber on the inside of the MBU is where
the reaction takes place. Also pictured in Fig 1 is the feed hopper where biomass or coal is placed
and fed into the reactor.
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Figure 1: The bench-scale gasifier unit is pictured in the center of the image along with the feed hopper on
the left.

A simplified diagram of the gasification system is shown in Fig 2. The solid feed is placed in the
hopper which has a feed screw going through the base to transport the feed to the reactor. A flow of
nitrogen gas is used to pressurize the system. Near the end of the feed screw, a water jacket is used
to keep the feed from overheating and starting to pyrolyze before it reaches the reactor. Steam is
generated from a heater and is then mixed with air. This mixture continues to be heated as it enters
the reactor. The feed is fluidized as the gas mixture enters the reactor from the bottom. As the feed
gasifies, the syngas product leaves at the top of the reactor. The gas goes through a filter (to catch
any particulate matter that was carried out of the reactor) and is then cooled. The knockout pot
(K.O.) collects any liquid that condenses out of the mixture as it is cooled. A micro-gc unit is used
to monitor the relative composition of the products throughout the test.

Figure 2: A simplified diagram shows the bench-scale gasification.
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Results and Conclusion

During my time at GTI as an intern, I worked on the MBU gasifier. My tasks consisted of handson work to get the unit up and running (the unit had not been used in several years), prepping
for tests, helping run the experiments, and doing cleaning/reset work to be ready for another test.
Throughout the course of the summer we ran tests and collected data for two different clients. The
feedstock from one of the clients was biomass based, while the other was coal based.
Much of the challenge our group faced was getting the feed properly fed from the hopper to
the reactor. Since the feed hopper for this unit was not originally designed with varied feedstocks
in mind, it would easily get jammed while trying to feed the material. This problem led to some
experimentation with pelletizing some of the material as well as grinding up some the material to
try and find what the best composition was for feeding.
The syngas composition as well as the leftover ash composition are both important data that can
be extracted from these tests. Understanding the composition of the resulting syngas products is
vital to be able to predict how much energy or product can be produced, depending on the desired
end use. The remaining ash can show how efficient the reaction process is, and it can also be a
potential product that could be sold depending on its composition (e.g., used as filler in asphalt).
In the case of the tests ran on the MBU gasifier this summer, one client was much more interested
in the ash and what was leftover after the reaction, while the other client was more concerned with
the composition of the syngas.
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