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2 Introduction

PricewaterhouseCoopers (“PwC”) have been engaged by Linc
Energy Limited (“Linc Energy”) to prepare an independent
review and assessment of the underground coal gasification
industry and UCG’s potential in the national energy market. The
research conducted and presented in this paper is a desktop
analysis comprising review, analysis and consolidation of
publicly available existing research in the field. Where
conclusions have been drawn, they have been drawn from the
results of the desktop analysis; that is, based on external
information.

This paper aims to be a comprehensive reference resource on
the underground coal gasification industry and covers three
broad themes. Firstly, the context is set by reviewing the
technology in terms of its background and history, processes,
and products. Secondly, the potential of UCG in terms of
resource recovery and availability is investigated and, thirdly,
the potential economic and broader social impacts are
considered.

This report has been prepared by PwC solely for Linc Energy
for the purpose of assisting Linc Energy in evaluating UCG’s
potential in Queensland, Australia and internationally, and to
address some of the terms of reference of the Environmental
Impact Statement being prepared for the Chinchilla project.

This report is not intended to be utilised or relied upon by any
persons other than Linc Energy; nor to be used for any purpose
other than that articulated above. Accordingly, PwC accepts no
responsibility in any way whatsoever for the use of this report
by any other persons or for any other purpose.

This report has been prepared based upon data and
information obtained from public material and data sources.
PwC has not endeavoured to seek any independent
confirmation of the reliability, accuracy or completeness of this
information. In particular, we do not imply, and it should not be
construed, that we have carried out any form of audit or other
verification of the data or information we have relied upon.
Accordingly, whilst the statements made in this report are given
in good faith, PwC accepts no responsibility for any errors in the
information on which they are based, nor the effect of any such
errors on our analysis or conclusions.
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3 Underground Coal Gasification

UCG is not a commercially established technology, but it is not
a new technology.

The process has existed for over 100 years, has been
extensively researched and trialled by a number of respected
organisations in numerous countries, including the Lawrence
Livermore National Laboratory in the U.S. and the CSIRO in
Australia, and has been in operation on an industrial scale in
the Former Soviet Union for years. It has as yet, however,
generally failed to achieve commercialisation.

Whilst there have been significant technical and environmental
hurdles to overcome in implementing the technology,
historically development beyond the pilot stage has been most
significantly constrained by low energy prices making it
uneconomic to pursue66. The sharp rise in the price of oil and
natural gas in recent years has potentially changed this.
Combined with concern over greenhouse gas (“GHG”)
emissions and energy supply issues, rising energy prices have
renewed interest in UCG and other coal-to-liquids (“CTL”) and
gas-to-liquids (“GTL”) technologies.

The concept was conceived in the late 1800s as a means of
extracting energy from waste and slack coal in coal mines.
While encouraging experiments were conducted in the early
1900s in the U.K., initial commercial development was held
back by the onset of World War 1.

Hearing of the work in the U.K., and impressed with the
prospect of utilising coal without the hazards of mining, Lenin
championed the process in the USSR following the war. This
resulted in a research and development program during the
1930s, which led to the implementation of a number of industrial
scale UCG plants, commencing in 1937 and continuing into the
1950s. While many of these shut down after the discovery of
extensive Siberian natural gas reserves in the 1960s, at least
one site in Uzbekistan is still in operation today.

The success of the Soviet projects briefly reignited interest in
UCG technology in Western Europe after the Second World
War, however low oil and gas prices in the 1960s resulted in
most programs being abandoned.
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Most of the technological development and trials during the
1970s and 1980s occurred in the United States. However,
significant environmental problems at two sites due to
operational mistakes and poor site selection, combined with low
natural gas prices in the 1990s, eliminated ongoing
development 45.

Rising oil and gas prices over the past 5 years have once again
renewed worldwide interest in UCG and associated CTL and
GTL technologies with numerous trials currently taking place in
coal producing countries around the world, and in particular
Australia, the United Kingdom, South Africa, China, India,
Vietnam and the United States.

Since the 1930s there have been over 50 UCG tests or pilot
operations worldwide. This has given a range of experience
over varying coal seam depths and thicknesses and has
allowed collection of data on how differences in stratigraphy,
structure, hydrogeology, coal, rock and water compositions and
engineering design of operations can influence the burn,
contaminant and product composition and gas flow. This has
allowed conclusions to be drawn on the impacts of these factors
on the economics and environmental impacts of operations 76.

Indications are that the technology is now sufficiently
developed, and the economic conditions potentially suitable, to
favour the commercial development of an underground coal
gasification industry.

Process Overview

Gasification is a process for transforming a solid or liquid fuel,
usually coal, petroleum, or biomass, into a combustible gas
called synthesis gas or syngas. Syngas can be used to
produce heat or generate electricity or it can be used as a
feedstock for gas to liquids processes producing synthetic fuels
or for a range of chemical products. Gasification is a well
developed technology and currently there are hundreds of
gasification plants in operation globally including at least 160
which utilise coal and produce in excess of 50,000 MW
(thermal) of syngas 76.
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UCG is a coal-to-gas (“CTG”) technology whereby un-worked
coal is gasified while still in the ground. Whereas other direct
methods of coal gasification and liquefaction require the coal to
first be extracted from the ground, the coal used for UCG is
gasified in situ; therefore mining, in the traditional sense, is not
required and the extraction and conversion steps are combined.

UCG – The Process

In its simplest form, injection and extraction wells are drilled into
the coal seam. An oxidant is pumped into the injection well to
stimulate combustion and the coal face is ignited, resulting in
partial combustion of the coal in the seam. The oxidant may be
air, oxygen, steam or a combination of all, depending on the
design of the site and the requirements of the product gas.

The partial combustion of the coal results in the formation of a
combustible product gas consisting of various proportions of
hydrogen, methane, carbon monoxide and carbon dioxide –
syngas. The syngas flows through the porous coal seam, is
removed through the extraction well and then cleaned to
product gas specification.


