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10.15-11.15 | Plenary Session

Ristovic, 1., Belgrade, Serbia: Curent Situation and Development of Energy Mining in Serbia

Grujic, M., Belgrade, Serbia: Environmental Action Plans of Coal Mining
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16.30 | Second Session

Fedorko, G., Molnar, V., Grubai, V., Kosice, Slovakia: Steel Ropes Designing in Cad and Possibilities of Their Analysis Using FEM
Potocnik, D., Ganic, A., Vizintin, G., Vulic, M., Velenje, Ljubljana, Belgrade, Slovenia, Serbia: Horizontal and Vertical Movement of
the Ground Influenced by Mining Works

Potocnik, D., Vulic, M., Velenje, Ljubljana, Slovenia: Monitoring and Prognosing Degradation on the Surface

Mayer, J., Cizmek, D., Velenje, Slovenia: Modern Underground Roadway Construction in Difficult Geomechanical Conditions
Dimitrijevic, S., Milutinovic, A., Belgrade, Serbia: Spatial Information System of Haulage and Hoisting in Underground Mining
Ignjatovic, M., Rajkovic, R., Mikic, M., Ljubojev, M., Bor, Serbia: Possibility of Oil Shale Exploitation for Obtaining the Synthetic
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Djukanovic, D., Sankovic, C., Resavica, Serbia: Possibility of Introduction of Technology of Remote Video Surveillance System in
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| 17.09.2008 WEDNESDAY
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PROMOTION FOR UNDERGROUND COAL GASSIFICATION HOW BASIC CLEAN
TECHNOLOGIESFOR PRODUCTION OF ENERGY

Zoran Panov*

Abstract. Underground Coal Gasification (UCG) is a potentsmurce of future energy
production that is currently receiving an increasmgel of attention within business, academic
and policy communities. The principle of UCG is docess coal which either lies too deep
underground, or is economically unattractive tolexgdor conventional mining methods. Coal
gasification converts solid coal into a gas that t® used for power generation, chemical
production, as well as the option of being conwendo liquid fuels.

KEY WORDS: UCG, COAL, MINING, SYNGAS, ENERGY, CLEAN TECHNOLOIGS

INTRODUCTION

Traditional mining methods however are not suited working offshore reserves, and
development and infrastructure costs of new mires ender the exploitation of landward
reserves uneconomical. Underground coal gasificqttCG) has the potential to provide a clean
and convenient source of energy from coal seamsemnaditional mining methods are either
impossible or uneconomical.

UCG is a method of converting unworked coal, demgenground, into a combustible gas, which
can be used for industrial heating, power genaratiothe manufacture of hydrogen, synthetic
natural gas or other chemicals. The gas can beegsed to remove the GOefore it is passed on
to end users, thereby providing a source of cleengy with minimal green house gas emissions.
The energy is recovered directly from coal seamsjding mining related hazards and the
handling of surface coal and post-combustion ash.

UCG include the injection of steam and air or oxygao an underground seam of coal which is
ignited, and reacts in the presence of the injegesks to form a combustible gas that can be
used either as a fuel or as a chemical feedstagk 1

“University “Goce Delcev”, Faculty of Mining, Geolpgnd Polytechnic
Goce Delcev 89, 2000 Stip, Macedonia
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UCG has an established history of operation thenéor Soviet Union since 1930s and
experimental tries have been performed in othaonsg most notably the USA during the 1970s
and Western Europe during the late 1990s.

Advanced in drilling and gas processing techniguescent years have led to renewing interest in
UCG due to the reduced costs of accessing theasmhimproved efficiency of gas utilization
that can now be achieved. However, as natural geanbe abundant in the 1980s and evidence
emerged in the USA that there could be environnheistaues around UCG technology, in
particular, the contamination of surface water Ihg gasification process, interest waned in the
technology.

Nevertheless, in Europe studies and an initial imi&pain suggested that deep seam UCG, using
new oil and gas technologies, appeared to offellgrnative to conventional mining. The
Spanish trial (1992-1998) confirmed that it wassiBke to construct and operate wells in coal
seams at depths of 550m and greater. The two kéymodogies to enable this were directional
drilling and the use of moveable injection poinlisng the borehole, providing control over the
oxidants required for gasification.



Meanwhile, renewed interest in UCG was developm@&hina, where 12 pilot trials have been
undertaken, and in Queensland, Australia, which thasbase for the Chinchilla UCG trial.
These use simple vertical boreholes, shallow cealns and an air-blown system (instead of
oxygen) for gasification, which are rather differ@achnologies to those required for deeper
seam gasification. In the light of the trials amé growing overseas interest in UCG, the UK
embarked on an investigation to assess the lomg-tebility of UCG as a future method of coal
exploitation. It examined the suitability of UK da@sources, the environmental risks and the
economic viability of this technology compared they energy sources.

\

LG Activity (last 1D years)

Fig. 2 World UCD Activity in last 10 years

There have been a number of recent developmerithdlia helped to drive interest in UCG:

- Security of supply and cost advantages of coal & in plentiful supply: the European reserve
alone is 130 billion tones; the South - East Euaopeeserve is about 15 billion tones; the
Russian Federation is 157 billion tones; whilelttf&reserve is 246 billion tones.

- Production cost estimates for UCG clean gas listamtially below the current price of natural
gas;

- The rapid disappearance of cheap natural galsaspatting UCG in a prime position as an

exploitation and conversion technology, taking adage of recent advances in drilling,

completion and exploration technology.

- Modern gas technology offers access to much deepal seams, where environmental
challenges are easier to overcome.

- UCG offers improved safety for the extractionustty.

Coal gasification converts solid coal into a gast ttean be used for power generation, chemical
production, as well as the option of being conwkmteo liquid fuels. Gasification exposes coal to
temperatures that would normally cause the coatammbust but by carefully regulating the
amount of oxygen in the gasified and adding stetm,coal does not burn but rather separates
into syngas — a mixture of carbon monoxide and dwyeln. The syngas can then be shifted with
the addition of more steam, to produce more hydragel to convert the carbon monoxide into
carbon dioxide (Cg). UCG uses a similar process to that used in serfmsification. The main
difference between both gasification processehd in UCG the cavity itself becomes the
reactor so that the gasification of the coal tgase underground instead of at the surface. UCG



requires boreholes to access the coal, and thréeodehave been developed to connect between
them, namely:

i) Air pressurization between vertical holes (Clnifle, Australia, and the former Soviet Union);
i) Man-built galleries in the coal (Chinese trigls

iii) Directional drilling in the coal seam with ctolled injection (US and the European field
trial).

UCG can be applied to coal and lignite depositosxithe South East Europe. It has been
estimated that in this Region there is about l®hitones of unmineable coal that is recoverable
by UCG. This technology can be readily deployedjotd at very competitive costs for a variety

of reasons:

- Reduced capital expense: Unlike traditional stefgasification facilities, there is no need to
purchase gasifiers or build ash and slag managefaeiiities. Due to syngas stream continuity,
there is also no need for gasifier redundancy.

- Reduce operating expense: Unlike conventionaitplahere is no need to purchase, transport,
store, or prepare coal. There is no need to réclihie gasifier linings. Due to syngas stream
continuity, plans have high capacity factors corapbe to pulverized coal or natural gas plants,
reducing down time.

- Reduced environmental management costs: Dueet@dkification environment underground,
UCG facilities produce no SOx or NOx. Particulatteams are half of their surface equivalents,
and there is no production of ash. Roughly ¥z ofrtleecury is generated compared to traditional
plants. These present reductions in operational capdital costs, as well as increased ease of
regulatory compliance and reduced environmentabotgp

- Fuel supply certainty: Because the supply of U&y8gas is local and continuous, operators are
not faced with risks in terms of changes in fuehikbility or supply costs. There is no risk of
supply disruption, providing clear advantages icuse fuel supplies.

Environmental risk assessment for UCG has unigpeas, requiring consideration of a complex
array of changing conditions, including high cavigmperatures, steep thermal gradients, and
stress fields obtained during and after the buotgss. In the context of the site stratigraphy,
structure and hydrogeology, risk models must evaldbe permeability changes from cavity
development and collapse as well as the effecthafges in buoyancy, thermal and mechanical
forces on the transport of organic and inorganitaminants.

RESSONS FOR PROMOTION OF UCG

A West Balkan region growth potential cannot béyfexploited unless local academic research
competence is made more visible and accessibls.iliue for all knowledge-intensive sectors,
including the mining and environmental sector. Ac® research competences will provide the
industry with partners for research collaborationd aUCG development. Without these
partnerships, innovation leading to technologytatps will be significantly hampered. They all
face the same challenge of better exploiting reseapmpetences in their countries. At the same
time, they need to increase the competitivenessheifr countries in order to attract more



scientists, companies and the most important -stmvents. The final reason is to develop a joint
marketing strategy for the application of UCG tealbgy in this region.

Some Western Balkan Countries (WBC) have enormaas$ i@sources that could potentially
benefit from UCG commercialization. In particuldMacedonia, Serbia, Bosnia and Herzegovina
have large reserves paired with rapid economic trakat has created unparalleled demands for
energy including electricity, liquid fuels, and ohieal feed-stocks. Simultaneously, these
countries are coming to terms with rapid growtlpailution and global concerns with their €O
emissions. UCG provides unique opportunities twves¢hese rapidly evolving needs for both
countries.

Results of the UCG will show the possibility of éipation and use of UCG in production of
clean energy in WBC. Possibility of applicationd€£G is consisted in following:

- Production of synthetic natural gas (CH4);

- High efficiency electricity through an UGC confiigtions;

- Production of liquid fuels (synthetic diesel fuelethanol, Fisher — Tropsch liquid etc.);

- Production of hydrogen as one of the most clemhemvironmentally friendly fuel.

Results of the promotion will initiate further instegations in implementation of UCG in coal
deposits in WBC. The big potential of coal in tregion, will rise the possibility of development
and application of UCG.

Classic surface exploitation of coal (surface odarground mining methods) produces: gas
which contains atmospheric pollutants such as $€xx, mercury etc., solid wastes such as fly
ash or slags and direct environmental influendéonature such as degradation of environment,
acid main drainage etc. UCG faces none of thesesss

The results of the implementation of UCG will lfirm the following advantages:

- No SOx is produced (Sulphur in the coal is cotesto BS or COS, which are easily getterd
and converted to solid form);

- No NOx is produced (the gasification reactionetkplace underground at relatively low
temperatures, so no NOx is generated);

- No ash is produced (all the ash remains undengtpu

- Reduced mercury and particulate streams;

- Reduced plant footprint;

- Reduced environmental footprint.

These advantages provide the opportunities for Howe&pital cost, improved regulatory
compliance, substantial emissions reduction oegdtpollutants, and reduced surface footprint
and legacy.

CONCLUSIONS

Underground coal gasification is a method of cotingrunworked coal, deep underground, into
a combustible gas, which can be used for indudteating, power generation or the manufacture



of hydrogen, synthetic natural gas or other chelsicEhe gas can be processed to remove the
CO, before it is passed on to end users, thereby girayia source of clean energy with minimal
green house gas emissions. The energy is recodaesttly from coal seams, avoiding mining
related hazards and the handling of surface cahpast-combustion ash.

A West Balkan region growth potential cannot béyfelxploited unless local academic research
competence is made more visible and accessibls.i3tiue for all knowledge-intensive sectors,
including the mining and environmental sector. Asc® research competences will provide the
industry with partners for research collaborationd aUCG development. Without these
partnerships, innovation leading to technologytatps will be significantly hampered. They all
face the same challenge of better exploiting reseaompetences in their countries. At the same
time, they need to increase the competitivenessheir countries in order to attract more
scientists, companies and the most important -stments.

Added value of this paper is promoting and fadiliig of WBC participation in modern trend in
development and using of UCG. Second value is deweént research and innovation strategic
in Trans — national and national technology transfdird value is dissemination of scientific
information, education policy and training modaigi

Possibility of applications of UCG is consistedatiowing:

- Production of syntetic natural gas (syngas,¢CH

- High efficiency electricity through an UCG confiigtions;

- Production of liquid fuels (syntetic diesel fuglethanol etc.);

- Production of hydrogen how one of the most claaah ecological fuel.

Classic surface exploitation of coal (produce g&® wontain atmospheric pollutants such as
SOx, NOx, mercury etc., solid wastes such as ftyasslags, and direct environmental concern
such as degradation of environ, acid main drairagelUCG faces none of these issues.
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