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Coeal - Glownal EnNerey SeUce

Coal is abundanit and relatively chhieap teday (coal occurs in
over 70 countries around the world)

Coal Is one of the most iImportant fuels for generating
electricity and perhaps for extensive syngas production in

the future (Global coal consumption increased by about 4.5%% during
2101015))

Lignite and hard coal has been an energy seurce for
hundreds of years in Europe

Coal faces significant environmental challenges: i mining:
waste, surface subsidence, air pollution and emission oif
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Palish HardicoalProduchion

Coal in Poland

Over 77 Mt of hard coal and almost 60 Mt of ligniteis
currently produced (2009)

Coal playsavital rolein power generation — 93%
Almost 95% of Polish steel production is dependent on coal

Coal will continueto play a key rolein the Polish energy
mix
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VIINHINGHIVIENRS @OIDS

Invest iR R Longwall panels are solid coal blocks,

accessed by tunnels
Investment: >$70M for face equipment only
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Lignite Sub- Bituminous Anthracite
Bituminous

Heat Content 10 - 20 20-21 24 - 35 30-35
MJ/kg
Fixed Carbon % 25-35 35-50 50 -85 85 - 98
Ash % 10-55 <12 5-15 10 -20
Moisture % 30-70 10 - 45 3-15 <12
Sulphur 0.3-20 <25 <5 0.5-0.8
%
Products - 1t of Syngas Syngas
coal < 500m?3 > 500 — 600 m?3

(< 7MJ/ md) (<12 MJ/ m?d)
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Structure of Coal Production
In Poeland

Costs

(thers 4.4%

(yezlf 20008)

Maintenance
and sarvicas

18.1% =~
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A 1,000 MW coal power

plant produces:

e 20,000 tons of SO,
e 20,500 tons of NO,
e 8 million tons of CO, per year

In a modern plant 1,000 MW-s 3 million m3/hour of flue gas
are going through the chimney.
Prof. J. Palarski




UCG Is the In-situ conversion of coal nte a syngas threugh
the same chemical reactions that eccur In surface generator

UCG Is a gasification process carried on in nen-mined and
unmineable coal seams

UCG Is clean and environment firiendly technology.
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What 1s Gasification?

Gagification is a controlled partial oxidation of coal to produce primarily
car bon monoxide (CO) and hydrogen (H.,)

Combustion is a conversion of coal into carbon dioxide (CO,) and water
(H,O) and ...

.

J. Palarski SUT Gliwice




25-50%C
Air
ﬁ

H,O steam
#

Prof. J. Palarski




Reactions for Underground Coal Gasification

C,H, O,=>coal =
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UCG — CONTACT BETWEEN COAL & GASES

—T

Oxidation Zone
Reduction Zone

Drying and

Copyright: J. Palarski J. Palarski, SUT Gliwice




o
a
<
ol
~
5
a




Coal gasification is much more efficient than coal burning in power plants
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Coal seam depth, thickness
and dip

Coal permeability

Overburden properties

Hydrogeology
Drilling capabilities
Required production volume

Reaction zone

Restrictions on subsidence
and groundwater consumption
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Underground Coal Gasification for Europe

Oxidant Product Gas
(steam, O,) (hydrogen rich synga
with low CO; conigft
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Polish Activities in Undergreund
Coal Gasiification
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RFCS - EU Resear ch project: HUGE (Hydregen Orlented
Underground Coal Gasification) — 11 Partners

Pilot Project ofi M assive Proeduction ofi Hydroegen firom| Coal Seams -
The Private Investors

Lignite gasification — KGHM activity.

~ UCG, CBM and CO.,— activity of different business partners
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Hydrogen Oriented Underground
Coal Gasification for Europe

v  Starting date: O1. July 2007

v Project duration: 36 months

v lTotal costs: ca. 3.2 Mil. EURO
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TThe project explores the technelegy for
hydregen proeductien throeugh undergreund
gasification off ceal In a dynamic gee-reactor

TThe process willl be controlled through purpesed
dynamic chamnges In temperature and pressure
of the reactants and preducts

The project addresses CBM usage and €O
seguestration In coal deposits

The locations ofi demonstration plants will be
chosen through computer modelling and
simulation — Silesia Region Poland




Coal-gasfication residues
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The Super Daisy Shaft system and underground
pyrolytic conversion of coal with steam and oxygen
(without NOX) Into synthesis gas, hydregen
& electric energy will be established.

Source: B. ZAKIEWICZ J. Palarski, SUT Gliwice




Source: B. ZAKIEWICZ

THOSE PRODUCTION REQUIRES
@ Coal 1,942,000 tonsly
@ Oxygen 540,000 tonsly

D Water 1,540,000 tonsly
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COMPLEX ENERGY EXTRACTION FROM COAL (CEEC)

Technology we are implementing is offering:

1. Comprehensive extraction of 90% of original complex energy content in coal deposit

2. Massive extraction of CBM, saturated in pores and adsorbed by coal, (cH, isreleased and mobilized by
micro-fracturing and dragging forces with the special system),

3. Massive production of high quality syngas, gener ated by pyrolitic underground processing and
enhanced in surface reactors

4. M assive production of electric & heat ener gy from three streams of heat carriers:
- water & steam stream
- syngas stream
- stream of chemical energy generated from produced gases

5. Massive production of Hydr ogen, which isadmixed in syngas with 40- 44%,
which can be separated from the remaining gas components

6. M assive sequestration and utilization of CO,

7. M assive waste utilization asfill material
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UNDERGROUND ENERGY EXTRACTION
COAL HAS A WONDERFUL FUTURE!!!




