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General Principles - Definitions

Coal Gasification
Conversion of coal into gaseous products in a 
gasification reactor using air, oxygen, 
steam…

Underground Coal Gasification
Conversion of coal into gaseous products 
directly in the coal seam using air, oxygen, 
steam…

CO2 underground sequestration
Storing carbon dioxide inside coal seams or 
reservoirs far below the Earth's surface
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General Principles - cont.
COAL

CHALLANGES, TECHNOLOGIES

Increased efficiency of electricity generation
Oxy –combustion:

(Advanced Supercritical Bituminous Pulverised Fuel -Fired Power Plant,
Natural Gas Combined Cycle Power Plant)

High temperature fuel cell
…..

Conversion to gas or liquid fuels
Underground coal gasification
Carbon dioxide sequestration
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What is gasification?
Gasification is a controlled partial oxidation of coal to produce 
primarily carbon monoxide (CO) and hydrogen (H2)

Combustion is a conversion of coal into carbon dioxide (CO2) and 
water (H2O)  and …

- Gasification:      (Cm Hn) + ½ O2 → CO + H2

- Combustion:      (CmHn) + O2 → CO2 + H2O
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Coal Gasification Process
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Gases from Coal Gasification

1. Coal  +  air → CO + H2 + N2 producer gas
(C) (O2+N2)

2. Coal  +  air  +  steam → CO + H2 + N2 water gas
(C)   (O2 + N2 )  (H2O)

3. Coal  +  oxygen  +  steam → CO + H2 synthesis
gas  syngas

(C)             (O2 )          (H2O)                      (SNG)

CH4

Synthesis gas can be used to produce hydrogen (H2)
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ZeroGen Demonstration Project Schematic
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What is UCG?   

UCG processes are complex involving:

• Injection processes and gas flow

• Chemical reactions

• Heat and mass transfer

• Water flow

• Thermo- mechanics of coal and 
rock mass

• Physical site changes 
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Underground Coal Gasification (UCG)

1. UCG is a clean method - only gas is 
removed from the coal seam, leaving 
all the ash and slag underground

2. UCG reduces greenhouse gas 
emissions (significant low sulfur 
oxide and nitrogen oxide emission)

3. High CO2 partial pressure – smaller 
capture plant

4. Self-sustaining for water injection

Injection

Gas
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What affects UCG?

• Coal seam depth, thickness 
and dip

• Coal permeability

• Overburden properties

• Hydrogeology

• Drilling capabilities

• Required production volume

• Restrictions on subsidence 
and groundwater consumption
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Rockmass Deformation

Subsidence

Contamination

Water

Water Table

Increased
Permeability

Increased 
Temperature
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UCG Efficiency

Current traditional 
coal burning 30% - 38%

Current gasification 50%

Future gasification 70-80%

Efficiencies

Coal gasification is much more efficient than coal burning in power plants
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UCG – Pilot Technology
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Air, O2, Steam

Generator

Patent: J.Palarski

Thick coal seam:
Reactions occur mainly 
from  bottom to roof.

Future generators will be prepared from directionally drilled borehols.



UCG in Poland
Some important dates in connection 

with UCG in Poland

1950 – first UCG tests in laboratory

1953 – underground experiments 
with coal gasification at mine
Mars

Early 1980-s  some UCG modelling was
conducted

2007               new experiments with UCG

1953
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UCG in mine Mars/Poland (1953)
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Polish Activities in Underground Coal 
Gasification

1. Hydrogen Oriented Underground Coal 
Gasification for Europe – Project HUGE 
(RFCS –EU)

2. Pilot Project of Massive Production of 
Hydrogen from Coal Seams - The Private 
Investors
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UCG Project „HUGE”

Hydrogen Oriented Underground Coal 
Gasification for Europe

Starting date: 01. July 2007

Project duration: 36 months

Total costs: ca. 3.2 Mil. EURO
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Project summery
The project explores the technology for hydrogen
production through underground gasification of coal in 
a dynamic geo-reactor

The process will be controlled through purposed 
dynamic changes in temperature and pressure of the 
reactants and products 

The project addresses CBM usage and CO2
sequestration in coal deposits

The locations of demonstration plants will be chosen 
through computer modelling and simulation – Silesia 
Region Poland
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Consortium Partners
Glowny Instytut Gornictwa (GIG)  Poland 
Politechnika Slaska (SUT)  Poland 
Kompania Weglowa SA (KW SA)  Poland 
BOT Górnictwo i Energetyka S.A. 
(BOT GiE SA)  Poland 

Poltegor Institute  (IGO) Poland 
Delft University of Technology 
(TUD) The Netherlands 

Universität Stuttgart (USTUTT) Germany 
Institute of Chemical Process 
Fundamentals AS CR (ICPF)  Czech Republic 

Institut Scientifique de Service 
Public (ISSeP) Belgium 

The UCG Patnership LTD (UCGP) Great Britain 
National Mining Academy (NMA)  Ukraine 
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WP – 0 
Project management, reporting

WP – 2
Mathematical and thermodynamic

modelling of the proposed
technological solutions

WP – 1

In situ test facility
concept, design 
and construction

of the facility
to be used for 

testing of various
options of

Underground Coal
Gasification

WP – 3
Ex situ laboratory

testing of concepts

WP – 4
Testing of selected concepts of
Underground Coal Gasification
aimed on hydrogen production

WP – 5
HUGE process

environmental and technical
risk assessment

WP – 6
Elaboration

of the implementation
criteria for the selected

technological option

WP – 7
Dissemination of the results aimed on future
participation in hydrogen, fuel cells projects

Implementation
criteria

Project Activities
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the the PILOT PROJECT PILOT PROJECT 
of of Massive Production of Hydrogen Massive Production of Hydrogen 

from Coal Seamsfrom Coal Seams is staris startted.ed.

The Super Daisy Shaft system and underground The Super Daisy Shaft system and underground 
pyrolyticpyrolytic conversion of coal with steam and oxygen conversion of coal with steam and oxygen 

(without (without NOxNOx) into ) into syntsynthhesisesis gas, hydrogengas, hydrogen
& electric energy will be established.& electric energy will be established.

Based on the mining concession whichBased on the mining concession which
covers the area of 62covers the area of 6277 kmkm22

in Upper Silesia and the private investorsin Upper Silesia and the private investors

Author: B. ZAKIEWICZ
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SUPER DAISY SHAFT SYSTEM

CrossectionCrossection ofof Super  Super  DaisyDaisy ShaftShaft

equippedequipped withwith MultitudeMultitude
ofof productionproduction MultifunctionMultifunction, , 
smallsmall diameterdiameter JetJet StngersStngers, , 
whichwhich cancan recoverrecover fromfrom areaarea
spacespace ofof 15 15 sqsq. km:. km:

1.1. CombustionCombustion gassesgasses: CO : CO oror COCO22

2.2. EnergyEnergy steamsteam fromfrom combustioncombustion
3.3. GeothermalGeothermal EnergyEnergy
4.4. LiquefiedLiquefied SulphurSulphur
5.5. OilOil CrudesCrudes
6.6. UltraUltra--HeavyHeavy hydrocarbonshydrocarbons
7.7. DissolvedDissolved SaltsSalts
8.8. LeachedLeached MetalsMetals & & UraniumUranium
9.9. ProcessedProcessed BioBio--productsproducts fromfrom

LignitesLignites
1010 WaterWater IntakesIntakes & & MinesMines

dewateringdewatering
Author: B. ZAKIEWICZ



MASSIVE PRODUCTION OF HYDROGEN FROM COAL SEAMS MASSIVE PRODUCTION OF HYDROGEN FROM COAL SEAMS 



ONE SDS SYSTEM CAPACITY PRODUCTION

• 1 billion m3 of synthesis gas per year 

• 2.190 mln MWh electricity per year

THOSE  PRODUCTION REQUIRES 

Coal 1,942,000 tons/y

Oxygen 540,000 tons/y

Water 1,540,000 tons/y

Production Capacity

Author: B. ZAKIEWICZ J. Palarski, SUT Gliwice



COST OF HYDROGEN PRODUCTION

Author: B. ZAKIEWICZ J. Palarski, SUT Gliwice



Conclusions
UCG is a potential coal utilisation clean technology receiving 
interest around the world

UCG provides significant environmental benefits, such as: 
reduction of greenhouse gas emissions
no surface disposal of ashes, tailings and wastes
limited rehabilitation

Recently, Poland has begun re-evaluating UCG activities –
exploratory studies and field tests
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THANK YOU !

jan.palarski@polsl.pl

QUESTIONS ?
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