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The key role of mathematical modelling and advanced 
optimisation techniques at the stage of pilot plant preparation 
is stressed in all Clean Coal Technology programmes. The 
Central Mining Institute, as a science and research centre, 
attaches great significance to the modelling of processes 
and the computer simulation of phenomena occurring at 
various stages during their course. The directions of basic 
research, which always begins the development of innovative 
technologies, are determined first and foremost on the basis of 
technological demand, while development research is always 
meant to develop technology or technical solutions prepared 
for implementation in the industry on market terms.

The issues concerning the innovative development of Clean 
Coal Technologies are tackled within the Central Mining 
Institute - in close cooperation with CCTW - by a number of 
departments:
 The Department of Energy Saving and Air Protection
 The Department of Solid Fuels Quality Assessment
 The Department of Environmental Monitoring
 The Department of Geology and Geophysics (Laboratory 

 of Deposit Geology and CO2 Storage)
 The Department of Extraction Technologies 

 and Mining Support
 Laboratory of Information Technology and Modelling
 The Experimental Mine “Barbara”.

The Clean Coal Technology Centre (CCTW) itself is comprised 
of three basic and separate functioning units:
Research Laboratories in Katowice and two technological 
sections - in Mikołów and Zabrze. This structure makes it 
possible to tackle multiple aspects of the technological 
research concerning increased coal extraction efficiency, 
processing, preparation and utilisation in a complex manner, 
as well as to increase the acceptance of these processes from 
the perspective of their influence on the natural environment. 
In this regard, the Clean Coal

Technology Centre is a unique project in all of Europe.  
A particular area of our interest includes: the development 
of underground coal gasification technology, an innovative 
approach to the direct coal liquefaction technology, 
improvement-directed research concerning coal combustion 
efficiency, as well as the research of non-organic substances 
in coal and ash utilisation technologies after combustion. 
Furthermore, an important role in our sphere of research 
interests is played by various environmental aspects related 
to the utilisation of coal. 

Thanks to the unique technological research apparatus at 
our disposal, we are open to cooperation with industrial 
companies already at the stage of project preparation, taking 
into consideration the specific needs of future clients, i.e. 
industrial partners.

The proposed technological solutions presented by us 
are directed first and foremost at potential clients from the 
energy and mining sectors. These are the natural directions 
concerning the commercialisation of innovative Clean Coal 
Technologies, as the power industry, which still makes use 
of tremendous amounts of coal, must seriously face its 
environmental consequences, while in mining there



Underground coal gasification (UCG) 
pilot plant with a power of 10-20 MW, 
using the shaft method

Technology description:
The solution is based on the production 
of a low-calorie gas, using the in situ 
underground coal gasification method 
with air, alternatively enriched with 
oxygen, the purification of the gas to 
a required level and its combustion in 
a dual fuel boiler with methane (mine or 
network) gas or coal. Underground coal 
gasification is conducted in residual 
hard coal beds in liquidated mines 
and extraction areas with a thickness 
over 1.7 m; a part of the infrastructure 
(pipelines, preliminary gas purification 
apparatus) is located in the headings 
and the mineshaft.

Due to the limited coal deposits 
remaining in a location after mining 
has concluded, the gas plant power is 
10-20 MW.
The plant is meant to conclusively 
confirm the possibility and the 
technical and economic advisability 
of implementing the technology on 
a commercial scale.

Merits of the technology:
 a complex solution for medium-power  

 plants, encompassing a system for  
 gasification, gas purification and  
 combustion in the simplest possible  
 way
 a method for opening out coal from 

 mine headings, using directional 
 drilling
 a raw gas purification method,   

 partially in mine headings

Market application:
The UCG pilot plant constitutes the 
final stage before implementing the 
technology on an industrial scale. Its 
area of application is hard coal mining, 
particularly within the Upper Silesian 
Coal Basin, and in areas where mining is 
discontinued due to economic or natural 
causes (i.e. deposits situated too deep), 
but also the energy sector, particularly 
in terms of heat and electrical energy 
production in medium-power systems 
for local use.

Form of protection: 
Restricted know-how

Technology maturity: 
Ready for demonstration

Form of commercialisation: 
Technical cooperation 
(consulting contract)

Contact:

Prof. Krzysztof Stańczyk
Department of Energy Saving 
and Air Protection
Coordinator of Clean Coal 
Technology Centre
T: +48 32 259 22 67
E: kstanczyk@gig.eu

Pic. An installation for underground coal gasification process pressure simulation
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Laser tilt and vibration sensor

Contact:

Ph. Sc., Prof. GIG 
Janusz Kompała, 
Head of Department of Technical 
Acoustics and Laser Technology
T: +48 32 259 22 34
E: jkompala@gig.eu

D.Sc. Adam Szade
Laboratory of Laser Technology
T: +48 32 259 22 40
E: aszade@gig.eu

MET7A laser methane detector

Technology description:
Boilers adapted for economic and 
ecological reasons to the combustion 
of methane acquired from hard coal 
mines are equipped with advanced 
control systems. Optimising the 
combustion process and meeting the 
safety requirements raises the necessity 
for continuous, precise and immediate 
methane concentration measurements
in the transmission line. This necessity 
is a result of the varying parameters 
of the transmitted gas, such as: the 
concentration of methane and other 
mine gases, the vapour content, etc., 
which are related to the technology 
acquiring the methane from coal 
deposits.

The presented methane detector is an 
original GIG construction. Its operation 
is based on the selective absorption of 
laser radiation in the middle infrared. 

The obtained metrological parameters 
(characteristic linearity, reaction time, 
measurement accuracy and selectivity) 
and the structure adapted for work in 
specific industrial conditions have made 
it possible to apply these devices in 
systems controlling the operation of 
methane burners.
The correctness of the applied solutions 
was verified during a three-year-long 
operation in heating stations burning 
gas acquired during the course of 
methane drainage from various hard 
coal mines.

Merits of the technology:
Tests performed in certified centres 
demonstrated the assumed methane 
concentration measurement accuracy,
the characteristic linearity of the device 
and the resistance to the presence of 
other mine gases, vapour and
dusts.

Market application:
Methane burner operation control in 
boilers adapted (for economic and 
ecological reasons) to the combustion 
of methane acquired from hard coal 
mines.

Technical data:
- measuring range: 0-100% volume
-  accuracy +1%
-  power supply: ~ +230 + 10 – 15%,
-  30VA power rating

-  output (measurement) signal: 
 4-20 mA, 0-10 V
- control output: relay OPEN – ERROR,  
 CLOSE – O.K.,
- measuring head: 10 kg mass,   
 120x120x200 dimensions
-  signal processing module: 5 kg 
 mass,  400x400x210 dimensions

Form of protection: Patent

Technology maturity: 
On the market 
(implemented for industrial use)

Form of commercialisation: 
Manufacturing agreement 
(subcontract)

Used for continuous monitoring of 
the behaviour of a series of structures 
located on terrains subject to mining
influence.
The measurement is based on 
registering the laser beam deviation 
from its initial vertical zero position after 
passing through a wedge-shaped liquid 
with the appropriate refractive index and 
own vibration damping ratio. 
The liquid level is an absolute 
measurement reference system, while 
the angle between the normal to the 
surface of the liquid and the sensor axis 
is the tilt angle of the sensor and the 
structure on which it is installed. 
The signal from each part of the silicon 
photodetector is relayed, via A/D card, to 
a digital recorder where signal analysis 
and recording are performed. 

The solution is protected by the Polish 
Patent No. P-322 933. The technology is 
implemented for industrial use.



Seismic monitoring system SOS
(for monitoring rock mass response in mines)

Product:
Mining activities may result in rock mass instability that may lead to failure in 
underground mines caused by seismic tremors and represents a safety risk for 
miners. Identifying this risk is one of the main objectives of seismic monitoring 
in mines. Laboratory of Mining Geophysics provides industry-leading seismic 
systems SOS for installation at mining and geotechnical operations. These complete 
microseismic systems are easy to use and provided with modular, simple expandable 
architecture operating in MS Windows environment.
Laboratory of Mining Geophysics designs and manufactures all hardware and 
software in-house, including data acquisition units, geophones and accelerometers. 
This allows to fully customize any microseismic solution to meet specific client 
needs. Laboratory of Mining Geophysics does not sell products stand-alone, but 
rather manufactures them as components of complete microseismic systems. SOS 
seismic monitoring systems operate currently in most Polish and several Chinese 
mines where rockbursts are serious problem of mining safety.

Hardware:
Seismic Observation System SOS provides modern, efficient tool for transmission, 
recording and analysis of seismic signals generated from seismic sources occurring 
in underground mines. It consists of underground and surface part. Underground 
part comprises the DLM and DLM3D sensors with built-in signal transmitter module. 
Surface part comprises DLM-SO receiver module which is connected to the SOS 
data acquisition module. The SOS data acquisition module performs automatic 
trigger and continuous recording of mining seismic activity.
One DLM-SO receiver module comprises of 16 seismic channels and can be 
expanded up to 256 channels. Seismic Observation System SOS has been certified 
with ATEX flameproof certificate to be used in gas and methane hazard conditions 
in mining environment.

Software:
Multilok and Seisgram software enable data acquisition and data processing of 
digital seismograms to provide information on seismic source parameters and 3D 
location of seismic events in mines. 

The software is integrated into the SOS 
seismic system.

SEJSGRAM
digital data analysis of seismograms
 clear and easy to graphic user   

 interface
 fourier analysis
 digital n-th order Butterworh filters
 differentiation and integration 

 of digital seismograms
 baseline correction
 printing and copying seismograms  

 to other applications like MS WORD  
 with MS Windows Clipboard
 mechanism
 exporting to vector windows   

 metafile format
 exporting and importing of digital  

 seismograms via ASCII file format

MULTILOK
seismological analysis program
 four modern seismic event location 

 algorithms based on P and S wave 
 arrival times
 seismic energy calculation using 

 spectral and integral methods
 time residua information of the 

 located seismic event
 seismic event location with complex 

 seismic velocity models
 seismic source parameters   

 estimation: seismic moment, stress  
 drop, apparent stress etc.

Transmission line 
– receiver

PC FOR DATA ANALYSISSEISMIC RECORDER

Surface part

Underground part

Seismic sensors and transmission 
line - transmitters

LAN NETWORK
GPS
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Fot. Seisgram – FFT and digital filter analysis.

Fot. 3D seismic event location in the mine.

Fot. MULTILOK – seismic analysis window: seismic source location and seismic station distribution 
with mining&geological information.

Contact:

Assoc. Prof. Grzegorz Mutke
Department of Geology 
and Geophysics
T: +48 32 259 21 89
E: gmutke@gig.eu

Assoc. Prof.  Adam Lurka
Laboratory of Mining 
Geophysics
T: +48 32 259 25 75
E: alurka@gig.eu

 seismic energy index EI
 peak particle velocity PPV   

 parameter
 time changes of Gutenberg-Richter 

 b-value
 printing and copying results to other 

 applications like MS WORD with MS  
 Windows Clipboard mechanism
 compatible with passive 

 tomography method for more   
 sophisticated analysis of seismic  
 hazard

Seismic signal receiver station DLM-
SO, Broadband DLM seismic sensor 
and SEISGRAM RECORDER as
automatic data acquisition module
 no. of channels: 16,32,64,128 or 256
 frequency range: 1-10000 Hz
 resolution: 16 bit
 input signal: +-10V,+-5V,+-2.5V,   

 +-1.25,+-1.25V
 automatic triggering system
 continuous and trigger data   

 recording system
 operating system: MS Windows 7, 

 8 or 10
 signal detection using interprocess 

 communication and multithread 
 processing
 time synchronization: GPS or DCF
 network protocol: TCP/IP, IPX/SPX
 power supply: ~220/~110 V
 flameproof certificate: ATEX



Device for measuring carbon dioxide emissions 
from mine waste dumps

Technology description:
The device for measuring carbon dioxide 
emission levels from mine waste dumps 
was created as part of the “management 
system for CO2 emission elimination 
from post-mining waste dumps” project 
(acronym COOL’S). Its result was the 
designed portable measuring kit for 
field testing. The kit includes, apart from 
the designed IRGIGCO2 measuring 
instrument and the desorption globe 
- an ultrasonic anemometer for wind 
rose and power measurements, a 
flowmeter, an optical pyrometer and a 
power supply/recording module. This 
measuring device makes it possible 
to first measure and then balance the 
carbon dioxide outflow from mine waste 
dumps under all conditions, including 
taking measurements within thermally 
active areas. Monitoring these types 
of greenhouse gas emitters makes it 
possible to undertake technological 
actions to prevent the emission of CO2 
to the environment.

Merits of the technology:
The design of a measuring kit for 
balancing CO2 emissions from mine 
waste dumps is a novelty. Carbon dioxide 
emission measurement in a broad 
range of concentrations is possible 
thanks to the in-house development of 
adedicated measuring instrument. The 
measurement is, according to a known 
principle, the result of the

monochromatic infrared laser radiation 
absorption difference for two different 
wavelengths in the employed CO2 
absorption spectral band.
It is, however, characterised by a broad 
measuring range (0-50 000 ppm), 
characteristic linearity, resistance 
to other flammable gases, fog and 
changes to temperature, pressure and 
air humidity. Measuring accuracy is 1% 
of full scale. This was made possible by 
the structural solutions, including the 
structure of the measuring chamber 
itself, which also receives heat from 
the electric refrigerators stabilising 
the temperature of the emitter and 
theinfrared detector. A high measuring 
accuracy and the possibility to measure 
both low and high concentrations were 
achieved.

Market application:
The measuring device allows measure-
ments and balancing of carbon dioxide 
outflow from mine waste dumps under 
all conditions, including taking meas-
urements within thermally active areas. 
Monitoring these types of greenhouse 
gas emitters makes it possible to under-
take technological actions to prevent the 
emission of CO2 to the environment.

Additional information:
The invention has a significant 
influence on improving the condition 
of the environment by monitoring and 

balancing mine waste dump emissions 
of CO2 as a greenhouse gas. It allows 
accurate decision making in terms of 
solving the problems of emissions from 
post-mining waste dumps in the broad 
sense, including their harmful impact on 
the health of the communities residing 
in areas subject to the influence of 
these objects. It is possible to develop 
a flameproof version of the measuring 
instrument, which will increase the work 
safety in mines, allow the control of CO2 
emissions from mines or the monitoring 
of thermally active areas, as well as the 
control of underground coal gasification 
processes.

Form of protection: 
Patent application

Technology maturity: 
Ready for market introduction

Form of commercialisation: 
Commercial research services

Contact:

D.Sc. Adam Szade
Laboratory of Laser 
Technology
T: +48 32 259 22 40
E: aszade@gig.eu
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ELMECH&GIG 
pneumatic sorter machine

The ELMECH&GIG sorter was designed 
as a response to the clear demand that 
has been voiced by the mining sector for 
a very long time. It is a device that enables 
the accurate separation of material 
fractions differing in grain density and 
in the aerodynamic resistance factor – 
mostly rock materials.

The ELMECH&GIG sorter, as a basic 
version of a line of sorting machines, 
was designed and constructed in such 
a way, so as to make the mineral resource 
separation process highly efficient, 
energy-saving, as well as environment 
and user friendly. The separation 
is carried out for raw materials with 
natural moisture content. To improve 
final product purity, the material may 
undergo preliminary screening in order 
to modify the size grades. If so, specific 
size grade material is subjected to 
individual pneumatic separation.

Technology description:
The separation process starts with the 
feeding of raw material into a loading 
hopper. Then a belt conveyor transfers 
the raw material from the loading hopper 
to the pneumatic suction area.

This part of the sorter is referred 
to as the FEEDING MODULE (for 
industrial versions of the sorter, a set 
of synchronised belt conveyors shall be 
substituted for the loading hopper).
Material separation is carried out by 
means of a suction nozzle that intakes 
grains from the surface of a rotary 
drum. Furthermore, overpressure inside 
the rotary drum enforces the mutual 
movement of the grains, which leads 
to aerodynamic potential equalisation 
during suction. This solution, which 
significantly improves the efficiency of
the sorting process, was secured by 
a patent application.
This part of the sorter, whose basic 
elements are the rotary drum and the 
suction nozzle, is referred to as the

SEPARATION MODULE. The suctioned 
material is separated from the air stream 
and collected in the output bin. 
The grains that have not been suctioned 
are collected in a container beneath the 
rotary drum. 
These components of the device make 
up the RECEPTION MODULE (for 
industrial versions of the sorter, the final 
product reception shall be realised in 
a continuous way).

Negative pressure in the suction system 
is regulated by the CONTROL MODULE 
for the main suction fan.

Using the FREQUENCY MODULATOR 
enables the control of the feeding rate 
of the material forwarded onto the drum 
work surface and the regulation of the 
rate of rotation - this makes it possible 
to adjust the sorter operation
to specific properties of the sorted 
material.

Merits of the technology:
 innovative pneumatic separation 

 technology;
 low energy consumption relative to 

 the mass of the separated materials;
 elimination of water circulation from 

 the separation process;
 software taking into consideration  

 the specific needs of the user;
 efficient dust removal system with 

  additional main fan suppressors 
 limiting the emission of dust and 
 noise;
 the possibility to obtain a final 

 product with a calorific value   
 comparable to that of the most   
 frequently offered  high-quality coal  
 fuels.

Technical data:
The sorter is supplied with electric 
energy of 400 V, at a power consumption 
of 25 kW. 
The device efficiently separates both 
dry and wet materials, with a graining 
of 0-50 mm, achieving a throughput of 
5 tons per hour.

Contact:

D.Sc. Sebastian Iwaszenko
Laboratory test and 
research team
T: +48 32 259 21 73
E: siwaszenko@gig.eu

Mateusz Dulewski
Distribution and sales
M: + 48 517 391 440
E: mdulewski@gig.eu

reception module

separation module feeding module



Coal liquefaction process using the hydrothermal 
method (HTL - Hydrothermal Liquefaction)

Technology description:
The technology is meant for direct 
thermochemical conversion of coals 
into liquid hydrocarbon products, 
which constitute a resource to the 
petrochemical industry as an element 
of liquid fuel or chemical resource 
manufacturing. The hydrothermal 
liquefaction process (HTL) is based on 
the use of specific qualities of water in
high temperatures and at high pressure, 
as, under conditions close to the 
critical point (t=374°C, p=22.1 MPa), 
it acquires a clear affinity for dissolving 
the macromolecular structures of 
carbon materials and for stabilising the 
newly-formed products. The Miocene 
brown coal hydrothermal liquefaction 
process developed at the Central 
Mining Institute is conducted under an 
inert (N2) or reactive (H2) atmosphere, 
at a temperature range of 340-360°C. 
The liquid fraction output at the current 
technology development stage is 
approximately 30% of weight, calculated 
in terms of the coking coal in a dry and 
ash free state (daf). The process may be 
conducted with or without a catalyst. The 
final liquid product is characterised by an 
average calorific value of approx. 33 MJ/
kg, while hydrocarbons from a range of 
C5-C39 can be identified in its chemical 
composition, which corresponds to the 
intermediate-boiling crude oil fraction. 
Adapting the raw liquid product to the 
requirements regarding liquid engine
fuels, particularly within the scope of 
heteroatom participation (S, N, O), is 
carried out by catalytic hydrotreating. 
By-products of the process are coal char 
and medium calorific value post-process 
gas - both with significant potential for 
market use.

Merits of the technology:
The main advantage of the technology 
is the possibility to use low-grade brown 
coals with high moisture content (up 
to 60%) as a resource - conventional 
methods of their use, based on 
combustion processes, result in relatively 
low energy conversion efficiency. Using 
water as the reaction medium eliminates 
the need for preliminary drying of the 
resource, while an additional advantage 
of water as a liquefying factor is its 
relatively low price and ease of final 
product separation.

Market application:
The technology enables the conversion 
of highly hydrated carbon-containing 
resources, such as brown coal, plant 
biomass and sewage sludge, into high 
value-added products (liquid flues, 
chars, fuel gas). Suitability tests are 
offered for selected carbon-containing 
resources and wastes for the HTL 
process by determining the efficiency 
and viability of the obtained chief and 
by-products.

Technology maturity: 
TRL 3-4

Contact:

D.Sc. Krzysztof Kapusta
Head of the Laboratory of 
Experimental Installations
T: +48 32 324 65 35
E: kkapusta@gig.eu



Designed and licensed by: Manufactured by: Distributed by:

The ELMECH-GIG sorter was designed as a response to the 
clear demand that has been reported by the mining sector for 
pretty long time.
It is a device that enables accurate separation of material fractions 
that differ in density of grains and, in consequence, also in the 
factor of aerodynamic resistance – chiefly rock grades.

The ELMECH-GIG sorter was designed and engineered with 
use of advanced technology so that to achieve high efficiency 
of processes associated with separation of mineral materials 
combined with cost-efficiency, low consumption of power, 
environment-friendly properties as well as easy operation and 
maintenance.

A sorter machine 
unlike any other!

www.sortingmachines.eu
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