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Economic viability of in-situ coal gasi- 
fication with downstream CO2 storage
Dr.-Ing. Thomas Kempka, Research Associate at the Helmholtz Centre, Potsdam, German Centre for Geosciences 
(GFZ), Centre for CO2 Storage, Germany
B.A. Natalie Nakaten, M.A. student at the RWTH Aachen University, Aachen, Germany
Professor Dr. rer. nat. Dr. h.c. habil. Rafig Azzam, Director of the Department of Engineering Geology and  
Hydrogeology, RWTH Aachen, University, Aachen, Germany
Dipl.-Geol. Ralph Schlüter, Acting Manager of the Division Exploration & Geosurvey, DMT GmbH & Co. KG, Essen, 
Germany

Global energy supply is now facing a new 
set of challenges, due primarily to the 
soaring world population and the resulting 

urbanisation and industrialisation of the threshold 
countries and emerging nations. Bridging tech-
nologies based on fossil fuels will have to meet 
the energy needs of central Europe and indeed 
the rest of the world until mankind effectively 
completes the conversion to renewable energy 
forms. If these technologies are to be generally 
accepted and successful implemented they will 
not only have to meet the sustainability criteria 
associated with the European Union’s environ-
mental targets but also fulfil the requirements 
for economic viability.

Worldwide coal reserves with a supply po-
tential of several hundred years can secure 
future energy supplies. Because of deep-lying 
thin seams or faulty geological conditions 
coal production in Germany is subject to 
increased cost pressure, so that the present 
dependence on imports for primary energy 
sources will continue to increase. Underground 
gasification (UG) can offer  an economical and 
effective approach to deposit development 
and utilisation. The planned complete proc-
ess is based on the development of the coal 
deposit with the aid of directional boreholes 
into seams and subsequent in-situ conversion 
of the coal into a synthesis gas. This synthesis 
gas is conveyed to the surface via a production 
borehole and converted into electricity in a gas 
and steam turbine process (GaS). Reduction of 
the CO2 emissions of the complete process is 
realised by CO2 separation connected to the 
power station and subsequent storage (CCS) 
in the already converted seams. An electricity 
generation cost model taking into account all 
relevant parameters from the partial processes 
was developed in this study for analysis of the 
cost-effectiveness of the coupled process (UG 
– GaS-CCS). Furthermore, the competitiveness 
of the UG-GaS-CCS process was compared with 
other energy generating technologies suitable 
for the base load supply in Europe.

Global reserves of coal and lignite have the 
potential to meet our primary energy needs for 
several hundred years. At current rates of usage, for 
example, Germany’s coal deposits will be sufficient 
to meet the nation’s solid-fuel needs for some 300 
to 400 years. Of course ever deeper workings and 
difficult geological conditions will tend to pose 
problems as far as the economic extraction of 
these resources by conventional mining methods 
is concerned. Moreover, burning fossil fuels creates 
the greenhouse gas CO2.

Given these constraints the technique of in-situ 
coal conversion – also known as underground coal 
gasification (UCG) – can be a cost-effective and 
sustainable solution to the problem of how best 
to exploit German coal reserves. UCG is based on 
the concept of “borehole mining”, whereby in-
seam directional holes are drilled into the coal 
seam for the injection of an oxidation agent. The 
resulting sub-stoichiometric conversion process 
produces a synthesis gas that can be pumped to 
the surface via a production well. This gas can then 
be converted into electricity via a combined cycle 
power plant, or can be used for the recovery of 
hydrogen or methanol.

The separation of the CO2 resulting from the 
two sub-processes, and its long-term storage in 
underground geological deposits (CCS, carbon 
capture and storage), can be included in the pro-
cess in order to meet the sustainability criteria 
laid down as part of the international climate 
protection targets. To achieve this the CO2 can be 
injected into post-UCG geological deposits via the 
existing production wells.  

This study seeks to examine how in-situ coal 
conversion operating in conjunction with a com-
bined cycle power plant (CCPP) can be integrated 
with geological CO2 storage (UCG-CCPP-CCS) to 
create an economically viable and competitive 
player on the European energy market. A coupled 
calculation model has now been developed for 
this purpose in order to examine the relevant 
variables as they affect the power generation 
costs of the entire process. A sensitivity analysis 
was also carried out of those parameters that 
have a significant impact on the electricity 
production costs and CO2 emission levels of the 
overall process.

http://www.helmholtz.de
http://www.rwth-aachen.de
http://webserver.lih.rwth-aachen.de/lih/content/index_ger.html
http://www.dmt.com
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However, excessively deep seams, tectonic fault-
ing and a thick overburden cover will all impose 
technical and financial limits on conventional 
extraction operations (4). Unless there is a change 
of mind following the Review Clause decisions 
of 2012 the German coal industry is due to close 
down for economic reasons in 2018, irrespective 
of the fact that the German energy sector is highly 
reliant on imported fuel and the country still has 
huge reserves of coal as yet untouched (5).

Borehole mining, which for years has mainly 
been used for the recovery of mineral oil and 
gas, provides the basis for the energy extraction 
method described in this paper. If well drilling 
technology is to be applied to the exploitation 
of solid fuels the coal has to be converted into a 
gaseous or liquid medium by way of the gasifica-
tion process (6). Apart from the effects of rock 
pressure and the deformation characteristics of 
the coal and surrounding rock, which also have 
to be taken into account, underground coal 
gasification is essentially identical to conven-
tional coal gasification in a reactor. This means 
that process data acquired from the operation 
of surface reactors can be used for underground 
gasification systems. The raw product gas ob-
tained from the UCG process can be used as a 
fuel for power generating stations or for the 
production of hydrogen and methanol (2). A more 
recent development in the area of underground 
coal gasification involves CO2 separation and its 
subsequent injection and storage in post-UCG 
geological structures (7).

Reverse combustion

The reverse combustion process, which is intended 
to increase the low permeability of the coal seam, 
constitutes an additional stage in advance of the 
actual gasification phase (Figure 1). This involves 
entering the seam via a series of vertical holes 
drilled 20 to 30 m apart. Combustion is then initi-
ated using air at high pressure in order to create 
a high-permeability connection between the drill-
ings. This is intended to ensure the transit of the 
large quantities of product gas required for the 
gasification process. 

The reverse combustion technique is based on 
the gasification of coal within a channel-shaped 
zone, whereby gasification takes place in the op-
posite direction to the flow of gas created by the 
injected oxidation medium. The reverse combus-
tion method produces channels 60 to 90 cm in 
diameter through which large quantities of gas are 
able to flow even without the use of high injec-
tion pressures. The oxidation medium comprises 
a mixture of air, oxygen and steam (8).

Reverse combustion has been used success-
fully at depths of as much as 400 m and in seams 
of low rank coal. The German-Belgium trials at 
Thulin were also originally to feature a reverse 
combustion stage. However, because of the dif-
ferent reaction characteristics of the coal at the 
depths involved (the Thulin measures were 860 m 

Background

The idea of underground coal conversion was first 
mooted in the 19th century and has been continu-
ously developed to its current technical status (1, 2). 
More than fifty UCG pilot trials were carried out 
around the world, with more than thirty taking 
place in the USA (1,3). The first proposals for in-
situ coal conversion can be traced back to the 
German scientist Sir William Siemens, who in 1868 
presented an idea for the control and exploitation 
of underground coal fires.

At about the same time the Russian chemist 
Dimitri Mendeleyev developed a system for the 
controlled spontaneous combustion of coal using 
vertical wells. In 1928 the first national UCG pro-
gramme was launched in the former Soviet Union 
and was pursued for another fifty years and more. 
The USA subsequently began its UCG operations 
in 1960. However, the availability of favourable 
alternatives tended to inhibit any large-scale use 
of the UCG process. The energy crisis of the 1980s 
then led to a revival of UCG (1) and in 1980 the 
People’s Republic of China launched its first UCG 
pilot project.

Between 1974 and 1989 the European Union 
funded a number of research projects aimed at the 
underground gasification of deep coal deposits 
that could not be recovered by conventional min-
ing methods. As part of this research programme 
a joint German-Belgian feasibility study was suc-
cessfully carried out at Thulin in Belgium during 
the period 1979 to 1988. Various UCG systems, 
most of which have been set up as pilot projects, 
are currently running in a number of countries 
around the world, namely PR China, Uzbekistan, 
Australia and South Africa (1, 2, 3).

Operating principle

There are two conventional methods for gaining 
access to underground coal deposits:

Opencast mining. ñ
Deep mining. ñ

Figure 1. The 
reverse-combustion 
principle, modified 
according to (4).
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below ground) the connecting channels failed to 
achieve combustion. What is more, with reverse 
combustion the position and course of the channel 
cannot generally be controlled, which makes the 
process unpredictable (1).

During the test run the connection between 
the injection holes and the production well was 
therefore created by using a deviated target drilling 
(CRIP method), which is described below.

Controlled retraction of the 
injection point (CRIP method)

The CRIP method (controlled retraction of the in-
jection point) is the only industrial-scale technique 
that is suitable for the gasification of deep-lying 
coal seams. This is because the development of the 
gasification process can be steered by controlling 
the retraction path of the injection point. The 
process involves introducing a liner into the devi-
ated injection hole, which is itself drilled into the 
coal and as close as possible to the bottom of the 
seam. This enables the gasification medium to be 
introduced at a specific point. If for example the 
quality of the gas in the reaction chamber should 
fall because of seam burn-out, heat loss to the 
surrounding rock or strata collapse a new reaction 
zone can be established outside this interference 
sector by triggering another ignition behind the 
borehole. This process can be repeated until the 
seam has been completely consumed of coal (1).

According to (1) the CRIP method can also be 
used for the exploitation of thin seams, where 
conventional gasification methods tend to fail 
because of poor process reliability and the absence 
of any opportunity for improving performance. 
The preferred gasification medium is a mixture of 
oxygen and steam, as the inclusion of air would 
have a negative effect on the quality of the product 
because of the high nitrogen content. Figures 2 
and 3 present a schematic view of how the CRIP 
method is used to open-up a coal seam.

Nine production fields each with a surface area 
of 1 km2 and an average seam thickness of 1.5 m 
are required to supply fuel to a combined cycle 
power plant over an operating life of 20 years. The 
transverse production well (see Figure 3) connects 
all the injection holes together and acts as a transit 
route for the synthesis gas produced as a result of 
the conversion process (8).

CO2 storage in post-UCG seams

The CO2 produced above ground as part of the 
UCG-CCPP-CCS process can be stored long-term 
in post-gasification geological structures using 
the principle depicted in Figure 4. Investigations 
into CO2 injectivity, migration and storage reli-
ability are currently being carried out by (9). CO2 

storage in gasified seams is certainly a worthwhile 
proposition from an economic viewpoint, as the 
borehole infrastructure used for the UCG processes 
can be re-used for CO2 injection, which means 
that no additional drilling costs are incurred. The 

Figure 2. Principle of in-situ coal gasification based on the CRIP method.

Figure 3. Schematic representation of the layout of 
the injection and production wells.

Figure 4. Principle of CO2 storage using post-gasification coal seams.
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energy were in addition to be used in place of oil 
(33.6 % share of primary energy consumption in 
2007) it could provide a theoretical coverage lasting 
more than 140 years. This would give Germany an 
adequate time window to develop and implement 
a primary-energy supply system based mainly on 
renewables.

Efficiency analysis

In order to assess the economic viability of such an 
operation the specifications were laid down for 
a reference power plant in which the synthesis 
gas obtained from underground coal gasification 
was converted into energy using a combined cy-
cle generation process. The following operating 
conditions were applied to the overall process: 
UCG was based on the CRIP method using an 
oxygen-steam mixture with a 55 % oxygen con-
tent as the oxidation agent (1). According to (13) 
the net efficiency level of the CCPP is 58 % when 
operating at full load of 7,500 h/a and at a net 
output of 600 MWel. 

In order to ensure that the CC power plant can 
operate at peak load the net output of the model 
is dynamically adapted to the available fuel sup-
ply from the UCG operation as a function of the 
boundary conditions. According to (1) this refer-
ence scenario will produce about 306,000 Nm3/h 
of synthesis gas with an average calorific value 
of 12.5 MJ/m3 (8). The UCG operation has a 95 % 
availability rate (2). CO2 storage costs also include 
the monitoring of the storage reservoir and are 
added on a pro-rata basis to the power genera-
tion costs.

Below is a description of the method used for 
calculating power generation costs on the basis 
of the models that have been developed for the 
purpose. These are based on a calculation model 
for the power generation costs of a CC power plant 
according to (14) and (15), a UCG model developed 
specifically for this study that uses data from (1), 
(2), (4), (8) and (16) and a CCS model that uses data 
from (17). Figure 5 presents the different models 
and their interfaces.

Calculation model 
Power generation costs

Modern combined cycle power stations, which 
use a gas and a steam turbine, deliver outputs of 
between 350 and 400 MWel. By combining two 
gas turbines with a steam turbine it is possible to 
obtain outputs of 800 MWel.

Germany Europe World-
wide

Reserves [Gt] 0.16 19.2 7.36

Resources [Gt] 84.5 479 8,818

Primary energy consumption 0.47 2.45 11.5

Table 1. Coal reserves and resources and primary energy consumption in 
Germany, the EU-27 and worldwide according to (5), (10), (11) and (12).

cost of CO2 separation and reservoir monitoring 
is discussed below.

Potential

Assuming an average production of 2,700 m3 of 
synthesis gas per tonne of gasified coal (1), an av-
erage calorific value of 12.5 MJ/m3 of synthesis gas 
(8) and an exploitation factor of 30 % of the coal 
reserves presented in Table 1 it is calculated that 
the gas obtained from in-situ coal gasification could 
fully replace the primary energy fuels currently 
being used in Germany for a period of more than 
62 years. From a European perspective, and under 
the given boundary conditions, this period would 
extend to more than 68 years, while in global terms 
the figure becomes 267 years. All three scenarios 
assume constant primary-energy consumption 
throughout the total exploitation period.

On this basis in-situ coal gasification in Germany 
could in theory reliably cover the nuclear energy 
gap – with the country set to close down its nu-
clear power industry (in 2007 nuclear energy was 
responsible for 11 % of primary energy consump-
tion) – for a period of more than 570 years. If UCG 

Net output of combined cycle power stations [MWel] 600

Construction time for combined cycle power stations [months] 24.0

Nominal calculated interest rate for CCPP demolition/retrofitting costs [%] 6.0

Nominal calculated interest rate for CCPP construction time [%] 11.0

Table 2. Boundary conditions for the calculation model of the electricity generating costs of the combined 
cycle power station.

Figure 5.  
Coupled model 
for calculating the 
power production 
costs of the UCG-
CCPP-CCS process.
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The advantages of CCPP are that they produce 
up to 50 % fewer CO2 emissions compared with 
equivalent coal-fired power stations, are more 
cost effective (lower manpower requirement, 
higher efficiency levels and lower investment costs) 
and only need two-thirds of the start-up time of 
conventional coal-fired plant (13). The economic 
risks associated with CCPP stem mainly from the 
fact that fuel costs make up about 60 % of the 
total power generation costs, which means that 
such installations are very much dependent on 
developments in gas price levels (13, 18).

In the analysis presented here this factor does 
not constitute such a risk because the fuel re-
quired for power generation is produced in the 
interconnected UCG process. The cost of the UCG 
process therefore has a major influence on the 
power generation costs, which for the purpose of 
this study have been calculated using the models 
presented in (14) and (15). In this case the bound-
ary conditions are as presented in Table 2. The 
power generation costs were also calculated as 
average costs using the full costing principle and 
all figures were deflation-adjusted and presented 
exclusive of VAT.

Here the efficiency level is the most important 
optimisation parameter for grading the effec-
tiveness of a power station, as this factor will 
determine both the investment costs and the fuel 
consumption rate. Improving the efficiency level 
means that savings can be made on fuel costs, as 
the fuel conversion process becomes more effec-
tive. Increasing plant efficiency usually requires 
additional investment costs. In the reference 
scenario used here the efficiency of the CCPP is 
58 % (15). The overall process with CO2 capture 
and storage (UCG-CCPP-CCS) has an efficiency level 
of about 39.8 % (16). The fuel costs are essentially 
dependent on the marginal operating conditions 
of the UCG process.

Calculation model
In-situ coal gasification

The cost of an underground coal gasification 
project is calculated from the drilling costs and the 
operating costs of the UCG system that supplies 
fuel to the combined cycle power station. Tables 3 
and 4 present the different values and assumptions 
used for the calculation process.

The most significant cost item in any UCG 
operation will be the drilling work (see Table 3). 
Drilling costs will in fact make up about 62 % of 
the total cost of the UCG process. In the reference 
scenario being examined here this cost factor 
was included on the basis of 3,000 € per meter of 
drilling. This deliberately conservative figure was 
chosen in order to allow for the additional cost of 
including temperature-resistant and CO2-resistant 
borehole casings.

The total drilling costs were calculated using the 
length of the wells and the number of drillings. 
With each hole set 40 m apart a total of 26 wells 
will be needed to develop the target deposits. 

Item Value Source

Drilling costs [€/m] 3,000 assumed

Depth of the deposits [m] 2,000 assumed

Average seam thickness [m] 1.5 (1)

Number of seams 1 assumed

Well to well interval [m] 40 (1)

Area of UCG zone [km2] 1 (1)

In-seam drilling distance [m/hole] 1,000 (1)

Number of wells/UCG zone 26 calculated

Number of zones 9 (1)

Total number of wells 234 calculated

Total drilling distance [m] 795,600 calculated

Total drilling costs [bn. €] 2.39 calculated

Item Value Source

Drilling costs for a seam depth of 2,000 m [bn. €] 2.39 calculated

Cost of land acquisition [€/m2] 7.10 (8)

Land requirement [km2] 9 (1)

Total cost of land acquisition [Mill. €] 63 calculated

Pipework, measurement and control equipment 
[Mill. €] 568 (8)

Production of gasification agent, gas processing 
[Mill. €] 612 (8)

Percentage share of drilling costs [%] 62 calculated

Total costs [bn. €] 3.63 calculated

Table 3. Calculated assumptions and boundary conditions for the  
UCG-CCPP-CCS refernce scenario.

Table 4. Total costs of the UCG process.

Assuming a gasification depth of up to 2,000 m, 
an average in-seam drilling distance of 1,000 and 
an average deviated hole length of 1,080 m (at 
a deviation of 2 to 3° per 30 m of drilling), along 
with one transverse connection per gasification 
zone (production well), the total drilling costs 
amount to 2.39 bn. €

Table 4 presents a summary of the costs that 
have to be taken into account in the UCG study, 
together with the relevant energy parameters. 
Assuming 95 % plant availability according to (2) 
the total costs work out at 3.63 bn. 

Fuel consumption

The annual fuel consumption rates are calculated 
on the basis of net electrical output, the number 
of full-load hours and the net efficiency level of 
the plant. In the reference case presented here this 
results in 27.93 PJ/a, which equates to 559 PJ after 
20 years of operation. The fuel production from 
the UCG operation and the fuel consumption level 
of the CCPP are dynamically compared in order to 
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in the synthesis gas. At a plant utilisation rate of 
7,500 h/a some 0.84 Mill. t CO2/a will be produced 
from this source. The combined UCG-CCPP proc-
ess will therefore generate a total of 2.76 Mill. t 
CO2 a year and will as a result produce 55.3 Mill. t 
of CO2/a over a operating life of 20 years. In our 
reference scenario the CO2 emission rate amounts 
to 0.614 t CO2/MWh, which is comparable to that 
of a gas-fired combined cycle power station.  

The extended control and monitoring pro-
gramme presented in (17) was chosen for the coal 
deposits intended for CO2 sequestration in our 
reference scenario. As well as monitoring seismic 
and microseismic movements and injection rates 
this programme also features highly developed 
technology capable, for example, of measuring 
the flow of CO2 at the surface storage facility. 
This programme would cost 0.2 €/t of stored CO2, 
which for the emissions generated in the current 
reference case would equate to 0.55 Mill. €/a, or 
10.96 Mill. € over a total operating period of 20 
years.

Sensitivity of power generation 
costs and CO2 emissions from 
the UCG-CCPP-CCS process 

A sensitivity analysis was undertaken in order to 
determine how the boundary conditions used in 
the present scenario affect the power generation 
costs of the combined calculation model. To this 
effect various parameter variations were assessed, 
namely:

Depth of the deposits. ñ
Calorific value of the synthesis gas. ñ
CCPP efficiency rate and utilisation factor. ñ
Number of seams. ñ

The results of the sensitivity analysis are presented 
in Figures 6 and 7.

In Germany the coal deposits that would be 
considered suitable for underground coal gasifica-
tion lie at depths ranging from 1,000 to 5,000 m. 
Figure 6 shows how the depth of the coal measures 
affects the development of power generation 
costs. Variations in the depth of the deposits will 
alter the power production costs by about 15 % 
for each additional 1,000 m.

Figures 6 and 7 also show how the calorific 
value of the synthesis gas impacts on the power 
generation costs and the emission levels. An in-
crease from 12.5 to 15.0 Mill. J/m3 will reduce CO2 
emission levels by about 22 % and at the same 
time cut generating costs by 24 %.

While in terms of the CCPP utilisation factor 
of 7,500 h/a no significant deviations from the 
standard operating routine can be expected, a 
2 % increase in the CCPP efficiency rate will reduce 
power generation costs by 13 % and will at the same 
time cut CO2 emission levels by about 11 %.

The number of usable coal seams also has an 
impact on the power generation costs as money 
can be saved on drilling expenditure by exploiting 
several superimposed seams. When nine super-
imposed seams with an average seam interval of 

determine the overall fuel costs. In the reference 
model the fuel costs from the UCG system will 
account for 58 % of the power generation costs, 
whereas in a conventional combined cycle power 
station the fuel costs will normally make up about 
75 % of the electricity generating costs (15).

Calculation model CO2 capture 
and storage monitoring

Both the UCG operation and the CCPP process will 
generate CO2 emissions. The quantity of CO2 that 
can be captured from the synthesis gas produced 
as a result of the UCG operation will vary according 
to the chemical composition of the product gas. In 
our reference scenario the calculations are based 
on a product-gas composition as described in (1) 
and an achievable CO2 capture rate as presented 
in (17).

The interconnected CO Shift Process also con-
tains quantities of carbon dioxide, which have to 
be added to the 1.92 Mill. t CO2/a contained in the 
synthesis gas. The carbon monoxide contained in 
the product gas is converted into CO2 by combus-
tion at 850 °C, thereby producing 13,000 t of CO2/a. 
The UCG process produces a total of 1.93 Mill. t 
CO2/a by this means. Additional CO2 emissions are 
generated by the conversion of methane contained 

Figure 7. Impact 
of relevant model 

parameters on CO2 
emissions from 

the UCG-CCPP-CCS 
process.

Figure 6. Impact 
of relevant model 
parameters on the 
power production 
costs of the UCG-
CCPP-CCS process.
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50 m are accessed using the same vertical wells 
the power generation costs fall by 26 % compared 
with the reference scenario (see Figure 6).

Competitiveness on the 
European energy market

Figure 8 presents a comparison of power genera-
tion costs and CO2 emissions for base-load power 
stations currently operating in Europe.

The power generation costs for the reference 
scenario without CO2 capture amount to 29.34 €/
MWh at a CO2 emission rate of 0.614 t/MWh. If 
50 % CO2 capture and storage is achieved the power 
generation costs of the reference project increase 
to 35.34 €/MWh. This makes the generation costs 
about 24 % lower, and the CO2 emission rate about 
12 % lower, than the equivalent figures for a natural 
gas-fired combined cycle power station. 

If the CO2 capture and storage rate is raised to the 
current technically best achievable level for CCPP 
of 86 %, according to (17), the power generation 
costs for the reference scenario increase to 39.67 €/
MWh and the CO2 emission rate falls to 0.086 t/MWh. 
As far as CO2 emissions are concerned the refer-
ence case produces results that are comparable 
with those of a nuclear power station, whereby 
the power generation costs of the UCG-CCPP-CCS 
process are about 36 % lower.

Summary and discussion

Underground coal gasification could well provide 
a sustainable answer to the problem of how best 
to exploit coal deposits that cannot at present be 
recovered economically, especially in central Eu-
rope. This technique would also significantly reduce 

our reliance on primary fuel imports. Coupling the 
gasification process to subsequent CO2 storage in 
post-UCG deposits would at the same time open up 
new possibilities for the eco-friendly exploitation 
of these reserves. By considering various energy 
scenarios the application of UCG-CCPP-CCS tech-
nology could replace Germany’s current primary 
fuel requirements for a period of up to 570 years, 
thereby creating a potential bridging technology 
for new energy production concepts.

A combined calculation model was developed 
for the purpose of evaluating the economic vi-
ability of the total UCG-CCPP-CCS process. On this 
basis a sensitivity analysis was carried out in order 
to assess the key parameters as they affect the 
development of electricity production costs and 
CO2 emissions for the entire process. This study 
identified the following parameters as being the 
main influencing factors:

Depth of the deposits. ñ
Calorific value of the synthesis gas. ñ
CCPP efficiency rate and utilisation factor.  ñ
Number of superimposed/usable seams. ñ

The total process is capable of competing economi-
cally with any energy production technology cur-
rently used for base-load supply on the European 
market, while substantially lower power genera-
tion costs can be expected for an equivalent level 
of CO2 emissions.

Acknowledgement

This paper (publication number GEOTECH-860) was 
written in conjunction with the CO2SINUS project 
(funding reference 03G0691B), which was funded 
by the DFG (German Research Association) and 
the Federal Ministry for Education and Research 

Figure 8. Power 
production costs 
and CO2 emissions 
for the UCG-CCPP-
CCS process  
compared with 
other European 
base-load power 
stations, basic data 
deflation-adjusted 
and updated  
according to (14), 
(15), (16) and (17).



50 Glückauf mining reporter 1-2009

CO2 STORAGE

under the R&D programme “Geotechnologies“. 
The authors herewith acknowledge the support 
given by both these institutions and would also 
like to thank Dipl.-Ing. Karl Kowol for the many 
discussions held on this subject.

References
1. Hewing, G. ; Hewel-Bundermann, H. ; Krabiell, K.; 
Witte, P.: Post-1987 R&D studies of underground coal 
gasification. Research Association for Second-Generation 
Coal Winning, Essen, 1988.
2. Burton, E. ; Friedmann, J. ; Upadhye, R.: Best practices 
in underground coal gasification. Lawrence Livermore 
National Laboratory, 2006. online: https://eed.lini.gov/
CO2/pdf/BestPracticesinUCG-draft.pdf
3. Blinderman, J.:The Chinchilla IGCC Project to date: 
Underground coal gasification and environment. Pro-
ceedings of the 2002 Gasification Technology Conference, 
2002 Gasification Technologies Conference, San Francisco, 
USA, 27-20 October 2002. http://www.gasification.org/
Docs/Conferences/2002/GTC02043.pdf
4. Ledent, P.: From conventional coal mining to under-
ground coal gasification. Glückauf 42 (1981), No. 4, 
pp 154-164.
5. Rempel, H. ; Schmidt, S.; Schwarz-Schampera U. ; 
Cramer, B. ; Babies, H. ; Dyroff, C. ; Ebenhöch, G. ; Benitz, 
U.: Fuel reserves, resources and availability. Short study 
by the BGR, 2006. http://www.bgr.bund.de/DE/Themen/
Energie/Downloads/Energiestudie__Kurzf__2006.
templateld=raw.property=publicationFile.pdf/Energi-
estudie_Kurzf_2006.pdf.
6. Franke, F.; Beckervordersandforth, C.: New approach 
to the underground gasification of coal. Glückauf 114 
(1978), No. 6, pp 246-251.
7. Kempka, T. ; Schlüter, R. ; Golz, N. ; Kunz, E. ; Fernan-
dez-Steeger, T. ; Azzam, R.: A combined approach for in 
situ coal conversion and carbon management. Kukla, 
P. ; Littke, R. (publishers): Series of publications by the 
German Association of Geosciences, No. 60. GEO2008 
– Resources and risks in the earth system, Aachen, 29 
September - 2 October 2008, pp 121.
8. Ledent, P. ; Beckervordersandforth, C. ; Kraut, U.: 
Economic aspects of in-situ coal gasification. Glückauf 
117 (1981), No. 1, pp 24.27.
9. Kempka, T. ; Schlüter, R. ; Kunz, E. ; Golz, N.; Fernandez-
Steeger, T.: UCG-CCS – Aa economic and sustainable ap-
proach for future energy generation?, General Assembly 
of the European Eurosciences Union 2008, 13-18 April 
2008, Vienna (Austria). Geophysical Research Abstracts, 
10, 2008 (EGU2008-A-08999).
10. EURACOAL: EU-27 Primary Energy Consumption 2007, 
2008. http://www.euracoal.org/componenten/download.
php?filedata=1221641112.pdf&filename=EU27%20
Primary%20Energy%20COnsumption%202007.
pdf&mimetype=application/pdf
11. EURACOAL: Information on German coal re-
serves, resources and consumption, 2008. http://
www.euracoa l .o rg / componenten /download .
php?filedata=1221653881.pdf&filename=Germany_in-
formation.pdf&mimetype=application/pdf
12. International Energy Agency: Key energy world sta-
tistics, Paris, 2008. http://www.iea.org/textbase/nppdf/
free/2008/key_stats_2008.pdf

13. Kasper, K.: What can we expect from combined cycle 
turbine power stations?, 2005. http://www.energiefak-
ten.de/pdf/gud-=anlagen.pdf
14. Hillebrand, B.: Electricity production costs of new con-
ventional power stations. RWI reports, No. 47, 1997.
15. Schneider, L.: Electricity production costs of large-scale 
power plant – developments in the crossfire between de-
regulation and eco-taxation. Öko-Institut e.V., Freiburg, 
workshop series, No. 112, 1998.
16. Beath, A.: Underground coal gasification resource 
utilization efficiency. CSIRO Exploration & Mining, 
2006. http://fossil.energy.gov/international/Publications/
ucg_1106_csiro.pdf
17. Metz, B. ; Davidson, O. ; de Coninck, H.C. ; Loos, M. ; 
Meyer, L.A. (publishers): IPCC Special Report on carbon 
dioxide capture and storage. Prepared by Working Group 
III of the Intergovernmental Panel on Climate Change, 
Cambridge University Press, Cambridge, United Kingdom 
and New York, NY, USA, 2005.
18. Kail, C.: Advanced gas fired power plant processes 
for greatest efficiency and low electricity production 
costs, VGB-TB233A, Essen: VGB-Kraftwerkstechnik 
GmbH, 1998.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




