
CLEAN COAL TECHNOLOGY R, D&D

Significant achievements of 
European Coal and Steel Community 

R&D programmes in the development of 
clean coal power generation technology

A.J. Minchener and J.T. McMullan
IEA Coal Research Ltd

Gemini House
10-18 Putney Hill

London SW15 6AA
United Kingdom

26  FEBRUARY  2007

 





ACKNOWLEDGMENTS

This  report  was  prepared  under  the  European  Commission  Research  Programme  of  the 
Research Fund for Coal and Steel, Contract No. RFC2-CT-2006-00005.

The partners were:
IEA Coal Research Ltd, Gemini House, 10-18 Putney Hill, London SW15 6AA, UK.
Politechnika Slaska, Poland
Seven Stredisko Pro Efektivni Vyuzivani Energie O.P.S., Czech Republic
SC Institutul De Studii Si Proiectari Energetice SA, Romania

ii



SUMMARY

Introduction
The European Commission has funded research on the production and use of coal, since the 
European Coal and Steel  Community (ECSC) Treaty came into force in 1952.  Financial 
support covered mining, coal preparation and conversion, and R&D in coal combustion and 
gasification.  Since the end of the ECSC Treaty in 2002, R&D in the coal and steel area has 
been funded by the Research Fund for Coal and Steel (RFCS).  The programme is managed 
by DG Research according to similar principles to those applied to the ECSC Programme, but 
with new  guidelines.   The  areas  of  emphasis  in  this  review  are  coal  combustion  and 
gasification.  Here, in the 1970s and 1980s, there were major programmes to develop coal-
based alternatives to oil and gas, in response to the oil crises of the period.  After the start of 
the 1990s,  the  main  focus  became the development  of  clean coal  technologies  for  power 
generation.

ECSC R&D achievements in coal-fired power generation
Most ECSC R&D was undertaken via collaborative projects.  This report highlights some of 
the major achievements, and the topics emphasised are:
Improving the performance of pulverised coal fired power plant  Here, work was undertaken 
to improve performance through: prediction and minimisation of the impact of coal blends on  
combustion,  individual  burner  characterisation,  and  improving  PC  airflow  distribution,  
measurement  and control.   The work was carried out  through laboratory and large  scale 
testing, the development of combustion models, plant optimisation studies, development of 
on-line monitoring techniques, and improved operational control strategies.  
Reducing slagging and fouling for pulverised coal fired plant  This had three main themes: 
fundamental  studies to  improve  overall  understanding of  the  processes  of  ash deposition, 
probes and predictive tools to enable the measurement of deposition extent, and supporting 
studies to reduce ash deposition in large-scale PF boiler plant.  The programme has generated 
a wealth of information and has considerably extended the understanding of the mechanisms 
and processes of ash deposition.  
Improved environmental control for pulverised coal fired plant  This work has been very 
successful.  It was shown that careful selection of combustion modification techniques could 
result in significant reductions in NOx emissions.  A range of measures have been established, 
including low NOX burners, air staging, flue gas re-circulation, and re-burning.  Overall, this 
has led to a number of techniques that have been applied by EU industry, both within the 
European Union and in external markets.
Co-combustion and fluidised bed applications  The programme supported key projects to 
address many important co-utilisation issues.  These included practical laboratory and pilot 
scale  tests  of  coal  combustion  with  natural  wood,  agricultural  waste,  paper  waste,  agro-
industrial waste, waste edible oils, refuse derived fuel (RDF), plastic waste, meat and bone 
meal (MBM), and sewage sludge.  Most of the work focused on CFBC applications as this 
technology is particularly suited to co-firing applications.  
Valorisation  of  coal  processing  residues  The  ECSC  Programme  supported  various 
initiatives to minimise the impact of such coal residues, together with coal mining wastes, by 
characterising  these  materials  and  evaluating  them  for  their  potential  applications.  This 
included  techniques  to  utilise  the  energy  content  of  such  residues,  both  to  ensure 
comprehensive utilisation of resources and to achieve a significant environmental benefit.
Advanced power generation  In accordance with the ECSC terms of reference, the majority 
of  the  projects  on advanced power  generation  focused  on  activities  offering  prospects  of 
demonstration and replication of the technology under development.  The results from these 
research activities contributed a significant part of the R&D achievements in the field of coal 
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utilisation.  As such, they enabled European industry,  through co-operation at Community 
level, to make significant progress in the development and introduction of advanced power 
generation systems.
Control of CO2 emissions  Some initial work was undertaken within the ECSC Programme, 
which considered both PF and IGCC processes.  The emphasis was on separation membranes, 
and on coal reactivity studies.  Since the end of the ECSC programme, it has been recognised 
that  IGCC may  be  the  technology  of  choice  when  CO2 mitigation  becomes  a  necessity. 
Consequently there has been an upturn in interest in methods for gas separation and this topic 
is of key importance in the ongoing RFCS programme and in the EC supported Framework 
R&D Programmes.  

Exploitation of R&D results
The results arising from the ECSC coal utilisation R&D Programme have played a key role in 
the development of clean and efficient coal-based power generation.  Work on PF combustion 
has contributed greatly to improving the performance of existing units within Europe, and has 
assisted in the deployment of newer designs of plant, with advanced steam cycles and state of 
the art environmental control systems. 

Similarly, with CFBC, the ECSC work has greatly assisted in the full understanding of the 
process, leading to improved designs of plant capable of burning a wide range of coals and 
alternative feedstocks in an efficient and environmentally acceptable manner. 

For IGCC, the ECSC work led to the construction and operation of various pilot plants, from 
which two complete large-scale demonstration plants were installed in Europe.  Subsequently, 
considerable support work was provided through ECSC, including component development 
and process measurement methods.

The way forward via the RFCS programme
The Treaty establishing the  ECSC expired on the 23 July 2002.   The ECSC funds were 
transferred to the European Community to create a common fund for research in the coal and 
steel area.  This is being used to support the 'Research Programme of the Research Fund for 
Coal and Steel', which is managed by EC DG Research according to principles similar to 
those of ECSC RTD.  The RFCS programme began in 2002, and the first projects are still 
underway, with the level of results yet in the public sector being very limited.  Accordingly, a 
listing of the clean coal power generation R&D activities currently underway is included in 
Appendices B and C, which include the contact details of the research organisations and a 
brief description of the work, so that specific follow-up can be undertaken as required by 
interested organisations.  
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ECSC CLEAN COAL TECHNOLOGY R, D&D 

1. OVERVIEW

1.1 Introduction
Within  Europe,  the  over-riding  objectives  of  EU  energy  policy  are  sustainability, 
competitiveness and security of supply (1).  Hence, the future energy needs of the enlarged 
European Union (EU) will  require all  available fuels to be utilised in an environmentally 
acceptable way over the coming decades (2, 3).  Coal, with significant indigenous resources 
in Europe and very large worldwide reserves (4), can meet these sustainability criteria as it 
will  ensure  the  necessary  diversity  and  security  of  supply,  provided  that  adequate 
environmental performance is achieved.  As such, coal has a major role to play in this EU 
energy mix, but it is faced with particular challenges in achieving environmental compliance.

Environmental  standards  are set  to  increase,  with ever-lower emissions of  SO2 and NOx, 
while control of micro-pollutants, such as mercury, is likely to be a further requirement.  The 
other  dominant  consideration  is  the  need  to  reduce  CO2 emissions  to  meet  Europe’s 
obligations  regarding  climate  change  (5).   Short-term  commitments  can  be  met  through 
replacement of inefficient aging plant and by emphasis on more efficient energy use with the 
introduction of modern, high performance clean coal power generation units.  For the medium 
to longer term, however, carbon dioxide capture and storage (CCS) is now recognised as an 
important technology for achieving significant Greenhouse Gas (GHG) reductions (6).  

Coal  and  lignite  fired  power  plants  currently  provide  around  one-third  of  EU electricity 
production (7).  Investment in clean coal technologies is foreseen as vital to continuing to 
benefit  from the availability,  proximity and flexibility  of  this  abundant  source of  energy. 
Over  some  thirty  years,  research  has  led  to  the  efficiency  of  coal  power  stations  being 
improved by 30% with ever-better environmental performance.  There is scope for further 
significant  gains  to  be  achieved.   At  the  same  time,  the  demonstration  and  subsequent 
introduction of carbon dioxide capture and geological storage, in combination with clean coal 
technologies, provides an opportunity of near zero emissions power generation technology.

Consequently,  coal  utilisation  research,  development,  demonstration  and  deployment 
activities can ensure that coal and other fossil fuels can be used in a sustainable manner.  This 
document highlights the R&D work undertaken to achieve that aim, both within the European 
Coal and Steel  Community (ECSC) R&D Programme (8) and its  successor,  the Research 
Programme of the Research Fund for Coal and Steel (RFCS) (9).

1.2 The need for coal utilisation R&D
In overall terms, the purpose of coal utilisation R&D is to improve the economics of coal 
utilisation while meeting all environmental regulations and limitations.  The immediate aim is 
thus to provide technical benefits, either through direct industrial application or as the basis 
for further development and demonstration of technologies.  Power generation is the principal 
sector with substantial growth forecast in Asia, the Pacific Rim Countries, Eastern Europe and 
the Newly Independent States (4).  

Technology transfer is a key element to help ensure that project results are taken forward by 
industry,  so  that  commercial  benefits  can  be  realised.   In  addition,  there  is  an  important 
related benefit arising from the development of skilled scientists and engineers in the energy 
and environmental fields, and the opportunities for technology transfer to other industries.  
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Clean Coal Technology (CCT) is a generic term given to the key developments that result in 
significant  improvements  in  coal  utilisation  efficiency  and  environmental  performance 
compared to existing units.   As such,  clean coal  technologies are continually developing. 
Efficiencies of 46% can now be achieved by implementing Best Available Technology (BAT) 
for power plant applications.  With further research, efficiencies above 50% are envisaged in 
the near to medium term future (10).  There remain challenges in bringing such technologies 
to the market, and the right mix of research investment and market incentives is needed to 
ensure that coal will stake a place in a sustainable and secure energy future.

Clean Coal and its applicability for power generation featured prominently in the research 
funded  under  the  ECSC  from  1990  onwards  and,  especially,  between  1998  and  2002. 
Consequently, this review will focus primarily on that period within the ECSC programme.
 
1.3 The history of coal utilisation R&D through the ECSC programme 
The European Commission financially supported technical and economic research relating to 
the production and use of coal, and to occupational safety in the coal industry from the time 
that  the  European  Coal  and  Steel  Community  (ECSC)  Treaty  came  into  force  in  1952. 
Financial support covered mining technology, coal preparation and coal conversion, as well as 
research  and  demonstration  projects  in  coal  combustion  and  gasification  (11,  12).   This 
support continued until 2002 when the ECSC Treaty expired.  

The scope of work has necessarily changed through the lifetime of the ECSC, reflecting the 
changing circumstances and regulatory drivers that have affected the markets for coal during 
that time.  Thus, early work focussed on coal preparation and processing to meet specific 
market needs.  By the start of the 1950s, was expanded to include R&D on coking technology 
to improve and update coking capacity and coke quality.  

The most relevant topics for this review are coal combustion and gasification.  Here, in the 
1970s and 1980s, there were major programmes to develop coal-based alternatives to oil and 
gas, in response to the oil crises of the period.  After the start of the 1990s, the main focus 
became the development of clean coal technologies for power generation.  

The  clean  coal  technology  activities  have  included  work  to  support  the  development  of 
alternative technologies to pulverised fuel (PF) combustion, namely circulating fluidised bed 
combustion  (CFBC)  and  integrated  gasification  combined  cycles  (IGCC).   Equally 
importantly, as stringent environmental legislation was introduced, there has been extensive 
work to address emissions control issues, particularly SO2 and NOx.  This was subsequently 
complemented  by  numerous  projects  to  improve  the  efficiency,  overall  environmental 
performance and operational availability of PF power plants.
  
1.4 The continuation of R&D through the RFCS Programme
Since the expiry of the ECSC Treaty in 2002, research in the coal and steel area has been 
funded  by  the  common  Research  Fund  for  Coal  and  Steel  (RFCS).   The  programme  is 
managed by DG Research according to similar principles to those applied to the ECSC RTD 
Programme, but taking new guidelines into consideration.  These constitute an ideal extension 
of the ECSC programmes, providing a high concentration of research activities and ensuring 
that  they  supplement  those  of  the  Community  Framework  Programme  for  research  and 
technological development.
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In the context of this report, the overall objective is to reduce the total costs of using coal with 
the focus on

• coal preparation techniques, oriented to the needs of the consumer markets,
• coal conversion,
• coal combustion.

In addition, in contrast to the ECSC programme, there is now scope to include projects that go 
beyond the laboratory and pilot scale stages to the demonstration stage.  This latter type of 
project is characterised by the construction and/or operation of an industrial-scale installation 
or a significant part of an industrial-scale installation with the aim of bringing together all the 
technical  and  economic  data  in  order  to  proceed  with  the  industrial  and/or  commercial 
exploitation of the technology at an acceptable level of risk.

A major current focus is on clean coal power generation technologies that will enable coal to 
maintain  its  important  contribution to secure  and competitive  energy supplies  for  Europe 
while also supporting the competitiveness of the EU power generation industry worldwide.

1.5 References
1. European Commission Green Paper (2006), A European Strategy for Sustainable, Competitive  

and Secure Energy, Brussels, Belgium.
2. WETO (2003), World Energy Technology and Climate Policy Outlook, European Commission, 

Brussels, Belgium.
3. R&D Thematic networks (2004).  Strategy for sustainable power generation from fossil fuels. 

PowerClean, CO2net and CAME-GT R&D Thematic Networks, 
http://www.powercleannet.net.

4. International Energy Agency (2004), World Energy Outlook 2004, Paris, France.  
5. CO2NET (2004)  Report on the current state and the need for further resource on CO2 Capture 

and Storage.  CO2NET Thematic Network, http://www.co2net.com
6. IPCC  (2005),  Summary  for  Policymakers:  A  Report  of  Working  Group  I  of  the  

Intergovernmental Panel on Climate Change.
7. PowerClean (2003)  Fossil Fuel Power Generation in the European Research Area, 

PowerClean Thematic Network, http://www.powercleannet.net
8. ECSC web page cordis.europa.eu/ecsc-coal/src/info8.htm
9.     RFCS web page http://www.cordis.lu/coal-steel-rtd
10. PowerClean (2004a)  Fossil Fuel Power Generation:  State-of-the-Art, PowerClean Thematic 

Network, http://www.powercleannet.net.
11. European Commission (2002),  1952-2002:50 years of ECSC research, ISBN 92-894-3628X, 

Brussels, Belgium.
12. European Commission (2002), Proceedings of the International Conference on Technology for  

Coal Mining, Preparation and Utilisation: Results of the ECSC Coal Research Programme, 
ISBN 92-894-4443-6, Luxembourg, 25-27 June 2002

2. ECSC R&D ACHIEVEMENTS IN COAL-FIRED POWER GENERATION

2.1 Introduction
This, the main section of the review, provides a summary of the achievements of the ECSC 
clean coal technology R&D in the power generation sector.  It  is divided into a series of 
subsections, each of which focuses on a particular R&D topic.  The prime emphasis is on 
improvements to the efficiency, environmental performance and operational availability of PF 
fired power generation systems since this is the major market technology.  Linked to this is 
the work to obtain improved environmental performance for all combustion systems through 
co-combustion of coal with biomass and organic wastes.  This is then complemented with 
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development  work  on  CFBC  followed  by  consideration  of  advanced  power  generation 
concepts, mostly based on IGCC, followed by some brief comments on carbon capture issues. 

A  significant  amount  of  this  R&D  was  undertaken  via  collaborative  projects,  with 
complementary  test  work  being  performed  by  various  organisations,  while  targeted  on  a 
common overall objective.

Appendix  A contains  a  list  of  ECSC projects,  Appendix  B lists  the  RFCS projects,  and 
Appendix C lists the contractors that have been involved with the work programmes.

2.2 Improved performance for pulverised coal fired power plant

2.2.1 Background
Improving the overall effectiveness of coal fired power generation is a major driver for all 
coal  fired  power  plant  users  and equipment  developers.   This  objective  can be  achieved 
through improvements in efficiency, availability and flexibility, but attention must also be 
paid to the obligations of meeting ever-tightening environmental legislation.  

Within the European Union, the standard practice of designing power stations to operate on a 
specific coal, usually of local origin, has changed in recent years, as a response to wide-spread 
coal mine closures, the introduction of imported coals, re-structuring of the electricity supply 
market and ever-tighter pollutant legislation.  These changes have forced power utilities to 
adopt  more  flexible  coal  purchasing  policies  in  order  to  maintain  fuel  supplies,  reduce 
generating costs and limit environmental emissions.  

The desire to blend coals from different sources has been a natural consequence of these new 
fuel supply policies.  Unfortunately, the transition from single coal firing to blend firing has 
proved  to  be  problematical.   Although  some coal  properties  such  as  calorific  value  and 
sulphur loading are additive, and may be computed directly from a knowledge of the blend 
composition, other vital properties are not.  Thus, the emissions of NOx and CO, the residual 
carbon-in-ash, the ash softening properties and the ignition characteristics of the coal flame 
cannot be determined by first principle, or simple correlation, methods.  This situation created 
a need for a better understanding of coal blending in order to assist utilities in developing coal 
blend firing strategies.  

Alongside this, both for blends and single coals there was a need for better operational control 
strategies  to  ensure efficient  combustion while  avoiding adverse impact  on the release of 
pollutants.  

This  particular  subsection  describes  the  work  undertaken  to  improve  overall  boiler 
performance through:
• prediction and minimisation of the impact of blends of coals on combustion 
• individual burner characterisation.
• improving PF /airflow distribution & measurement/control.

2.2.2 Highlights of the R&D programme
The combustion characteristics of a coal blend (i.e., ignition behaviour, burnout, unburned 
carbon, NOx emissions) cannot always be predicted as a linear combination of the properties 
of  each  component.   Therefore  work  was  undertaken  to  determine  the  effectiveness  in 
predicting the performance of bituminous coal blends on large combustion plant of a number 
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of  laboratory techniques  such as thermo-gravimetric  analysis,  drop tube furnaces,  a novel 
suspension-firing reactor and a pilot-scale furnace(1, 2, 3, 4, 5).
• laboratory-scale combustors appeared capable of identifying potentially undesirable blend 

compositions, thereby reducing the need for expensive testing on large single burner rigs
• associated milling studies produced a dynamic loading system capable of running with a 

binary coal blend
• optical studies provided a useful tool for power plant operators to assess the results of 

blend firing on large plant

In parallel with the bituminous coals studies, similar work has been carried out on blends, 
predominantly of anthracites and semi-anthracites, applicable to down-fired boilers (6, 7, 8). 
This too has included laboratory and pilot scale studies, such as petrographic characterisation 
techniques, thermo-gravimetric techniques and drop tube furnaces, modelling and trials on 
full-scale plant.  The results showed that round burners achieved the most stable combustion 
and the lower NOx levels (500 mg/m³ stp),  followed by burner designs with vertical fuel 
enrichment (Type 1).  At the same time,  full-scale  tests showed that fuel properties had a 
significant impact on carbon in ash.  The studies demonstrated that: 
• the  performance  of  the  least  reactive  component  of  a  blend  determined  the  likely 

combustion behaviour of a fuel.  The addition of a high volatile component to a blend had 
little  impact  at  small  levels  of  addition  if  the  low  volatile  component  was  highly 
unreactive

• temperature  was  the  main  factor  affecting  NOx  in  downshot  firing  and  if  NOx 
measurements  were  normalised  for  peak  temperature,  the  levels  obtained  could  be 
accounted for by the overall volatile content and nitrogen content of the fuel

• just as the performance of a blend consisting mainly of low volatile coals fired through a 
downshot type burner could be accounted for by the performance of the low volatile coals, 
so  the  difference  in  properties  of  blends  containing  mainly  high  volatile  coals  fired 
through a  low-NOx type  burner  could be accounted  for  by the  reactivity  of  the  high 
volatile component, providing that weighted averages of the individual components were 
used to predict carbon in ash.  

• for blends fired using low-NOx burners at high levels of low volatile component addition, 
the NOx was predominantly determined by the high volatile coal present, but at low levels 
of  addition  the  amount  of  primary  air  consumed  by  the  volatiles  of  the  low volatile 
component had a significant effect on NOx,

For  utilities,  since  fuel  purchasing  and  optimising  combustion  at  stations  is  an  area  of 
continual improvement, the work resulted in improved models to account for the combustion 
performance of blends:
• by applying a maceral correction factor and using the fuel ration, ash content and heat 

content of the fuel, the combustion performance of a wide variety of blends and blend 
components could be predicted correctly

• the results had direct applicability to fuel selection and enabled station performance to be 
improved  by  blending.   Better  informed purchasing  of  blends  and  blend  components 
should also lead to reduction of operating costs in the longer term.

There have been several key studies to improve combustion efficiency of single coals and 
blends  through  the  introduction  of  operational  measuring  and  control  techniques,  with 
significant input from major utilities and equipment developers (9, 10, 11, 12, 13, 14, 15,16). 
In overall terms, the objectives have included:
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1. development of techniques to provide an accurate and reliable on-line, non- intrusive 
measurement of PF flow and transport velocity

2. development  of  an  on-line,  non-intrusive  fly  ash  characterisation  device  capable  of 
providing a measure of the carbon content of fly ash, independent of coal composition, 
fly ash particle size distribution and velocity

3. development of a means for controlling the distribution of PF through flow splitters in 
the PF distribution pipe work.

This  included  both  laboratory  and  pilot  scale  testing  of  prototype  devices,  together  with 
assessment of such devices on full-scale utility plant, and,  
• the development of PF flow-meters showed promise, although the need for absolute mass 

flow measurements required further development, particularly for operating on different 
coals.  Such work is being undertaken within the RFCS programme (see Appendix B).  

• with regard to PF distribution control, some of the initial PF distribution control devices 
under development showed good potential,  especially for bifurcator flow splitters,  and 
such work is again continuing under the RFCS Programme.  

• similarly, the capability of the fly ash characterisation instrument to provide an accurate 
and reliable measure of carbon in ash levels at laboratory and combustion test facility 
scale was demonstrated.  

In addition, techno-economic analyses were undertaken as part of a boiler integration study, 
based  on  the  installation  of  PF  flow-meters  and  electrically  actuated  PF  flow  balancing 
dampers.  While such analyses were very site specific, they indicated that: 
• improving PF distribution and reducing excess air  levels) provided reductions in NOx 

emissions of approximately 20% for wall fired plant and 7.5% for tangentially fired plant. 
These NOx reductions were associated with boiler efficiency gains of 0.37% and 0.22%, 
respectively.

• payback  periods  were  achieved  of  approximately  3.5 years  for  wall-fired  plant  and 
approaching 7 years for tangentially fired plant.  

• PF distribution improvement in combination with a combustion optimiser could provide 
simultaneous benefits in NOx emissions, carbon in dust and boiler efficiency:

The study also showed several additional operational benefits that accrue from the installation 
of PF flow meters and PF distribution control devices.  Thus: 
• comparison with the costs of alternative NOx controls showed that for wall fired plant, 

improving  PF  distribution  combined  with  a  neural  network  combustion  optimiser 
compared favourably with other NOx control techniques.  

• for tangentially fired plant the application of a combustion optimiser alone isthe most cost 
effective technique for achieving NOx emissions in the range 400-450mg/Nm3

2.2.3 References
1. Coal-blend preparation for improved combustion efficiency 7220-PR071 
2. Predictive tools for the optimisation of coal combustion 7220-PR077 
3. Improved coal utilisation strategies by standardization and wider use of drop tube furnace 

evaluation methods 7220-PR106
4. Efficiency, plant damage and NOx optimisation for power plants operating with variable loads 

and coals 7220-PR110
5. Application of boiler advanced control for optimisation of pc combustion through primary 

measures 7220-PR127
6. Minimising the plant operating costs and environmental impacts of utilizing low grade fuels in 

conjunction with coal in pulverised coal-fired boilers 7220-PR086
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7. Decreasing the cost of power generation by improved utilisation of low volatile coals 7220-
PR112 

8. Development of a carbon-in-ash notification system 7220-PR130 
9. Numerical investigation of coal-fired equipment using combustion optimisation algorithms 

7220-PR073 
10. Measurement and control techniques for improving combustion efficiency and reducing 

emissions from coal fired plant 7220-PR050
11. On-line management system for the advanced control of utility boiler efficiency 7220-PR075 
12. Development of innovative instrumental techniques for coal combustion 7220-PR076
13. Reliability improvements for combustion plants 7220-PR080
14. Neural modelling and control of coal-fired boiler plant 7220-PR081
15. Cost optimisation in coal power plants by the development of an integrated advisor for 

operational improvement of air pre-heaters 7220-PR111
16. Improvement of combustion performance and reduction of emissions 7220-PR121.

2.3 Reducing slagging and fouling for pulverised coal fired plant

2.3.1 Background
European coal-fired power  generation boiler  operators  need to compete  with technologies 
using other fuels, and must also meet increasing environmental legislation that can impose 
restraints upon operational practices.  Additionally, coals of variable quality are sourced ever 
more widely, to be used either singly or in a blend.  This can lead to boilers using coals that 
are significantly different from the original boiler specifications, and can result in unexpected 
coal-related operational problems.  In particular, coal contains a significant proportion of ash-
forming mineral matter and inorganic material that cannot be economically removed before 
combustion,  and which  can  lead  to  the  uncontrolled  and/or  unexpected  formation  of  ash 
slagging and fouling deposits within boilers, which can interfere with normal operation. 

Fouling and slagging are processes that lead to ash deposition on the heat transfer surfaces of 
boilers.  Fouling occurs on heat transfer surfaces not exposed directly to flame radiation.  This 
typically includes the closely spaced tubes in PF boiler convective sections.  Slagging refers 
to deposits on sites within the furnace that are directly exposed to radiant heat.  This includes 
furnace walls, burner quarls and pendant super-heaters in pulverised fuel (PF) boilers.  The 
ash deposit is commonly molten and either flows from the initial point of deposition, or is 
highly fused.  Figure 1 shows typical fouling and slagging deposit locations in a PF boiler.

The consequences of fouling and slagging for a plant operator can be severe.  Large financial 
penalties can arise through unplanned outages and efficiency losses, and there are also major 
safety implications.  Deposition tendency has historically been very difficult to predict.  Thus, 
although specific coals can be identified as high risk, others, not obviously problematic, have 
also  caused  severe  problems.   The  use  of  blends  further  compounds  this  uncertainty. 
Deposition  problems  can  also  arise  from  changes  in  operational  practice  due  to  load 
variations, new emissions regulations or a malfunction of associated equipment.

2.3.2 Highlights and results of the research programme
Within the ECSC programme, significant effort was directed at fouling and slagging, mostly 
in response to problems with European indigenous coals or with the blending of coals from 
other sources.  For PF related activities, there were three main themes: fundamental studies to 
improve overall understanding of the processes of ash deposition, probes and predictive tools 
to  enable  the  measurement  of  deposition  extent,  and  supporting  studies to  reduce  ash 
deposition in large-scale pf boiler plant.
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Figure 1.  Typical location of fouling and slagging deposition in a PF boiler

Fundamental studies
The equipment-based part of the programme centred on well-characterised coal samples and 
experimental conditions representative of full-scale combustion.  In most instances, dedicated 
experimental  facilities  were  developed,  and  the  studies  supported  by  state  of  the  art 
characterisation techniques to ensure the relevance of the studies to actual industrial and PF 
operating scenarios.  The specific activities undertaken included:

1. Behaviour of coal salts during combustion (1)
2. Role of coal minerals in combustion (2, 3)
3. Role of fuel additives (4)
4. Release of volatile mineral matter under pf conditions (5)

• detailed  characterisation  studies  showed  that  the  composition  of  boiler  deposits  was 
significantly different from that of the ash from the coal being fired.  Typically, fouling 
deposits were rich in alkali metals, while slagging deposits were rich in iron. 

• the initial fouling deposits contain NaCl and KCl that act as a glue for the ash particles as 
they form low melting point eutectics under combustion conditions.  Quantitative analysis 
of probe deposits showed a peak in deposition at 500 to 600oC.  The presence of other 
species  such  as  sulphates  was  also  confirmed.   Sodium  was  identified  as  the  most 
important  component,  as  the  combustion  conditions  lead  to  its  volatilisation  and 
subsequent condensation on heat transfer surfaces.

• the  role  of  sodium was further  investigated  through its  interaction with  other  mineral 
components, and in particular, the aluminosilicate mineral, kaolinite.  It was assumed that, 
if sodium could be locked up in some way, it would then not be volatilised.  Artificial 
additions of kaolinite to coal caused a significant decrease in the solubility of sodium in 
the high temperature ash.  
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• this prompted studies on the role of fuel additives to alleviate  ash deposition.   It  was 
concluded that few, if any, commercial additives had any beneficial effects

Probes and predictive tools 
The development of probes for monitoring ash deposition and their use as predictive tools 
attracted significant research effort.  The three main projects in this area were:

5. Ash fouling and its control in coal processing plant (6) 
6. Modelling of ash fouling (7)
7. Development of an ash deposition monitor.  (8)

• fouling prediction models were developed, based on the physical and chemical processes 
of deposit growth.  This included consideration of vapour deposition and particle transport 
mechanisms.  Particle sticking was identified as a key parameter through the concept of a 
critical diameter, above which particles do not stick.

• deposition probes were designed and used to collect data to test and validate the model. 
While the model gave reasonable indications of fouling rates for short exposure times, 
over longer periods and at high surface temperatures the effects of particle sintering led to 
significant inaccuracies.  

• for PF plant,  the cost  of soot-blowing can be significant.   Studies were carried out to 
develop a probe to determine the requirement for soot-blowing.  The probe was heated to 
above its equilibrium temperature, and the decay in temperature was monitored.  Thus, 
information about the insulating properties of the deposit, and hence its thickness, could 
be derived.  The principle was proven successfully and was considered to have potential 
for application in full sized PF plant.

• the more recent  collaborative projects  have focussed more on developing warning and 
preventative techniques, recognising that an ever greater range of coals are being fired in 
EU power  plants  and that  operating conditions are changing as further  techniques are 
introduced for NOx control. Much of this work has been undertaken on commercial power 
plants operating at low NOX firing conditions.  Such work has aided the development of 
systems  for  on-line  deposition  measurements  and  demonstrated  that  specific  data 
correlation could aid detection of deviations or instabilities from operational normality, 
thereby allowing soot blowing to clean heat transfer surfaces to be optimised, and/ or to 
modify combustion conditions, including coal blend selection.  This would result in an 
increase in overall plant efficiency and a reduction of costs of the unit.  

Supporting studies
These involved the design and application of new experimental techniques, links with other 
large collaborative programmes, in particular the UK DTI Collaborative Slagging Project, and 
using the improved data acquisition technology and computer control techniques that became 
available  in  the  mid-1990s.   An  important  aspect  of  the  research  was  therefore  the 
development  of  experimental  techniques  that  would  enable  assessment  of  ash  deposition 
behaviour.  The areas of investigation were:

8. Effect of coal properties on deposition during PF combustion (9)
9. Effects of slagging and fouling on future coal quality (10)
10. Coal blending.  (11)
11. Effect of operational conditions on slagging and fouling (12,13)

• Traditionally,  the  bulk  characteristics  of  coal  have  been  used  as  a  measure  of  its 
properties.  Studies were carried out to examine the variation in ash content with particle 
size for four coals with different bulk ash contents.  It was found that the ash content 
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increases  with  decreasing particle  size  (Table  1)  and that  individual  particles  differed 
significantly in composition from the bulk coal.  This introduces additional complexity to 
the study of ash deposition behaviour in PF processes. 

• One of the key experimental techniques for such studies is the drop tube furnace.  This 
was successfully adapted to enable the study of deposit formation and ash adherence to 
substrate material, and the results were related to coal composition and fouling indices. 
However, of more importance was the ability to relate these small-scale studies to larger 
pilot plant tests and full-scale plant data.  

• Larger test  facilities (rated at  150kW) were also used, which represented a significant 
increase in size and complexity, but resulted in increased confidence in the results and the 
ability to use representative coal samples.  

 % ash, w/w
Size fraction

Sample Original coal >75 µm 75-53 µm 53-45 µm 45-32µm <32µm
A 21.8 8.1 13.8 26.0 27.1 28.1
B 11.0 5.7 10.2 13.5 14.7 17.5
C 16.3 6.8 13.7 20.6 22.7 25.2
D 11.0 9.3 11.1 12.2 13.1 14.5

Table 1  Variation with size fraction of ash and Fe2O3 content for PF coal samples

The research undertaken under the ECSC R&D programme has placed European coal users 
and suppliers in a much more informed position regarding fouling and slagging.  It has made 
a major contribution to the understanding of the processes involved and what can be done to 
alleviate the effects.  

The concentration on collaborative research projects has generated new opportunities for the 
expertise of individual partners to be combined.  The interaction of partners with a range of 
theoretical and experimental skills has allowed new approaches and research strategies to be 
developed.  

2.3.3 Conclusions
The programme has generated a wealth of information and has considerably extended the 
understanding of the mechanisms and processes of ash deposition.  In particular, it has:
• improved the level of understanding of  the formation of fouling and slagging deposits, 

with  effective  application  of  chemical  and  physical  techniques  to  obtain  such 
understanding,

• emphasised the large range of particle compositions that exist within a sample of PF
• led to coal mineralogy studies and the identification of the beneficial effects of kaolinite 

(and the ineffectiveness of commercially available fuel additives).  
• led to the design of valuable laboratory assessment techniques that were correlated with 

larger scale plant performance.  From this position specific fouling related problems could 
be addressed with confidence. 

• An ability to respond quickly and effectively to dealing with specific ash deposition issues 
as they arise on commercial scale plant

• contributed to the selection of coals and the formulation of coal blends.
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2.3.4 References
1. A Study of the Behaviour of Ionisable Salts During Coal Processing 7220-EC/831
2. The Role of Coal Minerals in Conversion Processes 7220-EC/836
3. Size Distribution and Maceral Association of Coal Mineral Matter: Effect Upon Combustion 

Performance 7220-EC/860
4. The Role of Fuel Additives to Control Environmental Emissions and Ash Fouling7220-EC/846 
5. Studies on the Release of Volatile Mineral Matter Species during the High Temperature Rapid 

Heating of Pulverised Fuel Under Conditions Relevant to Low NOx Burners 7220-EC/848
6. Ash Fouling and its Control in Coal Processing Plant 7220-ED/818.
7. Modelling of Ash Fouling on Industrial Boiler Heat Exchange Surfaces 7220-ED/829 
8. Development of an Ash Deposition Monitor 7220-ED/830
9. The Effects of Coal Properties on Deposition Processes During Coal Combustion 7220-ED/822
10. Slagging and Fouling and Ash Deposition: Effects on Future Coal Quality 7220-ED/835 
11.  Improved Coal Preparation, Transport and Handling 7220-EA/133 
12. Development of an Expert System for the Monitoring of Slagging and Fouling in PF Boilers 

7220-PR047 
13. Development of Improved Ash Deposition Prediction Under Low NOx Firing Conditions for 

Coals and Coal Blends 7220-PR048

2.4 Improved environmental control for pulverised coal fired plant

2.4.1 Background
A major driver for the development of clean coal technologies has been the need to achieve 
ever tighter environmental compliance for the release of particulate and gaseous emissions. 
This  was  fully  reflected  in  the  medium  term  guidelines  for  coal  utilisation  R&D  and 
consequently the ECSC R&D Programme gas included significant work on:
• characterisation of emissions, including development of techniques for measurement of 

small particulates, trace elements, alkalis and chlorine
• development of modelling techniques for prediction of emissions
• assessment and improvement of end of pipe solutions for effective gas clean-up, together 

with  development  of  alternative  approaches  for  removal  of  particulate  and  gaseous 
pollutants

• development of alternative concepts to PF combustion incorporating integrated emissions 
control

• improved efficiency performance to reduce CO2 emissions 
• co-firing of biomass and waste with coal to reduce CO2 and other emissions.

2.4.2 Highlights of the research programme
The  focus  of  the  projects  has  been  on  pulverised  coal  fired  power  plants,  as  these  will 
represent the majority of units in Europe for the foreseeable future.
• there has been extensive characterisation of emissions of VOCs, dioxins, PCBs, PAHs 

from all types of coal-fired appliances, with work to optimise the combustion process to 
reduce the release of such pollutants to below regulatory limits (1).  

• for electrostatic precipitators (ESP), the drive has been to increase the overall particulate 
collection efficiency while limiting the impact of carbon-in-ash on plant efficiency.  Thus 
work has  been undertaken to  modify  the  particulate  resistivity  for  better  precipitation 
behaviour (which led to the redesign of flue gas distribution systems),  and the use of 
sulphur  oxide gases for  flue gas conditioning,  coupled with the  introduction of better 
piezoelectric rapping systems.  

• there has also been work on the characterisation and capture of ultra-fine particles, leading 
to the development of optimised and novel hybrid gas filtration systems.  
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• for SO2 removal, there has been some work to improve plant operability while reducing 
the costs of dry and semi-dry de-SOx technologies, leading to the establishment of various 
alternative technologies to FGD at appropriate scales. 

• there has also been a limited amount of work on bio-methods to remove sulphur from coal 
prior to combustion plus the assessment of other novel coal desulphurisation techniques.  .

Understanding and controlling the emissions of NOx from coal-fired power plant has been a 
major  requirement  within  Europe  as  environmental  regulations  have  been  tightened.  The 
formation  of  NOx is  dependent  on the  characteristics  of  the  combustion  process  and the 
distribution of the nitrogen compounds within the coal structure. Accordingly, there are two 
main  approaches  to controlling  NOX emissions from coal  fired  plant,  namely  combustion 
modifications to change the coal nitrogen chemistry and flue gas treatments with catalytic 
reducers.  The former  approach has  been a  major  topic  of  investigation  within  the ECSC 
Programme, the rationale being that it would have much lower capital and operating costs 
than catalytic processes. 

The  combustion  process  modifications  approach  must  not  interfere  adversely  with  other 
operational  performance  issues,  such  as  efficiency  and  release  of  other  pollutants. 
Consequently, it was deemed essential to:
 characterise the coal nitrogen chemistry, 
 determine the impact of specific process conditions in the power plant boiler,  such as 

flame  ignition  pattern,  furnace  design,  stoichiometries  in  the  primary  and  secondary 
zones, burner and furnace aerodynamics and temperature-time history of furnace gases. 

 develop a predictive capability to allow scale–up to commercial plant for various types of 
coals  with various types  of furnaces,  covering both NOx emissions and overall  boiler 
performance

To achieve this, the impact of fuel related factors and physical processes on NOX reduction 
and  burnout  needed  to  be  better  understood.  An  extensive  range  of  projects  has  been 
undertaken, including:
• detailed  coal  structure  analyses,  with  emphasis  on  the  split  of  nitrogen  compounds 

between  fixed  and  volatile  carbon  compounds,  the  proportion  of  the  latter  being 
dependent on the combustion conditions in the furnace rather than standard indices,

• laboratory scale trials in drop tube and other furnaces to investigate the effect of various 
parameters on nitrogen compound release.

• the development of techniques to monitor local combustion conditions
• the development of techniques for accurate measurement and control of PF flow and size 

distribution
• characterisation of NOx emissions with various operational loads and coal types at small 

scale followed by pilot scale trials of combustion modifications to reduce NOx emissions
• full-scale burner trials to test out the more promising options
• measurements on large scale plant to test out certain options such as coal-coal and coal-

gas reburn techniques
• development of mathematical models to determine flow patterns within furnaces 
• development of an overall understanding of the thermodynamics of NOX formation and 

reduction reactions and of the computational fluid dynamic (CFD) modelling of gas flows 
and mixing effects to derive a predictive capability for potential use in design and control 
applications.
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• at the same time, work has been undertaken to ensure that these various NOx reduction 
techniques do not have an adverse impact  on overall  plant efficiency,  availability and 
emissions of other pollutants.

Increasingly  in  Europe,  imported  coals  are  being  burned  that  have  widely  differing 
characteristics to those coals for which EU power plants were designed. Accordingly,
• the NOx studies have been taken further by various utilities and partners to carry out an 

analysis  of  the  options  available  to  improve  low  volatile  coal  utilisation,  including 
blending and improved fineness, firing configuration, flame monitoring, revised burner 
design and firing in a specially designed furnace.  This included large rig- scale tests to 
evaluate a number of coals and petroleum coke (petcoke) blends, with a wide range of 
volatile matter contents, in terms of their flame stability, burnout and NOx performance. 

• this work was complemented by full scale power plant trials from which a methodology, 
based on the  comprehensive monitoring of  combustion performance through available 
monitoring  technologies,  was  developed.  This  allowed  stricter  control  over  the 
combustion  process,  assuring the  stability  of low volatile  coal  combustion  for a  wide 
range of blending ratios. 

• there also has been some innovative, longer-term research examining the possibilities of 
low temperature catalysis systems for NOx reduction.  A promising approach is to use 
metal-based compounds within ceramic or active carbon/carbon fibre based monoliths.

With regard to trace elements, work has been undertaken to improve the understanding of 
trace metal behaviour in coal combustion systems, as a function of combustion conditions, 
coal type and coal cleaning and to develop new methods for determining real-time in-situ 
trace element concentrations. This included work to:
• improve the understanding of the distribution and partitioning of trace elements in coals 

and the changes that take place during coal preparation and cleaning.
• develop novel techniques for the on-line measurement of significant trace elements
• correlate trace element distribution and partitioning data for cleaned and uncleaned coals 

and  in-furnace  and  post-boiler  pollutant  concentrations  to  allow  prediction  of  trace 
pollutant emissions.

• to  assess  the combustion performance  of  cleaned coals  to  identify  the  effects  of  coal 
cleaning strategies..

• finally,  studies  were  undertaken  to  establish  methodologies  for  estimating  the  global 
environmental impact from the release of the various pollutants from coal-fired plant.

2.4.3 Conclusions
This work has been most successful. The mechanisms by which NOX formation is prevented 
and NOX reduced to nitrogen were shown to be very complex.  However, the small-scale work 
showed  that  careful  selection  of  combustion  modification  techniques  could  result  in 
significant reductions in NOx emissions, the exact levels being dependent on coal type and 
the  particular  modification  techniques  used.  A range  of  combustion  measures  have  been 
established, including, low NOX burners, air staging, flue gas re-circulation, re-burning and 
combinations of these.  Overall, this has led to a number of techniques that have been applied 
by EU industry, both within the European Union and in external markets.

2.4.4 References
1. Emissions of environmental concern 7220-EC/011
2. Improved flue gas cleaning in connection with electrical precipitator performance and its 

relation to coal quality 7220-PR044
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3. Environmental enhancement of coal utilisation systems using optimised & novel hybrid gas 
filtration methods 7220-PR128

4. Particulate removal from flue gas: improving the performance of electrostatic precipitators 
7220-PR123

5. Development of a hybrid collector concept for the control of fine particles and air toxics in coal 
power plants 7220-PR079

6. SO2 reduction by dry sorbent injection 7220-ED032
7. Dry Lime absorbents 7220-ED033
8. Advanced demineralisation of high sulphur coal by bio-leaching and bio-flotation 7220-PR098
9. The  Development,  Technical  and  Economic  Evaluation  of  Novel  Advanced  Coal 

Desulphurisation Techniques 7220-PR065
10. Studies  on the  release  of  volatile  mineral  matter  species  during the  high temperature  rapid 

heating of pulverised fuel under conditions relevant to low NOx burners 7220-EC/848
11. NOx reduction by furnace air staging 7220-ED/050   
12. Integrated reburn on low NOx burners 7220-ED/062  
13. Improvement of combustion efficiency in low NOx 7220-ED085
14. Cost effective reduction of nitric oxide emissions from coal-fired power plant 7220-PR045
15. Measurement  and  control  techniques  for  improving  combustion  efficiency  &  reducing 

emissions from coal-fired plant 7220-PR050
16. Improvement of coal combustion performance and NOx emissions 7220-PR121
17. Development of advanced characterisation tools for the prediction of reburn performance in PF 

combustors 7220-PR051
18. On-line coal flow and chemical composition measurement and control 7220-PR046
19. Development of improved ash deposition prediction under low NOx firing conditions for coals 

and coal blends 7220-PR048
20. NOx emission reduction and performance improvement by primary (in-furnace) measures in 

large power plants 7220-PR072
21. Reburning and SNCR for NOx reduction in pulverised coal fired boilers 7220-PR082
22. On-line measurement of particle size in fine coal transport systems 7220-PR105
23. Improved  coal  utilisation  strategies  by standardization  and  wider  use  of  drop  tube  furnace 

evaluation methods 7220-PR106
24. Efficiency, plant damage and NOx optimisation for power plants operating with variable loads 

and coals 7220-PR110
25. Development  of  catalysts  supported  on  activated  carbon  fibre-based  monoliths  for  low 

temperature NOx reduction 7220-PR042
26. Mercury removal through reactive adsorption under flue gas conditions 7220-PR088 
27. Atmospheric impact of particulate matter from solid fuel combustors 7220-PR114
28. Optimisation of the global environmental impact of coal fired power plants 7220-PR126

2.5 Co-combustion and fluidised bed applications

2.5.1 Background
There  are  a  number  of  synergetic  relations  between  coal  and  renewables,  essentially 
combustible materials such as biomass and organic waste, which suggest that coal plant might 
provide the route by which large-scale biomass energy plants could be established.

For example, biomass fuel sources are spread diffusely and must be concentrated before being 
transported to the power plant.  This limits the size of the plant to that which matches the 
locally available fuel resource.  Because of the small plant size and the low calorific value of 
the fuel,  biomass combustion/gasification is inherently inefficient and suffers large energy 
losses.  By contrast, coal plant is inherently large in scale and coal has a high calorific value. 
As a consequence, coal plant is much more efficient and suffers relatively low energy losses. 
Thus, co-combustion of biomass with coal provides the scale of operation that would allow 
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biomass to be used efficiently.  It could also help to solve part of the problem of reducing 
coal-related environmental emissions by substituting coal with biomass.

Burning  coal  and  biomass  together  also  overcomes  the  uncertainty  about  the  level  of 
distributed small-scale generation that can be tolerated on a grid system before instabilities 
and control problems become a serious problem.  Co-utilisation of coal and biomass provides 
a route to minimising the problem by using the biomass in larger central coal burning plant 
and so aiding the maintenance of network stability.  

Early research work under the EU APAS and Joule R&D programmes showed that the co-
utilisation of biomass or waste in coal fired power plant offered significant potential to:
• increase renewables utilisation within Europe through the introduction of biomass and 

organic wastes into large combustion appliances rather than small purpose built units for 
biomass/waste only.

• reduce the environmental impacts from coal combustion through synergetic effects, and 
lower net emissions of CO2 and acid gases (SO2, NOx) because of the partial substitution 
of a fossil fuel with a carbon neutral fuel.

That said, technology developers identified outstanding problems that needed to be addressed 
including:

1. Determination of suitability of various coal fired power plant designs for co-utilisation 
(PF, CFBC and IGCC)

2. Interaction of coal with various biomass and waste types and the impact on performance
3. Impact on emissions of the addition of biomass or wastes 
4. Impact on component lifetimes due to ash/slagging/fouling
5. Ash quality and its suitability for subsequent utilisation
6. Demonstration at large scale

Once circulating fluidised bed combustion (CFBC) (Figure 2) was established as a viable 
commercial alternative to PF for certain applications, including co-combustion and the use of 
low grade, variable coals, the ECSC R&D Programme supported various studies to improve 
its overall technology efficiency and environmental performance (1, 2, 3, 4).  The approach 
mirrored that for PF systems since the drivers are the same.  Thus there have been projects to:

7. Improve overall design concepts
8. Improve efficiency by optimising combustion and other process conditions
9. Determine environmental performance under the full range of operating conditions
10. Determine fuel flexibility, including most importantly co-combustion.  

This work has been continued under the RFCS Programme.

2.5.2 Highlights of the research programme
The  ECSC R&D programme  supported  several  key  projects  to  address  many  of  the  co-
utilisation issues listed above (5, 6, 7, 8, 9, 10, 11).  These included practical lab and pilot 
scale  tests  of  coal  combustion  with  natural  wood,  agricultural  waste,  paper  waste,  agro-
industrial waste, waste edible oils, refuse derived fuel (RDF), plastic waste, meat and bone 
meal (MBM), and sewage sludge.

Most of the work focussed on CFBC applications as this technology is particularly suited to 
co-firing applications.  
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• in all cases, the concept of a power plant operating with such mixtures was determined to 
be positive.  

• major pilot scale trials were undertaken for CFBC that demonstrated that co-combustion 
of  coal  with  either  wood  bark  or  paper  sludge  could  be  readily  established  on  a 
commercial basis.  With the need for greater emphasis on carbon neutral fuels, it is likely 
that this range could easily be extended.  

 
Figure 2.  Schematic diagram of CFBC power plant

Some key supporting studies assessed the effectiveness of various methods of ensuring that 
emissions  of polychlorinated dibenzo-p-dioxin and furans (PCDD/F)  can be controlled by 
primary and /or secondary measures in order to comply with the limit value of 0.1 ng/m3 
TEQ (12).  
• primary  measures  included  the  adjustment  of  the  operating  conditions  (temperature, 

turbulence,  air  flow,  residence  time)  together  with  the  use  of  additives  of  selected 
compounds to inhibit the formation of PCDD/F completely.  The most effective inhibitors 
were found to be the substances containing N- and S- groups, such as almond shells, urea 
and sludge from urban wastes.  

• secondary  measures  included  the  use  of  flue  gas  cleaning  systems,  electrostatic 
precipitators (ESP), activated carbon adsorption and fabric filters.  Compared to primary 
measures, it was found that the secondary measures were much more expensive.

Studies were also undertaken to gain added value through using the ash arising from co-
combustion of coal and biomass in a CFBC (13).  The main objectives were:
• to identify the possibilities of treatments that may be advantageously applied to residues 

arising from co-combustion.  The advantages must include environmental and economical 
significant benefits,

• to demonstrate the actual properties of the treated residues through classical and new civil 
applications by means of existing and on-going standard methods,

The studies followed the approach described in greater detail in Section 2.6, including: 
particle size distribution, chemical composition, mineralogical composition of fly ashes, 
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upgrading of the solid residues for the manufacture of a calcium sulpho-aluminate cement, as 
an alternative to disposal.
• while the technical results showed promise, this was not seen at the time as a cost 

effective way forward.  

Alongside the practical studies, considerable information was gathered to aid the development 
of predictive models.  For example, (14), work was undertaken to improve the modelling of 
combustion  efficiency  for  CFBC  applications  while  also  developing  predictive  tools  of 
deposit formation under co-combustion conditions.
• this work showed that when high volatile bituminous coals are fired in FBCs, the coal 

effectively inhibited chlorine deposition on super-heaters because of reactions between the 
alumino-silicates and sulphur in the coal and the alkali chlorides from the biomass.  

• at  the  same  time,  biomass  residues  helped  to  bind  sulphur  from  the  coal,  thereby 
decreasing SO2 emissions.  

• in  overall  terms,  the  model  has  proved  useful  in  defining  the  range  of  operability, 
including feedstock mixes, to optimise co-combustion in CFBC boilers.  

In CFBCs, particularly those that are co-fired, process control is very important because of the 
high volatile content and low char inventory of the biomass fuel element in the beds.  Thus, 
• thus the dynamic and stationary characteristics of CFB furnaces were studied at pilot scale 

when fired with bituminous coal, wood and mixtures of these fuels.  From such work, 
various stationary and dynamic models have been further developed in order to obtain a 
deeper understanding of the transient behaviour of the CFB process.  

• based on combustion test analyses, optimisation of CFB boiler control strategies were 
carried out in order to maintain low emissions of pollutants in dynamic conditions and 
achieve flexibility with coal and with various coal-biomass mixtures.  This included the 
development of a process control approach based on fine control of oxygen in order to 
achieve significant NOx reduction (15).  

• a key issue is the mixing of fuel in the lower region of a CFB boiler and accordingly a 
three-dimensional FBC model for fuel concentration, that combined several fuel mixing 
mechanisms, was formulated.  

• similarly, measurements of gas concentrations in the freeboard showed that the higher the 
coal content in the fuel mixture the more homogeneous is the horizontal distribution of 
gas species.  For example, when wood chips were added to the fuel mixture, both the 
uneven horizontal distribution and cross-sectional averages of CO concentrations 
increased.  Tests with higher amounts of bed material showed a more homogeneous 
horizontal distribution of gas concentrations.  

In conclusion, the combination of a low amount of bed material and a high fraction of 
biomass in the fuel mixture may deteriorate the combustor performance due to the increased 
amount of combustible gases that escape the combustion chamber.  However, increasing the 
amount of solids in the furnace can, to some extent, counteract the lateral uneven distribution 
of gases.  Thus while a CFBC can be readily designed for a specific fuel type, if that fuel is 
changed at a later date, particularly to a coal biomass mixture, then combustor performance 
might no longer be optimised.  

2.5.3 References
1. Nitrous oxide reduction in circulating fluidised beds through reburn 7220-PR054 
2. Improving the performance and reducing the environmental impact of co-combustion of coal 

and waste in FBC boilers designed for coal firing 7220-PR087
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3. Reduction of greenhouse gas emissions from utility scale circulating fluidised bed boilers 7220-
PR109  

4. Comparison of combustion and gasification technologies to process coal and waste mixtures 
7220-PR089

5. The co-combustion of coal with a high-energy fuel recovered from plastics and paper waste 
7220-PR052

6. The safe and effective preparation of coal and biomass for furnace combustion 7220-PR103
7. The influence of attrition during the fluidised bed co-combustion of coal with different wastes 

7220-PR124
8. Measures to improve availability and reduction in operating cost of coal and biomass burning 

power plants, 7220-PR131
9. Thermal improvement of the combustion and gasification of high rank coal/oil waste blends, 

7220-PR142
10. Co-combustion of meat and bone meal in coal power plants, 7220-PR144
11. Development of alternative use of marginal coal achieving a thermal  improvement blending 

with biomass, 7220-PR-078
12. Emissions minimization in coal/solid waste co-combustion by primary measures 7220-PR108
13. Upgrading treatments of solid residues arising from co-combustion - manufacture of a calcic 

sulphoaluminate cement as an alternative to disposal 7220-PR107
14. Burning behaviour of coal and biomass in fluidised bed boilers 7220-PR074
15. Impact for NOx reduction on reliability, operating performance and toxicity in recirculating 

fluidised boilers 7220-PR143

2.6 Valorisation of coal processing residues

2.6.1 Background
The  mining,  processing  and  combustion/gasification  of  coal  result  in  the  production  of 
significant quantities of residues. In the past, such residues have tended to be dumped but, 
with increased environmental awareness, there is a need for improved efforts to reduce such 
disposal  and  increase  utilisation.  Not  only  does  this  result  in  better  environmental 
performance,  but, if wastes can become acceptable raw materials  for various applications, 
then the overall economics of the coal-fired power plant can be improved. 

For example, the use rather than disposal of ash from pulverised coal-fired systems is quite 
common.  Thus, pulverised fly ash (PFA) from coal-fired power plants is now thought of as a 
commodity  rather  than  a  waste  as  it  is  increasingly  used  as  a  composite  in  cement  and 
concrete.  Other uses include engineered fill, grouts, road construction and more specialized 
applications  such as  the manufacture of  lightweight  aggregates,  cenospheres  and zeolites. 
However,  as  FBC and  gasification  systems  have  not  yet  been  established  in  significant 
numbers, not only are their residues available in much smaller quantities but their properties 
are  less  well  characterised  for  utilisation.  Consequently  the  ECSC Programme  supported 
various initiatives to  minimise the impact of such coal residues, together with coal mining 
wastes, by characterising these materials and evaluating them for their potential applications. 
This  included  techniques  to  utilise  the  energy  content  of  such  residues,  both  to  ensure 
comprehensive utilisation of resources and to achieve a significant environmental benefit.

2.6.2 Highlights of the research programme
Since  each  residue  has  specific  characteristics,  it  had  to  be  considered  separately. 
Accordingly, the various studies concentrated on:
• the solid residues arising from fluidised bed combustors, as these contain both coal ash 

and  partially  sulphated  sorbents,  for  use  in  road  construction,  new building  and new 
construction materials (1, 2, 3, 4). 
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• evaluating the potential for separation of the carbon portion from the ash contained in the 
bottom product and the filter dust for recirculation into the gasifier of an IGCC (5, 6)

• identifying utilisation routes for coal mining residues, including the potential  for mine 
stone and tailings in the production of calcium silicate bricks and ceramic bricks (7)

FBC residues, compared to PFA,  are of variable quality and in the case of co-combustion 
ashes less well characterised due to the variety of materials being burned wit coal. They also 
exist in relatively low quantities, compared with power station ash. Consequently options for 
use  needed  to  be  localised  and  possible  uses  included  the  acidification/solidification  of 
municipal waste incinerated residues, and the production of fertilisers

• for entrained flow gasification residues, the bottom slag seemed well suited to use as an 
aggregate. 

• for  fluidised bed systems,  it  was technically  possible  to  separate  the carbon from the 
mineral matter for recirculation to the gasifier.  

The work also showed that there are three main possibilities for utilisation of coal mining 
wastes:
• as  landfill  or  as  a  civil  engineering  construction  material,  normally  with  other 

components;
• as an additive in cement and brick production;
• firing the rejects in a FBC boiler, possibly with biomass, either to produce power or heat. 

An auxiliary higher-grade fuel may be required, but the potential benefit of this method is 
that all  the carbonaceous material  can be used, and it  may be possible to ‘retune’ the 
washery plant operation to maximize profitability. 

The legal frameworks governing the disposal of waste materials vary from country to country, 
while the application of regulations and statutory requirements depends on site conditions, the 
remoteness of the site, and possibly on how long it has been operating. There are national 
regulations covering major aspects relating to disposal, and there are likely to be requirements 
imposed  by  a  local  authority  that  relate  to  site  and  area  specific  factors.  For  example, 
regulations are being developed in some countries that cover emission levels, leachates from 
dumps, the pH values of run-off water and other aspects.

In  this  context,  the  work  further  determined  that,  ultimately,  utilization  depends  on  an 
economic assessment of any application. 
• thus although potential markets exist, factors such as disposal costs, transport distances, 

availability of raw materials, national guidelines and environmental regulations will all 
have an impact. 

• the infrastructure for delivering the ash to end users has to be in place to guarantee sales. 
• as such, while there are technical solutions, it appears that significant take-up will depend 

on FBC and gasification technologies becoming more firmly established, with standards 
being established for their resulting residues.. 

2.6.3 References
1. Adding value to coal combustion residues 7220-PR049
2. Upgrading treatments of solid residues arising from co-combustion 7220-PR107
3. Leaching properties of co-processed residues as a function of fuel composition, combustion 

conditions and end-use 7220-PR085
4. Upgrade ash and desulphurisation residues 7220-ED/078
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5. Valorisation of IGCC power plant by-products as secondary raw material in construction 7220-
ED/072

6. Production of High Added Value Materials from Clean Coal Gasification by-products 7220-
PR145

7. Utilisation of solid residues arising from coal 7220-ED/077. 

2.7 Advanced power generation

2.7.1 Background
Within the ECSC programme, there was a significant emphasis on R&D activities to establish 
advanced  power  generation  systems  of  higher  efficiency  and  better  environmental 
performance  than  conventional  PF  systems.   This  included  R&D  to  develop  individual 
components of the advanced technologies, pilot plant testing of major aspects of the overall 
technology concepts,  and supporting  studies  designed  to give  added value  to  the  various 
demonstrations of these concepts/systems within Europe.  

There was a major focus on integrated gasification combined cycle (IGCC) systems.  In the 
fully integrated IGCC process,  coal  is  reacted with oxygen and steam or water  in a high 
temperature, high-pressure gasifier to produce a raw fuel gas.  This gas is then cleaned to 
remove particulates and gaseous pollutants and is fired in a gas turbine to generate power 
(Figure 3).  Hot exhaust from the gas turbine is passed through a waste heat boiler to raise 
steam for a conventional condensing steam turbine, which produces additional power.  

Figure 3.  IGCC Schematic

2.7.2 Highlights of the research programme
The  gasifiers  used  in  power  generation  applications  are  primarily  of  three  generic  types, 
entrained bed, fixed bed and fluidised bed.  Within Europe, the entrained bed concepts have 
been demonstrated at Buggenum (Netherlands), and Puertollano (Spain) (the latter with some 
support via the EC Thermie programme).  There was considerable interest in the development 
of the Air Blown Gasification Cycle (ABGC), formerly known as the British Coal Topping 

20



Cycle.  The ABGC is based on an air blown pressurised fluidised gasifier coupled to a CFBC 
to burn the residual char from the gasifier.  Fuel gas from the gasifier is cleaned and burnt to 
produce a high temperature high-pressure gas, which is expanded through a gas turbine.  The 
exhaust gas from the turbine is used to raise steam and significantly augment the steam cycle 
associated with the fluidised combustor.  The fluidised bed components allow in-situ sulphur 
retention  and  the  use  of  a  wide  range  of  feedstocks  including  coals,  biomass  and  waste 
materials.  The work undertaken with ECSC support included:

1. System development and integration 
2. Supporting R&D for demonstration activities in the EU
3. Generic activities to characterise fuel behaviour and environmental performance
4. Techno-economic studies examining system variants.

System development and supporting R&D
• considerable  effort  was  directed  towards  the  development  and  optimisation  of  the 

Puertollano IGCC plant.  One such project was designed to improve overall IGCC plant 
performance with enhanced coal-petroleum coke co-processing (1).

• work  was  undertaken  to  investigate  entrained  flow  coal  gasification  through  three-
dimensional  simulation  of  the  gasification  chamber  together  with  experimental 
characterisation of the coal,  ash and slag.   A key requirement was to study the issues 
associated with the co-gasification of coal and biomass, since this has been of increasing 
industrial interest both for Buggenum and Puertollano (2).

• for entrained flow gasification systems there was a study on the use of calcium-based 
sorbents for sulphur control instead of the energy intensive scrubbing system.  The work 
was fundamental in nature and comprised sulphidation kinetic studies, sorbent sintering 
and surface area impacts, and stabilisation of spent sorbent (3).

• a  consortium,  developed  components  to  enable  the  production of  a  specification  of  a 
90MWe prototype ABGC plant (4, 5, 6, 7, 8, 9,10).  

• a  fuzzy  logic  control  system  for  an  IGCC  power  plant  was  developed  and  tested 
successfully on Rheinbraun’s HTW demonstration plant, (11).  This system is ready for 
future commercial application, subject to market conditions and requirements.  

Generic activities
• coal characterisation related to utilisation efficiency in the various technologies, 
• development of innovative systems for solids handling in pressurised systems, 
• the definition of materials for advanced components. 
• one area of particular interest was gas cleaning (12, 13), where the performance of a range 

of development and commercial sorbents for hydrogen sulphide removal, and of catalytic 
and sorbent oxidation techniques for ammonia removal, was assessed using a range of 
pilot and lab-scale facilities with some associated trials on large-scale units, and backed 
up  by  techno-economic  assessments  of  the  implications  for  subsequent  technology 
enhancement and exploitation.  A three stage gas filter de-dusting unit was developed and 
evaluated as an alternative to wet scrubbing

• an inventory of emissions of environmental concern from coal-fired plant was compiled 
(14).   This provided key baseline data for a range of coal fuelled systems,  to include 
assessment  of  emissions,  investigation  of  control  options  and  appraisal  of  the 
environmental impact of pollutant species.  

• an optimised photoreacting system has been developed for the destruction of all organic 
compounds  and  some  inorganic  compounds  contaminating  the  liquid  effluent  at  the 
scrubber exit (10).  The work showed some attractive technical achievements although the 
overall economics of the process have yet to be confirmed 
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• in addition to the practical studies, there were several broad based modelling studies to 
mathematically simulate gasification (and combustion) processes (16).  Here the overall 
aim  was  to  use  modelling  to  improve  the  understanding  and  predictability  of  coal 
utilisation  processes,  leading  to  the  introduction  of  improvements  in  efficiency  by 
effective use of process simulation.  

• artificial  intelligence  techniques  were  combined  with  sophisticated  non-linear 
programming  methods  to  obtain  a  dynamic  reliable  model  for  coal  gasification.   An 
advanced  control  system  was  developed  that  enabled  the  study  of  control  strategies 
including model predictive control and optimisation algorithms (16).

• some studies were carried out to assess the issues affecting materials performance in gas 
turbines.   These  quantified  the  constraints  on  efficiency  and  component  reliability 
imposed by the materials currently available for use in turbines for coal and biomass co-
fired combined cycle systems (17).  

Techno-economic studies
• the technical and economic viability of combustion and gasification for processing coal 

and  waste  mixtures  was  assessed,  to  identify  suitable  methods  to  dispose  of  these 
environmentally hazardous wastes within a coal-fired power generation system.  Potential 
feedstocks included plastics and forest wastes (18).  

• the prospects for the valorisation of IGCC solid products as raw materials for construction 
were evaluated.  The work included technical and economic studies covering the use of 
filter cake and slag in a range of industrial applications (19).  There appear to be some 
promising applications in cement and concrete production 

2.7.3 Conclusions
In accordance with the ECSC terms of reference, the majority of the projects on advanced 
power generation focused on activities offering prospects of demonstration and replication of 
the technology under development.  The results from these research activities contributed a 
significant part of the R&D achievements in the field of coal utilisation.  As such, through co-
operation at Community level, they enabled European industry, to make significant progress 
in the development and introduction of advanced power generation systems, which have:
• contributed  towards  the  development  of  advanced,  more  efficient  technology  for  the 

production of electricity from coal, which will lead to a significant reduction in emissions 
of  carbon  dioxide,  oxides  of  sulphur  and  nitrogen,  dust  and  trace  elements  to  the 
atmosphere from such power plants

• developed methods for either the utilisation or safe disposal of solid residues from the use 
of coal in such power plant systems  

• provided the basic understanding of coal and coal utilisation processes that is required for 
further technological progress.

2.7.4 References
1. Improved IGCC performance with coal/pet coke co-processing 7220-ED/754
1. Slag building behaviour during entrained bed coal gasification 7220-ED/041
2. In-situ H2S removal in entrained flow gasifiers by injection of calcium based sorbents 7220-

ED/07623.
3. Knowledge-based gasifier control for clean power generation 7220-ED/056
5. Hot gas desulphurisation for advanced power generation 7220-ED/027
6. Environmental optimisation of the air blown gasification cycle 7220-EC/106
7. Hot fuel gas de-dusting after sorbent based gas cleaning 7220-ED/057
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8. Materials for gasifier hot gas path components in advanced combined cycle power plants 7220-
EC/035

9. Development of a LCV gas combustor with very low fuel nitrogen oxidation for gas turbines 
7220-EC/034

10. Removal of H2S and NH3 in coal gasification power generation systems 7220-EC/032
11. Process performance in combustion and gasification systems 7220-ED/075
12. Hot gas cleaning 7220-ED/069
13. Treatment of gaseous and liquid effluents from IGCC 7220-ED 051 
14. Emissions of environmental concern 7220-EC/011
15. Techniques for emissions reduction 7220-ED/093 
16. CRE Group et al, Mathematical simulation of coal gasification and combustion processes  ECSC 

7220-ED/081, Final Report, 2000
17. Gas turbines in advanced co-fired energy systems 7220-PR/053
18. Comparison  of  combustion and gasification  technologies  to  process  coal  and waste  residues 

7220-PR/089
19. Valorisation of IGCC power plant by-products as secondary raw material in construction Final 

Report 7220-ED/072

2.8 CO2 control

2.8.1 Background
A further interesting research topic, which is currently attracting increasing attention within 
the RFCS programme, is CO2 capture.  Some initial work was undertaken within the ECSC 
Programme, which considered both PF and IGCC processes.   Since the conclusion of the 
ECSC Programme, it has been recognised that IGCC may be the technology of choice when 
CO2 mitigation becomes a necessity.  Consequently there has been an upturn in interest in 
methods  for  gas  separation  and  this  topic  is  of  key  importance  in  the  ongoing  RFCS 
programme and in the EC supported Framework R&D Programmes.  

2.8.2 Highlights of the research programme
One approach was to use membranes for separation and cleaning of gases in IGCC processes, 
(1).  The focus was to examine options to improve energy efficiency and the environmental 
consequences  of  various  coal  upgrading  processes  through  the  separation,  recovery  and 
recycle of gaseous products.  The approach followed was to adapt the methods already used in 
the chemical industry for a variety of gas separation tasks, where the technology of polymer 
and ceramic membranes offers several advantages such as low size, simplicity of operation 
and maintenance,  compatibility  and diversity.   This  initial  work covered basic  theoretical 
research as well as pilot and large-scale development and testing.  

Subsequently, this approach was taken forward to develop and produce hydrogen selective 
membranes for IGCC applications based on both polymer and ceramic membranes (2).  
• the separation performance of these novel membrane processes on IGCC streams was 

examined in terms of chemical resistance to hydrogen sulphide, separation of gas mixtures 
simulating basic process streams, such as gasifier and shift reactor product and separation 
behaviour after novel physical and chemical modification techniques.  

• the  separation  efficiency  of  the  membrane-based  contacting  process  was  evaluated 
through physical and chemical absorption experiments and compared with the predictions 
of both a new mathematical model, and conventional techniques.  

With ceramic membranes, the gas permeation properties of several membranes developed by 
the  sol-gel  technique  and/or  the  CVI  method  were  investigated  at  elevated  temperatures. 
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From  these   studies,  the  overall  attractiveness  of  membrane  separation  technology  was 
assessed for IGCC processes, in terms of energy requirements and capital cost analysis.  
• the findings suggest that a considerable reduction of greenhouse gas emissions is feasible 

with a modest energy penalty and at a lower investment and operational cost compared 
with conventional separation technologies.  

• that  said, although the current preferred choices show technical promise,  a number of 
economic issues remain to be addressed before a commercial system can be established.  

• there would appear to be scope to make process adjustments to improve the effectiveness 
and economic options.  

The other study relevant to CO2 capture was to characterise the reactivity of various coal 
types  in  a  laboratory scale  pressurised unit,  with emphasis  on the  combustion of  coal  in 
oxygen and recycled flue gas.  
• this extensive fundamental study, which was one of the earliest studies associated with 

CO2 mitigation,  generated  a  wealth  of  data,  and  formed  the  basis  for  a  subsequent 
modelling work on cycle efficiency and environmental impact (3).

This  work was taken forward in a project  to  examine the opportunities for integration of 
conventional  coal  power  plant  and the  chemical  industry  to  produce  valuable  carbonate-
ammonium compounds (CAC) for use as fertilizers in specific agricultural or forestall soils 
(4). The most important requirement for such integration is to optimise the partial pressure of 
carbon dioxide in the flue gas by mean of the “oxy-fuel” technology (to burn the coal in 
enriched air or pure oxygen to produce a concentrated stream of CO2). The work focused on:
• oxy-fuel” coal combustion in an CO2-O2-(N2) atmosphere by recycling a fraction of CO2 

from flue-gas in a 30MW pilot-plant, supported by modelling of O2-enriched combustion 
in conventional PF boilers.

• determination of the practical/economic feasibility of CO2 separation by means of new C-
polymer  membranes  at  high  temperature  and  highly  concentrated  gas  streams.  The 
fundamental development of these materials was focused on the use of inexpensive and 
commercially available polyamide-like polymers as membrane precursors in order to be 
supported on porous ceramic tubes.

• theoretical and basic development of the process at pilot scale for the chemical absorption 
of CO2 using NH3-H2O mixtures.

2.8.3 References
1. Membrane separation of gases in coal upgrading 7220-EC/703
2. Membrane separation and cleaning of gases in IGCC processes 7220-ED/082
3. PFBC combustion in oxygen/recycled flue gas 7220-ED/013
4. Coal combustion in CO2 rich flue gas 7220-PR129

3. EXPLOITATION OF R&D RESULTS

The results arising from the ECSC coal utilisation R&D Programme have played a key role in 
the development of clean coal power generation technologies with higher efficiencies, better 
environmental performance and greater reliability/availability. 

Work  on  improving  PC  combustion  has  contributed  greatly  to  improving  the  overall 
performance of the large numbers of existing units within Europe. At the same time, the R&D 
activities have assisted in the deployment of newer designs of plant, with advanced steam 
cycles and state of the art environmental control systems. This has included the furnace, with 
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integral  de-NOx  combustion  based  technologies,  as  well  as  improved  electrostatic 
precipitators and desulphurisation systems.

Similarly, with CFBC, the ECSC work has greatly assisted in the full understanding of the 
process, leading to improved designs of plant capable of burning a wide range of coals and 
alternative feedstocks in an efficient and environmentally acceptable manner. 

For IGCC, much of the ECSC work led to the construction and operation of various pilot 
plants, from which two complete large-scale demonstration plants were installed in Europe. 
Since then there has been considerable support work provided through the ECSC Programme, 
including component development and process measurement methods.

Figure 4.   Modern coal fired power plant at Niederaussem, Germany 
(Source RWE)

Figure 5   Gardanne CFBC power station (Source EdF S.A.)
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Figure 6.   IGCC power plant at Puertollano, Spain (Source Elcogas S.A.)

4. THE WAY FORWARD VIA THE RFCS PROGRAMME

4.1 Strategic issues
It is recognised that, in a fast changing world and in the context of the growth and expansion 
of the European Union, there will be need to be further rationalisation of the coal research 
programme to meet changing needs.  In broad terms, the driving forces for the coal utilisation 
research programme in the coming years will include: 
• increasing emphasis on the need for the European coal industry to maintain a competitive 

position in a free energy market
• considerations related to Community energy policy and the need to maintain coal as a 

strategic energy resource
• continuing  concern  about  the  effects  of  industrial  activity  on  the  environment  with 

increasingly stringent requirements for environmental protection while facing a foreseen 
world-wide increase in the use of coal for the production of electricity

• continuing  support  for  the  promotion of  the  Community  on the world  scene,  through 
maintaining a leading position for European technology in the area of coal utilisation

4.2 Key R&D activities
At the end of the ECSC Programme, recommendations were made by various experts on key 
research topics that should be included within the RFCS programme (1).  For example, if PF 
plant  operators  are  required  to  use  new  coals  or  coal  blends,  with  operational  changes 
imposed  by  environmental  legislation,  then  fouling  and  slagging  will  remain  an  issue. 
Because  of  the  complexities  of  the  ash  deposition  process  it  is  doubtful  whether  any 
individual predictive technique will be able to anticipate and explain all deposition behaviour. 
However,  even with that provision, there remains a continuing requirement  within the PF 
sector for more sophisticated fouling and slagging predictive and remedial capabilities.  
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Within the framework of advanced coal fired power generation, major efforts will continue to 
enhance the technologies referred to above.  This will include higher efficiency PF and CFBC 
units with better environmental performance, and gasification based combined cycles (2).  It 
will be important to consider alternative combined cycle concepts to determine whether there 
is a case to establish new R&D programmes.  Because of the external market drivers within 
the European Union and elsewhere, a key area will be to advance the Near-to-Zero Emissions 
Concept.  This will include establishing ways of achieving deep reductions in CO2 emissions 
from fossil  fired plant,  through co-firing and systems integration, to significantly enhance 
overall efficiency (and hence reduce CO2 emissions) followed by CO2 capture and geological 
storage.  Thus, while the R&D programme will continue to be mainly of an applied nature, it 
is expected that there will  be support for some basic research in relation to coal use as a 
means of ensuring adequate understanding of existing processes and with a view to preparing 
for the longer term future development for the production of electricity from coal.

4.3 The basis of the RFCS programme
The Treaty establishing the  ECSC expired on the 23 July 2002.   The ECSC funds were 
transferred to the European Community to create a common fund dedicated for research in the 
coal  and steel  area.   Accordingly,  the reserves are being used to support  a  new research 
programme, the 'Research Programme of the Research Fund for Coal and Steel'.  As noted in 
Section 1, the programme is managed by EC DG Research according to principles similar to 
those applied for the existing ECSC RTD while taking the new guidelines into consideration.

The programme is evolving to reflect the following:
• increasing emphasis on the need for the European coal industry to maintain a competitive 

position in a free energy market
• considerations related to Community energy policy and the need to maintain coal as a 

strategic energy resource
• continuing  concern  about  the  effects  of  industrial  activity  on  the  environment  with 

increasingly stringent requirements for environmental protection while facing a foreseen 
world-wide increase in the use of coal for the production of electricity

• continuing  support  for  the  promotion of  the  Community  on the world  scene,  through 
maintaining a leading position for European technology in the area of coal utilisation

Within this framework, the programme comprises five technical  areas,  of which the ones 
relevant to this review are:
• TG2: Coal preparation, conversion and upgrading, and more especially
• TG3: Coal combustion, clean and efficient coal technologies, CO2 capture:

The programme commenced in 2002 and as such the first projects are still underway, with the 
level of results yet in the public sector being very limited.  Accordingly, a listing of the clean 
coal power generation R&D activities currently underway is included in Appendicies B and 
C.  This includes the contact details of the research organisations and a brief description of the 
work, so that specific follow-up can be undertaken as required by interested organisations.  

4.4 References
1. European Commision (2005)   Synopsis of the coal and steel projects co-financed by the 

RFCS 2002-2005, ISBN 92-79-00088-8, Brussels, Belgium.
2. G8,  Climate  Change,  Energy  and  Sustainable  Development,  G8  Gleneagles  Summit 

Communication, July 2005.
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GLOSSARY

APAS EU programme Activité de Promotion, d'Accompagnement et de Suivi 1995-96
ABGC Air Blown Gasification Cycle
BAT Best available technology
BFBC Bubbling fluidised bed combustion
CAC Carbonate-ammonium compounds
CCS Carbon dioxide capture and storage
CCT Clean coal technology
CFBC Circulating fluidised bed combustion
CFD Computational fluid dynamics
CVI Chemical vapour infiltration
DTI Department of Trade and Industry (UK)
ECSC European Coal and Steel Community
ESP Electrostatic precipitator
EU European Union (EU)
FBC Fluidised bed combustion
FGD Flue gas de-sulphurisation
FP European Community Framework Programme for RTD 
GHG Green House Gas
HTW High temperature Winkler gasification process
IGCC Integrated gasification combined cycle
JOULE EU Non-nuclear energy R&D programmes preceding the Framework Programme
MBM Meat and bone meal
NOx Various oxides of nitrogen
PAH Polycyclic aromatic hydrocarbon
PC Pulverised coal (also PF)
PCB Polychlorinated biphenyls
PCDD/F Polychlorinated dibenzo-p-dioxin and furans 
Petcoke Petroleum coke
PF Pulverised fuel (also PC)
PFA Pulverised fly ash
RDF Refuse derived fuel
RFCS Research Fund for Coal and Steel
RTD Research and Technological Development
SOx Various oxides of sulphur 
Stp Standard temperature and pressure
TEQ Tradable Energy Quota
VOC Volatile organic compounds
SNCR Selective non-catalytic reduction
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APPENDIX A.   ECSC coal fired power generation projects 1998-2002 

Title Contractors* Contract 
Number

Improved flue gas cleaning in connection with electrical precipitator and its relationship to coal quality EVN Energie, Rothemühle, CRE Group, AICIA PR044
Cost effective reduction of nitric oxide emissions from coal-fired power plant (MINNOX ABBCS, U. Stuttgart-IV, ICSTM PR045
On-line coal flow and chemical composition measurement and control (ONLICOAL) AICIA, INERCO, ETSI, CRE PR046
Development of an expert system for monotoring of slagging and fouling in PF boilers CRE Group, DMT, CSM, INETI, CIRCE, PR047

Development of improved ash deposition prediction under low Nox firing condition for coal and coal blends CRE Group, U. Zaragoza, ENDESA, CIRCE, 
CERCHAR PR048

Adding value to coal combustion residues U. Leeds, Tecminho, RWTH, Ecometal PR049
Measurement & control techniques for improving combustion efficiency & reducing emissions from coal-
fired plant

Powergen, U. Teesside, Sivus, ABBCS, IST ISTCM, 
ABB Kent PR050

Development of advanced characterisation tools for the prediction of re-burn performance in PF combustors CRE Group, INETI, IFRF, Gaswärme, CERCHAR PR051

The co-combustion of coal with a high-energy fuel recovered from plastics and paper waste CRE Group, VTT-CT, U. Ulster, U. Leeds, Slough 
Heat, Fibre Fuel, INETI PR052

Gas turbines in advanced co-fired energy systems U. Cranfield, VTT-CT, EGT PR053
Nitrous oxide reduction in circulating fluidised beds through re-burn (REBED) ICSTM, ECN, INETI, CIEMAT PR054
The Development, Technical and Economic Evaluation of Novel Advanced Coal Desulphurisation 
Techniques CRE, U. Birmingham, ISSeP, MSE, U. Staffordshire PR062
Optimisation of Coal Blend preparation for Improved Combustion efficiency ICSTM, CSIC,-INCAR, GEUS, INETI, MBEL PR071
NOx emission reduction and performance improvement by primary (in-furnace) measures in large power 
plant INERCO, ENDESA, EVN, SNET/CERCHAR PR072

Numerical Investigation of Coal-fired Equipment using Combustion Optimisation Algorithms U. Zaragoza, CHAM, ENDESA PR073

Burning behaviour of coal and biomass in fluidised bed boilers VTT, U. AABO, CIEMAT, CSIC, Kvaerner, U. 
Tampere PR074

On-line management system for the advanced control utility boiler efficiency (SIBOCO) TECNACOM, CINAR, CIRCE, ENDESA, ENEL 
RICERCA, OMAS PR075

Development of innovative instrumental techniques for coal combustion (DITEC) CSM, FORTH/CPERI, U. Glamorgan, OMAS PR076

Predictive Tools for Optimisation of Coal Combustion DMT, AITEMIN, ENDESA, IBERDROLA, 
INERCO PR077

Development of Alternative Use of Marginal Coal Achieving a Thermal Improvement Blending with 
Biomass (COLIVE) AICIA, CIEMAT, INETI PR078

Development of a hybrid collector concept for the control of fine particles and air toxics in coal power 
plants (HYCOLL) AICIA, EVN, SEVILLANA PR079

Reliability improvements for co-combustion plants DTU, U; Cranfield, Elkraft, Elsamprojekt, VTT PR080
Neural Modelling and Control of Coal Fired Boilers Plant (NEUROMON) U. Glamorgan, INETI, J Proctor PR081
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Reburning and SNCR for NOx reduction in Pulverised Coal Fired Boiler SNET/CERCHAR, AICIA, ENDESA, U. Leeds PR082

Optimised Grinding of Coal CRE, AICIA, ENDESA, Lodestone, 
SNET/CERCHAR PR083

Advanced Heat Exchanger for Combustion/Gasification U. Cranfield, CSIC, TPS PR084
Leaching properties of co-processed residues as a function of fuel composition, combustion conditions and 
end-use SNET/CERCHAR, AICIA, ICSTM, ISSeP, PR085

Minimising the Plant Operating Costs and Environmental Impacts of Utilising Low Grade Fuels with Coal 
in PF boilers CRE, IVD, KEMA, MBEL PR086

Improving the Performance and Environmental Impact of Co-Combustion of Coal and Waste in FBC 
Boilers CRE, ICSTM, U. Stuttgart, UPM PR087

Mercury removal through reactive adsorption under flue gas conditions (Hg CINAR, ENEL, INETI, VTT PR088
Comparison of Combustion and Gasification Technologies to Process Coal and Waste Mixtures INETI, CIEMAT, U. Ulster, U. Zaragoza PR089
The safe and effective preparation of coal and biomass for furnace combustion (COBIFLASH) ICSTM, INETI, ALSTOM, EVN PR103
Experimental, numerical and theoretical investigation of pressurised pulverised coal combustion RWE, RWTH, NTUA, PPC, IST, U. Essen PR104

On-line measurement of particle size in fine coal transport systems CRE Group, U. Teesside, INERCO, AICIA, ENEL 
SRI PR105

Improved coal utilisation strategies by standardisation and wider use of drop tube furnace evaluation 
methods CRE Group, SNET-CERCHA, ECN, CSIC-INCAR PR106

Upgrading treatments of solid residues arising from co-combustion-manufacture of a calcic sulpho-
aluminate cement SNET-CERCHA, USB-P PR107

Emission minimisation in coal/solid waste co-combustion by primary measures AUTH, CIEMAT, FZUG PR108
Reduction of GHG emissions from utility-scale circulating fluidised bed boilers MBEL, SNET-CERCHA PR109
Efficiency, plant damage & NOx optimisation for power plants operating with variable loads & coals (VAR-
OPT-PRPJECT) INERCO, ENEL-SRI, ENDESA, PG PR110

Cost optimisation in coal power plants by the development of an integrated advisor for operation 
improvement of air preheaters INERCO, ENEL-SRI, ARBK, EVN PR111

Decreasing the cost of power generation by improved utilisation of low volatile coals PG, INERCO, ENEL SRI, EDF PR112
The abatement of environmentally unfriendly species in combustion and gasification processes U. Newcastle, SNET-CERCHA, CSIC-INCAR PR113
Atmospheric impact of particulate matter from solid fuel combustors (PANAMA) ICSTM, VTT-CT, MO, INETI PR114

Improvement of coal combustion performance and NOx emissions CSIC-INCAR, SNET-CERCHAR, U. Leeds, HCG, 
Innogy, UFG, EMC, ALSTOM PR121

Prediction and control of slagging and fouling in coal-fired plant ENEL, SNET-CERCHAR, Innogy, NTUA, 
EVN/INERCO, CSM, U. Portsmouth, CSFTA PR122

Particulate removal from flue gas: improving the performance of electrostatic precipitators U. Nottingham, PowerGen, EVN, ENEL, AUTH PR123

The influence of attrition during the fluidised bed co-combustion of coal with different wastes INETI, TU Hambourg, Harburg, U. Naples, U. 
Chalmers, Ansaldo Ricerche PR124

Capture of CO2 in coal combustion U. Chalmers, CSIC-ICB, U. Cranfield, VTT Energy, 
TU Vienna PR125
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Optimisation of the global environmental impact of coal fired power plants EMC, SNET-CERCHAR, INERCO, Fluent PR126
Application of boiler advanced control for optimisation of PC combustion through primary measures 
(ABACO)

INERCO, ENDESA, CSM, EVN, AICIA, PEGOP, 
CML PR127

Environmental enhancement of coal utilisation systems using optimised & novel hybrid gas filtration 
methods(OPTI-FILT) EMC, ISSeP, NORDIFA, Glosfume, U. Bristol PR128

Coal Combustion in CO2 rich flue gas, an approach to industrial application in power stations AICIA, CSIC-INCAR, U. Leeds PR129

Development of a carbon-in-ash notification system (CARNO) EMC, LEAT, CIRCE, Innogy, Bristish Energy, 
ASM, EO PR130

Measures to improve availability and reduction in operating cost of coal and biomass burning power plants ENEL, RWER, NTUA, AUTH, U. Bath PR131
Technological improvement of hot gas filtration for on-stream IGCC plants in the European Union 
(GASFIL) AICIA, ELCOGAS, Schumacher, ENEL PR141

Thermal improvement of the combustion and gasification of high rank coal/oil waste blends AICIA, CIEMAT, INETI, SNET-CERCHAR, ENEL PR142
NEWPRONOx- Impact of new process for NOx reduction on reliability, operating performance & toxicity 
in re-circulating FB boilers SNET-CERCHAR, NTUA, AUTH, ENVOFIRE PR143

Co-combustion of meat and bone meal in coal power plants NTUA, SNET-CERCHAR, ECN, AICIA, EMC, 
INETI PR144

Production of high added value materials from clean coal gasification by-products (HIVALUE) ELCOGAS, U. Delft, Contento, TU Crete, AICIA, 
U. Castilla la Mancha, CSIC-IJA, U. Barcelone PR145

* Note:  Coordinator is shown in Boldface
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APPENDIX B.   RFCS coal fired power generation related projects 2002-2006

Title Contractors Contract No. Synopsis
Advanced CFB for clean and 
efficient coal power (CLEFCO)

VTT Processes, FOSTER W.E., 
CUT, CERTH

RFCR-CT-2003-
00001

Test-work to assist in design of large scale (600MW) once through supercritical 
CFB boilers appropriate for multi-fuel operation

More efficient cleaning concepts 
for stepping up availability of 
lignite fired power plants 
(LIGPOWER)

RWE Power, PPC, RWE 
NPower, Alstom

RFCR-CT-2003-
00002

Testing, under demonstration conditions, of improved cleaning equipment and new 
heating surfaces suited for more efficient cleaning measures in order to minimise 
availability restrictions due to fouling of lignite fired power plants.

Minimisation of impact of nitrogen 
oxide reduction technologies on 
operation and performance 
(MINORTOP)

RWENPower, U. Bochum, ECN, 
IST, KEMA, U. Leeds

RFCR-CT-2003-
00004

Examination of the impact of NOx control technologies on plant availability, 
environmental performance and efficiency. This includes carbon-in-ash, deposition, 
corrosion and the use of renewable fuels. Development of guidelines to advise plant 
operators and manufacturers on best practice for meeting the revised NOx emissions 
targets.

On-line measurement of coal 
quality parameters by inference 
from sensor information 
(INFERENCE)

DMT, EMC, U. Teeside, U. 
Nottingham, SNET

RFCR-CT-2003-
00005

Development of a technique for continuous optimisation of the pulverised fuel 
preparation process for power plant applications through the use of an on-line 
measuring device, to be integrated into the milling circuit.

Development of advanced 
monitoring methods to improve 
boiler availability and performance 
(ADMONI)

VTT Processes, CIRCE, TU. 
Delft, EVN, U. Cranfield, 
CERTH, Fortum PH OY

RFCR-CT-2003-
00007

Improvement of power plant operational control systems, including on-line process 
performance calculation methodologies, through the development of advanced on-
line methods for monitoring ash behaviour and deposit formation when co-firing 
solid biomass based fuels in pulverised coal-fired power plants 

Assessment of options for CO2 

capture and geological 
sequestration (ASSOCOGS)

E.ON Powergen, AUTH, 
CERTH, CERECO, IMCG, U. 
Nottingham, U. Stuttgart

RFCR-CT-2003-
00008

Improved understanding of the engineering and financial practicality of the three 
main technologies being assessed for CO2 capture (pre-gasification, oxy-fuel 
combustion and absorption from flue gas) together with analysis of the use of 
enhanced coal-bed methane as a means for CO2 storage. 

Upgrading of high moisture, low 
rank coals to hydrogen and methane 
(C2H UPGRADE)

U.  Stuttgart, NTUA, PPC, 
CERTH, Vattenfall Mining, BTU. 
Cottbus, ZSW, IVE Weimer, U. 
Madrid, U. Ulster, SCS 
Technology 

RFCR-CT-2003-
00009

Development of a new integrated process for upgrading high moisture, low rank, 
brown coals to provide: a fuel gas mainly consisting of methane and hydrogen, by- 
products of the process are a pre-calcined material, and a pure CO2 gas stream 
facilitating CO2 removal from this process.  The work includes small-scale 
experimental studies, assessment of technological viability and consideration of 
economic advantages compared to conventional brown coal utilisation processes.

Commercial-scale testing of a 
fluidised bed drying plant for highly 
efficient lignite fired power plants 
(DRYCOAL)

RWE Power, PPC, Alstom, VEG, 
Power Station, NTUA

RFCR-CT-2004-
00002

Demonstration of a pre-drying plant for moist lignite together with its integration 
into a dry lignite-fired power plant to achieve a further efficiency increase of 4 – 6 
% points. 

Component test facility for a 700oC 
power plant (COMTES700) 

VGB Power, Alstom, BHE, 
Babcock Borsig, BWE, Siemens, 

RFCR-CT-2004-
00003

Design, manufacture, erect and operate a Component Test Facility (CTF) to test 
high temperature candidate durable new materials needed to achieve a coal based 
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Elsam Engineering pulverised coal fired power plant with efficiencies above 50%.
Understanding and mastering coal 
fired ashes geopolymerization 
process in order to turn potential 
into profit (GEOASH)

ISSeP, Cordi-Geopolymere, 
AICIA, CSIC, TU. Delft

RFCR-CT-2004-
00005

Research into the potential geopolymerization of Si and Al-bearing solid residues as 
a new method of solidification/stabilization of wastes, in particular inorganic solid 
wastes, with emphasis on the long-term stability, environmental and economic 
constraints.

Advanced gas purification 
technology for co-gasification of 
coal refinery by products, biomass 
and waste, targeted to clean power 
produced from gas and steam 
generator set fuel cells 
(AGAPUTE)

CSM, Elcogas, UPM, UPC, 
CSIC, INETI, Imperial College, 
U. Nottingham

RFCR-CT-2004-
00006

Determination of the better techno-economical ways to purify dust- and tar-loaded 
hot gas exiting form various pressurised gasifiers, which convert selectively coal 
and mixtures thereof into fuels dedicated to be burnt either in gas turbines or in fuel 
cells for electricity production.

Zero dioxin releases in coal 
combustin and coal/organic waste 
co-combustion processes 
(NODIOXCOMB)

ISSeP, Sioen-Nordifa, AUTH, U. 
Newcastle, CSIC, CSM, AICIA, 
Endesa, ENEFEL, CERTH

RFCR-CT-2004-
00007

Development of a novel technique to minimise dioxins/furans formation and 
emissions, based on the adsorption of “dioxin” on active carbons and cokes together 
with advanced fine dust filtration.

Development and experimental 
validation of a mathematical 
modelling methodology for oxy-
fuel combustion for CO2 capture in 
large plants (OXYMOD)

Vattenfall, U. Stuttgart, CUT, 
NTUA, MBEL, Fluent

RFCR-CT-2005-
00006

Development and validation of a mathematical modelling methodology for oxy-fuel 
combustion to be used in process layout, operation and optimisation of a CO2 free 
power plant.

Clean syngas from carbonaceous 
materials gasification for highly 
efficient electric energy generation 
(CLYCARGAS)

CSM, INETI, Sotacarbo, 
Tecnatom, ENEL, U. 
Nottingham, U. Newcastle, KTI

RFCR-CT-2005-
00007

The objective is to establish the efficiency of different gasification conditions and 
catalytic tar cracking technologies, to obtain the gas purity required for the 
production of syngas from gasification of low grade coal and biomass to be used for 
highly efficient electric power production

Coal catalytic co-gasification in an 
innovative rotary kiln gasifier 
(CO.CA.CO.R.K) 

CSM, INETI, Sotacarbo, ENEL, 
U. Nottingham, ARI, Unizar

RFCR-CT-2005-
00008

Development of a process to produce a clean syngas from co-gasification of either 
coal/biomass or coal/waste, using a rotary kiln gasifier and an innovative catalytic 
gasification process.

Utility scale CFB for competitive 
coal power (CFB800)

VTT Processes, Foster W.E., 
Siemens, Endesa, CIRCE, 
CERTH 

RFCR-CT-2005-
00009

Scale up of CFB technology to utility size (600 - 800 MWe) to meet the future 
requirements of power plant operators in deregulated energy markets.

Development of a pilot-scale 
flameless oxidation burner for ultra 
low NOx combustion of pulverised 
coal (FLOX-COAL) 

U, Stuttgart, EDF, MBEL, WS, 
Insa Rouen, NTUA, RWTH, IEN, 
Elopole

RFCR-CT-2005-
00010

Proof of concept for the flameless combustion of coal with the objective of 
delivering burner designs that are ready for industrial demonstration.
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Hydrogen separation in advanced 
gasification processes 
(HYDROSEP)

U.  Nottingham, Elcogas, CSIC, 
AUTH, CERTH, INETI, MCAT, 
CSM, KTI, 

RFCR-CT-2006-
00003

Development of new membranes and adsorbents to reduce the costs of adapting 
IGCC processes for hydrogen separation with CO2 capture.  Promising membrane 
configurations, encompassing metal, ceramics and polymers will be developed and 
tested to determine the effectiveness of the hydrogen separation processes compared 
to the current available physical solvent processes

Clean coal technology R, D&D 
promotion and dissemination 
(CCTPROM)

IEA Coal Research, SUT, 
SEVEn, ISPE

RFC2-CT-2006-
00005

Promotion and dissemination of the results arising from ECSC and RFCS coal fired 
power generation R&D projects, with a focus on Poland, Czech Republic and 
Romania

Abatement of emissions of trace 
pollutants by FGD from co-
combustion and environmental 
characteristics of by-products 
(ABETRAP)

Endesa, CSIC, CERTH, U. 
Sevilla, AICIA, U. Nottingham, 
KEMA

RFCR-CT-2006-
00006

Assessment of the environmental characteristics of all the solid residues (ash, slag 
or FGD gypsum) produced in power plants burning coal alone or coal combined 
with other secondary fuel,  Evaluation of the abatement capacity for trace pollutant 
emissions of wet FGD facilities,  Determination of the leachability of these 
pollutants from the end by-product, studying, as necessary, possible remediation 
actions in order to facilitate the reuse of the FGD gypsum. 

Cost effective and environmental 
friendly oxyfuel combustion of hard 
coals (FriendlyCoal)

TU. Munich, Siemens, ENEL, 
DTU, TU. Graz

RFCR-CT-2006-
00007

Technical comparison of inversely  inversely staged combustion and flue gas 
recirculation control for CO2-free hard coal fired power plants with oxyfuel 
technology. This includes the testing of a newly design 3 MW
Burner together with .the burner and boiler design for an 300 MWth power plant.  

Intelligent monitoring and selective 
cleaning control of deposits in 
pulverised coal boilers (Clean 
Selective)

TU. Munich, CIRCE, Endesa, 
Clyde Bergemann, CERTH, ECN

RFCR-CT-2006-
00008

Development of an integrated on-line tool to locally monitor and detect slagging 
and fouling within the whole boiler, including convective and radiative parts, in 
order to allow selective cleaning of the heat exchangers. 

Development of advanced large 
scale low NOx oxy-fuel burner for 
PF combustion (OxyBurner

U. Stuttgart, Air Liquide, Alstom, 
Vattenfall, NTUA 

RFCR-CT-2006-
00009

Development of an advanced low NOx oxy-fuel burner concept for Lignite and 
Sub-Bituminous Coals.

Application of the biomass, oxyfuel 
and flameless combustion for the 
utilisation of pulverised coals for 
electricity generation (BOFCom) 

ECN, IEN, TU. Claushal, 
RWENPower, IST

RFCR-CT-2006-
00010

Assessment of the combination of Biomass-Oxyfuel-Flameless Combustion 
technologies for the reduction of CO2 emissions from pulverized coal fuel fired 
power plants while maintaining high efficiencies, low emissions and coal flexibility

CO2 emission reduction through 
combustion optimisation 
technologies at coal-fired power 
plants(CERCOT) 

Endesa, Enerco, CERTH, 
Ansaldo Caldaie, Ecoenergia

RFCP-CT-2006-
00011

Development and full-scale validation of technologies for reducing CO2 emissions 
in pulverised coal power plants, using various coals and coal/biomass mixtures, by
means of increased efficiency and fuel flexibility strategies> These include 
application of a novel combustion control system,  and development of a novel 
burner with higher fuel flexibility capabilities. 
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APPENDIX C.   Participants in RFCS Clean Coal Power Generation R&D and related projects

Abbreviation Name and Address Possible contact details

AICIA ASOCIACION DE INVESTIGACION Y COOPERACION IND. ANDALUCIA
Camino de los Descubrimientos s/n, ES-41092 SEVILLA

Direct line: +(34) 95/446 71 78
Direct fax:  +(34) 95/446 17 75
e-mail: salvador@esi.us.es

Air Liquide L'AIR LIQUIDE
Les loges en Josas, 1 chemin de la Porte des Loges, FR-78354 JOUY EN JOSA

Direct line: +(33) 1/39 07 65 38
Direct fax:  +(33) 1/39 07 61 13
e-mail: emmanuelle.bromet@airliquide.com

Alstom ALSTOM POWER BOILER GmbH
Augsburgerstraße 712, DE-70329 STÜTTGART

Direct line: +(49) 711/917 1364
Direct fax:  +(49) 711/917 1239
e-mail:georgnikolaus. 
stamatelopoulos@power.alstom.com

Ansaldo Caldaie ANSALDO CALDAIE S.p.A.
Via Milano km 1,600, IT-70023 GIOIA DEL COLLE (BA)

Direct line: +(39) 080/3480246
Direct fax:  +(39) 080/3480300
e-mail: alessandro.saponaro@ansaldoboiler.it

ARI ANSALDO RICERCHE SpA
corso Perrone 25, IT-16152 GENOVA

Direct line: +(39) 010/655 8397
Direct fax:  +(39) 010/749 0875
e-mail: marisa.pelizza@ari.ansaldo.it

AUTH ARTISTOTLE UNIVERSITY OF THESSALONIKI
Administration Building University Campus, GR-54124 THESSALONIKI

Direct line: +(30) 23/10996 271
Direct fax:  +(30) 23/10996 168
e-mail: sakel@vergina.eng.auth.gr

Babcock Borsig BABCOCK BORSIG POWER SYSTEMS GmbH
Duisburger Straße 375, DE-46049 OBERHAUSEN

Direct line: +(49) 208/833 34 89
Direct fax:  +(49) 208/833 87 34 89
e-mail: f_klauke@babcock-hitachi.de

BHE BURMEISTER & WAIN ENERGY A/S
Jaegersborg Allé 164, DK-2820 GENTOFTE

Direct line: +(45) 39/45 21 30
Direct fax:  +(45) 39/45 20 05
e-mail: peh@bwe.dk

BTU. Cottbus BRANDENBURGISCHE TECHNISCHE UNIVERSITÄT COTTBUS
Universitätsplatz 3-4, DE-03044 COTTBUS

Direct line: +(49) 355 694 500
Direct fax:  +(49) 355 694 011
e-mail: krautz@tu-cottbus.de

BWE BURMEISTER & WAIN ENERGY A/S
Jaegersborg Allé 164, DK-2820 GENTOFTE

Direct line: +(45) 39/45 21 30
Direct fax:  +(45) 39/45 20 05
e-mail: peh@bwe.dk

CERECO CERAMICS & REFRACTORIES TECHNOLOGICAL DEVELOPMENT CO.
72nd Km Athens - Lamia National Road, GR--3410 CHALKIDA

Direct line: +(30) 2262 071 811-5
Direct fax:  +(30) 2262 071 461
e-mail: cereco@otenet.gr
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CERTH CENTRE FOR RESEARCH AND TECHNOLOGY HELLAS
6th km Charilaou-Thermi Road GR-57001 THERMI-THASSALONIKI

Direct line: +(30) 24/630 53842
Direct fax:+(30) 24/630 53842
e-mail: isfta@techp.demokritos.gr

CIRCE FUNDACION CIRCE- CENTRO DE INVESTIGACION DE RECURSOS Y CONSUMOS 
ENERG.
Maria de Luna 3, ES-50018 ZARAGOZA

Direct line: +(34) 976/762 034
Direct fax:+(34) 976/732 078
e-mail: tdyfqdb@unizar.es

Clyde Bergemann CLYDE BERGEMANN GmbH MASCHINEN UND APPARATEBAU
Schillwiese 20, DE-46485 WESEL

Direct line: +(49) 281/815 120
Direct fax:  +(49) 281/815 449
e-mail: ssimon@cbw.de

Cordi-
Geopolymere

CORDI-GEOPOLYMERE S.A.
Z.A. Bois de la Choque, FR-02100 SAINT-QUENTIN

Direct line: +(33) 3/23 67 89 22
Direct fax:  +(33) 3/23 67 89 49
e-mail: contact@geopolymer.com

CSIC CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS
Campus UAM, Cantoblanco, ES-28049 MADRID

Direct line: +(34) 915/854 802
Direct fax:  +(34) 915/854 760
e-mail: jblanco@icp.csic.es

CSM CENTRO SVILUPPO MATERIALI
Via di Castel Romano 100, IT-00128 ROMA EUR

Direct line: +(39) 06/505 53 36
Direct fax:  +(39) 06/505 54 61
e-mail: e.faraci@c-s-m.it

CUT CHALMERS TEKNISKA HÖGSKOLA AB
POBox 41296, SE-41296 GÖTEBORG

Direct line: +(46) 31/772 1449
Direct fax:+(46) 31/772 3592
e-mail: filip.johnsson@me.chalmers.se

DMT DEUTSCHE MONTAN TECHNOLOGIE GmbH
Am Technologie Park 1, DE-45307 ESSEN 

Direct line: +(49) 201/172 1595
Direct fax:  +(49) 201/172 1575
e-mail: franz.verfuss@dmt.de

DTU DANMARKS TEKNISKE UNIVERSITET
Anker Engelundsvej 1, DK-2800 KONGENS LYNGBY

Direct line: +(45) 45/25 28 41
Direct fax:  +(45) 45/88 22 58
e-mail: aj@kt.dtu.dk

ECN ENERGY RESEARCH CENTRE OF THE NETHERLANDS
Westerduinweg 3, NL-1755 LE PETTEN

Direct line: +(31) 224/56 47 07
Direct fax:+(31) 224/56 84 87
e-mail: korbee@ecn.nl

Ecoenergia ECOENERGIA Sp ZOO
Lustrzana 32, PL-01-342 WARSAW

Direct line: +(48) 22/666 16 01
Direct fax:  +(48) 22/666 16 00
e-mail: j.siwinski@ecoenergia.com.pl

EDF ELECTRICITE DE FRANCE
6 Quai Watier, FR-78401 CHATOU CEDEX

Direct line: +(33) 1/30 87 77 15
Direct fax:  +(33) 1/30 87 79 16
e-mail: pierre.plion@edf.fr

Elcogas ELCOGAS SA
200 crtra Calzada a Puertollano km 27, ES-13500 PUERTOLLANO

Direct line: +(34) 926/ 44 97 44
Direct fax:  +(34) 926/41 00 37
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e-mail: pcoca@elcogas.es

Elopole ELEKTROWNIA OPOLE SA
PL-46-021 BRZEZIE K/ OPOLA

Direct line: +(48) 77/423 57 20
Direct fax:  +(48) 77/423 57 44
e-mail: edward.kinal@elopole.com.pl

Elsam Engineering TECH-WISE A/S
Kraftvaerksvej 53, DK-7000 FREDERICIA

Direct line: +(45) 7923/32 00
Direct fax:  +(45) 7556/44 77
e-mail: jb@ELSAM-ENG;COM

Endesa ENDESA GENERACION SA
Avenida de la Borbolla 5, ES-41004 SEVILLA

Direct line: +(34) 91/213 16 89
Direct fax:  +(34) 91/213 15 75
e-mail: agimenez@endesa.es

ENEFEL ENERVAC-FLUTEC Ltd
P.O. Box 60650, 1st km. Thermi - Airport "Macedonia", GR-57001 THERMI-THESSALONIKI

Direct line: +(30) 2310/465 014
Direct fax:  +(30) 2310/465 056
e-mail: tkats@flutec.gr

ENEL ENEL PRODUZIONE SpA
Via Andrea Pisano 120, IT-56122 PISA

Direct line: +(39) 050/618 5644
Direct fax:  +(39) 050/618 5593
e-mail: claudio.zeppi@enel.it

Enerco INGENIERIA ENERGETICA Y DE CONTAMINACION S.A.
C/Tomas Alba Edison s/n, Parque Tecnologico de la Cartuja, ES-41092 SEVILLA

Direct line: +(34) 954/468 100
Direct fax:  +(34) 954/461 329
e-mail: frodriguez@inerco.es

E.ON Powergen E. ON UK plc
Ratcliffe-on-Soar, UK NOTTINGHAMSHIRE NG 0EE

Direct line: +(44) 115/936 2437
Direct fax:  +(44) 115/936 2205
e-mail: robin.irons@eon-uk.com

EVN EVN AG
EVN Platz, AT-2344 MARIA ENZERSDORF 

Direct line: +(43) 2236/200 12 817
Direct fax:  +(43) 2236/200 82 817
e-mail: alois.otter@evn.at

Fluent FLUENT EUROPE LIMITED
Europa Link, Sheffield Airport Business Park, GB- SHEFFIELD S9 1XU

Direct line: +(44) 114/281 8888
Direct fax:  +(44) 114/281 8818
e-mail: chc@fluent.co.uk

Fortum PH OY FORTUM POWER AND HEAT OY
P.O. Box 10,FI-00048 FORTUM

Direct line: +(358) 10 45 33 970
Direct fax:  +(358) 10 45 33 985
e-mail: pertti.mielonen@fortum.com

Foster W.E. FOSTER WHEELER ENERGIA OY
Nuijamiestentie 3, FI-00400 HELSINKI

Direct line: +(358) 10/393 33 10
Direct fax:+(358) 10/393 33 09
e-mail: timo.hyppanen@fwfin.fwc.com

IEA Coal Research IEA COAL RESEARCH LIMITED
Putney Hill, Gemini House, 10/18, GB- LONDON SW15 6AA

Direct line: +(44) 1452/857 559
Direct fax:  +(44) 1452/857 559
e-mail: andrew@minchener.fsnet.co.uk
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IEN INSTYTUT ENERGETYKI – THERMAL PROCESSES DEPARTMENT
ul. Augustowka 5, PL-02 981 WARSAW

Direct line: +(48) 34/51 418
Direct fax:  +(48) 22/642 83 78
e-mail: tomasz.golec@ien.com.pl

Imperial College IMPERIAL COLLEGE OF SCIENCE,  TECHNOLOGY AND MEDECINE
Prince Consort Road, GB- LONDON SW7 2BP

Direct line: +(44) 207/594 55 81
Direct fax:  +(44) 207/594 56 04
e-mail: r.kandiyoti@imperial.ac.uk

INETI INSTITUTO NACIONAL DE ENGENHARIA, TECNOLOGIA E INOVACAO
Estrada do Paço do Lumiar, 22, PT-1649 038 LISBOA

Direct line: +(351) 21/092 47 89
Direct fax:  +(351) 21/716 65 69
e-mail: ibrahim.gulyurtlu@ineti.pt

Insa Rouen INSTITUT NATIONAL DES SCIENCES APPLIQUEES DE ROUEN
Site Universitaire du Madrillet, FR-76801 ST. ETIENNE DU ROUVRAY

Direct line: +(33) 2/32 95 98 52
Direct fax:  +(33) 2/32 95 97 80
e-mail: david.honore@coria.fr

ISPE INSTITUTUL DE STUDII SI PROIECTARI ENERGETICE SA
Blvd Lacul Tei 1-3 Sector 2, RO-020371 BUCHAREST

Direct line: +(40) 21/206 12 66
Direct fax:  +(40) 21/210 24 57
e-mail: cconstantin@ispe.ro

ISSeP INSTITUT SCIENTIFIQUE DE SERVICE PUBLIC
Rue du Chéra 200, BE-4000 LIEGE 

Direct line: +(32) 4/229 82 08
Direct fax:  +(32) 4/253 54 16
e-mail: p.landuyt@issep.be

IMCG IMC GEOPHYSICS LTD
Sutton-in-Ashfield, GB- NOTTS NG17 2NS

Direct line: +(44) 1623 444 609
Direct fax:  +(44) 1623 442 072
e-mail: geophysics@imcgroup.co.uk

IST INSTITUTO SUPERIOR TECNICO
Avenida Rovisco Pais, PT-1049 001 LISBOA

Direct line: +(351) 218 417 372
Direct fax:+(351) 218 475 545
e-mail: mcosta@navier.ist.utl.pt

IVE Weimer INGENIEURBURO THOMAS WEIMER
Weimarer straße 10, DE-71065 SINDELFINGEN

Direct line: +(49) 703/187 85 79
Direct fax:  +(49) 703/187 86 32
e-mail: ive-weimer@vr-web.de

KEMA KEMA NEDERLAND BV
Utrechtseweg 310, NL-6800 ET ARNHEM

Direct line: +(31) 26 3 56 29 22
Direct fax:+(31) 26 3 51 73 62
e-mail: c.gast@kema.nl

KTI TECHNIP K.T.I. SPA
Viale Castello della Magliana 75, IT-00148 ROME

Direct line: +(39) 06/60216 231
Direct fax:  +(39) 06/65793 002
e-mail: iaquaniello.a@ktispa.it

MBEL DOOSAN BABCOCK ENERGY Ltd
Porterfield Road, GB- RENFREW PA8 4DJ

Direct line: +(44) 141/885 3921
Direct fax:  +(44) 141/885 3860
e-mail: ghesselmann@mitsuibabcock.com

MCAT MAST CARBON TECHNOLOGY Ltd
Henley Park, UK- GUILDFORD GU3 2AF

Direct line: +(44) 1483/236 371
Direct fax:  +(44) 1483/136 405
e-mail: kozynch@mastcarbon.co.uk
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NTUA NATIONAL TECHNICAL UNIVERSITY OF ATHENS
9 Iroon Polytechniou Street, GR-15780 ATHENS

Direct line: +(30) 210/772 36 62
Direct fax:  +(30) 210/772 36 63
e-mail: ekak@central.ntua.gr

Power Station ELEKTROWNIA "BELCHATOW" SA
Rogowiec, PL-97406 BELCHATOW 5

Direct line: +(48) 44/735 10 02
Direct fax:  +(48) 44/735 42 74
e-mail: krzysztof.przegalinski@elb.pl

PPC PUBLIC POWER CORPORATION S.A.
Chalkokondili Street, 30, GR-10432 ATHENS

Direct line: +(30) 210/519 21 88
Direct fax:  +(30) 210/519 25 67
e-mail: dsdamor@otenet.gr

RWE Power RWE POWER AG
Huyssenallee 2, DE-45128 ESSEN

Direct line: +(49) 201/12 240 41
Direct fax:  +(49) 201/12 274 08
e-mail: werner.renzenbrink@rwe.com

RWENPower RWE NPOWER PLC
Trigonos, Windmill Hill Business Park, Whitehill Way, GB- SWINDON SN5 6PB

Direct line: +(44) 1793/894 118
Direct fax:+(44) 1793/896 251
e-mail: michael.whitehouse@rwenpower.com

RWTH RHEINISCH-WESTFÄLISCHE TECHNISCHE HOCHSCHULE AACHEN
Templergraben 55, DE-52062 AACHEN

Direct line: +(49) 241/809 54 00
Direct fax:  +(49) 241/809 21 43
e-mail: kneer@wuek.rwth-aachen.de

SCS Technology SCS TECHNOLOGY VERFAHRENSTECHNIK GMBH
Jägerstraße 18, AT-4040 LINZ

Direct line: +(43) 732 736 601 0
Direct fax:  +(43) 732 736 601 3
e-mail: office@scs-technology.at

SEVEn SEVEN - STREDISKO PRO EFEKTIVNI VYUZIVANI ENERGIE o.p.s.
Americka 17, CZ-12000 PRAGUE 2

Direct line: +(420) 224/252 115
Direct fax:  +(420) 224/247 597
e-mail: bohuslav.malek@svn.cz

Siemens SIEMENS AKTIENGESELLSCHAFT
Freyeslebenstraße 1, DE-91050 ERLANGEN

Direct line: +(49) 9131/18 38 79
Direct fax:  +(49) 9131/18 62 20
e-mail: heiner.edelmann@siemens.com

Sioen-Nordifa SIOEN-NORDIFA S.A.
Rue Ernest Solvay 181, BE-4000 LIEGE

Direct line: +(32) 4/229 94 40
Direct fax:  +(32) 4/253 04 25
e-mail: bernard.colson@sioen.be

SNET SNET CERCHAR
Rue Aimé Dubost, FR-62670 MAZINGARBE

Direct line: +(33) 3 21 72 85 05
Direct fax:  +(33) 3 21 72 83 51
e-mail: daniel.rampelberg@snet-electricite.fr

Sotacarbo SOCIETÀ TECNOLOGIE AVANZATE CARBONE S.P.A
Sulgis IGL 271, c/o consorzio industrializzazione, IT-09010 PORTOSCUSO CA

Direct line: +(39) 0781/509 047
Direct fax:  +(39) 0781/508 349
e-mail: camorino@sotacarbo.it

SUT SILESIAN UNIVERSITY OF TECHNOLOGY - POLITECHNIKA SLASKA
Akademicka street 2A, PL-44 100 GLIWICE

Direct line: +(48) 32/237 10 41
Direct fax:  +(48) 32/237 28 72
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e-mail: aszlek@polsl.pl
Tecnatom TECNATOM S.A.

Avenida de Montes de Oca 1, ES-28709 SAN SEBASTIAN DE LOS REYES, MADRID
Direct line: +(34) 91/659 8600
Direct fax:  +(34) 91/659 8677
e-mail: asanchez@tecnatem.es

TU. Claushal TECHNISCHE UNIVERSITÄT CLAUSTHAL
Agricolastrasse 4, DE-38678 CLAUSTHAL-ZELLERFELD

Direct line: +(49) 5323/72 20 34
Direct fax:  +(49) 5323/72 31 55
e-mail: weber@ievb.tu-clausthal.de

TU. Delft TECHNISCHE UNIVERSITEIT DELFT
Julianalaan, 134, NL-2600 AA DELFT

Direct line: +(31) 15/278 43 76
Direct fax:  +(31) 15/278 43 01
e-mail: h.w.nugteren@tnw.tudelft.nl

TU. Graz GRAZ UNIVERSITY OF TECHNOLOGY
Rechbauerstrasse 12, AT-8010 GRAZ

Direct line: +(43) 31/6873 7810
Direct fax:  +(43) 31/6873 7305
e-mail: ulrich.hohenwarter@tugraz.at

TU. Munich TECHNISCHE UNIVERSITÄT MÜNCHEN - ACHGEBIET AUGMENTED REALITY
Boltzmann Strasse 15, DE-85747 GARCHING

Direct line: +(49) 89/289 16270
Direct fax:  +(49) 89/289 16271
e-mail: spliethoff@tum.de

U. Bochum RUHR UNIVERSITÄTSKASSE BOCHUM
Universitätstrasse 150, DE-44801 BOCHUM

Direct line: +(49) 234/32 26 328
Direct fax:+(49) 234/32 14 227
e-mail: scherer@leat.ruhr-uni-bochum.de

U. Cranfield CRANFIELD UNIVERSITY
College Road, Cranfield Bedford, GB- BEDFORDSHIRE MK43 0AL

Direct line: +(44) 1234/75 42 53
Direct fax:  +(44) 1234/75 24 73
e-mail: J.e.oakey@cranfield.ac.uk

U. Leeds UNIVERSITY OF LEEDS
Woodhouse Lane, GB- LEEDS LS2 9JT

Direct line: +(44) 113 343 24 96
Direct fax: +(44) 113 246 73 10
e-mail: b.m.gibbs@leeds.ac.uk

U. Madrid UNIVERSIDAD COMPLUTENSE DE MADRID
Ciudad universitaria s/n, ES-28040 MADRID

Direct line: +(34) 91/394 41 64
Direct fax:  +(34) 91/394 41 64
e-mail: narvaez@quim.ucm.es

U. Newcastle UNIVERSITY OF NEWCASTLE UPON TYNE
Cassie Building, GB- NEWCASTLE UPON TYNE NE1 7RU

Direct line: +(44) 191/222 68 39
Direct fax:  +(44) 191/222 69 29
e-mail: mark.thomas@ncl.ac.uk

U. Nottingham THE UNIVERSITY OF NOTTINGHAM
University Park, GB- NOTTINGHAM NG7 2RD

Direct line: +(44) 115/951 4166
Direct fax:  +(44) 115/951 4115
e-mail: colin.snape@nottingham.ac.uk

U. Sevilla UNIVERSIDAD DE  SEVILLA
Camino de los Descubrimientos s/n, ES-41092 SEVILLA

Direct line: +(34) 95/448 72 71
+(34) 95/446 17 75
e-mail: pereira@esi.us.es

U. Stuttgart UNIVERSITÄT STUTTGART Direct line: +(49) 711/685 63492
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Pfaffenwaldring, 23, DE-70569 STUTTGART Direct fax:  +(49) 711/685 3491
e-mail: berger@ivd.uni-stuttgart.de

U. Teeside UNIVERSITY OF TEESSIDE
Borough Road, GB- MIDDLESBROUGH TS1 3BA

Direct line: +(44) 1642/342 403
Direct fax:  +(44) 1642/342 401
e-mail: j.zhang@tees.ac.uk

U. Ulster UNIVERSITY OF ULSTER
Shore Road, Newtownabbey, GB- BELFAST BT37 0QB

Direct line: +(44) 1394/385 565
Direct fax:  +(44) 2890/368 700
e-mail: nj.hewitt@ulster.ac.uk

Unizar UNIVERSIDAD DE ZARAGOZA
c/ Maria de Luna 3, ES-50015 ZARAGOZA

Direct line: +(34) 976/761 878
Direct fax:  +(34) 976/761 879
e-mail: qtarauzo@.unizar.es

UPM UNIVERSIDAD POLITECNICA DE MADRID
Rios Rosas 21, ES-28003 MADRID

Direct line: +(34) 91/336 69 88
Direct fax:  +(34) 91/336 69 48
e-mail: cclemente@qyc.upm.es

UPC UNIVERSIDAD POLITÉCNICA DE CATALUÑA
Avenida Diagonal, 647, ES-08028 BARCELONA

Direct line: +(34) 93/401 66 78
Direct fax:  +(34) 93/401 09 79
e-mail: luis.puigjaner@upc.es

Vattenfall VATTENFALL EUROPE GENERATION AG & CO. KG
Vom-Stein-Strasse 39, DE-03050 COTTBUS

Direct line: +(49) 355/288 730 33
Direct fax:  +(49) 355/288 731 86
e-mail: thomas.brunne@vattenfall.de

Vattenfall Mining VATTENFALL EUROPE MINING AG
Vom Stein Strasse 39, DE-03050 COTTBUS

Direct line: +(49) 03573 78 23 44
Direct fax:  +(49) 03573 78 23 18

VGB Power VGB PowerTech e.V.
Klinkestrasse 27-31, DE-45136 ESSEN

Direct line: +(49) 201/812 82 50
Direct fax:  +(49) 201/812 83 21
e-mail: franz.bauer@vgb.org

VTT Processes VTT PROCESSES
Koivurannantie 1, FI-40101 JYVÄSKYLÄ

Direct line: +(358) 20/722 25 29
Direct Fax: +(358) 20/722 27 49
e-mail: jouni.hamalainen@vtt.fi

WS WS WÄRMEPROZESSTECHNIK GmbH
Dornierstrasse 14, DE-71272 RENNINGEN

Direct line: +(33) 2/32 95 98 52
Direct fax:  +(33) 2/32 95 97 80
e-mail: david.honore@coria.fr

ZSW ZENTRUM FÜR SONNENENERGIE- UND WASSERSTOFF-FORSCHUNG BW
Industriestrasse 6, DE-70565 STUTTGART

Direct line: +(49) 711/78 70 218
Direct fax:  +(49) 711/718 70 200
e-mail: michael.specht@zsw-bw.de
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