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Availability of energy to 
support good quality of life 
remains as essential as ever. 
In OECD countries we take 
this for granted. However, 
increasingly we associate 
energy use in driving our 
cars, heating our homes 
and enjoying the benefits of 
electricity with the production 
of carbon dioxide from the 
fossil fuels that continue 
to dominate energy supply. 
Current modelling of climate 
responses strongly indicates a 
significant global temperature 
rise of anything up to 6°C by 
2050 if more aggressive control 
policies and technologies are 
not employed. The opportunity 
to limit this increase to no more 
than 2°C is fast slipping away.

One of the main reasons for 
the forecast high temperature 
rise is the fast economic growth 

in emerging nations such 
as Brazil, South Africa and, 
increasingly, Asian countries 
led by China and India. With 
the exception of Brazil, much 
of this economic growth has 
been, and will continue to be, 
supported by electricity from 
coal-fired power plants. In 
some places coal conversion 
to chemicals, to gas and to oil 
substitutes is also taking place. 
This should surprise no one. 
Coal is abundantly available, 
often within the country and 
if not, then from a variety of 
international sources. And the 
costs, while rising steadily over 
time, do not seem to be subject 
to quite the same price volatility 
of oil and gas.

With this background the 
expertise and work of the IEA 
Clean Coal Centre (IEA CCC) 
is important. Trying to ensure 
that best practices towards high 
plant efficiency are adopted 
in new designs; encouraging 
the upgrade of old units and 
generally raising environmental 
awareness about all emissions 
are key roles for the IEA CCC. 
Getting those messages to the 
right places and people is a 
significant part of the Centre’s 
activity. These efforts underpin 
attempts to get the next 

generation of coal-fired power 
plant built with carbon capture 
and storage in mind.

The IEA CCC has 
transformed itself over the past 
decade from an organisation 
that was subscribed to only by 
OECD governments or their 
nominees to a government/
industry partnership with an 
approximately equal number of 
members from both sources. 
The membership also includes 
representation from China, 
India, South Africa, Brazil, 
Thailand and Russia. Clearly, 
this transformation reflects 
global needs and interests.

I am proud to Chair the 
Executive Committee of the 
IEA Clean Coal Centre and 
welcome the increasing 
diversity of its membership. 
The permanent management 
and staff, working from their 
offices in London have had 
another good year and I thank 
them for it on behalf of all the 
members. As readers will see 
from what follows in this review, 
not only are the topics and 
activities very much of the 21st 
century, they are also constantly 
evolving to meet the demands 
of a challenging and changing 
energy situation.

FOREWORD by Dr Adolf Aumüller
Executive Committee Chairman, Representing Austria

Current 
modelling 
of climate 
responses 
strongly 
indicates a 
significant 
global 
temperature 
rise of 
anything up 
to 6°C by 
2050
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The IEA Clean Coal 
Centre is an Implementing 
Agreement of the Paris based 
International Energy Agency 
(IEA). We have the character 
of an international club, 
funded by members who also 
select our work programme. 
The members are an almost 
equal mix of government 
representatives and industry 
or research organisations. The 
latter are often in the form of 
consortia. Based in London we 
have 22 permanent staff and 
several associates whom we 
call on regularly. A membership 
chart is reproduced on page 
22. As would be expected 
most members are in OECD 
countries, but almost 30% are 
based in non-OECD nations 
which reflects where coal is 
becoming ever more important 
as a source of electricity, 
chemicals and substitute gas 
and oil products.

Part of our role is to provide 
support to the IEA on a range of 
issues and publications related 
to coal utilisation. 

(The mission statement is 
reproduced on page 3)

Every five years we 
have to apply to the IEA for 
renewal of our mandate as an 
Implementing Agreement. As 
preparation for this process 
which is scheduled for late 
2013, we have been conducting 
a strategic re-appraisal under 
the Chairmanship of our 
German representative. The 
main features emerging are:

 A shift in attitude to the 
dissemination of information, 
and particularly the reports 
produced. The core product 
of the IEA CCC has always 
been review reports on topics 
selected by the members. 
The reports were produced 
primarily for the members and 
their nominees. They have 
been available to others but 
at a significant price. Now, the 
philosophy has changed to 
one in which such information 
should be widely disseminated 
and done so electronically 
rather than via hard copy. On 
release, our reports will be free 
to members and available to 
non-members at a charge. Six 
months after publication, our 
reports will be available to all 
for free download from the IEA 
CCC website.

 More can be made from 
each report. Articles in leading 
technical press, webinars and 
blogs have been instigated 
and so far seem to be well 
received. The former has the 
advantage of moving our 
dedicated work out of the 
‘grey literature’ category into 

mainstream research reporting. 
The webinars have been well 
attended – both live and by 
subsequent visits to the website 
and we are improving the 
quality of the presentations as 
we gain experience.

 This Annual Review is now 
the main hard copy document 
published by the Centre. Such 
a document has not been 
produced for about a decade 
but as all the other deliverables 
are available online, it was 
decided that we do need one 
‘flagship’ document which can 
be handed out to those less 
familiar with our work.

 Revamped, more frequent 
newsletters and briefing 
documents also feature in the 
product line-up.

 The number of specialist 
workshops that we run has 
increased to five. In 2011 we 
started the first in a series of 
workshops on biomass-coal 
cofiring and on underground 
coal gasification. In 2012 we 
started a series on upgrading 
coal-fired power plant and 
another on advanced ultra-
supercritical coal-fired power 
plant development. The 
workshop series are intended to 
act as networking opportunities 
for specialists and to add to the 
long running series on mercury 
emissions from coal. We 
continue to run a biannual Clean 
Coal Technology conference; 
the next is in Thessaloniki in 
Greece in May 2013.

OVERVIEW by Dr John Topper
Managing Director

“Our 
reputation for 
independence 
of opinion and 
high expertise 
are at the core 
of what we do 
and are why 
we are highly 
regarded 
and still in 
existence 
some 37 
years after 
the forerunner 
of IEA CCC 
started work.”
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IEA Clean Coal Centre Mission Statement

The IEA CCC will disseminate to a wide community unbiased 
analysis and information on the efficient, low emissions use 
of coal worldwide according to a programme agreed by the 
Membership. Services will be delivered to governments and 
corporate members through direct advice, review reports, 
workshops and conferences, facilitation of R&D, provision of 
networks and web based instruments.

 Given that coal use is 
growing dramatically in 
China, India and many Asian 
countries, it makes sense to 
expose professionals in these 
countries to best practice and 
to raise awareness of ongoing 
R&D in OECD countries. Such 
activity should also have a 
benefit in terms of attracting 
new members. We already 
have two members from China, 
and one from each of India 
and Thailand, but we want to 
improve on this. 

The IEA published its High 
Efficiency, Low Emissions 
(HELE) roadmap for coal-fired 
power stations in December 
2012. The main findings 
were presented at the IEA 
CCC workshop on advanced 
supercritical coal-fired plant 
in Vienna in September. IEA 
CCC was heavily involved 
– two reports on technology 
development and emissions 
reduction were prepared by 
IEA CCC staff to feed into the 
roadmap. And I accompanied 
IEA staff on fact finding 
missions to Russia, China and 
India. Japan kindly funded the 
IEA CCC involvement in this 
activity. IEA CCC staff have 
also made contributions to the 
IEA World Energy Outlook team 
regarding coal markets and 
cost curves.

In 2012 we produced 
seventeen reports. We ran 
five workshops. We attended 
over 60 events run by others, 
very often as a main speaker, 
and /or chairing sessions. We 
have conducted our first ten 
webinars and written various 
articles and given interviews 
for the technical press. In the 
following sections of this Annual 
Review we give more detail on 
all these activities.

I want to add my thanks to 
the Chairman’s for the work 
of the staff of IEA CCC. The 
reputation for independence of 
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opinion and great expertise has 
been maintained. These virtues 
are at the core of what we do 
and are why we are highly 
regarded and still in existence 
some 37 years after the 
forerunner of IEA CCC started 
work. A special mention is due 
for Colin Nathan, our staff and 
administration manager, who 
retired after over 25 years with 
IEA CCC. His was the support 
function that enabled all the 
rest of us to concentrate on 
the technical work programme 
and life without him will seem 
strange for a while.
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for £100; six months after 
publication they are available 
for free download by all, again 
on registration. 

Our newsletter is produced 
every two months, and is 
distributed by email. It contains 
reviews of our reports, events 
organised and attended and 
other activities of the IEA CCC, 
as well as a page of news 
from the IEA Greenhouse Gas 
Programme (IEAGHG), our 
sister organisation.

In 2012 our focus has been  
to raise the profile of the  
IEA CCC, by disseminating 
our information and analysis 
more widely and through a 
greater variety of routes. A 
number of new products have 
been launched to achieve this 
goal. Many of them are based 
on our reports – still the core 
product of the Centre.  

The IEA CCC website,  
www.iea-coal.org, underwent 
a major overhaul in 2011, 
and is now updated daily 
and maintained regularly. We 
produce much information 
that is freely available 
from the website including 
the newsletter, workshop 
presentations, blogs, and 
executive summaries of 
reports. Further, from 1 January 
2013 our reports are can be 
downloaded at no cost by 
residents of member countries 
and employees of sponsoring 
organisations, after registering 
on our website. Reports can be 
purchased by non-members 

COMMUNICATIONS

The IEACCC 
web site is 
updated on a 
daily basis and 
is the access 
point to all our 
services

Every Friday we distribute 
a well-received weekly 
news email, which contains 
headlines and summaries of 
international coal news. And 
we send regular email alerts 
to our growing mailing list, 
to announce our reports and 
events. It is simple to receive 
our news emails. Just go to our 
home page www.iea-coal.org, 
click on the register button and 
complete the form. If you wish 
to download reports, visit our 
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bookshop, which can also be 
found on the home page.

On publication of a report, 
the author presents a webinar 
on the subject. Webinars 
usually take place on the 
second Wednesday of the 
month, at midday (UK time). 
The webinars are free to view 
but registration is required. 
Viewers can also submit 
questions. The webinars can 
be found on our website. The 
first IEA CCC webinar was 
held on 14 March 2012, when 
Dr Andrew Minchener OBE 
gave a presentation on ‘CCS 
challenges and opportunities 
for China’. Webinars have been 
held monthly since March, and 
average over 200 viewings. We 
are aware that in some cases 
groups of people watch and 
listen together, so the numbers 
involved are somewhat higher 
than those given.

As a way to raise 
awareness of our work, we 
issue press releases when a 
report is published to many 
journals. This activity serves 
to increase awareness of 
the individual report, and to 
raise our profile. In addition, 
each report and workshop is 
usually summarised in other 
publications, such as World 
Coal.

Staff at the IEA CCC post 
blogs on our website, usually after 
they have attended an interesting 
event, taken part in a project, or 
organised a workshop. The blogs 
are a way for staff to share their 
insights and experiences with a 
wider audience. 

The IEA CCC can be 
followed on twitter @IEACCC, 
to keep up with our news and 
major news in the international 
coal world.

On the databases side, we 
have ceased production of Coal 
Abstracts (in August 2011) and 
Coal Power (April 2012). Both 
of these resources, although 
extremely valuable in their time, 
have been rather overtaken by 
the internet. Instead of Coal 
Abstracts, we now subscribe to 
Elsevier’s Scopus which is an 

The online 
bookshop allows 
members and 
non-members 
to download 
reports and 
papers

On publication 
of a report, the 
author presents 
a webinar on the 
subject.

excellent resource to facilitate 
the research of our authors. 
Coal Power has been replaced 
by a subscription to Platt’s 
World Electric Power Plants 
database, which again ensures 
the quality of our research. We 
can also use these facilities 
to answer queries from our 
members. Coal Online, our 
encyclopaedia of coal which is 
based on our published reports 
remains popular. Coal Online 
received over 1000 visitors per 
month throughout 2012.
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EVENTS

In 2012, the IEA CCC organised five workshops, on a range of issues:
 

  Cofiring biomass with coal, 
  Upgrading and efficiency improvements in existing coal-fired power plants, 
  Mercury emissions from coal, 
  Underground coal gasification, 
  Advanced ultrasupercritical power plants. 

Presentations from the workshops can be found on the workshop websites, or accessed from www.iea-coal.org.

The 2nd Workshop on Cofiring biomass with 
coal was held on 27-28 March in Copenhagen, 
Denmark. The heavily-oversubscribed event 
was a great success, with delegates attending 
from 17 countries. The presentations were 
well-received, covered a range of issues 
and were followed by lively discussion. The 
workshop was opened by Thomas Dalsgaard, 
Executive Vice President of Dong Energy, who 
then had to leave the meeting to give Prince 
Charles and Camilla, the Duke and Duchess of 
Cornwall, a tour of Avedøre power plant, the 
same tour that the Cofiring delegates took the 
following day. Mr Dalsgaard returned in time 
for the workshop dinner. 

There are many issues associated with 
biomass cofiring and most of them were covered 
in the workshop. There were sessions on:

 The status of cofiring,
 Operational experience,
 Biomass fuels and processing,
 Combustion/gasification,
 Emissions and ash,
 The future of cofiring. 

There was considerable debate about the 
potential of biomass and its sustainability, 
biomass processing to increase its energy 
density – for example by torrefaction, as well as 
interesting presentations on the gasification of 
biomass.

A wide range of figures exists in the literature 
for the potential availability of sustainable 
biomass fuels. Dr Röder (Pöyry Management 
Consulting) suggested that if all the potential 

available biomass was divided up among  the 
world’s coal-fired plant, it may be possible to 
cofire in the 5-10% range in them all – an unlikely 
scenario, but useful as an indication of how 
much biomass may be available. Dr Ryckmans 
(Laborelec) touched on the huge debate about 
the sustainability of biomass. It is the most 
controversial aspect of biomass cofiring in  
coal-fired plant and generates most of the 
opposition to it.       

The safety issues related to cofiring biomass 
were covered as there is a greater fire and 
explosion risk with biomass than with coal. The 
importance of safety has been given impetus by 
the recent fire at Tilbury, UK.

In a lively closing session on the future of 
cofiring, Vattenfall’s visions of a future of ‘solid 
fuel power plants’ were described.  In answer to 
the question will there be a future for cofiring and 
repowering, Jan Middelkamp (KEMA) concluded 
that yes, there will be, but not in too many 
countries and only when there is a significant 
premium on green power from biomass. Finally, 
Tim Dixon concluded the workshop by describing 
various projects commissioned by the IEA GHG 
to study the potential of bio-CCS to produce 
negative emissions of CO2.

Workshop website 
http://cofiring2.coalconferences.org

Cofiring biomass with coal 2 7 - 2 8 
March 

2012
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The IEA CCC held its first workshop on 
Upgrading and efficiency improvements in 
existing coal-fired power plants on 19-20 April 
2012. The event, organised by Geoff Morrison 
at the CCC with help from HRL Technologies 
and financial support from Australian 
industries, was held in Melbourne. More than 
60 people attended the one and a half day 
event which covered:

 Overview presentations from IEA and  
	 IEA CCC,

 Policies to encourage efficiency 		
	 improvement,

 Industrial, national and international 		
	 efficiency improvement programmes,

 Reporting, monitoring and verification of 	
	 such programmes,

 Technical issues and case studies, 
 Basic research.

Upgrading existing coal-fired power plants 
is seen by many as an alternative to building 
new ultra-supercritical power plants but this 

Upgrading and efficiency improvements in existing of coal-fired power plants 1 9 - 2 0 
A p r i l 

2012workshop highlighted the synergies between the 
two approaches. Advanced supercritical plants 
are usually seen as standalone but a paper 
from EPRI introduced the concept of retrofitting 
a high steam condition ‘topping cycle’ to an 
existing subcritical coal-fired plant as a means 
of improving overall plant efficiency. Conversely, 
a paper from Shanghai Waigaoqiao No 3 Power 
Generation Co Ltd in China detailed the many 
small incremental improvements that had been 
made over a number of years to a modern, 
already highly efficient, supercritical coal-fired 
plant, proving that efficiency improvements can 
be made to all plants regardless of age or steam 
conditions. 

There was unanimous support to repeat the 
event next year at a location to be decided. The 
event was rounded off by an evening at a local 
football game courtesy of HRL Technologies.

Workshop website 
http://upgrading.coalconferences.org
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Mercury Emissions from Coal

The 9th IEA CCC workshop on Mercury 
emissions from coal (MEC), took place in a 
hot and humid St Petersburg, Russia.  There 
were almost 70 delegates from 20 countries, 
including a strong local attendance from 
Russian industry, research and academia.

The meeting was opened by Dr Oxana Tsittser, 
from the Russian Ministry of Natural Resources 
and the Environment who gave an official 
welcome to Russia.

The first session concentrated on the issues 
and challenges caused by mercury in Russia, the 
host nation. Estimates of emissions from coal and 
coke use now and to 2030 were presented along 
with details of internationally funded (US EPA, 
ACAP, UNEP) mercury reduction demonstration 
projects at two full-scale coal-fired plants in 
Russia. This was followed by an enthusiastic 
discussion of potential future activities in Russia 
ahead of the finalisation of the UN Environment 
Programme’s (UNEP) proposed legally binding 
instrument on mercury (due 2013). 

The next session contained presentations 
summarising the status of inventories and 
legislation in Poland and India followed by the 
innovative use of a travelling monitor to identify 
and quantify emissions around significant 
geographical point sources. 

Monitoring mercury emissions and the 
challenge of accuracy and comparability in 
results especially at low concentrations was the 
focus of the rest of the first day. 

The second day of the meeting concentrated 
on discussion of the numerous options for 
mercury control. As several CCC reports have 
shown, there is no single method which will be 
suitable for reducing mercury from all coals 
and in all coal-fired power plant configurations. 
This means that there is a significant amount 
of competitive commercial activity in this area. 
Presentations covered everything from relatively 
well established activated carbon and bromine-
based systems to more developmental options 
such as manganese oxide sorbents, sorbents 
produced from waste materials and zero  
by-product processes. 

In the afternoon, the topic switched to 
challenges facing UNEP in their work to establish 
a global legally binding instrument on mercury 
by early 2013. This included a summary from the 
UNEP Secretariat on the state of the negotiation 
process along with summaries of the projects 
being carried out internationally by the UNEP 
Coal Partnership under CCC leadership.

MEC9 closed with a session looking forward to 
potential issues and synergies for mercury control 
in the future. This included the consideration of 
mercury behaviour in oxy-combustion systems 
and the overlap between strategies for mercury 
control with those for black carbon reduction, 
especially in India and Southeast Asia.

Workshop website 
http://mec9.coalconferences.org

2 2 - 2 3 
M a y 

2012

EVENTS continued
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Underground Coal Gasification (UCG)

The 2nd UCG workshop was held in Banff, 
Canada and attended by 68 delegates. It built 
on the success of the first in the series and 
again brought together local and international 
UCG experts. 

Updates were delivered on the progress of 
UCG pilot and proposed projects in Australia, 
Canada, Europe, New Zealand, South Africa 
and Viet Nam. There were also presentations 
on developments in UCG modelling, UCG and 
carbon capture and storage and dealing with 
the environmental risks and regulatory issues of 
UCG.

In the last year there has been slow progress 
on the commercial development of UCG. The 
importance of risk management of UCG through 
the ongoing R&D at the Majuba demonstration 
site was emphasised, as was the need to 
understand the geology, hydrogeology and rock 
mechanics of the intended UCG area. UCG 
projects are making progress in Alberta Canada, 
Australia and Hungary.  A new UCG pilot project 
in New Zealand began in April 2012. 

A common non-technical concern was that 
current and future UCG projects are hampered 
by a lack of suitable regulations, and little 
progress has been made on regulatory issues in 
the last year. Alberta is the exception where the 
regulatory framework for UCG is managed by the 
Energy Resources Conservation Board (ERCB). 
The ERCB is the primary regulator for energy 
resources in Alberta. Albertans own the resource 
and the government grants tenure and sets 

and collects royalties. The application process 
involves field officers inspecting sites to ensure 
compliance with regulations. 

Two key technical subjects raised were 
condensate disposal and clean-up of the syngas, 
both major issues when scaling up UCG plant 
to a commercial size. It was observed that 
there is a need to align UCG project drivers 
with commercial plant design and to engage 
technology specialists early. Concerning 
groundwater contamination, the comment was 
made that the Kingaroy project shut-down 
appeared to be due to laboratory error after 
no contamination was found in around 17,000 
samples of ground water. According to Linc 
Energy, the Chinchilla project has been operating 
for 12 years and to date no groundwater non-
compliance incidents have resulted from UCG 
operations.

Discussion in the final session highlighted 
the key importance for participants of 
commercialising UCG. Further, it is important for 
modellers to share data. This is happening partly 
through the UCG international collaboration on 
benchmark modelling which held a workshop 
in Calgary prior to the CCC workshop. Several 
delegates said that modelling should play a 
stronger role in the commercialisation of UCG 
and more work needs to be carried out on this 
topic. 

Workshop website 
http://ucg.coalconferences.org

2 2 - 2 3 
August 

2012
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Advanced Ultrasupercritical Coal-fired power plants workshop

The 1st workshop on Advanced ultra-supercritical 
(A-USC) coal-fired power plants was held on 
19-20 September.  It was hosted by EVN in 
Vienna, Austria and co-organised by the IEA 
CCC and VGB. The workshop was attended 
by 77 delegates, including a large Chinese 
delegation. The aim of the workshop was to 
bring together experts in A-USC technology 
to assess the present state of the technology 
and to initiate collaboration to accelerate the 
deployment of commercial A-USC plant. Main 
steam temperatures in A-USC plant are greater 
than 700°C which means a new generation of 
nickel-based alloys is required, and allows for an 
average efficiency gain of around 6-8% (HHV). 

Presentations covered overviews of national 
programmes, development of new nickel based 
alloys (in terms of fabricating, welding, static and 
cycling loading, corrosion, oxidation and abrasion) 
and subsequent proposals for alternative plant 
configuration in A-USC plant. The first session of the 
workshop was dedicated to the launch of the High 
Efficiency, Low Emissions (HELE) roadmap by the 
IEA. The keys players in A-USC technology are the 
USA, EU, Japan and China – the sections below 
summarise each region’s programme.

The Europeans started developing A-USC 
technology in the late 1990s. Various projects 
led to the COMponents TEst (COMTES700) 
facility which operated at 700°C mainline steam 
temperature successfully and tested large-scale 
boiler components and valves. COMTES700 was 
succeeded by COMTES+ which uses various 
smaller projects to develop the alloys further. A 
demonstration plant is planned for later in the 
decade. 

In the USA, the ‘US Program on Advanced 
Ultrasupercritical Power Plant Materials’ has 
conducted extensive laboratory testing, shop 
fabrication studies, field corrosion tests and design 
studies. The programme is supported by the  
US DOE and Ohio Coal Development Office. The 
aim is to achieve main steam temperatures of 760°C. 
The programme looks at air-fired and pure oxygen-
fired boilers, material coatings and fireside corrosion 
when firing high sulphur coals. Inconel 740 has been 
developed and approved for use in A-USC boilers. 

The Japanese ‘METI Cool Earth’ A-USC 
programme only started in 2008, but is progressing 
quickly. Alloys for use at 700°C are being developed. 
Boiler components, superheater panels, large 
diameter pipes, safety valves and turbine bypass 
valves are being tested. Materials for turbine rotor and 
casing are due to be tested in 2015-16. The effect of 
biomass cofiring on fireside corrosion is also studied. 
The programme is aiming for a 760 MWe component 
test facility for 2014, a small test plant operating for 
2015-16 and commercialisation around 2020.

China’s national programme started in 2010, 
and involves steel production companies, boiler 
and turbine manufacturers. The Huaneng group are 
building a component test facility based on the EU 
COMTES700. The programme is also looking at the 
boiler arrangement as a way to reduce the cost of 
A-USC technology.

In Russia, A-USC technology development has 
only just begun. One project is to develop steels for 
use at 35 MPa and 700/720°C. The Foundation and 
its partners are open for collaboration to advance the 
development of USC technologies.

Even though there was no input from India, they 
have an A-USC programme which aims to construct 
an 800 MW demonstration plant by 2017.

Each programme is using different Ni based 
alloys with slightly altered plant configurations. The 
programmes in the USA, EU, Japan and China aim 
to have demonstration plants operational at the end 
of the decade and commercial plant in the 2020s. 
A-USC plant efficiencies vary between 46% to >50% 
(HHV). International collaboration can fill in the gaps 
in the national programmes. Delays in the deployment 
of A-USC technology will be due to economic issues 
rather than technical ones.

Currently, pulverised coal fired plants dominate 
the power industry and will do so for the foreseeable 
future. Thus, increasing the efficiency of these plants 
is vital to lower emissions and to sustain resources. 
A-USC technology is the next step in high efficiency 
and low emission (HELE) coal-fired power plant.

The workshop achieved its aim of bringing the 
delegates up to date on the state of A-USC technology 
and extensive networking showed signs of much 
needed international collaboration.

Workshop website 
http://ausc.coalconferences.org
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CO2 reductions from CCTs 
and CO2 capture
Colin Henderson and Paul Baruya

The efficiency of a fossil-fired 
plant has a direct effect on its 
CO2 emissions. Efficiencies of 
coal-fired power plants vary 
considerably around the world, 
and there is a potential for 
major CO2 emissions savings 
by upgrading or replacements. 
This report provides 
estimates of the potential 
emissions savings through 
efficiency improvements and 
plant replacements using 
modern systems (clean coal 
technologies), for six coal-
consuming countries. These 
are China, India, South Africa 
(non-OECD), the USA, Australia 
and the UK (OECD). The total 
CO2 emissions for the six 
countries in 2015 are estimated 
at 8.2 Gt. A total of up to 1.1 Gt 
would be saved by replacing 
subcritical plants by USC or 
modern IGCC plants. As these 
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countries represent 70% of 
world coal power generation 
capacity, it can be expected 
that over 1.5 Gt could likely be 
saved globally in this way. In the 
future, CO2 capture and storage 
is likely to provide an economic 
means to reduce emissions 
further, and savings from this 
are also estimated.
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Clean coal technologies & CCS

Coal-fired CCS demonstration 
plants, 2012  
Stephen Mills

The report reviews activities 
taking place focused on 
the eventual large-scale 
deployment of carbon capture 
systems on coal-fired power 
plants. There are three main 
CO2 capture technology 
streams currently being 
developed and tested:  
pre-combustion capture, 
post-combustion capture, and 
systems based on oxyfuel 
technology. More speculative 
technologies still at early stages 
in their development are not 
addressed. 

The report provides an 
update of recent technological 
developments in each of the 
main categories of CO2 capture, 
and reviews the current state of 
development of each, primarily 
through an examination of 
larger-scale development 
activities taking place or 
proposed. However, where 
appropriate, data generated 
by smaller-scale testing is 
noted, especially where this 
feeds directly into ongoing 
programmes aimed at further 
development, or scaling-up 
the particular technology. Each 
is reviewed and the status of 
individual coal-based projects 
and proposals described. 
These are limited mainly to 
what are generally described 
as pilot and/or demonstration 
scale. Where available, learning 
experiences and operational 
data being generated by these 
projects is noted. Technology 
Readiness Levels (TRLs) of 
individual projects have been 
used to provide an indication of 
technology scale and maturity. 

For each main capture 
system an attempt has 
been made to identify the 
technological challenges and 
gaps in the knowledge that 
remain, and to determine what 
technology developers are 
doing in terms of RD&D to 
address these.
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Based on the limited 
information available a 
general conclusion is that, 
to be successful, hybrid 
systems must not only be 
thermodynamically superior  
but they need to avoid 
introducing both higher cost 
and increased engineering 
complexity. However, the 
existence of hybrid capture 
concepts means that capture 
systems may not have to be 
limited to the trinity of post-
combustion, oxyfuel combustion 
and pre-combustion.

or chemical absorption process, 
resulting in a hydrogen-rich fuel 
which can be used in many 
applications, such as boilers, 
furnaces, gas turbines, engines 
and fuel cells. 

Post-combustion capture 
and oxyfuel combustion have 
often been seen as distinct 
and, somehow, competing but 
recently, there have been signs 
that this is no longer the case. 
Some researchers have realised 
that it may be possible to pick 
and choose among the elements 
of the main CO2 capture systems 
and develop hybrid systems 
which are possibly cheaper 
and more energy-efficient. Most 
hybrid systems are at an early 
stage of development compared 
with conventional methods and 
much of the research is aimed 
at evaluation or modelling. The 
report provides a brief survey 
of these proposed systems 
comprising:

• post-combustion capture with 
oxygen enriched combustion;

• regenerable sorbents 
(calcium looping) with oxyfuel 
combustion;

• post-combustion capture in 
IGCC plants;

• gasification with oxyfuel;
• gasification with chemical 

looping.

 The hybrid capture systems 
are mainly concepts that have 
not been physically studied or 
tested. An exception is the use 
of oxyfuel combustion for the 
calcination step in carbonate 
looping capture. This, though, 
is probably the least hybrid 
system of those considered.

Industry

CO2 abatement in the iron and 
steel industry
Anne Carpenter

Almost half of the CO2 
produced from coal comes 
from industry. The iron and steel 
industry produces the most 
CO2 emissions of industrial 
sources, due to the energy 
intensity of steel production, its 
reliance on carbon-based fuels 
and reductants, and the large 
volume of steel produced – over 
1414 Mt in 2010. Steel makers 
have the challenge of lowering 
CO2 emissions without seriously 
undermining process efficiency 
or increasing costs.

The carbon intensity of iron 
and steel production varies 
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Hybrid carbon capture 
systems 
Robert Davidson

In most discussions about 
systems for capturing CO2 in 
coal-fired power plants, three 
options are described:

• post-combustion capture;
• oxyfuel combustion;
• pre-combustion capture.

 Briefly, post-combustion 
capture uses chemical solvent 
sorbents although solid sorbents 
and membranes have also been 
studied. Oxyfuel combustion 
is a process that eliminates 
nitrogen from the oxidant by 
burning the fuel in a mixture of 
oxygen and a CO2-rich recycled 
flue gas, resulting in a product 
flue gas containing mainly CO2 
and water. Chemical looping 
combustion (CLC) is considered 
by some to be a special case 
of oxyfuel combustion. In CLC 
metal oxides are used to provide 
oxygen. Pre-combustion capture 
involves reacting a fuel with 
oxygen or air and/or steam 
to give mainly a ‘synthesis 
gas (syngas)’ or ‘fuel gas’ 
composed of carbon monoxide 
and hydrogen. The carbon 
monoxide is reacted with steam 
in a catalytic reactor, called a 
shift converter, to produce CO2 
and more hydrogen. CO2 is then 
separated, usually by a physical 
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considerably between the 
production routes, ranging from 
around 0.4 tCO2/t crude steel 
for scrap/electric arc furnaces 
(EAFs), to 2.5 tCO2/t crude steel 
for coal-based direct reduced 
iron (DRI) processes. 

The integrated BF-BOF (blast 
furnace-basic oxygen furnace) 
route is the most widely used 
process, accounting for about 
70% of global crude steel 
production in 2010. The largest 
source of CO2 for a typical 
integrated steel mill producing 
hot rolled coil is the on-site 
power plant. On the iron making 
side, the BF followed by the 
sinter/pellet and coking plants 
are the largest emitters of CO2.

There are a number of 
measures available to abate 
CO2 emissions from the 
different iron and steel making 
processes. Employing best 
available technologies (BAT) 
and techniques have led to 
significant CO2 reductions over 
the past 30 years or so. As well 
as offering some of the least-
cost options to reduce CO2 
emissions, energy efficiency 
measures may also increase 
productivity and improve the 
quality of the product.

Energy recovery from the 
various gaseous streams is 
practised in all the iron-making 
processes. This includes 
recovering the calorific value 
in the various gas streams 
before they are emitted to the 
atmosphere. The gases can be 
utilised as a fuel, to produce 
steam for internal use or to 
generate electricity. Any excess 
power can be sold to the grid, 

generating income for the steel 
maker. 

Recovering the thermal 
and sensible heat from the 
various gaseous streams and 
the solid and liquid products 
can help abate CO2 emissions. 
However, energy efficiency 
measures alone will not be 
enough to offset the growth in 
CO2 emissions resulting from 
increasing steel production. 
Switching to a fuel and/or 
reducing agent with a lower 
carbon content can help. The 
extent to which coal can be 
replaced is dependent on the 
iron making process.

Further substantial CO2 
reduction will only be achieved 
by equipping plants with 
carbon capture and storage 
(CCS). 

Cofiring

Cofiring high ratios of 
biomass with coal
Rohan Fernando

There is continuing interest 
in the use of biomass for 
power generation. This is 
principally related to the idea 
that, if biomass is grown 
in a regenerative way, its 
combustion will not produce 
any net CO2 emissions. Cofiring 
biomass is particularly attractive 
to coal-fired generators as it 

may be one of the simplest 
ways to reduce net CO2 
emissions from a coal-fired 
power plant. However, due 
to the differences in fuel 
composition, there are several 
technical issues associated 
with cofiring. Recently, interest 
has focused on biomass 
cofiring at high ratios. This can 
exacerbate the effects of these 
operational issues and they 
must be assessed in detail to 
prevent damage to the plant or 
impair its operation.

In addition, the availability 
of biomass is important. The 
biomass should be cultivated 
sustainably. Although an 
individual power plant may 
be able to reduce its CO2 
emissions substantially by 
cofiring at high ratios or by total 
conversion to biomass, the 
availability of biomass will limit 
this as a universal option for 
CO2 reduction.

Relatively few coal-fired 
power plant have cofired high 
ratios of biomass over extended 
periods but it has been possible 
to deal with the operational 
issues that have arisen. Wood 
pellets or a torrified fuel are the 
most suitable fuels for cofiring 
at high ratios. Torrefaction is 
a thermochemical process 
which alters the properties of 
biomass, improving its physical 
properties for handling and 
utilisation. It involves heating 
the biomass to 200-300ºC, 
typically for an hour, in a 
reducing atmosphere. The 
final product can be stored, 
handled and utilised much 
like coal. Issues relating to 
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storage and milling are of 
particular importance when 
cofiring at high ratios. Slagging 
and fouling will need to be 
addressed if it is intended 
to cofire at high ratios over 
extended periods. These will 
be less of a concern if cofiring 
is intended for a short period at 
the end of the plant’s operating 
life. The availability of fuels 
will be a serious impediment if 
cofiring at high ratios is to be 
adopted on a large scale but 
for an individual power plant, 
cofiring can be an attractive 
option to reduce net CO2 
emissions substantially.

Support mechanisms for 
cofiring secondary fuels with 
coal
Nigel Dong

The report discusses the 
enabling and supporting 
mechanisms for coal/biomass 
cofiring in selected countries 
that have either considerable 
operating experience or 
potential in this technology. 
It discusses case studies in 
Europe, the USA, Australia and 
China and analyses the main 
supporting incentives adopted 
in consideration of the specific 
characteristics of renewable 
energy markets and the 
government’s position on clean 
energy and climate change. 
As such, the report provides 

not only a policy overview but 
also a collation of the measures 
adopted by the policymakers 
in each country to promote 
cofiring of biomass in coal-fired 
power stations.

Emissions and their control

Legislation, standards 
and methods for mercury 
emissions control
Lesley Sloss

Coal combustion is currently 
responsible for 46% of total 
global emissions of mercury to 
the atmosphere from human 
activities, and over half of this 
contribution arises from coal 
combustion in power plants 
and industrial boilers. Mercury 
is the element of ‘greatest 
global concern’, according to 
the United Nations Environment 
Programme (UNEP) and so 
it plans to finalise and ratify 
a new global legally binding 
instrument on mercury by 2013.

There are a few international 
treaties and action plans 
which mention mercury but 
none requires action to be 
taken at the installation level. 
Currently, the only countries 
with legislation which applies 
directly to mercury emissions 
and which require specific 
action to be taken are Canada 
and the USA. Canada 

currently has standards which 
set capped emissions and 
reduction targets on a provincial 
basis. Compliance requirements 
at the coal plants affected vary 
from the installation of mercury-
specific control technologies 
such as activated carbon to 
plant closure or fuel switching 
to gas or biomass. The new 
Mercury Air Toxics Rule (MATS) 
in the USA sets challenging 
emission limits on a heat input 
basis which aim to reduce 
emission concentrations 
from all plants to the level 
achieved by the top 12% 
performing units in the country. 
This, in combination with the 
Cross-State Air Pollution Rule 
(CSAPR) for SO2, NOx and 
other pollutants, means that the 
coal-fired capacity in the USA 
faces a challenging period of 
compliance. 

Other countries do not 
currently have legislation which 
requires any action to be taken 
to control mercury specifically. 
However, significant mercury 
reduction is being achieved 
due to the co-benefit effects of 
pollution control technologies 
for SO2 and NOx. Plants with 
FGD (flue gas desulphurisation) 
and de-NOx systems can 
achieve from below 50% to over 
90% mercury reduction ‘free of 
charge’ with these technologies. 
As a result, countries such as 
the EU member states, Japan, 
Korea and, more recently, China 
are seeing significant mercury 
reduction despite no action 
being taken to target mercury 
specifically. 

The variable behaviour of 
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mercury in different coals and 
combustion systems means 
that there is no single method 
which is suitable for all plants. 
In response to this, UNEP and 
the IEA Clean Coal Centre 
have produced the POG – the 
Process Optimisation Guidance 
document to summarise 
the options available. An 
accompanying computer 
program has also been 
produced which allows the user 
to model mercury behaviour 
in different coal-fired plant 
configurations.

Trace element emissions from 
coal 
Herminé Nalbandian 

Trace elements are emitted 
during coal combustion. The 
quantity, in general, depends 
on the physical and chemical 
properties of the element itself, 
the concentration of the element 
in the coal, the combustion 
conditions and the type of 
particulate control device used, 
and its collection efficiency 
as a function of particle size. 
Some trace elements become 
concentrated in certain particle 
streams following combustion 
such as bottom ash, fly ash, 
and flue gas particulate matter, 
while others do not. Various 
classification schemes have 
been developed to describe 

this partitioning behaviour. 
These classification schemes 
generally distinguish between: 

Class 1: elements that 
are approximately equally 
concentrated in the fly ash and 
bottom ash, or show little or no 
fine particle enrichment, such 
as Mn, Be, Co and Cr. 

Class 2: elements that are 
enriched in the fly ash relative to 
bottom ash, or show increasing 
enrichment with decreasing 
particle size; examples include 
As, Cd, Pb and Sb. 

Class 3: elements which 
are emitted in the gas phase 
(primarily Hg and in some 
cases, Se). 

Control of Class 1 trace 
elements is directly related 
to control of total particulate 
matter emissions, while control 
of the Class 2 elements 
depends on collection of 
fine particulates. Due to the 
variability in particulate control 
device efficiencies, emission 
rates of these elements can 
vary substantially. The volatility 
of Class 3 elements means that 
particulate controls have only a 
limited impact on the emissions 
of these elements.

Low water FGD technologies
Anne Carpenter

Conventional flue gas 
desulphurisation (FGD) systems 

require large supplies of water. 
Technologies which reduce 
water usage are becoming 
more important as large 
numbers of FGD systems are 
being installed, and many 
regions need to conserve water. 
The report reviews commercial 
and near commercial low water 
FGD processes for coal-fired 
power plants, including dry, 
semi-dry and multi-pollutant 
technologies. The commercial 
dry sorbent injection processes 
have the lowest water 
consumption, consuming no 
water, or a minimal amount if 
the sorbent needs hydrating 
or the flue gas is humidified 
to improve performance. The 
semi-dry spray dry scrubbers 
and circulating dry scrubbers 
consume some 60% less 
water than conventional wet 
scrubbers. Wet scrubbers 
account for around 10-15% of 
the water losses in power plants 
with water cooling systems. 
This figure is considerably 
higher when dry/air cooling 
systems are employed. The 
evaporative water losses 
can be reduced by some 
40-50% when the flue gas is 
cooled before it enters the wet 
scrubber, a common practice in 
Europe and Japan.

Technologies are under 
development to capture over 
20% of the water in the flue 
gas exiting the wet scrubber, 
enabling the power plant 
to become a water supplier 
instead of a consumer. 
Commercial multi-pollutant 
systems are available that 
consume no water.
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Non-greenhouse gas 
emissions from coal-fired 
power plant in China
Andrew Minchener

China is the world’s second 
largest economy and the 
biggest energy-using nation 
in the world. It is also a major 
emitter both of greenhouse 
gases and of SO2, NOx and fine 
particulates, arising in part from 
the massive use of coal in the 
power sector. Coal will continue 
to dominate the energy mix 
and to drive economic growth 
for the foreseeable future. 
Power generation capacity is 
expected to rise towards  
1885 GWe by 2020, with about 
64% based on fossil fuel 
technology, predominantly coal.

These increases in coal 
use have caused severe air 
pollution problems, especially 
in urban areas. There are acid 
rain problems across large 
regions of Southern China, 
while in cities throughout the 
country the air pollution levels 
are high, with 90% of those 
assessed failing to meet WHO 
health-based standards. The 
Chinese Government has 
introduced standards for the 
coal power sector that require 
modern, high efficiency SO2, 
NOx and particulates emissions 
control systems. At the same 
time, there are increasing 

efforts to improve the 
technologies for the production 
of steel and iron, chemicals, 
and building materials, which 
also consume large amounts 
of coal. In addition, the Ministry 
of Environmental Protection is 
ensuring effective monitoring, 
verification and control, such 
that acceptable implementation 
and compliance can be 
achieved within these sectors.

Coal plants around the 
cities of Beijing, Shanghai 
and Guangzhou, and in other 
densely populated areas, will 
have to achieve particulate, 
SO2 and NOx emissions 
limits of 20, 50 and 100 mg/
m3 respectively. At the same 
time, there will be an increasing 
emphasis on limiting any new 
coal-fired power plants in these 
regions. For the rest of the 
country, the standards are not 
quite so strict.

From a global perspective, 
this major Chinese 
environmental initiative will 
lead to a fundamental shift in 
the market for power plant air 
pollution control systems and 
services, both for new and 
retrofit/upgrade applications. 
In particular, in 2010 Chinese 
coal-fired power capacity was 
just under 700 GWe. By 2020, 
it will be at least 960 GWe, 
and possibly 1065 GWe. On 
a conservative basis, for FGD 
systems, from 2000-10, China 
installed FGD on almost 590 
GWe coal-fired power capacity 
and so by 2020 this could rise 
to at least 960 GWe. For the rest 
of the world, the total installed 
capacity of FGD is some 380 

GWe on coal-fired power 
plants since 1980. China also 
expects to install SCR (selective 
catalytic reduction, NOx 
control) on all that coal power 
plant capacity by end 2020. 
To put this in perspective, the 
rest of the world has installed 
about 300 GWe of SCR 
systems since 1980. This major 
investment programme will 
represent a large dislocation 
within the national economy, 
and it remains to be seen how 
readily China can achieve 
these ambitious strategic 
environmental objectives while 
ensuring overall economic 
competitiveness.

Carbon mitigation 
technologies for emerging 
economies
Andrew Minchener

China, Brazil, India, 
Indonesia and South Africa are 
major emerging economies, 
all of which have large carbon 
footprints. However, each has 
made a commitment to reduce 
carbon intensities over the 
period to 2030 and beyond. 

While the introduction of 
renewable energy and nuclear 
power is being addressed to 
varying degrees, establishing 
higher efficiency coal-fired 
power plants is seen as an 
important and near term step 
in reducing carbon intensities. 
The countries in the study 
recognise that CCS offers an 
important means to limit CO2 
emissions from large energy-
intensive sources, but they are 
all concerned that the large 
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energy penalty will require a 
massive upturn in their levels 
of coal use. This factor, in 
conjunction with the large 
increase in capital costs will 
make their power production 
uneconomic and have adverse 
impacts on their economies 
within the global context. 

However, China, Indonesia 
and South Africa have shown 
interest in CCS as a future 
mitigation option. China, in 
particular, has a major R&D 
programme leading to industrial 
pilot-scale demonstrations 
of coal based CO2 capture 
options linked primarily to 
enhanced oil recovery (EOR). 
Indonesia recognises the need 
to limit CO2 emissions from its 
increased extraction of natural 
gas with high CO2 impurity 
levels and is undertaking a 
natural gas based CO2 EOR 
project, while South Africa has 
a comprehensive coal-based 
CCS assessment programme 
in place with the objective to 
establish a large-scale CO2 test 
injection project. In contrast, in 
India, there is at present little 
interest in the technology.

Brazil, has a very different 
energy mix to the other four 
countries which means that 
there is little interest in CCS 
for the power sector as it is 
dominated by renewable 
energy. However, while there 
is a lack of policies to support 
CCS, the government’s limits 
on CO2 emissions from oil and 
gas extraction from the newly-
discovered deposits have 
provided a powerful driver for 
CCS-related R&D, including a 

growing industrially-focused 
EOR programme. 

All five countries have 
received varying levels of 
bilateral and/or multilateral 
support for CCS related 
capacity building initiatives. 
Such support should be 
continued and enhanced, 
particularly where it can 
be used to accelerate the 
development and deployment 
of CCS technologies.

There is considerable 
interest in using the captured 
CO2 where it can provide a 
positive financial impact. The 
most short-term practicable 
example is EOR. Thus, 
while future international 
co-operation could include 
various worthwhile generic 
capacity-building activities, 
the emphasis should be on 
larger-scale CO2 capture 
and EOR demonstrations in 
China, a demonstration of 
gas stripping for CO2-based 
EOR in Indonesia and the 
implementation of the CO2 test 
injection project within South 
Africa.

It is also important to support 
the nearer-term but equally 
critical initiatives to establish 
higher efficiency and cleaner 
coal-fired units for power and 
non-power applications. The 
majority of developing countries 
will continue to use coal and it 
is important to ensure that it is 
used in an efficient way while 
also achieving an acceptable 
environmental performance. 
This is a worthwhile target in 
its own right but it also helps 
to counter the current adverse 

efficiency impacts of CCS that 
will be particularly problematic 
in developing economies.

Combustion

Update on lignite firing
Qian Zhu

Lignite-fired power plants 
are in operation in Asia, 
many parts of Europe and in 
Canada and the USA. Many 
of the existing units are old 
and some are approaching 
the end of their service life. 
There is a need for these units 
to be upgraded, repowered or 
replaced by new power plants. 
The high moisture content 
of lignite is a major issue in 
its commercial utilisation. In 
conventional pulverised lignite 
fired power plants, a significant 
amount of the energy in the 
coal is absorbed as heat to 
evaporate the water present 
before any useful energy can 
be obtained and converted 
to electricity. This leads to low 
thermal efficiency, high CO2 
emissions per unit of energy 
output and high capital costs. 
The high moisture content 
can also cause fuel handling 
problems, difficulty in achieving 
ignition, and a larger boiler 
size is required due to the 
increased flue gas volumetric 
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flow. Therefore, drying of coal 
prior to combustion is important 
to improve thermal efficiency 
and consequently reduce CO2 
emissions.

Energy efficient and 
cost effective coal drying 
processes have been 
thoroughly researched. The 
technologies used broadly fall 
into two categories: evaporative 
drying and non-evaporative 
dewatering processes. 
Recently, several advanced 
coal drying technologies have 
been offered to the commercial 
market and many more are 
under development. Among 
these, the WTA (developed 
by RWE) Germany, and the 
DryFining™ (developed in the 
USA by a team led by Great 
River Energy) have been 
successfully demonstrated on 
commercial-scale lignite-fired 
power generating units. This 
is an area that is developing 
rapidly.

The majority of existing 
lignite-fired power plants are 
based on the conventional 
single reheat thermal cycle 
with subcritical steam pressure 
and temperature. However, 
recent advances in boiler 
and turbine materials have 
led to the installation of 
high efficiency supercritical 
or ultra-supercritical PCC 
steam generators. In modern 
lignite-fired power plants, 
steam pressures up to 27.5 
MPa and main/reheat steam 
temperatures as high as 
600ºC/605ºC have been 
applied, and a net plant 
efficiency of >43% (LHV) has 

been achieved. In addition 
to the use of advanced 
steam cycles, technical 
innovations in system and 
process engineering, larger 
unit size, improved waste heat 
recovery from the flue gas, and 
optimisation of auxiliary power 
needs have all contributed to 
plant efficiency.

Due to the considerable 
variation in the quality of lignite 
coals, careful selections of 
technologies and proper 
process and engineering 
designs are required to ensure 
lignite-fired plants achieve 
high efficiency, reliability and 
availability, good environmental 
performance as well as cost 
effectiveness. Solutions 
are available for particular 
problems relating to certain 
coal qualities. The experience 
of operating lignite-fired power 
plants in Germany has shown 
that lignite can be burned 
efficiently to produce power at 
competitive prices.

Understanding pulverised 
coal, biomass and waste 
conversion
Ian Barnes

Pulverised coal firing has 
been the dominant technology 
for generating power in utility 
boilers for almost a century. 
As the body of scientific 
knowledge on the physics and 

chemistry of coal combustion 
has grown, it has been used 
to direct improvements to 
efficiency, and to the control 
of pollutants produced during 
the combustion of coal such 
as  particulates, SOx and NOx, 
trace elements, polycyclic 
aromatic hydrocarbons and, 
increasingly, CO2.

The presence of complex 
carbonaceous structures 
in close combination with a 
range of mineral components 
subjected to an extremely 
aggressive temperature-time 
profile leads to a large number 
of reaction pathways, even 
before interactions with boiler 
components are considered. 
Previous IEA CCC studies 
have collated and discussed 
the results of this extensive 
body of work on pulverised 
coal combustion. Individual 
aspects of the combustion 
process have been isolated 
by well-chosen experimental 
techniques and characterised 
in detail, but others have defied 
clarification. In addition while 
these individually-focused 
studies were capable of giving 
valuable insights into pulverised 
coal behaviour, and could be 
used to guide specific aspects 
of the combustion process 
such as pollutant formation and 
amelioration a unified model 
capable of genuine predictive 
capacity has not emerged and 
many coal users continue to 
rely on empirical correlations 
to predict coal behaviour and 
for plant design. The overall 
complexity of the pulverised 
coal environment remains 
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extremely challenging. 
The last twenty years have 

seen some very significant 
changes in the power 
generation sector that affect 
the way in which coal is burned 
to generate power. In addition, 
a new tranche of co-fuels 
have been introduced, further 
complicating the picture of the 
fundamental transformation 
occurring during combustion. 
The most recent changes to 
pulverised coal fired boiler 
plant include modifications 
to the gaseous atmosphere 
within the boiler during 
oxycombustion which are highly 
likely to produce concomitant 
changes in reaction 
mechanisms and pathways. An 
understanding of the ways in 
which oxycombustion affects 
combustion is currently a major 
driving force in coal R&D.

A major development is 
the emergence of computer 
modelling which allows the 
prediction of fluid and entrained 
particle flows through a burner 
and subsequently the boiler to 
be predicted with a high degree 
of accuracy. Research efforts 
on coal combustion are now 
largely focused on important 
developments such as cofiring 
and oxyfuel combustion and 
how these affect conditions 
and reaction pathways within 
the boiler. Computational fluid 
dynamic modelling based 
approaches are being used to 
give a deeper understanding 
of the new environments and 
to drive the development of 
more efficient and less polluting 
plant.

Markets

Impacts of seaborne trade on 
coal importing countries – 
global summary
Paul Baruya

In recent years, there 
has been a convergence of 
the international coal trade 
with traditional domestic 
coal markets, and imports 
have increased in many 
coal producing regions. 
The influence on domestic 
markets has been twofold. 
First, imported coal displaces 
domestic production, adding 
commercial pressure to 
domestic industries’ survival 
prospects, and second 
international price trends are 
affecting prices within many 
indigenous coal markets.

Various factors have 
led to the rise in popularity 
of seaborne traded coal. 
Importing coal provides many 
benefits to power station 
operators, such as cost 
savings, improved coal quality, 
enhanced supply diversity, and 
often fills a gap left by domestic 
supply.

Almost all the international 
trade is by sea in dry bulk 
ocean vessels, and there is 
a 700 Mt seaborne market 
for steam coal. The Atlantic 
and the Pacific markets have 

developed in distinct ways. 
Each of these regional markets 
follows a similar price trend, but 
has a different set of dynamics 
and influences based on 
local regional circumstances. 
Thus, the pattern of trade and 
domestic supplies differs from 
country to country. 

In many OECD countries, 
structural changes in the 
power markets have created 
opportunities for competition 
from natural gas, or heavily 
subsidised renewable projects. 
However, some of the critical 
drivers of this structural change 
have been the regulatory 
measures to cut airborne 
pollutants. Of these, SO2 
regulation has probably had 
the greatest impact with regard 
to forcing operators to switch 
coal sources, often to imported 
or more distant traded coals. 
Lower rank ‘compliance’ coals 
have emerged as the coals of 
choice, offering power plant 
operators the opportunity to 
reduce both the cost and the 
sulphur content of the station 
fuel feed. However, these 
coals may have different 
qualities and characteristics, 
and so careful blending with 
traditional domestic coal (often 
bituminous) is important. 
Switching and blending 
coals have effects on boiler 
performance, milling, and flue 
gas cleaning performance.

Finally, the report examines 
some of the policies which 
have determined the role coal 
has played as a strategic 
fuel in some OECD countries, 
despite shrinking demand and 
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the use of state aid which has 
enabled domestic production 
to remain. As state aid rules 
change, and are withdrawn, 
the competitiveness of some 
domestic industries has been 
eroded, providing considerable 
potential for further inroads by 
imported coals.

Two separate reports provide 
more detail of the Atlantic and 
Pacific markets.

Impacts of seaborne trade on 
coal importing countries – 
Atlantic market
Paul Baruya

The report focuses on the 
effect that the seaborne market 
has had on domestic coal 
production in selected coal 
producing countries located 
in the Atlantic market; these 
include Germany, Spain, 
the UK, and the USA. The 
USA has also undergone 
its own transformation and 
displacement between US coal 
producers.

State funding of the 
domestic coal industry in 
Europe is discussed in the 
Atlantic report, with greater 
emphasis on country-specific 
funding, and the importance 
of imported coal pricing in 
determining the state funding 
of hard coal production in 
Germany and Spain. Imported 
coal became central in coal 
price setting in Europe, but 
also contributed a significant 
proportion of fuel supplies 
to some of Europe’s largest 

power markets, and became a 
major threat to domestic coal 
industries.

The USA is the largest coal 
market in the OECD, and coal 
supplies are dominated by 
domestic production; imports 
provide a small proportion of 
the country’s supply, but there 
is potential for this to increase 
given the extensive river and 
rail logistics that exist in the 
country. However, internal 
trade patterns in the USA 
show interesting parallels with 
European markets, whereby 
local domestic coal companies 
operating to the east of the 
Mississippi River have lost 
market share to low cost, low 
sulphur coal that is mined 
in Wyoming and Montana, 
some 1000 km away. The key 
driver for this is environmental 
legislation.

Hard coal production in 
the USA and the UK operates 
without subsidy, while in 
Germany and Spain it has 
operated with state aid. The 
circumstances for the latter are 
changing; there is increasing 
pressure on domestic 
producers to restructure or 
close altogether. This could 
become the model for the 
future of hard coal production 
elsewhere around the world.

Impacts of seaborne trade on 
coal importing countries – 
Pacific market
Paul Baruya

The report focuses on a 
small sample of OECD and 
non-OECD countries: Korea, 

Japan, China and India. 
These are some of the largest 
importers of hard steam coal 
in the world today, and will 
continue to be so in the future. 
Japan and Korea are examples 
of countries which have poor 
domestic fossil fuel reserves, 
and as such these have been 
massive markets for imported 
coals. Thus, Japan and Korea 
have long been price setters in 
the international coal market. 

In contrast, China and India 
are two emerging economies 
that have rich reserves of coal, 
and are dominated by domestic 
coal production. China and 
India import relatively little 
coal compared with domestic 
production, but have a large 
role in the seaborne market, 
and are having an increasingly 
profound influence on world 
prices as far as Europe and 
parts of North America. Thus 
the role of Japan and Korea 
as major importers and price 
setters could diminish. 

The report examines the 
price competitiveness of 
domestic coal versus imported 
coal on a country-by-country 
basis. The quality of these coals 
is compared within the context 
of meeting environmental 
regulations and the role 
imported coal can play as a 
blend coal, particularly in India 
where indigenous coal contains 
high amounts of troublesome 
ash is explored. 

The facilitation of coal 
imports is important – that is, 
the availability of appropriate 
inland logistics to deliver 
imported coal to the power 
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stations. The major power 
stations in the sample countries 
that import coal are mapped, 
as well as locating the ports 
of entry, and the inland 
transportation links (rail and 
river) that connect these ports 
to the power stations.

Worldwide, internationally 
traded coal will continue to 
shape many domestic coal 
markets. Each country has 
specific issues related to 
domestic coal supplies, and 
imported coal will continue to 
complement or replace these 
supplies for the foreseeable 
future.

Losses in the coal supply 
chain
Paul Baruya

Global coal production has 
seen a considerable increase in 
recent decades, with more coal 
being transported over longer 
distances. However, not all of 
the coal that is extracted from 
the ground is fully accounted 
for by the time it reaches the 
end user. This report examines 
the alterations to coal as it 
passes along the coal chain. 
A great deal of the change is 
intended, through separation 
and sizing, to ensure the coal 
being mined matches the 
specification demanded by the 
customer. Much of the change 
leads to a loss of mass in the 
coal. Some of the coal is left 
in the ground (intentionally 
and unintentionally), while 
elsewhere, full extraction 
might occur with the addition 

of non-coal materials from the 
surrounding rocks. In both 
cases, the mined coal often 
requires further processing.

Coal processing by 
separation at preparation 
plants refines coal further and 
is where most of the mass 
loss occurs. Value is added 
by reducing ash content and 
improving heating value, 
thus providing a much more 
saleable product for the 
market. As soon as the coal 
leaves the mine, mass loss 
can occur either through 
natural deterioration of the fuel, 
through spillage or dust, or 
in extreme cases, theft. In all 
cases measuring the amount 
of coal as it passes through 
the supply chain is required 
to verify that the coal reaching 
the consumer is of satisfactory 
quality and quantity. This can 
be done crudely by measuring 
stockpiles, through to more 
sophisticated weighing 
systems at various points along 
the supply chain, and even 
measuring the volume held in a 
ship. Measurement is subject to 
error which must be minimised.

As well as coal, other solid 
fuels, chiefly biomass, can 
also suffer from change, and in 
some cases the risks are higher 
given the fibrous nature of 
the material. Similar problems 
arise, where biomass loss or 
contamination needs to be 
minimised. Biomass needs 
to be processed in much 
the same way as coal, such 
as removing mineral matter 
and taking care in avoiding 
contamination.

Our reports cover every aspect of the coal 
chain from mining through to combustion, 
emissions control, economic and policy 
studies. Each report is a comprehensive 
literature review with expert analysis. Most 
of our reports are about 30,000 words long 
and use material from over 100 references 
as well as information obtained from 
conferences and workshops attended by the 
authors. 

The subjects for review are selected by 
the Executive Committee at its twice yearly 
meetings, which means that the reports are 
always topical. Usually we publish between 
12 and 15 reports every year.

Reports are available in 
PDF form and can be 
downloaded from the 
IEA Clean Coal Centre 
bookshop.
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The IEA CCC programme of events and reports in progress for 2013 are listed below. The reports are listed in order of 
expected date of publication. Detailed information about our events and reports is available from the website 
www.iea-coal.org.

Events 2013

2nd Workshop on Upgrading and efficiency improvements to coal-fired power plants 
19-20 March, Ratcliffe-on-Soar, UK, http://upgrading2.coalconferences.org

6th Clean Coal technologies Conference
12-16 May, Thessaloniki, Greece, www.cct2013.org

3rd Workshop on Cofiring biomass with coal
20-21 June, Groningen, Netherlands, http://cofiring3.coalconferences.org

3rd Workshop on Underground coal gasification
7-8 November, Brisbane, Australia, http://ucg3.coalconferences.org - (website will become live later in 2013)

Reports 2013

2013 PROGRAMME

Gaseous emissions from coal stockpiles, 
by Xing Zhang

Public attitudes to biomass cofiring, 
by Rohan Fernando

Energy issues for Mongolia, 
by Andrew Minchener

Coal mine site remediation, 
by Lesley Sloss

Developments in circulating fluidised bed 
combustion, 
by Qian Zhu

Prospects for coal in sub-Saharan Africa, 
by John Kessels and Paul Baruya

Recent developments in particulate control, 
by Kyle Nicol

Recent operating experience and improvement 
of commercial IGCC plant, 
by Ian Barnes

Coal and gas competition in global markets, 
by Nigel Dong and Herminé Nalbandian

Sustainability issues for cofiring biomass, 
by Deborah Adams

Upgrading and efficiency improvement in 
older coal-fired power plants, 
by Colin Henderson

Co-utilisation of intermittent renewable 
energy, forestry and other biomass and coal, 
by Stephen Mills
Challenges and opportunities for gasification 
in developing countries, 
by Andrew Minchener 
Impacts of climate change on power 
generation from fossil fuels, 
by John Kessels
Review of methodologies for accounting of 
emissions from spontaneous combustion, 
by Lesley Sloss
Management of coal combustion wastes, 
by Xing Zhang
Developments in ultra-supercritical 
technology, by Kyle Nicol
An assessment of drying technologies for low 
rank coal, 
by Nigel Dong
Techno-economic analysis of PC versus CFB 
combustion technology, 
by Toby Lockwood
Advancements in multipollutant control and 
low cost NOx options, 
by Anne Carpenter
Recent developments in modelling and 
simulation of coal gasification, 
by Rohan Fernando
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Currently, the IEA Clean Coal Centre has 24 members, made up of member countries and sponsoring 
organisations. 

The member countries are: 

	 Australia 

	 Austria

	 Canada

	 European Commission

	 Germany

	 Italy 

	 Japan

	 Poland 

	 Republic of South Korea 

	 South Africa 

	 UK

	 USA

MEMBERSHIP OF THE IEA CLEAN COAL CENTRE

Established in 1975, the IEA Clean Coal Centre is a major provider of impartial information, analysis 
and research on all aspects of coal.  There is no political or commercial influence on the research 
and information provided; the IEA Clean Coal Centre is a non-profit organisation funded primarily 
by member subscriptions. Located in London we employ 22 staff, largely made up of engineers, 
scientists and information specialists.

The IEA Clean Coal Centre has two categories of membership: 
• Contracting Parties, which can be governments or entities nominated by them. They can also be 

international organisations in which governments participate.

• Sponsors, which are usually, but not always, from the private sector and have not been 
designated by a government. Sponsors have to be approved by the IEA and cannot vote on the 
accession or rejection of new members. 

 
 

The sponsors are: 

Anglo American

Banpu

BHEL

Beijing Research Institute of Coal Chemistry

Coal Chemistry Coal Association NZ

Danish Power Group

Eletrobras 

Electric Power Planning and Engineering Institute (China) 

Global Carbon Capture and Storage Institute (GCCSI) 

Suek 

Vattenfall

Xstrata

Members of the IEA Clean Coal Centre represent a wide range of interests. Most, but not all, of the 
member countries are members of the OECD. The majority of the sponsor organisations are from 
non-OECD countries. The sponsors include utilities, coal companies, equipment and services 
suppliers and research organisations.

Executive committee  
Members of the IEA Clean Coal Centre contribute annually to a common fund to finance the activities 
of the programme. There is a set subscription rate for new sponsors. An Executive Committee (ExCo) 
of representatives nominated by the contracting parties and sponsors acts as the ‘board of directors’. 
The ExCo meet twice each year. Both sponsors and contracting parties have a single vote at ExCo 
meetings, which means that they have an equal influence over the work programme and policies. 
Dr Adolf Aumüller of Austria is the current Chair of the Executive Committee and Mrs Barbara McKee 
of the USA and Prof Jurgen-Freidrich Hake of Germany are the Vice Chairs.

Electric Power Planning & Engineering Institute

Coal
Association of
New   Zealand
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IEA CLEAN COAL CENTRE STAFF

For further information on the IEA Clean Coal Centre, please visit our website www.iea-coal.org or contact:

Dr John Topper – Managing Director
IEA Clean Coal Centre, Gemini House, 10-18 Putney Hill, London  SW15 6AA  United Kingdom

Tel: +44 (0)208 246 5261 | John.Topper@iea-coal.org
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