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Abstract
The CARNOT study assesses the possible Jmpacts and prerequisites of an EU pro-
gramme atmJng at the support of Clean Coal Technology development, manufacturing
and sales opportunities. It also includes an assessment of the organisational and insti-
tutional prerequisites of an intended CARNOT programme. The principal findings are
synthesised in the main report and the implementation plan both issued by ETSU.
Furthermore, the several participating institutes have published Task reports, being
CIEMAT (Task 2), ETSU (Task 3), Hügli Pollock Read (Task 4), ECN (Task 5),and
FZ-Jülich (Task 7).
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SUMMARY

Purpose and Scope
The CARNOT study assesses the possible impacts and prerequisites of an EU pro-
gramme aiming at the support of C~ean Coal Technology (CCT) development, manu-
facturing and saies opportunities. This report discusses the approach anti results of
Task 5 of the CARNOT study. Task 5 focuses on the estimation of the impact of a
European CCT support programme on CCT sales volumes, kind of CCT technology
solò, anti volume of CCT manufacturing activities inside the ELI up to 2010.

For this purpose CCT s~les scenarios have been calculated. A distinction is rnade
between a situation in which independent power producers (|PP) penetrate rapidly in
the power markets of many countries and a situation in which this penetration builds
up more slowly. A swifter penetration of IPPs on the various power markets is sup-
posed to lead to less capital scareity and consequently, more new generating power
will be realised in the IPP High than in the IPP Low scenario, notably in some South-
and East-Asian countries such as India, lndonesia, Pakistan, etc.

Economie Results
For both situations (IPP Low and IPP High) a variant with a CARNOT programme and
a variant without a CARNOT programme have heen calculated. Comparison of the
results of the variants with and wlthout CARNOT indicates an order of magnitude of
the economie impacts of such a CCT support programme. ~’or the entire time span
studied, 1995-2010, the benefits regarding newiy built capacity accrue to 7.5 to 8 bil-
lion ECU of additional production value in CCT manufacturing inside the European
Union. An important part of this production concems sales in Asian countries. The
remainder will be in Central and Eastern Europe and inside the EU.

$ince a CARNOT programme will come into effect not before 1999, the principal
benefits are concentrated between 2000 and 2005. After that time, the benefits with
respect to newly built coal power will gradually decrease, from just over 1 bil|ion EC(J
annually down toa still significant 0.5 billion ECU annuaily. By approaching 2010 the
decrease will continue, which can be attributed to the inevitable shift in manufacturing
capacity towards the rapidly industrialising countries in Asia and to a lesser extent to
Central and Eastem Europe as welk Hease note that some of the latter countries will
enter the European Clnion during the period 2000-2010.

The retrofit market is strongly dependent on policies, regulations and enforcement
practices. Though more wealth will facilitate the implementation of retrofit projects,
there are many local factors involved. Therefore, we decided that a distinction be-
tween IPP Low and IPP High was not useful. Just one scenario has been applíed with
and wlthout CARNOT. The benefits from a support programme for CCT in retrofit
projects are obviously smaller than for newly built capacity and are even much more
concentrated in the early years of such a support programme. The extra production
value for CCT manufacturing inside the European Union amounts to almost 300 mil-
lion ECLI annually between 2000 and 2005. Given the age structure of the global coal
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power capacity the retrofit market is finite, at least for the kind of projects considered
here. Consequently, the productíon value for CCT manufacturing inside the European
Union drops to 6 miliion ECU annualiy after 2005. It is imaginable however that after
2010 an entirely new kind of retrofit will develop for the coal power built between 1995
and 2005. By that time the marker conditions and the technology options wil1 have
changed so much that a completely new support programme wil1 be needed. This no-
tlon app|ies to the market for new capacity as well.

Ttle differences between the impacts of a CARNOT programme on the IPP Low and
]PP High scenarios are hot so large. In absolute terms the [PP High scenario generates
a larger impact from a CARNOT programme (0.5 billion ECU more for the entire pe-
rlod). In relative terras the boost from a CARNOT programme is somewhat larger in
the IPP Low scenario. IPPs will evaluate new CCT options somewhat different (with
more emphasis on comprehensive costs) than utflities will do. Therefore, a CCT sup-
port programme should include a portfolio of instruments that can be tailored to cru-
cia] criteria in actual markets.

In the simulations for this study the marker shares of lEG based CCT manufacturers do
hot slide down under 40%. In case local manufacturers would develop even mueh
stronger than assumed in this study, stil/significant benefits from a CCT support pro-
gramme would remain, though with some shift from production effects inside the EU
towards revenue transfers back to the Er.J. So, even in case of a marker share that
would drop to 20% of total sales in target markets, the benefits wou]d accrue to 2.5 to
5 billion ECU.

Backgrounds
The impact of a CARNOT programme on CCT manufacturing inside the European
Union is related to more cost effective and cost reducing designs of advanced clean
coal technologies. As a consequence alterations in manufacturing processes may oc-
cur as well. In the default situation (without CARNOT) CCT manufacturers can
spend a limited amount on product research and development both aiming at higher
performances and at lower unit costs. Despite these efforta still larger cost reductions
can be derived from shifting production to selected export areas, provided that the
basic conditions in these new host countries meet minimum standards regarding legal,
economic, educational, and infrastructural aspects. The higher the standards are, the
more advanced production can be transferred. So, in a situation without a CARNOT
programme CCT manufactudng industries will tend to shift more production capacity
towards selected expanding sales areas in order to remain competitive. A well focused
comprehensive CCT support programme wì]l slow down this process, provided it aims
- among other things - on cost effective and cost reduclng advanced clean coal tech-
nologies. As regards finance and marketing barriers Tasks 3 and 4 have put forward
recommendations for those isaues.

As regards newly built capacity five CCT options are considered, being:
¯ conventiona~ pulverised coa] with flue gas desulphurisation and low NOx burners

(~F),
¯ (ultra) supercritical pulverised coal with flue gas desulphurisation (FGD) and

NOx bumers ((U)SCPF),
atmospheric fluidised bed combustion (AFBC),
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Summary

¯ pressurised fluidlsed bed combustion (PFBC),
¯ integrated coal gasification combined cycie (IGCC).
We assumed that AFBC and PFBC were predominantly used in small to medium scale
p|ants (up to 100 MW), whereas the other options are assumed to be used fo~ large
scale facilities. Yet, in the future PFBC may be used for somewhat larger scales as
well, while in some export markets there are simplified IGCC plants under construction
of less than 100 MW.

Given the impending convergence of costs per kW of PF and SCPF, the latter technol-
ogy seems tobe the preferred one up to 2005, PF is decreasing and IGCC is just
pearing (perhaps as commercial demonstration only). After 2005 IGCC is expected to
play a more important role, being ai: least equal to that of (U)SCPF. As regards the
small and medium sized plants AFBC will dominate before 2000. Affer that PFBC will
gradually become more important and wlll even have a somewhat larger share in
new~y built capacity after 2005. If PFBC would succeed to penetrate the large scale
marker as well, then notably IGCC might sulfer loss of marker share.

Environmental results
The approach adopted for the impact assessment of a clean coa| support programme
was in the first place designed to illustrate how e¢onomic processes are affected.
Therefore, the emphasis was on how and where CCT will be manufactured for a given
marker size. Within the boundaries of that approach the sirnulated impacts of a
CARNOT programme on emission reduction are small. It is very likely however, that a
CARNOT programme will contribute to the acceleration of the uptake of clean coa]
technologies and consequently wiil bring about accelerated reductions of emissions.

Considering that the economic impact oriented scenario construction bas severe]y di-
luted the probable impacts of the promotion of CCT technologies, a second way of at-
tributing the impmvement of environmental performance has heen applied. In this ap-
proach it has been assumed that in the absence of a CARNOT programme and given the
capital limitations in a power marker with low IPP participation Asian countries will con-
tinue to build just conventional coal power (PF + FGD) and AFBC. This means no SCPF,
PFBC and IGCC will be installed in Asian countries in this variant. In that case a signifi-
cant difference between a with CARNOT and a without CARNOTsituation can be dem-
onstrated, in fact this version of the environmentai evaluation illustrates the risk of hot
staging a CCT support programme, in the case of a Low IPP scenario (implying less
money available in target markets) the continued reliance on conventional techno}ogy
turns out to become environmentally very unfortunate in the course of the next decade.

Even compared to the total EU emission levels, significant reductions are at stake. In the
period 2006-2010 the annual emission reductions amount to 146,000 tons for SO2,
290,000 tons for NO× and 90 Megatons for COl. For e×ample, these reductions equal
approximately 2% of the ELI NO× emissions and almost 3% of the ELf CO2 emissions.

Remaining Aspects
Though the word ’coal’ is used throughout the report, in fact other solid fuels are rele-
vant as well. The share of other solid fuels is small compared to the total volume of the
market for new power. However, in some countries and in the power marker up to 100
MW other so~id fuels can constitute important shares. The waste-to-energy marker is
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currently building up inside the EìU. Simflarly, the ongoing massive urbanisation in
many Asian countries will cause a transfer from landfil{ practices to better utilisation of
urban waste, e.g. in waste-to-energy projects. In some ~ural areas, on islands, etc.
adapted clean ¢oal technology wi]l enable clean and efficient ways to use local bio-
mass. Please, note that these rapidly growing economies often have balance of pay-
ments deficits. Therefore, local fuels such as waste and biomass, just as indigenous
coal, can attenuate these deficits.

The logistics of coal is always complicated and relatively expensive, unless míne-
mouth power stations are used. In the fast growfng Asian economies using indigenous
coal, notably China and lndia, logistics is really becoming a bottleneck. To date most
of the coal is transported by train. Given the rapid growth of industrial output there is
increasing competition for rail and train capacity. In this situation the already large
and stil] growing coal shipments are a heavy burden on the railway system and high
opportunity costs due to crowding out of shipments with higher value added. The
provement of coa~ logistics, e.g. by ¢onstructing slurry pipellnes coal logistics would
enjoy lower unit costs, higher reliabi]ity and less environmenta] impacts. Another ap-
proach would be to reduce the losses of long range power transmission substantially
and thereby making minemouth power generation more cost effective.
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INTRODUCTION

The CARNOT study assesses the possible impacts and prerequi$ites of an EU pro-
gramme alming at the support of Clean Coal Technology (CCT) development, manu-
facturing and sales opportunities. This report discusses the approach and results of
Task 5 of the CARNOT study. Task 5 focuses on the estimation of the impact of a
European CCT support programme on CCT sales volumes, kind of CCT technology
sol& and volume of CCT manufacturing activities inside the EU up to 2010. Special
attention is given to the issue of global industrial dynamics with respect to coaI (power)
technology, notably clean coal technology (CCT). Furthermore, the impacts of the use
of more advanced clean coal technologies on emission levels have heen calculated as
well.

In the CARNOT study 8 tasks have been distinguished. The overall co-ordination and the
compilation of a maln report and an implementation plan was organised in Task 8
(ETSU). Task 1 (ETS~J) covered the organisation of the Forum meetings. The Forum
was a consultative platform of representatives from the CCT manufacturing industry as
well as from banks, consultancy and engineering agencies, and electric power compa-
Nes. Task 2 (CIEMAT) synthesised the principal developments in CCT RD&D pro-
grammes inside and outside the EU and summarised the strong and weak points and
key success factors in the programmes considered. Task 3 (ETSU) dealt wíth the barri-
ers in finance of clean coal technology projects in export markets, while Task 4 (Hügli
Pollock Read/Novem) surveyed the sales prospects of CCT, the role of EU based
manufacturers in the global marker, and especially discuss~d the barriers encountered in
CCT sales activities in export markets. Task 6 (FZ-Jülich/BSO) calculated the direct
anti indirect employment impacts inside the European Union of a clean coal support
programme. The results of Task 6 are closely connected to the results of Task 5. Task 7
(CIEMAT) aimed at the formulation of a communication plan. Annex A contains a fur-
ther description of the eight tasks.

Next to new desk research as part of Task 5, the findings of Tasks 3 and 4 [1, 2], as well
as Task 2 [3] have functioned as guidelines in shaping both the assumptions and the
marker process descriptions. The basic picture from which the study started is defined in
the report Clean Coal Technology - Markets and Opportunities made by ETSU on behalf
of 1EA [4I.

This report is composed of two main parts, discussing the market implications and the
environmental implications respectively. Part 1, coveríng the marker implications, con-
sists of chapters 2 to 6, while Part 2, discussing emissions, consists of chapters 7 and 8.
Conclusions and Recommendations are reiterated in chapter 9. More exteasive informa-
tion on input data used can be found in the Annexes B, C and D.
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1. CURRENT SITUATION

1.1. Core Markets and Technologies

The primary focus of application of CCT is in the eleetric power industry. The expecta-
tion for coal based power within the EU can be summarised as predominaotly a
placement marker, lnteresting export markets for power generation teehnology in gen-
eral are China, India, South-East Asia, Latin-America, and Central and Eastem Europe.
The marker for expansion and upgrading in China and lndia is very large [4], but the
eompetition and eonditions of the local authorities imply that the resulting marker share
for CCT of European origin has a large uncertainty m~rgin. Central and Eastern Europe
constitutes a smaller market, but its nearness renders an advantage to EU manufactur-
ers. The approach of European manufacturers of the Asian markets will often differ in
many respects from the approach of the markets in Central and Eastern F~urope.

The urgent need for power generation extension in combination with capital shor~age in
China, India, and many other developing countries, makes these countries very critical
as regards investment eosts. This is currently definitely a disadvantage for CCT, given
the higher cost per kW [5,6,7]. It also means that these countries attach very high value
to maximum availability in order to produce as many kWhs per year as possible, since
latent power demand is so large. This is a second hurdle tobe taken for selling CCT, as
firm empirical proof of high availability has hardly started to accumulate [5]. $ince the
present capitaI shortage is increasingly being solved by engaging independent power
producers (IPP) [8,9,10], the critical evaluation of investment cost and availability be-
comes even more crucial. On the other hand, the rapid economie growth has aggravated
the environmental problems in China and lndia, notably in various growth pole cities,
such as Shanghai. Therefore, as soon as project offers show acceptable investment
costs and guarantee sufficiently high availability levels, environmental performance does
become a selection criterion. In brief: the customers look for an affordable and reliable
technology that is as clean as possible.

So, initially (until at least 2005) an enhaaeed penetration of CCT on the world market
will mainly depend on:
¯ the speed of reduction of capital cost per kW of CCT,
¯ proven eompetitive plant availability through building track records,
¯ environmental regulation in the target countries.

Once CCT bas obtained a foothold in the power generation markets, and capital cost re-
duetion is achieved by selling larger numbers, environmental performance of various
CCT options will become even more important, while fuel efficiency and maintenanee
and operation costs will receive increasing attention as well. The latter development will
be also supported by maturing of the economies, which means that labour gets more
expensive and the willíngness to pay for environmental quality increases.
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For Central and Eastem Europe the situation is different from the developing countries.
Generally, there is no shortage of power generating capacity. There is however a urgent
need to refurbish (coal) power stations in order to ardve at emission levels and fuel effi-
ciencies that are compatible with the performance of (coa]) power stations in EL] coun-
tries. This need for compatibility ìs stimu]ated by the pre-accession process which takes
place in Central and Eastern E.uropean countries that signed an aecession treaty with the
European Community. Actual access to the EL] could speed up the aforementioned
process. Furthermore, the liberallsation of electricity markets will increase the pressure
on fomaer CEl= utilities to increase the fuel efficiency. Present E~I member states have
expressed their serious intentions to enlarge the EL] within 10 years. ]ndirectly, through
assistance programmes this bas created a quasi-marker for refurbishing of power sta-
tions in CEE countries. Obviously, EU based manufacturers have a multitude of advan-
tages in this market.

All in all these consideratíons can be summadsed in a hypothesis of a two stage process
of marker penetration of CCT for electric power applìcations, in which the stages are de-
flned by what the customers are demanding:
1. a first phase primarily aiming at capital cost reduction and proven high availability

(time indication -~ at least untfl 2005; in the project this is further divided in 1995-
2000 and 2000 - 2005).

2. a second phase pdmadly aiming at further improvement of the environmental per-
formance, the fl~el efficiency and, the operation and maintenance costs (time indica-
tion -> starting between 2005 and 2010; in the project this is further divided in 2005 -
2010 and 2010 - 2020, the latter only for tentative projections).

This two stage process hints at a technology support programme that initially puts more
weight on cost reduction and maximum availability, whi]e later on the envi~onmenta]
performance and the operational and maintenance cost could receive the toost atten-
tion. Cost reduction will be mainly a matter of research while proven availability requires
demonstration.

The discussion above concerns the new capacity to be built in target markets. Next to
that market there is a retrofit market. Retrofit denotes a large range of activities
spreading from what is in fact overdue maintenance through environmental modifica-
tions to total repowering of plants. In this report retrofit is especially identified as
modifications of and additions to the power plant. Larger rehabilitation projects which
offen encompass substantial upgrading or even rep}acement of the boiler and/or the
turbine are regarded as belonging to the new capacity marker.

1.2. Otherltems

The discussion above applies in the first place to the utilisation of coal and lignite,
notably but certainly hot exclusively in large scale power stations. However, the ad-
vances in clean eoal technology extend beyond the use of coal and lignite. Especially,
urban waste and biomass will be relevant and welcome additions to the range of input
fuels. In the subsequent chapters it is assumed that notably power plants under 100
MW will be oí:ten fired (or co-fired) with non-coal solids.

12 ECN-C - -98,-010



Current Situation

The waste-to-energy market is currently building up inside the EU. Similady, the on-
going massive urbanisation in many Asian countries will cause a transfer from landfili
practices to better utilisation of urban waste, e.g. in wastê-to-energy projects. In some
rural areas, on islands, etc. adapted c~ean coal technolo~y will provide clean and effi-
cient ways to use local biomass. Please, note that these rapidly growing economies
often have balance of payments deficits. Therefore, local fueIs such as waste and bio-
mass, just as indigenous coal, can attenuate these deficits. So, despite the fierce
competition from natural gas, especially in sma]ler scale power plants (in which coal
has diseconomies of scale) other solid fuels can be attractive even to IPPs. For exam-
ple, the outsourcing of urban waste managernent could lead to the emergence of IPPs
in the larger urban areas in Asia.

The logistics of coal is always comp[icated and re]atively expensive, un]ess mine-
mouth power stations are used. In the fast growing Asian economies using indigenous
coal, notably China and lndia, logistics is really becoming a bottleneck. To date most
of the coal is transported by train. Given the rapid growth of industrial output there is
increasing competition for rail and train capacity. In this situation the already large
and still growing coal shipments are a heavy burden on the railway system and high
opportunity costs due to crowding out of shipments with higher value added. The im-
provement of coal logistics, e.g. by constructing slurry pipelines, coal power would
enjoy lower unit costs for transportation, higher reliability and less environmental im-
pacts. Another approach would be to reduce the losses of long range power transmis-
sion substantially and thereby making minemouth power generation more cost effec-
tive.

In the assessment of the development of preferences for CCTs in target markets the
logistics have hot heen taken into account, since the choice of a clean coal technology
and the way the manufacturing is organised is not linked to the logistics problem.
However, significantly better coal logistics may be expected to influence the location
of power piants and will contribute to a better competitive position of coal compared
to natural gas.
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2. GLOBAL TRADE AND INDUSTRIAL DYNAMICS

In chapter 2 is explained what the principal market areas are expected tobe and what
kind of (clean) coal technologies will be used in those marker areas. The next step is
to explain the various dimensions of competition that European clean coai technology
(CCT) manufacturers have to deal with when they operate on these markets. Two
elements stand out, being the share of global CCT sales that European manufacturers
might obtain and the distribution of actual manufacturing activities over European Io-
cations and overseas locations. The development of global market shares of European
CCT manufacturers has been studied in Task 4 [2I. This study makes use of that in-
formation and has focused more specificaIly on the second aspect mentioned above,
being the distribution of activities over European and overseas locations. However, in
addition to the marker information based on [2] and [4], developments have heen
ehecked during an extra workshop with Forum members dedicated to industrial ~ty-
namics and location preferences in the CCT industry.

The remainder of this chapter has two sections. Section 3.1 briefly discusses the sev-
eral elements of competltiveness as well as how this report perceives the competitive
position of European CCT manufacturers in terms of shares in global saIes up to 2010.
The second section 3.2 explains the logic of shifting locational preferences depending
on the maturif~y of technoIogy at hand and depending on the lndustrial organisationa!
options available. ObviousIy, the items are interrelated, since manufacturing location
influences the price of a technology and hence its competitiveness.

2.1. Competition between Countries and across
Technologies

Even if CCT wou|d actua|ly penetrate quicker than expected, e,g. due to ¢ost reduction
achieved in a CCT support programme, there are various filters that heavily influence the
amount anti the character of the benefits that might àccrue to F~uropean manufacturers.
In the framework of this study a manufacturer will be regarded European, if the manufac-
turing itself takes place in an EU country or when a significant part of the revenues of
actívities in the target country flows back toa manufacturing company in the EU.

Basically, there are two categories of filters, one category referring to the market share of
European CCT in the global market and a second category referring to the economic or-
ganisation of the implementation of CCT in export markets. The first category will be
termed as European competitiveness and the second category as lndustrlal dynamics.
These categodes are interrelated, since the competitiveness of European companies is
influenced - among others - by the way they have organised their operations world wide.

The European competitiveness for CCT can be subdivided in:
¯ the position compared to traditional coal technology; in this study conventional pu]-

verised coa] (PF or PF+FGD, see below) is considered to be the reference technology.
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o the position compared to non-European suppliers of CCT, in particular USA based
and Japanese manufacturers.

Conventional pulverised coal (including DeSOx and DeNOx measures; 39% fuel effi-
ciency) is taken as the reference techno[ogy. Utilities and certainly IPPs in export mar-
kets will only purchase more advanced CCT, if the altemative technology can generate
electdcity against competitive costs and/or if very cost effective emission reductions can
be achieved. The position of coal in comparison to other (non-solid) fuels, notably
natural gas, has been taken care of in a preparatory study by ETSU [4].

As regards the competitiveness of non-European competitors it is virtually impossib]e to
give clear cut ratings. The relative positions depend on the export area, the kind of tech-
nologies involved anti the size of the project. Furthermore, the world of CCT manufactur-
ing gets more and more intertwined. Depending on licensed technologies, consortium
co-operations and regiona~ joint-ventures, CCT manufacturers will olìen be associates in
one product-market combination anti at the same time competitors in another product-
marker segment. This means that the distinction European vs. non-European 9ets
somewhat blurred. Therefore, the definition of European CCT manufacturing has been
defined as descrihed above. It also means that the development of the marker shares of
EU based companies as derived from the survey carried out in Task 4 [2] will be u~ed as
an important guideline for the simulations in this Task, but not necessarily translate di-
rectly into model input or output of Task 5, since also other sources such as feedback
from Forum members has been used.

AII in all it is assumed that the marker shares of non-European manufacturers of OECD
origin will not change significantly. Possible winners will be located in the main expor~
markets, such as China and lndia. Yet, such Iocal companies wíll offen ’win’ through the
establishment of joint ventures with OECD based manufacturers and or will use licenses.
In that sense EU based manufacturers will continue to play a role albeit on a different
footing.

2.2. Industrial Dynamics and shifting Locational Preferences

When a technology matures the competitive edge moves from technological quality to-
wards cost level. Maturity implies that there will be a lot of manufacturers that are able to
produce the machinery, as knowledge about the construction has become common.
Consequently, the level of technology as such is no barrier any more to entry of the mar-
ket. In order to distinguish from other producers cost competition becomes a much more
prominent feature (ir doesn’t mean that cost awareness was totally absent in earlier
stages). For given levels of technological quality and advancedness different countries
will show different minimum cost levels attainable. The more mature the technology is,
the more likely it is that low wage countries have a cost advantage. Therefore, it seems
logical for European CCT manufacturers to attempt to move manufacturing of maturing
technologies to marker areas with ]ower wage costs, provided minimum quality re-
quirements can be met. Let’s observe the main market areas for CCT.

ECN-C--g6-oto
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The following areas are distinguished (between brackets area indication and estimated
additional coa[ capacity in GW from ETSU CCT market assessment report [4]):

¯ China
¯ lndia
e Other South and South-East Asia
o Rest ofthe non-OECD world
¯ Rest of OECD

EU + Norway and Switzerland (W Eur.
Central and Eastern Europe, Turkey(CEE+FSU*

(China
(S Asia
(S Asia + E Asia

1o- 20 GW)
5- 20 ~W)

170- ~90GW)
6O - 7O GW)

95- ~ 10 GW)
(SCA, Africa, Middle East** 55 - 65 GW)
(N Am., J, A, NZ 40 - 85 GW)

*) In the ETSU report [4] Turkey is included in the Western European group, however
in terms of socio-economic conditions and political situation (a preaccession status
similar to some CEE countries) it fits better in the CEE+FS(J group.

**) The Middle East is only pro forma included, most of the capacity is expected in
Africa.

The market areas listed above have different levels of accessibility for European CCT
manufacturers. There are a number of reasons for this differentiation, such as:
¯ presence and strength of local competitors,
¯ degree of local technical competence and consequently tendency for low tech or high

tech solutions,
regulations regarding market entry.

The differentiation of market areas wi|| be ò]scussed be|ow.

Cost levels of technologies as discriminating factor and options to alleviate cost barriers
Though cost competition will play a role in all export markets, the European manufac-
turers have an advantage of nearness and preferentially in the first two mentioned areas,
while non-OECD Asia and Africa will be the major battle fields vis a vis competitors from
other OECD countries. In order to convince a customer to buy CCT instead of traditional
coal technology (TCT} the initial investment cost per kW should hot deviate too much
and/or should be compensated by reductions in other cost items (fuel, operation, main-
tenance). Furthermore, the availability should match those of TCT power plants. Gen-
erally, the clean coai technologies as currently built/tested in OKCD countries are too
expensive for China and lndia, let alone Africa, with the exception of AFBC. Cost reduc-
tions for CCT projects in such countries can be obtained via two ways:
1. clever designs, in which slight concessions to environmental performance enable

significant cost reductions by skipping or simplifying components or simplifying the
manufacturing process of components.

2. clever project organisation, in which for each component anti for the logistics of the
(final) assembly the most cost-efficient (sub-)contractor is engaged without com-
promising contractual quality obligations.
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Ad.1 Cost reduction through clever design
There is a limited number of options to achieve cost reductions without affecting the
environmental performance too much. The applicability is a matter of case-wise con-
sideration depending on coal quality (or that of other so]ids), location, usefulness of by-
products, etc. Design adaptations c~n have high cost reduction impacts in case of ret-
rofit of existing power stations too. So, in terms of marketing and research strategy it wfll
be attractive to investigate, assess and categorise the principal alternatives, under which
conditions they can be applied and, what are actual suitabie locations in target countries.

Cost reduetion options are inter alia:
¯ use of air instead of oxygen in IGCC,
¯ limestone injection for FGD retrofitting.

Please note that clever design will enhance the opportunities for involvement of local
manufacturers. An example of this approaci~ is the ¢onstruction of a commercial
IGCC/CHP plant in lndia (60 MW adjacent to a cement faetory; surplus power into public
grid; air biown instead of pure oxygen [11.]).

Ad.2 Cost reduction through clever pmjeet organisation
The number of options to (re)organise the manufacturing process is also large. Further-
more, preferences for par~icular solutions will change over time due to changes in eco-
nomic (e.g. prices, wages), political (e.g. trade barriers, requirements to foreign direct
investment, restrictions on capital movement), and technical conditions (e.g. quality
performance levels of local manufacturers, logistic innovations).

The followìng options for internationa] operations exist (which are not mutuaiiy exæu-
sire) [12, 1.3]:
¯ trade (shipping product flora Europe to target area),
¯ direct foreign investment - estab]ishing a new subsidiary company in target country,

- take over existing company in target country,
- joint venture with Iocal and/or other foreign companies,

¯ sub-contracttng to local company,
* local production based on a license agreement with a local company.

The choice of one or more of the above mentioned options is often influenced by vadous
kinds of barders, intended and unintended, that are mainly caused by national or supra-
national agencies. Fout main types of barriers may be distinguished, they are consecu-
tively reIated to:
¯ trade (tariffs, quotas),
¯ direct foreign investment and participation (limits on profit retention’, limits to owner-

ship of local companies, etc.),
¯ financial markets (immature, volatile banks, convertibi]ity, inflation, etc.),
¯ knowledge transfer (denying/underrating patent revenues, eompulsory transfer, lack

of copy protection, etc.).

Trade barriers can have either the purpose to protect local manufacturers or persuade
manufacturers abroad to start up local manufacturing. Due to the recent world-wide
trade agreements and the establishment of a new organisation, WTO (Wodd Trade Or-
ganisation; successor of GATT), most countries generally tend to diminish trade regula-
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tion. However, at the same time more countries are flocking together in trade blocks
(EU, NAI~í~A, MERCOSUR, ASEAN, CIS), while the markets of China and India are -
potentia|ly - so |arge that so fat they ean afford to stay en their own (and to some extent
dictate their own terms of trade). Yet, at a global scale trade is growing faster than world
production, which points at an ongoing trend of specialisation and co-operation.

Marker size, negotiating experience of the customers and their special requirements wi~l
affect the impo~tance of the barriers. The composition of power station consortia tends
to become ever more international anti intercontinentaL Furthermore, the composition of
consontia for similar power generation projects is not fixed. Changing commercial and
technical opportunities lead to changes in consortia. In this respect the implicit assump-
tion in the project as if entirely European CCT products can be sold to export markets is
preferably abandoned and replaced by the assumption that European CCT manufactur-
ers will take part in consortia with varying degrees of participation.

When shippings to another country become ve~y large and frequent it gets worthwhlle to
consider the establishment of Iocal produc~ion abroad. Substituting local production for
trade gets more easily attractive the larger the commodity is. This certainly applies to
energy technology. Usually many segments of power stations are manufactured locally if
not on the spot [14; also acknowledged in the Forum]. In a free marker situation the
supplier(s) will just optimise their overall costs of manufacturing, assembly and logistics.
Chances for local production will increase il:
¯ more than one project has to be implemented in the same country/area,
- the components used are not first of a kind,
¯ Iocal manufacturers can meer (or be taught to meet) the quality standards without

significant extra cost.

A shift towards iocal production will be offen stimulated by national and local authorities
in order to stimulate employment and enhance knowledge transfer. In most target
countries the costs of locaI employment are considerably lower than in Europe. There-
fore, most CCT suppliers will need modest encouragement to engage local manufactur-
ing, perhaps with the exception of a few components embodying crucial patents. In
some countries the availability of sufflcient competent personnel and management still
constitutes a problem. However, the impression exists that the competence level of
manufacturing and engineering in developing countries is constantly improving [15].

Applying the above rules to practice means that, for example, the probability of signifi-
cant local engagement in manufacturing for a CCT project in lndia is larger than in Viet-
nam. By the way, building - ’bricks and concrete’ - is almost by definition a local affair.

Retrofit market
The discussion above has been focused on newly built capacity. By and large the
same sort of mechanisms are active in the retrofit market. However two provisos could
be made in this respect. First, retrofit projects are usually smaller than building new
capacity, while on top of that the degree of customisation of retrofit should hot be un-
derestimated. The amaller size of the projects imply that the scale independent ¢osts
of foreign projects threaten the possibility to earn a margin. This implies that on one
hand European manufacturers will be more keen on protecting key (patent) technol-

ECN~C--98~010 19



Clean Coal Technology Sales Prospects

ogy, whi]e on the other hand as much as possible local input through outsourcing
(sub-contracting) is necessary to protect the margin.

A second feature is that the current generation of retrofit technology (FGD, SCR, etc.)
is meant tobe huilt in a cer~ain kind of coal power capacity. This stock is finite both in
size and lifetime. Consequently, the retrofit technology included in this report can only
be sold for a (relatively) limited period. This implies that the establishment of overseas
manufacturing activities w~ll be less attractive, unless a limited amount of investments
is needed or fle×ible participation arrangements can be set up.
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3. TOWARDS A METHODOLOGY

3.1. Overall Concept and Position compared to other Tasks

Having identified a co|lection of market features that influence the economic organisa-
tion and a number of technology options that contribute to simplified design, we can
start to link the features ínfluencing eeonomic organisation to the identified CCT market
areas and their present barriers/oppor~unities and the simplified design options to the
vadous CCT options and their costs per kW and availability rating. This is indeed the
purpose of Task 5 in the CARNOT project, organising the CCT supply and demand
formation in a way that is tractable and fit for use in quantitative estimations.

The available CCT options need to be screened on their applicability in the various mar-
ket areas up to 2005 and a~ìer that time, 9~ven specific information and expectations on
fuel quality, environmental regulation, etc. For each CCT - market area combination the
most ]ikely type of project organisation, including an indication of the share of local in-
volvement, should be identified.

Having identified a co]lection of most promising produet-market eombinations for the
medium (1995-2005) anti long terra (2005 - 2010) a qualitative backcasting can be
constructed as regards the selection of critical issues in teehnology research and devel-
opment for CCT. Supposedly, such R&D may include organisational aspects such as
deve|oping a handbook for contingent CCT project design under specific market condi-
tiorls.

The main logic of activities in Task 5, also in relation to the activities of other tasks, is
summarised in Figure 1 on the next page. Three major types of input information are re-
quired being ’economic organisation’ (e.g. production and marker shares), power mar-
ket by area (expected GW by market area), ’CCT options and costs’ (e.g. capital costs
per kW per plant type). These bo×es are indicated at the leff hand side of Figure 1. The
task number indications between brackets in the various bo×es indicate the sources
formation is expected to come from. If Task 5 is (also) mentioned in Figure 1 it means
that (part of) the information has tobe processed within Task 5. Fu[thermore, informa-
tion flows are hot supposed to be one way, implying feedback to Tasks supplying infor-
marion.
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economic organisation
options by CCT market area
(Task 3/4/5)

(coal) power market ]

by target area
(Task 3/4)

design options and
cost impacts by
CCT alternative
(Task 2/4/5)

~likely eeonomic organisation
profile of CCT by target area
(Task 3/4/5)

Emission
Recommendations (Task 8) reduction

benefits

local participation
profile by CCT
alternative
(Task 5)

product market
combinations
(Task 5)

1-O model
(Task 6)

Figure 10verviewofapproach Task5

3.2. Connections to Tasks 3, 4 and 6

The survey carried out in the framework of Task 3 and 4 has been reported in [2 and 1]
and separately in [16] and has been discussed during the CARNOT project meetings.
That survey constitutes the basis from which the market share developments of Euro-
pean manufacturers are assessed. In addition to this broad survey, encompassing a large
number of CCT manufacturers, feedback was obtained during an extra Workshop in
Utrecht, July 1997. This feedback concerned the rating of current and future CCT mar-
kets areas distinguished by CCT option and country.

Table 1 shows processed results regarding rating of barriers encountered by CCT
manufacturers based on [1, 2, 16]. The rating per market area in Table 1 represents the
weighed standardised sum of sample average ratings per criterion as collected in the
survey of Task 3 and 4. Table 1 also indicates the principle barriers to be overcome in
each market area. Please note that barriers may differ across marker areas in absolute
terms. Capital costs are an issue within the EU, but mainly for different reasons and to a
less serious extent than for example in lndia. Furthermore, once capital cost issues and
financing problems have been resolved, other relatively Iess prominent barriers can still
be a major impediment. For example, the generaI level of understanding of EU manufac-
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turers of commercial and institutional dynamics in lndia, though far from perfect, still is
decisively better than in China. Yet, for the same token this situation may alter within five
years. This element refers to social cultural elements in commercial operations and dif-
fers from the institutional barriers that hamper trade. Given the success of World Trade
negotiations, trade barriers will generally decrease, despite the tendency to create re-
gional trade blocks. Besides, establishment of industrial activities inside the trade block
areas is often encouraged and thereby compensating to some extent for (remaining)
trade barriers. Yet, deeply rooted differences in habits and norms and values will show
much less convergence, consequently establishing new companies in such countries is
more risky and wi]l oíîen require joint ventures with local counterparts.

Table 1 Compoundratingofbarriersandp~~nciplebarriersbymarketarea
Market Areas Relative Rating Main Obstacles
EU countries ] .00 capital cost, operational cost --
East Asia 1.25 capital cost, finance
South Asia 1.26 capital cost, finance
China 1.30 capital cost, finance
Latin America 1.33 capital cost, finance
Central & Eastern 1.34 finance, capital cost
Europe
Africa

CIS

1.42

1.48

capital cost, finance, political
stability
capital cost, finance, political
stability, institutiona~ reform

Two barriers stand out, being capital cost and finance. Capital cost can be a problem for
three reasons:
1. the country is poor and therefore, a power generation project is a heavy burden to the

investment capacity of the country whatsoever (e.g. in Africa).
2. the country is experiencing rapid economic growth and consequently, capital is

scarce as demand for capital for all kinds of investments is high (e.g. in Asia).
3. the power generation market is or is getting more competitive, which means that

electricity suppliers are extremely keen on minimising costs of produetion (e.g. in

The finance problem is obviously related to the capital cost issue, but is still something
different. In very poot countries capital costs and finance problems are very closely con-
nected. Therefore, not surprising]y, they are rated as equally grave obstacles in Africa.
The finance problem in CIS and CEE is related to the transition of the economic system,
which has created a very volatile money and banking system. Furthermor~, unresolved
aspects of property rights, and of liability aspects in trade increase risks for investments,
notably foreign investments. In various Asian countries the money and banking system
is already more developed. However, the large competition for capital reduces the trans-
parency of the (financial) marker and often requires a multitude of foreign and public
funding organisations. It will be less risky than in the CIS, but takes more effor~ to organ-
ise. Latin America is in between these two positions.

Please note that CIS and Africa are the only two areas where politicaI risks are regarded
as significant. The stagnating and legally patchy transition (indicated as ’institutiona~
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barrier’) in CIS even constitutes a fourth major risk aecording to the responding manu-
facturers. These latter risks can already be translated directly into preferences for in-
dustrial organisation types. EU manufacturers may be expected to avoid substantial
vestments in these countries. Therefore, the establishment of subsidiary companies or
major joint ventures are unlikely options as long as the risks remain high. The political
and legal unelarities also reduce the safe use of license agreements. So, depending on
the required and available qualified labour as well as on costs of qualified labour, manu-
facturers may decide to source out the manufacturing or assembly of some components,
provided aiternative suppliers are available. Exports from EU countries ar~ likely to take
a large share of CCT power projects in these countries. Perhaps occasionally, a take-
over of a local company could be attractive if the price is very attractive. As the share of
exports from EU countries to these marker areas for each project will continue to be
large, EU consortia w~ll have less leeway to reduce costs in competitive bidding for CCT
projects, compared to some Asian or CEE countries that enable a larger share of local
production. ELI manufacturers should even count on competitive bidding of CCT manu-
facturers located in N|Cs affer 2005/2010.

The elements capital costs and finance notably affect the overall sales volume of CCT
anti the composition of the sales portfolio distinguished by less and more ~dvanced
techno]ogies. Furthermore, in as far as European manufacturers manage to offer compa-
rabIe CCT options against lower unit, costs and/or come up with efficient finance ar-
rangements, their market share in the global CCT sales could increase. Yet, by and large
the international power market is a buyers market, certainly in Asia. So, there is not
much leeway for price setting. In some countries independent power producers (IPP) are
allowed to enter the market and it is assumed these new type of actor will also enter
other power markets in other countries, but the pace of market penetration is uncertain.
IPPs are expected to be very costs sensitive and may prefer to use gas in small or me-
dium size power stations constructed out of off-the-shelf techno~ogy. However, signifi-
cant participation of IPPs could increase the amount of capital available for new power
capacity and hence the rota~ market would increase. Therefore, the penetration of IPPs
might not be negative to CCT in all circumstances.

In pdnciple environmental regulation is a very effective instrument to create or enlarge
CCT markets, A lot of non-OECD countries may be expected to tighten their emission
standards within 10 years. The reassessment of emission standards is mainly a political
process, which is subject to national and international negotiations. The (direct) influ-
ence of European manufacturers will however be very modest. The European Commis.
sion and the EU members countries are participant in the Conference of Parties (COP 111
in Kyoto) on GHG reduction/Climate Change mitigation. Joint lmplementation, nowa-
days officially indicated as Activities lmplemented Jointly (Al J), has been admitted as
an important instrument in the COP I11. In order to convince Developing Countries and
NICs to reduce GHG emissions CCT activities could be a spearhead in AIJ programmes.

Direct regulation of emission standards for power plants is unlikely to be very conducive
for EU manufacturers. It cannot be expected that countries are willing to tighten stan-
dards beyond the limit that would exclude its own (hot so advanced) CCT industry from
the marker. AIJ may be helpful in this case, while also countries without own CCT in-
dustries will encounter less opposition for this reason.
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Most other elements that influence the CCT marker mainly influence the way the CCT
marker will be entered. The other elements comprise political stability, institutional
framework, technology development, communication with the marker and, information
on export oppor~unities. For example, a European manufacturer will prefer expor~s over
local (e.g. sub-contracted) production in case of marker areas with high political risks.
On the other hand in NICs licensed production could be a less favoured option because
of risks for unauthorised copying of licensed products or processes (a combination of
institutional framework and technology development). However, to date OECD manu-
facturers tend to be willing to allow licensed production in NICs, because of the risk of
loosing the contract to a competitor and having nothing sold at alL This confirms the
characterisation of the Asian power market as a buyers market.

As also explained in the main report and in the Task 4 report the study compares a
situation WlTH CARNOT with a situation WITHOUT CARNOT. This is the first distinction
between scenarios. The second distinction is between a situation with a rapid penetration
of independent power producers (IPPs) in the sa~es areas (IPP HIGH) and the situation
with a slow penetration of IPPs (IPP LOW). The general understanding is that IPPs will be
more critica] on cost (both initial and operating) and therefore, more conservative with
respect to CCT. Furthemnore, the risk aversion of IPPs and gas background of some IPPs
also implies a preference for natural gas over coal. ConsequentIy, it could make a big
difference whether IPPs play a prominent role in the construction of new power capacity.

The two stages, being distributing new megawatts over CCT alternatives and distributing
sales by CCT alternatives over industrial organisation options and manufacturing loca-
tions, are distinguished in eight steps as shown in Figure 2. First, the amount of new coal
capacity tobe built in the various sales areas has to be defined (1). Subseciuently, the
share of new (coal) capacity built by IPPs will be estimated (2). These 2 items (1 +2) to-
gether enable to produce expected amounts of MW in new coal capacity by market area
by pedod distinguished by small (<100MW) and large units (3). In order tobe able to
calculate CCT sales by area by kind of contractor (utility or IPP) (7) we first need to
know:
¯ capital costs and other costs (here focusing on fuel) per CCT option by sales area per

period (4),
¯ than a likelihood is ca]culated for purchase of each CCT by market area by pedod

(5).
We a~so need to specify the preferences of industrial organisation for each type of CCT
to be so]d in a given market area (6). Combining the information resulting from 4/5/6/7
a distribution of sales of CCT by market area by period can be made for EU manufac-
turers (8). Yet, selling CCT plants to Asian customers does not ensure automatically a
flow of money to the EU. It depends on the industria! organisation and on the degree of
so-called secondary production effects. That means even if a plant is largely manufac-
tured in the target marker some components and services stil] have to be supplied by
European branches of the consortium building the p]ant.

For the retrofit market steps 3 and 5 are not relevant, given the definition of retrofit
projects in this study.
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3. Divide newly built power by I
utility and ipp contractors and
by small and large scale units

7. Calculate purchases by area ~
by period by CCT option by
type of contractor

,l
8. Calculate the distribution of
sales of step 7. over industrial
organisation types and
manufacturing location

4. Specify costs and efficiency
by CCT option by sales area,
normalize into ratings by CCT
by sales area by period

6. Speci~ preferences for types of
industrial organisation öy CCT
option by period öy sales area

CARNOT Economic impact assessment
oRemaining manufacturing in EU;

oTransfered revenues from overseas activities;
¯ Secondary production effect (suppling overseas

manufacturing)

TASK 6: Calculation of Employment effects
Figure 2 Flow diagram of stepwise assessment of the share of European manufacturing

in sales of newly built clean coal power units

This means that three kinds of benefits are distinguished:
1. the production value of sold power plants to be manufactured inside the EU,
2. transferred revenues from overseas manufacturing (joint venture, licensing etc.) of

EU based manufacturers,
3. the production value of supplied components manufactured inside EU but used in the

assembly in overseas activities (as referred to in point 2).
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In the next sections the stepwise assessment procedure will be shown as follows:
1. assessment of CCT market areas in terras of preferred/feasible/likely forto of indus-

trial organisation of a CCT product.
2. assessment of likelihood’s of industrial organisation alternattves by CCT option by

market area.
3. assessment of kW costs per CCT option in terms of:

current average (OECD) standard cost levels,
kW cost reduction possibilities by CCT option by marker area, e.g.
through more, local involvement and/or simplified designs.

4. market size by CCT and by market area for standard and altemative kW cost levels,
5. allowing shJf~s in marker ~hares of CCT options due to different reductions.
6. overall assessment by and share of EU.
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4. STEPWISE OPERATIONALISATION

4.1. Assessment of Markets and lndustrial Organisation
Options

Antedor to the explanation of the development of the market of new and retrofit eapacity
the next chapter will start with a clualitative assessment of the main export markets
based on feedback from the workshop. This feedback served to fill in initia! propensities
in subsequent tables.

For the prineiple market areas a screening has been carried out what organisational op-
tions are more likely to appear, given the commercial, legal, institutional, social, cultural
and technical circumstances in the distinct marker areas. Obviously this gives an aver-
age picture that cao be applied to provide a rough estimate of the incidence of organisa-
tional options for manufacturing, assuming that a sufficiently large number of projects
will be implemented.

The assessment makes use of the ~’ating of baçriers by marker area as obtained Cn the
survey study [1, 2, 16] as well as additional information on market potential (size) and
sales performance of EU manufacturers in the past few years. The assessment distin-
guishes for main components of a coal power plant, since the degree of technological
complexity varies over these main components. Simp]y stated one may assume that
highe~’ compIe×ity increases the chances for export from Europe {e.g. gas tu~bines),
while less complexity increases the chances for loeal production (e.g. sub-contracting).
The rating in this assessment stage is used for a next stage (see 5.3) in which for each
CCT option the Iikelihood of preferred industrial organisation is indicated. The various
shares of industrial organisation options by CCT denote different shares in revenue re-
tention by EU manufacturers. Table 2 gives an impression of the marker assessment us-
ing preliminary figures. Here the rating is shown for a utility. The same procedure is
applied to IPPs, though resulting in slightly different ratings. Finally, retrofit (mainly for
utilities) is regarded as a third category.

Since tb, e available informatioo is often patchy anti contradictory a special workshop bas
been organised in JuIy 1997 for which a selection of representatives of CCT manufac-
turers was invited. The operationalised approach and initial inputs and results have heen
shown and discussed in order to adapt inputs to a common understanding of the present
market forces. Table 3 shows the changes in Table 2 due to the feedback from the work-
shop.
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Tab~e 3 Ratings atter feedback ~rom Workshop
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4.2. Expected New Capacity and Share of IPP

In [4] an estimation of the marker for coa] power by export area has heen made in the
period up to 2010 (see also 3.2), This bas been used as the basís for calculating the
marker potential for CCT technologies in the period ~ 995-2010 by marker area. Based
on these figures, which cover the entire period, estimates have been made for the con-
secutive periods 1995-2000, 200"[-2005 and 2006-2010. This is shown in Figure 3.
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Summary overview of expected newly built capacity by market area
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I~1 Rest of Asia

[3 Asian NICs
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Figure 3 Expected sales newly built capacity in IPP High Scenario
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These estimates by 5 year period take into account the expected GDP growth rates of
the different export areas, a differentiation between Iarge scale and small scale power
given a total estimated need for new power, the possible influence of IPP and reforms
in the energy and financial markets. The applied GDP growth rates are based on pub-
lications such as from IEA [17] and Financial Times-Energy [18].

The scenario distinguishes between a high and a low share of IPP in newly built power.
Retrofit is assumed to be predominantly a utility activity. The development of IPP
market shares in new power will vary over export areas. These variations inter alia de-
pend on the indications of changing barriers, as discussed in the reports of Task 3 and
Task 4, the feedback from the Workshop partners and other literature [3]. The possi-
ble emergence of IPPs in target markets cannot be predicted with high certainty.
Therefore, a slow and a fast penetration trajectory for selected market areas has been
formulated. The initial penetration is differentiated over countries and also the differ-
ence in pace between slow and fast penetration differs across countries (Figure 4). In
some countries energy markets have been reformed already a great deal, conse-
quently, there will be less difference between slow and fast penetration of IPPs.

The role of IPPs is important for the followin9 reasons:
¯ its potential to enlarge the capital base available for power investments,
¯ the higher sensitlvity to cost differentials between CCT options,
¯ the possibility it offers to gas companies to enter new markets and create a sales

base by establishing gas fired power stations.

For both the high and the Iow IPP scenarios, a further distinction is made between cost
reducing strategies either involving a CCT support programme (CARNOT), or depend-
ing on industrial strategies onIy (i.e. a higher tendency to shift production to target
markets). An overview of applied penetration rates for IPP is displayed in Figure 4.
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Penetration of IPP in Low and High scenario in three periods
1995-2010 by area

01995 Low

~1995 High

&2000 Low

X2000 High

~2005 Low

~2005 High

Figure 4 Penetration of lPPs in two scenarios
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In summary the following four scenarios have been applied in the sales calculations:
I. IPP low with CARNOT (cost reduction through smart R&D),
2. IPP low without CARNOT (cost reduction through production relocation),
3. IPP high with CARNOT (cost reduction through smart R&D),
4. IPP high without CARI’IOT (cost reduction through production relocation).

The propensities to relocate and the favoured organisational options have been
adapted to the feedback from the workshop, and the information produced in Task 3
and 4. Furthermore, the high and low IPP scenarios imply different power generation
marker conditions. This will be a]so reflected in the application of the limited versus
the extended choice criterion (limited = capital costs only; extended = capital costs +
fuel costs).

In summary the following steps have been applied for fine tuning the scenario:
1. the total amount of newly installed power an economy can afford: for India and Rest

of Asia (except NICs) a low share of IPP is assumed to cause also a reduction of
actually newly built capacity; China is assumed to move sufficiently quick towards
market openness.

2. the share of IPP in new power has to be raised even up to or beyond 50% in lndia
and Rest of Asia in order to prevent a growing lack of power; this coincides with a
generally more open power marker hence utilities will use decision criteria more
similar to that of IPPs; in most of Europe, however, liberalisation will hot necessarily
imply very elevated levels of IPP participation (though lack of liberalisation or
would-be forms will definitely reduce the chances for IPP);

3. if power markets are hot much liberalised in lndia and Rest of Asia this will be just a
part of a generally slow policy on opening domestic markets; consequently, west-
ern companies will also remain more reluctant to choose certain organisational op-
tions and basically may be forced - at the expense of risking lower sales - to retain
a larger share of production in the EU despitê the higher costs (without CARNOT)
or even the more so (with CARNOT).

A full overview of all input data is provided in Annex B.

4.3. Likely Industrial Organisations by CCT Option

Based on the market - industrial organisation assessment and knowing by and large the
technology input requirements by CCT option, a likelihood rating of industrial organisa-
tion options by marker area can be made. Please note, a further distinction is made by
sort of client of a power project, being a utility or an IPP. Table 4a and 4b show the rat-
ings for one type of CCT for both the default situation (Table 4a; with CARN07) and a
situation where manufacturing shifts quicker to target markets in order to remain eom-
petitive (Table 4b; without CARN07). In a market situation without a CCT support pro-
gramme the EU based manufacturers will tend to shift more production towards the t~r-
get markets as a way to cut costs. This is shown in Table 4a and 4b. The ratings are
based on feedback we received during and after the workshop.
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Table 4a Share of the sales for an AFBC by type of industrial organisation
(with CARNOT)

Probability of project type default
AFBC China lndia     Asian R. of Asia CEE÷Tur.     EU

NICs
export EU 15% 15% 5% 20% 0% 100%
new subs. 0% 0%
take over 5% 5% 20% 5% 40% 0%
joint venture 10% 10% 25% 15% 30% 0%
sub-contr. 40% 40% 15% 30% 10% 0%
license 30% 30% 30% 25% 15% 0%

Table 4b ShareofthesalesforanAFBCbytypeofindustrialorganisation
(without CARNOT)

Probability of project type                     falling EU shares
AFBC             China     lndia     Asian R.of Asia CEE+Tur.     EU

NICs
export EU 8% 8% 5% 15% 0% 100%
new subs. 5% 5% 5% 0% 5% 0%
take over 10% 10% 20% 5% 40% 0%
joint venture 17% 17% 25% 10% 25% 0%
sub-contr. 30% 30% 15% 40% 10% 0%
|icense 30% 30% 30% 30% 20% 0%

4.4. Costs per kW by CCT Option and lmplications for CCT
Market Shares

lmproving financial facilities is typically a measure that can be implemented fairly
quickly, but can also be copied fairly quickly by competitors. On the other hand decreas-
ing the cost per kW will tender substantial and lasting competition advantages. This
recipe is also emphasised as a major point of attention in [5]. That report indicates that
an enhanced global penetration of CCT options requires a shift in research and devel-
opment odentation from maximising environmental performance towards minimised
costs per kW without significant deterioration of the environmental performance.

Observing costs per kW as decisive factor in the medium term this stage of the assess-
ment identifies the costs per kW per CCT alternative per market area. In this case for
some countries, notably lndia and the Rest of Asia, the difference between swift and slow
penetration of IPPs (IPP High and IPP Low) is regarded tobe symbolic for the degree of
marker openness In generaL Therefore, the situation IPP High is using the standard cost
levels derived from [2] for aH target areas. When the penetration of IPPs is slow (IPP Low)
cost levels will go down a bit slower in lndia and Rest of Asia. TabIe 5a depicts the IPP
Low case, while Table 5b shows the IPP High case. For future years reduction of cost
levels is based on reviews of different specialists in this field. For the situations with
CARNOT and without CARNOT cost levels are assumed to be the same since the mar-
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ket is typified as a buyers market. Another small difference is that in IPP High the costs
for IGCC are slightly lower (1180 USD/kW instead of 1200 USD/kW) for NICs and EU
countries. The figures are based on a literature survey and desk research as well as
feedback from the Workshop.

Table 6 displays the development of fuel efficiency by CCT option. The figures applied
constitute a fair average expectation based on various publications (see Annex B)

Table 5a Cost development per kW per CCT option in China and India (IPP Low)
kW costs China USD per kW           kW costs lndia USD per kW

95-2000 01-05 05-10 10-20 95-2000 01-05 05-10 10-20
PF+FGC 1150 1086 1086 1120 1150 1086 1086 1120
SCPF+FGC 1200 1081 1056 1070 1200 1092 1056 1070
APBC 1120 1062 1042 1050 1120 1073 1042 1050
PFBC 1200 1116 1064 1050 1200 1133 1070 1050
IGCC 1540 1280 1140 1120 1540 1300 1146 1120

Table 5b Cost development per kW per CCT option in China and lndia (IPP High)
kW costs China USD per kW           kW costs lndia USD per kW

95-2000 01-05 05-10 10-20 95-2000 01-05 05-10 10-20
PF+FGC 1150 1086 1086 1120 1150 1086 1086 1120
SCPF+FGC 1200 1081 1056 I070 1200 1081 1056 I070
AFBC 1120 1062 1042 1050 1120 1062 1042 1050
PFBC 1200 1116 1064 1050 1200 1116 1064 1050
IGCC 1540 1280 1140 1120 1540 1280 1140 1120

Table 6 Fuel efficiencies by CCToption- all countries

fuel efficiency - all countries
efficiency of álternatives

1995-2000 2001-2005 2005-2010 2010-2020

PF+FGC 0.39 0.39 0.39 0.39
SCPF+FGC 0.45 0.47 0.48 0.49

AFBC 0.40 0.41 0.41 0.41
PFBC 0.44 0.45 0.46 0.47

IGCC 0.45 0.48 0.51 0.53

Altogether five CCT options are distinguished. Pulverised coal fitted with flue gas
desulphurisation (FGD) is regarded as the reference technology.
PF+FGD
SCPF+FGD
AFBC
PFBC
IGCC

pulverised coal + flue gas desulphurisation
Super critical pulverised coal + P’GD
Atmospheric fluidised bed combustion
Pressurised fluidised bed combustion
lntegrated coal gasification combined cycle
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For retrofit the following technologies are distinguished (please note the definition of
retrofit as applied in this report -see section 2.1 ):
FGD Flue gas desulphurisation
S(N)CR Selective (non)catalytic reduction
Combustion
modifieations
Particulates/Ash
Pre treatment

Mainly Low NOx burners
Cyclones, Filters such as electrostatJc precipitators (ESP)
washing, blending and grinding of coal er ether solid fuels

4.5. Overall Position of EU Manufacturers by CCT Option
and by Market Area

The analysis in the previous stages is merged in the last stage te show expected sales in
a standard and in alternative scenarios. Next te a breakdown by marker areas and CCT
options, distinctions are made between industrial organisation options and marker
shares of Iocal producers, EU based manufacturers and ether (non-EU) competitors.

For each scenario the impact en EU sales can be analysed. This can provide indications
for :
¯ the robustness of certain developments,
¯ the minimum reduction of costs per kW needed te enhance penetration of ene or

several CCT options,
¯ a ranking by size of the minimum reductions by CCT option,
¯ sensitivity of potential clients (markets) te adaptations in the industrial organisation,
¯ sensitivity of potential clients (markets) te cost reduction by CCT option.

Table 7 shows normalised relative cost indicators based en the figures displayed in
Tables 5 anti 6. These indicators are necessary te perform calculations in the next
step, which is shown in Table 8, CCT choice probabilities. In Table 8 is shown what
the probability is te choose ene of the large scale CCT options (SCPF and IGCC) in
comparison with the default (PF÷FGC). For small size capacity (AFBC and PFBC)
AFBC is taken as the reference choice. So, please note that AFBC is supposed te
compete only with PFBC en the marker for capacities under 1. 00 MW (in practice the
borderline is somewhere between 100 and 150 MW). Though PFBC might become
capable te compete te some extent also in the medium size plant market, we decided
te make this clear distinction, since further refinement would possibly blur the mes-
sage from the results, whi]e still being net essentially different.

Table 8 shows the situation where the choice criterion ’¢apital cost÷fuel cost’ is ap-
plied (i.e. for IPPs in all situations and for both IPPs and utilities in IPP High after
2000). Altematives may have higher or Iower probabilities te be chosen depending en
the rating of their initial investment cost or weighed rating of investment cost + fuel
efficiency by country.
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Table 7a CostindicatorsnormalisedbasedkWcosts
kW costs only China kW costs only lndia

95-2000 01-05 05-1,0 10-20 95-2000 01-05 05-1,0 10-20
PF+FGC 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
SCPF+FGC 0.71 1.04 1,.25 1.44 0.7l 0.96 1.25 1.44
AFBC 1.24 1.20 1.39 1, .68 1.24 1.1 ] 1.39 1.68
PFBC 0.71 0.8I 1.18 1,68 0.71 0.72 1.13 1.68
IGCC 0.10 0.27 0.68 1.00 0.10 0.24 0.65 1.00

Table 7b Cost indicators norrnalised based kW costs and fuel efficiency
kW + fuel costs China                  kW + fuel costs India

95-200001,-05 05-10 10-20 95-2000 01-05 05-10 1,0-20
1.00 1.00 1.00 1, .00 1.00 1.00 1.00 1.00
1, .04 1, .51 1.81 2.09 1.04 1, .42 1.81, 2.09
1.20 1.24 1.42 1.63 1,.20 1.17 1.42 1.63
0.99 1.14 1.58 2.14 0.99 1.04 1.53 2.1,4
0.24 0.57 1.27 1.83 0.24 0.52 1.23 1.83

PF+FGC
SCPF+FGC
AFBC
PFBC
IGCC

Table 8 Probability of choosing a CCToption by market area by period on the basis of
capital cost + fuel cost

China lndia
95-2000 01,-05 05-1,0 10-20 95-2000 01-05 05-10 1,0-20

PF+FGC 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
SCPF÷FGC 0.60 1..00 1.00 1.00 0.60 1.00 1.00 1.00
AFBC 0.92 0.95 1..00 1.00 0.92 0.87 1.00 1, .00
PFBC 0.47 0,83 1, .00 1.00 0.47 0,61 1.00 1,00
IGCC 0.00 0.02 0.97 1.00 0.00 0.01, 0,95 1’ .00

Considerations suchas plantavailability, the need to gel aequainted with new tech-
nology, etc. are hot explicitlyincluded as arguments in the applied formula, but the
specification al|ows ’toom’ for other considerations, hence probabilities do hot jump
direct]y from 0% to 100% and vice versa. The way the formula works out is shown iu
Figure 5. The horizontal axis depicts the quotient of the costs of the der]uit CCT
(PF+FGC) and one alternative (SCPF+FGC or 1GCC) and for AFBC versus PFBC. The
quotient is smaller than 1, íf the costs of the default are lower than the alternative.
Consequently, the likelihood to select the a|ternative over the default gets lower than
50%. For example, when using the line depicting the results of formu]a ’Logit 1’, it
shows that if the default CCT is 2.5% cheaper (0.975 on x-axis) the likelihood to
choose the a]ternative CCT bas decreased towards 26%. Conversely, if the alternative
CCT is 2.5% cheaper (1.025 on the x-axis) the like]ihood to select the alternative has
risen to 80% accordin9 to line ’logit 1’. Figure 1 depicts three similar |ines. Each line
represents different levels of supposed responsiveness. The Logit 1 line bas been used
in the calculations for utilities and Logit 3 (the steeper curve) has been used for IPPs,
since IPPs are assumed to be more responsive to cost differentials.
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Probabil]ty to select CCT altemative
other than PF+FGD depending relative costs

0,900 0,925 0,950 0,975 1,000 1,025 1,050 1,075 1,100

<- RelatJve costs (C[default]/C[alternative]) ->

Figure 5 Sensitivity of CCT choice to relative costs
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5. RESULTS

This chapter will first highlight the main results in terms of sales of newly huilt capac-
ity and retrofit by EU manufacturers. Subsequently the calculated economic impact of
a CCT support programme will be discussed. Please note that in this study only the
differential impact of a CCT suppor~ programme on EU based sales and its direct im-
pact on levels of CCT production va~ue are discussed. The overall impact on the
economies of EU countries both in terms of value added an in terms of employment
creation are discussed in the repor~ about Task 6 (FZ-Jü~ich). The assessment of envi-
ronmental benefits of a CCT support programme are discussed in chapters 7 and 8
which are in Part 2 of this report.

5.1. Sales for New Capacity

In the Low IPP scenario the market for new coal power amounts to 289 billion ECU,
while in the High IPP scenario the marker could achieve a size of 307 billion ECU from
1995 to 2010. As set out in chapter 3 and mentioned earlier in the report of Task 4
these figures do not comprise the Americas and Africa. EU based coa! power manu-
facturers are involved in 41% to 43% of the sales, depending on the scenario. The sce~
nario variants including a CCT support programme (with CARNOT~ have both a
slightIy higher share than the variants without a CCT support programme. Tab~e 9
below gives an overview. The column ’EU prod’ refers to the part of sales that has to
be manufactured in the EU. The column ’EU trf’ denotes production overseas in which
the EU is involved through subcontracting, licensing, joint ventures and subsidiaries.
In other words these figures represent the part of the sales that creates manufacturing
abroad. Please note that these figures are substantially larger in the cases without a
CCT support programme. Yet, even in the case of production abroad some parts have
to be supplied by EU based companies. This aspect is termed ’secondary production
effect’. Furthermore, a part of the net revenues of production overseas may be trans-
ferred back to the EU. These two elements, secondary production effect and revenue
transfer are shown in the last column of Table 9. Since the overseas production is
~arger in the ’without’ scenarios the secondary production effect and the transferred
revenues will be larger as well. However, this compensates only a fract~on of the loss
of production value due to a larger share of overseas production.

Tab|e 9 Summary of sales results by scenario
New Capacity Sales in million ECU
Scenarios: Global sales EU prod EU trf. EU rev.trf.
Low lieP without 288,682 52,238 67,472 6,811
CARNOT
Low IPP witb CARNOT 288,682 60,321 62,841 6,260
High IPP without 307,616 58,348 70,166 7,247
CARNOT
High IPP with CARNOT 307,572 66,938 65,235 6,661
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Figure 6 shows the effeets of comprehensive production (EU prod) and secondary
production+transfer revenues (EU trf.rev.) combined for the entire period (1995-
2010) taken together. On annual basis the activity base for manufacturers inside the
EU amounts to an average of 3.7 bill~on ECU up to 4.5 billion ECU.

75.000
70.000
65000
60.000
55.000
50000
45.000
40,000

CCT production inside EU 1995-20t0

[] EU rev.trf.

[] EU prod

IPP Low wit hout IPP Low with liep High wi[hout IPP High with

Figure 6 Manufacturing activities in EU based on global sales

Table 10 Annual production value of CCT manufacturing inside EU and secondary
production effect in EU and transferred revenues to EU due to overseas
activities

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

CCT manu~cturing inside EU EU supplles ove~eas/trans~rred revenues
in min. ECU 92 in min ECU 92

years IPP Low [PP Low IPP High IPP High iPP Low IPP Low IPP High IPP High
without C. with C. wi~out C. with C. without C. with C. without C. wiw C.

2010 2010 2846 2846 277 277 265 265
2010 2010 2846 2846 277 277 265 265
2010 2010 2846 2846 277 277 265 265
2010 2010 2846 2846 277 277 265 265
2010 2010 2846 2846 277 277 265 265
2010 2010 2846 2846 277 277 265 265
3632 4727 3529 4671 504 431 561 486
3632 4727 3529 4671 504 431 561 486
3632 4727 3529 4671 504 431 561 486
3632 4727 3529 4671 504 431 561 486
3632 4727 3529 4671 504 431 561 486
4403 4925 4726 5302 526 488 570 528
4403 4925 4726 5302 526 488 570 528
4403 4925 4726 5302 526 488 570 528
4403 4925 4726 5302 526 488 570 528
4403 4925 4726 5302 526 488 570 528

Sinee the market increases over time the figures are in fact much lower in initial years
than later on in the first decade of the next century. The caleulated annual flow is de-
picted in Table 10. Please note that these annualised figures depict a smoothed aver-
age, whi]e actual power sales will show ups and downs.
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So, these annualised figures are meant to give an impression of the average volume of
activities in EU CCT manufacturing companies. As it is assumed that CCT support
measures will hot come into effect before 1999, the differential impact between a
situation with and without a support programme wil] start to bufld up from 2001 on-
wards. The knife-edge evaluation behaviour of IPPs implies that in the period 2001-
2005 a high IPP penetration results in a slightly lower impact of a suppor~ programme
compared to the 1PP Low situation. However, this is compensated in the last period
(2006-2010) when advanced CCT technologies have experienced further cost reduc-
tions. Last but hot least, it is good to realise that the money flows as depicted in Table
10 form the basis of the calculations made in Task 6.

5.2. Retrofit Sales

The retrofit market is much in smaller terras of sales volume. It is estimated to be ap-
proximately 10% of the new capacity marker. The retrofit market is strongly depend-
ent on policies, regulations and enforcement practices. Though more wealth will facili-
tate the implementation of retrofit projects, there are many local factors involved.
Therefore, we decided that a distinction between IPP Low and IPP High was not useful.
Just one scenario has been applied with and without CARNOT. Given the age struc-
ture of the globaI coal power capacity the retrofit market is finite, at least for the kind
of projects considered here. Consequently, the production va~ue for retrofit manufac-
turing drops to a mere 5% of its earlier level after 2005. Therefore, given the start of a
CCT support programme hot earlier than 1999, the impact of such a programme on
the retrofit market is confined to 7 years. It is imaginable, however, that after 2010 an
entirely new kind of retrofit wfll develop for the coa] power built between 1995 and
2005. By that time the marker conditions and the technology options will have
changed so much that a completely new support programme wfll be needed. This no-
tion appiies to the marker for new capacity as well. Table 11 summarises the results.
The column headings have the same meanings as in Table 10.

Table 11 Summary of retrofit sales results
Retrofit Sales in min. ECU
Scenarios Globa! sales EU prod EU trf. EU rev.trf.
without CARNOT          26,704 16,581 4,444 480
with CARNOT 27,750 18,113 4,167 449

5.3. The Impact of a CCT Support Programme

The idea behind a CCT support programme tested here, was the reinforcement of the
competitiveness of EU based manufacturing, notably through enhancing the capability
of producing good value for money clean coal technology. As explained in chapters 3
and 4 as wel] as in the reports on Task 3 and 4 both the financial and marketing bar-
riers should be lowered and cost-effectiveness oriented R&D and demonstration
should be supported. This should facilitate a longer continuation of large scale CCT
manufacturing in the EU. Tab]e 12 focuses on this effect based on the differential sales
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discussed on the previous sections. The first column ’D(EU prod)’ represents the dif-
ferential effect on manufacturing inside the EU. The second column ’D(EU tri.)’ de-
notes the differential impact on production overseas as far as EU based companies are
involved. The third column ’D(EU rev.trf.)’ displays the differential impact on secon-
dary production and transferred revenues. Final]y the last column gives the overall
balance, i.e. the CARNOT effect, attdbutable toa support programme over the entire
period 1995-2010. As regards newly built capacity the CCT manufacturing inside the
EU would increase by 8 biI]ion to 8.6 billion ECU depending on the scenario. For ret-
rofit the impact is rated at 1.5 biIlion ECU. However, since overseas production re-
duces the revenues and secondary production effect reduces as well. This causes a
deduction from the original impact of 550 to 590 million ECU for new capacity and 32
million for retrofit. All in al] the CARNOT effect accrues to 7.5 - 8 billion ECU for new
capacity and 1.5 billion for retrofit.

Table 12 Summary of differential impact of a CCT support progzamme
New capacity D (EU prod) D (EU trf) D (EU rev.trf) CARNOT effect
IPP Low 8,083 -4,632 -551 7,532
IPP High 8,589 -4,931 -586 8,004
Retrofit D (EU prod) D (EU trf) D (EU rev.trf) CARNOT
1 scenario 1,532 -276 -32 1,500

Since a CARNOT programme willcome into effect hot before 1999, the principal
benefits are concentrated between2000 and 2005. This is shown in Figure 7. After
2005 the benefits with respect to new]y built coal power wil] gradually decrease, from
just over 1 billion ECU annual]y down to a sti]l significant 0.5 bil~ion ECU annua]]y. By
approaching 2010 the decrease wfll continue. This can be attributed to the inevitab]e
shift in manufacturing capacity towards the rapidly industria]ising countries in Asia
and to a lesser extent to Central and Eastern Europe as well. Please note that some of
the latter countries will enter the European Union during the pedod 2000-2010.

Overview of Programme Impacts on Annual Basis

14~

1000

400

20O

0
o
o
o

Figure 7 Net impact per year of a CCT support programme

[] New High
[] New Low
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The benefits from a support programme for CCT in retrofit projects are obviously
smaller than for newly built capacity and are even much more concentrated in the
early years of such a suppor~ programme. The extra production value for CCT manu-
facturing inside the European Union amounts to almost 300 million ECU annually
between 2000 and 2005, while it is only a mere 6 million after 2005. The reason for
this concentration in time is related to the age structure of the global coal power ca-
pacity as is explained in section 8.2.

It is imaginable, however, that after 2010 an entirely new kind of retrofit will develop
for the coal power capacity built between 1995 and 2005. By that time the market
conditions and the technology options will have changed so much that a completely
new support programme will be needed. This notion applies to the marker for new ca-
pacity as well.

The differences between the impacts of a CARNOT programme on the ]PP Low and
]PP High scenarios are not so large. In absolute terms the IPP High scenario generates
a larger impact from a CARNOT programme (0.5 billion ECU more for the entire pe-
riod). In relative terms the boost from a CARNOT programme is somewhat larger in
the IPP Low scenario. IPPs will evaluate new CCT options somewhat different (with
more emphasis on comprehensive costs) than utilities wfll do. Therefore, a CCT sup-
port programme should include a portfolio of instruments that can be tailored to cru-
cial criteda in actual markets.

In the simulations for this study the market shares of EU based CCT manufacturers do
not slide down under 40%. In case locaI manufacturers would develop even much
stronger than assumed in this study, still significant benefits from a CCT support pro-
gramme would remain, though with some shift from production effects inside the EU
towards revenue transfers back to the EU. So, even in case of a market share that
would drop to 20% of tota] sales in target markets, the benefits would accrue to 2.5 to
5 billion ECU.

The dynamics of market shares by target area are the result of a multitude of influ-
ences, i.e. the share of IPP, the attainable cost level in every country through overseas
production, the attainable cost levels of CCTs in EU, notably the degree of conver-
gence in cost levels between less and more advanced CCT options. Table 13 provides
an overview of the differences between the scenarios. For the EU ’home’ market a
default rate of 100% is used. Please note that the figures in Table 13 refer to gross
market shares, that is including overseas production. In other words it shows the part
of the global sales in which the EU manufacturing is involved. Table 14 provides an
overview of the development of total EU related sales and the part actually produced
in the EU.
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Table 13 MarketsharesofEU basedsales (in¢lude. overseas production)
1995-2000 2001-2005 2006-2010

(~l~ina IPP Low without C. 39 38 39
IPP Low with C. 39 42 40
IPP High without C. 42 38 39
IPP High with C. 42 41 40

India IPP Low without C. 39 41 39
IPP Low with C, 39 42 40
IPP High without C. 42 38 39
IPP High with C. 42 41 40

Asian IPP Low without C, 30 30 30
NICs IPP Low with C. 30 30 30

IPP High without C. 29 30 30
]PP High with C. 29 30 30

Rest of IPP Low without C. 39 41 39
Asia IPP Low with C, 39 42 40

IPP High without C. 42 38 39
IPP High with C. 42 41 40

(~EE IPP Low without C. 26 25 28
CIS IPP Low with C. 26 25 28

IPP High without C. 26 25 28
IPP High with C. 26 25 28

Table 14 Shares of EU, EU-but-overseas and non-EU manufacturing
IPP ]ow IPP low IPP high IPP high
without with CARNOT without with CARNOT
CARNOT CARNOT

Other 59.5% 59.5% 56.9% 56.9%
EU prod 15.8% 15.8% 21.7% 21.7%
ELI overseas 24.7% 24,7% 21.4% 21.4%
Other 58.0% 55.7% 58.9% 56.5%
EU prod 17.9% 23.3% 16.3% 21.5%
EU overseas 24.0% 21,0% 24.9% 21.9%
Other 58.3% 57.4% 58.5% 57.6%
ECI prod 19.8% 22.1% 19.6% 22.0%
EU overseas 21.9% 20.5% 21.9% 20.4%
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5.4. Market Deve]opments by Technology

As regards newly built capacity five CCT options are considered, being:
conventìonal pulverised coa] with flue gas desulphurisation and low NO, burners
(PF),
(ultra) supercritical pulverised coal with flue gas desu]phurisation and ]ow NOx
burners ((U)SCPF),

¯ atmospheric fluidised bed combustion (AFBC),
¯ pressurísed fluidised bed combustion (PFBC),
¯ iategrated coa! gasification combined cyc]e (IGCC).

We assumed that AFBC and PFBC were predominantly used in small to medium scale
plants (up to 100 MW), whereas the other options are assumed to be used for large
scale faci]ities. Yet, in the future PFBC may be used for somewhat larger scales as
well, while in some export markets simplified IGCC plants are under construction of
less than 100 MW.

Given the impending convergence of eosts per kW of PF and SCPF, the latter technol-
ogy seems to be the preferred one up to 2005. PF is decreasing and IGCC is just ap-
pearing (supposedly as commercial demonstration only). After 2005 IGCC is ex-
pected to play a more important role, being at lea~t equal to that of (U)SCPF. As re-
gards the sma]l and medium sized plants AFBC will dominate before 2000. After that,
PFBC will gradua]ly beeome more important and wfll even have a somewhat ]arger
share in newly built capacity after 2005. If PFBC would succeed to penetrate the large
scale marker as well, then notably IGCC might suffer loss of market share.

Figures 8, 9 an 10 provide an impression of the development of marker shares distin.
guished by technology option, by kind of purchaser (utility or IPP) and by production
location. The label extension ’production’ represents production inside the EU, while
the extensíon ’transfer’ refers to production predominantly realised overseas in the
target market, though with involvement of EU based companies.

The graphs demonstrate that the local content, i.e. what is made in target markets, is
larger when the tèchnology is more conventional. Furthermore, over time the share of
Iocal content of - nowadays - more advanced clean eoal technologies increases. The
other scenarios show similar developments that only differ in absolute size and speed
of the changes, lndeed, since the figures on|y represent prospeetive caicu|ations
stead of observations the graphs should primari]y be interpreted as depicting a proc-
ess and providing an impression of the order of magnitude of markets.
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Scenario 1.1 IPP Iow - with CARNOT,
sales in million US$ by CCT option, period 2006-2010
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ENVIRONMENTAL CHARACTERISATION OF
CCT OPTIONS

F’or five clean coal technology (CCT) options estimates of investment cost, SO2, NOx,
and N20 emissions, and generating efficiencies of fout clean coal technologies have
been collected and evaluated. The five CCT options considered are:

conventional pulverised coal fitted with flue gas desu|phurisation anti low NO× bum-
ers and (optional) scrubbing installations (PF).

¯ (ultra) supercritical pulverised coal fitted with flue gas desulph~Jrisation and Iow
burners and (optional) scrubbing installations ((U)SCPF).

¯ atmospheric (circulating) fluidised bed combustion (CFBC).
¯ pressurised fluidised bed combustion (PFBC).
¯ integrated coal gasification - combined cycle (IGCC).

A convent}onal pulvedsed coal fired power plant with supercritical steam conditions, anti
a net generating efficiency of 42.5%, is used as referenee. This coal fired power plant is
equipped with flue gas desulphurisation anti low-blO× technology, just as in case of the
coal fired power plant with Ultra supercritieal Steam Conditions (USC). Therefore, the
emissions of SO2, NO× and bI20 in g/GJ are the same as for advanced pulverised coal
(~SC).

F’or the period 2000-2010 moderate cost reductions (USD 50/kWe) are assumed for all
of the clean coal technologies, except for CFBC. The reason is that CFBC i~ regarded as
a mature technology with little prospect for further efficiency improvement and cost re-
duction after 2000. The reference coal fired power plant eould also become marginally
cheaper in the timeframe considered (2000-2010), for instance because of cost reduc-
tions in flue gas desulphurisation.

CFBC and PFBC could have the game investment cost (USD 1.100/kWe) in 2010. Be-
cause of the superior environmental performance (emissions, generating efficiency) of
PFBC compared to CFBC, PFBC would probably have a competitive edge over CFBC at
that time. Pulverised coal fired power (based on USC) is assumed to be slightly more
expensive (USD 1.150/kWe), although it is somewhat more efficient than PFBC. IGCC
could be favoured for its higher efficiency compared to L[SC based pulverised coal fi~ed
power, despite its higher investment cost (USD 1.270/kWe in 2010). The reference coal
fired power technology with a constant net efficiency of 42.5% is assumed to remain
slightly less expensive (in USD/kWe) than advanced pulverised power based on USC.

Fígure 1 ] presents the SO~, NOx, and N20 emissions of the clean coal technologies. SO2
and NOx emissions do hot show large differences, although IGCC seems tobe superior in
this respect. Emissions of N20 are relevant, as N20 is a harmful greenhouse gas. N~O
emissions are much larger for CFBC and PFBC than for the two other clean coal tech-
nologies.
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Figure 11 S02, NOx, and N20 emissions (g/G J) for clean coal technologies
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Figure 12 C02 equivalent emission (g/kWh) for clean coal technologies in year 2000

CO2 equivalent emissions are presented in Figure 12. The figures refer to the CO2 emis-
sion from coal, and from the use of limestone or dolomite for desulphurisation. For IGCC
a]temative desulphurisation processes are used, which do not cause direct CO2 emis-
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Resu~ts

sions. Besides, N20 expressed as CO2 equivalent is taken into account in Figure 12. It
should be noted that N~O is 310 times more powerful as a greenhouse gas than COz,
taking a time horizon of 100 years.

Today, USC based pulverised coal fired and IGCC are the only technologies with lower
greenhouse gas emissions than conventional pulverised coal fired power. CO2 equiva-
lent emissions of CFBC and PFBC are higher than for conventional pulvedsed coal fired
power, because of a lower generating efficiency (CFBC) and/or higher N20 emissions
(CFBC and PFBC).
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7o RESULTING ENVIRONMENTAL BENEFITS
FROM CCT OPTIONS

7.1. lntroduction

Environmental benefits from clean coal technologies arise primarily from reduction in
two types of emissions:
¯ SO~ and NO× emissions, which are acidifying emissions,
¯ Greenhouse gases, mainly COz, but also N~O (as "CO2 equivalent’).

In the sections 8.2 and 8.3 the focus is on these two types of emissions. In section 8.4
results from scenarios with a low or a high share of IPPs are presented.

7.2. SO~ and NO× Emissions

Clean coal technologies are characterised by spe¢ific SO2 and NO× emissions (in g per
GJ of coal). Some options have potential for large reductions of SO~ and NO× emissions,
e.g. IGCC. Pulverised coa! fired power (conventional or advanced) is assumed to be
equipped with flue gas desulphurisation (FGD), but not with selective catalytic reduction
(SCR). SCR has the potential to reduce NO× emissions by approximately 80%. However,
other NOx reduction options in the energy e¢onomy could be more cost effective.
Therefore, SCR is not considered mandatory for new pulverised ¢oal fired power. For
that reason lxIO× emissions from pulverised coal fired power are hot particularly low,
compared to e.g. PFBC and IGCC.

In most of the regions considered - China, lndia, and other Asian countries - reduction of
SO~ and NO× emissions has not such a priority to ensure IGCC and PFBC to be favoured
solely because of their low SO2 anti NOx emissions. However, in heavily polluted and/or
densely populated areas in China, lndia, and Eastem Europe, reduction of these emis-
sions could become so important, that IGCC and PFBC become favoured options
deed. In a number of Asian countries numerous people each year become victim of
heavy air pollution: recent evidence shows that in lndiaas much as 50.000 people each
year die from air pollution, caused by emissions from traffic, industry, and power gen-
eration.

7.3. Greenhouse Gas Emissions

The main greenhouse gas is CO~. It has been shown that emissions of N~0 are far from
negligible for CFBC and PFBC, considering that the global warming potential of NxO is
310 times that of CO~ (time horizon 100 years) [41]. With the inclusion of N~O as a
greenhouse gas, the most efficient clean coal technologies - advanced pulverised coal
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and IGCC J are getting a competitive edge over CFBC, PFBC and conventional pulver-
ised coal. Considering the development potential of advanced pu~verised coal and IGCC,
these options could become favoured indeed, if global warming becomes more domi-
nant as a selection criterion. Yet, in the quantitative evaluation procedure used for the
results in chapter 6 these considerations have not been ineluded, in order to prevent us
from producing overly optimistic market prospects for the advanced CCT options.

7.4. Emission Scenarios for CCTs

A nomber of scenarios have been developed which show different developments of clean
coal technologies in the world regions considered. The main differences between scenar-
los are related to the proportion of utilities and IPPs and the production settlement
strategies of EU-based CCT manufacturers in the timeframes considered. In order to
have a clear unfiltered picture of the sales differences, it followed from the initiaI as-
sumptions that for a given marker situation the industrial strategies would more or less
attempt to compensate for a possible absence of a CCT support programme. Conse-
quently, for a given market situation approximately the same power generation mix
would be installed regardless of the existence of a CCT support programme. This has
heen done since the prime aim of the study was to show the economic rationale of a
CCT support programme. The consequences of this choice are that the variants with
CARNOT anti without CARNOT do hot show much difference in emission levels. There-
fore, only the scenarios with CARNOT are considered here. In Annex C the results of the
scenarios with CARNOT are presented, in terms of MWs and percentages of clean coal
technologies for the main world regions and for each of the time periods considered
(Tables C.]-C.3), and as emissions of SO2, NOx, anti CO2 (Tables C.4-C.6).

Considering that the economic impact oriented scenario construction has severely di-
luted the probable impacts of the promotion of CCT technologies, a second way of at-
tributing the improvement of environmental performance has been applied. In this ap-
proach it has been assumed that in the absence of a CARI"IOT programme and given the
capital limitations in a power marker with low IPP participation, Asian countries wilI con-
tinue to build just conventional coa! power (PF + FGD) and AFBC. This means no SCPF,
PFBC and IGCC will be installed in Asian countries in this variant. In that case a signifi-
cant difference between a with CARNOTand a without CARNOTsituation can be dem-
onstrated. An overview is shown in Table 15.
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Table 15 EmissionconsequencesofabsencaorpresenceofCCTsupportprogramme
CARNOT Effect Version 1               SO~                 No×              CO2-eq.

[t/yl [t/y] [min t/y]
Low |PP 2001-2005 2,848 6,868 5

2006-2010 3,832 9,257 7
High IPP 2001-2005 2,667 6,424 5

2006-2010 5,008 11,492 7
NL 1996 136,000 489,000 229
EU 1990 14,252,000 ] 3,606,000 3,286

CARNOT effect/NL emission 3. 7% 2.4% 3.2%
CARblOT effec~c/EU emission 0.0% O. 1% 0.2%

CARNOT Effect Version 2 SO2 Nox CO2-eq.
[t/y] [t/y] [min t/y]

Low IPP 1995-2000 7,296 14,943 8
2001-2005 38,619 80,284 41
2006-2010 146,438 290,380 90

CARNOT effect/NL emission 10Z7% 59.4% 39.4%
CARNOT effect/EU emission 1.0% 2.1% 2. 7%

The impacts shown in version 1 depict the very strict interpretation tied to economic im-
pact oriented scenario formulation. In order to make the differential emissions more easy
to interpret the emisston levels of the Netherlands and the 15 EU countries together have
been added. In fact the message from this is that even in a typical buyers market in
which a given power mú¢ may be expected tobe purchased, a CCT support programme
including cost effectiveness R&D would still mean a slight beneficial impact for the envi-
ronment. Yet, the second version of the êvaluation illustrates the risk of not staging a
CCT support programme. In the case of a Low IPP scenario (implying leas money avail-
able) the continued reliance on conventional technology turns out to become environ-
mentally very unfortunate in the course of the next decade. Even compared to the total
EU emission levels, significant reductions are at stake.

It should be noted that the marker for each clean coal technology is defined as the MWs
to be delivered by Europe based industries, including the share of local manufacturing
industries in the region concemed.

From the Tables D.~[ -D.3 in Annex D the following conclusions can be presented :
1. The major market for clean coal technology is "Asia exclusive of NICs’, which in-

cludes China, India, and a large part of the rest of Asia. The marker shares of clean
coaI technologies within China, lndia, and the rest of Asia (exclusive of Asian NICs) is
more or less comparable. For each of the periods considered, this part of the world
represents over 80% of the total. Asian NICs, Eastern Europe and Turkey, and the ELf
are relatively minor markets compared to "Asia exclusive of NiCs’.

2. In the first period considered (1995-2000) the share of more or less advanced tech-
nologies (advanced pulverised coal, PFBC, IGCC) is rather limited in case of the "low
IPP’ scenario. However, advanced pulverised power could capture a large share of the
market in case of the "high 1PP’ scenario.
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3.At:ter 2000 the differences between "low IPP’ and "high IPP’ become less pronounce~t.
in the period 2001. -2005 advanced puiverised power becomes the dominant option in
all of the regions, and irrespective of the share of IPPs in power generation. The other
advanced technologies, PFBC and IGCC, show an increasing market share in the pe-
riod 200 ~ -2005. The share of AFBC marketed by EU industry declines marginally.

4. In the period 2006~2010 the main options of choice are advanced pulverised coal and
IGCC, with conventional pulverised coal as the third substantial option. The remaining
8% of the market is equally divided between AFBC and PF’BC. In this timeframe the
differences between "low IPP’ and "high IPP’ are marginal.

These results have consequences for SO~, INOx, and Cd2 emissions, as shown in the
Tables D.4-D.ô in Annex D.
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8. CONCLUSIONS AND RECOMMENDATIOblS

This report focused on the market dynamies underlying the sales prospects of clean
coal technology as well as the possible consequences of emission levels for given
compositions for newly installed coal based power. However as this report constitutes
one element in a larger series of tasks aiming at the provision and testing of a sound
rationale l:or a clean coal technology support programme, the conclusions and rec-
ommendations presented here have been formulated with an eye to the entire study
context.

The postulated hypothesis of a drift of clean coal technology (CCT) manufacturing
activities from EU countries to new key markets, such as China, lndia and Central and
Eastern Europe, bas been confirmed by the Forum members as well as by actual ob-
servations in the market. Yet, the speed with which CCT manufacturing activities will
build up elsewhere in stead of in the EU can be significantly influenced by proper sup-
port ~nstruments. This report bas demonstrated that CCT options tobe sold in Asia
and Central and Eastern Europe should be excellent in terms of cost-effectiveness
rather than environmental performance proper. In other words the emerging target
markets will show an increasing demand for clean coal technologies, but the cleanli-
ness should be affordable. This will have implications for research, development and
demonstration programmes for CCTs.

Provided that an RD&D programme focusing on cost-efi:ective CCTs is implemented,
while also the financing and marketing barriers are reduced, a significant net eco-
nomic benefit cou|d accrue to the EU and EU based CCT manufacturers. The accumu-
lated impact of an effective CCT support programme has been estimated at the order
of magnitude of 8 billion to 9.5 billion ECU for the entire period 1995-2010, including
both newly built power and retrofit projects. These figures do hot include possible
sales to non-European OECD countries, Africa and Latin America.

Taking into account that the absence of CCT support programmes might ]ead to a
mueh slower introduction of advanced CCT options in the target markets, notably
Asia, moderate but stifi significant emissions reductions can be expected.

The influence of IPPs or in more general terras the influence of liberalisation of energy
markets on technology choice is not purely detrimental to the penetration of CCTs. As
regards fuel choice, notably in the case of small scale power plants there is a strong
competition from naturel gas. Yet, given the limited possibilities to enlarge energy im-
ports due to balance of payments restrictions, countries with important indigenous
coa] reserves will continue to use coal in substantial quantities, especially in (large
sca|e) power plants. Given a continued presence of coal for power generation lPPs
may be expected to get more interested in advanced CCTs as soort as these tech-
nologies become more competitive, notably through lower costs per kW. lndeed once
CCT is sedously considered as an option, lPPs might even show a swifter switch to-
wards CCTs than more traditional power companies. Cleady, what remains a problem
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is how to get the CCTs as soort as possible within the margin of competitiveness and
how to finance this transitional pre-commercial perlod.

One important element in this precommercial perlod is the implementation of com-
mercial scale demonstration projects of cost-effective CCTs in the target markets.
This will speed up the learning curve in manufacturing and operation anti facilitate the
attaining of cost-effectiveness goals. This point bas also been emphasised in Tasks 3
and 4.

Originally the tightening of environmental standards bas been advocated as a possible
way to enhance the market conditions for CCTs. However, it has been explained in the
Forum that such an approach should be utilised with utmost care. A too ambitious
tightening of standards could raise costs so much that eventually less CCT is bought
or a dual approach of partly advanced CCT and partly non clean coal technology is
followed.

The fol~owing list below summarises the principal conclusions and recommendations.

Conclusions and Recommendations
¯ R&D aiming at affordable CCTis crucial.
¯ in as far as IPPs don’t avoid coal, higher shares of IPP are neutral or positive, cer-

tainly in the medium to long run.
¯ stagnant re/deregulation of power markets leads to slower shift towards advanced

CCT, since less efficient power markets wi|l require more capital per project or is
less able to mobilise sufficient capital.

¯ demonstration projects will be an important vehicle to move advanced CCT into
marker, it is especiaIly necessary to accelerate up~rake of advanced CCT by risk
averse IPPs.

¯ utmost care should raken with regard to the encouragement of tightening environ-
mental standards, any tightening of standards preferably follows the speed of cost
reduction of CCT.

¯ a CCT charter fostering some openness, Jl elements and license protection seems
worthwhi~e.

Remaining Aspects
Though the word ’coai’ is used throughout the report, in fact other solid fuels are rele-
vant as welk The share of other solid fuels is small compared to the total volume of the
marker for new power capacity. However, in some countries and in the power market
up to 100 MW other solid fuels can constitute important shares. The waste-to-energy
marker is currently building up inside the EU. Similarly, the ongoing massive urbani-
sation in many Asian countries will cause a transfer from landfill practices to better
utilisation of urban waste, e.g. in waste-to-energy projects. In some rural areas, on is-
lands, etc. adapted clean coal technology wilI enable clean anti efficíent ways to use
local biomass. Please, note that these rapidly growing economies often have ba]ance
of payments deficits. Therefore, |ocai fuels such as waste and biomass, just as indige-
nous coal, can attenuate these deficits.
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The lo9isties of coal is always compli¢ated and relatively expensive, unless mine-
mouth power stations are used. In the fast 9rowin9 Asian economies usin9 indi9enous
coa|, notab|y China and India, |og}sties iB real|y becomin9 a bottleneck. To date most
of the coal is transported by train. Given the rapid growth of industrial output there is
increasing competition for rail and train capacity. In this situation the already large
and still growing coal shipments are a heavy burden on the railway system and high
opportunity costs due to crowding out of shipments with higher value added. The
provement of coal logistics, e.g. by constructing slurry pipelines coal logistics would
enjoy lower unit costs, higher reliability and less environmental impacts. Another
proach would be to reduce the losses of long range power transmission substantially
and thereby making minemouth power generation more cost effective.
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ANNEX A. PROJECT STRUCTURE1

The project was wide ranging in its scope with many different areas of activity to be
considered. As a result, the project was divided into individual tasks divided amongst
the members of the consortium. The eight inter-related project tasks can be summa-
rised in terms of specific objectives as outlined below:

Task 1: European Clean Coal Technology Forum

The objective of this task was to develop a point of contact with clean coal technology
developers, manufacturers, users, exporters, and financiers by establishing a Euro-
pean clean coal forum. This forum provided an essential method for obtaining feed-
back from industry for input to the project. (Co-ordinated by ETSU)

Task 2: Success Factors in Clean Coal Programmes
The task objective was to review and analyse past and present coal programmes in
order to recommend the best structures and procedures for stimulating the
COMMERC1ALISATION of the leading European technologies. The work focused
mainly on European Union and Member State coal programmes, along with those in
the USA and Japan. ( Carried out by CIEMA T)

Task 3: lnvestment, Regulatory and lnstitutional Barriers
The objectives of this task were to identify all major non-technical barriers to the take-
up of EU CCTs, to identify activities to reduce these barriers. A focus on finance
mechanisms and their application in EU and world-wide markets. (Carried out by
ETSU)

Task 4: Export Markets and Options for Penetration
This study determined a priority list of target markets outside of the EU and quantified
the export potential, identified market opportunities and to provided recommendations
to enhance market penetration. ( Carried out by Hügli Pollock Read/Novem)

Task 5: Economics and Emissions
Assessment and quantification of the economic anti environmental benefits for EU
countries of the new Programme was undertaken in this task. The estimation of bene-
fits was constructed from quantitative indicators, based heavily on a range of underly-
ing data and qualified assumptions. (Carried out by ECN/Novem)

Task ô: Socio-economic and Environmental Benefit Analysis
An analysis of the socio-economic and environmental benefits of increased invest-
ment in clean coal technologies due to the Programme activities was completed within
the objectives of this task. By reviewing existing studies, creating and applying
’simple’ computer-aided input-output models a number of scenarios were examined
and the expected benefits were calculated. ( Can’ied out by FZ-Jülich)

Task 7: Communications Strategy
The development of an appropriate communication strategy to demonstrate that clean
coal technologies are cost-effective anti environmentally acceptable. The identifica-

~ This text is raken from the European Integrated Clean Coal Programme - lrnplementation Plan, ETSU,
February 1998.
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tion of decision-makers or persons capable of influencing decisions on energy tech-
nology investments formed an integral part of the task, along with an analysis of ef~
fective communication media. ( Carried out by CIEMA T).

Task 8: lmplementation Plan
This task intagrates the recommendations of tha above tasks into a comprehensive
implementation plan which will facilitate tha initiation tha Programma. In addition tha
recommendations from individual tasks ware axamined taking account of EU energy
policy issues. ( Carriad out by ETSU)
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ANNEX B.    DATA FOR SALES ASSESSMENT

B.1 Expected GW per target market and IPP shares

Expected new 1995-2000 2001-2005 2006-2010
capacity (GW)
IPP Low IPP    Utility IPP    Utility IPP Utility
China 7.7 43.9 15.2 53.8 23.8 44.1
India 2.2 10.2 5.1 13.9 10.4 14.4
Asian NICs 0.3 6.6 1.2 6.6 3.2 5.~,
Rest of Asia 0.9 5.2 2.6 6.1 4.7 6.5
CEE/CIS/Turkey 0.5 2.6 1.4 4.8 4.3 5.~
EU 0.6 3.4 1.8 6.5 4.0 4.5
Total by period 12.3 7"/.9 27.3 9"/.7 50.4 80.~

IPP Iow %IPP of new capacity

Andersen Con 1995 2000 2005
China 15% 22% 35%
India 18% 27% 42%
~sian NIC 5% 15% 38%
Rest of Asia 15% 30% 42%
,~EE/CIS/Turkey 15% 22% 45%
EU countries 15% 22% 45%
N&S America 35% 70% 85%
Africa 18% 23% 28%

Expected new 1995-2000 2001-2005 2006-2010
capacity (GW)
IPP High IPP Utility IPP Utility iPP Utility
China 10.3 41.3 22,1 46.~ 31.9 36.0
India 2.8 11.1 12.6 12.5 19,5 13.0
Asian NIC~ 0.7 6.2 2.3 5.4 3.4 5.1
Rest of Asia 1.0 5.7 5,1 6.3 8.1 6.6
CEE/CISfrurkey 0.5 2.5 2.2 4.0 4,8 4.8
EU 0.8 3.2 2.9 5,4 4.8 4.0;
Total by period 47.2 80,5 72.5 69.4

IPP high %IPP of new capacity

Andersen Con
China
India
Asian NIC
Rest of Asia
CEE+Turkey
EU countries
N&S America
&frica

1995 »> 2000>» 2005»>
20% 32% 47%
20% 50% 60%
10% 30% 40%
15% 45% 55%
17% 35% 50%
20% 35% 55%
35% 70% 85%
18% 35% 45%
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IPP High
China
India
Asian NIC
Rest of Asia
CEE/ClS/Turkey
EU countries
Tot~l Small Scale

Small scale power (<100 MW) in GW
1995 »>

4.6
1.2
0.7
0.6
0.4
0.7
8.3

2000 >»
5.8
1.9
0.8
0.9
0.7
1.4

11.5

2005 »>
5.2
2.3
1.1
1.4
1.0
0.9

11.8

Total
15.6

5.4
2.6
2.9
2.1
2.9

31.5

Sm~ll scale power (<100 MW) in GW
IPP Low 1995 »> 2000 »> 2005 ~» Total
~hina 4.8 6.1 5.6 16.5
Ind}a 1.1 1.6 2.0 4.7
~,sian NIC 0.7 0.9 1.1 2,7

Rest of Asia 0.6 0.7 1.1 2,4
~EE/ClS/Turkey 0.4 0.8 1.0 2.2
EU countries 0.7 1.5 0.9 3.1
Total Sma/I Scale 8.3 11.7 11.7 31.6
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B.2 Probability by type of industrial organisation

Probability of project type default

AFBC China India AsianNICs R.ofAsia CEE+Tur. EU
export EU 15% 15% 5% 20% 0% 100%
new subs. 0% 0% 5% 5% 5% 0%
take over 5% 5% 20% 5% 40% 0%
joint venture 10% 10% 25% 15% 30% 0%
sub-contr 40% 40% 15% 30% 10% 0%
license 30% 30% 30% 25% 15% 0%

100% 100% 100% 100% 100% 100%

PFBC China India Asian NICs R.ofAsia CEE+Tur, EU
export EU 50% 50% 20% 40% 15% 100%
new subs. 0% 0% 0% 0% 0% 0%
take over 5% 5% 10% 0% 15% 0%
3int venture 15% 15% 15% 20% 40% 0%

sub-contr 25% 25% 40% 30% 20% 0%
license 5% 5% 15% 10% 10% 0%

100% "100% 100% 100% 100% 100%

fGCC China India Asian NICs R.ofAsia CEE+Tur. EU
~=xport EU 50% 50% 20% 40% 15% 100%
3ew subs. 0% 0% 0% 0% 0% 0%
take over 5% 5% 10% 0% 15% 0%
oint venture 15% 15% 15% 20% 40% 0%
sub-contr 25% 25% 40% 30% 20% 0%
license 5% 5% 15% 10% 10% 0%

100% 100% 100% 100% 100% 100%

PF+FGD China India Asian NICs R.ofAsia CEE+Tur. EU
export EU 5% 5% 0% 5% 5% 100%
new subs. 0% 0% 5% 0% 0% 0%
take over 10% 10% 10% 10% 25% 0%
oint venture 40% 40% 25% 40% 40% 0%
sub-contr 25% 25% 40% 25% 20% 0%
license 20% 20% 20% 20% 10% 0%

100% 100% 100% 100% 100% 100%

SCPF+FGD China India Asian NICs R.ofAsia CEE+Tur. EU
export EU 50% 50% 5% 50% 5% 100%
new subs. 0% 0% 0% 0% 0% 0%
take over 5% 5% 10% 5% 20% 0%
3int venture 10% 10% 40% 10% 40% 0%

sub-contr 20% 20% 25% 20% 25% 0%
license 15% 15% 20% 15% 10% 0%

100% 100% 100% 100% 100% 100%
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Probability of project type felling EU shares

AFBC China India Asian NICs R.ofAsia CEE+Tur. EU
export EU 8% 8% 5% 15% 0% 100%
new subs. 5% 5% 5% 0% 5% 0%
~ake over 10% 10% 20% 5% 40% 0%
0int venture 17% 17% 25% 10% 25% 0%

sub-contr 30% 30% 15% 40% 10% 0%
license 30% 30% 30% 30% 20% 0%

100% 100% 100% 100% 100% 100%

PFBC China India Asian NICs R.ofAsia CEE+Tur. EU
~xl:x~rt EU 35% 35% 20% 30% 10% 100%
new subs. 0% 0% 0% 0% 5% 0%
:ake over 5% 5% 10% 5% 25% 0%
oint venture 25% 25% 15% 25% 30% 0%
~ub-contr 25% 25% 40% 25% 15% 0%
license 10% 10% 15% 15% 15% 0%

100% 100% 100% 100% 100% 100%

IGCC China India Asian NICs R.ofAsia CEE+Tur. EU
expo~ EU 35% 35% 20% 30% 15% 100%
new subs. 0% 0% 0% 0% 0% 0%
take over 5% 5% 10% 5% 15% 0%
oint venture 25% 25% 15% 25% 40% 0%
sub-contr 25% 25% 40% 25% 15% 0%
license 10% 10% 15% 15% 15% 0%

100% 100% 100% 100% 100% 100%

PF+FGD China Ind~a Asian NlCs R.ofAsia CEE+Tur. EU
export EU 0% 0% 0% 0% 0% 100%
new eubs. 5% 5% 5% 5% 5% 0%
take over 10% 10% 10% 10% 25% 0%
oint venture 40% 40% 25% 40% 40% 0%

sub-contr 25% 25% 40% 25% 20% 0%
license 20% 20% 20% 20% 10% 0%

100% 100% 100% 100% 100% 100%

SCPF+FGD China India Asian NICs R.ofAsia CEE+Tur. EU
export EU 25% 25% 5% 30% 5% 100%
new subs. 5% 5% 5% 5% 0% 0%
take over 5% 5% 10% 5% 25% 0%
3int venture 20% 20% 20% 20% 40% 0%

sub-contr 20% 20% 30% 20% 20% 0%
license 25% 25% 30% 20% 10% 0%

100% 100% 100% 100% 100% 100%
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B.3 Cost and efficiency levels of CCT options

kW costs China in USD kW costs India in USD
CCT type 95-2000     01-05 05-10 95-2000 01-05 05-10
PF+FGC 1150 1086 108~ 1150 1086 1086
SCPF+FGC 1200 1081 1056 1200 1092 1056
AFBC 1120 1062 1042 1120 1073 1042
PFBC 1200 1116 1064 1200 1133 1070
IGCC * 1540 1280 1140 1540 1300 1146
average cost 1160    1086    1071 1160 1095 1079

kWcosts Asian NICs in USD kWcosts RestofAsia in USD
CCT type 95-2000     01-05 05-10 95-2000     01-05 05-10
PF+FGC 1150 1120 1120 1150 1086 108~
SCPF+FGC 1200 1120 1100 1200 1092 1056
AFBC 1120 1100 1080 1120 1073 1042
PFBC 1200 1150 112( 1200 1133 1076
IGCC * 1540 1320 1180 1540 1300 1146
average cost 1160 1123 1119 1160 1095 107£

kWcosts CEE+Turkey in USD kWcosts EU/OECD in USD
CCT type 95-2000     01-05      05-10 95-2000     01-05 05-10
PF+FGC 1150 1098 1098 1150 1120 112(
SCPF+FGC 1200 1086 1062 1200 1120 1100
~FBC 1120 1073 1048 1120 1100 1080
PFBC 1200 1121 1064 1200 1150 112(
IGCC * 1540 1287 1140 1540 1320 1180
average cost 1160 1095 1080 1160 1123 1119

fuel efficiency - all countries
efficiency of alternatives

CCT Type 1995-2000 2001-2005 2005-2010 2010-2020
PF+FGC 0.39 0.39 0.39 0.39
SCPF+FGC 0.45 0.47 0.48 0.49
AFBC 0.40 0.41 0,41 0.41
PFBC 0.44 0.45 0.46 0.47
IGCC 0.45 0.48 0.51 0.53
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B.4 Overview of Results by Scenario Variant

i.i
LScenario: ~ IPP Iow differentiated prices

without CARNOT
Criterion: ~cost only LDCs

I Capital ~
Lfuel efficiency

1995-2000
UTILITIES

PF+FGC
SCPF+FGC

AFBC
PFBC
IGCC

Total Sales
in min. USD

51,551
22,685

6,590
2,130

734
83,690

of which by EU: 1995-2000 Total Sales
prod. tff.rev.

2,666 15,495
7,474 3,765

868 1,592
899 218
283 95

12,210 21,166

IPPs
PF+FGC

SCPF+FGC
AFBC
PFBC
IGCC

in min. USD
6,123
7,639

455
251

5
14,473

ofwhich by EU:
pmd. tff.~v.

464 1,821
2,729 1,099

62 110
90 24
2 0

3,347 3,054

2001-2005
UTILITIES

[
PF+FGC

SCPF+FGC
AFBC
PFBC
IGCC

TotaISa~s
in min. USD

28,898
55,792
5,907
5,280
4,908

190,785

of which by EU: 2001-20051 To~lSales
prod. t~rev.

1,659 8,448
12,416 12,657

916 1,603
1,686 786
1,376 761

1~053 24,156

IPPsi
PF+FGC

SCPF+FGC
AFBC
PFBC
IGCC

in min. USD
9,254

18,463
866
757
454

29,793

ofwhich by EU:
prod. t~rev.

543 2,721
4,313 4,089

135 219
247 111
130 70

&369 ~211

2006-2010 Total Sales of which by EU: 2006-2011] Total Sales of which by EU:
UTILITIES in min. USD prod.      trf.rev. IPPs in min. USD prod.     trf.rev.

PF+FGC 16,832 898 4,913 PF+FGC 10,608 703 3,053
SCPF+FGC 32,713 6,676 7,749 SCPF+FGC 20,654 4,377 4,832

AFBC 4,485 427 1,181 AFBC 1,563 248 399
PFBC 4,748 1,201 774 PFBC 1,606 493 253
IGCC 29,330 7,712 4,801 IGCC 21,054 8,660 3,483

88,108 I&915    1&418 55,485 1t,481 ~~019
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1.2
Scenario: J IPP Iow ~differentiated prices

with CARNOT tCriterion: ~ dy LDC’s

~fuel efficiency

1995~000
~TILITIES

PF+FGC
SCPF+FGC

AFBC
PFBC
IGCC

Total Sales
in min. USD

51,551
22,685
6,590
2,130

734
83,690

of which by EU: 1995-2000 Total Sates
prod. trf.rev.

2,666 15,495
7,474 3,765

888 1,592
899 218
283 95

1~210 21,166

IPPs
PF+FGC

SCPF+FGC
AFBC
PFBC
IGCC

in min. USD
6,123
7,639

455
251

5
14,473

ofwhich by EU:
prod. tff.rev.
464 1,821

2,729 1,099
62 110
99 24
2 0

4347 4054

2001-2005
UTILITIES

PF+FGC
SCPF+FGC

AFBC
PFBC
~GGC

Total Sales
in min. USD

28,898
55,792
5,907
5,280
4,908

100,785

of which by EU: 2001-2005 Total Sales
prod. tff.rev.

2,192 8,430
16,738 10,016

1,034 1,434
1,919 631
1,610 595

23,494 21,106

IPPs
PF+FGC

SCPF+FGC
AFBC
PFBC
IGCC

in min. USD
9,254

18,463
866
757
454

29,793

of which by EU:
prod. trf.rev.
710 2,715

5,696 3,245
153 210
280 88
151 55

6,991 6,314

2006~010
UTILITIES

~IGCC~
PF+FGC

SCPF+FGC
AFBC
PFBC

TotalSales
in min. USD

16,832
32,713
4,485
4,748

29,330
88,108

of which by EU: 2006-20t~ Total Sales ofwhich by EU:
prod. tff.rev.
794 3,049

5,084 4,402
262 391
523 232

6,093 3,169
1~756 11,244

prod. tff.rev.
1,044 4,908
7,847 7,038

469 1,157
1,299 710
8,343 4,353

1~003 1~166

IPPs
PF+FGC

SCPF+FGC
AFBC
PFBC
IGCC

inmin. USD
10,608
20,654

1,563
1,606

21,054
55,485
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2.1
Idifferentiated prices

Iscenari°: I IPPhigh lwith°utCARNOT

Criterion: Capital cost only
Capita| cost and
fuel efficiency

1995-2000
UTILITIES

PF+FGC
SCPF+FGC

AFBI
PFB(
IGCl

Total Sales
in min. USD

33,867
39,438
5,164
3,414

455
82,337

of which by EU: 1995-200(~ Total Sales
prod. trf.rev.

2,270 9,999
13,174 6,034

818 1,243
1,247 347

155 46
17,665 17,669

IPPs
PF+FGC

SCPF+FGC
AFB(
PFB(
IGCC

in min. USD
8,017

10,002
596
329

6
18,950

ofwhich by EU:
prod. t~~.rev.
608 2,380

3,547 1,456
81 144

118 32
2 1

~356 4,013

2001-2005
UTILITIES

PF+FG(~
SCPF+FGC

AFBC
PFBC
IGCC

TotalSales
in min. USD

25,251
48,933
5,109
4,644
4,505

88,441

of which by EU: 2001-2008 Total Sales
prod. trf.rev.

1,272 7,408
9,927 11,637

759 1,315
1,423 726
1,211 728

14,583 21,814

IPPs
PF+FGC

SCPF+FGC
AFBC
PFBC
IGCC

in min. USD
15,976
31,800
1,452
1,339

864
51,431

of which by EU:
prod. trf.rev.

778 4,711
6,548 7,511

210 375
409 210
232 140

8,177 12,947

2009-2010
UTILITIES

~
PF+FGC

SCPF+FGC
AFBC
PFBC
IGCC

T~a~Sales
in min. USD

14,472
28,129
3,896
4,131

25,361
75,989

of which by EU: 2006-2010 Total Sates
prod. t~rev.
734 4,219

5,640 6,664
362 1,026

1,026 678
6,583 4,171

14,345 16758

IPPs
PF+FGC

SCPF+FGC
AFBC
PFBC
}GCC

in min. USD
15,183
29,552
2,202
2,258

30,412
79,607

~whichbyEU:
p~d. t~rev.

853 4,435
6,193 6,930

324 565
677 358

8,084 5,009
16130 1~298
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2.2
differentiated prices

IScenario: IIPP high    withCARNOT
Criterion:

~
ICapital cost and
[fuel efficiency

1995-2000 Total Sales of which by EU: 1995-2000 Total Sales of which by EU:
UTILITIES in min. USD prod.      trf.rev. IPPs in min. USD prod.     trf.rev.

PF+FG( 33,867 2,270 9,999 PF+FGC 8,017 608 2,380
SCPF+FGC 39,438 13,174 6,034 SCPF+FGC 10,002 3,547 1,456

AFB( 5,164 818 1,243 AFBC 596 81 144
PFB( 3,414 1,247 347 PFBC 329 118 32
IGCC 455 155 46 IGC( 6 2 1

82,337 1~665 1~669 18,950 4,356 ~013

2001-2005
UTILITIES

PF+FGC
SCPF+FGC

AFBC
PFBC
IGCC

Total Sales
in min. USD

25,251
48,933
5,109
4,644
4,505

88,441

ofwhich byEU: 2001-200! Total Sales
prod. tff.rev.

1,855 7,388
14,681 8,760

879 1,241
1,675 556
1,470 546

2~561 1~491

IPP.’
PF+FGC

SCPF+FGC
AFBC
PFBC
IGCC

in min. USD
15,976
31,800

1,452
1,339

864
51,431

ofwhich by EU:
prod. t~.rev.
920 4,706

7,730 6,798
225 367
437 190
251 127

&562 1~ 189

2006~010
UTILITIES

SCPF+FGC
AFBC
PFBC
IGCC

Total Sales
in min. USD

14,352
27,894
3,896
4,131

25,689
75,963

of which by EU: 2006-2010 Total Sales
prod. t~rev.
813 4,189

6,533 6,015
398 1,006

1,109 623
7,281 3,831

1~ 134 1~665

IPPs
PF+FGC

SCPF+FGC
AFBC
PFBC
IGCC

in min. USD
15,075
29,341
2,202
2,258

30,701
79,577

ofwhich by EU:
prod. t#.rev.

933 4,409
7,147 6,246

344 554
722 328

8,911 4,576
1~057 1~112
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ANNEX C BACKGROUND DATA EMISSIONS
ASSESSMENT

Circulating Fluidised Bed Combustion

CirculatJng Fluidised Bed Combustion (CFBC) is an efficient and environmentally benign
power generation option. A range of fossil fuels, such as coal, lignite, and oil residues
can be used, as well as wood-based fuels anti waste: peat, bark, wood dust, sawdust,
agricultural waste, sludge from paper mills and de-inking plants, municipal sludge,
waste paper, and RDF (Refuse Derived Fuel). The technology is proven, and the market
leader in this technology supplied over 100 CFBCs unti11996 !~. ~l

Process descriptlon
A CFBC unit uses a water-coolad combustion chamber and a refractory-lined hot cy-
cIone to recirculate hot bad material, mainIy iner~ ash. The bed matedal, fuel, and lime-
stone are suspended by air provided from the fan systems. Combustion takes place in a
hot, turbulent fluidised bed environment that contains a relatively low concentration of
combustibles. Almost 100% combustion is achieved by recirculating any solids remain-
ing until they are burned. A reaction between limestone and sulphur takes place in thê
combustor at a temperature of 870EC to control SO~ emissions (90% desulphurlsation).
Because of the low combustion temperature, NO~ emissions are at much lower levels
than achievable with conventional technologies. From the convection zone, flue gases
pass through a particulate collection system to the stack via induced draft fans

Technological challenges
CFBC is a mature techno{ogy. CFBCs for CHP (Combined Heat and Power) or for sole
power production are in operation or under constmction all over the wodd. Rated power
is modest (up to 250 MW~ I4l)and SOz anti NO~ emissions are relatively low. There are
few technological challenges ahead.

Options regarded
CFBC technology can be applíed to new power plants or to repowering, as has been
shown in the US, Germany, and Poland I~, ~1. Because the market for repowering is lim-
ited in time, only new CFBCs are regarded.

One of the disadvantages of CFBC, the low power rating, would clisappear if CFBC
would be scaled up to 400 MW~ [vl or 600 MW~ [~’ ~1. Thus, two options are regarded,
current CFBC technology and technology of year 2000, with unit sizes of 250 MW, and
400 MW~ respectively.

Characteristics
Two types of CFBCs - current technology (the CFBC plant near Gardanne, France) [4,91
anti technology of year 2000 - are preaented in Table C.2.1.
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Table C.2.1 CharacteristlcsofClrculatingFluidisedBedCombustion

Parameter Unit Current CFBC Future CFBC
technology technology (2000)

Steam pressure bar 163 163

Steam temperature EC 565 5ó5

Unit size MWe 2501 400

Net efficiency % 38.8 39

lnvestment cost USD/kW~2 1,1_ 50 1,100

SO2 emission~ g/GJ 70 70

NOx emission3 g/GJ 100 100

CO emission g/GJ 65 65

N~O emission4 g/GJ 20-60 20-60

Particulates emission5 g/GJ 50 50

! This is the rated po~ver of the CFBC plant near Gardanne (France) [4,9].
2 Based on 90% desu]phurisation for coal containing 0.9% sulphur.
~ Without Selective Catalytic Reduction (SCR).
4 Measured at CFBC plant at Rauma (Flnland) [3I.~ Electrostatic Precipitator (ESP); 50 g/GJ complies with Finnish regulations [ 1 ].

Source:[1-9].

lncremental sca~e-up could result in a modest reduction of lnvestment cost towards
2000. The projected investment eost in 2000 is substantially lower than the level
((JSD 1.300/kWe) whlch comes up fforn the E.TSU study on beha|f of DT| and |EA
and fat below the level (USD 1.420/kW~) in an IEA Coal Research study of earlier date
[111. This disparity seems tobe mainly due to a different view on potential cost reduction.

Residues from CFBCs - ash mixed with gypsum and unreacted do|omite - have a rela-
tively |ow value. Research in Canada indieates that such residues may readily be turned
into an analogue of lightweight concrete, or palletised into artificial gravel for use as ag-

gregate I121.

2The U~~ of 1992 is used as refe~ence (LIS$1 = ECU 0.775),
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Pressurised Fluidised Bad Combustion

]ntroduction
Pressurised Fluidised Bed Combustion (PFBC) is an efficient and clean option to gener-
ate power from a broad variety of coals, from hard coal to lignite, and with sulphur con-
tents up to 7%. Demonstration PFBCs have been built in the US (Tidd), Spain
(Escatran), Japan (Wakamatsu, Karita), and Sweden (Värtan) [131. Commercial PFBCs
are under construction in Germany I141 and Japan t~5]. So-called Pressurised Circulating
Fluidised Bed (PCFB) technology is tobe demonstrated in the US I1~1

Process description
Particulates of solid fuels mixed with hot bed matedal (mainly ash), resting on a perfo-
rated plate (fixed bed), can be suspended, tf the fluid (gas or liquid) flows at sufficiently
high velocity up through the plate: the solids are in the "fluid bed’ condition. In particular,
gas-solids systems behave in a bubbling, turbulent, fluid-like fashion, with a physical
appearance resembling a boIling liquid. Because of the very high rates of heat transfer
and the degree of mixing, coal combustion in fluíd beds takes place at mlatively Iow
temperatures (860EC instead of 1300EC in conventionaI boilers). S02 emissions are
reduced by direct addition of limestone or dolomite, whereas the low combustion tem-
peratures reduce NO× emissions. Slagging, fouIing, and corrosion are much less severe
than in conventional coal fired power plants.

This process takes place at pressures constderably higher than atmospheric conditions;
hence the term "Pressurised IFluidised Bed Combustion’. The high-pressure combustian
gases drive the gas turbine, increasing the efficiency of the plant (based on combine&
cycle operation).

Current PFBCs based on bubbling beds are considered as proven technology. Plants of
this kind are under construction at Cottbus in Germany (repowering, 80 MWe) and
Wakamatsu in Japan (360 MW~). Future PFBC techno~ogy could be based on a circulat-
ing bed system (PCFB, or Pressurised Circulating Fluidised Bad).

A more radical improvement could involve a front end pyrolysis or partial gasification
step, as outlined in !~7. ~~l. Such a technology o e.g. the "British Coal Topping Cycle’ -
would require some ten years for commerciaIisation. The PCFB project planned at
Lakeland (FIorida) incIudes a second stage with use of the gas from partially gasi-
fied/carbonised coal in a high-temperature gas turbine. The second stage bas a time
schedule beyond the year 2000 [16]. Because of the relatively Iong lead times involved
this option is disregarded.

Technologlcal challenges
Demonstration PFBC p|ants - e.9. the ones at E.scatran (Spatn), Tidd ((.IS), and Waka-
matsu (Japan) - can be cons[dered as first generation PFBCs. They experienced various
problems, such as ash blockage ín the cyclone ash-removal system, and their availabil-
ity was poot. Howaver, while these plants had numerous problems with early operation,
solving the problems and continuing with successful operation has lent experience and
confidence to PFBC commercialìsation [18]: for instance, maximum availability of the
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Tidd plant was 55% in 1994, before the plant was shut down, whereas current PFBC
plants can be expected to have availabilities of 80% or more.

One of the lessons learned from the demonstration plants is that a reliable hot gas
cIeanup (HGCU) plant is indispensable to commercial deployment of PFBC. HGCU is
necessary because cyclones are not capable of cieaning 100 percent of the ash from the
combustion gas before it enters the gas turbine. The presence of ash in the gas requires
ruggedised gas turbines, limiting the performance of the combined cycle. Furthermore,
ash that does make it past the cyclones requires electrostatic precipitators (ESP) at the
stack to meer particulate emissions. Capturing particulates early in the cycle eliminates
the need for secondary cyclones and stack gas ESPs, in addition to permitting a wider
selection of gas turbines [ 18].

The basic design for HGC~I is a ceramic barrier fl|ter system. A fi{ter pressure vessel
houses hundreds of ceramic filter elements, called candles, which collect ash on their
surface while allowing the gas to pass thmugh. Pedodic backpulses of compressed gas
from a single-pulse nozzle cleans the fly ash collected on the surfacê of the filter ele-
ments. Early tests with such HGCU systems at the Tidd (US) and Wakamatsu plants
(Japan), and at Ahistrom Pyropower in Finland revealed severa~ prob|ems with ash
"bridging’ between candles and ,~ith broken candles. Nowadays, HGCLI systems are
more reliable, although more experience is needed with different fuel types before HGCU
is ready for commercialisation [ 18].

Options regarded
First generation PFBCs are commercially available, as witnessed by orders from Ger-
many anä Japan. For the Gennan Cottbus plant PFBC was judged tobe the best option,
since it is a proven, yet innovative techno|ogy that permits maximum use of the loca|
brown coal both efficientiy and with low impact on the environment [14]. In Japan
(Karita plant) PFBC is welcomed because of the flexibility PFBC offers in the choice of
alternative coal resources in the world [15]. First generation PFBCs are characterised by
a relatively high generating efficiency of 42-44% (based on LHV, Lower Heating Value),
|ow SO2 and bIOx emissions, and re|ativeIy |ow capital cost.

Second generation PFBC with HGCU technology is on the brink of commercialisation.
Some specialised components (especially related to HGCU) have undergone long-term
testing. Not only the hot gas cleaning system of second generation PFBC is more ad-
vanced and efficient than presently applied cyclones, but also the generating efficiency
is slightly higher (up to 46%) than for PFBC technology of today. It has been noted that
advanced PFBC - P~essurised Circulating Fluidised Bed (PCFB) technology, based on
partial gasification, HGCU, and a high-temperature gasturbine - is disregarded, as it
cannot be commercialised before 2005.

Characteristics
The options considered - first and second generation PFBC - differ with respect to gas
cleaning system, the type of gas turbine applied, and hence the generating efficiency.
Their characteristics are presented in Table C.2.2.
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Tab|e C.2.2 Characteristics of Pressurised Fluidised Bed Combustion

Parameter                  Unit       Fírst generation      Second generation
PFBC (1997) PFBC (2000)

Steam pressure bar 246 246

Steam temperature EC 566/593 566/593

Unit size MW~ 360 400

Net efficiency % 44 46

Investment cost USD/kW, 1,200 1,150

SO2 emission1 g/GJ 35 35

NO× emission2 g/GJ 45 45

CO emission g/GJ 19 19

N20 emission3 g/GJ ] 5 ] 5

Particuiates emission g/GJ 7.54 25

~ Based on 95% desulphurisat[on for coal ¢ontaining 0.9% sulphur.
2 Without Selective Cata[ytic Reduct[on (SCR).
3 E~timate,
4 Based on cyclones.
~ Based on Hot Gas Cleanup (HGCU).

Source: [14-1

The emissions shown in Table C.2.2 are based on projections for the Cottbus power
plant, except for SO2 (based on 95% desulphurisation of reference hard coal) and N20.
In the next few years commercial dep}oyment of a reliable hot gas cleanup (HGCU) plant
is one of the key objectives. It is estimated that capital Çost could come down from USD
1.200/kW~ in 1997 to USD 1.150/kW~ in 2000. As for CP’BC the level of investment
costs is lower than the ETSU estimate (USD 1.300/kW~) in [~0]; this could be due to
different assumptions with respect to unit size. However, the investment cost level (USD
1.150/kW~ in 2000) fits well with that of an earlier IEA Coal Research study [11], viz.
USD 1.200/kWe for a PFBC plant of the same size.

Ash from a PFBC plant comes in three streams with the same compositlon: as granu[ar
bed material (20-50%), as fly ash from the cyclones (45-70%) and as filtercatch from the
final back-end filter (2%). Residues have a relatively low value, although utilisation as
syntheti¢ gravel is possible. The IEA urges research on recycling of PFBC waste pgl
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Pulverised coal fired power plant

lntroduction
A large proportion of European electricity demand is met by (conventional) coal fired
power plaats. Until a few years ago coal fired power plaats had generating efficiencies of
40%. Today Ultra supercritical Steam Conditions (USC) enable efficiencies of 45% and
more. The main characteristics of such advanced plants will be elucidated in brief.

Process description
Recently built coal fired power plaats are mostly based on supercritica| steam condi-
tions, for instance 250 bar/535EC/563EC I20i. The net generating efficiency of such
power plaats is about 42.5%

The best available technology for coal fired power is USC technology, with typical steam
parameters like 290 bar/580EC/580EC I~~, ~3]. Basic to this technology is the use of 9%
Cr steel for thick-walled sections and high-pressure turbine [23] 1241. The generating effi-
ciency of an advanced pulverised coal fired power plant, such as the one tobe commis-
sioned in Denmark in 19983, is 47%, based on coollng with sea water. For rivet cooling
an efficieney of 46% is achievable

Technological challenges
Going from supercritical to ultra supercritical steam conditions (generally from 250 bar
to approximately 300 bar), requires use of well defined steel types (9% Cr) for thick-
walled sections and high-pressure turbine. This is state-of-tbc-art today (at least in de-
ve[oped countries ).

Options regarded
Existing coa! fired power plaats have subcritical or supercritical steam conditions. How-
ever, ultra supercritical steam conditions can be applied today. Therefore, only USC
boilers are regarded, notably a USC power plant as built today (Denmark), anti a some-
what more advanced type (technology of year 2000).

Characterìstics
The aforementioned net generating efficiency of 46% (rivet cooling) is considered as
representatíve of current USC coal fired power plants. A slightly higher efficiency of 48%
(rivet cooling) is regarded as representative of the technology in year 2000 (this type of
power plant is on the drawing board today).

lnvestment cost depends on the location (existing power plant or greenfield), environ-
mental regulations and corresponding abatement technology for SOa and NOx, and rated
power, lnvestment costs of power plants based on supercritical steam conditions range
from USD 1.250/kWe [20] to as high as ~ISD 1.650/kW~ [21]. USC based power plants
could be competitive with supercritical coal fired power plants I26, zrl

~ Nordjyl]andsvaerket power plant under eonstruction at Aalborg, Denm~rk.
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It seems that USC based power plants (net efficiency 46%) could be built at a eost less
than USD 1.200/kWe I2~1. The investment cost figures of Table 1.3 include cost of flue
gas desulphurisation (FGD) and low-NO× technology (hot Selective Catalytic NO× Re-
duction, SCR).

Table C.2.3 Characteristics of pulverised coal fired power plant based on Ultra
supercritical Steam Conditions (USC)

Parameter Unit Technology 1997 Technology 2000

Steam pressure bar 290 290

Steam temperature EC 580/580 580/580

Unit size MWe 400 400

Net efficiency % 46.0 48.0

lnvestment cost USD/kWe 1,250 1,200

SO2 emis$ion~ g/GJ 55 55

NOx emission2 g/GJ 135 135

CO emission~ g/GJ 5 5

N~O emission~ g/GJ 0.5 0.5

Particulates emission4 g/GJ 2 2

~ Based on 92% desulphurisation for coal containing 0.9% sulphur.
2 Without Selective Catalytic Reduetion (SCR).
~ Representative figures reported in [29]
~ Based on 99.75% efficient Electrostatic Precipitator (ESP).

lnvestment cost figures of LISD 1.2~0-1.200/kWe (Table C.2.3) are of the same order of
magnitude as the level which comes up from the ETSU study [10] for supercritical pul-
verised coal fired power with flue gas desulphurisation and without SCR (approx. USD
1.275/kWe). However, they are far below the level predicted in an earlier IEA Coal Re-
search study [11] (approximately USD 1.600/kW~), presumably due toa eonservative
view on cost reduction for pulverised coal fired power in that study.
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lntegrated Coal Gasification Combined Cycle

lntroduction
lntegrated Coal Gasification Combined Cycle (IGCC) is an advanced power generation
option based on hard coal or lignite. Demonstration IGCCs have heen or are being built
in the US, the bletherlands (Buggenum), Spain (Puertollano), and Germany. Key pa-
rameters of such advanced plants will be elucidated in brief.

Pmcess description
The hear~ of the installation is the gasifie~* with syngas coo|er. The gasifying agent is
oxygen from the air separation unit. Fly ash is separated from the syngas, and recycled
to the gasifier. Pari of the nitrogen from the air separation plant is used to pressurise the
milled coal particles (in case of the plants at Buggenum and Puertollano). After separa-
tion of the fly ash, halogens and other dissolvable components are washed out. Atìer
that, the gas is lead through an HCN/COS-convertor and desulphurised, by separation of
H~S and subsequent conversion into sulphur. This enables a very high degree of desu|-
phurisation (98-99%). Also NH~ and HCN are separated. Clean syngas is diluted with ni-
trogen from the air separation unit and with steam, to reduce the NO× emission. The re-
maining NO× is thermally related, as chemical|y bound nitmgen (NH3 and HCN) bas
been separated before. Therefore, the NO× emission is relatively Iow. The diluted syngas
is bumed in a gas turbine as par~ of a combined cycle p0I.

Technological challenges
Several demonstration plants have heen or are being huilt today. In 1994 an IGCC was
commissioned at Buggenum, the Netherlands. The Demkolec plant bas a rated power of
253 MWe and a net efficiency of 43%. lnvestment cost was NLG 850 million (currency of
1989), which equals USD 2,000/kW, today (USD of 1992) [301. The 315 MWe Elcogas
pIant at PuertoIlano (Spain), eommissioned in 1996, bas a net efficiency of 45%. ln-
vestment cost of a "commercial’ IGCC of the Puertollano type could be USD 1.646/kWe
p~, 3=1. A demonstration 360 MWe lignite fired IGCC (KoBra) for the Goldenberg-Werk
(Germany) will be commissioned in 1997. Rheínbraun developed the gasification tech-
nology. Its net efficiency is projected at 45% {25]. Investment cost is USD 2,280/kW~. In
the CIS an IGCC demonstration project - the 262 MW~ Wabasb River (Indiana) plant -
was completed in 1996 P~I. lts net generating efficiency is 45%. Total installed capital
cost for the project is USD 1.600/kWe (investment cost is relatively low because it is a
repowering project).

Net generating efficiencies of demonstration IGCCs are broadly comparable (43-45%).
Table C.2.4 shows their SO~, 1"10~, and particulates emissions.
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Table C.2.4 S02, NO~, and particulates emisslon of demonstration IGCCs (g/G J)

Buggenum          Puertollano         Wabash Rivet

SO2 <251 < 102 < I 0

NOx 60 60 35

Par~iculates < 1 <3

~ Based on 98% desulphurisation for co~l containing 0.9% sulphur.
z Based on approxirnately 99% desulphurisalion.
Source: I30-34]

A number of technological improvements is needed, before IGCC can enter the stage of
commercialisation. One of them is hot gas cleanup. Conventional desulphurisation
equipment requires complex heat regeneration in order to minimise energy Iosses. High-
temperature desulphurisation increases the generating efficiency, meanwhile reducing
the size of the major pressurised components in the gasifier section (i.e. the syngas
cooler). Reduction in size and height of the gasification island can also be achieved by
an optimised coal milling and drying system and a modified slag lockhopper system [~41
Such advanced IGCC technology is assumed tobe commercially available around 2000.

Options regarded
Two options for IGCC are regarded. One is the type of IGCC plànt as has been bullt at
Puertollano (technology 1997). Altematively, technology of year 2000 could be applied
[3~!. Such an advanced IGCC would possibly incorporate a nove~ (high-temperature)

desulphurisation process.

Characteristics
Advanced IGCC technology enables a net efficiency of approximately 50%. lnvestment
cost of such IGCCs wil| be much lower than the investment cost leve| of demonstration
IGCCs. Cost reduction can be realised by application of advanced gas turbines with
higher effic~encies, economies of scale (commercial size is 400 l~We or more), etc.
vestment cost is assumed to come down from USD 1,650/kWe for a commercial
"Puertollano’ IGCC to USD 1,320/kW~ for IGCC technology of year 2000 (Table C.2.5).
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Table C.2.5 Characteristics of lntegrated coa/Gasificatiort Combined Cycle (IGCC)

Parameter Unit First generation Second generation
IGCC ( ~ 997) IGCC (2000)

Steam pressure bar ~ 25 170

Steam temperature EC 510 570

L{nit size MWe 315 454

Net efficiency % 45.0 50.5

lnvestment cost ECU/kWe 1.650 1.320

SO~ emission~ g/GJ 7 7

FlOx emission g/GJ 60 50

CO emission~ g/GJ 10 10

N20 emission~ g/GJ 2 2

Particulates emission g/GJ < 3 1

~ Based on 99% desulphudsation for ¢oal containing 0.9% su]phur.
2 Representat/ve figure (25 mg/m3) for a gas fired ¢ombined cyc]e plant 139].
~ Representative figure ( <5 mg/m3) for a gas fired combined cycle plant [~~l
Source: [30-39].

IGCC technology is rather expensive compared to conventional coal fired power, mainly
due to the high level of integration. Presumably, investment cost can be reduced by
some 20% compared to the level of ’Puertollano’, if advanced gas cleanup and the toost
advanced type of gas turbines are applied, lnvestment cost in 2000 - USD 1.320/kW~ -
is marginally Iower than the average of eight IGCC projects and design studies normal-
ised to 500 MW,, viz. LISD 1.400/kWe (USD 600/kWe of which is attributed to the com-
bined cycle, anti LISD 800/kW~ to the gasifier section) I371.

The level of USD 1.320/kWe for year 2000 is substantiaIly Iower than the estimate of
USD 1.700/kW~ by ETSU in [[0]. This can be due to differences in state-of-the-art as-
sumed for future IGCCs. This investment cost level (USD 1.320/kW~) is also fat below
the level predicted in an IEA Coal Research study [11], vJz. USD 1.745/kWe for a compa-
rable entrained flow gas~fier combined with a so-called Class III gas turbine. It should be
noted that investment cost of an air blown fluidised bed gasification 1GCC is estimated at
only USD 1.430/kW~ (unit síze 240 MW~) in the latter study.
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ANNEX D RESULT$ OF EMIS$1ON
A$SESSMENT

Table D.4.1 Clean ¢oal technologies with CARNOT, 1995-2000,; ¢apacities installed

Region Option IPP Iow IPP high

[MVV]     [%] [MW]     [%]
Asia exclusive of NICs PF+FGC 40,477 66.8 27,520 45.4

SCPF+FGC 14,649 24.2 27,446 45.3

AFBC 4,522 7.5 3,446 5.7

PFBC 935 1.5 1,998 3.3

IGCC 24 0.0 203 0.3

60,609 106 60,613 100

PF+FGC

SCPF+FGC
AFBC

PFBC

IGCC

.865 30.6
3,383 55.5

259 4.3

324 5.3

267 4.4

6,099 100

2,711 44.1
2,849 46.3

349 5.7

217 3.5

23 0.4

6,150 100

CEE + Turkey PF+FGC
SCPF+FGC

AFBC

PFBC
IGCC

1,706
684

308

61
1

2,760

61.8 1,129
24.8 1,243

11.2 228
2.2 132
0.0 9

100 2,741

41.2

45.3

8.3

4.8

0.3

100

EU PF+FGC

SCPF+FGC

AFBC
PFBC

[GCC

1,130

2,050

325
392

143

4,040

28.0 1,566
50.7 1,775

8.0 426

9.7 260

3.5 12

100 4,040

38.8

43.9

10.6

6.4

0.3

100

To{al PF+FGC

SCPF+FGC

AFBC

PFBC

IGCC

45,179
20,767

5,414

1,713

435

73,508

61.5 32,926
28.3 33,313

7.4 4,451

2.3 2,607

0.6 248

100 73,545

44.8
45.3

6.1

3.5

0.3

100
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Table D.4.2 Clean coal technologies wlth CARNOT, 2001-2005 capacities installed
Region Option IPP Iow IPP high

[MW]     [%] [MW] [%]

Asia exclusive of NICs PF+FGC 25,887 32.1 28,418 32.2
SCPF+FGC 44,874 55.7 49,950 56.5

AFBC 3,976 4.9 3,930 4.5

PFBC 3,159 3.9 3,247 3.7

IGCC 2,727 3.4 2,833 3.2

80,622 100 88,377 100

Asian N(Cs PF+FGC
SCPF+FGC

AFBC

PFBC

IGCC

2,078 30.3

3,765 54.9

394 5.7

362 5.3

264 3.8

6,864 100

2,099 30.6

3,826 55.7

368 5.4

338 4.9

234 3.4

6,865 100

CEE + Turkey PF+FGC
SCPF+FGC

AFBC

PFBC

IGCC

1,591
3,044

373

327

206

5,541

28.7 1,635
54.9 3,114

6.7 345

5.9 285

3.7 169

100 5,547

29.5
56.1

6.2
5.1
3.0

100

EU PF+FGC

SCPF+FGC

AFBC

PFBC

IGCC

2,240
4,356

783

706

282

8,368

26.8 2,279
52.1 4,454

9.4 726

8.4 655

3.4 254

100 8,368

27.2
53.2

8.7

7.8

3.0

109

Total PF+FGC

SCPF+FGC

AFBC

PFBC

/GCC

31,795
56,039

5,527

4,554

3,478
101,393

4.5

3.4

100

31.4 34,431
55.3 61,343

5.3 5,368

4,524

3,489

109,t56

31.5
56.2

4,9

4.1

3.2

100
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Table D.4.3 Clean coal technologies with CARNOT, 2006-2010 capacilies installed

Region Option IPP Iow IPP high

[°/o] [MW} [%]

Asia exclusive of NICs PF+FGC 18,081 20.8 19,924 20.7
SCPF+FGC 32,435 37.3 35,764 37.1

AFBC 3,667 4.2 3,734 3.9
PFBC 3,631 4.2 3,689 3.8
IGCC 29,256 3.4 33,229 34.5

87,070 100 96,340 100

Asian NIGs PF+FGC
SCPF+FGC

AFBC

PFBC

IGCC

1.517 20.5

2,830 36.2

471 6.4

484 6.5

2,103 28.4

7~405 100

1.427 19.4

2,661 36.1
468 6.4
480 6.5

2,326 31.6

7,362 100

CEE + Turkey PF+FGC
SCPF+FGC

AFBC

PFBC

IGCC

1.624

3,147
449

447

2,843
8,510

19.1 1.657
37.0 3,195

5.3 427

5.2 426

33.4 2,792

100 5,547

19.5
37.6

5.0

5.0
32.9

100

EU PF+FGC
SCPF+FGC

AFBC

PFBC

IGCC

1.768
3,527

438

444

2,621

8,795

20.1 1.653
40.1 3,299

5.0 438

5.0 441

29.8 2,941

100 8,745

18.9
37.7

5.6

5.0

33.3

100

Total PF+FGC
SCPF+FGC

AFBC

PFBC

IGCC

22,990
41.940

5,025
5,002

36,822

111.780

4.5

32.9

100

20.6 24,661
37.5 44,919

4.5 5,066
5,036

41.262

120,944

20.4
37.1
4.2
4.2

34.1
100
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Table D.4.4 Clean coal technologies wlth CARNOT, 1995-2000; emissions of $02,
NOx, and C02, based on capacities installed (Tal)le A. ] )

Region

Asia without NlCs PF+FGC
SCPF+FGC

AFBC

PFBC

IGCC

Option

SO~
103t

113
38

18

2

0

170

IPPIow
NO× CO2 802
103t 106t 103t

278 194 77
93 64 71

25 27 13

2 4 3

0 0 0

398 289 165

IPP high

NOx
103t 106t

189 132
174 121

19 20

4 10

0
387    284

Asian NlCs PF+FGC
SCPF+FGC

AFBC

PFBC

IGCC

5 13 9
9 21 15

1 1 1

1 1 2

0 1 1

16 37 28

8 19 13
7 18 13
1 2 2
0 0 1
0 0 0

17 39 29

CEE + Turkey PF+FGC
SCPF+FGC

AFBC

PFBC

IGCC

5
2

1

0

0

8

12 8
4 3
2 2
0 0
0 0

18 13

3 8 5
3 8 6
1 1 1
0 0 1
0 0 0
7 17 13

EU PF+FGC

SCPF+FGC

AFBC

PFBC

IGCC

3
5
1
1
0
8

8
13
2
1
0

24

5
9

2

2

1

19

4 11 8
5 11 8
2 2 2
0 1 1
0 0 0

11 25 19

Total PF+FGC
SCPF+FGC

AFBC

PFBC

IGCC

126
54
21

3
0

2O4

310
132

30

4

1

477

216
92
31
8
2

349

92 226 158
86 211 147
17 25 26
4 6 13
0 1 1

200 468 344
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Table D.4.5 Clean coal technologies with CARNOT, 2001-2005; emissions of SOe,
NOg, and CO» based on capacities installed (Table A.2)

Region Option IPP Iow IPP high

SO2 NOx CO2 SO2 NOx CO2
10~t 103t 106t 103t 103t 106t

Asia without NICs PF+FGC 72 178 130 79 195 142
SCPF+FGC 111 273 198 124 303 220

AFBC 15 22 23 15 22 22

PFBC 5 7 15 5 7 16

IGCC 1 6 13 1 6 13

205 485 378 224 533 413

Asian NlCs PF+FGC
SCPF+FGC

AFBC

PFBC

IGCC

6 14 10
9 23 17

2 2 2

1 1 2

0 1 1

17 41 32

6 14 11
9 23 17

1 2 2

1 1 2

0 1 0

17 41 32

CEE + Turkey PF+FGC
SCPF+FGC

AFBC

PFBC

IGCC

4 11 8
8 18 14
1 2 2
1 1 2
0 0 1

14 33 26

5 11 8
8 19 14

1 2 2

0 1 1

0 0

14 33 26

EU PF+FGC
SCPF+FGC

AFBC

PFBC

IGCC

6 15 11
11 26 19

3 4 5

1 1 3

0 1 1

21 48 40

6 16 11
11 27 20

3 4 4

1 1 3

0 1

21 49 40

Total PF+FGC
SCPF+FGC

AFBC

PFBC

IGCC

89 218 159
139 340 248

21 31 32

7 10 22

1 7 16

258 606 476

96 236 172
152 373 271

21 3O 31

7 10 22

1 7 16

277 656 512
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Table D.3.6 Clean coal technologies with CARNOT, 2006-2010; emissions of $02,
NOx, and COl, based on capacities installed (Table A.3)

Region Option IPP Iow IPP high

SO2 NOx CO~ SO2 NOx CO2
t03t 103t 106t 103t 103t 106t

Asia without NlCs PF+FGC 51 124 91 56 137 100

SCPF+FGC 79 195 143 88 215 158
AFBC 14 20 22 14 21 20

PFSC 6 8 17 6 8 18

IGCC 9 61 133 10 69 151

159 408 406 173 449 449

Asian NICs PF+FGC
SCPF+FGC

AFBC

PFBC
IGCC

4 10 8
7 17 13
2 3 3
1 1 2
1 4 9

14 41 35

4 10 7
6 16 12
2 3 3
1 1 2
1 5 11

14 34 35

CEE + Turkey PF+FGC
SCPF+FGC

AFBC

PFBC

IGCC

5 11 8

8 19 14

2 2 3

1 1 2
1 6 13

16 39 40

5 11 8
8 19 14

2 2 3
1 1 2
1 6 13

16 40 40

EU PF+FGC
SCPF+I:=GC

AFBC

PFBC

IGCC

5 12 9

10 21 16

2 2 2
1 1 2

1 5 12
17 42 41

5 11 8
8 20 15
2 2 3
1 1 2
1 6 13

16 41 41

Tota/ PF+FGC
SCPF+FGC

AFBC

PFBC

IGCC

64 158 116

~03 252 185
19 28 29
8 10 24

11 76 167

205 525 522

69 169 124

110 270 199

20 28 29

8 10 24

12 9 187

219 563 564
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