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l. POLLUTI ON CONTROL: THE PROM SE OF CLEAN COAL TECHNOLOG ES

1. Heavily polluted (the “black triangle” between northern Bohenm a, Saxony
and Upper Silesia may serve as a rem nder) and under strong internationa
pressure to reduce transboundary air and water pollution, the economes in
transition have conparatively rapidly conceptualized pollution contro
policies, devel oped the necessary national legislation and institutions and
adhered to international instruments such as the UN ECE Convention on

Long- Range Transboundary Air Pollution of 1979 and its Protocols, the
Convention on the Protection and Use of Transboundary Watercourses and
International Lakes of 1992, the UN Framework Convention on Cimte Change of
1992 and the Kyoto Protocol of 1997.

*/ Prepared by M. Kl aus Brendow, WEC Regi onal Coordinator - Centra
Europe/ Cl'S, Ceneva
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Cl ean coal technol ogi es (CCT)

Definition: “Technol ogi es designed to enhance both the efficiency
and environnmental acceptability of coal extraction
preparation and use”

Extracti on: geophysi cal and seism c exploration

sel ective m ning techni ques

m ne net hane drai nage

reducti on of ground water contam nation
recul tivation

Preparation: increased share of washed coa

i mproved reduction of ash and sul phur
wast e water treatnent

Combusti on: sub-critical (<248 bar/560°C) pul verized coa
conbustion conbined with electro-static and/or fabric
filters, flue gas desul phurisation, |ow NQ burners,
sel ective catalytic NQ reduction

advanced pul verized coal conmbustion with higher efficiencies due
to high-strength alloy steels enabling supra-critical and ultra-
supra-critical pressures (>248 bar) and tenperatures (>560° C)
fluidized bed conbustion, - atmospheric or pressurized

i ntegrated coal gasification combined cycles (1 GCC)

hybri d systens

| GCCC co-firing of coal and biomass, waste

Source: World Coal Institute, Coal - power for progress, London 1999,
pp. 22-24; | EA Coal Research, Air pollution control for coal-fired power
stations in eastern Europe, London 1996

2. Wt hout going into detail, suffice it to say that the countries of
central and eastern Europe (CEE) and the CI S countries have fully integrated
the international mainstreamin this regard. In CEE, much of this conm tnent
can be attributed to the desire to accede the EU as early as possible and to
conformwi th various EU directives, of which the Directive on Large Conbustion
Plants. 1/

3. These policies and instrunents affected al so, and particularly, coa

m ni ng and conbustion as coal was a nmmjor source of pollution and had no | ong-
termfuture unless clean. Inproved managenent and cl ean coal technol ogies
(CCT) were at hand to respond to the challenge, but needed to be applied to
the specific circunstances prevailing in the economes in transition. However,
this proved technically nore difficult, financially nore demandi ng and nore

ti me consum ng than had been antici pated.



ENERGY/ CE. 1/ 1999/ 7

page 3
4, Three "applications” of CCT need to be distinguished:
. i n power generation and co-generation
. for direct use in small industrial and residential boilers,

. in mning proper
. CLEAN COVBUSTI ON:  POVER AND CO- GENERATI ON PLANTS

5. Coal is a nost inportant fuel for power generation in the economes in
transition: 30% of electricity generation is based on coal 2/. Vice versa,
power plants absorb a high and ever increasing share of coal production: 66%
in CEE and 50%in CI'S (1995) 3/ (see Table 1). This interdependence expl ains
the nmutual interest of both industries in the successful application of clean
t echnol ogi es.

A. The situation in the various countries

6. Yet, progress in applying these technol ogi es has been sl ow and uneven so
far. CCT has been systematically introduced only in the new Gernman Lé&ander
the Czech Republic and Pol and; Hungary will have followed by 2003/ 2004; the

ot her countries are either undertaking ad hoc projects or are still in the
pl anni ng stage; the small and energy-inporting CI'S countries (Bel arus,
Republ i c of Mol dova, Georgia ...) are not able to even begin the process of

i nvesting in depollution:

. in Bulgaria, the first two flue gas desul phurisation facilities (2 x 230
MN with wet |inestone technology will be in operation in Maritza-East by
2001; further 2 x 230 MV are planned to be in operation by 2010; there
will also be a test facility using ammnia to renove sul phur and NQ, 4/

. in the Czech Republic, the law required that existing generating units be
equi pped with desul phurisation by the end of 1998; subsequently, CEZ -
t he nati onal power conpany - invested $2.2 bill. in desul phurisation

denitrification and repowering of its coal-fired plants; 5510 MV are in
operation and desul phuri sation of another 400 MVWis planned 5/. The
application of CCT depends entirely on the resources of the coal -using
conpani es, even though the law requires themto use CCT; the absence of
Czech-desi gned CCT proved a difficulty as it inplied cooperation with
foreign financial institutions and technol ogy providers; also, the |large
size of boilers (>250 MW and uncertainty about the |long-term functioning
of CCT for | ow grade coal was an inpedinent; as a result, preference was
given to | owcost, proven CCT with flue gas desul phurisation and
circulating fluidized bed conbustion; nore advanced CCT are envi saged for
2000- 2010, with IGCC using heat from nucl ear reactors enmerging after
2020 6/.

. in Estonia, circulating fluidized bed technology is the preferred CCT for
future application to shale combustion 7/.
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. in the new German Lander, the updating of lignite-fired power stations
was successfully concluded; by the end of 1998, 7580 MW were equi pped
with wet flue gas desul phurisation, 2770 MV are under construction and
wi |l have been comm ssioned by 2000 8/; new el ectro-static precipitators
updat ed boiler-fired systemto reduce NQ, replacenment of turbines,
process controls and other conmponents rendered the updati ng expensive;
in sonme cases, it would have been cheaper to build a new plant 9/

FGD-supported coal-fired power generation
in CEE/CIS, in GW

) 0.2/...
7.6/2.8
6.6/3.4 |
5.5/.04
-1.22 b.2/0.2]
-/0.8
co
5

Germany: new Linder only S \
First number: in operation end 1998
Second number: under construction

. in Hungary, coal-fired plants that will not conformw th stricter
envi ronnental regul ati ons woul d have to be cl osed down by 2003, 2004;
pl ants using coal from underground mnes may not be sufficiently
profitable to finance CCT; by contrast opencast-supported power
generation will be expanded: thus, RAE/EVS will refurbish its 800 MV
Matra plant ($253 million, of which $70 million for environnmenta
protection) and build a new 2 x 500 MV plant near M skolc ($1.48 billion
of which $0.48 billion for m ne expansion) 10/

. in Poland, the Government adopted in 1996 a plan entitled “SO, em ssion
reduction in the Polish energy sector” inplying a cost of $2 billion; by
1997, 6600 MW had been equi pped with flue gas desul phurisation and
3400 MW were under construction; various CCT are used: wet |inestone,
sem -dry, dry sorbent SO, reduction and atnospheric circulating fluidized
bed combustion; NQ, reduction is achieved through | ow NQ, burners and
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staged combustion; fly ash is reduced by electrostatic and fabric
filters; fluidized bed boilers are in operation in several plants 11/

i n Romani a, power plants use nostly pul verized coal conbustion with | ow
efficiency and w thout denoxification and desul phurisation; a “Programe
of refurbishing and noderni zati on of power plants within the nationa
power systen? directs the refurbi shment of the entire thermal power

sector which relies 44%on coal; investnents are estimted at $2.5
billion; for lack of funding, |ow and nmediumlevel measures (inproved
burni ng process control, | ow NQ, burners, inproved electrostatic

preci pitators, pollution nmeasurenent) have been applied to four units
(1140 MW of the lignite-fired Turceni and Rovinari power plants; CCT
will be applied at a |ater stage to existing plants, but have to be
applied fromthe outset to new plants. 12/

in the Russian Federation, coals from Kuzbas, Kansk-Achi nsk, eastern

Si beria, the north-east and far-east are |ow sul phur and can be burnt

wi t hout or with mnimum sul phur cl eani ng; these mining regi ons accounted
in 1993 for 78% of production; in other cases, CCT are required: since
1995 200 MW operate with flue gas desul phurisation at the Dorogobush
cogeneration plant 13/; at present, desul phurisation tests are run with
anthracite cul mand coals from Kansk- Achi nsk and Eki bastuz; denonstration
proj ects are undertaken

by Rostovenergy, the conmbustion of anthracite screenings in nelted slag
at the Nesvetai power plant, the circulating fluidized bed conbustion of
anthracite screenings in large boilers in the new Rostov power plant, and
the circulating fluidized bed combusti on of coal preparation wastes in
smal | er boilers,

by Krasnoyarskenergo, staged conbustion in a traditional pulverized coa
furnace with high tenmperature preheating, fabric filters and renoval of
sul phur fromthe flue gas with activated ash,

by the Ryasan State District power plant, with a German partner, to
undert ake desul phurisation of a 300 MWunit 14/.

in Slovakia, two units of the Vojany Power Plant were equi pped with
facilities for desul phurisation/denitrification and two units of the
Novaky Power Plant w th desul phurization facilities. The latter plant
was al so equi pped with a fluidized bed boiler

in Ukraine, (only) one unit (250 MN of the Dobrotvorsk Power Plant is
equi pped with wet |inestone flue gas desul phurization 15/; an agreement
signed in early 1999 foresees the replacenent of boilers, turbine,
processi ng techni ques and el ectrostatic filters at the coal power plant
of Smijev (300 MW 1965); this project is said to be the first joint CCT
venture between western and Ukrainian partners 16/.
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B. Reqi onal overvi ew
(a) The policy:
7. Except for

the surviva

of coa

| ow- sul phur

as a power

coal s (Russi an Federation),

generation fue

in CEE/ Cl
countri es.

CCT is a necessity for
S. This has been

recogni zed as a policy objective in al

Tabl e 1: Coa

in power

generation

Country/region coal -firing of whi ch addi tional share of 1998
capacity operating FGD coal production
in MV with FGD in capacities delivered to
1998 under power stations,
construction in%
Al bani a 35 - - -
Bul gari a 5000 - 460 45
Czech Republic 8500 5510 400 75
Estoni a (shal e) 1647 - - 98
ex- GDR 9000 7600 2770 86
Hungary 1750 - 800 91
Pol and 31718 6600 3400 96
Romani a 7694 - - 44
Sl ovaki a 2000 - 220 48
Sl oveni a 1020 - - 95
The former Yugosl av 800 - - 77
Republ i ¢ of Macedoni a
CEE 69100 19700 8050 66
Kazakhst an 13900 - ..
Russi an Federation 39000 200 50
Ukr ai ne 23000 215 50
s 75900 645 50*
CEE/ CI' S 145000 20345 59
Sources: see country notes/quotations; FGD = flue gas desul phurisation
(b) The facts:
8. At present, about 20 GWor 14% of coal-firing capacities in CEE/CI S are

equi pped with flue gas desul phurisation

in CEE, where they repr
Lander were excl uded,
with FGD.

about

esent 29% of
13 GWor

they are al nost
install ed capacities;
9% of CEE/CI S capac

excl usively | ocated
if the new German
ties are equi pped
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9. Further desul phurisation units for 8 to 9 GWare under construction and
wi |l be operational by 2001-2003; by then, about 29 GWw Il be equipped with
such facilities. This is 20% of CEE/CI S and 40% of CEE coal -fired capacities,
i ncludi ng the new German Lander. Fluidized bed boilers are also increasingly
installed. Their capacity is not docunented.

(c) The perspectives beyond 2003:

10. For CEE, the aimshould certainly be to push the share of FGD supported
coal conbustion fromthe anticipated 40% by 2001-2003 to close to 100% this
is also true for Ukraine, but not for the Russian Federation, where |ow

sul phur coal s account for close to 80% of production (and nore in power
generation).

11. Thi s means that beyond 2003, 65-75 GWof coal -based power generation in
the economies in transition need to be equi pped with FGD

(d) The obst acl es:

12. Coal properties as such are not the obstacle to introducing CCT as
evi denced by the experience in the former GDR, the Czech Republic and Pol and.
However, |owrank coal - predominant in CEEfCIS - requires highly site- and

coal -specific solutions which increase cost and add uncertainty as to the
reliability of operations; hence the tendency to apply proven and | ow cost
CCT; large-size units (>250 MN can be an obstacle.

13. The apparent bottleneck is finance, the real bottleneck delays in
restructuring the coal and electric power industries in those countries, that
have not |iberalized those industries. If the Czech experience (CTT investnent
cost of $/kw260) 17/ were representative of the region as a whole, repowering
and conpliance with SO, NQ, and particul ate standards for power stations and
co-generation would require $18 billion in CEE and $20 billion in C'S, i.e.

$38 billion for the region as a whole. Qut of this sum $8 billion have al ready
been spent, $4 billion are being invested and the renainder, $26 billion, has
still to be nobilized; if advanced super-critical and ultra-super-critical CIT

were applied, the bill would be (only) 5% and 10% hi gher 18/.

14. It is evident that the bulk of CCT funding has to cone from domestic
sources. External funding can play an inportant stimulating role; such funds
have been forthcomng fromnultilateral banks such as the EBRD and the Wrld
Bank, but also bilaterally (e. g. fromGernmany to the Czech Republic, from
Austria to Slovenia), fromequi prent manufacturers and from i ndivi dua
conpanies (e. g. the Dutch SEP which generated “activities inplenented
jointly”- projects under the Kyoto Protocol in Poland and Romani a).
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(e) The opportunities:

15. But there are also the opportunities offered by nmultilateral project
finance and business. The transfer of technol ogy and capital depended clearly
on progress in restructuring of the coal industries: where this was
acconplished or a near-time perspective, technology and capital transfer
proved sufficiently attractive for foreign investors and invol ved increasingly
CEE/ CI S design institutes and nmanufacturers.

16. Mul til ateral project finance was available particularly for refurbishing

coal - based power pl ants:

. Azerbaijan: an EBRD | oan of $26.7 mllion for M ngechaur

. Bul garia: an EBRD | oan of $75 million for power sector refurbishnent

. Kazakhstan: an EBRD loan of $ 85 mllion for Ekibastuz

. Pol and: a Worl d Bank | oan of $215 for Dolna Gdra and of $140 mllion for
Rybni k

. Romani a: World Bank and EBRD support for refurbishing the power sector

. Russi an Federation: a World Bank |oan of $510 for Krasnodar

. Sl ovaki a: an EBRD | oan for Vojany

. Ukrai ne: a World Bank | oan of $160 million for Krivoy Rog

17. Apart from pre-financing equi pment supplies, private foreign capita

began to acquire equity:

. power generators acquired equity in the former GDR (M BRAG), Hungary
(RWE/EVS, AES ...), Poland (EDF - CHP Cracow Lek) and Kazakhstan (I spat -
Karmet, AES, Access Industries, Sverdl oenergo, Samsung, NID, US d oba
M neral Reserves, O mat/National Power)

. in Romani a and Pol and, SEP (NL) initiated “activities inplenented
jointly” according to the Kyoto-Protoco

. joint ventures in equipnent manufacturing for power plants were forned in
nmost CEE/CI S countries, involving western partners such as SI EMENS and
ABB

. in the Czech Republic, for flue gas desul phurization, occasionally joint

ventures were concl uded between Czech conpani es and foreign suppliers

Bi schoff, M tsubishi, SHL (Gernmany), Marubeni-Chiyoda-Burneister
Hoogovens, Steinmiller, 1VO and Austrian Energy & Environnent; for
fluidized bed conbustion with ABB-PBS Brno, ACC, Vitkovice-Lurgi-Babcock
Lurgi - Tl mace and Austrian Energy & Environnent 19/

. in Poland, for flue gas desul phurisation, occasionally joint ventures
were fornmed between Polish conpanies and foreign suppliers: HTS (NL),
Rafako (Pl )-Steinniller (G, FLS MIljo (DK), Holter Industrie Beteiligung
(G, ABB-Flakt (Pl), Foster VWheeler (US); fluidized bed boilers by Rafako
(Pl'), Babcock, Stork Boilers, Rolls Royce, |VO Burneister-Win Energi
Ecoenergi a-Institute of Power Engineering; circulating fluidized bed
boil ers by Foster Wheel er and Rafako 20/
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. in Romani a, | PROM N seeks foreign partners to develop its CCT for smal
and nmedi um si zed enterprises and donestic uses 21/
. in Slovakia, foreign and domestic investors financed the desul phurisation

of 2 units of the Vojany Power Plant (2 x 210 MN and the first
fluidized bed boiler at the Novaky Power Plant; the main contractor for
Voj any was Austrian Energy & Environnent, for Novaky: Tl mace-Lurgi 22/

I11. CLEAN DI RECT USES: DI STRI CT HEATI NG AND | NDUSTRI AL AND RESI DENTI AL
BA LERS

18. Conpared with power stations and co-generation, international attention
and regul ati on has been considerably less for district heating and briquetting
pl ants, and for direct use under industrial boilers (under 50 MW¥,) or in
houses. A draft EU Directive on Small Conbustion Plant has been considered
for sone tine, but is dormant 23/. National |egislation applies which - while
different - systematically allows higher emnissions for “smaller” boilers.

19. Yet these plants and boilers need attention for three reasons: for their
huge nunber, for the difficulty of auditing their performance, and - in case

| ow-grade coal is used - for the need to apply CCT technol ogies suitable to
their size. This is particularly true in the economies in transition, where
energy-intensive industries, district heating, briquettes and direct use of
solid fuel by industry and househol ds play a much bigger role than anywhere
else in the world: custoners other than power and coking plants absorb 40% of
total coal supplies. Plants and equi pnent are outdated, polluting and

i nefficient:

. i n Al bania, where pollution fromcoal burning by end-users is high, the
future of coal use depends al so on the application of | ow NQ, burners and
fluidized bed technology in small industrial boilers 24/

. in Bulgaria, 20% of the population is linked to district heating systens

and 9% of coal production is earmarked for briquetting; industrial coal-
fed boilers are a major polluter 25/

. in the Czech Republic, emissions fromsmall conbustion plants were 412 kt
of SO, conmpared with 636 kt from power stations, and 138 kt of NQ
conpared with 79 kt from power stations 26/

. in Estonia, there are over 4000 boilers below 1 MV and 815 between 1 and
15 MN 40% of all boilers run on coal, shale, peat or wood 27/
. in Romania, CCT for small and nedi um sized enterprises and for

residential use have been eval uated but inplenmentation rests on foreign
partnershi ps and support 28/

I V. CLEAN M NI NG
20. Coal m ning has serious environmental effects: pollution of rivers (acid

m ne drai nage, saline discharges), |owering of water tables and pollution of
ground wat er, special and hazardous wastes, subsidence, |and disturbance,
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dust, spoil heap fires, nethane accumul ation. The coal industry also has the
answers: back-filling, selective mning, inmproved coal preparation, closed
wat er systenms, re-use as construction materials, recultivation, soi
decont ami nati on, nethane drai nage.

21. The apparent issue in CEEfCIS is funding. |If the experience with clean-up
of m ning damage in the new German Lander was representative for the region
bet ween $35 and 40 billion (or 27 $/t of 1990 production) woul d be needed to
restore water systens and | and surfaces. While this anmount corresponds to
only 5.5% of one year of GDP in CEE/CIS, it is sinply not available: funding
is insufficient in the nore advanced reform ng countries, synmbolic in the
others. State funds are increasingly re-directed towards social protection
comunity needs and environnmental damage generated before privatization and
restructuring. The new owners have either not internalised the environnenta
cost of their activities or view those as a target for cost reduction

. in Bulgaria, for lack of funding, waste waters frommning activities are
a serious problem hundreds of hectares of |and around m nes and power
stations are contam nated by waste; only 10% of the opencast mning area
has been recultivated 29/

. in the Czech Republic, during 1993-95, CZK 4.575 ($140 million or 1.8 $/t
of 1990 production) were allocated to “rehabilitation”; the origina
deadl i nes for undertaking recultivation were not net because of reduced
state fundi ng 30/

. in the new German Lander, between 1990 and 1997, about half of the
required recul tivation had been undertaken at a cost of DM 8 bill ($4.5
billion or 18 $/t of 1990 production); for 1998-2001, every year another
DM 1.2 billion ($670 mllion) are forthcom ng fromstate funds to
concl ude recultivation, on the whole 20.7 $/t of 1990 production 31/

. in Hungary, land reclanmation in conjunction with the closure of mnes is
al nost conpl eted 32/

. i n Pol and, funding ainmed at inproving coal quality and addressing the
environnental |egacy is considered inefficient 33/; still, 14 new coal
preparati on plants have been put into operation, w th another 14 planned

. in the Russian Federation, the environnental performance of mning
depends on mning regions, - the newer ones operating “close to best
i nternational practices” (Wrld Bank); restoration is estimted to cost
$100 - 150 million in the Kuzbass and perhaps $10 million in each of the
ot her surface m ning areas 34/

V. DEPCOLLUTI ON:  THE RESULTS THUS FAR

22. Envi ronnmental measures focus on air pollution control fromlarge
stationary sources. In countries that have introduced CCT, em ssions have
fallen considerably:

. in the Czech Republic, emissions of the power sector have fallen between

1993 and 1998 by 92% (SO,), 53% (NQ), 44% (CO) and 89% (fly-ash) 35/
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. in the new German Lander, em ssions of SO from power stations fel
bet ween 1990 and 1997 by 79% of NQ, by 58% and of dust by 99% 36/
. in Poland, 14 coal preparation plants have been refurbi shed and anot her

14 comnmi ssioned; em ssions from energy sources are expected to fal
bet ween 1980 and 2000 as follows: SO - 41% NQ - 37% dust - 77% CO, -

12% 37/
Table 2: Emission limts for new plant, ng/n?

Country Parti cul at es SO, NQ,
Bul gari a 50- 100 400- 2000 650- 1300
Czech Republic 100- 150 500- 2500 650- 1100
Ger many 50- 150 400- 2000 200- 500
Hungary 50- 100 400- 2000 200- 600
Pol and 190- 3700 540- 1755 95- 460
Romani a 100 400- 2000 400- 500
Sl ovaki a 50- 150 400- 2500 550- 650
Sl oveni a 50- 150 400- 2000 200- 500
Eur opean Uni on 50- 100 400- 2000 650- 1300
Source: | EA Coal Research, Bulgaria, op. cit., p. 31

23. In the other countries, emi ssions stabilized or decreased under the

i npact of the recession:

. in Bulgaria, em ssions from power stations stabilized under the inpact of
decreasi ng demand and a hi gher share of nucl ear power 38/

. in Estonia, pollution fromall stationary sources fell between 1990 and
1996 as follows: CO - 50% SO, - 52% NGO, - 29% 39/

. in Hungary, emissions from power plants stabilized during 1990-1997, with
a slight increase of SO, em ssions 40/

. in Slovakia, em ssions fromthe national power conpany, Slovenske

El ekt rarne, devel oped between 1993 and 1997 as follows: ash - 16%
SO, - 33% - 4% + 51% 41/

24, A conparison between the two groups of countries shows that the

correl ation between declining GDP and depol |l ution observed in the earlier
1990s has recently been broken in CEE: with GDP rising again in this region
depol l ution neverthel ess continues. What really mattered were specific CCT
measures applied to coal combustion. This | esson mght also apply to the issue
of reducing CO, em ssions by either general or specific neasures: indeed,
conpared to the nore general (and hence nmore drastic) nmethods of reducing
carbon di oxi de em ssion by carbon taxes, CCT offers a cheaper and faster
alternative for the economes in transition. It offers additional advantages
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in terms of |ocal depollution, increased efficiency and revitalization of the
coal industry, hence of social and regional revival.

VI . THE TASK AHEAD

25. The status of CCT deploynment in the econonmies in transition requires
continued attention by all actors:

. Gover nnent s: to pursue restructuring
to assume liability for past damage
to support CCT test and dempnstration projects
. Envi r onnment al to pay greater attention to direct burning of coa
agenci es: to adopt international standards for smal
i ndustrial and residential boilers
to tighten em ssion standards and cal endars for
exi sting installations
. I ndustry: the new owners: to internalize environnenta
obl i gati ons
nati onal CCT designers and manufacturers: to
enlarge their CCT know edge and busi ness base
i ncludi ng through joint ventures
suppliers of CCT: to become aware of the energing
CCT market for small boilers bel ow 50 MV but al so
of the need to offer financing packages
. UN/ FCCC, | EA, ... to realize the nmerits of CCT conpared with
nmore general, hence nore drastic means with
uncertain side effects such as carbon taxes
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