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Great dif fer ences are en coun tered among Cau ca sus re gion coun tries
with re spect to en ergy re sources re serves and eco nomic con di tions.
Ther mal power plants con sist of ob so lete and in ef fi cient units, while
the So viet-type large heat ing sys tems in the area col lapsed af ter 1992
and their re con struc tion is con sid ered un eco nomic. Ren o va tion needs
of the power and heat sec tor, and the po ten tial of fluidised bed com bus -
tion im ple men ta tions in de cen tral ised cogeneration units were in ves ti -
gated, since op er at ing oil and gas power plants ex hibit high fuel con -
sump tion, low ef fi ciency and poor en vi ron men tal per for mance. Re sults 
showed sig nif i cant pros pects of fluidised bed com bus tion uti li sa tion in
de cen tral ised cogeneration units in the Caucausus re gion heat and
power sec tor. Their in tro duc tion con sti tutes an eco nom i cally at trac tive
way to cover power and heat de mands and pro motes uti li sa tion of do -
mes tic en ergy re sources in all of three coun tries, pro vided that fi nan cial
dif fi cul ties could be con fronted.
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Introduction

In its Green Pa per on Eu ro pean strat egy for en ergy sup ply, the Com mis sion
high lighted Eu ro pean Un ion (EU) de pend ency on im ported en ergy sup plies and that
EU coun tries green house gas emis sions are ris ing, mak ing dif fi cult to meet Kyoto Pro -
to col com mit ments •1•. Com bined Heat and Power (CHP) im ple men ta tions can of fer
im proved fuel uti li sa tion and re duced green house gas emis sions. In or der to ex ploit Eu -
ro pean CHP po ten tial, the Com mis sion set the tar get of dou bling the share of CHP elec -
tric ity gen er a tion from 9% in 1994 to 18% by 2010 •2•. More over, de vel op ment of
fluidised bed com bus tion (FBC) pro cesses has been pro posed due to their po ten tial to
over come the dis ad van tages of con ven tional com bus tion sys tems, since it is ev i dent that
they are the most ef fi cient and en vi ron men tally sound way for solid fu els uti li sa tion. Sig -
nif i cant prog ress in re search and de vel op ment was achieved; thus, FBC tech nol ogy is
adopted in ma jor mod erni sa tion pro grams in East ern Eu ro pean coun tries.
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Cau ca sus re gion coun tries are still re cov er ing from eco nomic and en ergy cri sis
that fol lowed the So viet Un ion break-up, civil wars and ter ri to rial con flicts. Fi nan cial
dif fi cul ties re strained im ple men ta tion of ren o va tion and en vi ron men tal pro tec tion pro -
grams. The Eu ro pean Un ion, how ever, aims to at tain fi nan cial and po lit i cal sta bil ity as
well as com mon en vi ron men tal stan dards all over Eu rope. There fore, EU pro motes the
re ha bil i ta tion of lo cal in dus try and the es tab lish ment of a con tem po rary leg is la tive
frame work.

Within the scope of this con cept, ren o va tion needs of the heat and power sec tor
in Cau ca sus re gion coun tries and FBC uti li sa tion in de cen tral ised cogeneration units
were in ves ti gated, in or der to iden tify pros pects of do mes tic en ergy re sources uti li sa tion
in all coun tries. In this work, an as sess ment of the en ergy re sources re serves, the tech no -
log i cal sta tus of the heat and power sec tor, the mar ket needs, and the iden ti fi ca tion of
FBC uti li sa tion in de cen tral ised CHP units in the Caucausus re gion coun tries was per -
formed.

Energy resources reserves

Great dif fer ences are en coun tered among Caucausus re gion coun tries in re -
spect of en ergy re sources re serves, fig. 1. Apart from Azerbaijan the other two Cau ca sus
re gion coun tries are poorly en dowed with fos sil fuel re sources.

Ar me nia is an en ergy im porter. It has nei ther do mes tic oil pro duc tion nor re fin -
ing in dus try. More than 60% of the en ergy pro duced de rives from ther mal power plants
fed with im ported nat u ral gas. Ther mal power plants cover more than 70% of the to tal
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Figure 1. Produced energy balance of Caucasus region countries



en ergy pro duced. Since Ar me nia has not been ex plored sys tem at i cally, es ti mates of oil
po ten tial that vary be tween 60 and 100 mil lion tonnes are spec u la tive. The only do mes tic 
en ergy re source is hydropower, con trib ut ing to merely 7% in en ergy bal ance •3•.

Azerbaijan has based its econ omy in oil and gas ex ports. The coun try changed
from a net en ergy im porter back in 1990 to a net en ergy ex porter by 1997. Oil over took
gas as the prime fuel since 1993. En ergy from ther mal power plants ac count for about
85% of the to tal pri mary en ergy pro duced. Pe tro leum oil proven re serves are es ti mated
at about 920 mil lion tonnes, while nat u ral gas re serves are con sid ered to be more than
1500 bil lion m3 •3, 4•. The en try of for eign op er a tors in creased both oil and gas pro duc -
tion since 1999. Of fi cials pre dict that gas pro duc tion will be in creased up to about 20 bil -
lion m3 by the year 2010.

Hydropower is Geor gia’s main do mes tic en ergy source, ac count ing for 42.3%
of to tal pri mary en ergy pro duc tion. Al though hydropower plants need ex ten sive re ha bil -
i ta tion, Geor gia has enough hydropower po ten tial to be come a net elec tric ity ex porter.
How ever, less than 20% of the coun try’s hydropower po ten tial is ex ploited to day. Geor -
gian oil fields are lo cated at West ern and East ern coun try’s re gions. Of fi cial es ti mates
for both oil and gas re serves should be con sid ered as highly in flated fig ures by tak ing into 
ac count the up to-date cu mu la tive pro duc tion. Proven com mer cial oil re serves are about 
12 mil lion tonnes. More over, bio mass po ten tial, es pe cially wood fuel, ap pro pri ate ex -
ploi ta tion is con sid ered fa vour able, along with wind power uti li sa tion •3, 5•.

Gen erally, coal is con sid ered as mar ginal fuel, while bio mass po ten tial has not
met sys tem atic, full ex ploi ta tion.

Solid fuel re serves and char ac ter is tics

To tal coal po ten tial in Cau ca sus re gion is es ti mated at ap prox i mately 465 mil -
lion tonnes, while lig nite and peat re serves are about 735 mil lion tonnes. How ever, ex -
ploit able in dus trial coal re serves vary be tween 50 and 75 mil lion tonnes, de pend ing upon 
tech ni cal eval u a tion cri te ria •6•. About 96% of them are lo cated in Geor gian coal de pos -
its, while the rest are lo cated in Ar me nia. Al though about 80% of Geor gian coal po ten -
tial is con cen trated in Tbilisi and Shaori de pos its, coal is mined in about 10 un der ground
mines. Ar me nian ex ploit able coal re serves are es ti mated at about 5 mil lion tonnes. Most 
of them are lo cated at Idjevan and Djadjur de pos its. There are 12 de pots out of to tal 22
that are op er at ing.

Cau ca sus subbituminous coal re serves ex hibit low heat ing value, 17,570 kJ/kg
on av er age, and high ash con tent, about 28%, com pared to sim i lar un der ground ex ploi -
ta tions •6, 7•. It is con sid ered that such qual ity fuel can best be ex ploited as burn ing fuel.
How ever, in dus trial un der ground coal min ing is con sid ered un eco nomic due to the geo -
graphic spread and the geo log i cal con di tions of the de pos its. On the other hand, ex ist ing
mines can sup port up to 200 MWe power gen er a tion and the cost of coal can be eas ily
pre dicted •6•. At pres ent, pro duc tion is used in res i den tial heat ing in neigh bour ing ar eas
of the mines.
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There is sig nif i cant po ten tial of bio mass uti li sa tion in Cau ca sus re gion coun -
tries, es pe cially by ex ploit ing wood, wood wastes and mu nic i pal wastes. The risk is that
im proper for est man age ment and lack of en vi ron men tal con cern will sub stan tially dam -
age these re sources. In re cent years, eco nomic dif fi cul ties and dis rup tions in en ergy sup -
ply have in creased the use of re new able en ergy, par tic u larly in ru ral ar eas.

In Geor gia bio mass and wastes con sti tute about 140 MWe of po ten tially in -
stalled ca pac ity. Geor gian to tal wood bark re serves are es ti mated at around 434 Mm3

green •8, 9•. Wood bark pro duc tion has been in creased by al most 5.5 times in the pe riod
of 1980 to 1995, reach ing a max i mum of 525 thou sand tonnes of oil equiv a lent (ktoe).
To day it is es ti mated at less than 500 ktoe, aim ing at the ra tio nal an nual con sump tion of
350 ktoe by the year 2005, in or der to avoid en vi ron men tal dam age. More over, vine yard
and grapes pro cess ing res i dues seem to in crease to day, al though de clined dur ing the
1990-2000 pe riod. It is es ti mated that about 250 dry tonnes of vine yard res i dues and 40
dry tonnes of grapes pro cess res i dues will be avail able for uti li sa tion by the year 2005,
sum ming to 52.2 ktoe.

Mu nic i pal wastes are es ti mated at about 5-6 Mm3 an nu ally in the South Cau ca -
sus re gion, cor re spond ing to ap prox i mately 500 ktoe (at 30% hu mid ity). In Azerbaijan
only, house hold wastes sum to a to tal of more than 850,000 tonnes per year, pro vid ing
the po ten tial uti li sa tion of about 170 ktoe of solid fuel •8•.

Al though bio mass uti li sa tion in these coun tries seems to be at trac tive, de tailed
in for ma tion con cern ing bio mass re sources is re quired, es pe cially for Ar me nia and
Azerbaijan.

As sess ment of the Caucausus re gion ther mal power plants

Tech no log i cal sta tus of ther mal power plants

The to tal in stalled ca pac ity of ther mal power plants in the Cau ca sus re gion is
about 8.1 GWe. How ever, less than 70% of to tal ca pac ity is op er a tional at pres ent. Cau -
ca sus re gion op er at ing ther mal power plants con sist of ob so lete and low ef fi ciency units,
suf fer ing from lack of main te nance and of ten ex pe ri enc ing fuel short age. These re sult in
high fuel con sump tion, low ther mal ef fi ciency and high level of emis sions. In dic a tively,
there are ther mal power plants in Geor gia op er at ing at ther mal ef fi cien cies less than
20%, while in Azerbaijan elec tric ity pro duc tion losses ac count for about 85% of out put,
due to chronic lack of main te nance of the age ing plants and mod erni sa tion de lay of the
ma jor ity of power sta tions and net works •3•.

The main rea sons for in ef fi ciency of the ex ist ing ther mal plants are that (a) in
the power grid and heat ing net works there is no in ter est in tak ing mea sures in or der to
achieve en ergy sav ings and higher ef fi ciency, (b) there are no mod ern pro cess con trol
de vices and in stru men ta tion, and (c) spe cif i cally for Ar me nia, there is ac tu ally ab sence
of an ac count ing sys tem based on the mea sure ment of heat en ergy con sump tion; there -
fore, en ergy con sump tion reg u la tion is not pos si ble on con sumer level, while the re la -
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tion ship be tween en ergy pro ducer and con sumer is not based on “heat-com mod ity”
prin ci ples •10•.

Ar me nian to tal in stalled ca pac ity of ther mal power plants is about 1.8 GWe.
The small est plant, Vanadzor, is not op er a tional. The other two plants, Razdan and
Yerevan, with 1100 and 550 MWe in stalled ca pac i ties, re spec tively, are de signed as CHP
plants. How ever, only about 50 MWt are pro duced from these two op er at ing plants.
More over, the con struc tion of a new 300 MWe unit at Razdan Ther mal Power Plant
(TPP), ini ti ated at about 1993, has been sus pended due to lack of funds and mis man age -
ment •3, 11•.

There are 6 ther mal power plants in Azerbaijan with to tal in stalled ca pac ity of
about 4200 MWe. How ever, to tal op er a tional ca pac ity of all six sta tions sums up to less
than 3000 MWe. From a to tal of 29 in stalled ther mal units 24 are op er a tional. Eith of
them are 10 to 20 years old, 5 are 20 to 30 years of age, and 11 of them are overaged.
About 2 GWe in stalled ca pac ity has been in op er a tion for more than 30 years.

To day op er at ing in stalled ca pac ity in Geor gia is just 650 MWe, al though the to -
tal in stalled ca pac ity is more then 2100 MWe. Among the three ma jor power plants, the
Tkvarcheli TPP is now in the ter ri tory of Abkhazia and is not op er a tional at pres ent.
There is only one op er at ing power plant to day, the Gardabani TPP. Five of its units, with 
in stalled ca pac ity of 150 MWe each, are not op er a tional due to tech ni cal prob lems.
Among its op er a tional units, two 600 MWe to tal ca pac ity units are pri vate-owned by the
AES-Mtkvari, while an other three 150 MWe each units are state-owned, man aged by the 
Tbilisi TPP. Apart from the Tbilisi CHP plant, no other CHP plant is op er a tional to day
in Geor gia. Kutaisi and Rustavi CHP plants, and Batumi oil-re fin ery CHP plant do not
op er ate due to the col lapse of big in dus trial en ter prises and of the cen tral heat ing sys -
tem. The Tbilisi CHP plant used to sup ply heat to Pres i dent’s Ad min is tra tion, the Par lia -
ment and its li brary, and part of Tbilisi res i dence. Since the price of pro duced elec tric ity
be came higher than the price of im ported elec tric ity, the Tbilisi CHP plant has not been
in op er a tion for the last cou ple of years.

En vi ron men tal per for mance of TPP

Dur ing the last two de cades, in creased en vi ron men tal con cern of the Eu ro pean
gov ern ments is re flected in na tional leg is la tion and in ter na tional con ven tions signed by
them. Un for tu nately, in many coun tries, among them the Cau ca sus re gion ones, eco -
nom i cal dif fi cul ties and po lit i cal in sta bil ity re strained ef forts in retro fit ting or
repowering the power sec tor.

CO2 emis sions of the Cau ca sus oil and gas-fired power plants are even com pa -
ra ble with those of the Bal kan coun tries coal-fired power plants and should be also con -
sid ered high with re spect to the ones of the West ern Eu ro pean coal-fired units, fig. 2 •11,
12•. Emis sions in Ar me nia are much lower due to the fact that ther mal power pro duc tion 
is largely based upon nat u ral gas.

In Azerbaijan, an nual SO2 emis sions per plant amount 3310 tonnes •3•. The re -
spec tive value for the Ar me nian power sec tor is es ti mated at 2300 tonnes SO2, while
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NOx emis sions are about 5100 tonnes •11•. An nual NOx emis sions by Geor gian power
plants are about 2810 tonnes. SO2 and NOx emis sions should be con sid ered high, as well, 
with re spect to the ones of the West ern Eu ro pean coal-fired units •12•. Spe cifically for
Azerbaijan, high SO2 emis sions may be at trib uted to the great de pend ency on pe tro leum 
oil prod ucts in coun try’s elec tric ity pro duc tion.

Iden ti fi ca tion of heat and power needs

En ergy and eco nomic cri sis, caused by the So viet Un ion break-up and re gional
con flicts that fol lowed, is re flected in power and heat pro duc tion in all coun tries. Apart
from Azerbaijan, where heat pro duc tion has been par tially re stored, heat de mand can -
not be cov ered at pres ent •3, 4•. Just 12% of the heat pro duced back in 1990 is gen er ated
to day in Ar me nia •10•. There is no op er a tional cogeneration unit in Geor gia to day.
More over, large dis trict heat ing sys tems col lapsed af ter 1992 and re con struc tion of them 
is con sid ered not to be eco nom i cally fea si ble.

Elec tric ity gen er a tion in Ar me nia dropped from 10.3 TWh in 1990 to 5.6 TWh
in 1994. Elec tric ity con sump tion in the in dus trial sec tor de clined from 4.6 TWh in 1988
to less than 600 GWh in 1993 due to in dus trial pro duc tion col lapse •13•. Based on elec -
tric ity de mand and sup ply pro jec tions pre sented by the Ar me nian Min is try of En ergy,
net elec tric ity gen er a tion would in crease from about 6 TWh in 1998 to 9.4 TWh in 2005
and 11.8 TWh in 2010, while elec tric ity con sump tion would in crease from 4.7 TWh in
1998 to 7.4 TWh in 2005 and 9.5 TWh in 2010.

Heat pro duc tion has sharply de clined dur ing the 1990-1993 pe riod. Mod er ate
in cre ment has been ob served since, fig. 3. The ex tended dis trict heat ing net work is un -
likely to be re stored, due to the high re ha bil i ta tion costs and the cli ma tic con di tions that
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Fig ure 2. Spe cific CO2 emis sions per kWh pro duced



make large DH sys tems less eco nom i cally at trac tive. To day, just the Yerevan re gion
heat ing net work has been re stored to an ac cept able level, al though heat ing needs re -
main high •10•.

Azerbaijan’s econ omy re lies on in dig e nous oil and gas. En ergy cri sis ob served
dur ing early 1990’s has been re versed since late 1996, fig. 4. Power gen er a tion peaked in
1988 at 23.45 TWh, while en ergy consumption was 21.45 TWh. Both en ergy pro duc tion
and con sump tion are ex pected to be in creased to more than 20 TWh by the year 2005 •3,
4•.

Heat pro duc tion has been also re stored. About 12,000 and 9960 GJ have been
pro duced in 1999 and 2000, re spec tively. Dis trict heat ing sys tems, how ever, have to com -

23

G. Skodras, P. Amarantos, E. Kakaras: FBC Utilisation Prospects in Decentralised ...

Fig ure 3. Heat pro duc tion in Ar me nia in the pe riod 1990-1999

Fig ure 4. Power pro duc tion in Azerbaijan dur ing the pe riod 1993-2001



pete with elec tric ity prices. Elec tric ity con sump tion for house holds is still sub si dised,
while non-pay ment by do mes tic and in dus trial con sum ers re mains as a prob lem, hold ing
back re ha bil i ta tion ef forts.

Elec tric ity pro duc tion in Geor gia reached max i mum of 15.8 TWh in 1989, de -
clined to about 7 TWh in 1994-1995, and pre sented slight im prove ment in the re cent
years,  fig.  5. Sim i larly, elec tric ity de mand dropped to more than half of the 10.5 TWh in
1990, to a min i mum of about 3.5 TWh in 1995. Tacis EEC pro duced a mod er ate fore cast
for the year 2010, es ti mat ing elec tric ity pro duc tion up to 10 TWh and elec tric ity de mand
to about 12 TWh •5•.

Geor gian dis trict heat ing net works are out of use to day. The only op er a tional
CHP plant is the Tbilisi plant, which has n`ot been in op er a tion for the last two years. Ex -
perts be lieve that the ren o va tion of dis trict heat ing net work is not cost-ef fec tive, i. e.
Tbilisi CHP plant ren o va tion is es ti mated to cost about  5.000.000 $. High re pair costs
and the rel a tively mild Geor gian cli mate do not jus tify the recon struc tion of a large scale, 
So viet-type, dis trict heat ing sys tem.

Iden ti fi ca tion of FBC uti li sa tion in de cen tral ised CHP
in the Caucausus re gion

De cen tral ised CHP sum ma rises the grid-con nected or stand-alone pro duc tion
of elec tric ity and heat us ing small, mod u lar tech nol o gies close to the point of con sump -
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Fig ure 5. Elec tric ity pro duc tion in Geor gia in the pe riod 1988-2000



tion. De cen tral ised CHP units op er ate at small to me dium ca pac i ties and they are lo -
cated nearby end-us ers within an in dus trial area, or even in side a build ing, and in this
sense they dif fer fun da men tally from the tra di tional model of cen tral ised power and
heat pro duc tion and de liv ery. De cen tral ised CHP com bines the ad van tages of both de -
cen tral ised gen er a tion and cogeneration tech nol o gies over sep a rate power and heat
pro duc tions. De cen tral ised CHP units pres ent in creased over all plant ef fi ciency, and
im proved fuel uti li sa tion through the waste heat ex ploi ta tion from power gen er a tion
that re sults in (a) re duced fuel con sump tion, (b) re duced emis sions, and (c) re duc tion of
im ported fuel cost. They pro vide en vi ron men tal ben e fits and flex i bil ity to in crease gen -
er a tion ca pac ity. More over, au ton omy of plant en ergy needs is achieved, cov er ing elec -
tric ity, heat and cool ing de mands. Con ven tional power gen er at ing plants op er ate at ef fi -
cien cies rang ing be tween 30-45%, while CHP units’ ef fi ciency is up to 80-85%. De-
cen tral ised CHP is also emerg ing due to vig or ous tech nol ogy de vel op ment. Among
CHP tech nol o gies that are be ing de vel oped, trigeneration, which is the pro duc tion of
elec tric ity, heat ing and cool ing, in the ter tiary sec tor is a fine ex am ple. Mi cro-CHP for
use in in di vid ual dwell ings is an other [14]. In the next 20 years de cen tral ised CHP is ex -
pected to play an in creas ingly im por tant role in the Eu ro pean elec tric ity in fra struc ture
and mar ket. Since de cen tral ised CHP tech nol o gies have the po ten tial to sig nif i cantly
con trib ute to sav ings in CO2 emis sions and en ergy con sump tion, they are ex pected to
play a key role in strat e gies needed in or der to meet each coun try’s Kyoto tar get for
green house gas emis sions re duc tion and in creased share of power pro duc tion from do -
mes tic en ergy sources.

De cen tral ised CHP ap pears to be suit able for Cau ca sus coun tries that are fac -
ing the chal lenge of power and heat sec tor re ha bil i ta tion, while uti lis ing do mes tic re -
sources and re duc ing im ported fuel cost, facts that are ev i dent in each coun try’s en ergy
sec tor plan ning. Thus, stra te gic pri or i ties set by Caucausus coun tries gov ern ments in -
clude the re ha bil i ta tion of ex ist ing power plants in or der to com pen sate for low ef fi cien -
cies, high emis sions and large pro duc tion losses, the con struc tion of new ones in or der
to in crease op er at ing ca pac ity, im prove ment of tar iff pol icy and reg u la tory mech a -
nisms, and har mo ni sa tion to world stan dards. Geor gian and Ar me nian gov ern ments
aim at re duc tion of im ported fuel de pend ence, fuel avail abil ity, and re li abil ity im prove -
ment of the power sec tor. Both gov ern ments are in ter ested in es tab lish ing a healthy
free mar ket in the power in dus try and an ef fec tive in vest ment in fra struc ture •3, 15, 16•.
Geor gia’s stra te gic pri or i ties also in clude the cre ation of a stra te gic coal re serve and
coal uti li sa tion, es pe cially in rel a tively re mote ar eas. More over, Ar me nia’s en ergy plans 
con tain the con struc tion of a coal-fired plant at Razdan, pref er a bly by em ploy ing FBC
tech nol ogy, while wastes uti li sa tion in a 50 MWe plant in Yerevan was plan ning •11•. It
is also con sid ered that there is sig nif i cant po ten tial of bio mass uti li sa tion in Cau ca sus
re gion coun tries, es pe cially by wood, wood wastes, and mu nic i pal wastes ex ploi ta tion
•8, 9•. There fore, in or der to ex ploit do mes tic solid fu els, Cau ca sus coun tries should
adopt com bus tion tech nol o gies that ex hibit high ef fi ciency and im proved en vi ron men -
tal per for mance when em ployed in poor qual ity fu els uti li sa tion, such as bio mass and
wastes, while pro vid ing fuel flex i bil ity and be ing ma ture for full-scale im ple men ta tions.
FBC ful fils such re quire ments, among other tech nol o gies.
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De vel op ment of FBC pro cesses has been pro posed due to their po ten tial to
over come the dis ad van tages of con ven tional com bus tion sys tems, since it is ev i dent that
they are the most ef fi cient and en vi ron men tally sound way for solid fu els uti li sa tion.
Within the frame of EU funded pro jects, sig nif i cant prog ress in re search and de vel op -
ment was achieved; thus, FBC tech nol ogy is adopted in ma jor mod erni sa tion pro grams
in East Eu ro pean coun tries. FBC tech nol o gies of fer a num ber of ad van tages over con -
ven tional com bus tion sys tems, re gard ing ef fi ciency and en vi ron men tal per for mance of
the ther mal units, as well as re duced op er at ing and main te nance costs. FBC units ex hibit
sig nif i cant im prove ment of com bus tion ef fi ciency due to in creased par ti cle res i dence
time and mix ing rate, and in creased fuel flex i bil ity be cause the fluidised bed has a sub -
stan tial ther mal ca pac ity that al lows a va ri ety of fu els to be burnt, in clud ing poor qual ity
do mes tic fos sil fu els, bio mass and fuel mix tures. As the in tense par ti cle – air mix ing that
oc curs re sults in a uni form tem per a ture pro file of the bed, better bed tem per a ture con -
trol is fea si ble, while in creased heat trans fer rates, due to the con tin u ous con tact of the
par ti cles and the im mersed wa ter tubes, lead to smaller heat ex change sur face per unit of 
heat en ergy. The rel a tively low bed tem per a tures re sult in ap pre cia bly re duced NOx for -
ma tion, and sub se quently FBC sys tems do not usu ally re quire any ad di tional denitrifica-
tion equip ment, while more than 90% of SO2 formed dur ing com bus tion can be re tained 
as a sul phate by in sert ing an ab sor bent in the fur nace, such as lime stone, lime or do lo -
mite. More over, re duced CO2 emis sions can be achieved as a re sult of the in creased
over all ef fi ciency. In FBC boil ers slag for ma tion prob lems, such as those usu ally en coun -
tered in pul ver ised fuel boil ers, do not ex ist, be cause the av er age bed tem per a ture re -
mains be low the ash melt ing point. FBC im ple men ta tions re quire de creased fuel
pre-treat ment cost, as rel a tively large par ti cles (up to 10–2 m) can be suf fi ciently burnt
and a sim ple crush ing de vice can re place the usu ally en coun tered mill ing pro cess.
Adapt able boiler de signs to all op er at ing modes are also fea si ble; be tween 40% of the
nom i nal load and full load in the course of the day. Finally, FBC is a proven tech nol ogy
with high com mer cial avail abil ity. Suc cess ful FBC op er a tions have been achieved in Eu -
ro pean coun tries, Ja pan, and the USA, ris ing up to out put ca pac i ties of 250 MWe, while
many new CFBC units are be ing built in Ger many, Ja pan, China, and USA •17•.

In tro duc tion of de cen tral ised cogeneration units, uti lis ing FBC tech nol o gies,
looks prom is ing, con sti tut ing an eco nom i cally vi a ble way to cover power and heat de -
mands of in dus trial util i ties, ag ri cul tural and res i den tial sec tor, even at rel a tively re mote
ar eas of the Cau ca sus coun tries. They can also be con sid ered as an ap pro pri ate op tion to 
cover heat de mands in coun tries with di verse cli ma tic con di tions, such as the Cau ca sus
coun tries, where there are some ar eas with mild sub trop i cal cli mate and oth ers with al -
pine type one. Hence, there are ar eas that the heat ing pe riod lasts just 70 days and oth ers 
that it lasts about 220, or even up to 380 days •18•. More over, in some re mote ar eas with
long heat ing pe ri ods, coal and bio mass uti li sa tion for heat pro duc tion is the only op tion
•5, 9•. 

There fore, FBC im ple men ta tions in de cen tral ised CHP units in the Cau ca sus
re gion coun tries will mod ern ise the heat and power sec tor and will in tro duce the uti li sa -
tion of re new able en ergy sources and the em ploy ment of more ef fi cient and en vi ron -
men tally friendly com bus tion tech nol o gies. Their im pact on en ergy sys tems will of fer in -
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creased ef fi ciency, better en vi ron men tal per for mance of en ergy pro duc tion units, and
the op por tu nity to uti lise do mes tic solid fu els. Their con struc tion and op er a tion will in -
crease em ploy ment op por tu ni ties, will con trib ute to re gional eco nomic de vel op ment,
and will im prove power sup ply re li abil ity in Cau ca sus coun tries [14, 19]. Their pen e tra -
tion should be tar geted in the power sec tor, in dus trial util i ties, es pe cially in the case of
en ergy in ten sive in dus tries, the com mer cial – res i den tial sec tor, usu ally by con sti tut ing
part of dis trict heat ing or cool ing sys tems, and the ag ri cul tural sec tor, i. e. sup ply ing heat
in green houses. How ever, as in most de cen tral ised gen er a tion cases, such im ple men ta -
tions are of ten highly lo ca tion spe cific and de pend on is sues such as the tech ni cal im ple -
men ta tion pos si bil i ties, fuel avail abil ity, en vi ron men tal reg u la tions, so cial ac cep tance of
the pro jects, lo cal mar ket leg is la tion and in fra struc tures. Thus, the pre req ui sites for
FBC uti li sa tion in de cen tral ised CHP units in the Cau ca sus re gion are dis cussed next.

Pre req ui sites for FBC uti li sa tion in
de cen tral ised cogeneration units

In or der to pen e trate the heat and power sec tor of the Cau ca sus re gion coun -
tries, FBC tech nol o gies have to com pete price and avail abil ity of other than solid fu els
and to over come bar ri ers such as the lack of large-scale pro jects in Cau ca sus coun tries,
the state-own mo nop oly of the power sec tor, and any op po si tion to coal-fired tech nol o -
gies. More over, sub stan tial fund ing should be at tained in or der to com pen sate for the
pres ent lim ited in vest ments •20, 21•.

Fuel avail abil ity

Due to in creased com bus tion ef fi cien cies achieved, FBC  sys tems can ef fec -
tively uti lise poor qual ity fu els, thus of fer ing flex i bil ity in fuel feed. Vir tu ally, all avail -
able solid fu els could be burnt. More over, multi-fuel op er a tion is pos si ble and in some
cases may con trib ute to ei ther im proved ef fi ciency or im proved en vi ron men tal per for -
mance. Among pos si ble fu els that can be sup plied to FBC boil ers are low-grade coal
(peat, etc.), mu nic i pal wastes, sew age sludge, bio mass, waste wood, and used tires.

Com pet i tive cost

In vest ment costs of FBC boiler sys tems are gen er ally higher than these of pul -
ver ised coal-fired (PF) boil ers. How ever, in or der to meet SO2 emis sion lim its, a de sul -
phuri sa tion unit (FGD) is usu ally re quired. FGD in stal la tion cost is then added to the
PF boiler cost. In such cases, FBC boil ers be come a more at trac tive so lu tion com pared
to PF boil ers •22•. More over, as pre vi ously dis cussed, FBC sys tems do not usu ally re -
quire any denitrification equip ment. Re duced de mand in emis sions con trol equip ment
is a ma jor FBC ad van tage over PF units. Cap i tal cost is the main con trib u tor in pro duced 
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elec tric ity cost hold ing a 52% share, while fuel (29%), and fixed op er a tion and main te -
nance (19%) are the re main der •23•.

More over, based upon data of 1998 EU Tacis programme con cern ing coal re -
sources ex ploi ta tion in Geor gia, fluidised bed tech nol ogy is com pet i tive with elec tric ity
pro duced by nat u ral gas. Al though nat u ral gas prices con tinue to be low, small dif fer -
ence in elec tric ity pro duc tion costs jus ti fies the de vel op ment of mines and power gen er -
a tion from coal, es pe cially if the coal price is kept be low $30 per tonne, fig. 6. The size of
such power units was es ti mated at around 150 to 200 MWe •6•.

Leg is la tion

The leg is la tive frame work re gard ing de cen tral ised CHP im ple men ta tions and
FBC tech nol ogy ex ploi ta tion in cludes all na tional leg is la tion and in ter na tional con ven -
tions that de ter mine en vi ron men tal re stric tions and reg u late heat and elec tric ity pro -
duc tion is sues. Ar me nian gov ern ment passed the Law on Privatisation in 1997 and ac -
cord ing to na tional en ergy pol icy non-stra te gic power fa cil i ties are to be pri va tised. At
pres ent elec tric ity im ports, ex ports and pro duc tion are con trolled by state Reg u la tory
Com mis sion •3•. In or der to at tract for eign in vest ments, Azerbaijan re pub lic adopted
laws such as the Law on Pro tec tion of For eign In vest ments and for eign in vest ments in
Azerbaijan en joy fair pro tec tion un der na tional law and in ter na tional trea ties •4•. The

28

THERMAL  SCIENCE: Vol. 7 (2003), No. 2, pp. 17-32

Fig ure 6. Var i ous con fig u ra tion cost data for the Geor gian power sec tor
PF – pul ver ised coal-fired, FBC – fluidised bed com bus tion, NG – nat u ral gas, NGCC –
nat u ral gas com bined cy cle



Geor gian Law on Mo nop o lis tic Ac tiv ity and Com pe ti tion that was en acted in 1996 and
the Law on Privatisation of State Prop erty con sti tute the leg is la tive ba sis for open mar -
ket de vel op ment and for privatisation of state prop erty. How ever, stra te gic en ter prises
are ex cluded •3•. In gen eral, the leg is la tive ba sis for reg u lat ing the de vel op ment of the
Cau ca sus coun tries’ en ergy sec tor un der mar ket prin ci ples has not been com pleted yet.

More over, as so ci a tion with EU in the me dium term re quires com pli ance with
EU en vi ron men tal leg is la tion, which in turn will prob a bly pro mote the in ves ti ga tion of
cogeneration and clean coal tech nol o gies ap pli ca tions, such as the FBC tech nol ogy ap -
pli ca tions, in the Cau ca sus re gion coun tries and fi nance such pro jects. The Eu ro pean
Coun cil has in tro duced Di rec tives rel e vant to the heat and power in dus try, con cern ing
the en vi ron men tal per for mance of com bus tion plants •17•.

Funding

Ex clud ing Azerbaijan, in vest ments in the Cau ca sus power sec tor are lim ited to -
day. Gen erally, there are great fund ing needs in all Cau ca sus coun tries in or der to re ha -
bil i tate the heat and power sec tor, gas and oil trans mis sion pipe lines, and the dis tri bu -
tion net work. The chal lenge in coun tries such as Ar me nia and Geor gia is to de velop the
nec es sary con di tions for in creased for eign in vest ment op por tu ni ties, in or der to at tain
the nec es sary funds. Ad vancing privatisation of the power util i ties and open-mar ket heat 
and power sec tor de vel op ment may lead to wards this di rec tion. The main bar ri ers for
Cau ca sus coun tries in at tain ing funds are prob a bly so cial and eco nomic con di tions in sta -
bil ity, mis man age ment, and in suf fi cient tar iff pol icy and reg u la tory mech a nisms. These
re flect on more than strict fi nanc ing con di tions met in the past, such as very short pay -
back time •5•.

Dom i nant fi nan ciers are the World Bank Group, in clud ing or gani sa tions such
as the In ter na tional De vel op ment As so ci a tion, the Eu ro pean Bank for Re con struc tion
and De vel op ment, the Eu ro pean In vest ment Bank, bi lat eral aid agen cies, and pri -
vate-sec tor in vest ment fi nan ciers. The con tri bu tion to the over all bud get may vary from
about 25 to 50%. Can di date ben e fi cia ries are all Cau ca sus re gion coun tries, while
Azerbaijan is also fi nanced by the Is lamic De vel op ment Bank. In gen eral, strict fi nanc -
ing con di tions are ex pected to be met, while re turn on in vest ment is con sid ered at trac -
tive •24•.

Con clu sions

There are sig nif i cant pros pects of FBC uti li sa tion in de cen tral ised cogenera-
tion units in the Caucausus re gion heat and power sec tor, due to the ob so lete and low ef -
fi ciency units. Such im ple men ta tions will mod ern ise the heat and power sec tor and will
in tro duce the uti li sa tion of re new able en ergy sources and the em ploy ment of more ef fi -
cient and en vi ron men tally friendly com bus tion tech nol o gies. More over, their adop tion
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will pro mote the uti li sa tion of do mes tic en ergy re sources that were con sid ered as mar -
ginal fuel or have not been fully ex ploited, such as coal and bio mass.

The in tro duc tion of de cen tral ised CHP units con sti tutes an eco nom i cally at -
trac tive way to cover power and heat de mands of in dus trial util i ties, the ag ri cul tural and
the res i den tial sec tor, re gard less of geo graph ical lo ca tion, while con trib ut ing to heat and 
power sup ply re li abil ity. Con struc tion and op er a tion of de cen tral ised CHP units in -
crease em ploy ment op por tu ni ties and con trib utes to re gional eco nomic de vel op ment.
Their im pact on en ergy sys tems will of fer in creased out put ef fi ciency, better fuel uti li sa -
tion, and re duc tion of im ported fuel cost.

In or der to ex ploit solid fu els, Cau ca sus coun tries should adopt high ef fi ciency
com bus tion tech nol o gies that pres ent im proved en vi ron men tal per for mance, such as
FBC tech nol o gies. They pres ent at trac tive pos si bil i ties for the uti li sa tion of solid fu els of 
ex tremely poor qual ity or sim i lar “prob lem atic” fu els (bio mass, wastes, in dus trial
by-prod ucts). The adop tion of FBC sys tems of fers in creased ef fi ciency, fuel flex i bil ity
and avail abil ity, along with re duced op er at ing and main te nance costs, while en vi ron -
men tal stan dards could be met.

In gen eral, there are fair fund ing pos si bil i ties for large-scale pro ject im ple men -
ta tions from international or gani sa tions and the EU, es pe cially if bar ri ers such as eco -
nomic in sta bil ity, mis man age ment, and in suf fi cient tar iff pol icy and reg u la tory mech a -
nisms are over come. Ad vancing privatisation and en ergy mar ket liberalisation, along
will har mo ni sa tion with EU leg is la tion, will fur ther en hance pos si bil i ties.

Ref er ences

•1• ***, COM(2000) 769, To wards a Eu ro pean Strat egy for En ergy Sup ply
•2• ***, COM(1997) 514, A Com mu nity Strat egy to Pro mote Com bined Heat and Power (CHP)

and to Dis man tle Bar riers to its De vel op ment
•3• ***, IEA, Black Sea En ergy Sur vey, 2000
•4• ***, Black Sea Re gional En ergy Cen tre, Black Sea En ergy Re view – Azerbaijan, 1997
•5• Gochitashvili, T., En ergy Ef fi ciency Cen tre, Geor gia, per sonal com mu ni ca tion
•6• Kavourides, C. V., Logothetis, A. J., Nikolaides, I. P, Ex ploi ta tion of Peat Re sources and

Tkibuli Coal De posits for En ergy Uses in In dus try and House hold Taking into Ac count the
Re lated En vi ron men tal As pects”, EU-Tacis Programme EGE/95/02 Geor gia, Ptolemais,
1998

•7• ***, CSFTA-VGB, Size and Type of Ex isting Elec tric ity-Gen er ating Ca pac ity Us ing Solid
Fuels within an En larged EU, Con tract No: 4.1004/D/99-006, Fi nal Re port, Ath ens, 2000

•8• Gochitashvili, T., As sess ment of Solid Fuels Re sources in the South Cau ca sus, OPET
Cau ca sus pre sen ta tion at Work shop on Pro mo tion of De cen tral ised Cogeneration Units,
Tbilisi, 2002

•9• ***, En ergy Ef fi ciency Cen tre – Geor gia Re port, Es ti mate of the Solid Fuels De posits in
Geor gia, 2001

•10• Arsenyan, R. P, Bar riers for Re ha bil i ta tion and Mod erni sa tion of Heat Sup ply Sys tems in
Cities of Ar me nia and De vel op ment Per spec tives of De cen tral ised Heat Sup ply, OPET
Cau ca sus presentation at Work shop on Pro mo tion of De cen tral ised Cogeneration Units,
Tbilisi, 2002

•11• Mouradyan, R., Least Cost Power In vest ment Pro gram – Ar me nia, Yerevan, 1998

30

THERMAL  SCIENCE: Vol. 7 (2003), No. 2, pp. 17-32



•12• ***, Eval u a tion of the Lig nite In dus try of the En larged Eu ro pean Un ion, Con tract No:
4.1040/E/95-017, Fi nal Re port, CSFTA, Greece 1997

•13• Bailly, H., The Ar me nian Fuel Sec tor: Rec om men da tions for Re form, 1998
•14• ***, Euroheat & Power Re port Leg is la tive Ac tion to Pro mote Com bined Heat and Power

(CHP), 2001
•15• ***, Min is try of En ergy of Re pub lic of Ar me nia, The Ar me nian En ergy Sec tor: De ve-

l op ment Tasks and Key Is sues, pre sented to Nu clear Safety Coun cil, 1997
•16• ***, Min is try of En ergy of Re pub lic of Ar me nia, The Ar me nian En ergy Sec tor: De ve-

l op ment Tasks and Key Is sues, pre sented at meet ing with IAEA, 1997
•17• ***, CSFTA-VGB, Study on the Ren o va tion Op tions for Power Plants Burning In dig e nous

Solid Fuels in an En larged Eu ro pean Un ion, Taking into Ac count En vi ron men tal and
Eco nomic Fac tors, Con tract No: 4.1004/D/99-007, Fi nal Re port, Ath ens, 2000

•18• ***, Na tional Cli mate Re search Cen tre of Geor gia, Geor gia’s Ini tial Na tional Com mu ni ca -
tion un der the United Na tions Frame work Con ven tion on Cli mate Change, pre pared in the
frame work of the UNDP/GEF pro ject GEO/96/G31, Tbilisi, 1999

•19• ***, Euroheat & Power, Dis trict Heat in Eu rope: Coun try by Coun try – 2001 Sur vey, 2001
•20• ***, Di rec tor ate Gen eral for En ergy (DG XVII), Clean Coal Tech nol ogy, News let ter, Is sue

No. 10, Feb ru ary 1999
•21• McMullan, J. T., Wil liams, B. C., McCahey, S., Stra te gic Con sid er ations for Clean Coal

R&D, En ergy Pol icy, 29 (2001), pp. 441-452
•22• Katzenberger, H., Tschaun, I., Im ple men ta tion of Cir cu lating Fluidized Bed Boilers in

China, Aus trian En ergy & En vi ron ment
•23• Weitzel, P. S., Mc Don ald, D. K., Whit ney, S. A., Di rec tions and Trends for Com mer cial

PFBC and Hot Gas Clean Up, Pitts burgh Coal Con fer ence, Pitts burgh, USA, 1996
•24• ***, KANTOR Man age ment Con sul tants, Re view of Clean Coal Tech nol ogies, Fi nancing

Pos si bil ities for the Ap pli ca tions of Clean Coal Tech nol ogies in the Bal kan Coun tries,
Thessaloniki, Greece, 1998

Au thors’ ad dresses:

G. Skodras 
In sti tute for Solid Fuels Tech nol ogy and Ap pli ca tions, Ptolemais, Greece
Lab o ra tory of Solid Fuels and En vi ron ment,
Chem i cal Pro cess En gi neering Re search In sti tute 
Chem i cal Pro cess En gi neering Lab o ra tory, Dept. of Chem i cal En gi neering,
Ar is totle Uni ver sity of Thessaloniki

P. Amarantos
In sti tute for Solid Fuels Tech nol ogy and Ap pli ca tions, Ptolemais, Greece

E. Kakaras
In sti tute for Solid Fuels Tech nol ogy and Ap pli ca tions, Ptolemais, Greece, and
Lab o ra tory of Steam Boilers and Ther mal Plants, Me chan i cal En gi neering Dept.,
Na tional Tech ni cal Uni ver sity of Ath ens

31

G. Skodras, P. Amarantos, E. Kakaras: FBC Utilisation Prospects in Decentralised ...



Cor re sponding au thor (P. Amarantos):
P. O. Box 95, 502 00 Ptolemais, Greece
Phone: ++30-2310-996 225, Fax: ++30-2310-996 168
E-mail: skodras@vergina.eng.auth.gr

Pa per submited: May 28, 2003
Pa per re vised: Sep tem ber 1, 2003
Pa per ac cepted: Oc to ber 15, 2003

32

THERMAL  SCIENCE: Vol. 7 (2003), No. 2, pp. 17-32


