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In pur suit of fea si ble near-fu ture sus tain able and en vi ron men tally ac cept able en ergy
so lu tions to spe cific needs and based on the avail able – of ten spe cific and lim ited re sources as
per ti nent to many smaller tran si tional coun tries, the Acad emy of Sci ences and Arts of Bosnia
and Herzegovina in co op er a tion with Dubrovnik Inter-Uni ver sity Cen tre in vited a panel of ex -
perts to pres ent and dis cuss the state-of-the-art in the de vel op ment of new en ergy tech nol o gies
at a con fer ence held in Dubrovnik, Croatia, on Sep tem ber 23-25, 2006. Up-to-date re views of
the sta tus and pros pects of dif fer ent op tions in en ergy con ver sion and stor age tech nol o gies were
pre sented by some of the world lead ing au thor i ties  mem bers of the na tional and in ter na tional
acad e mies of sci ences, di rec tors of in sti tutes, di rec tors of na tional and in ter na tional (EU) en ergy 
programmes and ac a dem ics from Bel gium, France, Ger many, It aly, Ja pan, the Neth er lands, Por -
tu gal, and Swit zer land. The ar ti cles cov ered new clean and zero-emis sion coal tech nol o gies, so -
lar, wind, nu clear, fuel cells, hy dro gen and hy brid tech nol o gies, ac com pa nied by trea tises on the 
chal lenge of in creas ing global en ergy needs and con sump tion, is sues of sustainability, and on
ef fi cient pro duc tion and use of en ergy based on mod ern ra tion ing tech nol o gies. This over view
was com ple mented by sev eral re gional sur veys of needs, re sources and pri or i ties, as well as spe -
cific ini tia tives to wards meet ing fu ture en ergy ob jec tives, pur sued in sev eral coun tries in South
East ern Europe.

This vol ume has grown out of (but is not con fined to) ex tended and re vised in vited ar ti -
cles pre sented at the Dubrovnik con fer ence un der the aus pices of the Acad emy of Sci ences and
Arts of Bosnia and Herzegovina. The book aims at pro vid ing in for ma tion and guid ance to en gi -
neers and plan ners in en ergy sec tor, em ploy ees in en ergy util ity com pa nies, var i ous lev els of
gov ern men tal or ga ni za tions and of fices. It is also in tended to serve as a grad u ate-level text book
to meet grow ing de mand for new courses in al ter na tive, re new able, and sus tain able en ergy tech -
nol o gies at tech ni cal and gen eral uni ver si ties.

Re cent re cord in creases in crude-oil prices have once again brought the en ergy is sue
into the prime fo cus of world pol i tics and pub lic aware ness. De vel op ing sus tain able and re new -
able en ergy sources is again seen as the top pri or ity in many coun tries, es pe cially those that are
highly de vel oped. Thus, it is not only the alarm ing ob ser va tion of melt ing po lar ice caps or other
in con test able ev i dences of cli mate change, nor Kyoto, post-Kyoto or sim i lar pro to cols and dec -
la ra tions that com pel us to search for new en ergy al ter na tives. It is rather the is sues of na tional
se cu rity, in de pend ence from im ports, the im me di ate and near-fu ture pros pects for our econ o -
mies and pos si ble un de sired so cial and so ci etal im pli ca tions, that pro vide the prime mo ti va tion
for ex ten sive re search on new re new able as well as con ven tional en ergy sources, con ver sion
and stor age tech nol o gies. It should be no sur prise that the is sue of se cu rity of en ergy sup plies
and ab so lute ne ces sity for new en ergy ef fi cient tech nol o gies ap peared as pri mary items on the
agenda of the re cent An nual Meet ing of the World Eco nomic Fo rum in Davos, Swit zer land.
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How ever, the prob lems and chal lenges in dif fer ent parts of the globe are very dif fer ent
and so are the mo ti va tions, pub lic at ti tudes, pri or i ties, and of fi cial pol i cies. The highly de vel -
oped coun tries, the USA, EU, Ja pan, see the is sues from a dif fer ent per spec tive than the highly
pop u lated coun tries such as Brazil, China, In dia, In do ne sia, and very dif fer ent still from smaller
econ o mies in tran si tion, such as those in South East ern Eu rope.  Hy dro gen has the fu ture, Hy -
dro gen is the an swer to en ergy ques tion,  claims the Eu ro pean Com mis sioner for Re search.
Wind, so lar, tidal, etc., have the po ten tial to sat isfy all our needs, claim oth ers. Yet, ac cord ing to
some (un con firmed) ev i dence, there are cur rently over 850 large fos sil-fuel plants un der con -
struc tion or in the de sign stage world wide, most in China, In dia, In do ne sia, Rus sia, South Amer -
ica, and also in the USA.

While ev ery tonne of fos sil fuel re placed by a re new able source should be wel come,
and the re search into and de vel op ment of novel re new able and sus tain able tech nol o gies should
be stim u lated even at a larger scale than hith erto (see e. g. the re cent EU En ergy Tech nol ogy
Plan), we should ask our selves: 
· Which of the proposed options in alternative and renewable energy technologies provides

the fastest route towards meeting the challenges and fulfilling promises by providing
efficient, safe, environmentally acceptable and reliable solutions?

· What are the feasible near-future options, in particular for specific countries and regions?
· The total installed capacity of renewable energy sources, apart from hydroelectric power and 

biomass, is still relatively small, although growing strongly. The technical limit of 15% of
intermittent electricity is being quickly approached in some countries of the European
Union. Will the storage technologies come next or will the intermittent technologies stay
limited? Will these sources need to be subsidised for a long time to come?

· How real are the perspectives for the revival of nuclear energy? Is it time to reconsider
existing bans and previously made decisions in many countries to phase out nuclear plants?
How can we assure ourselves and the public that nuclear power can be safe? Since the fuel is
limited for current nuclear technologies, will new technologies evolve in time? 

· Or, is the solution for many countries to be found in so-called  lean fossil fuel technology,
which combines efficiency improvements with CO2 sequestration? 

The wide spread con sen sus among ex perts is that the so lu tion is not in one sin gle en ergy 
source or tech nol ogy, but that all op tions need to be pur sued and ex plored. The 2007 Re port on
En ergy and Cli mate Change by the World En ergy Coun cil (WEC) em pha sizes that no sin gle en -
ergy source can meet the en ergy needs of the world and its emis sion goals at the same time, nor
can any sin gle pol icy or mea sure pro vide the full so lu tion. This state ment can be pro jected to a
sin gle coun try or even a re gion: each coun try should de velop its own strat egy to cli mate change
and to en ergy needs. The three   cri te ria of the WEC (Ac ces si bil ity to af ford able en ergy, en vi -
ron men tal Ac cept abil ity of the en ergy sources, and re li able and se cure Avail abil ity) can serve as 
guid ance for as sess ing pos si ble tech no log i cal op tions and pol icy de ci sion.

This vol ume pres ents an over view of re cent de vel op ments in sus tain able en ergy tech -
nol o gies (ex clud ing ve hi cle pro pul sion) and pro vides a plat form for an swer ing some of the
above-posed and other ques tions when pro jected to spe cific sit u a tions. It also aims at stim u lat -
ing ac tiv i ties in se lect ing, re search ing and pur su ing spe cific tech nol o gies that are fea si ble, eco -
nom i cally vi a ble and reali sable with spe cial em pha sis on the needs and po ten tial of coun tries in
South East ern Eu rope and their coun ter parts in other re gions of the world. A panel of in ter na -
tion ally re nowned ex perts pre sented re cent re search ad vances and pros pects for dif fer ent op -
tions. These are com ple mented with a se ries of short re gional over views of ini tia tives, trends
and ac tiv i ties in some of the coun tries of South East ern Eu rope.

THERMAL  SCIENCE: Vol. 11 (2007), No. 4, pp.133-138 133



The ma te rial is or gan ised in two parts. Part I be gins with dis courses of some global en -
ergy is sues, such as the chal lenge of in creas ing global en ergy needs and con sump tion, the con -
cept of sustainability, and po ten tial im prove ment of ef fi ciency in pro duc tion and use of en ergy.
Dif fer ent novel con ver sion and stor age tech nol o gies, their de vel op ment sta tus and per spec tives
of im ple men ta tion are then pre sented. Part II con tains over views of cur rent ac tiv i ties in some of
the coun tries in South East ern Eu rope. In ad di tion to giv ing an in sight into cur rent ini tia tives,
pol i cies and ac tions, these chap ters pro vide ex am ples of pos si ble mea sures to wards short- and
mid-term mit i ga tion of en ergy short age in small and me dium-sized coun tries as a pre cur sor for
ma jor un der tak ings.

The first three chap ters deal with dif fer ent top ics, but their com mon de nom i na tor is in
their global con cern and sig nif i cance. In Chap ter 1, M. Combarnous and J.-F. Bon net re view the 
world en ergy sit u a tion, cur rent sta tus and fu ture trends. A dis tinc tion is made be tween  ex plicit
en ergy sources and main en ergy  sec tors  and their cor re la tion with world pop u la tion evo lu tion,
emis sion of green-house gases and cli mate change. Us ing the av er age in di vid ual en ergy con -
sump tion as a key pa ram e ter, dif fer ent fu ture en ergy sce nar ios are con sid ered and pos si ble so lu -
tions are dis cussed. Re cog nis ing the enor mous com plex ity of the en ergy sys tems, their size and
in er tia to im ple ment ing tech no log i cal nov el ties, and rig or ous safety is sues, the au thors con clude 
that all fea si ble mea sures should be pur sued. They es pe cially em pha size en ergy sav ing, the de -
vel op ment of all forms of en ergy pro duc tion, de vel op ing tech nol o gies for car bon cap ture, and
the need for a more bal anced geo graph ical dis tri bu tion of re sources.

Over all sus tain able growth can not be en sured if sustainability is not ac counted for in
all ma jor plan ning ex er cises and un der tak ings that in volve fu ture use of en ergy, wa ter, and other 
nat u ral re sources. N. H. Afgan in tro duces in Chap ter 2 the sustainability con cept and mea sures
of sustainability, de fined in terms of a sustainability in dex. Ex am ples of multi-cri te ria as sess -
ment of an en ergy sys tem for sev eral dif fer ent sce nar ios il lus trate the fea si bil ity of the ap proach. 
In Chap ter 3, S. V. Alekseenko gives a Rus sian per spec tive on ef fi ciency of pro duc tion and use
of en ergy, based on mod ern ra tion ing tech nol o gies. Pre sented are novel de vel op ments in both
con ven tional and re new able con ver sion and stor age tech nol o gies, new types of en ergy sources,
as well as some in ter est ing in no va tive meth ods for ef fi cient use of en ergy, such as pow er ful
light sources based on a plasmatron. Mod erni sa tion of ex ist ing and in tro duc tion of new en vi ron -
men tally ac cept able tech nol o gies based pri mar ily on gas, coal, and nu clear fuel, to gether with
en ergy ra tion ing, are seen as pri or i ties, though ad mit tedly all re quire im mense in vest ments.
Some of the tech nol o gies dis cussed are spe cif i cally tar geted to wards the Rus sian land scape
which is char ac ter ised by a harsh cli mate, huge space and dis tances, and widely dis persed con -
sum ers. Nev er the less, many of the is sues, so lu tions and nov el ties dis cussed are ubiq ui tous and
rel e vant to broader com mu ni ties world wide. 

The next nine chap ters deal with spe cific pro spec tive tech nol o gies of en ergy con ver -
sion and stor age, some al ready ma tured and ready for large-scale im ple men ta tion, and some
fore seen as fea si ble so lu tions in the mid-term pe riod of the next two or three de cades. Con sid -
ered are wind, so lar, nu clear, and hy dro gen en ergy, fuel cells and their hy brid sys tems, clean and 
zero-emis sion coal con ver sion and com bus tion tech nol o gies, while miss ing are the con ver sion
tech nol o gies of sig nif i cance in fu ture en ergy sys tems, like so lar ther mal, con cen trated so lar
power, wave en ergy, heat pumps, bio mass and biofuels and de mand side ef fi ciency and man -
age ment tech nol o gies like pas sive build ings, modal shift in trans port, dy namic road pric ing, etc.

In Chap ter 4, G. van Kuik, B. Ummels, and R. Hendriks pres ent the state-of-the-art and
per spec tives of wind en ergy, emphasising its suc cess ful de vel op ment and spread ing over the
last three de cades. Is sues con sid ered in clude mar ket and costs per spec tives, tech no log i cal de -
vel op ment of wind tur bines and wind power plants with a spe cific ac count of off-shore ap pli ca -
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tions, grid in te gra tion, lo cal and global im pacts, and re search agenda. The chap ter closes with
op ti mis tic fore cast on wind en ergy as a soon-to-be come main stream elec tric ity source in a num -
ber of coun tries. 

Chap ter 5 pres ents a re view of the de vel op ment, tech nol ogy and ap pli ca tions of pho to -
vol taic cells and their role in a re new able en ergy sce nario. Re it er at ing that so lar ra di a tion is the
most abun dant and the most fun da men tal sus tain able en ergy source, and its di rect con ver sion
into elec tric ity the most at trac tive and clean est way of elec tric ity pro duc tion, A. J. McEvoy and
M. Grätzel dis cuss var i ous op tions of pho to vol taic semi con duc tor ma te ri als, cell de signs and
their per for mances. Pro jected de creases in the pro duc tion costs and cur rent mar ket trends
(>30% growth per year) are ex pected to work in fa vour of PV. It is es ti mated that in 2030, PV
could gen er ate 4% of elec tric ity world wide.

R. van de Krol and J. Schoonman go a step fur ther in Chap ter 6 and con sider the di rect
con ver sion of so lar en ergy into hy dro gen. The po ten tial of us ing metal ox ide semi con duc tors
that can split wa ter into ox y gen and hy dro gen is con sid ered as a chal leng ing al ter na tive to pho -
to vol taic cells, since hy dro gen can be stored and used as a clean fuel for a va ri ety of pur poses,
in clud ing ve hi cle pro pul sion. In ter ested read ers can learn about the prin ci ples of op er a tion, de -
sign con cepts and their ef fi cien cies, ma te rial re quire ments, main im ped i ments and re search
chal lenges, as well as re cent in no va tions based on nanotechnology that of fer new prom ises in
the de vel op ment of this ex cit ing new tech nol ogy.

An other new con cept, re searched in Ja pan, is pre sented by K. Suzuki, H. Yoshida, and
H. Iwai in Chap ter 7. An tic i pat ing that mas sive pro duc tion of hy dro gen from re new able en ergy
sources will not reach a wide com mer cial ap peal any time soon, dis trib uted en ergy gen er a tion is
con sid ered us ing the solid-ox ide fuel cell, which can be com bined with a mi cro gas tur bine. This 
hy brid con cept, based on ma ture mod ern tech nol o gies, is claimed to match the ef fi ciency of
most ad vanced oil-fired large-scale com bined-cy cle elec tric ity gen er a tion plants. Dis trib uted
en ergy sys tems of this kind are seen as very prom is ing, pro vid ing a low-emis sion, in terim so lu -
tion es pe cially in ar eas with high con cen tra tion of pop u la tion, busi ness and in dus try, al though,
ad mit tedly, high cost and du ra bil ity of fuel cells still pose a se ri ous chal lenge.

The next two chap ters deal with nu clear en ergy, the re vival of which is viewed by many 
as the most ef fec tive in terim so lu tion for stop ping the om i nous cli mate change be fore it is too
late. In Chap ter 8, D. G. Cacuci re views the evo lu tion of  gen er a tions I to IV of nu clear fis sion
re ac tor de signs. Based on thou sands of years of cu mu lated op er a tion, con vinc ing ar gu ments are
pro vided that ma tured in dus trial tech nol o gies are avail able to day for all stages of fuel cy cles, in -
clud ing spent-fuel treat ment and the con di tion ing and stor age of waste. Yet, in or der to re ceive a 
wider pub lic ac cep tance and to es tab lish it self as a vi a ble long-term en ergy op tion, a num ber of
tech no log i cal and so ci etal pre req ui sites are still to be ful filled. Cur rent in ter na tional ini tia tives
and ac tiv i ties to wards meet ing the ac cep tance cri te ria are re viewed, lead ing to the con clu sion
that novel gen er a tion IV nu clear fis sion re ac tors will ful fil the cri te ria for sus tain able nu clear
en ergy. In Chap ter 9, M. Cumo pro vides fur ther sup port to op ti mis tic pros pects of nu clear en -
ergy by pre sent ing a new fis sion re ac tor con cept called MARS (Multi-pur pose Ad vanced Re ac -
tor, in her ently Safe), de vel oped at the Uni ver sity of Rome “La Sapienza”. Based on a pas sive
safety con cept, the MARS re ac tor meets very high safety stan dards and thus should be suit able
for elec tric ity pro duc tion, dis trict heat ing, wa ter de sa li na tion, and other ap pli ca tions even in
highly pop u lated ar eas.

The last three chap ters in Part I con sider tech nol o gies for clean con ver sion of fos sil fu -
els and re lated car bon-cap tur ing meth ods. Re cog nis ing that fos sil fu els will for long re main the
dom i nant pri mary en ergy source in many coun tries, P. Mathieu dis cusses in Chap ter 10 three
pos si ble op tions for cap tur ing CO2 dur ing power gen er a tion: post-com bus tion re moval of CO2
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from flue gases, pre-com bus tion car bon re moval from fuel, and oxy-fuel com bus tion sys tems.
The im pact of each tech nol ogy on plant per for mances, costs and pol lut ant emis sions is con sid -
ered. It is ar gued that all three tech nol o gies are proven and ma ture though as so ci ated with high
costs. Each has its own pros and cons, but their scale up to large power sys tems and mar ket pen e -
tra tion de pends on po lit i cal will and sub stan tial fi nan cial in cen tives.

In Chap ter 11, K. Okazaki pres ents a new CO2 coal uti li sa tion tech nol ogy re searched in 
Ja pan, which is based on sys tem in te gra tion of clean coal com bus tion, CO2 re cov ery and se ques -
tra tion, and hy dro gen pro duc tion from coal and its uti li sa tion. It is ar gued that such com bined
sys tems could play an im por tant role in sup press ing CO2 emis sions in the in terim pe riod up to
2030-2050 when fos sil fu els could be to a large de gree elim i nated by wide spread use of re new -
able en ergy. Part I closes with Chap ter 12 in which H. Spliethoff also gives a brief over view of
pos si ble CO2 sep a ra tion meth ods, but fo cus ing on coal-fired power plants. Oxy-fuel pro cesses
are then con sid ered in more de tail, fol lowed by a fea si bil ity anal y sis of steam gen er a tor de signs
suited for coal com bus tion with pure ox y gen. Dif fer ent meth ods for lim it ing the max i mum tem -
per a ture are dis cussed. Among sev eral schemes, an in no va tive con trolled fuel/ox y gen staged
com bus tion with rich/lean burn ers, re searched at the Tech ni cal Uni ver sity of Mu nich, is seen as
a prom is ing tech nol ogy for coal uti li sa tion in power pro duc tion.

Part II, en ti tled Ini tia tives in South-East Eu rope  be gins with Chap ter 13 in which E.
Kakaras, A. Doukelis, D. Giannakopoulos, and A. Koumanakos pres ent an anal y sis of pos si ble
retro fit ting of do mes tic low-qual ity coal-fired power plants by oxy-fuel com bus tion and flue gas 
de car boni sa tion by amine scrub bing. The study, based on ther mo dy namic sim u la tions, in di cates 
the po ten tial to re duce CO2 emis sion by 70-85%, though at con sid er able en ergy pen al ties and
as so ci ated re duc tion in plant ef fi ciency. Nev er the less, the study shows that retro fit ting could
pro vide elec tric ity at costs com pa ra ble to nat u ral gas units.

Chap ter 14 by U. Lavren~i~-[tangar and E. Kranj~evi~ gives a sur vey of re new able
en ergy in Slovenia. De spite a rel a tively sig nif i cant share of 11% in the coun try’s to tal en ergy
sup ply, it is re cog nised that the ma jor con tri bu tion co mes from the con ven tional hy dro-plants
and that ma jor ef forts are needed to uti lise the rel a tively large po ten tial of other re new able
sources. This ex em plary anal y sis of the cur rent and po ten tial par tic i pa tion of re new able en ergy
closes with a short de scrip tion of sev eral new ini tia tives for pro mot ing the ex ploi ta tion of re -
new able en ergy sources. The con tri bu tion from Bul garia, pre sented by P. Stankov, D.
Mladenov, and K. Stanchev in Chap ter 15, deals with en ergy wood pro duc tion and use in the
frame work of the coun try ex ist ing laws and reg u la tions, the en ergy mar ket and en tre pre neur -
ship. Con sid ered is the pres ent sta tus of the wood pro cess ing in dus try, the struc ture of wood bio -
mass and its po ten tial for en ergy pro duc tion. This is fol lowed by an out look of the per spec tives
for fur ther de vel op ment of wood bio mass in dus try and its in creased role in pro vid ing a por tion
of Bul garia en ergy needs. Most coun tries in the area have a sim i lar cli mate and orog ra phy with
large per cent ages of the land cov ered by for est and ag ri cul ture. Thus, suf fi cient bio-re sources
for sus tain able de vel op ment of bio mass en ergy should be avail able.

The last three chap ters in Part II pres ent over views of the cur rent sta tus and plans for fu -
ture de vel op ments in the en ergy sec tors in Ser bia, Mac e do nia, and Bosnia and Herzegovina,
while Al ba nia, Croatia, and Montenegro are om i nously miss ing. Com pre hen sive in for ma tion
on the en ergy sta tus and pros pects in smaller and tran si tional coun tries is scarce in the open lit er -
a ture, in con trast to the de tailed sur veys avail able for the large, de vel oped and pop u lous states.
Al though he re views pre sented here may not be ex em plary, some fea tures are com mon to a num -
ber of coun tries of a sim i lar size, level of development and structure of the energy sector.

In Chap ter 16, S. Oka gives a re view of the avail able en ergy re sources, pres ent and pro -
jected fu ture con sump tion, and the state of the cur rent en ergy in dus try in Ser bia, and iden ti fies
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en ergy ef fi ciency as the most crit i cal is sue. The prob lems are rooted in out dated tech nol ogy, en -
ergy-in ten sive in dus try, in ad e quate man age ment, in ap pro pri ate en ergy strat egy and pric ing pol -
icy, and the lack or ne glect of stan dards and reg u la tions. It is ar gued that apart from tech nol ogy
mod erni sa tion, which re quires large in vest ments, most other causes of in ef fi ciency could be re -
moved or di min ished in a rel a tively short time. The Na tional En ergy Ef fi ciency Programme of -
fers plau si ble so lu tions that could sig nif i cantly im prove the coun try  en ergy sit u a tion, but is still
await ing po lit i cal de ci sion and, ad mit tedly, a more fa vour able eco nomic en vi ron ment.

Be cause of mod est pri mary en ergy re sources in Mac e do nia, B. Donevski in Chap ter 17
ad vo cates the coun try  fu ture eco nomic de vel op ments to be based on low-en ergy-con sum ing in -
dus tries that should bring sig nif i cant re duc tion in en ergy con sump tion and de mand. An other
pros pect is seen in ex pand ing the grid con nec tions with neigh bour ing coun tries and tak ing the
ad van tage of the fa vour able geostrategic lo ca tion of Mac e do nia to be come a ma jor en ergy hub
in the re gion.

In con trast, A. Leki} in Chap ter 18 con sid ers that sub stan tial pri mary en ergy re sources
in Bosnia and Herzegovina of fer pros pects for a prof it able en ergy in dus try. Sub ject to po lit i cal
con sol i da tion of the coun try, sub stan tial for eign in vest ments are ex pected both for mod erni sa -
tion of the ex ist ing and erec tion of new coal-fired and hy dro power plants, which could make
Bosnia and Herzegovina a sig nif i cant en ergy ex porter in the re gion.

Neven Dui}
Professor, University of Zagreb, Croatia
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