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The paper prescnts an overviel of thc susteineble
cnergy development and is airned to emphasize the
important aspects relcvent to this activiry. A short
introduction, related to present energ,v outlook wirh
a survey of availeble drra, is presented. This gives the
possibility to xssess the motivation for a susta.inxble
energy development.
Special attention is dcvoted to the definition of sus-
tainability and its generic mcening. In this respect,
particular attcntiorr is dcvoted to thc discussion of
different aspects of sr:stainabiliw in the present
world. In order to present r.n engineering appro:rch
to the sustainable developmelrt, attention is devoted
to the rcview ofsustainlbiliw criterions xs thev hxve
to be introd.uced in the futuie products.
The main emphasis is given to revierv r. potentixl
development in the energ',v engineering science rvhich
may lead to e susteinable energy dcvelopment. Seven
mejor lrces erc listcd u'ith spccitic problcms and rheir
relcvence to rhe sustxinablc cnergy development. This
includes the tbllorving xrexs: energl resources rnd
developmer-rt; efllciencv esscssmenti clean air rcch-
nologics; informetion technologies; nerv and rencw-
able energ.v resources; environn)ellt crp:rciq';
mitigation of nuclear pox,er irnpect to the environ-
ment,
The educetion svstem is the milestone for atrv eco-
nomic development. h this respect, the sustaineble
energy dcvelopment n,ill require specir.l aftcntion to
be devoted to the neu' dcvelopment of educerion
system. The distence lcerning education system is
envisaged rs drc potentirl option fbr the kno*'lcdge
dissemination of the nc*' cncrgy tcchnologies.
Kry n,ords: ettetglt entrql rcslttrcet, Ttct itilC renett,able
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ENERGY resources havc alrvays plaved an im-
Eponanr role in rhe deveiopment of rhe hUman
sociery [1]. Sincc the indusrriai rcvolurion rhc en-
crgv has been a driving forcc for rhe modern civili-
zxtion de\/elopmeltr. Technoiogical developmcnr
and consumprion of encrgv, along wirh rire incre.l.se
in rhc world populariou, are inrerdepcndcnr. The
Lrdrutrial Revolution, began a drastic increasc borh
in consurnption and popularion of thc rvorld [2].

The hisrory of life on rhe Ernh is based on rltc
history of phorosynthesi.s and energli availabiliry
[3]. Thc historv of our planet lics ol.l rhe caprure of
the solar energ.v and its conversion try photosvnrhe -
sis i:r plants and phyroplankron as organic rnoic-
cule.s of high cnergiy conreur. The plaurs converr rhis
energy into orher organic cclmpounds and rvork bv
biochcmical proces.ses. Ry capruring rhc solar cn-
ergy photosvnrhesis p;rvcs dre rvav for biologicat
evolution.

The Sun is an enormous machinc rhat pro-
duces cnerp- by nuclear fi,rsiorr. Evcr'"' ,,-c.lr thc Sun
sends 5.6.I02+ joulcs of erre rgv ro ihe Errri-r en..i
produce.s 2.l0ll cons olorgrnic rnatcri:i b1,pi-roro-
svntesis. This rs equivalenr ro 3.1021 joulesrr,crrr.
Through the billions of years since the crcrrrit-rn oi
tl'rc plalret Eardr tl-ris process has Ied ro ihe accurttu-
lation of xn enormous energv in tbrr.r.r of difFercrrr
hvdrocarbons. Maukind's encrgy rcsourccs rclv
hclviil, on the chemical energy srored in tl're tossrl
iirel. Tablc I sl'rows assessed energiy rcsource.s [4].

All narur-rl rcsource.s arc, irr rhcon.. rerrcg'eble
[.rrr ovcr ri iCclv ditlercnr rinrc scllcs. ll rhc -.rrrrc

pcrioC fbr lenerv:rl is .small, rirev are sr.rid ro bc
rcnelvable . Ii thc renervrrl rrrkes plrce over r sonrc-
u'ir;rt longcr period olrimc rhr.r fii_ls u,ithn rhe imc
ii:rnre of c-,ur Lii'cs, the\, :rre said ro bc poceniiriir
rcnerl,able. Sir-rcc t-cne*'rr1 of ccrrailt nitrlrr:tl rc-
sources is onlr-possible duc ro geolc>gic:ri processes.
r.r'hicir take pl:rce on a long rimc scale. ror lli our
practical pllrposcs rvc should regard them as r.tc-ru-
renewable. Our u.sc of naturli nr:rtcrral :csourecs is
associated rvi.Jr no loss of mttter rrs suci'r. llasicalli.
all elrth mane r re mains lvirh rl're earrh, bur in a ibrn.r
irr *'hich it crn not L-,e used errsilv.

Thc abundaltt encrgJ. ,.r,rr-,r.", tr rhc earir.
dlvs of rire indr-r-srrial devek.rpmenr ol rhe rni-,derit
socicty hevc :ntposcd thc devclopntenr strat€g' or
our civilizetion ro be based on rhe anticii-.rrcd rhink-
ing that energv rcsource.s are unlimited ,rnd there is
nc othcr [nrirarions which mighr affccr huntan
u'clfire dcvckrpnrenr. k hls been recognizcd rhar
rhc pattcnr ott the encrgv resource usc hls bccrr
srrollglv dependent on rhe tcchnolog' devclop-
ntcr.rt. Il1 this re:^pcct it is insrructive to obscrvc [5,
6] rhc charrgc irr rhe consllmprion of differcnr rc-
.soLlrces firrouqh thc histrtrv of cncrgy cou.sltntpti()lt.
Worldrvide usc of prirnln' cuergy sources since
1850 is shorvn in Fig, I [5]. F i.s rhe frrrcrion of rhc
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Tablc I. World non-rencwable energy resources in 1995

T<>tll
1 09 tonsl CPE [%o]

North
Amcrican [%l

Larin
Amcrica [7ol

Wcst
Europc [7ol Afiica [%o] Asi.r-Pncific [7o]

Middlc
Ea^st [%l

()rl 95 I 1.5 +.9 13 5 3.2 7.9 27 56.3
Gas 85 4t.5 8.3 3.7 3.5 6.1 6.2 %1
Coal I 530 46.6 26.6 0.6 9.8 7.5 8.9 0.00

market takcn bv each primarv-energv .soLlrcc at :l
givcn timc. It ccruicl F,c iroticed rhat ivo facrors arc
:rffecting rhe e uergv parrent in the historv. The first
i.s relared ro rhe rechnology developmeur and. rhc
second, to availabiiitv of rhe respecri\/c eltergy re-
sources. The r.vorld energy consLlntprion is shorvn
nt Fig. 2 [7).

Looking at the prcseltt energy sources con-
sunlption pattent, ir can be noticcd thar oil is a
major conte nder, .supplving abour 40o/o of ene rg-y*.
Next. coai supplv is around 3070 , narural gts 20o/o
and nuclear euergy 6.5%. This lncans that current
fossii fuel sr-rpply is 90% of rhc presenr energv use.
In tirc last scvcrai dccadcs our civilizarion Iras rvit-
r.tcs.scd changcs r.r'l.riclr arc que.srioning our long-
tcrm prospect. Fossil fucl, non-recyclable is arr cx-
irau.stible natural rcsource rhat rvill bc no morc
:u,ailable one dav, in this respccr ir js of comnlon
interest to learn hon. ior.rg fossil fi:el rcsources rvill
be availalrle, '.1)^ thev are the main .source oFencrgv
for our civilization. This quc.stion ha.s atrracred rl're
attention of a nr-rmbe r of disritrguishcd aurl'roriries,
trving t() forecast d'rc cne rgv futurc of our planet.
The Report of rhe CLub of llome "Limirs rcr
Clrolr'th". pubLished tn 1972 [8], r.vas among rhc
flrst ones rvirich poirrred ro ri.rc finite narr-rre olfossil
iucl. Attcr tl-rc firsr :rnd sccond energ'y crisis thc
comrnunirv at large lras bccome aware of the po.s-
siblc exhau.stior.r of fos.sil fucls. The amorurt of fucl
avail:rble is depe nderrt ou thc cosr involvcd. For oil
it u,irs e.stintate d that prctvcd amoulL of rcscn,es lt:rs,
o\/er pa.st rwelrfv ycxrs. icvcled off at 2.2 trilliorr ol
L.r:rrrcl.s produccd rrncicr S 20 pcr barrcl. Or,er rhc
lest 150 vcrrs wc hrrvc alrcacly r-r.scd up onc-rhird oi
tirat;tnrount. or rrLroLrt 700 biLlion of iri11gl5 w'hi611

leavcs only a remaining <;f l 5 rriilion of barrcls. If
cornparcd rvith thc pre.scl.lr couslulption, it mcan.s
that oil is available only for rhe nexr 40 vears. Fig.
3 shorvs tl-rc ratio of tl-re discovered rcsources to the
)'early consumpriorl for the fossii fucl.s [7].From this figure it can bc noriced dtar coal is
avai.Lah,lc next 250 verrrs ald gas for the ^ext 50
ycars. Alscr, it i.s evidenr ritat as rnuch as the fuel
consurnption i.s increesing, new rccil.loloeies aimed
to thc di.scovci'v of ne',v resources are bccoming
available, lerding ro i1 sio\v increase of rhc rimc
period fbr rhe exirausting of thc available energy
sources.

It is knou.n thet drc cucrgv cousumption is
dcpcnderrr on two n.rain parrir-nercr.s, Nanrelv, the
amourlt of cnergv con.sumcd pcr capita and rhe
growth of populariorr. It has bccn proved rhar there
is a strong corrclation lrcnvce n rhe Gro.ss Domestic
Producr and Encrg,v consluxprjon per capita. Fig.4
shorvs the ccor.ronric gro\!'th and cnergv cousump-
tion for a number of counrrics. in 1990 [8].

Tircre i-s a nnurbcr of sccnarios rvhich are used
for the lbrecasr ol the rvorld economic dcvclop-
ment. V\/irh the assr,rnrption rhet tlre recent trend in
the econonric devciopntcut ri,ill be corrsen'ed in the
next 50 vears, and consiclcring rhe clemographic
forecast in rhc increl.se of human population, the
fi,rture errergy- coltsumption corrld be calculated, as
shorvn in Fig. 5.

Comparcd rvith rl.re availablc rcsources ir is
casily forcsccll rhxr thc dcpler.i<.rn ol drc cnergv
rcsourccs i.s an irnrnanenr proccss which our civili-
zation rvill face irr the near futurc. Neverthcless.
rvhatcvcr is thc :rccr-rracr. olour prcdicrrorr method.s
lnd modcl.s. ir rs obviou.s thlr lnv in:rccuracv in our

Iigurc l. Markct pcnetration of
prmrary cncrg'y sourccs



L4 ,).lr.rklcrrna rchnologi ja" - ).,9t1

Figure 2, World energy consumption

Figure 3. Residual life fbrccest of cncrgy
resources

Figurc 4. Economic gro\',.tl'r
and cnergy consumption

calcuhrion may atiecr oll1y rhe llrnc scale brrr nor
thc essential undcrstending th:1r thc cnergy rc-
soLrrccs deplction process itas bcgurr and rcquircs
the hr.rmrn rlcrioll bcforc rtd\/erse effects lnxv irrc-
vcl'sibh/ cllforcc.
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Figure 5. Future energy consumption fbrecast

Nlrur.rl resources scrrcitv and economic
grorvrh arc in fundament.al opposirion to erch
orl'rer. Tl're srudy of the conremporarv anci historical
beliefs shorved that: (I) narural resources ..1re e:o-
nonricallv scxrcc. and becomc increesinglv so u.rrh
thc passage of rime; (2) rhe scr.rcin of re.sour:c.s
opposes cconomic groilth. Therc lrc nvo bisic
versic-rrrs of cl-ris docrrine. The firsr. ihc fulakhu.s:...n,
rcsts ol'l rhe asslln'lprion thar tircrc arc rbsolui:lY
limits; once tl'lcsc limirs rrrc rcachcd rhc cc;nrinuing
popularion growth rcquires an iucreasing inrcnsin'
of cultivarion ar.rd, conscqucrrrly, btrings abour di-
minishing ferLlrns pcr capira. Thc sccond, or .{i-
cardian \/crsion, r,iewcd the diminisiring rerurns r.s
currcnt phcnomena reflecting rl'rc decline in :hc
quxliry of rcsources broughr rvidun d're margin ot
a profitablc cultivarion. Bcsicles rhesc nvo nroirls,
there is also the so calle d "Uropian cese" w,herc rl-icre
is no rcso'.rrces .scarciry. There have been severrl
rttcmpts rir applv tl.re.se modcls ro rite eltergv rc-
sollrces in order ro Cefine tirc correlation benvecn
specific cnereiy resources anci economic grotrit.
The substurrial questions relercd ro rhe scarcin'. lrs
me.rsurcn'le11r and grorvrit erc: (1) rvl.rcther lhe
scrrciry oi cnergv rcsourccs h:rs Lrce n and/or * ill
contil'rlrc ro Lrc rnirigrrcd and (2) rrirerhcr rhc si.rr-
cin, hls "de firctct" inrpacted rhe econon'ric grou:11.

ENVIRONMENT

Priurlry euerg-y rcsources use rs il nrljor sou:ie
of enris.sions. Since fo.ssil fuels hllc denton.srr..ri-r1
thcir econornic sr-rperiorirv, niore rhrn 887o olli-
mtrv cnergY irr rlre rvorlcl irr reccnt verrr.s has b.-;n
gcn/jr'Jtcd rront lossil iircls. Hou,er.clr, ritc cxl.l:.lusr
gascs fiorn ct.,,rnbu.sred tr-rcls l'rarrc accuntulatcd ro in
extcjt $,he rc a scriou-s dauragc is bcing donc ro rhe
rvorld glc,br..l ctrrrirc-rrrmcnr. Thc accunrr_rl:rred
iunoLlllt oi CO2 iu arnrr:splrerc is estintared .tr
'.rbor-rt 2.15.1012 t. The globat n.rrrming rrc:iil
fronr 1900-1990 is shorvrr in Fig 6 [9].
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Figure 6. Global rvarming trend 1900-I990

It is rarhcr obvious rhat the furthcr increa.se of
thc CO2 rvill lcad ro disastrou.s effccrs to rhc euvi-
ronment. Ai.so, the emission of SO2, NO" and
.sruspended particLrlate marters rvi1l sub.srantiallv
contribute to cxasperate the effect on thc ertvirotr-
lt-l c lt [.

Irr a rvorid scelc. cclal rviil continuc to Lrc ir
major .sourcc of fucl fbr the clecrric powcr gcncra-
tion. Marrv developing cc-runtrie.s, such ls Chinir and
India, rvill continuc to u.se inexpcnsivc, irbundent,
indigenous co:rl to ntcet grou,ing domcstic needs.
This trend greatlv increase.s the use of coal rvorld-
rvide, as economv ir.r tl're orher developing counrrics
continucs ro cxpanci. Ln dris rcspect rhe major long-
term en\/ironmcntal conccn) about coiri Ltse has
cl-ranged fror-n acicl rain to greenirouse gas emi.ssions
- primarilv carbon dir-,xide lrom combusrion. It is
expected th:rr coal *'ill continue ro dominlrc
China's energv picrurc in the fi.rture. Tl'rc sharc of'
coal, in primxrv cucr[iv consilulptiou is forecl.st to
be r.ro lcss thrn 707o dr.rrins the period i995-2010.
In 1993 CI-rinrr iras prodr"rccd a roral of t. I l4 L.iliron
tons of coel, in 2000 rr is planncd 1.5 rrilliorr lrtd
in 2010 it ri'ill Ec 2.0. Sirrcc Clrirra is rhc rhircl largest
encrgv produce r iu rv<>rld, rrfrcr USA end l{ussr.r,
its corrtributiorr to thc globrl accr,rntuiatiorr of the
CO2 rvill bc substirnrirl if the re,specrivc uritigrrrion
stratcgies rvill not be .rdopred. The cxamplc of
China is iustmctive in the asses.snrenr oftthc fumrc
dcveloprnent of devcloping countrics and therr nccd
[r;r lcccler'rttcd econonric dcvcloomcut.

SUSTAINABILITY

A.s ir hns been shou'r'r, the energ,v rcsource.s arc
the brick for building or.rr civilizetion. Their poiv-
vrlcrrt r-rsc ir:rs ofttrcd .r sen,icc to irunrrruuii.,u.
lcadir-rg to tl'rc *,elfarc contmodiw* fbr a dece nr levcl
of itunt:rn If'e. Sadlv. hor.r,evcr. production :inci
c()nsllmpliotr of cncrgV:rre going h;rncl ir-r hrurri Lcss
tharr ',vclcorr.re sidc cftccrs. Tiris i.s rhc rcrson *'hv
socictv hrrs lccognizcd tltc irlporrrncc of irtrcLLigcrir:
cncrgy usc rvith a sensibiliry rhar rhc leqr-rircd cn-
ergy scn,iccs bc provided as clcan and efi-rcienr rrs
possiblc. Crucial inrportlncc is added duc ro rhc
rtrpid grorvirrg world popr-rl:rtion xud rhc r.rccd ibr

acceleratcd economic development of developing
countrics. This is rhc rca.son why encrgy takes a
centre srage in rhe dcbate surroundir.lg oue of to_
day's main dilentma.s: lrow tr.r combirre ecollomic
dci'clopment with a l-rabitable cnl,ironmerlt ilt a
world that is undersoing rapid change.s as a result
of populatiorl grol!'rh arrd economic dcvelopmenr
oF the developing parr of thc world

Lateiv, in a ferv years, "sr$rainability'' has
become a popular buzzword in the discu-ssion of the
resources u.se and cuvironurent policv. The word
sustainabilin' has root in rhc Latin - .sltstinere,
n-reaning "to hold up" by rvorld ir.rhabitants, present
and fr-rrure ones. Rcfore anl' firrtirer discu^ssion of
the subject, it is nece.ssarv ro defir.re and properiv
a.s.scss tl)s term wc rrc goirrg r() Llsc. Ir should bc
ernphrsized tl'rat thc definirior.r is needed in order to
clarifir the coucepts. So, r.vi.rat is .su.stainabiliry )
A.rnong dre tcrms mosr oftcu adopted there are rhe
foLlorving:

(a) for thc Worlcl Conrnrissron on Envirou-
ment and Dcvclopmcnt (Brunddand Commrssion)
[] 0l:

"development rl'rat rxecr.s thc needs of the
present rvidrour compr<-rmising rhc rbiliry of furure
gencrations to lncet fheir clwn nccds";

(b) for thc Agcnclir 2 ) . Chaprcr 35 [11]:"tltc dcvclopnrcnt rcqr.rirc.s trkirrg long-tcrm
pclspcctives, intcgrrrring locrrl .tnc1 regronal effects
of global char.rgc iuro rhe dcvclcipment process, anci
using rhe besr scientific and rraditional knowledge
rvailable'';

(c) lor the Council of Academies of Engineer-
ing iLnC Technologic.rl Scicnces Ii2]:"1t mcrus the birlirrrcing ol ccouomic ,social
cr-r vi rc.:nntcnta l ancl tccl'rrrological cons i derations. a.s
,,vcll ;rs the incorporrrtion of ir .sct of cthic valnes,';

(d) for rl'rc E,arth Cluprcr Il 3]:
'Thc protcctiorr ol thc crtvironmcnt is esselt-

tial fbr hnr.nrrrr rvell-bcirrg .rnd rhc cnjoyrnent of
fundamcntal rigl'rts, rrnC:rs sr,rch re qr-rircs thc exercise
of corrcsponding firldantcntr.,1 dr,rtics";

(e) lhomas fctierson. Scpr, 6, 1889:
'Then I sav rhc e lrrh bclorrgs to cach genera-

tion during its coursc, luily ancl in irs right ncr
generrrtioll can courrtct dcbm greeter rhan may be
prid during rhe cour.rc of ir.s existcnce" [14].All fii'e dcfinition.s .stand fbr thc emphasis of
.spccific r.sltcct of sr-rsrlin:rbiiiw. I)cfinition (a) and
(c) imply rhar cach gcncration nllr.st bequearh
cr.rough nrmrrrl crrprirrl to pcrntir fururc generations
r() satish. rlrcil nccds. L,r'crr if thcrc is sornc ambig;u-
irv in tl'iis dcfinirion, ir is meaur rl'rer wc should leave
onr cie.sccrrdrnts tlrc ebility tr.r srrn,ive well and mect
thcir orvrt neccls. Also, dtere is no specification in
rvl.riclr frrrm resoLlrcc.s rrc to be lcfr and how much
is nccdccl for thc f'ururc gcnerxtions, bccause it is
diftlcLrit to rrnricipatc rlre furure scenario.s.
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Definition.s (b) and (c) are more politic plics
for rhc action.s to be taken at global, regional and
local levels in order to stimlllate the Unired Nariorr
Organizatiou, Goverr-Lmeurs aud Local Aurhoritic.s
to plan developrnent progrlrnrs in accordancc rvith
thc scierrrific aud technological knowledge. In par-
ricular, ir should be noticed iu definition (c). the
cthic xspcct of thc futurc devclopmcnt actions to bc
taken to mect sustainable devclopment. Dcfirririon
(d) is bescd on the rcligious bciieve.s plaving thc
responsibilirv and dr:ric.s tolvard rhe tra&rre and the
Earth.

SUSTATNABLE DEVELOPA,TENT

Sirrce thc llrurrdtland Cornnrissiorr, in irs I987
report OLlr Conruror.r Frtrurc, *'rtrned ol grorvirtg
threat to thc Errrth fionr perv;rsive r.vorld po\/erfl,',
cnviron nlcnrai clcgredrr ti r-rr r, di sclse and pollutioir,
it has bccon're indispcnsable for thc .scicntitlc com-
murrirv to pxv rn irrcrcasing ette ntion to the sllbje crs
rclared ro rhesc oroLrlcnrs. Fivc vears irter rhc
Unitcd N'rrir>n Orqrnizatic-rn Conlercncc on Errvi-
rorln'reur and 1)cvcloprnclrt \vas held in llicl de
faneiro. An uuprccecierrted uur.nber clfrvorld le:rders
met to discus ',rncl nrxlr the rorrd tc.r the susrlirrtrble
developmcnr. Anong drc l)ocumcnts ldopred at
thc Rio Conferencc is dre "Agenda 2I", a bluepriut
on how to mrkc devciopment sociallv, cconomi-
callv and euvironurentaLlv sr-uteirrrrble. Agenda 2I
call.s on goi/ernlrents to adopr urrtioual strrltegics
for rhe sustaiueble devclopn're nt.

Sust:rin.rLrle 6ig1'glcrpnrenr tbcuscs ou rhe role
and tl'rc u.sc r-ri s.icnce.s irr sr,roporring the pruclenr
nranxgcmcnt of rhe cnvironmertt lnd for thc sltr-
vival and future clcr,clopmcr'rt ol hurnanrn'. k is
recogr.rizcd tl'rirt scre ntific knorvlcdgc shouid bc lp-
plied to articulrtc rncl sr-rpporr rl.:c goals of sustlin-
ablc dcvclopme ut. through scicrrrific asscssnrcrrt of
currcllt conditions irnd fr,rturc prospccts fbr thc
Eardr svstem, Thc progr:url ;lrcrs whicl.r .rrc in
harmont' rvirh conclr-rsions rnd rccomnretrdrtiurrs
of this Inrcrnltiorr:rl Conf-erencc ort lrt Agcndir oi
Scicncc ibr Enr,irumnent ;rnd l)evclopmerrt into

educational, cukural and spirirual aurhoririe.s par-
ticipating in the realizarion of dre prograrn. Ir is of
crucial importance that, in thc realiztrtion of rirc
program, an acti\/c rolc bc givcu ro scicnrisrs fionr
developing countries. Siucc rhe malor p:rrt of rhc
pclpulerion increase is cxpccred irr rl.rc devclopirrg
part of rirc worid, rhc parriciparion <>f scicnrisr.s
from do,cloping counrrics rvill bridgc deficicno'in
dealing rvitl'r tl'rc problcms rvhich rrc immanenr io
thcir eni,ironmcnt bv an acadernic rrpproach.

Evcn, sustainabilin' developmcur h:.rs becomc
a politicrl movcmclrt rvirh l srroltg corrnotrriorr
rclered ro the existirlg difle rences smong rhe conir-
rren$, regions and countries, irs srrength shor,rid be
seen in thc promotion fbr the salvage oldte plancr,
the onlv place for our hnman civilizarion. In rhis
resDcct, thc derern-rinatiorr of rhe irtrerested paftias,
rncluding rhc Unired Nrrion Org:rniz:rrion.s, gc\'-
cnrment organizaticlnsi norl- govcrnmcnt org:in iz:r-
rions end religior"rs organizarion.s, ro rccoguize ri.^e

su.stainabie developrncnr :Ls the parh tbr rl-re creerion
olt rhe firrurc c'i ucrv g-':t:rlriorrs, is r gurr:rrrte c ::rr
thc ccouomic prospcctrvcs arrd sc-rcilI dcvclopmcur.

Thcrc rrrc scvera! s'lvs in q,i'ricl'r ti'rc idcas of
su.sraineLrle developrneur ilrc prcscnted rrrrd inrcr-
prercd. Ecr>ccntric interprerations irrdicere r con-
spicr-rou.s degree of, rctcrence to rhc ccosvstclns.
Anrhropocentric ir-rterprctarion tcnds to prit l'ru-
mans i'rt thc center of rhe issues. Otircrs snch as
bioccnrric interprctation f<.icr-is on rhc prorecrion of
thc clerlertts of the biosphere . Our main conccrn ln
rhis ger.rer:rl scrting is errergl, rnd \\'hrlrever $,e io
for and rvitir cnergv mel' trc ret-lccred in anv of rire
;rbove nrenciolred perspccrives eud inrerpretariolrs.
While this concent for susrainrtbilin' in rllc cnergl'
sphcrc sl-rould include .unsiderrriulis .rr rhc gloc"el
lcr.'el, rnorc importantlt-. there is the r.rccd ro iook .rr
rt as a rcgir-rnal issuc in tirc or.cr:rll global scen'.rno.
Therc are scvcrirl perspectivcs on thi.s. Figurcs 7 rnd
8 :rrten.rpt to distinguish su.srainlble lnd urrsusr.rirr-
rrLric dcvcloprncnr.

ENERGY SUSTAINABILITY
CzuTERIONS

Therc has been a number ollrrenrpcs to dcflrtc
t h e c ri te ri o ns i-r-' r tl'r e as s cs s m e n r o l r h c .s us r a i rr a Lr i l i n,
oirhe mrrrker prodr-rct.s. in this rcspecr tirc Working
Group o[UNEP on Sustainable Developn.rer)r hf,s
conrc oLlr rr'ith qu:rirrlrir.'c crircrjorrs fbr tl'rc Asse-ss-
rlcrrr of rhc product dcsigrr [35, 36].

Hn'ing rl'rosc crircrion.s as bases, rvc u'ould
likc ro inrrodu,:c rhern ls a spccitic :rppliciirit-ln rn
rhe cnerqv svstcn) dcsiqn. In rhis cor.r.sideratrorr
crrergv sy.stcnr is trrken :r.s thc eltrin' ''l'hich siroLrld
corrtplv u'irh srrst:r i rr.rt-i ir n' cri rcri,,rrs.

Errer!Jr, svstcut dcsrgn is dcflncd ls:

2Ist Centun', erc:
(.r) Strcngthcnirtg tl.re

tainable mauegen'rcl1t,

menr,
(d) IlLrilding

( b) Enl'rancrng .scieuri fi c understrrndiIrg,
(c) Inrpror rrrg long-ternr scicrrriflc rtsscs.s-

bascs for sns-

crlPilclw
biliw.

Ir is c.sscurirrl tbr thc iurplcmentetion of thi.s
progrxrn tl'r:rr ic bc tbcu.scd olr thc long-rernr per-
spcctivcs rrud rhc glob:rl changcs of lile sLlpport
svstcnrs. 1n plrticLrl'.rr. rhe rc is ,t ne e d for rt coltstelrt
i nterrrcriorr *'i rh govcnr rlcrrtrt i. i irdr-rstri rl, poli tic,r.l.
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Figrrre 7. The consequences of urrsustainablc
de vclopment

Figurc 8. Sustainable devclopment

Strategic design

The str:rregic dcsign ri ill rccluire holistic plan-
ning that r'ltccr.s rurd ct-rnsiders all interrclatcd irtrpr.crs
e.g. loglstic. spilcc plauuiug ilnd rcsourcc plrrrrning. As
rcgxrd thc cltcrgv svstcltl, ir rrrav bc intcrprctcd x.st
rnixed cncrgl' concept r.vich optitlizatiorr of ktcrl
resourccs, urbalt anci indu-striai planLriug widt trans-
Port optilnizatiorl, Lt-sc of rcnerviblc encrly sollrccs.

Optimized desigrr

Thc design optin.riz:rrion of rlre cncrg.v .svstcrn
mcens the seicctiou Of the srructr-rrc and dcsign pr-
ranlctcrs of a svstcnt to lnininrizc the cncrgv cost
un c.lcr condr tion.s :r.ssoci ltcd wi rh .:ri'ai 

I :r Lrlc ln xrcrie l.s,

finarrcial rcsources! protectiou of thc crrvironnrcrrr anci
govcmrlcltt rcgulations, toqcthcr \virh safcn, rcliabi l-
iw. availabilirv rrnd nrainrainabilirv of rhe svsteut.

Design of dernaterialization

This u'ill imph' thrtr rhc cltcrg1 svsrcur, plaltr
and cquipn-rcnr arc dcsigncrl rvitir optrrr.rll usc ol
information technologl' in order to prc\/cnr dupli-
cations, prevcnt opcratiouxl nralfunction, nssrrrc
rational mairltcltancc .scl'reduliug. L)emrrcrilliz..t-

tion ir.r the design may bc sccn :r.s the introduction
:f f"tr.l.1qe based sysren"r.s, usc of virrual library,
digitized video. use of ou-linc ditgnostic sysremsJ
deveiopment of new seusor elemenrs and derrelop-
ment of uew combustiou tcchnologie.s.

Design of longeviry

-A 9<lnlplex energy sysrenr is cornmonly com-
posed of differcr'lr subsysrcms and indiviciual equip-
ment elenteltts. It has been recognized rh:tr tiri tife
tic of the clements and subsv.stenrs is r.rot cqual. In
tl.ris respect, optimrl selccriou of rhe lile cvcle for
e lcrncllts arrd sr-rbsvstenrs nr:1\, lcrcl to rhc ie trofit-
ting procedurc rvhich rvrll r.e ticcr necrl for rhc sus-
tlinable critcriorr :rpplicarion. E,xrrnrplcs for this
critcrion c:rn Lrc secn as: nrodulirr clc.sign of subsys-
tems, statrdardization of clenrcnts, lit-erinie nroni-
toriug and ir.ssesslnenr, coordirlarion of suppliers
and bnt'cr.s.

Life cycle design

This l.viil nrean rhar rhc errcrgv sysrcul ;rncl it.s
subsystems have ro bc de.signed to nreer sustainabil-
iry thror.rgh e\/ery srage of rire life cvcle . it is lerown
that the cnergv svsrem is designej to rvork under
diflerenr conditions in orde r ro rl"lccr load changcs,
cnvironnrcnt changc. social chrrnees. crc. It is obvi-
ou.s thxt rhere rviLl be difFe renr cvclcs for eacit of the
nleutiortcd tinre scalc pro...,.r. in tl-ris re.spect tlte
svstenr hrrs ro fulfill its fr,urcrior-r rvirhour failing tcr
mcct su.sriril lxbilirv reqr"ri rcntcl.lrs.

ENERGY SUSTAINABLE
DEVELOPMENT

In order tc; rcach thc go:rls indicarcd by the
sustainablc cnergy dcvclopmcrrt thc c{Ticicncy irr thc
encrgv conrrer-sior-l use has to rneet seve rirl criterion.s
[7]. The potenrial for thc efficiencv improvemer.rt
is gencrallv undcrcsrimatcd. Most of tl-rc cnergy
cou\/crsiou systems c()nsidcr thc cftlciencv improve-
mcnt rls x seprlratc process lnd tl.re ir analysis reflccts
c-rnly tl're potential irnprovcnrcur oi'the proces.s but
not the porential for dre efEcicncl' irnprovement
obtirine d by an exe rgv analvsis of rl-re ene rgv svstem.
Fossil fucl cuerg'y resorrrccs r-rsc is mo.stly conversion
ro helt bv thc combu.stion processes. Since thc
combustic,rrr proccs.s i.s takiug placc at temperafurc.s
benvccrr 900 - 1300 oC ancl t>r'cr 409/o of hcat is used
rrs lorv rcrnpcratlrrc. it is rndispcnsirbic ro takc intcl
con.sidcrltiorr thc thcrr.r-rodvr-rauric asscssmeut of thc
cffrcicncv in ordcr ro brirrg in lilrc ene rgy conversiou
l)roccssc.s rrrti cncrgl' dentutd tc,r obrtain the opti-
nrurn fuel utilizetion.

Llff sl tP()RT
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In dle definition of susrainability it is of sul-r-
stanrial irnportance to en\/isxge its brctad :tspccr
which composes vcrsirtiliry of rhc componenrs to be
taken in considcratior.r. In tl.ris rcspect, wiroiene.s.s ol
sustainabiliry has ro include definirions of ti-ro.se
components whicl'r are linked ro specific paralnerers
ro be taken inro :1 cousiderarictn of the as.sc.ssmcnr
of sustainabiiiry of specific .sirurtions in global,
rcgional and loc:rl cnvironrrtcnts. Therc is a numbe r
of characterisric enrities rvi'rich rvill be used ro defir-rc
thc rvholenc.ss of thc sr-rsrainabilirv: lifc diversiry,
narura.l resollrces, cnvironmcnr ci'rpacirv. popula-
tion increase, social disrurbances and erl.ric changes.
For this considerarion we will fbcus our arreltriorl
onlv ro those characrcristic ellriries which are in
direct correlarion witir euergl/ susrainabiliry meas-
uremcur. In riris group rrc included: (i) narural
rcsource.s; (ii) cnvironmeur caorcin'; (iii) popr-rla-
tion incrce.sc.

Each ol ri'rcsc enrirics has ro bc defincd r,virh
specific paranrerer.s rvl-rich c:ur be r-rsed to dercrmiue
characrerisdc indicators for global asscssmenr. Thc
po.s.sible use of indicarors is characrerizing the
changes rvhich arc dererrnined tl_v the maximurl
r':rlucs technicallv tcasibic. lt rs reflccring rhe diffe r-
ence bcnvccn the srrlte of thc cntiry wirh the ma.ri-
mum avaiiabiliry and rc.spccrrvc currcut srarc of the
cndry. If applied ro rhc individual encrgy resources
there is a differcncc berween letorvn maximun-r
exploirablc rcsourcc.s rvith knorvn rechnologies aud
current resources ro bc obtained rvith present tech-
r-rologic;rl crrprcirl,. Possiblc cheuges are funcrions
of rhe techuokrgic'.il dcvclopnrcnr irr rhc resourcc
discovery. Thrs inrplies rirat therc tre rrvo mcrns for
thc incre irsc oi thc rcsourccs. rrautcl\', br. ldditionrl
capiral invcsru'rcnt fbr drc discovcr.v end Lrv rhe ncr.v
tcchnolog.v for rire rcsollrce di.scovery.

]n the asse.ssnrenr of .snsreinabiliry, rhc currenr
consumptiolt citangc hes ro be takcr.r into rr con.sid-
cration rvhich is retlecrrr-rg thc currcut consr.rnrptiorr
change in thc retcrcrrcc rirtrc penod. In order tcr
form some kind of rhe rcsource indicaror tbr sus-
tainabilitv ntcrlsLlrentcltt rt rrrio berr.veen tltc current
change and rhc mrrxirnuur porentill chartge l-r:rs rc>
be establishcd. Irs trcnd rvill givc rhc mcasurirrg
pararncrcr for dre te.sourcc depletion in rime. It rs
knorvn thar the crlrre nt consLln.lptiorr of the cncrg!.
rcsourccs srrongiv dcpcnds on rhc efTicie nl.of rhrcr
usc, rvl'rich nt..rv Lrc cl.tssificd in nr.o groirps. Thc flr.sr
onc is thc pos.sible eff-rcienct' iucrcese duc to rhe
churgc in rhc cfl-rcicrrcy ttf prirnrrry cr.rcrqv sollrcc
cortvcrsion and rhe .sccond one is duc to thc changc
in thc cfficiencv of rhc finai cncrgy r_r.sc.

A numlrcr of authoritarive srudics hrvc pre-
scntcd forecasls tbr rhc cnergry supply in 2l.st ccu-
ftrry. Conclu.srous drawn from rl-ri.s au:rlvsis hrrvc
bccome I drir.ing ibrcc For rlrc devcloprr.l.i,.r, ,f.,1..,"
plan tbr rhc susrlinlble encrgy sr.rpplv sysrcrl. L,i,crr

if rherc is a numLrer of oprions raken inro considera-
tion, common is.sue.s are the following:

Prevention of the energ'y resources d.epletion
with scarcity index control -

Whichever rhc scarciry ntodcl i.s r.rscc1. rhc
energ-,v resource .scarciry is in dircct rcllri<;n ro thc
social producrion ourpllr. In rhi.s respccr, rhc efTi-
ciency of rc.sources usc and rechnolbgy cler.clop-
ment are of fi-indamcntal imporrance. It is obviou-s
rhat the effrciency of rhe energ-y rcsoLrrce usc is rr
short-term approach, rvhich n-rav givc a return bcnc-
fit in the near furure. As regards thc rechnologv-
development, ir long term research and clevelJp-
nlenr i.s needed. In somc cases it rviLl require resDec_
tive sociaL adjustmenc-s, irr order ro ,rl".c ,""uir."
rnenr.s of rhe nerv energ".y .soul-ccs.

The availabilin of energv resources is iimired
bv nvo iicrors: capri.ri ro bc iii,esreri in pro.spe :rrng
of ucrv rcsources anci prospecrrng rcchnologies fc;r
cncrgi- resoLlrces.

Frorl rccent crpcrienccs it rvas lcrtr-ncd char
thcre i.s a dircct corrclrtion be rrvccn capitrrl irrr :stcd
in prospecrirrg and rhe amc;r_rnr of rl.rc avariable
resen/es. It u,ir.s pror.cd drat I fixcd antour-rr oi lg
$ir is needed fbr new' ellergy resen,cs. In manv
der.cloping counrries rhis is a limrung frr.cror fbr rltc
aveilabiliry of energy resources.

The prospecril'lg tcchnolog.v is comp<-rscd oF
threc phase.s. The geclogical sub,,vrry blsed ou rhc
real prospecring anci respeciivc tlirgrro.stic rcch-
niques tbr electromrrgnetic wlves derecrion. Tl-re
resolution of rhe insrmmenr crnployed is onc oirhc
lin'ritrrtious, and it is unc-ler consrder;rtion fbr ir-rrthcr
cle vclopnrcnt.

The sccond pl.r:rsc of prospccring rcchuerlogl.
i.s rclttcd to sofrrvare ior tl-rc cicsign of'rhe rcsL)urce
bodv. Thc rnain lirtrrrrrriorr in rhe dcvclopnrcrrr of
ncrv solnr.irc is thc specd :rnd ircnrorv srzi r_ri
compllte is. ]t can be expccte d ri-rrrr rvirh rhc turthe r
devcloprncnt of conr putcr rcci-rnology cl-r i.s p ro.ricrn
rvill bc ovcrcolttc. Also, rrcrv rrr-inrcric sci.rcrncs r.vill
subsranrir.llv contribure to the eccurf,cy end rimc
cxpcctrrion ftrr rhc prcdicrion of drc sizc t,i rc-
sOLlrccs Lrodv.

From rhc begirrning of thc energv resolirccs
cxpiorrrion, rhc drilling rcchnc_rloqv wa.s rhe lirnir.r_
tion in rirc rchievenrent of new rcsoLrrces. Tl-re
Ceveloprncur of drilling rcchuologl/ has mrrrkcd r
direcrion fbr drc discovcry of ncrr. resourccs. Tltc
dccp sca drilling has bccomc onc of rhc globarl
i.s.sucs, whiclr may rcnto\/e rhc scercirv problerns of
cncrgv rcsourccs for thc next lew ccnturics. It
shor-rlc.l be nrcnrioncd rhar 2/3 of rirc carrh sLlrtjtcc
is covcrcd bv decp scr so rhar rl-rc brcakthrollgh ill
dcep-sc:r rcchnolr-rg1,urav lead rc, a substi,rcrll
chlnge irr e ncrg'y resolrrce picrr.rre in rirc r.vorld.
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Efficierrcv assessment

Tl-rc potential improvement of thc cncrgy cou-
version process is a driving forcc for its dcvcloptnent
[18]. fn tlrc asscssmcnr of rhc con\/ersion proccs.s a
promising tool i.s rhe cxcrgv aualysis of tlre cncrgy
systcnl. Tl-re exergy analysi.s is based on the n.laKi-
mum potenrial availabihty and its use fbr rhe asses.s-
ment of the convcr.sioll process. By definition, rhc
excrgy is a paramercr for rl-re validatiorl of rhe
efficiency of dre erlergy conversior.r proccss and
svstcnl.

Follor.ving the first erlcrgv crisis, rlrnv cor_rn-
trics lrave organized an encrgy efTiciency asse.ssmcrrt
campaign rvirh rhe ainr to improvc the efficicrrcv
and gain savinq rvhicit has contracted the incrcasc
of cuergv pnce . This approach h:r.s rcsuked in rhe
incrcasc of cfficicncv of e ncrg.y u.se bcnvee r.r

10-20% in a rrumber"of Europcin corlnrrie.s. Thc
mairr emphasis has bccn givcn ro thc evalurriou
efticicncy of ditlcrcrrt tcchnologics and uriiiz:rriorrs
of encrgy.

The cffort drrccrcd ro thc evilluariou oF tl-re
techuological processes tbr energv saving i.s of greirt
importance. In accordlnce with oltc of rhe cr.irc-
riom fbr rhe susrainabic developmcnr, producrs
havc to ntcct dre requircmcnt rclatcd rr_r thc mini-
mum usc of ctrergv. Also, cogencration of heat and
electricirv i.s onc of the potcrrtial ntcalls to irnprovc
tl.rc cfTlciencv ol tl.rc euerg;/ rqsoltrce Lltilizatiou.

l{ecerrt projccr.s rvirh ga.s lircd cogeneraricln
pl;rrrrs havc denronsrrared an exrren.rely higir ctTi-
cicncr' Ii9]. Thc increascd gas resorlrces mov ierd
to furtircr Ccvclopnrenr of highlv cfficicnr po\r'cr
plants fbr ciecrricity productiorr. Tire cc_:ge ncrrriorr
rvill plav a spcci:rl rolc rn rl.re dcvcl<-lpntcnt of rtc\v
crlcrgv svstcrns.

Clean air technologv development

The contbr-rstion procc.ss is rrn irre versilrlc thcr-
trtodvnarnic process rvith I high dcglee cr[11,xi1.1',1-
lin' losscs irr tirc cnergy conversion cvclc. ln this
rcspcct d'rcrc is ir potcntiirl oppomrr-riw to incrclsc
the encrgv colt\/ersion efticieucy bv improvine tlrc
conrtru.stion process. Therc are a rrunrbcr o[potcrr-
ti'.rl con.rbustictrr technologics rvhich ntiglrr lead rt:
an ciJlcicncv irrcrcase of the comlrustion proccss.
Amorrg those thcrc .rrc:

(a) Catahtic combustion [20].
(b) Flurdized bed combusrion [21],
(c) Low NO" burncr.s [22],
(d) Ncu'boilcr dcsigns [23].

Development of intelligent energ-y svstenls

The rccent dcveloprneur oi arriflcial irrrclli-
geuce has opencd the possibiliry ro utilizc rhrtsc

achicvemcnts in thc cucrgy sLLstaiuable dcvelop-
n1cl1t. Therc are rhrcc major parhs, ltamely: experr
systclx. deveiopment in encrgy engineering; new
control based on fuzzy logic and respectirr. i.".o,l-
ing; inrelligcnr thermal sysrcnl d.esign.

Expm q,stem. in energl' enginecring

. Thc cxpcrr.svstcnr deveioprncnt in energy cr.l-
ginecring i.s focuscd in nvo dirccrion.s: 

"*p"imyr-tcm for encrgy sysrerx design and knowlcdgc-based
for on-line diagnostic f24,25,26]. Ir ha.s bci.shown
that tl-re experr svstems for energv svstem design can
be an cfl-rcienr rool in selectior.r, optinrisatio-n and.
a.s.sessnteur of potver pianr dcsign. Also, expen
:ystcm logic can Lre used in cucrgv sysrcm planning,
rnc.luding oprimizltion ol rhc cnergy systemr re-
flecting rhe potenrial usc of rcnewable energy
sources. An exanrple of expert systeln use in the
design o[ rhcrmal equipmenrs is demonstrated bv
thc heat,exchanger de.sign [22]. Further develop-
ments of knowledge-Lrased svstem for design bf
energy .svstcnr.s rvill pronrote rhe iucrease of efii-
cicrrcv lrnd re liabilirv.

Tirc knorvlecigc-Luscd sysrcm for thc fault
diagnosric in cucrgy systcnls l-ras provcd to bc a
porverful tool f<.rr the evainatiorr of sy.stcrn paramc-
tcrs in ordcr to fbrccast a potcntial rnalfunction of
.\ystcm clemeuts. Fig. 9 shows a schematic repre-
sentation of cxpert systcnt for foLrling as,sessmellt.

Thcre are sevcral attemp$ which have proved
the pc-rssibiliry of klowlcdgc-brsed systems in the
diagnosdc of thermai power plurrs. Thc effrcicncy
monitc;ring end respective logistic evaluation of
diagrro.stic pxralneters has becn delnonstrated to be
a good and reliable tooi for rire advanced diagn<_rsric
of opcrltiorral dcficicncy. Thc boiler fouling and
tr-rbe lcaklgc knorvledgc-Lrascd svsrem prototypcs
cicnron.strilrcd the possibilitv ol rhe detection of
proccs.sc.s icading ro rirc dcgraclation of powcr plalrr
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Figurc 9. Knorvlcdge-bascd systcm for
porvcr plants
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efficiency [25]. The diagnostic systems arc based orl
the online monitoring of diagnostic variables and
their fuzzlfication fbr the reesoning retrieval of dre
caset representing diagnostic results.

Fuzzy logic cmt*ol

The nerv fr-rzzy logic control svstcm is dcn.ron-
streted to be e qualimrivclv cfhcierrr systeln for the
on-Line control of energv svstcms [28]. Whiic simi-
iar modcl-based control systcrns dcsigns arc trial
and error, thc knowlcdge-bascd courroller is "ad
hoc" at prcscnt time. A gap exists berween solid
theorcrical resr.rlts such as stabiliry. controLlrrbilir,v
etc. A real-rin-rc implemer.rtation of inteUigent con-
trol systems uses f-uzzv l.ogic, ncural nenvorks, ge-
ncric algorithunsr expert systems etc. A coffImon
defirririon of fuzztT control sysrenr is drat it cmulatcs
a human .:xpert. Urrder this siruation, the kuowl-
edge of human ope rator lr'ould put iu form a sct of
fuzzv linguistic mles. These rules would produce alr
approximate decisiorr, Like .r I'rr,rmart rvor.rld. Fig. I0
shorvs a block diagrlrn clf fuzzy col.Itrol systcms.

I nt e lltg ert t en ergy ry s t eru s

Thc prc.senr rvorld hrr.s lelrncd thar sclme of
rhe basic assumptions rre ltot valued aud so rcqr.tire
a ncw apprclecl'r for adju.stmcrtr to tireir futurc
dq,clopmeut. Thcrc hlvc bee u rvorld scale meetilrg.s
empirasising thc ncecl ior tl.rc ecot.tt-rnric order to
meet contcmportn/ dcve lopr.ttcrtt rvithitt the limirs
recogni.sdd by irrevcrsible ci'rangcs in cncrgv re-
sourccs urd envirclnmcnt crprrcicv,

lrvcw measuremen$ called "Indicalors of sr-ts-

tainability" are designed to provide informatior.r for
understandirrg ,.rnd enirrrncing rhe re latiortships Lte-

nveer] the econornic cltergv u.sc, rrtrd e tlvirotlmctttrl
and social elcmcuts irthercnr irr long-tcrm sltstlirt-
abilitv.

There arc diflcrcnt tcrrt'ts ltscd in thc corlsid-
cration of rl're producr dcsign. Ti'rc "clcln" dcsigrt is

uscd in rhc rr,iclc.st sensc of rrll rrrtrtrrgcllctrt ls rvcil
as cechnicrl dcci.siorrs re 1:ltcd to specit.icetion, pl':rn-
ning and developmcnr of products. The "cco" dc-
sign rcfers to thc processe s ols,,'5191-11'Jtic ilrcorporrr-

cicln of envirorunentiri Iifc cvcle considerarion inrc-r
producr dc.sign.

"Intclligent producr" de.sign compri.ses drc
specificacions reflecting resource life cycle, euviron-
mental cycle, product life cycle, end of iife and clean
design. Thc gcneric desigrr procedurc ro bc adoprcd
for thc intclligcnr producr desigrr ol rirc thcrmrl
equipme nts rcquire the dcfinirion of iudicaror.s fr>r
the asscssment aud oprimizxrion ol drc specific
design.

In order ro provide rhe design crircrion.s rc-
flecring cor.nplcx requirements irnpo.scd bv rhc in-
tciligcnt design, ir is nccessary ro definc rhc respec-
tive indicators to be used in dtc evaluariolt of dtc
spccific design of thermai equipment [29]. These
ir-rdicarors should be based on tl're oprirnizarion clf
the efficiency of respcctive thcrmal equipmcnr, re -
source u.se e.s.sessment and vrr.lidltion, environntert!
capacity r-lsc ilnd degradation, rnodular srrucrLlre
rvith mr-ritipurpose elemenrs. end ol lifc es.sessn-renr
aud ecouomic jusrification of specific designs. Fig.
I I shorvs schentaric prcsenririon of Intcliigeur en-
crgv svstcnr.

In order to e\lalurrtc rhc vaiid'.ri:c;n of the
indicarors tlrc thern.ral cquiprneut rvill be uscd. Iu
thi.s respcct, the critcrion.s wiil be adaprcd for tl-re
specific thcrmal equipment. It is aimed to dcvelop
thc algorithm wirir the indicators ro be used for rl're
assessment of dcsign. The 'rs.scssment w'ill be uradc
for l number: olselected products presertdv on rhe
market ro be cvaluatcd wirhin dle fren-rc of rhc
crirerions fclr inteLligent design.

Nerv and renervable
energy sources (NRES)

llesidcs thc po.ssibiiirv oticrcd bv tire etilcicrtcr
irlpror cnrcrtt of proccsscs irr prlri f r :-':tcr:ttilt;
urtirs. thcre is i1 grertt ch:rlletrgc to incrcesc thc
cfficicrrcv olcncrqy systcrxs l-.r' irrtr-oducinq e lre rg\'
nrixccl .svstcnrs. Thc e llergy svstcrrr inciutjcs powcr
or hcrrr gencrNing uDirs, cncrgy- trxn.spOrt systelttsi
cnerg]'storage svstcms and encrgv end-,:sc systems.
From rirc cncrgv rcsoLrrces poir-rr ol vierv rire re is .r

numbcr of oprions wluch mighr be rrkcn urro
considcration for the optirnrzltion of r.rc cncrll'

FUt]Y CONIROLLdR

Figurc I0. BIock diagrrnr olfuzzr.
control svstcnr
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Figure I I. Scireme of intcllige nt
energy systen-l

svstcm. ln this respecr. itiglt inrercsr is.shorvn to rhc
potclttial LLsc of the re nerr,'ablc cnergv_ resourcc.s ?t.s

po\!'cr or iteit-geltertdltg LLnit in dte cncrgy svstcnt.
Tl-rc intmanent advitnt.rgcs of dtc rcltewal)ic cncrgv
rcsorlrccs duc tr-r rhcir aveiiabilin' anc1 lo'uv cctsr
impact, are pronroring rhe reuewaL',lc energv sourcc
to bc inclr-rded in the e ncrgv svstell.

Il.cneu,rble e l1erg1'.sourcc.s bv deflnition, mect
thc rcqr-riremel'lrs of .sr-lsr:rinabilirr.'. It is thereforc
c-\pcctc(-l tl'rat rl.re long-relnr cncrgl' srrrtte gv rvill rclv
ort rerrcn,irbie cr)erg\r re.soLirces. Thc tcrtal avail:rbil-
irv of the rcncrvable e ncrgv resourccs is vcrv lirrge .

Thrs prctr-rre rcflecrs rhc prc.sentlv ai,lillLrlc tcch-
rrologics irr the ficld of rcncu,able cnergv re.soLrrce
usc and cxploitation [30]. !'cr-v pronrising alrerrrr-
tives lrc cnvis.tgcd r','ith r]rc pr()ntotion r-,f ncr,,,
tcclr nologie.s r,rnclcr dcr,cloplreut:

(.r) Solrrr cncrgv rcsources [31. 32],
(h) Georhe rmll cnclgr. rcsourccs [33].
(c) Biomass crlcrg-y resourccs [34],
(d) \Virtd encrg,y- resources {35],(c) Hvdro cncrgv resor-rrccs [36].

Environment capaci w* for
the combustion prodr.rcts

The su.strrirr:rbilrrv is closeiv rcllrecl rllso to titc
errvironmerrt crlpircitv ol orrr plar-rct. it Iias bccrr
shorvrr tlrrr the natnrai proccsscs in rhc biosphcrc
posscss thc nraxintunt rrttc of ciraugc. This r;1tc ot
cirangc cxcccds bt' ordcrs of rnagnitr-rclc thc corrtcrrr-
p()r:rr.v rittcs ot'ti'rc p:rrarlcters dcflrrrnC thc arrtro-
poqcr-uc inrprrct to thc cnvironurenr rlrd bt, fbrrr
ordcrs of rrirgnrtude. thc mc:rrr rrre olci-r.urgc o[tire
parilmctcrs dcilning the tcophvsicrl proccssc:s. TIrc
conccutnltiorr rrnd thc rrte of changc crf clrcrrriclls
irwoh,cd in thc biocirerlicrl cvclc.s n1:lv bc chirr:rc-
terized Lrv thc chrruges of organic arrd inort.rtic
carlron. The capaciw of bioloeicai.lv rcrivc org:rnic
lnd inorgrrnrc carl'ritn chcnricrrl spccics iLt thc crrlr-
rorlmcnt is cqual lncl terr rin'rcs largcr titirn rhcir

allnlrrll prir-t.ran' producrion. Thcrefbre it mav be
expected tirrrt this resource olcr.rvrrotrnrent capaciw
cor-rld bc coltsidercd in thc ncxr tctl vears if onlv
s,vlttjlesi.s or decompositiou of orgrnic nl.rt.r is
taking plecc. This lrlcilns rhilr xll life proccsscs rviil
eud.

Thc flu-res of rirc orgauic rnarerial produced
bv thc synrhesi.s rrncl ciecorlposirir-rn proccises in rhe
biosphcrc arc rvithin the lccnracv of one hu.ndredth
lcrccltr of rhe lrrtrOpogcrric rlrrcirnriorr rcsr-Llting in
tire environntcnt in rlre gcolouicll rirrre scaic. This
slorv changc in rhc cnr.ironlrcnt iu thc geological
time scalc can Lre contpcn.sared b,rr Lriological proc-
e.ssc.s leading to thc bioslrhcrc colttrol of the chcmi-
cal contpositiorr of thc currirorrntcnt. It i.s knorvn
fror.n tlrc Lc Chlrclier prirrciplcs rhrt anv external
pernrrbrltion oI the cqLrilibrilrnr sr:rtc of a systern
rvill utiir,rcc tltc process to rollpcltsiltc for thesc
pcr-turbations. Thc conrpen.s..lrion of thc pcnurba-
trcns irr thc cnvironnlent c:ln bc obtained L-,v tl-re
svnrhesis atrd decornp<>sitiou of ti.rc t>rgar.ric prr>c-
esses in the biospi.rere . Sir.rcc tirc prescn,r.rtion of the
bir,rspi.re re i.s rlfecting thr: biociir.cr.srrv oFour planer
it rs of primlrv inte re.st iit long-tcrm evolution, to
havc tl.rc control r-rf thc org,rrtic proccsscs in the
biosphcrc. For rhis rcil.solt' rirc presen.atiorr of dre
biosphcrc i.s rhc ntlilr rcclr.rircrneut lor the global
ccological sccllrity for drc sr-r.stainablc dcvelopmcnt
of our plancr.

Irr ordcr ro obscrr,c tirc susrairrabilitv of the
crrvirc;nrncut, rlrc ccologicirl sr..stcrn ha.s to be rnoni-
torcd rrncl fc;llorvcd *,irlr urodcru rncthods altd tech-
niqucs. It is obvioLrs llrxr xn intcrdi.sciplinary ap-
prorclt is nceded ro urrdcrstrrnci ..rll l.spect.s clf the
clrlngc.s rvhicir rrrc introduccd by human activiries.
In thi.s respect thc r.r'orld e ncrgy s\'.srcnt is rc.spon.si-
blc ior thc productir-ru and crrri.ssion of a nurnbcr clf
chcrnicrtl.s u,irich lrc plovcd to have ldverse cffects
olt tile cr-ttri l'crrtrnctit.

Ti.rc crrcrgv usc is rr urajor sourcc of emissions.
Iu rirc srmc tinrc it ,s cs.scntirrl to rhc economic aud
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Figure 12. OECD scenario for CO2 emission

sociai developrncur fbr improvcd quaiiqr of lifc.
Therc havc bccn recognized sevcral thrcats its sig-
nals for porential itazrrd ro rhe en\/ironrrlcnr. Thc
emission of air poL.lurlnrs is usuallv cor.rsidered in
thrce gror,rps, nrmely: carbon dioxidc, nitrogcn
oxide, and sulphtLr oxidcs.

The edvcrse effcct.s of rirc emi.s.sior-r gascs rrc
rccogrrizccl bv nvc., processe.s: tlrc grccnhor-rsc cfl'ecr
lcading to globril rvlrr.niug and dcplcrion of' rhc
clzonc lrrvcr in rhe srrrrro.sphe rc. The global w,arnring
is obscrved by rhc incrclsc of rhc mcalr errth tenl-
perature. It ceu be noticed that rcccnt cirangcs in
concclttrarion of CO2 in thc attrtc-tsphcrc tre corre-
lared with rhe chirngc.s in rhe global tcmpcrarllre.
This ha.s lecl I nunrfrcr olspccillisrs in rhc field ro
co[cludc rh';rr rhe d:u.nagc is irrcversiblc. Fig. l2
sirows esdmlrecl treud of CO2 proclr-rcrion.

Mitigetion of nuclear power
impact to the en.r'ironment

13csidcs cflecrs of cre rqv svsrcms on tlre cnvi-
rolrncutr bv ihe cnrission of tlue g.lscs ir-r rhe rrrnros-
pherc due ro rhe contblrstion of orgenic fr-rcls in
power producrion pl:rnr.s, thcrc are possibilirics
which are inrrnlucnt to sonlc old porver planc svs-
tem.s ro irave hezardor-r.s efl'ccrs olt titc ent,ironmcr-rt
i:r:r very sirort timc n,irh.long lrrstilg conscquences.
The nlrclclr po\\,cr plrnrs rrre ve n, LrcncficiaL in light
of grcenht>r-rsc etlccrs bcc.rusc rhet,h.tvc rrt.r cxhari-sr
glses. ilr,rt, it is l<nori,u rh.rt prcsc:nr nuclc:rr p()\ver
rerlctor hrr\.e tirc poieurirll possilrilirv to be cnor-
molls .sources of rad iolcrivi ry em ission.s. ile.sides rirc
cff'ecting rhe immcdirrtc surroundings, thesc itxz-
ardous cvenls utty le.rd ro regioull and global irn_
pact to rhc crrvironrncnr. Thc lorv probebilirv of rhis
kind oIcvenrs Itns bccn orrly b,rrr]icr ro rirc cli.sr.src-
rios. crrert r, sPr.cld its ..,,.,i"q,,",rccs ro tlrc glob:rl
cn\riroltmcnt. Exirnrples re ce ntly le l.rre d ,rrc rc.1r,ir_
inq difTcrcnr rrpproach ro iicc rrn.l ur:rstcr porcrrri:il
hazardous cvcltts. Huntln sctcicry is not irr posirrun
to lean irs cri.srcrrcc on rhc urerr rnadc prJblbility
actions rvi th<>r.rr possi tri I irr.' fit r lrrv correcrior.r.

Opponcrtrs ro nuclelr cncrgy oLltlirte rrvo
poins rhar are crr-rcial fbr rhenr: rhc possibiliw oi
major radiological releases follolving accidenrs irncl
the helry inheritage of long i:r.sting radioacrivc
wasre.s tbr lunrre generarions. Obviou.sly, borh
rhesc points are \/ery re Ier,.rrrrr for rirc sr-rstarnabrlirv
dcvclopmcnr of ri'ris fbrnt of cncrgv. Lcr'.s di.scr-r-s.s
scparatelv botlr. Major accide nrs nrrv bc ge rrcrlrcci
by a reactiviry excc.ss (Chernobvl) [3Zi1, or by a loss
of coolanr (Thrce Milcs Islanci) [38] or bv a joss of
flo'uvrate or bv anticipated rransients *,irhout thc
inrerruption of tl.re nuclear ch..rir.r. Even if rl.re cl.rain
reactiou during ti.re accidenr has becn sropped rvirh
x prompr inscrtion of conrrol rods, rire radioacdvin
dec:ry residural hcat, if not :rdequrrreh,rcrnovcd ro r
hear sink, ntav ceuse tire nreking of rire core rhrelr-
crring thc irrrcgriw of rclctor vcs.sei. Agrrinsr rhcse
possible eccidenrll chains a ,'de lencc in cJe pt" strrrr_
cgy ha.s been developed rvirh rhrec m:riir lir.rcs:.r
"pt'evcntive line", a "prorcctii,e" .line, :rnd a ,'mirigr.-
tive" lir.re . This srr:rregy *,orkcd :rr Three M ile Isianu
lcciderrr rl'ith crternrrl rclclse.s of fcrv curies ,ri
radioactivity, b,Lrt did nor rvorl< ..rr ChcrnoLrr,l clue
rhe its rrbsence oi exre rnal cc.,rrtrrirtntcnt .rrrd rnlrrv
otlrcr dcsigrr dcfi ciencies.

Prcscnt rcacror dcsigns for tlrc sccond linc of
dcf'er-rce have r mitjorirv of "rlctivc,, slfe ry svstcnrs
lnd rr ntinoriw of "p:rssivc ' crtcs. Arr ''rcrirc" svs-
rern Decds an exrentrrl eucrgv supplv lor inren,cn-
riou and :r "1'xrssivc" onc is b:r.seci orr phvsicrl lln,s
like nittrtrll coltvectiou, rherntr.Ll clillfrrrrrtn, stress_
strliu rel.rrir-rns [39]. Tl.re prcsent rrcnd oldcsigncr.s
is ro increasc rhe percentrrge of passive srrfcrv svs-
tenls to collnrerrlct rl-rc pos.siblc rrccidenral chains.
proDosirrg tlre so c:riled "rrdvrrnccd p:rssir.c" rcrctors
lor r trunsirion pcriod lionr rhe fi,lst r,r rhc .secon.l
gcrrerltion ot'rrr-rcicar rc..tcrors. Titis rrencl is rrlst,
:rssc.rciared rvirh rr prctcrcnce of a dcrcnninisric rrp_
prorch insre:rd ol rhc rnorc scierrtific probabilisr:c
onc, ibr berrer g..ri ning thc ricceprabi l i ni of' conrrnorr
pcooie *'lro often rernembcr rl.re old s.rvinq "iiir c.tn
h:rppcn, ir u,ill happen".

A dcsign of rhe second gencmrion ol nucle.lr
rcrcrors rvirh 100%r passive s:rfen, svsrer-r-rs :rlrcrrcjv
crrsrs i. e . rhc .\LARS r IluJrr pilrpr,5c -\rl\ rl)cj_
I{t'rrctt-ri' Inhcrcrrtlv Safe ). Fre. I3 .shos.s ri.scltcr.urrrrc
rcprcsclttxrion Oi rhe MAIIS rcacror.

This relcror ha.s Lrcen conccived ibr sntirli
clccrric ncr\\'()r.ks .urd l'
t. ircre:rse thc o'erall h::",?; "Ll::.5$iffi:possi bilitic.s of' u ri lizarion. Ir is rnodullr lncl'rrssem_
bleci in slnall pr:'rs rltrtt xrc rorellv builr rtnd cctntrr_,i-
lccl n,ith qullirl'irs.sLlrllrce . pruduce d in t.rcror.ies. ir:
rhis rvrv rhe consrmction timc is shorrencd. rhc
rclrrrcd cosr rcciuccrl, anci rlre ilsscmblv proccdurcs
irrvertcci in orcler xt rhc eud of u.scfirl lifc, ro gulrr-
:lntcc iln cts\' 2rrtd tOtrtl clccomnrissioning Of rltc

fi Oevologng Counbes
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Figurc 13. Multi-purposc advanccd reactor
inhercntly safe (MARS)

metxl picccs. All drese characterisrics lncet the re-
qui remcltts of sustainabiliw.

The sccoud point of the felr of r.rucle;rr ()ppo-
ncnt.s. relateci ro rl.rc long lastiug rvrrstcs. is srill
opcncd ro intcresrirrg solurions. k i.s pos.siblc ro
separ;1tc the iong- li Fe racl ionuclides (actinide.s ) fronr
otl'rcr radioacrive fission prodllcr.s. Thc rrcrinidcs
rlav be recvcled in "ad hoc" rcactor.s atrd converted
in dre .short-lifc radionuclidcs. Thc rldionuclicies
rvith lortg lastirrq lifetimc cau btc colr,ertcd i6tcr
slrort iifc i.sr.rtopes L-.v tlrcir rlLrtrrriol.r tirrough nr,r-
clertr rc:rctiorr.s in high flux irnclelr re:,tcto!:s or irr :t
cor-rplcd devicc of sr.rLrcr.itic,rl nuclerrr rclctor ir.r
ri.hicli :r Lre rlnr ol hieh cr.rergv prtrricles :rrc injccrccl
bv nterrns of- rr porvcrfui acccicraror. Tlre tor;rl
ilmoLutt ollong lasting wastcs vvill bc sr-rbstirrtriallv
reduccd so ro Lrc couvcnieutlv phced irr .suit..rbic
gcokrgic:ri formrrrions, rvirich rcnraincd clrt, rncl
irtr.rcr fi ,r lttiiliorr oi ycrrrs irr tlrc prsr.

r\ clevicc ol rhis rvpe hes lrccrr r.ccentlv prr.,-
poscd bv I{ubLril :rnd co-n'orkcrs [.10], rvirlr rr .sub-
criticrrl last rcacror coolcd bv lcad irr narnral convcc-
tiorr. lecdcd bv spall:rtion ucLltrol.ls gcncratccl bv a
bcanr ol prorons accclcretcd rill I GcV. Fig. I4
shclrvs :r schcmaric rcprcsclttrtiotr of the conccptual
desigu ol this frr.sr ncutron oper:rrcd higlr powcr
cnergv lrnplifrer.
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Figurc I4. Encrg.v emplifier

ENERGY EDUCATION AND
SUSTAINABILI'|Y

. The contemporan' dcvclopn.rcnt of tl-re infor_
nation techltolc)gv I.rls .sr,rbstentlrllv contribr_rted to
rhc prornorion oi' rrcrv rlcr.ns oF dlsscminetion in_
fbrmetion and irs multiplc r-rsc.

The inlbrmarion uray harre different forms and
dre knowlcdgc of tl.renr is gencrltcd bv rhc scienrific
and tcc.hnologicirl rcsearclr. Tl.rc krrorvlcdge is trans-
fcrred bv rhc ccil,rcation svsrcnr. In rhi.s .-espccr thc
scie ntiflc and rcchnologicrri dcvciopnrcnt f;m onc
sidc rurd cducltion s\.sten1 frorrr r_rthcr sidc can
contributc to tl.re infoirrlxiion cxchrlngc in any .so-
cio-econouric systern. So, *,c crn coirsider socio-
cconor-rric chaugcs in the nvo procc.sses, namely: the
gencrarion of infrtrmation by rhe scicntific and
tcchnoiogical dcvclopmcnr lnd drc cxchange of
irrFcrrilrtron by rhc cduc:rtiorr pr.c.rccss. In tl-riicase,
Io hlvc thc iralrnorri'irr thc glrib,.rl .srr.stcrrr, berrveel.r
tlrc usc of irs rcsotrrcc, a,rci ii rl.rc sanrc time to take
ca.rc crf thc prcscrr,:rtion of crrvironn-tent [41. 42].
Also, rve can srrv thxt the slrstainablc dcveiopment
of our civilizetiol rvill rcquire. trcsidc using the
irnmc,-lircc actiolt to prescr\/c re.soLlrccs and c.nvi-
ronrTrcltt c:iplcity for thc fr-rfr-rre gencratiol.ls, to
clevoic a .sr-rbstrrntial iltreution to tlc .sciencc and
teclrn<;log1' devcloprnenr. as rvell as rhe develop_
mcnt of the edncrtior.l pl.oces.s. Thc sciencc and
technology devclop.r111g11t hls ro L.rc fbcu.sed to tl.lqse
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problems, which rvill affccr rhe coltsumpriou of
available lnaterial resources altd cnvironmcnt capac-
irv.

In the developmenr of rhe susrainabiliry i.ssue
thcre are thrcc fundamcntal dirncrrsions which havc
to be taken il.to consideration in the asscssmenr,
namcly: knowlcdge disscminarion scicnce and tech-
nology development and cxploretion of new rc-
sources. The knorviedge dissernir.ratior-r, implies rhe
dcvelopmcnt of tl're respecri\/e educarior.r -sysrcnl
which will meet increasing demand fbr conriur.ros
refresirmcnt <-rf rhc knoivledge in ordcr ro follow the
contemporarv development of nerv rechnologics.

The life long e ducarion is presently recognizcd
e-s a conrinuous le rrnting acrivirV ro follorv the nccds
of modenr socie n. It can be scen as tl-re educrriorr
systcm lvirh diffe rcnr lcvcls in accordarrce with rhc
aim, need end inCividuil pcrccprion capabiliry. In
parricuiar. thc ainr of lifeloug cducatic-rn is divcr.si-
fied bv specific requirements of the proftssionrrl
scope. Tire.se programs of lifelong educarion conid
bc aimed to iucrease dre fundlmentirl knorvledge ol
the specific subjecr or ro rhc design or rechnic;rl
opcration quidlncc fbr rhe respecti\/e equipurenr,
system or structurc.

There are diffcre nt educariorral scirerncs rvi.ricl.r
are suitable ficr an organized approach to rhe lifc
Iong educatictn. Disrrtur learuing [43] has been in-
troduced in tl.re education system as the as.st-rciare
system ro bridgc difficultics arising from the lack of
space for rill rl-rose ri'ishirrg to entcr thc high edr.rca-
tion instituticrn. Li rhis rcspecr, dte disrancc icrruing
educatioir merhodology hls proved advantages,
which are olinrercst ro be exposed ro thc public ar
large in order to be cveli-rated thror-rgh its applicrr-
tion in rhc liielong educarion. In particulrr, it bc-
comes rclevaut to rlke thc advantages available bv' thc moderrr cournrunicetion svstcms, ',virich are
offering large possibilities ro con\;cv infonnltiou ro
anv di.statrcc, rrs ciesire d.

It is aiso recognizcd rhrt the prese nt edr-rcrtion
svstcrn is too rigrd ro rrccortn-rodatc ltcw challengcs
of thc lifelong educrrrion sv.srcn'r [aa]. To assirnilarc
the disrant leerning educ.rrion rvith a rnodcrn infbr-
mation tecirnologv rrnd irs prominence at rhis tirnc
it is important ro rellize the cl-rrnges iu rehtions[rips
benveen high cdr-rc:rrion rrnd societv. lt i.s obvior-rs
that rhc pi.r.,'r :r:rrus t-rf rhe irighcr cdr.rcrrriorr
systen't rvill no longer errjol' 1 nrgpspolv olt rhc
provision of lcrrning .scrvicc.

Particulrr ltrenrion hls to be devored ro tire
postgraduare ccluc;rriou, ri'hiclt i.s s<_rcillly incle-
pendent and crrtr bc organized rvirhont the pcrsonrl
inreractiou benvecn rhc texchcr lncl the lcarners end
leanrers amort!l therlsch,es, ls ir is ncccsslrv ibr
undcrgraduate cducrrrion. In thc corrrext ttlthc rrrccl
for cffrcie nr and apprclpri.rre tinting of pc,rsrgrrclurrc
eciuc:ttion. rhc demlrrd lnd pcrspccrivc oFmr_rltinrc-

dia disranr le arning edr.rcarion is of high expccrarion.
Technology orierrred posrgracluare cducirion pro_
grams rvil.l be linked into regional, narion:r.l irnd
international nenvorks and r.vilibe a great possibilirv
for the.integrated educarion en,,irorunerit, leading
to tite democratizati()n of thc world cduc:rtion svs-
tell1.

TItc modcrrr developmenr of thc intbrrnaci,on
reclrnologv i.s opcning a po.ssibiliry ro usc the disrant
learnirl g nr c drodology for postgraduare ecjuctr ri on .A lintited number of qualified reachcrs fbr rhc
specific subjects of modcrn rechnology is one of rhe
limiradons for the knowiedge disscminarion in rhe
field, needed for the prolnodon clf cconomic devcl-
opmcnt. The scarcity of comperenr rcachers in spe-
cializcd disciplines can be adeqr-rarelv sr_rbsidizc.l 1.r,,,

the respcctive use of disrent leanring n.re ri.rodologv;.
rvhich rvill allorv ri're exposirion of rl-rc r.alualrlc
prcites.sionals in the fieid ro izuger audienccs.

Energy and environmellt engineering
education

The encrgt' and cnr,irorrnte nt proble ms irr the
contemporarv world arc rhc chailengiug crrginccr.-
ing fields requiring rhc con.sranr incrca.sc bf ou.
attentiou iu order to nleet dre increasing dernands
and also face rhe potcntial advcrse efi-ects on dtc
cnvironmcnt. In this fr.eld, a new strateg-.y is i.n d-rc
dcveiopment .vhich compulsory rcquires thc rc-
spective efTiciency of the svsrents, increrrses rhc
global energy svstem strlrctrtrc use ol nerv and
rerrervable ene rgy sources] tneets a new sociirl aspe cr
of the energy irnd environmenr. Also it will bener
understand in deep ali consequences rvhich possiblv
pronlotc globll cl'rangcs in rhe e nvirorrmcnr. Thcsc
rcqlrircrncnLr could bc nrct oulv rvith the rcspccrir.e
cdircltion svsrems rvhich rvill bc ablc ro accomrno-
datc rl'rc nccc.ls for an incrcasing nunrbcr of special-
ists rvirh rhc high levcl of cduc;rrion.

It is bccor.r'rir.rg i-lbi.ior,rs that rl-re prc.se nr elrcrgv
and environnrenr cngincering education sv.srem is
facing difficulties ir-r manv colurrrics ro ,n.ci.r fbrrh-
coming dcn-rand. Er;en rnorc, in r nunrbcr t.iItlcvcl-
oping cor-rnrrics rhis problcm is open rnd rvill re-
c1r-rirc an or-rrside assistr.ince ro Lrc ovcrcomcci. Irr rhis
rcspect, the firtu|e cue rgv tleve lOprne rtr srrarcgv hrr.s
to. rncludc rhe devclopmenr of rhe respecri\/e.il"rgy-
cclr.rcation sv.srelrl, r,vl-rich rvil.l cnsLlre irs pronroriorr
arrd practicrl application. lr i.s of pararnount intcrc.sr
tu thc socicrv to combile its cffort in thc econonric
clcvclopnrcnt with d'rc chrrngc in thc struccr_rre of tite
cclLrcrtion svstcrl.

The cnginccring edr-rcrtion is closclv iinkcd
with thc econortic dcvclopurcnr. Thc pr,lrri.._,riotr of
nerv rcchn<>log.y rrdrrarrces L-rv thc u.sc of infornrarion
fc-chnology is irnnlauerrt to rfic furtftcr dcyclopntcur
of the errgirrccrir.rg education. Irr parriculir, rhc
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urcrca.se of tl-re er.rgirreering knorvicdgc leading rr>
the Iarge r nrlmber olrhc cnginecring sicciaJizarrons
is onlv rhc rip of rhc iceberg of iiri problcrn in
cngirrecring cducation. In this rcspccr, thc energv
rnd euvironmellr engineering edr-rc:rrion is of pii-
mrrn- intcrest fbr dte modern societv.

Efflciencv, reliabiliry, ,-r.*, .,.,..gy sorlrce.s al.td
cnvlrontTrcnt arc amoltg those is-sr_res of encrgv en-
ginecring rvhich are to bc recognizccl irs thc mair.t
driving fbrce.s tr_r incrca.se tl.re demand frorn ri-rc
ellergv s)/stenls.

Tl-re ef{'iciencv of the energv svstems has been
rccognizcd since Sadv Carnot has defirred rhc Scc-
oud Law tpproach lor irs lssessntcur. Ilt rhis re_
spect, jr has bccornc imporrlnt ro undcrsr.rnd the
qualiw of crrcrgv ir.r order to obtain the m:rxinrr-rm
from e potcnrial source of cncrg1,. The cxerp.rrnalv-
sis has become a porverfi,rl tool tor rhe e njiirccrrng
cr';rlultion of the rcspectivc cnergy st,.stcrr. Thc
Sccond Latv efficier.tcV zl.sscssntcnt rcqr-rires the
ktrorvledgc aLrour n.i''t.lOles of the exe rg,v lniriysi.s,
technical characrcrisrics of tirc re.spcctive .systcm and
equiprnerrt. The corrcct efficiencv cvaluation of thc
svstenl t,iil i-ccluii-c rlso.r.social aipect c,f rlre cnergv
cosr. tltici-r includc rhc cnvironmcnt interactioll
rvirlr thc rc.specilve cne rgv svstcnl.

Thc rcliebrlirv rtnd.safetv of rire e rrerg,,,svsre r.,ns
h.rrr,'c Lrccorne t.hc rrrain r,ssue of tire adveiic cflcct.s,
rr1-rich migitt hli'c rcgionel, rlxriorlirl ar.rd gloLrirl
cf-fects. It is :.r complcx issr.re u.'hrch rcquires iri clecp
kitorvlcdec ;rlrout rhe svstcl11, its firnctionaiin, and
lirnit:rrions. Tl'ris l<nou.ledgc is requircd rrt dificrcnt
stirges of ihe e nergv s\.stem deve loprnent including
dcsign, con.strLrct'on :rnd operatiorr. The risk cvrlu-
ation is a specific issue, w'hich ha.s to bc introc.|_rcecjlt each srilgc of ti.re devclopn.lcltt. Lctr.ltiug irbout
rcli.rl-.ilrn' and safetv aspecr of the energv svsrcr.n
ler.luircs r hjgh dcgree of sopi.ri.sticltion of :rl.l rhc
sr.rbjccts ro [,.e tli-rqhr iu thc normrrl cr-rgincering
clrrricuIurr-r. ir is kno*n th.rt enl,nrllfr-rncti,cn oliite
cncrgv svstclt-t ieadirrq to tjrc dcgr:rcl:rrrolt of icii:rbil-
in'rrnd tite dccreasing saten.rrargiu.s c>fthe sr-stcnr
ts rcslrlt ,rlt c.-,rrrple r Pr()cc\scs. u hrcir .rre rrrrrc cie-
pcndcnr r'utc1 inrcrrelrrred. Thrs implics thet in orc.lcr
tt-r gain thc knorvlcdgc nce ded tbr tlre rrsscssrrrcnr ol
reli..rbilirv rird slfcw olrirc encrgv s\rsrcln, rhc cngi-
rrccrir-rg cducrrtion progrrlnts sl-rouicl inciuilc trrrrc
rrnd spacc dcpcnclcnr pr()ccssc.s u,.rrl-r rl.rc rcspcctivc
rttrrthcnrrttic.rl lrrd rtunrcrical tools to Lrc lrscd irr
rlr,rdcrrt conrpLlte r s\.stcnrs.

Thc ncn' :rnd rcncr.,'rrblc crrcrgy sourccs ilrc
brsecl on nrodern achier,crncnts in tirc pl.rysics rlrd
chcn'risrrt,. So, it is inrnrancrrt to thc nc\v cncnl\r
soLlrccs lls.ses.st'ltcllt and cl'lluariotr to hrrvc tltc lc-
spcctive krro*.ledgc iu rhesc flclds. In plrtrcr-rllr. the
enqinecrirrg lspecr of tlre ncrv :rnd rcnc.,v.rL.lc cncrgY
sotlrces should Lre cnrphirsizccl in order.to introduce
thcur in the srrilregv of rhc e nergv .svstern dcvciop-

ntellt. For thi.s relsorr it is rrcccss:rrv to
cncrgv educericln prugrrnrs r.rking inro
rion the r.reed of sociery to introduJe the
solrrces in the evetvday life.

de.sign the
cot'lsidera-

new eltergv

The increa.scd environment coltcent in the
ntodern sctcicty has led to thc intentationaUv rccog-
r-rized rcquircmcrrrs for tl-rc higher attcrrrioir t<-r rhe
.rdversc cff'ccrs of htrrnlrr ,.tii in rorvlrds its sur_
rouuclirrg. In r.icrv <tf rhe inrp.rcr',rf e rrcrgy .system.s
on rltc crrtirorrmcrrr irrcre lstrl crnplrasis Ii gil,"n tu
the a.ssessmenr of such impacrs at the stagc,rT"n".g,u
programming and the projccr dcsigrr Tn order totake into considcratictn environnier-rt problents
caused by thc_energv procluction, rrunspon :urd
consumprion. ft is necdcd ro includc subjecrc m
biology and social sciencc.s in thc cugirreering edLr-
caliolt.

Lifelong education in energ-y engineering

It is l<nor.vn rhar rlrc nccd fttr upgrading pro_
fes s i o n a l c a p a br l i t,v of tl-rc m a n po rvc r i'n"c n gi nE"ri n g
i.s the rcsulr of con.sr:rntlv groruiuei d.ma,il for thi
increil.sc of cfficicncv of tcclrnica-i svstcrn and ilt-
:f:1i'lg awarcnes.s oF thc crrvirc)nnrenr problems
[45]. The orgxrlizcd ef'fort is srreamecl ro meer
chrl.lcnges for thc benefhs obt.linecl rvirh a neu,
approach to tutr_rrc tcclurical svsrems and rheir in-corporrrtion ir.r tirc human enviroument withour
adver.sc efiecrs. Or-rc of rire lines in this efforr is a
neri'lifelong cdr,rcation.svstent. Jrr ordcr to nteet thi.s
requircrrent rhc clistani lcrnring eclucarion meth-
odologr, rvrth u.rr,rlrintcdia i_s provcd ro be ea.siiv
accontmodtrccl fbr dre on-job rraining fbr the In-
dustry- U n i vcrs i rv co- o pera ri on. Th c crI*ucati c_rn pro-
grams could be dcsigncd for spccific nccds itnd
adaptcd in rhc orr-job environnrcnt rvirh linritcd
rc:tchi ng assistrrrrcc.

As most of rl rc p(rstqrr.c.llrrrtc cdrrcrtion pro-
grams rrrc ckr.scly linkc.i ro rJrc .spccitic rcchnoiogy
devclopnrcrrts, ir is ol grcat inrcrcsr ro the de.si[n
re.spectiYc collrse.s l.rrrVing in rnind dte customer
urrcrcsr and loc.tl cnvironrrrcrir. Thc cncrgv cngi_
nccring postgradr_ratc collrses in this respccli-r.u. ,n
be :rirned to nlcct tirc rccent strltcgic dem,rnds irr
thc modern devcloprnerrt of the glo-bll encrgy s),s_
tcnr. Thi-' r'rrrien, of optious fbr tire specif-r-c pro-grlrns ri,ill rccluirc a polr,r,aicnt apprc,,ach in the
design ol rhe rcspccrive po.srgradr,"ie 

",-r"rgv e,rgi-
necring progrtln [a6]. Ir rvill l.r:u,e t,_, 

".co,n*mcrditetire differcnr disciplines oricntcd rrrodulc.s, to bc
nscd in thc cr-rrrstrucrior.r of mr-ritiplc option.s a.s
r.equircd by rhc inciividual lcarncrs. lVidr this ap_
prorch, rr rvill bc possibic ro hunch thc inciividual
cdlrcttiolr progritnls, rvhich rrrc to Lrc custom_made
to rhc spccific nccd of chc individrrrrl lelrners ortheir
crnploycrs. The firrurc lelrner.s ,,vili have the oppor_
tulriw to conltect tirenrselvcs to anv available edu_
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cation programs in tl.re r,vorld l.tcrwork designed irs
a pan of the globel svsrenl. In this respecr, rhe
lifelong engineering educarion is lr the beginning
of nenvork formarion, rvhich q,ill, sirnilarly to tite
existing Intcrner or similar gioLral nenvork, offer the
education commodiry ro anv individual wishing ro
increasc hrs/her compcrcncv in the spccific field of
lntcrcst.

CONCLUSIONS

It is sl'rorvn rhlrr prcsenr cllergy .srratcgy rc-
quircs adapration of nerv crircrions ro be follorved
in the funrrc energy svstem developrneut. No doubt
rhar there is a link benvecu cncrg.y cousulnpriou altd
environrrcur crrprciw reducrion. Thi.s is an alarnriug
sign. rvhich reccntlv has become dle leading themc
for our near irnd distant futurc.

Moden'r e ngineering science h:rs ro be oriente d
to those are'.rs rvirrch may direcdy assist in onr furure
energv plar.rning. In this re.specrl ir is a demanding
need rhat ollr r.rneurion be orienred ro rhe global
aspect ol tire cnergl' clevelopnrent. Modern rech-
noiogies *'ill heip to ldopt es.scnrial principlcs of the
sustainable cnergv dcvelopurent. With iite appro-
priatc rencrvlble errcrglr rcsources irrrroduction in
our encrgy tutr-rrc '.rnd rvith the increa.se os safety of
nuclcrr energv. ir rvill bc possiblc ro cortrplv lvitl.r
tire nrain principlcs ro Lre rrd:rprcd in tl.rc su-stainablc
encrg\. stratcg];.

In ordcr ro pronlore drc .sustainable er-rergv
dct'clopnrcrrr tlrc re ;pccrivc c.lircrtiorr svstc'nr is rc-
quircd. It u,rrs rccognizcr-l rhrr rire p..i.n, encrgy
cducatiolr sysrcltt ci'u-r not mcet fururc dernatrd for
the kuorvledqe dissen.rin:rrion. It'uvas shorvn tl.rar the
potelirial optiol) ibr the firture educrrriou svsreur rs
rhc disrancc Icrrlrrrrrg rvirir rnulrinrctlil rclcrnlric
sy.stem.
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l)oc l. l)oe 2. t)oc. 3

HaHv AO|AH, Tlapauru A,r |O6AI4CI,1,
Maprra KAPBAJb O, lvlaypnqrro KyMO

o n PAB [A HI4 EHE P f ET CKr4
PA3BOJ

Y paly je gar npcr.neA {)rrpaBAalrol. (oqpxunor) enep_rercxon pa:no.i ca rllt.t,elr At ce rcraKtry :ra.laiutr ac-
rreKTlt ae3ar[r 3a oBv aKTuAilOCT, ;{ar.je rpa.rax yBoL
Be31rH 3a ar(Tye.tUy errepreTcKy ncpcnexTrrBy rra ocrroBy
npcr.-rcila pacrroJro){rrBlrx rrolaTaKfl. To ouoryhyjc Iace nprKaixl' ltoTilBtr 3a on paBlarrlr crreprcTcKlr pa3Bo.i.
Cnerlnianrra na){<rr,A .jc nocneliela rerpNinrqujir
orrpaBAatr ocrrr rr ocloBlroM 3 nllrlc n,-v ooor nojua. y rou
cMrrcqy, noce6rra raxlba .ie nocBeFrcrra. qucxycxju
pa3"1rrrilt,iltx acneKaTa onpaBAarrocTtr v caAamLeM
cnery, Y qui6y npnKa3ularr)a t{uxeu,epcxor nprrcryna
onpaBlatr0t\{ pa:nojy, nprrKa3anu cy KprtrepnjyruH
onpaBAaHocrrr xr{n vopajy 6rrrlr yrpa}eurr V Oyi,ne
nporr3Bole,
r\xqeuar.je craulerr ra nprrKa3 nor.errqlja,ruor pa:-
no.ia y erreprercxult rral,Ku ra, xo.irr r,,,,u.a i1, AoReAe Aoonpanlallof ctlcprercKor pa:noja. flplrxar o6]xBaTaccAalr f.ilaBlrrx o6nlcru ca cnoirrlr cneqrtrplrllnrlr
npo6"'rcvlr:lra u rblxoBlflt -trrrrlajcrr ua onpaB/qagl eHep-
nercxrr pr:Boj. Io cy oregehe o6,racrli: erreprercKu
H3Bop, crlrlxacuocr, rexlo,,torrr.jc xojc o6e:6elyjetltlcT Ba3Avx. uu(roplrar0rorre rexrro,-rontrje, uonlr u o6_
lroBr%uBrr rr3noplr cltcprlr jc, KanaIIIrrer ;xltBorrre
cpe,lntre r nonehan,e cr!rvpnocrlr v rrvx,reaprroj elrep_
rcTHrlu.
Crrcrerl o6pa:onan a ,je xarrerr relre.-r)uu cBtxon eKo_
IlorrcK{)r paroo.in, Y r,orr currc,'11', {)llpaBlalrl ctrcpr.cr-cxu pa:no.i 3axrena qa ce rroce6ua nflxrha nocaertrx3rpaAll,x rr)aor cucl.eyra o6pa:onan,a. O6pa:onalre
na qarurny je jeAla oA vorvl-rrx onqlrja rulrpei"":r,arr,a
o roBllr clcpl.crcxurt rcxlro.tot.rri alra.
K,t,.\'qtrc pe.trt; ertap2tt jtt, ertepZeticKlt !t3BopLt, tjoerl Lt

oStt{tB,4,ttutr ctlcl)Z(ncKtr LTJBO!)rt, }cLr-
tt r I t11 tt Lt c p c r) t t. t 1 Lt. H.N 
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