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Among its other ob jec tives and prin ci ples, sus tain able de vel op ment con cept in -
cludes find ing the op ti mal tech ni cal so lu tions that will en able ex ploi ta tion of the re -
sources of en ergy with min i mal en vi ron men tal dam age. The main goal of this pa per 
is to dem on strate meth od olog i cal ap proach by us ing sev eral op er a tional re search
meth ods for se lect ing the op ti mal so lu tion for com plex, mul ti pur pose power-plants
con struc tion con cept prob lem with tak ing the sus tain able de vel op ment as pects into
ac count. These meth ods are: ELECTRE I-IV, PROMETHEE I-IV, method of an a -
lytic hi er ar chy pro cess, and lin ear pro gram ming. The aim of this re search was to
find out highly ef fi cient, but rel a tively sim ple meth ods of de fin ing en vi ron men -
tal-friendly and socio-po lit i cally ac cept able tech ni cal so lu tion. The new meth od ol -
ogy is de vel oped and tested by case stud ies of de ter min ing the op ti mal choice for
the con struc tion of ther mal and hy dro power plants in the ar eas ex tremely ex posed
to con flict of eco nomic, en vi ron men tal, and socio-po lit i cal in ter est.

Key words: operational research, power plants, optimal construction concept,
thermal power plant, hydro power plant case study

In tro duc tion

Grow ing need for en ergy, high level of en vi ron men tal aware ness, as well as the im por -
tance of the role that lo cal com mu nity has in the pro cess of mak ing tech ni cal and eco nom i cal de -
ci sions, re quire high ef fi ciency in the choice of op ti mal con cept and key pa ram e ters for large
power plant fa cil i ties. There fore, this re mark ably com plex and chal leng ing prob lem de mands
ad e quate ap pli ca tion and de vel op ment of op er a tional re search and ar ti fi cial in tel li gence. 

This prob lem ap pears very fre quently dur ing the pro cess of plan ning and de sign ing
any kind of power plant fa cil i ties, es pe cially for large sys tems such as ther mal power plants
[1-5] and nu clear power plants [6], where con flict be tween en vi ron men tal, socio-po lit i cal, and
eco nomic in ter est is ob vi ous and jus ti fied, but also in the field of hy dro-en er getic fa cil i ties [7],
wind, and bio mass power plants [8].
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The idea of this pa per was ini ti ated by the real prob lem in prac tice [7], in which firstly
adopted tech ni cal so lu tion for power plant con struc tion with ex tremely high ben e fit-cost ra tio
was re jected be cause of ig nor ing the en vi ron men tal as pects. Sim i lar ex am ple was HPP Buk
Bijela, when com mu nity lost to tal amount of $50,000,000 dur ing 50 years of plan ning and de -
sign ing due to not hav ing the ad e quate  meth od olog i cal ap proach.

New meth od olog i cal ap proach pre sented in this pa per is tested on hy dro sys tem on
Drina river on the bor der be tween two en ti ties and on the TPP 2100MW in the Kosovo and
Metohia re gion, both with ex treme con flict of in ter est be tween techno-eco nom i cal, so cial, po lit -
i cal, and en vi ron men tal cri te ria.

It is ob vi ous that in the very near fu ture, re new able sources will have to play much
more im por tant role in the en ergy pro duc tion in the Bal kan re gion [9-13] than to day, not only
be cause of the gen eral trend of in clud ing the re new able re sources in the en ergy bal ance in the
Eu ro pean Un ion [14], but also be cause it will in the long run con trib ute to the en ergy ef fi ciency
im prove ment, di ver si fi ca tion of pro duc tion and sup ply safety, do mes tic pro duc tion and con se -
quently lesser im port of en ergy sources and sig nif i cant re duc tion of the en vi ron men tal in flu -
ences. All of above-men tioned as pect were in cluded in the meth od ol ogy pre sented in this pa per.

De sign ers and en gi neers do not deal only with is sues of con struc tional, geo log i cal, and 
tech ni cal sta bil ity of a given fa cil ity, but also have to con sider com plex re la tion ships be tween
hu man built fa cil i ties and nat u ral en vi ron ment [15, 16] and to pres ent them in ap pro pri ate ways
– via en ergy con sump tion, op ti mal use of min eral and re new able sources[17-19] and im pact on
na ture [20], as well as to find the op ti mal so lu tion con sid er ing the fa cil ity’s pur pose with re spect 
to en vi ron men tal and socio-po lit i cal as pects [21]. 

Choice of the op ti mal con struc tional con cept [22] for such a fa cil ity in cludes fol low -
ing con di tions and con straints:

– un avoid able con flict of in ter est, be cause these are mul ti pur pose fa cil i ties and there -
fore have more than one user,

– im per a tive of sav ing nat u ral en vi ron ment as much as pos si ble [23], and
– sus tain able de vel op ment prin ci ples [24].
This pa per pres ents al go rithms for ap pli ca tion of sev eral op er a tional re search meth ods 

in pro cess of eval u at ing dif fer ent pos si ble con struc tional con cepts and choos ing the op ti mal
one. Im por tant ad van tage of pro posed mod els is their ap pli ca bil ity in any power-plant case
study that in cludes socio-po lit i cal and en vi ron men tal as pects of any given fa cil ity or fa cil i ties
com plex, which con se quently would en able ex perts to find out the op ti mal con cep tual so lu tion
for great va ri ety of prob lems in the field of en ergy pro duc tion.

Case study and de fined cri te ria

Dur ing the re search of which this pa per is one of re sults, dif fer ent meth ods [25] were
tested on the same case – the choice of op ti mal hy dro-en er getic ex ploi ta tion con cept of Drina
river be tween towns Srbinje and Goražde [26, 27]. Al though given meth od ol ogy is ap pli ca ble
on any kind of power pro duc tion fa cil ity, this par tic u lar prob lem has been cho sen be cause of the
pres ence of very strong con flict of in ter est, not only in tech ni cal and eco nomic is sues, but also in 
en vi ron men tal and socio-po lit i cal cri te ria in de ter min ing the op ti mal so lu tion [28].

Con sid ered lo cal ity is placed in the val ley, be tween two towns, which be long to dif fer -
ent en ti ties, af ter se ri ous so cial, po lit i cal, and even war perturbances. Pre vi ously, there was a re -
quest for a sin gle dam to be built there, and that fa cil ity would have great energetical and eco -
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nom i cal ef fects. In spite of its great en er getic and eco nomic ben e fits, such a large dam and
be long ing ac cu mu la tion would have a di sas trous en vi ron men tal ef fect. The goal of this pa per
was to find an other op ti mal so lu tion by us ing op er a tional re search meth ods, with si mul ta neous
in cor po ra tion of tech ni cal, eco nom i cal, socio-po lit i cal, and en vi ron men tal cri te ria.

This re gion’s to pol ogy and hy dro dy namic char ac ter is tics al low con struc tion of sev -
eral dif fer ent hy dro-en er getic fa cil i ties with dif fer ent head and con se quently dif fer ent tech ni cal, 
en vi ron men tal, and eco nomic ef fects. Fur ther re searches brought out six pos si ble so lu tions:

I – HP Gorazde 375 (G375): One con crete dam on the pro file Gorazde II, with at tached 
hy dro elec tric power plant and nor mal top wa ter level at 375.00 m.a.s.l.

II – HP Gorazde 383 (G383): One con crete dam on the pro file Gorazde II, with at -
tached hy dro-elec tric power plant and nor mal top wa ter level at 383.00 m.a.s.l.

III – HP Gorazde 352 (G352), HP Sadba 362 (S362), HP Ustikolina 373 (U373), HP
Paunci 384 (P384): four cas caded con crete over flow ing dams with nor mal top wa ter lev els as
given, re spec tively.

IV – HP Gorazde 375 (G375), HP Paunci 384 (P384): two con crete over flow ing dams
with nor mal top wa ter lev els as given, re spec tively.

V – HP Gorazde 362 (G362), HP Ustikolina 373 (U373), HP Paunci 384 (P384): three
cas caded con crete dams with dis charg ing hy dro-elec tric power plants with nor mal top wa ter
lev els as given, re spec tively.

VI – HP Sadba 362 (S362), HP Ustikolina 373 (U373), HP Paunci 384 (P384): three
iden ti cal cas caded con crete over flow ing dams with nor mal top wa ter lev els as given, re spec -
tively, and the falls of 11 m each.

These al ter na tives have
been cre ated by com bin ing
seven dam con struc tions with
dif fer ent top wa ter lev els and
ad join ing hy dro-en er getic
plants. Rel e vant cri te ria for
the choice of the op ti mal com -
bi na tion were: ben e fit/cost ra -
tio (B/C), an nual en ergy pro -
duc tion (E), socio-po lit i cal
fac tor (CQ), and en vi ron men -
tal in flu ence (ENV) [29],
which are all given in tab. 1,
where X1-X7 are vari ables
which show to tal num ber of given dam type in com bi na tion, while the sec ond row shows type of
con struc tion (G – Goražde, S – Sadba, U – Ustikotlina, and P – Paunci) with ad ja cent top wa ter
level (384, 383, 375, 373, 362, 352 m.a.s.l.).

Lin ear pro gram ming method

The very na ture of this prob lem and its vari ables im plied that in te ger lin ear pro gram ming
should be ap pro pri ate method for find ing op ti mal so lu tion. Lin ear pro gram ming has been used very
of ten in the civil en gi neer ing for solv ing the or ga ni za tional and eco nom i cal prob lems [30] and it is
also us able in solv ing of such a com plex prob lem such hy dro de vel op ment op ti mi za tion.
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Ta ble 1. Rel e vant cri te ria for the choice of the op ti mal al ter na tive

Al ter na tives X1 X2 X3 X4 X5 X6 X7

Con struc tions G383 G375 G362 G352 S362 U373 P384

B/C 1.57 1.53 1.73 0.74 1.44 1.50 1.45

E 501.7 407.2 126.3 73.2 140.4 147.4 156.3

CQ 0 0 1 1 1 1 1

ENV 1.57 2.57 3.64 5 4.57 4.21 4.28

Dh (fall) 36 m 28 m 15 m 5 m 10 m 11 m 11 m



Stan dard form, as the usual form of de scrib ing a lin ear pro gram ming prob lem [31],
con sists of the fol low ing two parts.

Ob jec tive func tion in the form of lin ear func tion to be max i mized or min i mized (eq. 1):

min/max Z c xi i
i

n
= å

=1
(1)

Prob lem con straints in the form of lin ear equal ity or in equal ity (eq. 2):

a x b x i n j nij j i j
j

n
£ = ³ ³ = =å

=
, , ; ; , ..., ; , ...,0 1 1

1
(2)

The fi nal val ues of the non-neg a tive vari ables xj, found by some of the lin ear pro gram -
ming al go rithms are op ti mal so lu tion of the prob lem (1) that meets all given re quire ments de -
fined by the prob lem con straints (2). Vari ables X1-7 in this prob lem pres ent the num ber of given
types of fa cil i ties in com bi na tion that will meet all the given con straints. There fore, in or der not
to have the same fa cil ity twice in the same com bi na tion, this prob lem can be solved only in in te -
ger bi nary mode, in which vari ables can only have val ues 0 or 1 [32].

The first and the ba sic con straint is that sum of the falls in any given com bi na tion must
not ex ceed the big gest pos si ble fall (37.0 m), in or der to elim i nate all im pos si ble com bi na tions
from fur ther con sid er ation (eq. 3):

D
i

n
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=
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1
370. (3)

The sec ond con straint con sid ers the main pur pose of the dam/dams, which is an nual
en ergy pro duc tion. There fore, it is de fined as re quest that sum of an nual en ergy pro duc tion for
any given dam or dams com bi na tion has to be greater than adopted min i mal en ergy pro duc tion
(eq. 4):

E X Ei i
i

n
³å

=
min

1
(4)

The third con straint is de fined in a way which would en sure that av er age en vi ron men -
tal in flu ence grade of any given com bi na tion will be higher than adopted min i mal value (eq. 5):

ENV X

X
ENV

i i
i

n

i
i

n
=

=

å

å

³1

1

min (5)

This con straint can also be rep re sented as (eq. 6):

( )minENV ENV Xi i
i

n
- ³å

=
0

1
(6)

The fourth and fifth con straints are de fined in the same way as the third, but they con -
sider av er age val ues of the socio-po lit i cal fac tor (eq. 7) and the ben e fit/cost ra tio (eq. 8):

( )minCQ CQ Xi i
i

n
- ³å

=
0

1
(7)

S
i

n

=1
(B/Ci – B/Cmin)Xi ³ 0 (8)

In ac cor dance to which cri te rion is cho sen to be “the most im por tant”, left side of its
in equal ity will be come the ob jec tive func tion while the other in equal i ties will be prob lem con -
straints. This can not be ap plied on the first con straint be cause its pur pose is to elim i nate the im -
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pos si ble so lu tions from fur ther con sid er ation. De ter mi na tion of min i mal ac cept able value of nu -
mer i cal quan ti fi ers which de scribe en vi ron men tal and socio-po lit i cal ac cept abil ity, as well as
the choice of cri te rion which will be taken as the ob jec tive func tion, is based on knowl edge and
ob jec tive es ti ma tion of an ex pert in this field.

Para met ric anal y ses

Para met ric anal y ses of given prob lem has been con ducted for the whole va ri ety of
min i mal ac cept able val ues of nu meric quan ti fi ers and for dif fer ent choices of ob jec tive func -
tions. Re sults con verged in such a way that they can be di vided into three char ac ter is tic cases.

In case 1, the ob jec tive func tion is in equal ity (8) and the cho sen min i mal pa ram e ter
val ues for con straints are: Emin = 250, ENVmin = 2.5, CQmin = 0.5, and B/Cmin = 1. This set of data
gives the op ti mal so lu tion X3 = X6 = X7 = 1; X1 = X2 = X4 = X5 = 0 (so lu tion model V), and the ob -
jec tive func tion value B/C = 1.68.

In case 2, the ob jec tive func tion and the con straints re main the same, but the min i mal
an nual en ergy pro duc tion is risen to much higher value Emin = 440. This set of data gives the op -
ti mal so lu tion  X5 = X6 = X7 = 1; X1 = X2 = X3 = X4 = 0 (so lu tion model VI), and the ob jec tive func -
tion value B/C = 1.39.

In case 3, the ob jec tive func tion is max i mum an nual en ergy pro duc tion, while the min -
i mal pa ram e ter val ues for the con straints re main the same as in case 2. This set of data gives the
op ti mal so lu tion X4 = X5 = X6 = X7 = 1; X1 = X2 = X3 = 0 (so lu tion model III), and the ob jec tive
func tion value E = 517.3.

Dis cus sion and con clu sion

All above-men tioned cri te ria and con straints that show func tional re la tion ship be -
tween fa cil i ties are re sult of the given op ti mal con cept model and the ob jec tive func tion. Com -
par i son of dif fer ent ob jec tive func tion val ues gives log i cal and au then tic pic ture of re sults.
The con clu sion is that op ti mal so lu tion can be achieved by al ter na tives VI, V, and III. Be cause 
of the ap prox i mately same equip ment, al ter na tive VI – sys tem that con sists of three iden ti cal
fa cil i ties, (PP Sadba 362, PP Ustikolina 373, and PP Paunci 384), with the op ti mal so lu tion
value B/C = 1.39, has 30% lower to tal cost of hy dro-me chan i cal and elec tri cal equip ment and
main te nance. At the same time, these three low con crete dams have min i mal in flu ence on the
en vi ron ment and are per fectly fit ted in this area’s ter ri to rial dividedness be tween dif fer ent en -
ti ties, be cause PP Paunci be longs to one en tity and the other two fa cil i ties be long to the other
one.

Al ter na tive V, that con sists of fa cil i ties PP Gorazde 362, PP Ustikolina 373, and PP
Paunci 384, has op ti mal so lu tion value B/C = 1.68.

The third given so lu tion – III, that con sists of four fa cil i ties – PP Gorazde 352, PP
Sadba 362, PP Ustikolina 373, and PP Paunci 384 and has op ti mal so lu tion value E = 517.3 –
prac ti cally is a com bi na tion of the pre vi ous two al ter na tives.

Multi-at trib ute de ci sion mak ing

This type of prob lem can also be solved by multi-at trib ute de ci sion mak ing, which is
ap pro pri ate for mak ing a choice among sev eral known so lu tions with nu mer i cally de fined at -
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trib utes, im plicit ob jec tive and in ac tive con straints (in cluded in at trib utes). The re search was
aimed to de velop ap pro pri ate multi cri te ria de ci sion mak ing (MCDM) model [33, 34] for se lec -
tion of some en vi ron men tal friendly so lu tions for struc ture as well as con struc tion tech nol ogy of 
hy dro fa cil i ties in ac cor dance with lo cal nat u ral, eco nomic and socio-po lit i cal con di tions and
lim i ta tions.

De pend ing on na ture of any given prob lem, multi-at trib u tive de ci sion mak ing uses
one of three main ap proaches [35]: 
(1) range-based approach in order to range all possibilities from the best to the worst,
(2) problem of choosing the best alternative, and
(3) problem of choosing several alternatives:

– by choosing previously determined number of acceptable top ranked alternatives, or
– by choosing one alternative that meets some other conditions that were not included in

the starting model.
The most com monly used meth ods in multi-at trib u tive de ci sion mak ing in the field of

op ti mal con struc tion choice [36] are ELECTRE I-IV, PROMETHEE I-IV, method of an a lytic
hi er ar chy pro cess (AHP), and multi-com pro mise rank ing method (VIKOR) [37].

This pa per pres ents use of PROMETHEE I and II and ELECTRE in the same case
study as used in ex am ple of lin ear pro gram ming. The main char ac ter is tic of the PROMETHEE
meth ods is ap pli ca tion of six gen er al ized cri te ria (pref er ence func tions) for de fin ing the de ci -
sion maker’s pref er ences among all given cri te ria in prob lem. Be sides that, user can also in clude 
new types of gen er al ized cri te ria for de fin ing the rules in given prob lem and to put his/her own
pref er ences ac cord ing to given cri te ria. 

PROMETHEE I and II meth ods

Al go rithm for meth ods PROMETHEE I and II is de fined in the same way:
– defining the task and setting the weight coefficients,
– defining potential alternatives ai with corresponding evaluation criteria (eq. 9), tab. 2:

fj(ai),     i =1, 2,..., m;     j = 1, 2,..., n (9)

– ranging the alternatives. Every criterion fj gets appropriate weight coefficient wj. If two
criteria have the same significance, their weight coefficients are w = 1 in case of maxi-
misation, or w = –1 in case of minimisation. In the particular problem all criteria are
maximised.

The val ues of weight co ef fi cients are as fol lows: 0.16, 0.21, 0.21, 0.21, and 0.21.
Be sides task def i ni tion and set ting the weight co ef fi cients, this method in cludes fol -

low ing steps: de fin ing spe cific pref er ence func tion Pj(ai, aj) and pref er ence in dex for each cri te -
rion, cal cu lat ing pos i tive and neg a tive flows, find ing out the par tial and the to tal pre-or der for
each pair of units (ai, aj), form ing the higher rank ma trix, con struc tion of the higher rank graph,
cal cu lat ing the net flow value for each al ter na tive, and rank ing the al ter na tives. Higher rank ma -
trix de fines dom i na tion in each pair of units and there fore al lows the con struc tion of the higher
rank graph, which is also the end of the PROMETHEE I method. PROMETHEE II method in -
cludes two more steps: cal cu lat ing net flow value for each al ter na tive and ad ja cent rank ing of
the al ter na tives. The re sults showed that the best so lu tion of the given prob lem is al ter na tive a5,
i. e. so lu tion V.
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ELECTRE method

ELECTRE I method, of ten
called “ba sic method”, uses it -
er a tive ap proach in find ing the
op ti mal so lu tion. Data given in
the tab. 2 were used in the fol -
low ing steps: nor mal iz ing the
de ci sion ma trix, weight ing the
nor mal ized de ci sion ma trix,
de ter min ing the con cor dance
and dis cor dance sets, con struc -
tion of the con cor dance and
dis cor dance ma tri ces, de ter -
min ing the con cor dance and dis cor dance dom i nance ma tri ces, de ter min ing the ag gre gate dom i -
nance ma trix, and elim i na tion of the less fa vour able al ter na tives.

If the value of el e ment eks of ag gre gate dom i nance ma trix is 1, then this means that al -
ter na tive ak is pre ferred to al ter na tive as by us ing both the con cor dance and dis cor dance cri te ria.
On the other hand, this does not mean that some other al ter na tive is not pre ferred to ak. There -
fore, ak would not be dom i nated only if:
– eks = 1 for at least one s;  s = 1, 2,…,  m;  s ¹ k
– eks = 0 for every i;  i = 1, 2,…,  m;  i ¹ k;  i ¹ s

In prac tice, in or der to elim i nate less fa vour able al ter na tives it is nec es sary to ex am ine
dom i na tion in ev ery pos si ble pair of al ter na tives. In given ex am ple, it would be as fol lows:
– a1 does not dominate any other action,
– a2 does not dominate any other action,
– a3 dominates a1 and a2,

– a4 dominates a1 and a2,
– a5 dominates a1, a2, a3, a4, and a6,
– a6 dominates a1.

It is ob vi ous that the best list of ac tions is a5, i. e. al ter na tive VI, which rep re sents the
cas cade made of three iden ti cal dams and hy dro-power plants: HP Sadba with nor mal top wa ter
level at 362.00 m.a.s.l, HP Ustikolina, with nor mal top wa ter level at 373.00 m.a.s.l., and HP
Paunci with nor mal top wa ter level at 384.00 m.a.s.l.

Re sults and dis cus sion of PROMETHEE and
ELECTRE method

All the above-men tioned ap proaches and de scribed meth ods gave the same so lu tion
for the com plex prob lem of choos ing the op ti mal con cept in hy dro power fa cil i ties con struc tion: 
the al ter na tive F, fol lowed by the al ter na tives V and III.

This so lu tion is both log i cal and sat is fy ing ac cord ing to all given and de fined cri te ria.
HP Sadba with nor mal top wa ter level at 362.00 m.a.s.l, HP Ustikolina with nor mal top wa ter
level at 373.00 m.a.s.l., and HP Paunci with nor mal top wa ter level at 384.00 m.a.s.l make op ti -
mal com bi na tion for sev eral rea sons:
– minimal deterioration of the river bed natural environment,
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Ta ble 2. Rel e vant cri te ria for the choice of the op ti mal al ter na tive

f1 (Ev) f2 (B/C) f3 (Eu) f4 (E/A) f5 (CQ) f6 (IK)

a1 (A) 251.1000 1.5310 407.2000 2.4100 0.0000 251.1000

a2 (B) 308.3000 1.5690 501.7000 1.4100 0.0000 308.3000

a3 (C) 291.9000 1.2880 504.0000 4.4200 1.0000 291.9000

a4 (D) 339.3000 1.4790 559.5000 3.3600 0.7500 339.3000

a5 (E) 297.7000 1.5740 514.1000 4.0400 1.0000 297.7000

a6 (F) 250.6000 1.4870 432.8000 4.3600 1.0000 250.6000



– natural head is used in its total extent, which leads to maximal annual production of energy
and consequently maximal economic effect,

– all three dams and power-plants have the same head, which allows uniformity of mechanic,
hydro-technical and electrical equipment and spare parts, which lessens total investments
and maintenance costs,

– dynamics of building works on all three facilities can be made with agreement of different
sociopolitical entities, but if such agreement could not be achieved, facilities also can be
built separately and independently.

The fact that so lu tion VI was ranked as best one, in all three meth ods used in this re -
search, con firms us abil ity and qual ity of these op er a tional re search meth ods for solv ing even
very com plex prob lems within the scope of choos ing the op ti mal build ing con cept for hy dro
power fa cil i ties.

Case study for the 2100 MW fos sil-fu eled power plant

Model ap pli ca tion on fos sil-fu eled power plant

De vel oped meth od olog i cal ap proach was an a lyzed and tested on the case study of
2100MW fos sil-fu eled power plant in the re gion of Kosovo and Metohia, char ac ter ized by high
tech ni cal, eco nom i cal, en vi ron men tal, and socio-po lit i cal con flict of in ter est. The prob lem has
been an a lyzed by the ELECTRE method by rank ing 6 pos si bil i ties for con struc tion of fos sil-fu -
eled power plant con sid er ing 21 cri te ria. Ther mal power plant’s lo ca tion suit abil ity and
sustainability have been an a lyzed ac cord ing to geo log i cal com po si tion and struc ture sta bil ity,
geo mor phol ogy, neotectonicts, seis mic, hy dro-ge ol ogy, and en gi neer ing ge ol ogy cri te ria for
the site, as well as ac cord ing to en vi ron men tal and socio-po lit i cal im pact, as rel e vant cri te ria
too.

Cri te ria rel e vant for de ci sion-maker, their weight co ef fi cients and nu mer i cal val ues
for all 6 pos si ble al ter na tive so lu tions for the ther mal power plant are given in tab. 3.

Dom i na tion re la tion ships be tween al ter na tives are:
– a1 does not dominate any other action,
– a2 dominates a4,
– a3 dominates a2, a4, a5, and a6,
– a4 does not dominate any other action,
– a5 dominates a1, a2, a4, and a6, and
– a6 does not dominate any other action.

The best ac tions list is: a3, a5.

Re sults and discusion of the ELECTRE method aplication
on fos sil-fu eled power plant

Ap pli ca tion of the ELECTRE method gave the fol low ing ranks of the al ter na tives:
(1) TPP 13, (2) TPP 31, (3) TPP 12, and (4) TPP 21, TPP 11, TPP 32.

The last three al ter na tives do not dom i nate any other. These re sults show that the best
so lu tion for the 2100 MW fos sil-fu eled power plant TPP 13, which is con firmed by the sen si tiv -
ity anal y sis with re spect to em pir i cally de fined weight co ef fi cients’ val ues and by the sen si tiv ity 
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anal y sis with re spect to the num ber of cri te ria. Both anal y ses showed sta bil ity of re sults, which
implies their credibility.

Con clu sions

This pa per im proves the knowl edge, al go rithms, and soft ware tools in the field of op ti -
mal re new able and min eral re sources uti li za tion.

Ex pert knowl edge and spe cific meth od olog i cal ap proach in de fin ing the ob jec tive
func tion, prob lem con strains and cri te ria ap plied and pre sented through the above-men tioned
meth ods of fer not only achiev able, but also very ef fi cient so lu tion of this prob lem. The main
pur pose for the ap pli ca tion of de scribed meth ods is to reach the bal ance be tween con flicted cri -
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Ta ble 3. Rel e vant cri te ria for the choice of the op ti mal al ter na tive

Cri te ria lim Weight TPP11 TPP12 TPP13 TPP21 TPP31 TPP32

Ba sic rock type max 1 3 3 3 1 1 1

Ba sic rock depth min 1 7 36 80 120 100 100

Model depth min 0.1 55 55 80 600 600 600

Tec ton ics min 0.1 3 1 1 1 1 1

Rup tures min 1 4 1 1 1 1 2

Jump min 0.1 20 15 25 40 50 50

Dom i nant pro cess min 0.1 2 2 3 2 4 4

Sta bil ity max 1 2 3 3 2 2 2

Geo-me chan ics min 0.1 1 3 1 4 1 1

Wa ter ta ble min 0.1 3 2.5 5 1.5 2 2

Fil tra tion min 0.1 0.0770 0.0037 0.0023 0.0100 0.0010 0.0010

Ho ri zon depth min 0.1 6 7 6.5 9 9.5 7.5

Col lec tor type max 0.1 2 2 3 3 3 3

Drain age max 1 3 3 3 1 2 1

Seis mic ity min 1 7 7 7 7 7 7

Seis mic ac cel er a tion min 1 105 105 115 115 85 85

Seis mic ac cre tion min 1 1.00 1.46 1.46 1.34 0.97 1.23

Set tle ment min 1 6.5 7.5 9 6.75 5.6 5.6

Ca pa bil ity max 1 325 275 280 255 292.5 292.5

En vi ron men tal as pect max 1 3 0 5 2 4 1

Socio-po lit i cal as pect max 1 4 1 5 1 4 1



te ria in or der of ful fill ment of the high est stan dards in the re new able and min eral en ergy sources
ex ploi ta tion in ac cor dance with environmental, so cial, and political demands.

The main ad van tage of the pro posed meth od ol ogy is its ap pli ca bil ity for all kinds of
power plants, es pe cially for the environmentaly ques tion able fa cil i ties, such as ther mal and nu -
clear power plants. Fur ther re searches on above an a lyzed meth ods of ap pli ca tion of sus tain able
con cept se lec tion in ther mal, wind, and bio mass power plants case studies are recommended. 

Pre sented meth od olog i cal ap proach would en able de sign ers to reach the op ti mal sus -
tain able tech ni cal so lu tions in rel a tively easy and fast way and con se quently to meet the en ergy
pro duc tion de mands with si mul ta neous pro tec tion and pres er va tion of the nat u ral sources and
po ten tials from techno-economical devastation.
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