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Exergoeconomic anal y sis helps de sign ers to find ways to im prove the per for mance
of a sys tem in a cost ef fec tive way. This can play a vi tal role in the anal y sis, de sign,
and op ti mi za tion of ther mal sys tems. Thermoeconomic op ti mi za tion is a pow er ful
and ef fec tive tool in find ing the best so lu tions be tween the two com pet ing ob jec -
tives, min i miz ing eco nomic costs and max i miz ing exergetic ef fi ciency. In this pa -
per, op er at ing pa ram e ters of a gas tur bine power plant that pro duce 140 MW of
elec tric ity were op ti mized us ing exergoeconomic prin ci ples and ge netic al go -
rithms. The anal y sis shows that the cost of fi nal prod uct is 9.78% lower with re spect 
to the base case. This is achieved with 8.77% in crease in to tal cap i tal in vest ment.
Also thermoeconomic anal y sis and eval u a tion were per formed for the gas tur bine
power plant. The re sults show the deep re la tion of the unit cost on the change of the
op er at ing pa ram e ters.
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In tro duc tions

The im por tance of de vel op ing ther mal sys tems that ef fec tively use en ergy re sources
such as nat u ral gas is ap par ent. De sign ing ef fi cient and cost ef fec tive sys tems, which also meet
en vi ron men tal con di tions, is one of the fore most chal lenges that en gi neers face [1]. In the world
with fi nite nat u ral re sources and large en ergy de mands, it be comes in creas ingly im por tant to un -
der stand the mech a nisms which de grade en ergy and re sources and to de velop sys tem atic ap -
proaches for im prov ing sys tems and thus also re duc ing the im pact on the en vi ron ment.
Exergetics com bined with eco nom ics rep re sents pow er ful tools for the sys tem atic study and op -
ti mi za tion of sys tems. Exergetics and microeconomics forms the ba sis of thermoeconomics,
which is also named exergoeconomics [2]. Com bin ing the sec ond law of ther mo dy nam ics with
eco nom ics (thermoeconomics) us ing avail abil ity of en ergy (exergy) for cost pur poses pro vides
a pow er ful tool for sys tem atic study and op ti mi za tion of com plex en ergy sys tems. Its goal is to
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math e mat i cally com bine, in a sin gle model, the sec ond law of ther mo dy namic anal y sis with the
eco nomic fac tors. Exergoeconomics is the branch of en gi neer ing that ap pro pri ately com bines,
at the level of sys tem com po nents, ther mo dy namic eval u a tions based on an exergy anal y sis with 
eco nomic prin ci ples in or der to pro vide the de sign ers of a sys tem with in for ma tion that is use ful
to the de sign and op er at ing of a cost-ef fec tive sys tem, but not ob tain able by reg u lar en ergy or
exergy and eco nomic anal y sis [3]. Exergy anal y sis usu ally pre dicts the ther mo dy namic per for -
mance and the in ef fi ciency of an en ergy sys tem [4]. Fur ther more, exergoeconomic anal y sis es ti -
mates the cost of prod uct such as elec tric ity and quan ti fies cost rate due to ir re vers ibil ity.
Exergoeconomic rests on the no tion that exergy is the only ra tio nal ba sis for as sign ing mon e tary
costs to the in ter ac tions that a sys tem ex pe ri ences with its sur round ings and to the sources of
ther mo dy namic in ef fi cien cies within it. Exergoeconomic ac count ing means de ter min ing and
as sign ing eco nomic val ues to the exergy flows [5]. When there are var i ous in- and out flows, the
prices may vary and if the price per exergy unit does not vary too much, we can de fine av er age
price. This method al lows com par i son of the eco nomic cost of the exergy losses of a sys tem [6].
Mon e tary bal ances are for mu lated for the to tal sys tem, and for each com po nent of the sys tem,
be ing in ves ti gated. Exergy ac count ing gives a good pic ture of the mon e tary flows in side the to -
tal sys tem and is a way to an a lyze and eval u ate very com plex in stal la tions. His tory of sec ond
law cost ing meth ods was com pre hen sively re viewed by Gaggioli et al. [7]. They re ported the
use of avail abil ity of en ergy (exergy) for ap pro pri ate al lo ca tion of costs as so ci ated with co-gen -
er a tion of elec tric power and steam. In the six ties, the pi o neer ing works in thermoeconomics
were car ried out by El-Sayed [8]. How ever, com pre hen sive ef forts to ap ply thermoeconomics
sys tem at i cally to anal y sis, op ti mi za tion, and de sign of en ergy sys tems did not com mence un til
the eight ies [9]. Cammarata et al. [10] for mu lated the ob jec tive func tion, the sum of the cap i tal,
and the op er a tional and main te nance costs, of a dis trict heat ing net work us ing exergoeconomic
con cepts. Bhargava et al. [11] an a lyzed an intercooled re heat gas tur bine, with and with out re cu -
per a tion, for the co-gen er a tion ap pli ca tions us ing exergoeconomic prin ci ples. Their re sult pro -
vides use ful guide lines for pre lim i nary siz ing and se lec tion of gas tur bine cy cle for co-gen er a -
tion ap pli ca tions. Attala et al. [12] have used exergoeconomics as a de sign tool for the reali sa -
tion of a gas-steam com bined power plant prin ci ple, where as Misra et al. [13, 14] have
op ti mized a sin gle- and dou ble-ef fect H2O/LiBr vapour ab sorp tion re frig er a tion sys tem, and
Sahoo et al. [15] have op ti mized an aqua-am mo nia vapour ab sorp tion sys tem us ing
exergoeconomic prin ci ples. The op ti mi za tion tech niques used by the above men tioned re -
search ers are mainly based on it er a tive lo cal op ti mi za tion pro ce dure, which re quires the in ter -
pre ta tion of the de signer in each of the steps to ar rive at the fi nal con fig u ra tion. The op ti mi za tion 
of en ergy sys tem de sign con sists of mod i fy ing the sys tem struc ture and com po nent de sign pa -
ram e ters ac cord ing to one or more spec i fied de sign ob jec tives. In gen eral, mul ti ple ob jec tives
are in volved in the de sign pro cess: ther mo dy namic (e. g., max i mum ef fi ciency, min i mum fuel
con sump tion), eco nomic (e. g., min i mum cost per unit of time, max i mum profit per unit of pro -
duc tion), and en vi ron men tal (e. g., lim ited emis sions, min i mum en vi ron men tal im pact) [2].
How ever, most of the anal y ses per formed in the past con sider ei ther only the ther mo dy namic
ob jec tive or only the eco nomic one. In the field of thermoeconomics [16-18], de sign op ti mi za -
tion aims at min i miz ing the to tal levelized cost of the sys tem prod ucts, which im plic itly in cludes 
ther mo dy namic in for ma tion in the fuel cost rate through the fuel exergy flow rate. Var i ous
meth od ol o gies have been sug gested in the lit er a ture as ways to pur sue this ob jec tive, based on
dif fer ent ap proaches [6]. In the last de cades, the de vel op ment of exergoeconomics has been im -
pres sive in more than one di rec tion and the use ful ness of this con cept was ac knowl edged by a
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large num ber of schol ars and the de vel op ment is still con tin u ing to day [19, 20].
Exergoeconomic can play a vi tal role in the anal y sis, de sign, and op ti mi za tion of ther mal sys -
tems. In re cent years, exergoeconomic con cepts have been used with search al go rithms, such as
ge netic al go rithms, to find out re al is tic op ti mal so lu tions of ther mal sys tems [21-23]. In this
study, exergy cost ing prin ci ples and exergoeconomic op ti mi za tion us ing ge netic al go rithm
were ap plied for a gas tur bine power plant
that pro duces 140 MW of elec tric ity which
is an ex ist ing plant lo cated in Mazandaran,
north of Iran and sche mat i cally shown in
fig. 1.

Power plant de scrip tion

Fig ure 1 shows the sche matic di a gram of
a gas-tur bine plant and shows the exergy
flows and the state points which was ac -
counted for in this anal y sis. In this model, the 
com pres sor pres sure ra tio rp, isentropic ef fi ciency of the com pres sor hsc, tem per a ture of the com -
bus tion prod ucts en ter ing the tur bine T5, and isentropic ef fi ciency of the tur bine hst  are con sid ered 
as de ci sion vari ables. The net power gen er ated by the sys tem is 140 MW. This model is treated as
the  base  case  and  the fol low ing nom i nal val ues of the de ci sion vari ables rp = 10.27, hsc =  85%,
T5 = 1320 K, and hst = 88% are taken.

For the pur pose of anal y sis the fol low ing as sump tion are made:
– environmental conditions of the air at the inlet are: P0 = 1.013 bar and T0 = 25 °C,
– the power plant operates at steady-state,
– fuel is assumed to be pure methane (CH4),
– air and the combustion gases are considered ideal gases with constant specific heats,
– the exit temperature is above the dew point temperature of the combustion product,
– the pressure drop in the air preheater and combustion chamber is 4%, and
– the effectiveness of the air preheater is 75%.

Eco nomic anal y sis and exergy cost ing 
prin ci ples for the gas tur bine

All costs due to own ing and op er at ing a plant de pend on the type of fi nanc ing, re quired 
ca pita, ex pected life of a com po nent, etc. The levelized cost method of Moran [6] is used here.
Us ing the cap i tal re cov ery fac tor CRF(i, n)and pres ent worth fac tor PWF(i, n), the an nual
levelized cost may be writ ten as:

& [ ] [ ( , )] ( , )C $ per year = -PEC SV PWF i n CRF i n( ) (1)

where SV = 0.1, CRF(i, n) = i/1 – (1 + i)–n, PWF(i, n) = (1 + i)–n, and PEC is the pur -
chased-equipent cost. Equa tions for cal cu lat ing the pur chased-equip ment costs for the com po -
nents of the gas tur bine power plant are [2]:
–  air com pres sor
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Fig ure 1. Gas tur bine sys tem



–  com bus tion cham ber

PEC
m

P

P

Tcc
a=

-

æ

è

ç
ç
ç
ç

ö

ø

÷
÷
÷
÷

+
4608

0995

1 0018
5

3

5

. &

.

[ exp( . - 26 4. )] (3)

–  gas tur bine

PEC
m P

P
gt

g

st

=
-

æ

è
ç
ç

ö

ø
÷
÷

æ

è
çç

ö

ø
÷÷ +

47934

092
15

6

. &

.
ln [ ex

h
p( . . )]0036 54 45T - (4)

–  air preheater

PEC
m h h

T
aph

g

lm,aph

=
-æ

è

ç
ç

ö

ø

÷
÷

4122
18

6 7

0 6
& ( )

.

D
(5)

Di vid ing the levelized cost by 8000 an nual op er at ing hours, we ob tain the cap i tal cost
rate for the kth com po nent of the plant:

& [$ ]
&

Z
C

k
k k per hour =
f

8000
(6)

The main te nance cost is taken into con sid er ation through the fac tor fk = 1.06 for each
plant com po nent whose ex pected life is as sumed to be 15 years and the in ter est rates is 17%.The
num ber of hours of plant op er at ing per year and the main te nance fac tor uti lized in this study are
the typ i cal num bers em ployed in stan dard exergoeconomic anal y sis [6].

The exergoeconomic costs of all the flows that ap pear in the sys tem’s sche matic di a -
gram are ob tained through exergy cost ing prin ci ples. In exergy cost ing, a cost is as so ci ated with
each exergy stream. Exergy cost ing in volves cost bal ances usu ally for mu lated for each com po -
nent sep a rately. For a com po nent re ceiv ing a heat trans fer and gen er at ing power, cost bal ance
equa tion may be writ ten as [2]:

& & & & &C C C C Z
ie

e, k w, k q, k i, k k+ = + +åå (7)

where the vari able &C de noted a cost rate as so ci ated with an exergy stream and the vari able &Z rep -
re sents non-exergy-re lated costs which is cal cu lated by eco nomic anal y sis. 

The for mu la tions of cost bal ance for each com po nent and the re quired aux il iary equa -
tions are:
–  air com pres sor

& & & &C C C Z2 1 9= + + ac (8)

where the sub scripts 9 de notes the power in put to the com pres sor.
–  air preheater

& & & & &C C C C Z3 7 2 6+ = + + aph (9)
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–  com bus tion cham ber

& & & &C C C Z5 3 4= + + cc (11)

–  gas tur bine

& & & & &C C C C Z6 9 8 5+ + = + gt (12)

Gorji-Bandpy, M., et al.: Exergoeconomic Optimization of Gas Turbine Power ...

46 THERMAL  SCIENCE: Year 2011, Vol. 15,  No. 1, pp. 43-54



&

&

&

&
C

E

C

E

5

5

6

6

= (13)

where the sub scripts 8 de notes the net power gen er ated by the tur bine. Aux il iary eq. (10) and
(13) are writ ten as sum ing the same unit cost of in com ing and out go ing fuel exergy streams.

The cost of the fuel stream to the sys tem ( &C4) is taken as 0.1 $ per kg and a zero unit
cost is as sumed for air en ter ing the air com pres sor:

& . $C4 30672= per hour (14)

&C1 0= (15)

Ad di tional aux il iary equa tion is for mu lated as sum ing the same unit cost of exergy for
the net power ex ported from the sys tem and power in put to the com pres sor:
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= (16) 

The in for ma tion of the cost streams help in exergoeconomic eval u a tion of the sys tem.
In exergoeconomic eval u a tion of ther mal sys tems cer tain quan ti ties, known as exergoeconomic
vari ables, play an im por tant role. These are the av er age unit cost of fuel (cF,k), av er age unit cost
of prod uct (cP,k), the cost rate of exergy de struc tion ( &CD, k), and the exergoeconomic fac tor (fk). 

Math e mat i cally, these are ex pressed as [2]:
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Exergoeconomic anal y sis and eval u a tion

Ta ble 1 shows prop er ties and exergy flow rates at var i ous state points shown in fig.
1.These flow rates were cal cu lated based on the val ues of mea sured prop er ties such as pres sure,
tem per a ture and mass flow rate at var i ous points in the gas tur bine power plant sited in
Mazandaran.
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Ta ble 1.  State prop er ties and exergy streams of the sys tem cor re spond ing to fig. 1 at rated con di tions

State
&m

[kgs–1]
T [K] P [bar] ET [MW] EP [MW] EPH [MW] ECH [MW] Etot [MW]

1 510 298.15 1.013 0.00 0.00 0.00 0.00 0.00

2 510 630.16 10.404 58.68 101.63 160.32 0.00 160.32

3 510 781.61 9.98 109.32 99.85 209.17 0.00 209.17

4 8.52 298.15 30 0.00 4.46 4.46 437.81 442.27

5 518.52 1320.21 30 368.12 100.75 468.87 0.00 468.87

6 518.52 832.09 1.07 138.55 2.66 141.21 0.00 141.21

7 518.52 669.67 1.03 76.21 0.83 77.04 0.00 77.04

Solv ing the lin ear sys tem of eqs. (8)-(16), the cost rates of the un known streams of the
sys tem are ob tained. Re sults are shown in tab. 2. For this sys tem, the exergy cost ing method
gave 5.253 $G per J for the prod uct elec tric ity. 

The exergoeconomic vari ables
cal cu lated for each com po nent of
the power plant for 100% load con -
di tion are sum ma rized in tab. 3.

The com po nents hav ing the
high est value of the sum of &Zk + CD,k

are the most im por tant com po nents
from the exergoeconomic view -
point. The com bus tion cham ber has
the high est value of &Zk + CD,k and
low value of exergoeconomic fac tor 
f , and this sug gests that the cost rate
of exergy de struc tion dom i nates.
Hence, the com po nent ef fi ciency
should be im proved by in creas ing
the cap i tal in vest ment. This can be
achieved by in creas ing the com bus -
tion tem per a ture T5. The max i mum
tem per a ture of the com bus tion
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Ta ble 2.  Levelized cost rates and av er age costs per unit 
of exergy at var i ous state points

State points &C  [$h–1] C [$GJ–1] c [$kW–1h–1]

1 0.000 0 0

2 3642.663 6.311 0.022721

3 4840.778 6.428 0.023142

4 3067.252 1.926 0.006935

5 7925.711 4.695 0.016904

6 2387.023 4.695 0.016904

7 1302.380 4.695 0.016904

8 2658.907 5.253 0.018912

9 3215.233 5.253 0.018912

9 3215.233 5.253 0.018912

Ta ble 3.  Exergoeconomic pa ram e ters of the gas tur bine com po nents

Com po nent Cp [$GJ–1] CF [$GJ–1] &ED [MW] &CD [$h–1] &Z [$h–1] & &C ZD +  [$h–1] f [%]

AC 6.31 5.25 9.68 183.20 427.42 610.63 69.99

APH 6.81 4.69 15.30 258.77 113.47 372.24 30.48

CC 4.69 3.37 182.58 2216.32 17.732 2234.05 0.79

GT 5.25 4.69 17.06 288.41 335.45 623.87 53.76



cham ber, how ever, is lim ited due to the met al lur gi cal con di tions. A rel a tively high value of the
exergoeconomic fac tor in the air com pres sor sug gests a re duc tion in the in vest ment cost of this
com po nent. This may be achieved by re duc ing the pres sure ra tio and the isentropic ef fi ciency.
In the case of gas tur bine, the exergy de struc tion and in vest ment cost are al most equal. The sys -
tem per for mance may be im proved by in creas ing the in vest ment cost of this com po nent. Cap i tal
in vest ment of the gas tur bine de pend on tem per a ture T5, pres sure ra tio P2/P1 , and isentropic ef -
fi ciency h. To in crease the cap i tal in vest ment &Z, we should con sider an in crease in the value of
at least one of these vari ables.

Ge netic al go rithms

A ge netic al go rithm (GA) is a search tech nique used in com put ing to find ex act or ap -
prox i mate so lu tions to op ti mi za tion and search prob lems [24]. This method is a par tic u lar class
of evo lu tion ary al go rithms (EA) that use tech niques in spired by evo lu tion ary bi ol ogy such as in -
her i tance, mu ta tion, se lec tion, and cross over [25]. In na ture, weak and un fit spe cies within their
en vi ron ment are faced with ex tinc tion by nat u ral se lec tion. The strong ones have greater op por -
tu nity to pass their genes to fu ture gen er a tions via re pro duc tion. In the long run, spe cies car ry ing 
the cor rect com bi na tion in their genes be come dom i nant in their pop u la tion. Some times, dur ing
the slow pro cess of evo lu tion, ran dom changes may oc cur in genes. If these changes pro vide ad -
di tional ad van tages in the chal lenge for sur vival, new spe cies evolve from the old ones and un -
suc cess ful changes are elim i nated by nat u ral se lec tion [24]. In GA ter mi nol ogy, a so lu tion vec -
tor xÎX is called an in di vid ual or a chro mo some and chro mo somes are made of dis crete units
called genes. Each gene con trols one or more fea tures of the chro mo some. In the orig i nal im ple -
men ta tion of GA by Hol land, genes are as sumed to be bi nary dig its [25]. In later im ple men ta -
tions, more var ied gene types have been in tro duced. Nor mally, a chro mo some cor re sponds to a
unique so lu tion x in the so lu tion space. This re quires a map ping mech a nism be tween the so lu -
tion space and the chro mo somes. This map ping is called an en cod ing. In fact GA works on the
en cod ing of a prob lem, not on the prob lem it self. GA op er ates with a col lec tion of chro mo -
somes, called a pop u la tion. The pop u la tion is nor mally ran domly in i tial ized. As the search
evolves, the pop u la tion in cludes fit ter and fit ter so lu tions, and even tu ally it con verges, mean ing
that it is dom i nated by a sin gle so lu tion. Hol land also pre sented a proof of con ver gence (the
schema the o rem) to the global op ti mum where chro mo somes are bi nary vec tors. GA uses two
op er a tors to gen er ate new so lu tions from ex ist ing ones: cross over and mu ta tion. The cross over
op er a tor is the most im por tant op er a tor of GA. In cross over, gen er ally two chro mo somes, called
par ents, are com bined to gether to form new chro mo somes, called off spring. The par ents are se -
lected among ex ist ing chro mo somes in the pop u la tion with pref er ence to wards fit ness so that
off spring is ex pected to in herit good genes which make the par ents fit ter. By iteratively ap ply ing 
the cross over op er a tor, genes of good chro mo somes are ex pected to ap pear more fre quently in
the pop u la tion, even tu ally lead ing to con ver gence to an over all good so lu tion. The mu ta tion op -
er a tor in tro duces ran dom changes into char ac ter is tics of chro mo somes. In typ i cal GA im ple -
men ta tions, the mu ta tion rate (prob a bil ity of chang ing the prop er ties of a gene) is very small and 
de pends on the length of the chro mo some. There fore, the new chro mo some pro duced by mu ta -
tion will not be very dif fer ent from the orig i nal one. As dis cussed ear lier, cross over leads the
pop u la tion to con verge by mak ing the chro mo somes in the pop u la tion alike. Mu ta tion re in tro -
duces ge netic di ver sity back into the pop u la tion and as sists the search es cape from lo cal op tima.
Re pro duc tion in volves se lec tion of chro mo somes for the next gen er a tion. In the most gen eral
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case, the fit ness of an in di vid ual de ter mines the prob a bil ity of its sur vival for the next gen er a -
tion. Pro por tional se lec tion, rank ing, and tour na ment se lec tion are the most pop u lar se lec tion
pro ce dures. The pro ce dure of a ge neric GA [24] is given as:
Step 1: Set t = 1. Randomly generate N solutions to form the first population, P1. Evaluate the

fitness of solutions in P1.
Step 2: Crossover: Generate an offspring population Qt as:

2.1. Choose two solutions x and y from Pt based on the fitness values.
2.2. Using a crossover operator, generate offspring and add them to Qt.

Step 3: Mutation: Mutate each solution xÎQt with a predefined mutation rate.
Step 4: Fitness assignment: Evaluate and assign a fitness value to each solution xÎQt based on

its objective function value and infeasibility.
Step 5: Selection: Select N solutions from Qt based on their fitness and copy them to Pt + 1.
Step 6: If the stopping criterion is satisfied, terminate the search and return to the current

population, else, set t = t + 1 go to Step 2.

Def i ni tion of the ob jec tives and de ci sion vari ables 
for op ti mi za tion using GA

In gen eral, a ther mal sys tem re quires two con flict ing ob jec tives: one be ing in crease in
exergetic ef fi ciency and the other is de crease in prod uct cost, to be sat is fied si mul ta neously. The 
first ob jec tive is gov erned by ther mo dy namic re quire ments and the sec ond by eco nomic con -
straints. There fore, ob jec tive func tion should be de fined in such a way that the op ti mi za tion sat -
is fies both re quire ments. For that, the op ti mi za tion prob lem should be for mu lated as a
minimization or max i mi za tion prob lem. The exergoeconomic anal y sis gives a clear pic ture
about the costs re lated to the exergy de struc tion, exergy losses, etc. The max i mi za tion of
exergetic ef fi ciency means minimization of exergy de struc tion costs and exergy loss costs.
Thus, the ob jec tive func tion be comes a minimization prob lem. The ob jec tive func tions for this
prob lem is de fined as to min i mize a to tal cost func tion CP,tot and max i mize an exergetic ef fi -
ciency which can be mod eled as:

& & &C C ZP, tot F, tot k= + S (21)

e =
&

&

W

m e
net

4 4

(22)

In this op ti mi za tion, com pres sor pres sure ra tio, com pres sor isentropic ef fi ciency, tur -
bine isentropic ef fi ciency, com bus tion prod ucts tem per a ture, air mass flow rate, and fuel mass
flow rate are taken as decision variables.

Re sults and dis cus sion

In this work, the ini tial sam ple size of pop u la tion of par ent in di vid u als, the scal ing
fac tor and the max i mum num ber of off spring gen er a tions, are taken as 1000, 0.02, and 100, re -
spec tively. The ad mis si ble ranges of the vari ables con sid ered for the co-gen er a tion sys tem
are: 8 £ rp £ 16, 0.75x £  hst £ 0.92, 0.75 £ hsc £ 0.8, and 1400 £ T5 £ 1600.The de ci sion vari -
ables are gen er ated ran domly within the ad mis si ble range men tioned above. The plant life is
con sid ered to be 15 years and the in ter est rate is 17%. 
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The exergoeconomic pa ram e ters for each of the com po nents of the gas tur bine sys tem
for the op ti mum op er at ing con di tions are sum ma rized in tab. 4. As it is shown, the
exergoeconomic fac tor is de creased to 54.88 from 69.99 for the com pres sor. This is in ac cor -
dance with the exergoeconomic eval u a tion pre sented in the pre vi ous sec tion. It is ob served that
the exergoeconomic fac tor of all other components has increased.

Ta ble 4. Exergoeconomic pa ram e ters of the sys tem for the op ti mum case

Plant 
com po nents

cP

[$GJ–1]
cF

[$GJ–1]

&ED 
[MW]

&CD
[$h–1]

&Z
[$h–1]

& &C ZD +
[$h–1]

f
[%]

AC

APH

CC

GT

5.49

5.77

4.07

4.73

4.73

7.25

3.14

3.49

11.16

8.40

143.04

30.35

190.18

219.28

1616.92

381.43

231.34

108.52

41.27

590.75

421.53

327.80

1658.19

972.18

54.88

33.10

2.48

60.76

The cost of the streams in the base case
and op ti mum case are given in tab. 5. Unit
cost of elec tric ity pro duced is re duced from 
5.253 $/GJ in the base case to 4.739 $/GJ in 
the op ti mum case.

The de ci sion vari ables for the base case
and op ti mum case are given in tab. 6. The op -
ti mum air com pres sor pres sure ra tio rp, is
11.9, the air com pres sor ef fi ciency is 81.3,
the exit tem per a ture of the com bus tion cham -
ber T3, is 1481 K, the gas tur bine ef fi ciency is 
90.1%, in let air mass flow rate is 425 kg/s,
and fuel mass flow rate is 8.05 kg/s.

The com par a tive re sults of the base case
and the op ti mum case are given in tab. 7. It
is ob served that the exergetic ef fi ciency is
in creased from about 31.79% to 37.39%. In
the op ti mized sys tem the cap i tal
in vest ment has in creased from
893.54 to 971.88 $/h while the
exergy de struc tion has de creased
from 224.63 to 192.95 MW and
the prod uct cost is de creased by
9.78%. The de crease in prod uct
cost can be at trib uted to higher
sav ings in exergy de struc tion and
exergy loss. This is achieved,
how ever, with 8.73% in crease in
cap i tal in vest ment.
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Ta ble 5. Cost of the streams in the sys tem

State
points

Base case Op ti mum case

&C  [$h–1] c [$GJ–1] &C  [$h–1] $GJ–1

1 0 0 0 0

2 3642.66 6.311 2974.37 5.494

3 4840.77 6.428 3954.03 5.56

4 3067.25 1.926 2851.25 1.926

5 7925.71 4.695 6836.54 4.078

6 2387.02 4.695 2753.02 5.434

7 1302.38 4.695 1185.07 4.075

8 2658.90 5.253 2544.09 4.739

9 3215.27 5.253 2753.02 4.739

Ta ble 6. Com par i son of the de ci sions vari ables for 
op ti mum and base case

Prop er ties
Base
case

Op ti mum
case

Com pres sor pres sure ra tio

Com pres sor isentropic ef fi ciency [%]

Tur bine isentropic ef fi ciency [%]

Com bus tion prod ucts tem per a ture [K]

Air mass flow rate [kgs–1]

Fuel mass flow rate [kgs–1]

10.26

85

88

1320

510

8.52

11.9

81.3

90.1

1481

425

8.05



Ta ble 7.  Com par a tive re sults of the op ti mum and the base gas tur bine sys tem

Prop er ties Base case Op ti mum case Vari a tion [%]

Fuel cost rate [$h–1]

To tal prod uct cost rate [$h–1]

Unit cost of prod uct [$GJ–1]

Exergetic ef fi ciency [%]

Exergy de struc tion [MW]

Exergy de struc tion cost [$h–1]

To tal cap i tal in vest ment [$h–1]

3067.2

2658.90

5.253

31.788

224.63

2946.75

893.5

2851.2

2544.09

4.739

37.39

192.95

2407.81

971.88

–7.04

–4.26

–9.78

17.6

–14.10

–18.28

8.77

Con clu sions

Com bin ing the sec ond law of ther mo dy nam ics with eco nom ics i. e. thermoeconomics
us ing avail abil ity of en ergy i. e. exergy for cost pur poses pro vides a pow er ful tool for sys tem atic 
study and op ti mi za tion of com plex en ergy sys tems.  Op ti mi za tion pro vides the field of sci ence,
en gi neer ing, and busi ness, which is con cerned with find ing the best sys tem among the en tire set
by ef fi cient quan ti ta tive meth ods. Thermoeconomic op ti mi za tion con sid ers how the cap i tal in -
vest ment in one part of the sys tem af fects other parts of the sys tem. The op ti mi za tion of en ergy
sys tem de sign con sists of mod i fy ing the sys tem struc ture and com po nent de sign pa ram e ters ac -
cord ing to one or more spec i fied de sign ob jec tives. In this pa per, exergoeconomic op ti mi za tion
and anal y sis has been per formed for a 140 MW gas tur bine power plant. The two ob jec tives are
in volved in the op ti mi za tion pro cess: ther mo dy namic (e. g., max i mum ef fi ciency and min i mum
fuel con sump tion), eco nomic (e. g., min i mum cost per unit of time and max i mum profit per unit
of pro duc tion). The re sults in di cate that in the op ti mized sys tem, the unit cost of prod uct has de -
creased from 5.25 $/GJ to 4.73 $/GJ, how ever with 8.77% in crease in cap i tal in vest ment, while
the exergy de struc tion cost has de creased from 2947 $/h to 2407 $/h. Also the exergetic ef fi -
ciency  is in creased by 17.6%. Also the re sults show that the op ti mum case will achieved in rp =
11.9, hsc = 81.3%, hst = 90.1%, and T5 = 1481 K, re spec tively. 
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No men cla ture

&C –  cost rate associated with exergy estream,
–  [$h–1]

&CD –  cost rate associeated with exergy
–  destruction, [$h–1]

c –  cost per exergy unit, [$GJ–1]
&E –  rate of exergy flow [MW]
&ED –  rate of exergy destruction, [MW]

f –  exergoeconomic factor
h –  enthalpy, [kJ–1kg–1]

i –  interest rate, [%]
&ma –  mass flow rate of gas, [kgs–1]
&mg –  mass flow rate of air [kgs–1]

P –  pressure [bar]
P0 –  ambient pressure, [bar]
PEC –  purchased-equipment cost, [$]
rp –  compressor pressure ratio, [–]
T –  temperature, [K]
T0 –  ambient temperature, [K]
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e –  exergetic efficiency, [%]
fk –  maintenance factor
hsc –  isentropic compressor efficiency, [%]
hst –  isentropic turbine efficiency, [%]

Sub scripts 

F –  fuel
i –  in
P –  product
1, 2,...,9 –  state points

Su per scripts 

CH –  chemical

P –  mechanical
PH –  physical 
n –  time period
T –  thermal

Ac ro nyms

AC –  air compressor 
APH –  air preheater
CC –  combustion chamber
CRF –  capital recovery factor
EA –  evolutionary algorithms
GA –  genetic algorithms
GT –  gas turbine
K –  kth unite
Pt –  rth population
PWF –  present worth factor
Qt –  offispring population
SV –  salvage value
X –  solution vector



[16] Ozgener, L., et al.,  Exergoeconomic Anal y sis of Geo ther mal Dis trict Heat ing Sys tems: A Case Study, Ap -
plied Ther mal En gi neer ing, 27 (2007), 8, pp. 1303-1310

[17] Rosen, M. A., Dincer, I., Thermoeconomic Anal y sis of Power Plants: An Ap pli ca tion to a Coal-Fired
Elec tri cal Gen er at ing Sta tion, En ergy Con ver sion and Man age ment, 44 (2003), 10, pp. 1633-1651

[18] Rosen, M. A., Dincer, I., Exergoeconomic Anal y sis of Power Plants Op er at ing on Var i ous Fu els, Ap plied
Ther mal En gi neer ing, 23 (2003), 6, pp. 643-658

[19] Vieira, L. S., Donatelli, J. L., Cruz, M. E., In te gra tion of an It er a tive Meth od ol ogy for Exergoeconomic
Im prove ment of Ther mal Sys tems with a Pro cess Sim u la tor, En ergy Con ver sion and Man age ment, 45
(2004), 16, pp. 2495-2523

[20] Nikulshin, V., Bailey, M., Nikulshina, V., Ther mo dy namic Anal y sis of Air Re frig er a tor on Exergy Graph, 
Ther mal Sci ence, 10 (2006), 1, pp. 99-110

[21] Lazzaretto, A. T. A., Evo lu tion ary Al go rithms for Multi-Ob jec tive En er getic and Eco nomic Op ti mi za tion
in Ther mal Sys tem De sign, En ergy, 27 (2002), 6, pp. 549-567

[22] Seyyedi, S. M., Ajam, A., Farahat, S. A New Ap proach for Op ti mi za tion of Ther mal Power Plant Based on 
the Exergoeconomic Anal y sis and Struc tural Op ti mi za tion Mmethod: Ap pli ca tion to the CGAM Prob lem,
En ergy Con ver sion and Man age ment, 51 (2010), 11, pp. 2202-2211

[23] Abusoglu, A., Kanoglu., M. Exergoeconomic Anal y sis and Op ti mi za tion of Com bined Heat and Power
Pro duc tion: A Re view, Re new able and Sus tain able En ergy Re views, 13 (2009), 9, pp. 2295-2308

[24] Konak, A., Coit, D. W., Smith, A. E., Multi- Ob jec tive Op ti mi za tion Us ing Ge netic Al go rithms: A Tu to -
rial, Re li abil ity En gi neer ing and Sys tem Safety, 91 (2006), 9, pp. 992-1007

[25] Deb, K., Multi Ob jec tive Op ti mi za tion Us ing Evo lu tion ary Al go rithms, John Wiley and Sons, New York, 
USA, 2001

Paper submitted: November 8, 2010
Paper revised: November 17, 2010
Paper accepted: December 28, 2010

Gorji-Bandpy, M., et al.: Exergoeconomic Optimization of Gas Turbine Power ...

54 THERMAL  SCIENCE: Year 2011, Vol. 15,  No. 1, pp. 43-54


