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In the next years dis trib uted poly-gen er a tion sys tems are ex pected to play an in -
creas ingly im por tant role in the elec tric ity in fra struc ture and mar ket. The suc cess -
ful spread of small-scale gen er a tion ei ther con nected to the dis tri bu tion net work or
on the cus tomer side of the me ter de pends on di verse is sues, such as the pos si bil i ties 
of tech ni cal im ple men ta tion, re source avail abil ity, en vi ron men tal as pects, and reg -
u la tion and mar ket con di tions. The aim of this ap proach is to de velop an eco nomic
and para met ric anal y sis of a dis trib uted gen er a tion sys tem based on gas tur bines
able to sat isfy the en ergy de mand of a typ i cal ho tel com plex. Here, the eco nomic
per for mance of six cases com bin ing dif fer ent de signs and re gimes of op er a tion is
shown. The soft ware Turbomatch, the gas tur bine per for mance code of Cranfield
Uni ver sity, was used to sim u late the off-de sign per for mance of the en gines in dif fer -
ent am bi ent and load con di tions. A clear dis tinc tion be tween cases run ning at full
load and fol low ing the load could be ob served in the re sults. Full load re gime can
give a shorter re turn on the in vest ment then fol low ing the load. In spite com bined
heat and power sys tems be ing cur rently not eco nom i cally at trac tive, this sce nario
may change in fu ture due to en vi ron men tal reg u la tions and un avail abil ity of low
price fuel for large cen tral ised power sta tions. Com bined heat and power has a sig -
nif i cant po ten tial al though it re quires fa vour able leg is la tive and fair en ergy mar ket 
con di tions to suc cess fully in crease its share in the power gen er a tion mar ket.
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In tro duc tion

In creased de mand on na tional power sys tems and in ci dence of elec tric ity short ages,
power qual ity prob lems, roll ing black outs, and elec tric ity price spikes have caused many util ity
cus tom ers to seek other sources of high-qual ity, re li able elec tric ity. Dis trib uted poly-gen er a tion
(DP), pro vide an al ter na tive to, or an en hance ment of, the tra di tional elec tric power grid. In es -
sence, DP con sists in elec tric ity gen er a tion units placed stra te gi cally near to con sum ers and load 
cen tres, pro vid ing ben e fits to the user and a sup port to the op er a tion of the dis tri bu tion’s grid.

DP has found a po ten tial ap pli ca tion in self- or do mes tic-gen er a tion, com bined heat
and power sys tems (CHP), and peak load shav ing. CHP is the com bined pro duc tion of elec tric -
ity and use ful ther mal en ergy from the same pri mary en ergy source. In CHP sys tems the re sid ual 
heat is used to cover the ther mal de mand of an in stal la tion. Sale of elec tric ity sur plus to the grid
maybe pos si ble de pend ing on the pos si bil ity to con nect to the grid and the in ter est of lo cal util i -
ties. Small CHP sys tems have a typ i cal ef fi ciency of 72% and NOX and CO2 emis sions can be up 
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to 7 ppmv and 3.5-15% O2, re spec tively, when fu elled with nat u ral gas. The units are there fore
clean enough to be sited among res i den tial and com mer cial es tab lish ments [1].

The aim of this ap proach is to de velop an eco nom i cal and para met ric anal y sis of a DP
sys tem based on gas tur bines (GT) able to sat isfy the en ergy de mand of a Ho tel lo cated in North -
ern Greece. The num ber and the ca pac ity of the ho tel units in Greece are grow ing con tin u ously.
The ma jor ity of the ex ist ing ho tels are con sum ing rel a tively high amounts of en ergy. Elec tric ity
is the most con sumed en ergy source, while pe tro leum and nat u ral gas are lag ging. The us age of
al ter na tive en ergy sources is still low.

En ergy de mand anal y sis and de sign of the power sys tem

Hu man ac tiv i ties are be com ing in creas ingly en ergy de mand ing and af fect ing the en vi -
ron men tal. When eval u at ing hu man in ter ac tions with the en vi ron ment it is use ful to have de -
tailed in for ma tion on the en ergy de mand and the sea sonal fac tors that in flu enced it. De spite of
its im por tance, this sort of in for ma tion is not of ten found in one unique source with suf fi cient
de tail. Then an ex ten sive search has been car ried out to col lect all the data rel e vant to quan tify
the en er getic de mand of a ho tel com plex. Be fore mak ing an in vest ment, an eval u a tion of the en -
ergy con sump tion and the eco nomic merit must be car ried out. The knowl edge of the in vest -
ment’s en ergy pro file, gives the op por tu nity to un der stand en vi ron men tal im pact and the costs
in volved in the pro ject.

The ho tel is lo cated in North ern Greece next to the sea level and the cli mate of the re -
gion is “Med i ter ra nean” i. e. rel a tively cool sum mers and mild win ters. The op er a tion of the ho -
tel is sea sonal: it opens in April and closes in Oc to ber each year. 

In or der to se lect the equip ment for the CHP sys tem, it is nec es sary to un der stand the
en ergy de mand re quired for the ho tel. The main en ergy ac tiv i ties of a ho tel are: space heat ing,
cool ing, wa ter heat ing, cook ing, and light ing. The en ergy de mand can be clas si fied in (a) elec -
tri cal de mand (elec tric ity re quired for light ing, cook ing, air con di tion ing, and oth ers) and (b)
ther mal de mand (hot wa ter for swim ming pools, bath rooms, and space heat ing). In this ap -
proach the cal cu la tion of the en ergy con sump tion and the power de mand are based on a typ i cal
(av er age) day per month. The en ergy de mands were mul ti plied by a “fu ture de mand in crease
fac tor” of 1.1, in or der to cover the in crease de mand of the ho tel over the life time of the pro ject.
The ho tel uses air con di tioner de vices for cool ing. A typ i cal 2.49 en ergy ef fi ciency ra tio (EER)
was taken into ac count for air con di tion ing de vices. The elec tri cal and ther mal de mand is shown 
in figs. 1 and 2. The max i mum elec tri cal and ther mal de mand hap pens dur ing the sum mer while
the min i mum in the win ter, as de mand de pends strongly on the oc cu pancy of the ho tel.
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Fig ure 1. Ho tel power de mand in 2001 for a
typ i cal day [2]

Fig ure 2. Ho tel en ergy de mand in 2001 for a
typ i cal day [2]



De sign of the sys tem and se lec tion 
of the equip ment

The en ergy de mand data are pre sented as an 
av er age day per month. How ever, it is nec es -
sary to take into ac count the peaks of de mand
dur ing the day. The en ergy sys tem has to be
able to cover the max i mum peak en ergy de -
mand. Then a “peak fac tor” of 1.2 (20% in -
crease) will be taken into ac count in or der to se -
lect the power ca pac ity of the gas tur bines (fig.
3). Gas tur bines and boil ers can typ i cally be fu -
elled with nat u ral gas or oil. In this ap proach nat u ral gas was se lected as the pri mary en ergy
source. Two al ter na tive CHP schemes were cho sen in or der to make the spec i fi ca tions of
equipments.

En ergy scheme #1

It con sists of a gas tur bine pro duc ing elec tric ity for the to tal ho tel de mand. The ex -
haust hot gases are re cov ery by a heat re cov ery exchanger (HRE) in or der to sup ply hot wa ter for 
the ho tel heat ing de mand. The cool ing de mand is sup plied by air con di tion ing de vices.

En ergy scheme #2

As in the first en ergy scheme a gas tur bine sup plies the to tal elec tric ity de mand. A
HRE pro duces heat to an ab sorp tion chiller cool ing sys tem, which is able to sup ply the to tal
cool ing de mand of the ho tel dur ing sum mer. The cool ing sys tem se lected for this scheme is a
dou ble ef fect ab sorp tion chiller with a typ i cal co ef fi cient of per for mance (COP) of 1.2. The
heat ing de mand is sup plied by a typ i cal hot wa ter boiler.

In this study, an eco nomic eval u a tion was un der taken for six cases. In each case, a dif -
fer ent com bi na tion of gas tur bine, re gime of op er a tion and CHP scheme was cho sen.

Con ven tional cases

 This is the typ i cal so lu tion used by ho tels to sup ply the en ergy de mand. All the elec -
tric ity de mand is sup plied by the lo cal grid, air con di tion ing de vices cover the cool ing de mand
and hot wa ter boil ers the heat ing de mand.

Case 1. The unit is able to pro duce the to tal elec tric ity de mand (the high est power de -
mand is in Au gust). The mode of op er a tion is full load, which means the en gine op er ates at its
max i mum power set ting. The CHP sys tem is de signed for en ergy scheme #1. In this case the sur -
plus of elec tric ity is sold to the lo cal util ity.

Case 2. This case is sim i lar to Case 1. The ba sic dif fer ence is on the re gime of op er a -
tion of the gas tur bine. In this case the power sys tem is fol low ing the load. That means elec tric ity 
is pro duced only to sup ply the elec tric ity de mand. The gas tur bine may op er ate at par tial load
over some pe riod of the year and there is no sur plus of elec tric ity to be sold. Fig ure 4 shows the
per for mance of the gas tur bine over the year for cases 1 and 2.
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Figure 3. Load curve of the hotel (1.2 “peak
factor” is applied)



Case 3. The CHP sys tem is able to pro duce part of to tal elec tric ity de mand (in ter me di -
ate load: be tween 40-50% of the to tal elec tri cal load, fig. 3). The mode of op er a tion is full load
and then there are sur plus and def i cit of elec tric ity de pend ing on the month of the year (fig. 5).

Case 4. The de sign of the CHP sys tem is the same as for Case 3. How ever, the re gime
of op er a tion is fol low ing the load and then again there is no sur plus of elec tric ity to be sold.

Case 5. The to tal elec tric ity de mand is sup plied by the CHP sys tem, which is de signed 
for en ergy scheme #2. That means the peak of elec tric ity de mand will be lower than pre vi ous

cases since the cool ing de mand
will be sup plied by an ab sorp tion
chiller in stead of air con di tion ing
de vices. The mode of op er a tion is
full load and the sur plus of elec -
tric ity is sold to the lo cal util ity.

Case 6. The CHP sys tem is the 
same as for Case 5. How ever, the
re gime of op er a tion is fol low ing
the load, and then no sur plus of
elec tric ity is avail able to be sold.

 Ta ble 1 sum ma rizes all the
cases an a lyzed. The prime mov ers
se lected for the CHP sys tems are
re gen er a tive cy cle sin gle shaft gas
tur bines. In or der to sim u late the
per for mance of the gas tur bines at
on-site con di tions (off-de sign),
the pro gram Turbomatch, the gas
tur bine per for mance code of
Cranfield Uni ver sity, was used
(tab. 2).

Long-term de ci sion-mak ing
eco nomic model

For long-terms pro jects, the
tim ing of cash rev e nue and pay -
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Fig ure 4. GT power out put and power de mand –
cases 1 and 2

Fig ure 5. GT power out put and power de mand –
cases 3 and 4

Ta ble 1. Sum mary of all case stud ies

Case # CHP scheme # GT # Op er a tion

1 1 3 Full load

2 1 3 Fol low ing the load

3 1 1 Full load

4 1 1 Fol low ing the load

5 2 2 Full load

6 2 2 Fol low ing the load

Ta ble 2. De sign point of gas tur bines

Pa ram e ter GT1 GT2 GT3

In let mass flow [kgs–1] 2.10 3.15 4.40

Compresion pres sure ra tio [–] 4.0 4.5 5.0

Tur bine en try temperature [K] 1.150 1.150 1.150

Ex haust mass flow [kgs–1] 2.12 3.18 4.42

Ex haust tem per a ture [K] 531 541 551

Power out put [kW] 250 401 587

Ther mal cy cle efficiency [%] 31.4 32.0 32.2



ments of ten be comes crit i cal and this sec tion deals with the dis counted cash Flow model cho sen
as a de ci sion-mak ing in stru ment to sup port se lec tion of al ter na tive in vest ments [3-5]. The fol -
low ing para graphs de scribe the costs in volved in con struct ing and op er at ing a CHP sys tem.

In or der to carry out the pre-fea si bil ity anal y sis it is nec es sary to es ti mate the ini tial net
cash flow (ICF) for year t = 0 and the an nual net cash flow (ACF) for years t ³ 1. The cap i tal cost
of the boiler is usu ally not taken into ac count, be cause it is as sumed that a boiler would any way
be in stalled for back up.

ICF = CC + ACac (1)

where CC is the cap i tal cost and ACac is the avoided cost of con ven tional air con di tion ing when
cool ing air is pro duced by ab sorp tion chill ers.

Cap i tal cost con sists ba si cally of pur chase of GT, heat re cov ery exchanger (HRE),
boil ers, ab sorp tion chiller, and their re spec tive in stal la tion costs. The equip ment costs de pend
on their ca pac ity and par tic u lar spec i fi ca tions (tab. 3).

The op er a tion of a CHP
sys tem causes ex penses, but
it re sults in sav ings (avoided
cost of elec tric ity that oth er -
wise would be pur chased
from the grid and heat that
would be pro duced by a
boiler), and also in rev e nues, 
if ex cess elec tric ity is sold.
The an nual in come of the
CHP sys tem is de fined by
eq. (2). The re sid ual value of 
the in vest ment at the end of
the eco nomic life was ne glected.

ACF =ACe + RSe + ACh – FC – O&M + DTB (2)

where ACe is the avoided cost of elec tric ity (cost of elec tric ity that in the con ven tional case it
would be pur chased from the grid), RSe – the rev e nue from sell ing sur plus of elec tric ity, if any,
ACh – the avoided cost of heat (cost to pro duce heat in a con ven tional case), FC – the cost of fuel
for the CHP sys tem, O&M – the op er a tion and main te nance cost (ex cept fuel) of the CHP sys -
tem, and DTB – the de pre ci a tion tax ben e fit.

The avoided cost of elec tric ity, ACe, is a func tion of the elec tric ity con sumed in the
con ven tional case, and on the tar iff struc ture for elec tric ity sup plied by the grid. Usu ally util ity
com pa nies con sider not only en ergy rates, but also power rates, power fac tor, time of the day
and taxes. The rev e nue RSe from sur plus of elec tric ity sold to the grid de pends on the amount of
elec tric ity sold and on the tar iff struc ture for sur plus of elec tric ity sold to the grid. The avoided
cost of heat ACh in cludes cost of fuel for the boiler that would pro duce the ther mal de mand, in
the con ven tional case, as well as other op er a tion and main te nance ex penses. 

Fuel cost (FC) usu ally is the most sig nif i cant cost in the eco nomic of the sys tem. It de -
pends on the per for mance of the gas tur bines, qual ity of the fuel (heat value) and mainly on the
fuel tar iff.

O&M can be di vided into fixed and vari able costs. Fixed costs (op er a tion costs) are ex -
penses that must be paid in de pend ently if the CHP sys tem is op er at ing or not. Fixed cost in -
cludes op er a tor’s sal ary, ad min is tra tive and man age ment fees and in ter est on loan. It de pends on 
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Ta ble 3. Cap i tal and main te nance cost of equip ment [6]

Equip ment SCC* [€kW–1]
Maintenance cost

[€kW–1]

CHP sys tem (GT and HRE) 1.034 0.0040

Boiler 63.36 0.0002

Air con di tion ing 178.92 –

Ab sorp tion chiller 174.72 0.0016

* Specific CC of installed equipment



the size of the sys tem and the de gree of au to ma tion. In this ap proach op er a tion costs were ne -
glected as the in vest ment co mes from pri vate re source (no loan) and smaller CHP sys tems (up to 
about 10 MW) can op er ate un at tended. Vari able cost (main te nance costs) de pends on fac tors
such as type of prime mover, type of fuel, op er a tion cy cle, and op er at ing en vi ron ment. In this
ap proach gas tur bines are fu elled with nat u ral gas, which is con sid ered a clean fuel, and they are
go ing to run in a clean en vi ron men tal. Then re duced main te nance costs are ex pected.

The DTB re fers to the re cent in cen tives in Eu ro pean coun tries gov ern ment tax a tion
and in this ap proach lin ear de pre ci a tion was used, (eq. (3):

DTB i
IC

N
= d (3)

where N is the life time of the pro ject and id – the de pre ci a tion tax ben e fit rate.
CC and O&M used to be ex pressed in spe cific units. Spe cific CC of equipments are

likely to vary widely. In this ap proach the fig ures pre sented for cap i tal cost of equipments are on
av er age of dif fer ent man u fac tures prices, (tab. 3).

A mea sure of eco nomic per for mance is used ei ther as an in di ca tion of whether an in -
vest ment in a CHP sys tem is vi a ble in it self, or as a ba sis for com par i son among al ter na tive in -
vest ments. The con ven tional case for cov er ing elec tri cal and ther mal needs will be con sid ered
as ref er ence.

Fi nally, the net pres ent value (NPV), in ter nal rate of re turn (IRR), and dis counted pay -
back pe riod (DPB) were cal cu lated fol low ing the equa tions be low, where ICF and ACF are con -
sid ered con stant with time:
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The cost to pro duce elec tric ity can also be in dic a tive of the eco nomic per for mance of
the in vest ment. In this ap proach the to tal elec tric ity gen er a tion cost (GC) con sists of:

GC
CC CRF FC O M

AEP
=

× + + &
(7)

where CRF is the cap i tal re cov ery fac tor, (eq. (8), and AEP is the an nual elec tric ity pro duced, in
MWh.

CRF
i

i N
=

- + -1 1( )
(8)

Ta ble 4 shows the eco nomic mar ket pa ram e ters used in this ap proach.
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                          Ta ble 4. Eco nomic sce nario of the case stud ies [7]

Cur rency rate 1.3 €/US$

An nual in ter est rate (i) 2.7% pa

Pro ject life time (N) 10 year

De pre ci a tion tax ben e fit rate (id) 41.0%

CHP in cen tive ben e fit rate 40.0 % of the CC

Av er age elec tric ity price (with 10% tax) 59.29 €/MWhe

Av er age price paid for the sur plus of elec tric ity 44.00 €/MWhe

Nat u ral gas tar iff (with 9% tax)

–  CHP in stal la tions 0.23 €/Nm³

20.90 €/MWh

–  In dus trial and com mer cial in stal la tions 0.38 €/Nm³

34.06 €/MWh

Re sults and dis cus sion

In all the cases ana lysed, re sults show that the in vest ment is not prof it able (neg a tive
NPV and large DPB) with the cur rent eco nomic sce nario in the en ergy mar ket. De spite of that it
is pos si ble to com pare the dif fer ent cases ana lysed in or der to iden tify the op ti mal so lu tion be -
tween the in vest ment al ter na tives.

In fig. 6, it is pos si ble to see that the gen er a tion cost of elec tric ity is higher than both
im port/ex port (def i cit/sur plus) av er age price of elec tric ity from the net work. Cases 1, 3, and 5
have the lower gen er a tion elec tric ity cost. In these three cases there are sur plus of elec tric ity
been sold to the grid and higher the AEP lower the gen er a tion cost (GC). This ex plain why it is
pos si ble to see in fig. 6 a clear dis tinc tion be tween cases with full load (cases 1, 3, and 5) and fol -

low ing the load mode of op er a tion (cases 2, 4, and 6). De spite of the in come from sell ing sur plus 
of elec tric ity, it was not enough to off set pro duc tion costs as the sale price of elec tric ity is lower
than the gen er a tion cost. Fig ure 7 shows the break down of the gen er a tion cost in rel a tive units.
The GC de pends on CC, FC, and O&M. The share of the fuel in the gen er a tion cost is the high est 
(up to 87%).
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Fig ure 6. Gen er a tion cost and elec tric ity prices
for all the cases

Figure7. Share of the gen er a tion cost com po nents



Para met ric anal y sis

A para met ric anal y sis for nat u ral gas tar iffs
was de vel oped for all the cases. The tar get was
to find out the min i mal nat u ral gas tar iff which
can turn the in vest ment at trac tive (dif fer ent
con straints are ap plied) un der the cur rent eco -
nomic sce nario. The re sults are sum ma rised in
tab. 5. The eco nomic per for mance pa ram e ters
NPV, IRR, and DPB were cal cu lated for each
case stud ied in a range of nat u ral gas tar iffs
(fig. 8).

Fig ures 8(a) and (b) shows that the NPV
and IRR lines are cross ing over each other.
This means the most at trac tive case can change 
with the nat u ral gas tar iff. Then it is pos si ble to

con clude that higher the price of nat u ral gas, small CHP sys tems are more eco nom i cally fea si -
ble. Again a clear dis tinc tion be tween cases with re gime of op er a tion full load (cases 1, 3, and 5)
and fol low ing the load (2, 4, and 6) can be iden ti fied in figs. 8(c) and 8(d). Full load re gime can
give a shorter re turn on the in vest ment then fol low ing the load. Ta ble 6 sum ma ries the op ti mal
so lu tions for each eco nomic per for mance pa ram e ter in dif fer ent classes of NG tarrif.

The elec tric ity rate is an other im por tant fac tor to take into ac count in this ap proach and 
its in flu ence on the fea si bil ity of the in vest ment was ana lysed. The elec tric ity rate in Greece is
rel a tively low com par ing with other Eu ro pean coun tries. Ther mal power plants have the ma jor -
ity share of the power gen er a tion mar ket (65%) and they are fu elled with lig nite, which is a pri -
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Ta ble 5. NG tar iff for dif fer ent con straints

NG tarrif

Case NPV > 0 IRR > 0 GC < AEP

1 <0.100 <0.100 <0.11

2 <0.040 <0.045 <0.03

3 <0.106 <0.108 <0.11

4 <0.056 <0.058 <0.04

5 <0.110 <0.112 <0.11

6 <0.060 <0.063 <0.02

Fig ure 8. Com par i son of eco nomic per for mance for all the cases for dif fer ent nat u ral gas tar iffs
(a) NPV [103 €], (b) IRR [%], (c) DPB [year], (d) GC [€(MWh–1)]



mary en er getic source rel a -
tively cheaper than oth ers.
Figure 9 shows the av er age
elec tric ity price in Eu rope.

Greece is sup plied with
NG since 2001. The gas is
trans ported ei ther from Rus -
sia by pipe line, or by ship as
liq ue fied nat u ral gas from
Al ge ria. The av er age tar iff of 
this pri mary source is sig nif i -
cantly higher than some oth -
ers coun tries in Eu rope (fig.
10).

De spite of the gov ern -
ment in cen tives for CHP the
cur rent sce nario in Greece is
not fa vour able to the spread
of such power gen er a tion
sys tem. How ever the fea si -
bil ity of the in vest ment may
change in coun tries with
lower nat u ral gas tar iff and
higher elec tric ity rates. This
sub-sec tion pres ents an anal -
y sis tak ing into ac count the
vari a tion of both nat u ral gas
tar iff and elec tric ity rate,
which to gether can de fine a
spe cific sce nario. The DPB
was chose to in di cate the eco -
nomic per for mance of the in -
vest ment. Fig. 11 shows the
in vest ments fea si bil ity in dif -
fer ent en ergy mar ket sce nar -
ios. The range of NG tar iff
ana lysed is be tween 0.05 and
0.14 €/m3 and the elec tric ity
rate goes from 60 to 150 €/MWh, which cov ers the typ i cal vari a tion in Eu ro pean coun tries.

Con clu sions

The main ob jec tive of this ap proach was to op ti mise a CHP sys tem to at tend the en ergy 
de mand of a Ho tel lo cated in North ern Greece. Ho tels are po ten tial ap pli ca tions of new power
gen er a tion tech nol o gies. Dif fer ent schemes were de signed to sup ply elec tric ity, heat ing, and
cool ing de mand of the ho tel [10].

An eco nomic and para met ric anal y sis was car ried out to eval u ate the fea si bil ity of dif -
fer ent al ter na tives. De spite of the cases ana lysed do not per form an in ter est ing fea si bil ity un der
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Ta ble 6. Op ti mal so lu tion for dif fer ent NG tar iffs

Case

NG tarrif NPV IRR DPB GC

Low (0.03 €/m3) #1 #1 #1, 3, 5 #1, 3, 5

In ter me di ate (0.10 €/m3) #5 #5 #5 #1, 3, 5

Cur rent (0.23 €/m3) #3 – – #1, 3, 5

Fig ure 9. Elec tric ity prices in Eu rope in 2008

Fig ure 10. Eu ro pean nat u ral gas prices [8, 9]



the cur rent eco nomic sce nario, the para met ric study in di cated that this kind of busi ness can turn
around its eco nomic per for mance in dif fer ent sce nar ios.

Fuel cost has per formed an im por tant role in the gen er a tion cost port fo lio and low
price paid for the sur plus of elec tric ity can make the full load mode of op er a tion un at trac tive.

The eco nomic per for mance of the cases ana lysed were com pared against each other
un der a pos si ble vari a tion of the fuel tar iff. CHP sys tems work ing full load have shown more
eco nom i cally in ter est ing than fol low ing the load.

A para met ric anal y sis com bin ing fuel tar iff and elec tric ity rate vari a tion was car ried
out and then the eco nomic per for mance of such sys tems in dif fer ent mar kets is ac ces si ble.

Peak load ap pli ca tion is gain at ten tion as an al ter na tive to re duce elec tric ity bills and
im prove the qual ity and re li abil ity dur ing peak time. In this ap pli ca tion the power sys tem runs
only dur ing hun dreds of hours in the year, and there is a sig nif i cantly re duc tion in the run ning
costs com par ing with base load. On the other hand, fre quent cy cling (start-up and shut-down)
will in crease ther mal stresses, which re sults in in creased main te nance costs and re duced life
time. Also the same power sys tem used to save peak load can also be ap plied to sup ply
“standby” or “emer gency” ser vice. Al though the cases ana lysed in this pa per do not show an in -
ter est ing eco nomic fea si bil ity, sim ple cy cle gas tur bines run ning at peak time may have a better
eco nomic per for mance, but fur ther anal y ses is nec es sary.
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Fig ure 11. Pay back for nat u ral gas tar iff vari a tion and elec tric ity price vari a tion



There fore, the main bar ri ers that make CHP sys tems not eco nom i cally at trac tive in
Greece are low elec tric ity rates and the cur rent high NG tar iff. How ever, in the fu ture this sce -
nario may change due to the en vi ron men tal reg u la tions or lack of lig nite. CHP sys tems fu elled
with NG can of fer re duc tion in pol lut ing emis sions be sides its cost-ef fec tive ben e fits. Such sys -
tems may help Eu ro pean coun tries to achieve the cur rent goals of the EU en ergy pol icy. CHP
has a sig nif i cant po ten tial but it re quires fa vour able leg is la tive and fair en ergy mar ket con di -
tions to suc cess fully in crease its share in the power gen er a tion mar ket.
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Acronymes

AC –  avoided cost
ac –  air conditioning
ACF –  annual net cash flow
AEP –  annual electricity produced
CC –  capital cost
CHP –  combined heat power
COP –  coefficient of performance
CRF –  capital recovery factor
DP –  distributed poly-generation
DPB –  discounted payback period
DTB –  depreciation tax benefit
EER –  energy efficiency ratio
HRE –  heat recovery exchanger
GC –  generation cost

GT –  gas turbine
FC –  cost of fuel
ICF –  initial cash flow
IRR –  internal rate of return
NG –  natural gas
NPV –  net present value
O&V –  operation and maintenance cost
RSe –  revenue from selling surplus of electricity
SCC* –  specific capital cost

Subscripts

e –  electricity
h –  heat
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