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The main sources for power gen er a tion in Bosnia and Herzegovina are do mes tic 
coals, mainly lig nite and brown coals, which are rel a tively char ac ter ized with a
high con tent of sul phur (3-5%) and in com bust ibles (~30%). From the 70’s, use
of this type of fu els was not al lowed in the city of Sarajevo due to very un fa vour -
able emis sions to the at mo sphere, dur ing the heat ing pe riod, and since then
Sarajevo has been sup plied with nat u ral gas. All the heat ing in stal la tions in the
city were re con structed and adapted.
The dis trict heat ing sys tem Toplane Sarajevo is sup plied with elec tri cal en ergy
from the Pub lic elec tri cal dis tri bu tion net work (Elektrodistribucija Sarajevo) at
low volt age (0.4 kV). The boiler-house Dobrinja III-2 (KDIII-2), from the dis -
trict heat ing sys tem of Sarajevo Sub urb Dobrinja, which was not in use af ter the
war 1992-1995, had a lot of ad van tages for the re con struc tion into the co-gen er -
a tion plant. The Gov ern ment of Can ton Sarajevo fi nan cially sup ported this pro -
posal.
An anal y sis of co-gen er a tions for the dis trict heat ing sys tem and a se lec tion of
most ap pro pri ate co-gen er a tion sys tems were made. In the pro posed con cep tual
de sign, the co-gen er a tion KDIII-2 was lo cated in the ex ist ing boiler-house
KDIII-2, con nected with the heat ing sys tem in Dobrinja.
The op er at ing costs of pro duc tion of elec tric ity and heat were eval u ated in the
study and com pared with the costs of con ven tional en ergy sup ply to the dis trict
heat ing system. This anal y sis re sulted in eco nomic in di ca tors, which showed
that this in vest ment was eco nom i cally vi a ble, and it also de ter mined the pay back 
pe riod of the in vest ment.
In this pa per re sults of the men tioned study and an over view of co-gen er a tion in
Bosnia and Herzegovina are pre sented.
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Introduction

There are some opin ions that the en ergy sec tor in Bosnia and Herzegovina
(B&H), es pe cially the elec tric power part of it, is a pros per ous one. This op ti mism is
based on the large coal re serves, high hy dro-power po ten tial and ex ist ing power plants,
on one side, and the op por tu nity to ex port elec tric ity, and partly coal in some of the
neigh bour ing coun tries, on the other side.

The to tal bal anced coal re serves in B&H are es ti mated at 3856 mil lion met ric
tones (with out the re serves of coal mines in Ugljevik, Gacko, and Duvno); of that value,

DOI:10.2298/TSCI0703085L 85



the re serves of brown coal (cal o rific val ues be tween 11,728 and 18,471 kJ/kg) rep re sent
1330 mil lion tons and that of lig nite (cal o rific val ues be tween 8,002 and 11,439 kJ/kg)
2526 mil lion tons. The to tal hy dro-power po ten tial is es ti mated at 22,050 GWh an nu ally,
i. e. at 6,126 MW of in stalled ca pac ity. Pre lim i nary re search sur veys of oil and gas, which 
were in ter rupted by the war, had in di cated the pres ence of prom is ing de pos its on a num -
ber of sites in cer tain ar eas of B&H [1].

Po ten tial for ex ploi ta tion of geother mal en ergy, wind en ergy, so lar en ergy and
bio mass en ergy has not been suf fi ciently ex plored, but the share of these en ergy sources
in the over all con sump tion will cer tainly re main mod est for some time. How ever, the in -
creased use of re new able sources of en ergy in the world is sig nif i cant and their po ten tial
and fea si bil ity of their use should be an a lyzed.

In spite of the po ten tial, B&H is im port ing en ergy, and about 32% of con sumed
pri mary en ergy was im ported in the year 2002, al though the con sump tion of pri mary en -
ergy per ca pita is lower than the av er age in the world [2]. (The pri mary en ergy con sump -
tion per ca pita in B&H was 44 GJ com pared to the av er age con sump tion in the world of
69 GJ per ca pita in 2002). Mainly liq uid fuel and nat u ral gas are im ported.

The town of Sarajevo ini ti ated the im port of nat u ral gas in or der to solve the
prob lem with air pol lu tion. Nat u ral gas, at the be gin ning, was used in boiler-houses for
dis trict heat ing and later on in in dus try as well, and the gas pipe line sys tem was ex -
panded.

The in stalled ca pac ity in the ther mal power plants in B&H is 1780 MW, and the
ca pac ity of hy dro-power plants is 1947 MW. (The avail able ca pac ity of small hy -
dro-power plants of 18.9 MW is not in cluded). To tal elec tric power pro duc tion in B&H
in the year 2003 was 11,240 GWh. (Fifty nine per cent of pro duc tion co mes from ther mal,
and 41% from hy dro-power plants). The gross con sump tion (dis trib u tive, di rect and
losses) in the same year was 10,280 GWh. In the same year, the net ex port of elec tric ity
was 960 GWh [3].

Some of the ther mal power plants sup ply heat for dis trict heat ing sys tems and
steam for in dus try, but the amount of en ergy sup plied is not high. Be fore the war, a cer -
tain num ber of power gen er a tion units (14 in to tal) with the to tal ca pac ity of 293.6 MWe

were in use in in dus trial fa cil i ties, sup ply ing elec tric ity, pro cess steam and heat, but only
four of these units with the to tal out put of 34 MWe are now avail able. 

Be side the rel a tively low pri mary en ergy con sump tion per ca pita, the ef fi ciency
of en ergy use in B&H is very low. The en ergy in ten sity in di ca tor for B&H was, in the
year 2002, 0.63 toe/1000 US$ com pared to the av er age of 0.29 toe/1000 US$ in the world 
[2]. This data clearly shows that there should be a sig nif i cant op por tu nity for in creas ing
en ergy ef fi ciency. Since a large part of the en ergy is used in the res i den tial sec tor and in -
dus try, the use of co-gen er a tion might help in ac com plish ing it.

Some at tempts for the com bined pro duc tion of heat and elec tric ity, men tioned
above, can hardly be con sid ered as co-gen er a tion, es pe cially if it is com pared with some
coun tries in Eu rope where 50% or even more elec tric ity is pro duced in com bined heat
and power (CHP) fa cil i ties.
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Co-generation KDIII-2 – Sarajevo

The dis trict heat ing sys tem (DHS) Toplane Sarajevo (Power Plants Sarajevo) is
the larg est com pany in the power gen er a tion and dis tri bu tion sec tor in B&H. In Can ton
Sarajevo  DHS has 129 boiler-houses and 184 heat ing sub sta tions. DHS has the heat ing
power 499 MW and 80 km of hot wa ter pipe lines, and pro vides heat ing for over 46,668
apart ments and 250,000 m2 of of fice space [4].

Elec tri cal en ergy costs rep re sent a sig nif i cant ex pen di ture for DHS and for other 
pub lic ser vice com pa nies, as well. The elec tri cal en ergy costs for these com pa nies are de -
pend ent not only on the amount of en ergy con sump tion, but also on the way, method and
time of con sump tion (rates are de pend ent on the sea son and/or time of day). These are the 
rea sons why other pub lic ser vice com pa nies in Can ton Sarajevo, be sides, DHS were also
in ter ested in low er ing the elec tri cal en ergy costs.

For the first co-gen er a tion pro ject DHS se lected the heat ing sys tem of Dobrinja
– a sub urb of Sarajevo. The Bosnia-S Oil Ser vices Co. – Sarajevo car ried out a fea si bil ity
study [5].

Ob jec tives of the fea si bil ity study were:
– analyze the current situation and the heat and electrical energy supply costs. Perform

an analysis of the electrical energy supply for other public service companies as well,
– select an appropriate system, develop a conceptual solution and generate a list of main 

components of the co-generation system,
– perform an investment cost analysis, including the costs of reconstruction of the

existing KDIII-2 boiler-house and the accompanying infrastructure, and
– in the economic part of the study it is necessary to determine the costs of heat and

electrical energy produced in the future co-generation plant, and present them in relation
to the cost of natural gas and determine the key economic and financial indicators.

Fig ure 1 de picts av er age monthly heat ing loads for the Sarajevo sub urb
Dobrinja III. The data was ob tained based on the mea sure ments of the av er age heat ing
loads of the KDIII-1 boiler-house, which cur rently pro vides heat for Dobrinja III, in the
2003/2004 heat ing sea son.

The nec es sary heat ing power for the gen er a tion of heat ing en ergy de pends on
the out side tem per a ture, so for the low est out side tem per a ture of -19 °C, the nec es sary
heat ing power is 17 MW.

The prices of heat ing en ergy, or heat ing costs in Can ton Sarajevo, are cal cu lated
in KM*/m2 of heated area (dif fer ent rates for apart ments and of fice space). In the eco -
nomic part of the study, the price of heat ing en ergy, for com par i son pur poses, is re duced
to the bud get ary price of 0.085 KM/kWh.

Anal y sis of the elec tri cal en ergy sup ply in cludes the en tire dis trict heat ing sys tem of  
DHS and pub lic ser vice com pa nies: Pub lic trans port in Sarajevo (GRAS) and Pub lic light ing
(PL). The anal y sis was per formed sep a rately for each com pany for the sum mer and win ter of
2003 and 2004. For se lec tion and siz ing of the fu ture co-gen er a tion sys tem it was nec es sary
to in clude daily elec tri cal loads be side the an nual elec tri cal loads.
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The goal of the men tioned study was to de ter mine not only the con sump tion of
elec tri cal en ergy, but also the costs. For se lec tion of the sys tem and de vel op ment of the
pro posed so lu tion for a co-gen er a tion sys tem for KDIII-2 it was nec es sary to bal ance the
ra tio be tween the heat ing and elec tri cal power. Ta ble 1 show the an nual con sump tion of
elec tri cal en ergy for 3 pub lic ser vice com pa nies (PSC): DHS, GRAS, and PL (max i mal
power, costs, av er age prices, sup ply).

Ranges of min i mum daily loads for the sum mer pe riod (min i mal con sump tion)
are: 3.4-6.5 – 7.3-8 MW, which are shown on fig. 2, while fig. 3 shows the ranges of daily
loads dur ing the heat ing sea son – win ter pe riod.

The fu ture co-gen er a tion will be a part of the en ergy sys tem of Can ton Sarajevo,
con nected to the pub lic elec tri cal dis tri bu tion net work and to the ex ist ing dis trict heat ing
sys tem. The con nec tion to the pub lic elec tri cal dis tri bu tion net work means that the
co-gen er a tion plant KDIII-2 will de liver the gen er ated elec tric ity to the net work (10 kV),
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Table 1.  Ranges of maximal power, used energy, costs and prices for
electrical energy in 2003

PSC

Max
power

Ac tive
en ergy

Elec tri cal en ergy
costs

Av er age
prices of

electrical en ergy

Electrical
en ergy
sup ply

[MW]
(monthly)* [GWh] [%]

[KM]
(000)

[%] [KM/kWh]

DHS 0.3-3.8 12.00 23 2,263 29 0.19 LV

GRAS 3.1-5.7 18.25 35 2,241 29 0.123 10 kV

PL 5.2-6.2 21.88 42 3,332 42 0.152 LV

Total 8.7-15.7 52.13 100 7,836 100 0.15  
* Available data for 2002

Figure 1. Average
heating power (MW),
per month, for the 2003/ 
2004 heating season,
based on boiler-house
operation of 16 hours
per day



which will con tinue to sup ply end us ers. At the same time, the miss ing elec tri cal en ergy
will be pur chased from the net work. The gen er ated heat ing en ergy will be de liv ered to
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 Fig ure 2. Daily loads (MW), May-Sep tem ber (Sum mer) – ex pected min i mum val ues

  Fig ure 3. Daily loads (MW) for the pe riod of Oc to ber to April (Win ter) 2003-2004



the dis trict heat ing sys tem for the sub urb Dobrinja III and con nected with the ex ist ing (re -
built) boiler-house KDIII-1, pro vid ing the pos si bil ity of par al lel op er a tion with the
cogeneration plant KDIII-2.

Af ter the com ple tion of com pre hen sive anal y ses the fol low ing con clu sion was
made: a co-gen er a tion sys tem with a gas tur bine, as its key com po nent, is the best so lu tion.

For the gen er a tion of heat ing and elec tri cal en ergy for all three pub lic ser vice
com pa nies (shown in pre vi ous graphs) which have very dif fer ent pro files of sum -
mer-win ter en ergy needs and es pe cially very dif fer ent daily loads of elec tri cal en ergy, it
is dif fi cult to find an op ti mal co-gen er a tion so lu tion, which will cover to tal en ergy needs
of all three com pa nies.

Ta ble 1 shows max i mal elec tri cal pow ers for the 3 com pa nies, which will have
to be sup plied by the fu ture co-gen er a tion. It should pointed out that this data rep re sents
max i mal an nual loads and they are not rel e vant for the siz ing of the turbo-gen er a tor set
(TGS) of the co-gen er a tion plant, but rather the data from the daily load di a gram. In the
crit i cal win ter pe riod these pow ers are ca 8.0-9.0 MWe. A TGS of this power, work ing
con tin u ously, would have the heat ing power of around 12.5 MWt, which sig nif i cantly ex -
ceeds the needs of 10.25 MWt.  Also, a 8.0-9.0 MWe TGS would not phys i cally fit into
the avail able space in the boiler-house KDIII-2, and it sig nif i cantly ex ceeds the planned
in vest ment costs.

It was con cluded that the op ti mal so lu tion is to de velop fu ture co-gen er a tion ca -
pac i ties in two stages – by build ing two 4.0-5.0 MWe co-gen er a tion plants. Co-gen er a -
tion of this power would sat isfy high pri or ity needs of Toplane and ca. 80% of PL needs
and that in the crit i cal win ter pe riod. The pub lic elec tri cal dis tri bu tion net work would
con tinue to sup ply GRAS with elec tri cal en ergy.

Av er age heat ing en ergy needs are around 7.58 MWt, which can be en tirely sat is -
fied by a TGS of 4.0-5.0 MW (hav ing the low est heat to power ra tio of 1.2) and sup ple -
men tary fir ing. Only when the out side tem per a ture drops be low –3 °C would the ex ist ing
boiler-house KDIII-1 be put into joined op er a tion.

In the pro posed con cep tual so lu tion of KDIII-2 co-gen er a tion plant shown on
fig. 4, graphs of daily loads sup plied in the crit i cal win ter pe riod are given. Based on all of 
the above, the se lected co-gen er a tion sys tem KDIII-2 has to ful fil the fol low ing re quire -
ments:
(1) co-generation plant KDIII-2 should be designed with one turbo-generator set of

4.0-4.5 MWe and one waste heat recovery boiler (WHRB) with supplementary firing,
(2) co-generation KDIII-2 is of the classic topping system type, which is characterized by 

primary production of electrical energy and a low heat power ratio (HPR),
(3) TGS and WHRB should be located in the KDIII-2 boiler-house. It should be checked

if there is enough available space in the boiler-house based on the actual equipment
drawings, which are to be provided by the equipment supplier, and

(4) generation of electricity and heating energy in the KDIII-2 co-generation plant.

Winter operation

Elec tri cal en ergy: Com plete cov er age of the needs of Toplane (of high est pri or -
ity) and par tial cov er age of the needs of PL. Heat ing en ergy: Pro duc tion of heat ing en -
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ergy for the con sum ers of Dobrinja III from the avail able en ergy of waste gases. Dur ing
the cold est win ter pe riod sup ple men tal fir ing of the WHRB and the KDIII-1 boiler-house
will be nec es sary.

Summer operation

There are two pos si ble op tions: Putt ing the co-gen er a tion plant out of op er a tion
from May to Sep tem ber or pro duc tion of elec tri cal en ergy for GRAS, PL, and DHS (min -
i mum needs). Both op tions will be con sid ered. De ci sion about the sum mer op er a tion of
the co-gen er a tion plant KDIII-2 will de pend on the pro duc tion costs of elec tri cal en ergy
in co-gen er a tion, i. e. on the price of nat u ral gas for large con sum ers.

Turbo-generator set

The se lected gas tur bine is de signed for con tin u ous base op er a tion in a co-gen er -
a tion plant and in cludes a gas tur bine with a com pres sor con nected to a com mon shaft
with the elec tri cal en ergy gen er a tor, which is equipped with a com puter based reg u la tion, 
con trol and pro tec tion sys tem and other equip ment. TGS is de signed for in door in stal la -
tion, it is de liv ered on a sin gle base, fac tory tested and ex am ined. The TGS de liv ery
scope in cludes a WHRB, which is mounted to the CHP plant on site.

Basic data of the selected turbine

Net electrical power (at generator) Pnet 4.27 MWe

Heating power of waste gases H 5.18 MW t

Totalpower (Pnet + H) 9.45 MW
Turbine efficiency rate hT 36.94%
Total efficiency rate of CHP hCHP 81.71%

Tur bine Mer cury 50 is suit able for co-gen er a tion of the top ping sys tem type and
has a H/P ra tio equal to 1.22 (based on H/P = 5.18/4.27), which is also re quired in our
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Fig ure 5. Cy cle with re cu per a tion



case. Gas tur bine Mer cury 50 is de signed with a heat recuperator (fig. 5). Heat ing of air to 
the re quired tem per a ture level be fore it en ters the tur bine is ac com plished in the heat
recuperator of waste gases, and in this way the ef fi ciency rate of the tur bine is con sid er -
ably in creased.

Environmental protection

The co-gen er a tion plant KDIII-2 will not
pro duce solid or liq uid waste. The amount of
CO2 per 1 MWhe is around 3 times lower than in 
con ven tional ther mal power plants. The tur bine
Mer cury 50 is equipped with a pat ented de vice
for lean pre mixed com bus tion which is built
into the com bus tion cham ber and there fore the
guar an teed emis sion lev els of pol lut ants are
shown in tab. 2.

Ac cord ing to new law on air in the Fed er a tion of Bosnia and Herzegovina,
which is com pli ant with the EU Di rec tives, the high est emis sion lev els of NOx for com -
bus tion cham bers be low 50 MWt (³0.35-10 MWt) are 100-125 mg/Nm3. The TGS, as the
main source of noise is planned for in door in stal la tion and it is wrapped with ex ter nal
pro tec tion in or der to at tain a sound in su la tion level of around 85 dB (A) at ~1 m dis tance
from the TGS, which is also within the lim its set by EU Di rec tives.

There fore, it could be con cluded that the com plete co-gen er a tion plant sat is fies
set stan dards for en vi ron men tal pro tec tion.

Waste heat recovery boiler

Dur ing con tin u ous co-gen er a tion with nom i nal power of the TGS of 4.27 MWe,
waste gases from the tur bine have tem per a ture of ~375 °C. At these op er at ing con di tions
the boiler has the heat ing power of 5.18 MWt, which is used for pro duc tion of heat en -
ergy. Power in crease is achieved by add ing a sup ple men tary com bus tion de vice which
will in crease the tem per a ture of waste gases to ~620 °C and raise the heat ing power to
10.1 MWt in con tin u ous op er a tion, which is suf fi cient for heat ing power dur ing the cold
win ter pe riod. That is the max i mal heat ing power of the KDIII-2 co-gen er a tion plant. If
the needs for heat ing en ergy ex ceed these val ues, a par al lel op er a tion of the boiler-house
KDIII-1 is re quired.

Energy and material balance – Co-generation KDIII-2

The heat ing en ergy scheme of co-gen er a tion KDIII-2 with ma te rial and en -
ergy bal ance is cal cu lated for two char ac ter is tic op er a tions of co-gen er a tion: Con tin -
u ous op er a tion of co-gen er a tion KDIII-2 dur ing the win ter pe riod, with nom i nal net
power Pe = 4.27 MWe and with heat ing power H = 5.18 MWt, with out sup ple men tary fir -
ing, and with heat ing power H = 10.1 MWt with sup ple men tary fir ing.
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Table 2. Guaranteed emission levels of 
pollutants

Pol lut ant [ppm] [mg/Nm3]

NOx 5 11

CO 10 13

UHC 10 8



For both op er a tion types TGS con tin u ously pro duces elec tri cal en ergy (power of
4.27 MWe) and de liv ers it to the elec tri cal dis tri bu tion net work and also pro duces heat ing
en ergy (power of 5.18 MWt) on the ba sis of com plete ex ploi ta tion of the heat en ergy of
waste gases, but with ad di tional com bus tion it at tains the heat ing power of H = 10.1 MWt.

Overview of operational characteristics of the
KDIII-2 co-generation plant

 The KDIII-2 co-gen er a tion plant with the selected TGS, with the power of
4.27 MWe, in con tin u ous op er a tion for ca. 5088 hours (win ter period), will pro duce
elec tri cal en ergy in the amount of 21.725 GWhe, i. e. 35.458 GWhe, and for ca 8034
work ing hours (win ter + sum mer pe riod) and it will cover the to tal needs of DHS and
around 80-85% of the PL needs. De pend ing on the needs, co-gen er a tion would pro duce
heat ing en ergy in the range from 26.355 to 51.389 GWht

(1). Dur ing the sum mer pe riod, it
is pos si ble to con tinue to op er ate and to pro duce elec tric en ergy for the needs of GRAS,
PL and DHS (min i mum needs).

Heat that is pro duced in co-gen er a tion KDIII-2 will partly cover the needs of the
con sum ers of Dobrinja III with the heat ing power of 5.18 MWt. In ad di tion, de pend ing on 
the out side tem per a ture, through au to matic con trol, the ad di tional com bus tion will be
switched on and the pro duc tion of heat will be in creased. Through ad di tional com bus tion 
with the fuel con sump tion of 528 Sm3/h, the heat ing power of co-gen er a tion will be in -
creased to 10.1 MWt. This heat ing power will be suf fi cient to heat all con sum ers of
Dobrinja III, pro vided that the out side tem per a ture is above  –3 °C(2), and when the tem -
per a ture drops be low  –3 °C(2),  the KDIII-1 boiler-house will put into par al lel op er a tion.

Gas con sump tion dur ing the heat ing sea son would be around 6.214,187 Sm3

with out ad di tional com bus tion, i. e. 8.776,800 Sm3 with ad di tional com bus tion and max -
i mal heat ca pac ity of 10.1 MWt.

Operational characteristics of the KDIII-2 co-generation plant

The opertional char ac ter is tics are shown on fig. 6.
Cov er age of daily electrical en ergy needs are given for win ter pe riod (fig. 7) and

sum mer pe riod (fig. 8).

Economic part

The goal of the eco nomic anal y sis of KDIII-2 co-gen er a tion is to make a re al is -
tic es ti mate of the in vest ment fea si bil ity based on a set of dy namic in di ca tors re lated to:
– determination of the production costs of co-generation products (heat and electrical

energy) and their profitability threshold, i. e. their price sensitivity,
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1 The range of pro duced heat is given for the range of avail able heat ing power (5.18-10.1 MWt)
2 Data pro vided by DHS



– determination of the net present value (NPV),
– determination of the internal rate of return (IRR), and
– determination of the payback period.
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Fig ure 7. Cov er age of daily elec tri cal en ergy needs (to tal needs of DHS and 80% of PL) by
KDIII-2 co-gen er a tion pro duc tion of power of 4.27 MWe for the win ter pe riod

Fig ure 6. Cov er age of heat ing power needs by the KDIII-2 co-gen er a tion plant with out
sup ple men tary fir ing (5.18 MWt) and with sup ple men tary fir ing (10.10 MWt)



It is nec es sary to point the fol low ing spe cific prob lems re lated to the first
co-gen er a tion plant of this type in B&H:
(a) The price of natural gas in B&H of 0.42 KM/Sm3 is the same for small consumers

(households) and for large energy and industrial consumers (DHS). This was used in
the basic version of the feasibility study of KDIII-2 co-generation. However, an
additional study named Alternative natural gas supply for Toplane was also made.
Based on this proposal DHS would be supplied with natural gas directly from the
main gas pipeline and the price of gas (for the largest consumer of natural gas in
B&H) would be 0.33-0.35 KM/Sm3. For this reason the economic indicators of
feasibility of KDIII-2 co-generation are presented in relation to the price of natural
gas.

(b) The new law on electrical energy in B&H has been passed in the middle of 2002. To
this date there was not a single private, independent producer of electrical energy that
delivers, i. e. sells, electricity to the Public electrical distribution network. The first
producer and supplier of electrical energy in B&H should be the KDIII-2
co-generation plant, i. e. Toplane. Under what conditions, i. e. selling price, is to be
determined by the State regulatory agency for electrical energy. That is the reason
why the IRR and the payback period are shown on a chart in relation to the price of
electrical energy.

Results of the economic analysis of the KDIII-2 co-generation plant

Based on the data pre vi ously pre sented in the pro posed (tech ni cal) con cep tual
so lu tion, an eco nomic prof it abil ity anal y sis of co-gen er a tion was made, and the re sults of
this anal y sis are given in tab. 3.
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Fig ure 8. Cov er age of daily elec tri cal en ergy needs for the sum mer pe riod (GRAS, PL, and
DHS) by KDIII-2 co-gen er a tion pro duc tion



Table 3. Sales assortment, total revenue and (direct) material expenses
– projection at an annual level

Heat Elec tric ity To tal

1 Production/service scope MWh 15,069.60 21,725.76

2 Average sales price KM/MWh 84.86 164.77

3 Revenue KM 1.278,806.26 3.579,728.88 4.858,535.14

4 Costs of base fuel – gas (total) KM 686,962.47 1.922,996.07 2.609,958.54

5
Key coefficient for distribution of
expenses (1.00)

0.26 0.74 1.00

Data in tab. 3 are cal cu lated based on monthly rev e nues and di rect ma te rial ex -
penses which were stud ied in de tail in the eco nomic anal y sis. The key co ef fi cient for dis -
tri bu tion of ex penses was formed based on the prod uct’s con tri bu tion to the an nual rev e -
nue.

An in ter nal anal y sis de ter mined the prof it abil ity thresh old and price sen si tiv ity
of this pro ject. The anal y sis showed that the prof it abil ity thresh old is 43% for both
co-gen er a tion prod ucts (heat and elec tri cal en ergy), which leaves enough space for 
lower sales lev els of these prod ucts.

Profitability assessment of the KDIII-2 co-generation plant

The mar ket prof it abil ity as sess -
ment of the pro ject is pre sented by a
dy namic in di ca tor set, and the re -
sults are shown in tab. 4.

These dy namic in di ca tors con -
firm that the in vest ment is prof it able
and vi a ble. The costs of pro duc tion
of elec tri cal and heat en ergy are di rectly re lated to the price of gas, and the price of gas
has the big gest in flu ence on the pro duc tion costs. As pointed out ear lier, the pres ent sit u a -
tion re gard ing the sup ply of nat u ral gas is very un fa vour able from the as pect of costs, es -
pe cially when one con sid ers that out side of B&H co-gen er a tion plants and com pa nies
like DHS en joy a spe cial sta tus re gard ing the price of their pri mary fuel. The fol low ing
chart (fig. 9) shows the costs of pro duc tion of heat and elec tri cal en ergy in re la tion to the
price of nat u ral gas for the se lected ba sic case.

The tech ni cal part of the study an a lyzed the pos si bil ity and op er at ing con di tions
of the co-gen er a tion plant in the sum mer pe riod, whether it would op er ate as a clas si cal
power plant or pro duce both, elec tri cal en ergy and do mes tic hot wa ter (sub urb Dobrinja
III). The fol low ing con clu sions were made.

If the heat en ergy of ex haust gases would not be uti lized, i. e. when this un ex -
ploited heat en ergy would be di rectly re leased into the en vi ron ment, the prof it abil ity
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Table 4. Dynamic indicators

Internal rate of return (IRR) [%] 14.83

Net present value (NPV) 11.767,151.73

Payback period [years] 4.99



thresh old re lated to the price of gas would be 0.375 KM/Sm3. In ac cor dance with these
con sid er ations it was con cluded that if nat u ral gas would be sup plied from the main gas
pipe line (BH Gas) at the price 0.35 KM/Sm3, i. e. 0.33 KM/Sm3, the pay back pe riod
would be 4.18 and 3.84 years, re spec tively, with the IRR of 19.66 and 22.11%, re spec -
tively (fig. 10). An ad di tional ben e fit would come from that fact the co-gen er a tion plant
would op er ate the whole year, which is very fa vour able from the as pect of uti li za tion of
the rented nat u ral gas trans port ca pac i ties (the main gas pipe line rented out the whole
year, whether used or not).

The pro duc tion and dis tri bu tion of do mes tic hot wa ter would re quire an ad di -
tional in vest ment of ca 2.800,000.00 KM, and the eco nomic anal y sis showed that the
pay back pe riod would be ca 15 years. Be sides that, the apart ment own ers were not in ter -
ested in this sub se quent in stal la tion of a hot wa ter sup ply sys tem in their apart ments.

As pre vi ously stated, the KDIII-2 co-gen er a tion plant would de liver all of the
pro duced elec tri cal en ergy to the me dium volt age (10 kV) net work of the Pub lic elec tri -
cal dis tri bu tion net work (Elektrodistribucija Sarajevo), and con sum ers (DHS and PL)
would con tinue to re ceive en ergy from this net work. The ra tio of de liv ered to re ceived
elec tri cal en ergy would be 1:1. The mat ter of pay ment of ser vices of Elektrodistribucija
Sarajevo is still to be re solved at the state level. Fig ure 11 shows the re la tion be tween the
eco nomic in di ca tors (IRR and pay back pe riod) and the dis tri bu tion costs. The dis tri bu -
tion costs are shown as a per cent age of the pri mary, pro duc tion cost of elec tri cal en ergy
in co-gen er a tion.
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Fig ure 9. Pro duc tion costs of elec tri cal and heat en ergy in re la tion to the price of nat u ral gas
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Fig ure 11. IRR and pay back pe riod in re la tion to the costs of elec tri cal en ergy distribution

Fig ure 10. IRR and pay back pe riod in re la tion to the price of nat u ral gas



Conclusions

(1) Based on the indicators presented in the Feasibility study co-generation KDIII-2
represents a profitable investment even in the worst case scenario where the price of
the base fuel – natural gas – is 0.42 KM/Sm3.

(2) A process with the objective of determining a stimulative price of natural gas for large 
and industrial consumers in B&H has been started. It is expected that this price of
natural gas will be around 0.35 KM/Sm3. In this case, the KDIII-2 co-generation
would have the following indicators:

· internal rate of return of 19.66%, and
· payback period of approximately 4.18 years.

(3) It is expected that the services of Elektrodistribucija Sarajevo, which are to be
determined by the State regulatory agency for electrical energy in B&H, will cost
approximately 5% of the production cost of electrical energy in co-generation (in
accordance with conditions in EU countries).

(4) Construction of the first co-generation plant in B&H should start in the second half of
2005.
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