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Along with the cur rent pro cesses of re struc tur ing of En ergy power sys tem of 
Bosnia and Herzegovina, liberalisation of the elec tric ity mar ket, and mod -
erni sa tion of the ex ist ing power plants, Bosnia and Herzegovina must turn
to the uti li sa tion of re new able re sources in rea son able dy nam ics as well.
Re spect ing this pol icy, the ini tial eval u a tion of the po ten tial of re new able
en ergy re sources in Bosnia and Herzegovina is per formed. The meth od ol -
ogy of eval u a tion of wind en ergy uti li sa tion is pre sented in this pa per, as
well as some other as pects of uti li sa tion of the re new able en ergy re sources
in Bosnia and Herzegovina. Im ple men ta tion of se lected pro jects should im -
prove sustainability of en ergy power pro duc tion in Bosnia and
Herzegovina, by re duc ing the to tal emis sion of car bon di ox ide orig i nated
from en ergy power sys tem of Bosnia and Herzegovina.
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Introduction 

Bosnia and Herzegovina (B&H) has a large hy dro po ten tial, which is not suf fi -
ciently ex ploited. Coal re serves are large, and pres ent the main en ergy source for elec tric -
ity pro duc tion. 

B&H is tem po rary in a pro cess of in te gra tion to the Eu ro pean as so ci a tion, and it
is sup posed to meet Eu ro pean stan dards for en ergy pro duc tion in a lim ited pe riod of time. 
A part of these stan dards re late to the en ergy power sys tem, con cern ing re struc tur ing of
the elec tric power sys tem, liberalisation of elec tric ity mar ket, and re duc tion the en vi ron -
ment im pacts. 

Tak ing into ac count the men tioned above, the uti li sa tion of re new able re sources
in B&H is a new chal lenge.

Generation and consumption of electricity in Bosnia and Herzegovina

For past sev eral de cades, it was no ticed that the elec tric ity con sump tion in B&H
is chang ing. The gross con sump tion of elec tric ity in B&H was grow ing in the pe riod
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from 1965 to 1985 year, with an av er age grow ing rate of 8.9%. How ever, af ter 1986, the
econ omy grow was slowed down, and con se quently elec tric ity con sump tion was re duced 
in that pe riod. In the pe riod from 1990 to 1991 the econ omy  was de clin ing, and dur ing
the war in for mer Yu go sla via from 1991 to 1995, com pletely stopped. In 1991, the elec -
tric ity gen er a tion reached 15,000 GWh. The in stalled ca pac ity was 4,000 MWe, and max -
i mal load 2000 MWe. Dur ing the war in B&H from 1992 to 1995, only 10% of the in -
stalled ca pac ity was in op er a tion. Most power plant in stal la tions were dam aged, or
com pletely ru ined. Most of re gions were with out elec tric ity for sev eral years. Min i mal
elec tric ity gen er a tion in mi cro-is land sys tems was not enough for reg u lar sup ply to the
con sum ers. Af ter the war, as the re sult of in ten sive ef forts on re fur bish ment of en tire
elec tric power sys tem, elec tric ity sup ply has been nor mal ised. In year 2000, the elec tric -
ity gen er a tion was tri pled re lated to the pre-war state, and reached 63% of elec tric ity gen -
er a tion in 1990. As sess ments of elec tric ity con sump tion in do main of the Pub lic En ter -
prise JP Elektroprivreda BiH (PE JPE) – the larg est elec tric ity pro ducer in B&H, have
shown that the growing of electricity consumption in the next period (till year 2020)
should continue, fig.1.

To day, the com bined ca pac ity of all power plants is 3,940 MW, of which 1.983
MW is in hydropower plants (not in clud ing the small hydropower plants) and 1,957 MW
is in ther mal power plants. Op po sitely, from the to tal in stalled ca pac ity be long ing to PE
JPE (1,839 MW, or 47% of to tal ca pac ity in B&H), only 482 MW is in hydropower
plants, and 1,357 MW is in ther mal power plants. An ad di tional 11 MW is avail able to
from small hydropower plants [1].
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Figure 1.  Estimation of electricity consumption in domain of PE JPE – the largest electricity
producer in Bosnia and Herzegovina



Sustainability of energy system of
Bosnia and Herzegovina

Ther mal power plants take the mean load in the elec tric ity gen er a tion in B&H.
In year 2000, the elec tric ity gen er a tion in ther mal power plants took 73% of over all elec -
tric ity gen er a tion. All ther mal plants in B&H are con ven tional pul ver ised coal-based
power sta tions, which burn low-valu able do mes tic coals, re sult ing in a lim ited ef fi ciency
from one side and strong en vi ron ment im pact from the other side. More tech ni cal data on
coal-based power plants are given in tab.1.

Table 1. Characteristics of thermal power plants in Bosnia and Herzegovina

Plant
Put in

operation
Coal

Heat rate
in 2003

[kJ/kWh]

Capacity
factor

Installed
capacity
[MW]

Technical
minimum

[MW]

Available capacity

for energy
[MW]

for steam
[MW]

Tuzla A1 1964 LB 14,855 0.8 32 18 0 0

Tuzla A2 1964 LB 16,072 0.8 32 19 0 0

Tuzla A3 1966 LB 13,986 0.9 100 82 85 43

Tuzla A4 1971 LB 11,629 0.9 200 145 182 50

Tuzla A5 1974 LB 12,752 0.9 200 145 180 5

Tuzla A6 1978 B 11,391 0.9 215 145 188 5

TUZLA F B 11,934 779 554 635 103

Kakanj A1 1956 B 15,450 0.8 32 18 0

Kakanj A2 1956 B 15,450 0.8 32 18 0

Kakanj A3 1960 B 15,450 0.8 32 18 0

Kakanj A4 1960 B 16,700 0.8 32 18 0

Kakanj A5 1969 B 13,507 0.8 110 55 100 6

Kakanj A6 1977 B 13,581 0.8 110 55 90 6

Kakanj A7 1988 B 11,803 0.9 230 103 208 5

KAKANJ F 12,545 578 285 398 17

GACKO RS 1983 L 11,466 0.9 300 180 265

UGLJEVIK RS 1985 B 11,553 0.9 300 180 268

Total B&H 1,957 1,199 1,566 120

Total PE JPE 12,158 1,357 839 1,033 120

B –  brown coal; L – lignite; LB – lignite and brown coal; F – Federation of B&H; RS – Republic Srpska

Al though most of the units have been mod ern ized in last re cent years, the en vi -
ron ment is sue is still out stand ing; the plants are still not equipped ei ther with sul phur ex -
trac tion or ni tro gen ox ide cap tur ing fa cil i ties (fig. 2).
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Be side high emis sions of sul phur di ox ide and ni tro gen ox ide from these plants,
to tal emis sion of car bon di ox ide is con sid er able as well, tab. 2, [2].

Table 2.  Emissions of carbon dioxide in domain of PE JPE in year 2003

Year 2003 TPP Tuzla TPP Kakanj HPP Neretva Small HPP Total

Pel + therm, [MWh] 2.712,847 1.569,997 1.359,000 66,000 5.707,844

mCO2
 [t] 3.519,303 2.000,590 54,360 0 5.574,253

eCO2
 [g/kWh] 1,297 1,274 40 0 977

The men tioned re lates to the need for an ex ten sive uti li sa tion the avail able re -
new able en ergy re sources in fu ture de vel op ment of en ergy power sys tem of B&H. This
should give a sig nif i cant con tri bu tion to the sustainability im prove ment of the elec tric ity
gen er a tion, by re duc ing the to tal emis sion of car bon di ox ide orig i nated from en ergy
power system of B&H.

Renewable energy resources under consideration 

Re new able en ergy re sources, which could be used for the elec tric ity gen er a tion
in B&H, are: 
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Figure 2.  Emissions of SO2 for combustion of domestic coals [4]
By columns 5 and 6 are given emissions for blends of previous 4 coals for given share, by
columns 11 and 12 are given emissions for blends of previous 3 coals for given share



– small hydro power plants,
– wind energy,
– landfill waste gas energy, and
– geothermal energy, [1].

Small hydro power plants

At pres ent, 13 small hy dro power plants of max i mal load ca pac ity of 28.38 MW
in B&H are in op er a tion, [3, 5]. Fur ther more, 293 po ten tial mi cro lo ca tions for in stall ing
small hy dro power plants are un der eval u a tion. The po ten tial ca pac ity is 144.75 MW.
Among this, four small hy dro power plants near town Fojnica are in fi nal phase of
construction.

Wind energy

Wind energy potential

Pre lim i nary se lec tion of po ten tial lo ca tions for in stall ing wind power plants in
B&H is per formed. Tem po rary, 12 lo ca tions are marked as good-po ten tial, mainly sit u -
ated in south ern part of the coun try. To tal es ti mated in stalled ca pac ity is 720-950 MW,
im ply ing an nual pro duc tion of 1,440-1,950 GWh. Global eval u a tion of qual ity of the re -
gions B&H is re ly ing on ex ist ing data. Ac cord ing to the data is sued by Me te o ro log i cal
in sti tutes in B&H, and pre lim i nary mea sure ments per formed on these lo ca tions, the re -
gion of South ern B&H has the stron gest po ten tial for elec tric ity pro duc tion from wind.
Thus, ex tended area of Podveležje, sit u ated app. 30 km from Adri atic see, is very con ve -
nient for wind en ergy uti li za tion.  

Es pe cially in ter est ing in ves ti ga tion is be ing per formed in moun tain-pre vail ing
Sarajevo re gion. The in ves ti ga tion should give the an swer whether the wind-power uti li -
sa tion is pos si ble in moun tain-pre vail ing re gions with strong win ters. Eval u a tion of se -
lected mi cro lo ca tions within this macro lo ca tion is done, and the used meth od ol ogy is
briefly presented here.

Methodology for evaluation

First, ta bles with data on fre quency and ve loc i ties of wind for Sarajevo area are
formed, based on in puts pro vided by mea sure ments. Charts in figs. 3 and 4 gen er ally
show fre quen cies and ve loc i ties of wind in re spec tive di rec tions on moun tain site
Bjelašnica and in set tle ment Butmir [3, 5]. It can be seen that the av er age wind ve loc ity in 
Butmir site is about 2 m/s, so this lo ca tion is re jected in pre lim i nary eval u a tion by the
tech no log i cal cri te ria wind ve loc ity. In op po site to this, wind ve loc ity on Bjelašnica site is 
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shown as very con ve nient, es pe cially in di rec tions NE–SW and N–S, so this region is
considered in further evaluation.

By use of re la tion (1), the wind ve loc ity at dif fer ent al ti tudes can be es ti mated by cal -
cu la tion:

v

v

H

H0 0

=
æ

è
çç

ö

ø
÷÷

a

(1)

where: v is the wind velocity for Bjelašnica site, v0 – wind velocity for Butmir,  H –
altitude of top of Bjelašnica H0 – altitude of settlement Butmir, and a – average value of 4 
prevailing directions.

Re sults of this cal cu la tion for Bjelasnica site are given in fig. 5 [1].
On the base of pre sented data, us ing cri te ria wind ve loc ity, wind fre quency,

avail able sur face, and near est of the ex ist ing road, four mi cro lo ca tion are se lected for
fur ther as sess ment:
– top of mountain Bjelašnica, altitude 2,067 m A. S., wind velocity 12 m/s, near the

existing road and high voltage line of 10 kV,
– location “Lokve”, altitude 1,300 m A. S., wind velocity 6,1-7 m/s, near the existing

road, but far from high voltage line of 10 kV,
– location “Djurino Brdo” (above Malo Polje – Igman), altitude 1,510 m A. S., wind

velocity 7,6-8,4 m/s, near the road and transformer station, and
– location “Lisi~ija Glava”, 1,700 m A. S., wind velocity 9-10 m/s, near the road and

high voltage line of 10 kV.
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Figure 3.  Wind frequencies in respective
directions in regions of Bjelašnica and
Butmir sites

Figure 4.  Wind velocities in respective
directions in regions of  Bjelašnica and Butmir 
sites



To make a valu able com par i son be tween to each other, an an nu ally pro duc tion
of 20 GWh is as sumed for all four op tions, based on app. 10 MW of in stalled power and
app. 2000 of work ing hour for each con sid ered lo ca tion.  

Fi nally, by em ploy ing ad di tional eco nomic cri te ria elec tro-trans former equip -
ment and ar range ment of high volt age line, which di rectly af fect the in vest ments, two of
these lo ca tions are eval u ated as the most con ve nient, tab. 3.

Table 3.  The most convenient locations for installing the wind turbines in Sarajevo area

Lo ca tion characteristics Top of Bjelašnica Lisii~ja Glava

Average velocity 12 m/s 10 m/s

Altitude 2,067 m A. S. 1,762 m A. S.

Maximal power coefficient 0.4 0.4

Rotor diameter 40 m 40 m

Power 451 kW 274 kW

Wind turbo-generator power 600 kW 450 kW

Using of waste gas from landfill waste deposit

Re cent in ves ti ga tion on land fill waste de posit Bu}a Potok – Smiljevi}i nearby
Sarajevo has shown that it is fea si ble to ob tain about 2 MWe, us ing waste gas from this
source [1, 3].  As the first step of the Pro ject, a small gas tur bine power plant of 350 kWe
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Figure 5.  Estimated wind velocities for different altitudes



was in stalled and en tered into op er a tion in year 2001. Its ca pac ity of 0.350 MW gives an
an nual elec tric ity pro duc tion of  0.52 GWh. This power plant is con nected to the lo cal
volt age net work. 

Geothermal energy

Be side al ready ex ploited geo ther mal wa ter re sources in lo ca tion Ilidža –
Sarajevo (wa ter tem per a ture is 58 oC), the pro ject of uti li sa tion geo ther mal wa ter from
three bore holes (wa ter tem per a ture of 120 oC) is be ing car ried out, [1, 3, 5]. Warm wa ter
mass flow is 100 kg/s. Be side its use in ag ri cul ture, for dis trict heat ing, tour ism and min -
eral wa ter treat ment, this geo ther mal source is planned to be used for elec tric ity gen er a -
tion as well.

Conclusions

Tak ing into ac count in dis put able need for im prove ment the sustainability of en -
ergy power sys tem of Bosnia and Herzegovina, as well as con ve nient con di tions for the
uti li sa tion of re new able en ergy re sources at some lo ca tions, a more ex ten sive uti li sa tion
of re new able en ergy re sources can be ex pected in the fu ture. On the base of ini tial eval u a -
tion of pos si bil ity for uti li sa tion of re new able en ergy re sources in Bosnia and
Herzegovina, renewables as small hy dro power plants, wind en ergy, land fill gas en ergy
and geo ther mal en ergy are in di cated as good-po ten tial sources for elec tric ity gen er a tion.
By im ple men ta tion of the planned pro jects, spe cially con cern ing small hydropower and
wind en ergy uti li sa tion, global fig ure of car bon di ox ide emis sion in Bosnia and
Herzegovina  can  be im proved.    Eval u a tion of wind uti li sa tion in Sarajevo area pre -
sented in this pa per, in di cates a pos si ble meth od ol ogy – i. e. a con cept of as sess ment and
se lec tion op ti mal mi cro-lo ca tions within the same op tion of re new able en ergy sources.
In put data based on mea sure ments are key point in such eval u a tions. Fur ther pro vid ing
the re li able in puts and re sults mea sure ments (on sites) is ma jor task in the next period. 

Fol low ing the renewables en ergy re sources po ten tial pre sented here, it can be
con cluded that uti li sa tion of re new able en ergy re sources should be sig nif i cant con tri bu -
tion to sus tain able de vel op ment pol icy in Bosnia and Herzegovina.
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