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Bosnia and Herzegovina have sig nif i cant phys i cal po ten tial re gard ing to re new -
able en ergy sources. Hy dro, bio mass, geo ther mal, wind, and so lar po ten tial can
play im por tant role in the whole state econ omy. Bosnia and Herzegovina is
Non-An nex I coun try ac cord ing to UNFCCC and ac cord ing to that it is ob li gated to 
par tic i pate in the global ef forts in or der to re duce green house gases emis sion. This
pa per gives some anal y sis of the phys i cal, tech no log i cal, eco nomic, and mar ket po -
ten tial of re new able en ergy sources in Bosnia and Herzegovina and their po ten tial
role in mit i ga tion of cli mate changes.  Pa per also gives the anal y sis of the po ten tial
con nec tions be tween re new able en ergy sources and sus tain able de vel op ment of the 
econ omy, tak ing in to con sid er ation spe cific po lit i cal struc ture of the state. Bosnia
and Herzegovina is con sist ing from two en ti ties: Re pub lic of Srpska and Fed er a tion 
of Bosnia and Herzegovina, and Brcko Dis trict; en ergy sec tor and cli mate changes
mit i ga tion mea sures are un der their ju ris dic tion. Ac cord ing to that some of this pa -
per re sults can be use ful for the im prove ment of en tity and state strat e gies with the
fi nal aim to place re new able en ergy sources on the right po si tion, as some of the
ma jor econ omy driv ers, not only in Bosnia and Herzegovina, but in whole re gion.

Key words: climate changes, renewable energy, mitigation potential waste
 management

Re new able en ergy sources tech ni cal po ten tial

In or der to il lus trate pres ent renewable en ergy sources (RES) role in Bosnia and
Herzegovina (B&H), tab. 1, show to tal pri mary en ergy sup ply (TPES) by en ergy sources in
B&H. This ta ble is pre pared by the au thors and it is based on en ergy bal ance of en ti ties in B&H
– Fed er a tion of B&H (FB&H) and Re pub lic of Srpska (RS) – be cause there is no en ergy bal ance 
at state level. For the first time, Agency for Sta tis tics of B&H has made the en ergy bal ance for
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2008, but only for elec tric ity and heat and there is no bio mass at all in en ergy bal ance of FB&H.
Be cause of that, some cal cu la tions for bio mass have been made by the au thors, em pha siz ing po -
ten tial un cer tain ties for bio mass (de vi a tion can be 10%, be cause there are no data re lated to pri -
vate for ests cut ting and as sump tion of il le gal cut ting).

               Ta ble 1. To tal pri mary en ergy sup ply by en ergy source in 
               Bosnia and Herzegovina

En ergy source 2006 2007 2008

Wind en ergy 0 PJ 0 PJ 0 PJ

Hy dro power 12.41 PJ 15.03 PJ 17.57 PJ

Bio mass 16.668 PJ 14.630 PJ 16.317 PJ

   –  Heat 16.668 PJ 14.630 PJ 16.317 PJ

   –  Elec tric ity 0 PJ 0 PJ 0 PJ

   –  Trans port ~ 0 PJ ~ 0 PJ ~ 0 PJ

So lar ther mal 0.012 PJ 0.012 PJ 0.012 PJ

So lar photovoltaic ~ 0 PJ ~ 0 PJ ~ 0 PJ

Geo ther mal 0 PJ 0 PJ 0 PJ

Other RES 0 PJ 0 PJ 0 PJ

To tal RES 38.450 PJ 29.672 PJ 33.899 PJ

Oil 44.785 PJ 48.378 PJ 53.47 PJ

Coal 126.161 PJ 127.058 PJ 138.420 PJ

Nat u ral gas 12.372 PJ 10.805 PJ 10.672 PJ

Nu clear power 0 PJ 0 PJ 0 PJ

Net im ports of elec tric ity – 8.606 PJ – 2.764 PJ – 5.94 PJ

Other 0 PJ 0 PJ 0 PJ

To tal
To tal

213.522 PJ
5.1 Mtoe

213.149 PJ
5.1 Mtoe

230.521 PJ
5.5 Mtoe

Small hy dro power plants

B&H has a high par tic i pa tion of RES in elec tric ity pro duc tion (about 34%) which is
one of the big gest shares in the Eu rope.

In ad di tion to hy dro en ergy po ten tials of the ma jor wa ter streams, B&H has avail able
hy dro en ergy po ten tial of small wa ter streams. Eco nomic hy dro en ergy po ten tial of ma jor wa ter
streams in B&H ac cord ing to the study “Cur rent Un der stand ing of Hy dro En ergy Po ten tial in
SR B&H”, pre pared in 1986 by the In sti tute for Elec tri cal Power In dus try Sarajevo is around
18,000 GWh per year [1]. Uti li za tion level of that po ten tial is around 40% or 7,182 GWh per
year. Some an other sources says that the o ret i cally wa ter power of B&H amounts 99,256 GWh
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per year, tech ni cal wa ter power po ten tial of 356 small and big hy dro power plants (HPP) (which
may be built) amounts to 23,395 GWh per year, out of which 2,599 GWh per year is in small
HPP [2]. From that amount around 77% is in RS and 23% is in FB&H. Uti li za tion de gree of
small HPP is 4.4% of the power at dis posal, or 5.7% of the en ergy at dis posal, and these de grees
of the wa ter power po ten tial are at very low level com par ing it with other Eu ro pean coun tries. 

Ac cord ing to the Law on con ces sions in FB&H, can tons are in charge of giv ing con ces -
sions for the elec tric ity plants up to 5 MW.  There fore, con ces sions for the small hy dro plants up to 
5 MW are to be ob tained by can tonal au thor i ties, and for those with ca pac ity higher than 5 MW
Fed er a tion is in charged. Re pub lic of Srpska is in charged for giv ing con ces sions for all elec tric ity
plants.

Bio mass 

The tra di tion of bio mass use in B&H has been ex ist for a long time, but that use is char -
ac ter ized with a very low rate of uti li za tion, mainly in ru ral and sub-ur ban ar eas as pri mary
source for heat ing and cook ing pur poses in house holds and build ings. To day, bio mass in B&H
par tic i pates with ca. 9% in to tal pri mary en ergy sup ply. Apart from the tra di tional use of fire -
wood and the re cy cling of wood waste in the wood-pro cess ing in dus try, there is no re li able data
on the ex ploi ta tion of dif fer ent bio mass sources in B&H, es pe cially of wood waste. There are no
re li able data how much of the wood waste is used or dumped into open field. The most sig nif i -
cant source of bio mass for en ergy pro duc tion is wood mass from for estry (fire wood, for estry
res i dues) and wood waste from wood pro cess ing in dus try. An nual pro duc tion of dif fer ent types
of wood (logs, fire wood, wood res i dues) per re gion of B&H is shown in tab. 2.

Ta ble 2. An nual pro duc tion of wood as sort ment per re gions of Bosnia and Herzegovina [m3] [3]

For estry cen tral Logs Fire wood Wood res i dues To tal

Fed er a tion B&H 2,795,227  947,732 576,887 4,319,846

Re pub lic of Srpska 1,791,417   516,974 279,186 2,587,577

To tal B&H 4,586,644 1,464,706 856,073 6,907,423

As is com mon in many coun tries, in B&H, when fell ing a tree, only the straight cy lin -
dri cal log is taken out of the for est and all other parts such as branches and roots are left be hind.
In gen eral, no com mer cial value is given to it lead ing to waste es ti mated at around 15% of the to -
tal tree; about 600,000 m3 [3]. 

Saw mill waste pro duc tion is gen er ally high due to a low pro cess ef fi ciency of saw -
mills: the net end prod uct (lum ber) rep re sents an es ti mated 40-45% of the log (a well man aged
mill in Eu rope runs at up to 50% ef fi ciency). The waste pro duced con sists of wet saw dust, slabs,
and the trim mings from cut ting to length and width. Based on this ra tio, waste from the pri mary
and sec ond ary wood pro cess ing in dus tries would amount to ap prox i mately 1.14·106 m3 [3]. 

Panel boards in dus try is not op er a tional but some of this waste is used for pro duc tion
of steam for dry ing cham bers, for in ter nal heat ing, and for the pro duc tion of bri quettes and pel -
lets. In ad di tion to these global aims of en vi ron men tal pro tec tion fur ther, lo cally im por tant ad -
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van tages of bio mass re sources uti li za tion be come ef fec tive in de vel op ing coun tries such as
B&H. 

B&H en ergy po ten tial in biogas from the live stock. Po ten tial pro duc tion of biogas and
re duc tion of meth ane emis sion will be con sid ered from the cli mate changes point of view.  It is
im por tant to em pha size that B&H has ex cel lent nat u ral con di tions to de velop live stock farm ing. 
Here are some im por tant re marks. 

Sheep are most com monly bred in the south, while cat tle and poul try farm ing pre vails
in the north west ern part. In RS and FB&H cat tle is bred in about the same pro por tion, ex cept
that in the FB&H there was a small drop 2004 through 2007, ac com pa nied by the in crease in RS
dur ing the same pe riod. Sheep farm ing is about 70% lower in RS, al though the pro duc tion ex pe -
ri enced an in crease in both en ti ties 2004 through 2007. Pig farm ing is 95% lower in FB&H than
it RS. Poul try farm ing is equally prev a lent and is con sid er ably on the rise in both en ti ties. Cat tle
pro duc tion re sources rep re sent the main source of ma nure pro duc tion, mak ing 60% of the to tal
ma nure pro duc tion.

Based on the cur rent live stock es ti mate for the pe riod 2004 to 2007, tab. 3 shows es ti -
ma tion of phys i cal po ten tial of biogas production.

Ta ble 3. Cal cu lated val ues of the physical po ten tial of an nual biogas pro duc tion for B&H ac cord ing to
live stock data and amount of ma nure pro duced in the ana lysed area (in m3 per day).

Type of an i mal
Es ti mate per year

2004 2005 2006 2007

1. Cat tle (bo vine) 447,395 454,188 466,640 460,360

2. Sheep 890,941 902,481 1,005,963 1,030,746

3. Pigs 587,171 625,473 686,430 506,759

4. Horses 27,346 26,690 25,614 25,158

5. Poul try 8,975,735 9,804,886 12,563,840 1,4302,229

To tal biogass pro duced 791,462.2 816,214.2 873,605.9 853,175.8

Wind

In suf fi cient data and ad e quate mea sure ments make it im pos si ble to es ti mate the real
po ten tial for wind en ergy in B&H. A pre lim i nary study car ried out by the GTZ have in di cated
that there is an eco nomic po ten tial for de vel op ing ap prox i mately 600 MW of wind-based elec -
tric ity by 2010, as sum ing that an ap pro pri ate in cen tive sys tem to build wind power in stal la tions
is in tro duced. In pe riod from 1999 to 2001, some 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, 16 macro-lo ca tions (with 33 mi -
cro-lo ca tions) are marked as good-po ten tial. To tal es ti mated in stalled ca pac ity for these lo ca -
tions is 720-950 MW, im ply ing an nual pro duc tion of 1440-1950 GWh. The in fra struc ture of fers 
ad e quate con di tions for con nect ing pos si ble lo ca tions to the grid, as the high- and me dium-volt -
age net work is well de vel oped.
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So lar 

Dur ing the one year, daily-emit ted so lar en ergy at the hor i zon tal sur face in B&H
amounts 3.4-4.4 kWh/m2. With so lar ir ra di a tion fig ures of 1.240 kWh/m2 per year in the north of
the coun try and up to 1.600 kWh/m2 per year, in the south, con di tions for us ing so lar en ergy are
very fa vor able in B&H. The o ret i cal po ten tial of the so lar en ergy in B&H amounts 74.65 PWh.
Tech ni cal po ten tial amounts 685 PJ, that is 6.2 times more than quan tity of en ergy out of to tally
bal ance needs for the pri mary en ergy in FB&H dur ing 2000. De spite this, the use of so lar en ergy is 
in sig nif i cant and the ex ploi ta tion of so lar en ergy with flat-plate col lec tors is also lim ited. At this
mo ment only very small-scale con sum ers in B&H use it for wa ter heat ing need (4000-6000 m2 so -
lar col lec tors). The main rea sons for that are: the cap i tal costs are still too high (450-550 €/m2, de -
pend ing on the type of the sys tem and col lec tors), and there is no leg is la tion that pro motes and
sub si dizes the use of re new able en ergy sys tems.One of the first PV in stal la tions is be ing fit ted on
the roof of an or phan age in Trebinje with as sis tance from the GTZ. In view of the rel a tively high
cost in volved, the in tro duc tion of pho to vol taic on the mar ket be yond very small-scale con sum ers
far from the util ity grid is de pend ent on pro mo tional pro grams and the in ter na tional pro jects. 

Geo ther mal 

It is dif fi cult to es ti mate to tal B&H’s tech ni cal geo ther mal po ten tial. Ac cord ing to fig.
1 it is ob vi ously that cer tain en ergy po ten tial ex ists, but it is not ex plored in de tails on whole po -
ten tial sites. All es ti mates are mainly based on some ex per i men tal drills and the o ret i cal in ves ti -
ga tion. Ac cord ing to that tem per a tures at the known lo ca tions in Bosanski Samac (85 °C),
Kakanj (54 °C), Sarajevo (58 °C), and Gra~anica (37-39 °C) is too low for elec tric ity gen er a tion, 
which is why the re serves are cur rently only un der con sid er ation for ther mal ex ploi ta tion (there
are no sites have a tem per a ture around 100 °C).
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Cur rent ac tiv i ties re lat ing to geo ther mal en ergy con tinue to be lim ited to ex ploi ta tion
for ther mal use. For ex am ple, ac tiv i ties which will re sult to dis trict heat ing sys tem of Bijeljina
are al ready un der go ing, a group of build ings in Illidza (a sub urb of Sarajevo) is to be heated with 
geo ther mal en ergy.  In a case that higher tem per a tures will be dis cov ered in the course of the ex -
plor atory drill ing, there are also some plans for par tial con ver sion to elec tri cal en ergy on the sus -
tain able way. Also, there are some plans to try ing to find an in ves tor for one pi lot geo ther mal
bore hole near Banja Luka. Cur rent ac tiv i ties re lated to geo ther mal en ergy are mainly re lated to
heat ing pur poses, there are a few ex am ples re lated to geo ther mal wa ter is use for heat ing pur -
poses as Laktasi Spa and the Dvorovi Spa. In 2005, a spa owned by Slovenian com pany Terme
Catez, has started to work in Ilidža near Sarajevo where geo ther mal en ergy is used for heat ing of 
swim ming pools. Ac cord ing to ex ist ing stud ies and anal y sis made for some cer tain places tab. 4
gives some es ti mates for the po ten tial in stal la tion for heat en ergy ex ploi ta tion. 

Ta ble 4.  Some es ti mates for ther mal en ergy pro duc tion from geo ther mal heat sources [4]

Num ber of sites
Wa ter tem per a ture

[°C]
Ther mal power

[MWt]
Geo-fluid flow rate

[kg/s]

FB&H 29 sites 20.5-75 57.08 (up to 20 °C)
7.15 (up to 50 °C) From 1 to 1000,

de pend ing on site
RS 16 sites 20-75 33.12 (up to 20 °C)

2.09 (up to 50 °C)

Waste

The im pact of solid waste man age ment on the global warm ing equiv a lence of Eu ro -
pean green house gas emis sions co mes mostly from CH4 re leased from bio de grad able wastes de -
cay un der the an aer o bic con di tions in land fills. About a third of anthropogenic emis sions of CH4 

in the EU can be at trib uted to this source. In con trast, only 1% of N2O emis sions and less than
0.5% of CO2 emis sions are as so ci ated with solid waste dis posal [5]. 

Solid Waste Man age ment Strategy (SWMS) gives re view on the solid waste man age -
ment con di tions in B&H and de fines pol icy and strat egy in this sec tor. Al though SWMS does
not di rectly men tion re duc tion of GHG emis sions, de fined strat egy sug gest ing con struc tion of
the re gional san i tary land fills ac cord ing to EU stan dards (Land fill Di rec tive 99/31/EC) and out -
lin ing pos si bil i ties of waste in cin er a tion with en ergy re cov ery and re cy cling, di rectly in volve
mea sures for re duc tion of GHG emis sions. Im ple men ta tion of SWMS com menced with
WB/IDA credit for Pro ject “Solid Waste Man age ment Pro ject” (ex. En vi ron men tal In fra struc -
ture Pro tec tion Pro ject) in 2002. The anal y sis of the cur rent sit u a tion in this sec tor has shown
that the ob jec tives con cern ing the con struc tion of re gional san i tary land fills de fined in the
SWSM are un re al is tic. The plan is to have 16 re gional land fills by De cem ber 2009, but un til
now, only 2 land fills have been con structed. There fore, it is nec es sary to adopt, new waste man -
age ment strat e gies, which would more clearly de fine the quan ti ta tive ob jec tives in terms of re -
cy cling and re duc tion in bio de grad able waste amounts dis posed of at land fills, and de fine more
re al is ti cally the dy nam ics of re gional san i tary land fills con struc tion. In or der to cal cu late pos si -
ble re duc tion of GHG emis sion, quan tity and mor pho log i cal struc ture of mu nic i pal solid waste
(MSW) have been es ti mated. Ta ble 4 shows es ti mated to tal MSW and house hold waste (HHW)
amounts, in ac cor dance with the meth od ol ogy rec om mended in the SWMS [6], and pop u la tion
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sta tis tic [7, 8]. A lin ear an nual rate of waste pro duc tion growth is pro jected at 3%, ac cord ing to
the 1999 data, which in cludes the growth of pop u la tion and amounts of pro duced waste per ca -
pita – growth rate of 1,8%, and which are only of fi cial data con cern ing growth of waste pro duc -
tion by far. It was as sumed that a to tal MSW amount gen er ated in the RS in 1999 was 724,269 t
(pop u la tion of 1,448,537 ´ 0,5 t per year per ca pita), and a to tal HHW amount was  362,134 t
(pop u la tion of 1,448,537  ́  0.25 t per year per ca pita), ac cord ing to the es ti mated av er age val ues 
of waste pro duc tion pre sented in the SWMS and the avail able sta tis tics. By the anal ogy, the
MSW amount in the FB&H in 1999 was 1,138,000 t (pop u la tion of 2,276,000 ´  0.5 t per year
per ca pita), and a to tal HHW amount was 569.000 t (pop u la tion of 1,448,537 ´ 0.25 t per year
per ca pita). The amounts of waste gen er ated in the B&H Br~ko dis trict were in cluded through
the data for the RS and the FB&H, re gard ing of the SWMS and the 1999 sta tis tics (tab. 5).

Ta ble 5. Es ti mated an nual amounts of MSW and HHW at en tity and coun try level

MSW gen er ated
in 1999 

[Gg MSW]

MSW gen er ated
in 2010 

[Gg MSW]

MSW gen er ated 
in 2020 

[Gg MSW]

MSW gen er ated 
in 2030 

[Gg MSW]

MSW in RS   724,269 1,002,558 1,347,354 1,810,731

HHW in RS   362,134   501,278   673,676   905,364

MSW in FB&H 1,138,0    1,575,258 2,117,015 2,845,091

HHW in FB&H 569,0    787,629 1,058,508 1,422,546

Sum mary MSW 1862,269 2,577,812 3,469,369 4,655,822

Sum mary HHW   931,134 1,288,907 1,732,183 2,327,911

Mit i ga tion po ten tial of re new able en ergy sources

Re new able en ergy sources ob vi ously has sig nif i cant po ten tial and can play im por tant
role in cli mate changes mit i ga tion ac tiv i ties in B&H. Their role de pends on very com plex fac -
tors, and has to be de fined by the cor re spond ing sec tors strat e gies on the state, en ti ties level, as
well as lo cal level.

Tak ing into ac count the facts and con sid er ations re lated to the RES po ten tial, it is nec -
es sary to point out some gen er ally mea sures that should be over taken by the state and en tity min -
is tries re spon si ble for en ergy sec tor. If these mea sures would be over taken, it would be eas ier to
make the as sess ment of mit i ga tion po ten tial in sec tor of RES. It is nec es sary:
– to create a legal framework for renewable and/or distributed sources of electricity that should 

process,
– to develop a functional system of promotion energy production from RES, there are a lot of

mechanisms available, subsidies, for example, can be successful model of support (incentive 
measures) for construction of systems based on renewable energy sources, taking into
account some fulfilled preconditions (functioning of  environmental funds),

– to develop a strategy related to the building of energy facilities on RES in close co-operation
with other competent institutions for water management, agriculture and forestry, in order to
achieve sustainable systems from all aspects,
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– to solve the problem of management of small electricity production facilities, as HPP and
wind power plants – primarily connection to distribution network,

– to perform a systematic substitution of liquid fuels with renewable sources, especially in the
public institution’s facilities in order to promote and encourage installation of RES in
construction of new buildings and renovation the old ones,

– to consider a possibility of development biomass-fueled remote heating system (eventually
combined with solid municipal waste), in places with developed timber and wood
processing industry, together with industrial power plants of industrial companies, by using
different organizational and financial models as ESCO, for example,

– to remove all the identified general barriers as soon as possible in order to allow large scale
application of RES, and

– apart from the above-mentioned general measures, it is needed to overtake some measures
those are specific for some RES only.

Small hy dro power plants

Most of the hy dro po ten tial could be re al ized if the mea sures men tioned would be
taken. If we sup pose, that hy dro po ten tial for small HPP would be re al ized by 80%, it means, it
could be built ca. 800 small HPP with the po ten tial in stalled ca pac ity of 700 MW and pos si ble
an nual en ergy pro duc tion of 3600 GWh. Tak ing in to ac count ne ces sity of con nec tion of small
HPP with other econ omy ac tiv i ties as ag ri cul ture or tour ism, it is ob vi ously that this kind of
busi ness can be very prom is ing, and first of all sus tain able. 

Bio mass 

This kind of RES can play very sig nif i cant role in B&H econ omy. It is ob vi ous that
with good or ga ni za tion of col lect ing and use of their own waste, wood pro cess ing in dus tries can
sat isfy they own en ergy de mands. It is easy to show that small mu nic i pal i ties in P&H (with
10000 to 20000 in hab it ants) with cen tral ized wood pro cess ing in dus try can sat isfy their all en -
ergy needs from its own wood waste, from the other side in tro duc tion of the new tech nol o gies,
as “flash” py rol y sis or other thermo chem i cal pro cesses can ac ti vate new sus tain able econ omy
ac tiv i ties in the some spe cific lo cal ar eas. Tak ing into ac count above pre sented data re lated to
biogas pro duc tion (which is 60 to 70% meth ane), any kind of meth ane trans for ma tion to CO2 is
ac cept able from mit i ga tion point of view. 

In or der to achieve a more sig nif i cant ap pli ca tion of bio mass in B&H, it is nec es sary to 
carry out the fol low ing re search:
– definition of target areas in B&H where detailed research of economically and ecologically

sustainable use of biomass should be performed,
– quantification of physical, technical, and economical potential of non-used biomass in target 

areas,
– estimation of biomass and bioenergy costs as a fuel in the future and a comparative analysis

with the costs of other fuels,
– identification of the possibilities for suitable, financially competitive solutions for biomass

application in different sectors,
– identification of the most suitable technologies, investment methods, and incentive

measures for selected solutions of biomass application,
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– identification of obstacles in legislation and regulations that influence the selection of
technologies for biomass application in the target areas in a most efficient way, and

– identification of institutional obstacles for accepting the most efficient solutions for the
construction of a biomass-fuelled system for production of thermal and/or electrical energy. 

Im ple men ta tion of the above-men tioned steps would clearly show the real eco nom i cal
and eco log i cal po ten tial and so lu tions for the ap pli ca tion of bio mass-fu elled fa cil i ties in the tar -
get ar eas in B&H, and it would help the com pe tent au thor i ties to plan the con struc tion of such
fa cil i ties. The iden ti fied ac tiv i ties greatly de pend on the ag ri cul ture and for estry de vel op ment
strat egy and the min is tries of en ergy should plan and im ple ment them to gether with the com pe -
tent min is tries for these ar eas.

Some pre lim i nary cal cu la tions showed that pres ent meth ane emis sions from cat tle ris -
ing ac tiv i ties in B&H is about 32 Gg per year, which makes rel a tively large mit i ga tion po ten tial
and makes this sec tor at trac tive for po ten tially CDM pro jects. Un for tu nately typ i cal live stock
farms in B&H are rel a tively small (20 cows, 100 pigs or 5000 to 12000 poul try) and due to or -
ganic fer til izer and elec tric ity mar ket pres ent sit u a tion, po ten tial in vest ments, for ex am ple in
biogas plant with gas en gine de vices (6 kWe) re quires rel a tively long pay back pe riod, about 8 to
10 years for cow farms, 11 to 14 years for pig farms, and 7.5 to 9.5 years for poul try farms [9]. 

So lar

Apart from the ap pli ca tion of ther mal en ergy, ob tained from so lar col lec tors, for heat -
ing and prep a ra tion of san i tary wa ter in build ing con struc tion, this form of en ergy is also ap pli -
ca ble for cool ing, in dus trial pro cess heat, pool heat ing ap pli ca tion, etc. Each of the men tioned
ap pli ca tions is cer tain in B&H in the pe riod un til 2020, and the in ten sity of that ap pli ca tion is di -
rectly de pend ant on the Gov ern ment in cen tive mea sures pol icy. It is re al is tic to ex pect that in
the pe riod un til 2020 in B&H there will not be more sig nif i cant ap pli ca tion of so lar en ergy for
pro duc tion of elec tri cal en ergy, ex cept of in di vid ual con struc tion of low-power photovoltage 
sys tems (neg li gi ble for the en ergy bal ance of B&H), and the same trend is to be ex pected even
un til 2030. There are sev eral lim i ta tions for this, and the main ones are: non-com pet i tive ness of
such fa cil i ties, and the re quired area (space) for their con struc tion.

Wind

Chal lenges and lim i ta tions, when the is sue of wind power plants con struc tion in B&H is
con sid ered, can be viewed from the as pect of prob lems that ap pear, rec om men da tions for over -
com ing those prob lems, as well as tech ni cal, mar ket, and reg u la tory mea sures for the re duc tion of
the risk of wind power plants con struc tion. If would be re al ized mea sures men tioned most of tech -
ni cal (till now known po ten tial) could be re al ized. It means, it would be build wind power plants
with the to tal in stalled ca pac ity of 900 MW and the an nual en ergy pro duc tion of 2300 GWh.

The ba sic prob lems for the in te gra tion of wind power plants into the elec tric ity sys tem
are:
– increased losses in the transmission network due to overloads, circular flows, and power

transmission to large distances, 
– increased consumption of reactive energy due to energy transmission to large distances and

an increased line load factor,
– wind power plants are sensitive even to very little and brief “drops” of voltage, and
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– there is a con sid er able eco nomic in flu ence of wind power plants on con ven tional gen er a tion.

Geo ther mal

As sess ment of geo ther mal en ergy use for B&H in the fu ture is such that the tech nol -
ogy of use of geo ther mal re sources is pos si ble in a few ar eas, such as:
– agriculture for production of ecologically valuable food (agro- and aquaculture),
– district heating systems in municipalities,
– health industry and human body care industry – balneotherapy, and
– tourism purposes, as well as for electricity generation by means of mini power plants.

Still, re al is ti cally tak ing into per spec tive the past re search of this re source po ten tial in
B&H and pres ent avail able tech nol o gies for the ap pli ca tion of geo ther mal en ergy, in the pe riod
un til 2020, the ap pli ca tion of geo ther mal en ergy in B&H will be lim ited to past sec tors of ap pli -
ca tion (ag ri cul ture, healthcare), pos si bly for heat ing and tour ism pur poses, and the ap pli ca tion
of geo ther mal en ergy for elec tric ity gen er a tion is not ex pected in this pe riod. There are sev eral
rea sons for this, and the fun da men tal ones are: in suf fi cient level of ex plo ra tion of lo ca tions and
po ten tials of geo ther mal en ergy, in gen eral, and es pe cially for those pur poses, fol lowed by the
price and avail abil ity of tech nol o gies for the ap pli ca tion of geo ther mal en ergy for elec tric ity
gen er a tion. Namely, out of all tech nol o gies for the ap pli ca tion of re new able en ergy sources,
geo ther mal en ergy for pro duc tion of elec tric ity is the least com pet i tive one. If in the pe riod un til
2020 the re search shows a more sig nif i cant avail abil ity of geo ther mal sources in B&H, and if
the tech nol o gies for the ap pli ca tion of geo ther mal en ergy in elec tric ity gen er a tion be come more
com pet i tive, from 2020 to 2030 this ap pli ca tion will be wor thy to con sider in B&H as well. 

Tak ing into ac count the in vest ments in ex plo ra tion drill ing, which are con sid er able,
and the level of in se cu rity that such ex plo ra tions carry, it is not pos si ble to ex pect more sig nif i -
cant in vest ments in this sec tor with out a more sig nif i cant sup port from the state and en ti ties ad -
min is tra tions or the in ter na tional com mu nity.

Waste man age ment

GHG emis sion re duc tion po ten tial of dif fer ent waste man age ment op tion has been an -
a lyzed through two dif fer ent sce nar ios, i. e. base line sce nario and mit i ga tion sce nario.

The base line sce nario an tic i pates waste man age ment de vel op ment and a pro jec tion of
the sit u a tion ac cord ing to the cur rent doc u ments and plans, based on the SWMS. The ba sis of
such waste man age ment is the dis posal of waste re main ing af ter the im ple men ta tion of eco nom -
i cally jus ti fi able and en vi ron men tally ac cept able mea sures aimed at avoid ing the pro duc tion,
sep a rate col lec tion and re cy cling of waste, at re gional san i tary land fills. The base line sce nario
an tic i pates the con tin ual growth of mu nic i pal waste amounts (tab. 4), which will grad u ally de -
crease over time due to the ef fects of the mea sures aimed at avoid ing the pro duc tion and re cy -
cling of waste. It is en vis aged that all 16 re gional san i tary land fills will be con structed by the end 
of 2020.

It is as sumed that the en vis aged mea sures aimed at sep a rate col lec tion and waste re cy -
cling rate will be im ple mented at a pace an tic i pated in the SWMS, i. e. the re cy cling rate of 10%
of the to tal gen er ated HHW by the end of 2020. It was an tic i pated that the HHW re cy cling rate
would be 5% for 2010, while for 2030 the HHW re cy cling rate would be 20% in both B&H en ti -
ties. Ow ing to the un clear de fined quan ti ta tive ob jec tives with re spect to the re duc tion of bio de -

Gvero, P. M., et al.: Renewable Energy Sources and Their Potential Role in Mitigation of ...

650 THERMAL  SCIENCE: Year 2010, Vol. 14,  No. 3, pp. 641-654



grad able waste amounts on one hand, and the clearly de fined EU re quire ments with re spect to
the re duc tion of bio de grad able waste amounts dis posed of at land fills on the other, it was as -
sumed that 50% of re cy cled waste would be bio de grad able waste which is go ing to be treat by
means of com post ing and an aer o bic di ges tion tech nol ogy. It was also nec es sary to as sume the
rate of cov er age by waste col lec tion ser vices as com pared to the to tal pop u la tion in or der to get
an es ti mate of the amounts of waste dis posed of at of fi cial land fills, which the cal cu la tion of the
GHG emis sion re duc tion po ten tial re lates to. Us ing the SWMS es ti mates, it was as sumed that
80%, (95 + 60)/2, of the pop u la tion would be cov ered by waste col lec tion ser vices in 2010, and
the same per cent age of gen er ated MWS would be dis posed of at land fills, and by anal ogy, this
per cent age for 2020 would be 84%, (98 + 70)/2. For 2030, it was as sumed that the en tire pop u la -
tion would be cov ered by waste col lec tion ser vices. The re main ing waste is as sumed to be lo -
cally com posted in ru ral ar eas and dis posed of at il le gal land fills. All afore men tioned as sump -
tions are used in both sce nar ios.

The cur rent lim its of fi nan cial and other re sources pose a se ri ous ob sta cle to in tro duc -
ing any other im por tant waste man age ment op tion, ex cept for the con struc tion of re gional san i -
tary land fills, in the forth com ing pe riod by 2020. Al though the SWMS fore sees mea sures for the 
ther mal pro cess ing of waste (in cin er a tion), that is, the in cin er a tion of 20% of MSW with en ergy
re cov ery by 2020, it is re al is tic to as sume that this will not hap pen ac cord ing to this base line sce -
nario. For that rea son, a re sched ul ing com pared to the dead lines set by the SWMS is an tic i pated, 
as is the case with the con struc tion of re gional san i tary land fills, and in cin er a tion of 20% of
MSW with en ergy re cov ery is an tic i pated by 2030.
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Ta ble 7. Im pact of waste re cy cling and in cin er a tion ini tia tives on the amount of 
mu nic i pal waste dis posed of at san i tary land fills in FB&H [13]

2010 2020 2030

MSW col lected [Gg] 1,260,206 1,778,293 2,845,091

Waste re cy cled* [Gg] 39,381 105,851 284,509

Waste in cin er ated [Gg] – – 569,018

Net MSW dis posed on land fill [Gg] 1,220,825 1,672,442 1,991,564

* It is assumed that 50% of recycled waste is biodegradable waste reduction

Ta ble 6. Im pact of waste re cy cling and in cin er a tion ini tia tives on the amount of 
mu nic i pal waste dis posed of at land fills in RS [13]

2010 2020 2030

MSW col lected [Gg] 802,046 1,131,777 1,810,731

Waste re cy cled* [Gg] 25,064 67,368 181,073

Waste in cin er ated [Gg] – – 362,146

Net MSW dis posed on land fill [Gg] 776,982 1,064,410 1,267,512

* It is assumed that 50% of recycled waste is biodegradable waste reduction



The mit i ga tion sce nario an tic i pates the in tro duc tion of mea sures for the com bus tion of 
meth ane by flame flare sys tem, as well as mea sures aimed at us ing land fill gas (meth ane) to gen -
er ate elec tric ity, along with the al ready de fined mea sures in the base line sce nario. Apart from
di rectly re duc ing the amounts of re leased meth ane, anal o gously to com bus tion by flare, the
mea sure for us ing meth ane to gen er ate elec tric ity also re duces the equiv a lent amount of CO2,
which would be re leased by the use of fos sil fu els in the course of the gen er a tion of the given
amount of elec tric ity. Given the de fined dy nam ics of the con struc tion of san i tary land fills in RS
and FB&H, a grad ual in crease is an tic i pated in the amount of meth ane combusted by flares and
in the gen er a tion of elec tric ity in suit able fa cil i ties, such as in ter nal com bus tion en gines and gas
tur bines (tabs. 8 and 9). It was an tic i pated that an av er age of 37 kg of meth ane is con sumed for
the gen er a tion of 55 kWh of elec tric ity [10], and that a re duc tion of 0.7 t of CO2 per 1 MWh of
elec tric ity is achieved ow ing to avoid ing the use of fos sil fu els.

Ap ply ing the mea sure of meth ane com bus tion by flare re sults in an emis sion re duc tion 
of 67.83 [Gg CO2-eq]  in 2010, 88 [Gg CO2-eq] in 2020 and 332 [Gg CO2-eq] in 2030 in the RS.
Ap ply ing the mea sure of us ing meth ane to gen er ate elec tric ity re sults in a to tal emis sion re duc -
tion of  292.77 [Gg CO2-eq] in 2020 and 348.46 [Gg CO2-eq] in 2030 in the RS, and while at the
same time gen er at ing elec tric ity amount ing to 19.740 MWh in 2020 and 23.501 MWh in 2030.

Ap ply ing the mea sure of meth ane com bus tion by flare re sults in an emis sion re duc tion 
of 51.03 [Gg CO2-eq] in 2010, 438.06 [Gg CO2-eq] in 2020 and 521.64 [Gg CO2-eq] in 2030 in
FBiH. Ap ply ing the mea sure of us ing meth ane to gen er ate elec tric ity re sults in a to tal emis sion
re duc tion of 67.22 [Gg CO2-eq] in 2010, 459.78 [Gg CO2-eq] in 2020 and 547.49 [Gg CO2-eq]
in 2030 in FB&H, while at the same time gen er at ing elec tric ity amount ing to 4534 MWh in
2010, 31.008 MWh in 2020, and 36.924 MWh in 2030.
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Ta ble  7.  Re duc tion in meth ane emis sion ac cord ing to the mea sure con cern ing meth ane 
com bus tion by flare and the mea sure of elec tric ity gen er ated from meth ane, in ac cor dance 
with the mit i ga tion sce nario for the RS

2010 2020 2030

Meth ane gen er a tion from Net MSW dis posed of in
land fills [Gg CH4]

35.90 49.18 58.56

Per cent age of meth ane combusted by flame flares
sys tem* [% CH4]

9 27 27

Emis sion re duc tion by com bus tion by flame flares
sys tem [Gg CH4]

3.23 13.28 15.81

Presentage of meth ane used for elec tric ity gen er a tion
[% CH4]

0 27 27

Emis sion re duc tion uti lis ing meth ane for elec tric ity
gen er a tion [Gg CH4]

13.28 15.81

Avoided emis sion from fos sil fu els due to elec tric ity
gen er a tion [Gg CO2-eq]

13.82 16.45

Net re duc tion of emis sion [Gg CH4] 3.23 26.56 31.62

* This assumes an EU-average landfill gas collection efficiency of 54% [5]



Above pre sented pro jec tion of GHG emis sions from this (waste) sec tor in cludes bal -
anc ing emis sions of meth ane due to de com po si tion of the MSW dis posed of in solid waste dis -
posal sites (SWDS). This bal anc ing in volves dif fer ent waste man age ment op tions and con se -
quent net re duc tion of MSW dis posed of in SWDS and there fore net re duc tion of the meth ane
re leased from the land fills. Pro jec tions of meth ane emis sions gen er ated by waste man age ment
have been based on the de fault IPCC meth od ol ogy method 1 [11].  

Ac cord ing to EU15-av er age costs and to tal po ten tial re duc tion of meth ane op tions in
the waste sec tor, in vest ment into land fill gas flar ing mea sure is 5 €/tCO2-eq, while in vest ment
into elec tric ity gen er a tion mea sure is 31 €/tCO2-eq [12]. In that re gard,  tak ing into ac count cur -
rent eco nomic sit u a tion in coun try as well, it is easy to con clude that coun try, and gov ern ments
of booth en ti ties,  have to  sup port and to ex pe dite con struc tion of re gional san i tary land fills with 
gas flar ing sys tem as first and prom i nent mea sure for re duc ing the amount of CH4 emit ted from
land fill.

Con clu sions

Ac cord ing to the ma te ri als pre sented above it is ob vi ously that re new able en ergy
sources have sig nif i cant cli mate changes mit i ga tion po ten tial. Bosnia and Herzegovina is
Non-An nex I coun try ac cord ing to UNFCCC and it is not di rectly ob li gated to re duce GHG
emis sions, but can par tic i pate to the global ef forts for GHG emis sion re duc tion. From that point
of view, one of the im por tant as pects are CDM pro jects, B&H’s is on a way to es tab lish whole
nec es sary mech a nisms for reali sa tion of such kind of pro jects. Re new able en ergy sources are di -
rectly re lated to the en ergy sec tor, but closely cor re spond ing with some other sec tor (ag ri cul -
ture, tour ism, for estry, etc.) as one of the most im por tant driv ers of sus tain able de vel op ment in
whole econ omy. Ac cord ing to that pro mo tion mech a nisms for RES, and the other nec es sary
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Ta ble 9.  In tro duc tion of mea sure con cern ing meth ane com bus tion by flare and mea sures con cern ing 
elec tric ity gen er ated from meth ane in ac cor dance with the mit i ga tion sce nario for FB&H

2010 2020 2030

Meth ane gen er a tion from Net MSW dis posed of in
land fills [Gg CH4]

56.40 77.27 92.01

Per cent age of meth ane combusted by flame flares
sys tem* [% CH4]

4.32 27 27

Emis sion re duc tion by com bus tion by flame flares
sys tem [Gg CH4]

2.43 20.86 24.84

Per cent age of meth ane used for elec tric ity gen er a tion
[% CH4]

5.4 27 27

Emis sion re duc tion uti liz ing meth ane for elec tric ity
gen er a tion [Gg CH4]

3.05 20.86 24.84

Avoided emis sion from fos sil fu els due to elec tric ity
gen er a tion [Gg CO2-eq]

3.17 21.71 25.85

Net re duc tion of emis sion [Gg CH4] 5.48 41.72 49.68

* This assumes an EU-average landfill gas collection efficiency of 54% [5]



mea sures are cru cial to be im ple mented in or der to po si tion RES on an ad e quate place in B&H
econ omy. 
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