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Abstract: Energy security and stability are currently the main issues throughout the
world. Applied research is carried out all over the world in order to increase a share of
renewable energy sources in the overall task of energy generation. In near future
environmentally friendly energy sources should be found that will enable the mankind to
cover its energy needs. Renewable energy sources are currently offered worldwide as an
environmentally friendly and acceptable solution; however, one may always wonder
whether it is realistic to expect such energy sources to be developed at a level sufficient to
meet the mankind’s ever increasing energy needs. This caution is caused by the following
facts associated with the renewable energy sources available today: the wind energy is not
everywhere available in sufficient quantities, solar energy is not sufficiently used,
hydropower (we refer to small hydro power plants), is not big enough for this quantity of
energy, geothermal energy can be optimally used only at places where thermal energy from
the inner core of the Earth is near the surface, tidal energy (energy of the waves) has great
potentials but is very little used due to its scarcity and non-accessibility, bioenergy, as a
substitute for conventional fossil fuels, is not completely environmentally friendly or accep-
table due to the emission of greenhouse gases in the atmosphere. On the other hand,
without implementing the adequate policies in the energy sector operation, it is not possible
to have any industrial, economic or social progress in the world. Energy security and
stability are only one part in achieving the ultimate goals: sustainable economy, clean envi-
ronment, high standard of living, prosperity and health of the population. In the light of all
the above, the paper will investigate the state and perspective of renewable energy sources
with a special emphasis on the potential of solar energy.

Keywords: renewable energy sources, solar energy, current state of solar energy,
perspectives of solar energy.

Energy stability is an important factor for the
development of any country in the world, because no
country in the world is able to develop its economy
or industry without energy stability; without it there
is no high standards of living, clean environment,
prosperity of the whole society or sustainable
economy. Energy is a priority that needs to be dealt
with in accordance with the policies of the world and
the European Union set for 2030, through the use of
renewable energy sources. Energy sources are limi-
ted, largely non-renewable and unevenly distributed.
Energy generation and utilization present a threat in
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terms of pollution of the environment on a large sca-
le and the consequences of the environment pollu-
tion cannot be localized just to the territory of one
country. International conventions and legal
frameworks relating to the environment protection
have become valid for and binding on all national
energy systems.

The current trends in EU in terms of invest-
ments in renewable energy sources are in fact
complementary with sustainable development. The
investments in the energy efficiency in Bosnia and
Herzegovina have a capacity of yielding multiple
benefits considering the current state, and of guaran-
teeing returns on investment in a relatively short
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time period. Bosnia and Herzegovina exploits its
mountains and rivers with a special emphasis on
electrical energy generation by means of hydro
power plants and considerable coal reserves for
thermo power plants construction. Renewable
energy sources such as wind power plants, electrical
and thermal energy are the types of production units
that need to be introduced in electricity generation in
order to comply with the national and international

requirements for the decrease of CO, emission.
Based on Figure 1 one can conclude that the trend of
utilization of renewable energy sources increases
over the years, and that the solar energy shows an
upward trend in recent years [curve (4) in Figure 1].
Renewable energy sources increase the sustainability
of the power system even in cases of possible energy
crises in electricity generation which is nowadays
heavily dependant on the supply of coal, gas and oil.
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Figure 1. Trend of use of renewable energy sources in the period 2004—2011

The Document ,,REN21's 2011 Renewables
Global Status Report (GSR)“, presents the fact that
currently 16.7% of energy worldwide is generated
from renewable energy sources. The strategic plan
for energy production from renewable energy sour-
ces for the world was not fulfilled, because it envi-
saged the production of 20% of energy from
renewable energy sources by 2011, while only
16.7% was produced. Furthermore, according to the
World Electricity Generation, 28.0% of energy was
planned to be produced from renewable energy
sources by 2030. At the conference in Washington in
March 2012, UN Secretary-General Ban Ki-moon
suggested that by 2030 the world should produce
30% of energy from renewable energy sources
[1,6,8,9,12,14,15]. The principal reasons for using
renewable energy sources are the following: protec-
tion of the environment, requirement for reduction
of greenhouse gases emission, reduction of hazards
related to nuclear energy utilization, improvement of
energy security, decreasing dependence on import of
energy and decrease in fossil fuels consumption,
improved economic competitiveness and creation of
new jobs and promoting new technology advance-
ments.

2. RENEWABLE ENERGY SOURCES
POTENTIAL IN THE WORLD AND IN
BOSNIA AND HERZEGOVINA WITH A
SPECIAL EMPHASIS ON SOLAR
ENERGY POTENTIAL

In order to implement the plans suggested by
the UN Secretary-General Ban Ki-moon, put
forward at the conference in Washington in 2012,
additional financial means should be provided to
invest in renewable energy sources. Investments in
renewable energy sources worldwide during the
period 2004-2012 are shown in Figure 2.

Figure 2 shows that during the period 2004 —
2012 investments in renewable energy sources on all
continents are continuous and that the trend of
investment is increasing. In China the investments in
2012 reached 66.6 billion U.S. dollars, and are hig-
her compared to the investment in 2011, while in
Europe and the USA investments in 2012 were
lower than the sum of investments in renewable
energy sources in 2011. Investments in renewable
energy sources worldwide in 2012 are shown in
Figure 3.
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Figure 3 shows that the biggest investments in
renewable energy sources in 2012 were in Europe
amounting to 79.9 billion dollars, and that China was
second ranked with 66.6 billion dollars. China shows
an upward trend in the investment in renewable
energy sources year in year out. The highest level of
investments in renewable energy sources in China
was in 2012. A share of renewable energy sources in
electricity generation is shown in Figure 4.
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Figure 4 shows the annual increase of
renewable energy sources in the electrical energy
generation worldwide. In 2012, 7% of electrical
energy worldwide was generated from renewable
energy sources and about 4,8% in the OECD countri-
es. A share of renewable energy sources in the elec-
trical energy generation and a cumulative increase
from the previous year is presented in Table 1.
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Figure 2. Investments in renewable energy sources in the world during the period 2004-2012
(billion dollars) [8]
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Figure 3. Investments in renewable energy sources in the world in 2012 (billion dollars) [8]
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Figure 4. Share of renewable energy sources in the electrical energy generation [1]
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Tab.1. Share of renewable energy sources in electricity generation and a cumulative increase compared to the previous

year [2]

Hydropower Solar Wind Geothermal Biomass
275,573 (-13.8%) 804 (8.3%) 5,593 (24.6%) 14,093 (-5.0%) 60,726 (1.9%) 356,789 (-10.6%)
216,961 (-21.3%) 822 (2.2%) 6,737 (20.5%) 13,741 (-2.5%) 49,748 (-181%) | 288,000 (-19.3%)
264,329 (21.8%) 857 (4.3%) 14,491 (5.5%) 53,709 (B.0%) 343,740 (19.4%)
275,806 (4.3%) 929 (8.4%) 1,187 5.0% 14,424 (-0.5%) 53,340 (-0.7%) 355,686 (3.5%)
268,417 (-2.7%) 1,020 (9.8%) 14,144 (26.4%) 14,811 (2.7%) 53,073 (-0.5%) 351,465 (-1.2%)
270,321 (0.7%) 1,145 (12.2%) 17,81 (25.9%) 14,692 (-0.58%) 54,160 (2.0%) 358,129 (1.9%)
289,246 (7.0%) 1,312 (14.6%) 14,568 (-0.8%) 54,759 (1.1%) 386,474 (7.9%)
247,510 (-14.4%) 34,450 (29.6%) 14,637 (0.5%) 55,539 (1.4%) 353,854 (-8.4%)
254,831 (3.0%) 2,208 (28.5%) R T(-0NE 5] 14,840 (1.4%) 55,034 (-0.9%) 382,276 (8.0%)
273,455 (7.3%) 15,009 (11%) 54,493 (-1.0%) 419,755 (9.8%)
260,203 (-4.58%) (ML we 0 94,652 (28.1%) 15,219 (1.4%) 56,089 (2.9%) 430,668 (2.6%)
325,074 (24.9%) LNk 0 9,747 (26.5%) 16,700 (9.7%) 56,732 (11%) 525,707 (221%)

|

Based on the data shown in Table 1, it can be
seen that there is a constant increase in share of
renewable energy sources in electrical energy gene-
ration throughout the world. In 2011, compared to
2010, there was a 65.5% increase in electrical
energy production using solar energy. A comparati-
ve overview of non-renewable energy sources reser-
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ves and the potential of renewable energy sources on
Earth are given in Figure 5.

Potentials for using of solar radiation on the
Earth are shown in Figure 6.

Figure 7 shows a graphical presentation of
solar energy utilization in the world during the
period 2001-2011.
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Figure 5. Comparative overview of non-renewable energy sources reserves
and the potential of renewable energy sources on Earth (terawatt/year) [15]
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Figure 6. World map of solar energy potential utilization [3]
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Figure 7. Graphical presentation of solar energy utilization in the world
in the period 2001-2011 in TWh [16]

192,2 billion dollars were invested in 2011 in
solar energy utilization in EU countries. A part of
this investment was intended for the development,
production and installment of solar energy utiliza-
tion plants. A share of renewable energy sources in
EU in 2010 (Figure a) and a share of renewable
energy sources in gross final energy consumption in
EU in 2011 (Figure b- green colour indicates the
data for 2011, gray colour indicates the plan envisa-
ged for 2020) are shown in Figure 8 [4,5].

EU has established a PV-net networking of
the representatives of research institutions and com-
panies dealing with the production of the facilities
for solar energy utilization. The average annual solar
radiation energy falling on the flat surface in Europe
(kWh/m?) and the average annual generation of elec-

trical energy (kWh) in EU from using solar energy
are presented in Figure 9.

17,3 TWh of thermal energy was generated in 2010
in EU in the plants using the energy of the sun,
while the annual turnover in the field of solar energy
production was 2.6 billion €. At that time the solar
power sector had 33 500 employees. One new
worker is employed on each 80 kW of installed new
capacities for utilization of solar radiation in EU.
Turnover is concentrated in local small and middle
scale companies. 13,4 GW, 21.9 GW of photovoltaic
systems were connected to the power grid in EU, in
2010 and 2011, respectively. The US industry for
the utilization of solar radiation employs over 100
000 workers, which is more than in the coal and
steel industry together. US industry for using solar
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radiation is the fastest growing industry. New jobs
are created in this industry 10 times faster than in the
whole remaining American economy. US industry
for using solar radiation includes over 5000 small
and middle scale companies [1,2,3,4,8,9,13,16]. As
for the investment in using the energy of the sun in
the world three countries are leading the way:
Germany with 15.0, Japan with 13.1 and Italy with

sl

g E e LS b -

a)

13.0 billion dollars. In 2012 Germany saw a decrea-
se of the investments in solar radiation industry by
15%. On the other hand, in 2012 Greece increased
the investments in the industry of using solar radia-
tion by 195%. In China, 0.16$ is earned for 1 kWh
of electricity generated from photovoltaic systems,
which is a good basis for a more extensive use of
photovoltaic solar systems.
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Figure 8. Share of renewable energy sources in EU in 2010 (Figure a) and share of renewable energy sources in the
gross final consumption of energy in EU in 2011 (Figure b- green colour indicates the year 2011, gray colour indicates
the plan envisaged to 2020) [4,5].

Figure 9. Average annual solar radiation energy falling on the flat surface in Europe (KWh/m’) and average
annual generation of electrical energy (kWh) in EU by using solar energy [17]

3. POTENTIALS OF SOLAR ENERGY AS
A RENEWABLE ENERGY SOURCE IN
BOSNIA AND HERZEGOVINA

Solar radiation reaching the Earth's surface
depends on the geographical position of the given
location and changes during the day and during the
year. Besides, solar radiation intensity decreases

with the decrease of altitude and the increase of lati-
tude.

The annual average of daily solar radiation
energy reaching the horizontal surface in Bosnia and
Herzegovina amounts to 3.4 — 4.4 kWh/m’. In the
northern part of Bosnia and Herzegovina 1240 kWh
of solar radiation energy reaches 1m” of horizontal
surface, and in the southern parts this amount per
1m?*is 1600 kWh [17].
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Figure 10. Exploitation of solar energy for different purposes
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Figure 11. Cartographic illustration of annual radiation of flat sui.’;c;ces by total solar radiation [10]

Theoretical potential for solar energy utiliza-
tion in the territory of Bosnia and Herzegovina amo-
unts to 74.65 PWh. Only in the previous few years
has Bosnia and Herzegovina started using solar
energy more extensively. Investments in installati-
ons for the solar energy utilization are characterised
by high initial investment, but also very low running
costs for the solar systems whose economic life is
about 25 years. In order to encourage the use of solar
radiation in Bosnia and Herzegovina, the federal and
entity authorities should introduce adequate feed-in
systems and other incentives in accordance with the
European and world standards in this field. In
Bosnia and Herzegovina, several photovoltaic
systems with the installed power of around 800 kW
are currently installed or in construction, which is
insignificant compared to the available potentials of
the solar radiation energy capacity of the country.

4. CONCLUSION

In line with all previously stated it can be
concluded that the trend of renewable energy sour-
ces utilization worldwide is increasing each year.
Renewable  energy  sources increase  self-
sustainability of the electro-energy system in case of
possible energy crises in electrical energy genera-
tion, which is nowadays dependent on the supply of
coal, gas and oil. The strategic plan for energy pro-
duction from renewable energy sources for the world
was not fulfilled, because it envisaged the produc-
tion of 20% of energy from renewable energy sour-
ces by 2011, while only 16.7% was produced. The
plan also envisaged 28.0% of produced energy from
renewable energy sources by the year 2030. Solar
energy is the most accessible renewable energy
source on Earth. In 2011 three countries are leading
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the way in investing in solar sources of energy and
these are: Germany, Japan and Italy. In 2012
Germany decreased the investments in the systems
for using solar radiation by 15%, while Japan increa-
sed the investments by 56 %, and Greece showed an
increase in investments by 195%. More intensive
utilization of solar radiation and other renewable
energy sources was encouraged in China by means
of adequate subsidies. Based on all the data and
conducted analyses it can be concluded that there is
a significant potential for solar energy utilization in
the territory of Bosnia and Herzegovina. Until now,
the installed power of photovoltaic systems in
Bosnia and Herzegovina is 800 kW.
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TOR

CTABE U [IEPCIIEKTUBE OBHOBJbMBUX N3BOPA EHEPTUJE CA OCBPTOM
HA TIOTEHIIMJAJI COJIAPHE EHEPTUJE Y CBUJETY, EBPOIIN 1 BUX

Cazkerak: J[aHac y IjeJIOM CBHjeTy TJIaBHO IHUTAamE je€ €HEPreTcKa CUTYPHOCT U
CTaOWIIHOCT. Y IHjeJIOM CBHjETY C€ BpIIE NMPHMjCHCHA UCTPaKUBama y UJby moBehama
yJjena OOHOBJ/BMBHX M3BOpA CHEPTHjE Y I[jeJOKYITHO] MUCH]jU IPOU3BOIE-C eHepruje.Y Omm-
ckoj OynyhHOCTH HEONXOHO je MpoHahn eKOJIOUIKH NPUXBATJbUBE U3BOPE CHEPIHje KOjH-
Ma he YoBje4aHCTBO MOKpPHUBATH CBOje eHeprercke morpede. TpeHyTHO y CBHjEeTy ce Kao
CKOJIOLIKH MPUXBAT/BUBO Pjelliehe Hy AU U Mpeiaxy oOHOBJBUBH M3BOPHU eHepruje, mely-
THM IUTakbe Ce IOCTaB/ba Ja JIM je peajHO OYeKHBaTH Ja he ce TH OOHOBJBUBH H3BOPH
€Hepruje pa3BUTH TaKO J1a MOTY 3aJI0BOJBHTH MOTpede YOBjeUaHCTBA 32 CHEPTHjOM Koje 3
IaHa y maH pacty.OBa OIPE3HOCT Ce jaBJjka W3 pasjiora MTO y 0OHOBJEHMBE M3BOPE CHPTHje
yOpajamMo: eHeprujy BjeTpa KoOja HHje CBYTOje IONTYIIHA Y IOBOJBHUM KOJHYHHA-
Ma,eHEeprujy CyHIa Koja HHje JOBOJbHO MCKOPHILITEHA, XUAPOeHepruja (MUCIH Ce Ha Mae
XHUJPOEJIEKTPpaHe) HUCY JOBOJbHE 38 TAJIHKY EHEPIujy, TeoTepMaliHa SHeprija Koja ce MOxKe
ONTHUMAJIHO MCKOPUILITABATH HAa MjeCTHMa T[je je TOIUIOTHA eHepruja M3 YHYTPaIllbOCTH
3eMibe je OyiM3y MOBpIIMHE 3eMJbe, CHEPruja MIMME U Oceke (BajoBa) KOja MMaja BEJIUKU
MOTEHI[M]aJl KMa MaJI0 UCKOPHILTEHE 300T cabe M0CTyMHOCTH,0NOCHEprija Kao 3aMjeHa 3a
KJIaCUYHa TOpHBa HHj€ €KOJIOIIKU IOTIIYHO NPHUXBAT/bHBA jep y aTrMocdepy HCIyLITajy
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pasHe mTeTHe racose.Y cBHjeTy HHUje Moryhe ocTBapuTH WHIYCTPH]CKH, €KOHOMCKH M
JIpYWITBEHH Hampegak Oe3 aJeKBaTHE IIOJUTUKE Y TIIOCIOBambY EHEPreTCKOr CEeKTO-
pa.EHeprercka curypHOCT M CTAOWIIHOCT, NpEICTaB/ba CaMoO jellaH MO y OCTBapHBamby
KpajibuX LHJBEBA: ONPKUBE SKOHOMHMjE, YUCTE OKOJIMHE, BUCOKOI JKMBOTHOI CTaHIapla,
MIPOCIIEPHUTETA U 3/[paBJba CTAHOBHUINTBA.Y OJHOCY HAa CBE HAaBEACHO y paxy he outu oOpa-
heHo cTame W TepcreKTHBe OOHOBJFMBUX HM3BOpAa CHEPTHje Ca OCBPTOM Ha IIOTEHITHjall
coJIapHe eHepruje

KibyuHe pujeun: oOHOBJbMBY U3BOPH €HEPTHje, COJNapHA €HEPruja,CTabe CoJapHe
eHepruje, MepcreKTUBe collapHe eHeprHje.



