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STUDY ON THE ESTIMATION OF OVERALL SOLAR POTENTIAL -
SOLAR ATLAS AND THE POSSIBILITY OF "PRODUCTION" AND  USE
OF SOLAR ENERGY ON THE TERRITORY OF AP VOJVODINA

- SHORT ABSTRACT-

The energy of solar radiation which comes to thelEgearly is around 170 times bigger than the
energy contained in the overall reserves of coghéinworld. The capacity of solar radiation on East
according to some estimations, around 14.000 tioigger than the overall energy consumed by human
kind today. The power of solar radiation that faltgo the Earth is around 175.000 TW. What kinc of
potential is that shows also the fact that entiogldvenergy consumption has the power of closely\i8
The energy of solar radiation that reaches thehBastirface, meaning potentially usable solar teaxdtiais
around 1,9 x 1 TWh (190 million of TWh) yearly. This energy iscaind 170 times bigger than the
energy of entire coal reserves in the world andpgamed to the needs of human kind for energy, that3
x 10° TWh (130 thousand TWh) yearly, we come to a déioval fact that the solar energy that reaches
the Earth during only 6 hours is enough to satifyneeds in the world on annual level. To get tigoe
insight for these values, an average householdmmesof the most developed countries in the world
spends yearly around 10.000 kWh of electricity, anebuld take 100.000 years to spend 1 TWh. Around
37 % of global demand for energy is satisfieith production of electricity which in 2008 wasound
17. 000 TWh.

Concerning that the Sun's energy, from the techsixgloitation point - is energy resource of
renewable feature (transformed solar energy wiiaonducted from the solar energy collectors (SEC),
permanently being in the process of renewal, ircthalitions of radiating solar energy), we cannpatak
of an energy resource as in other cases of nonwedie sources of energy. This resource depends on
insolational conditions, size and characteristit SBC (previously listed factors) and the time spén
exposure to RSE of radiating solar energy.

Of radiation from the Sun radiating on the Earthoge power density reaches the values from
970 to 1.030 [W/] - the useful radiation quantity on the unit oédrorientated area, depends on its
orientation (should be oriented towards south)itoangle (it is preferred to have Sun beams reggctiie
receiver at the angle closest to normal (direct)the radiation - the density of the power can iggdyr),
on the construction and energetic characterisfidheo solar energy receiver, part of the day, pathe
year, time of insolation, atmospheric conditionsl ather. The power of solar radiation changes durin
day, month and year. Its value depends on geogralghbsition, conditions of the atmosphere androthe

The number of sunny hours in Serbia goes in avdrage a bit less of 2.000 hours (in the North)
to more than 2.300 (in the South). It is a largaiug than in the most European countries, but oler s
potential is not used. The potential of solar epepgesents 16,7% of overall usable potential of
Renewable Energy Sources (RE®)Serbia. The energy potential of solar radiatiorfor about 30%
bigger in Serbia than in Central Europe. The averdajly energy of global radiation for a flat swda
during winter period goes from 1,0 kWHirthe North and 1,7 kWh/hin the South, and during summer
season between 5,4 kWH/im the North and 6,9 kWh/rin the South. The most favorable areas in
Serbia record a great number of sunny hours, amgehrly ratio of real irradiation and overall pbes
irradiation is close to 50%. Serbia has one ofttbst solar resources in Europe. Solar radiati@varage
is bigger for about 40% of the European average. ldtvest measured values of solar radiation iniSerb
could be compared to the highest values in the tdegnleading in the use of solar radiation, sush a
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Germany and Austria. For comparison, the averagigevaf solar radiation for the German territory is
around 1.000 kWh/f, while for Serbia it is 1.400 kWh/n
The number of sunny hours in Vojvodina goes frobitdess than 2.000 hours (western part) up

to 2.100 hours (eastern part). According Yaléntin Energie Software -TSol Pro 4.5" the average annual
value of global radiation for horizontal surfacebistween 1.294 kWh/mon the north of Vojvodina and
1.350 kWh/m on the south of Vojvodina, and 1.281 kWh/ran the west and up to 1.294 kWH/ron
the east of Vojvodina. This shows that on the saougce, the average yearly value of sun radiatien a
horizontal area for the territory of AP Vojvodirsmaround 1.300 kWh/m

The average daily energy of global solar radiateon horizontal surface at the territory of
Vojvodina goes from 1,0 — 1,4 kWhinduring January, and from 6,0 - 6,3 kWHA/muring July. At the
territory of Vojvodina, the annual average of dablar radiation energy on the surface leaned tdsvar
south under the angle of 30° results with 4,0-A\lart?
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The average daily energy of global radiation onneserface during winter period goes from 1,0
kWh/n? on the north of Vojvodina to 1,45 kWhion the south of Vojvodina (December - January) and
up to 3,55 (March), and during summer period betwe@0 kWh/m on the north and 6.85 kWhfron
the south (June - August). According to meteoraalgimeasuring made in the span of 30 years in ex
Yugoslavia, the values of radiating energy on stmézontal surface are larger from estimation value
(according tovalentin Energie Software -TSol Pro 4.5) for about 9 to 12%.

In the conditions of irradiation in Vojvodina - dapling on the season and atmospheric conditions
- the intensity of global radiation in afternoonun® can vary from 200 do 1.000 WinThe relation of
direct and diffuse radiation depends on geograplaice microclimatic conditions. Diffuse radiatiom o
the level of average for entire year makes 40-60global radiation, where during winter this
participation is bigger.

Solar energy collector, is put under a certain @rgld oriented to the south in the aim of getting
maximum energy effects. Due to the relative pasitibthe Sun to the place where the receiving serfa
located and its changing positions in the coursa dhy, month and year, it is necessary to prothde
immovable receivers with the right orientation @ahd maximum exposure of the receiving surface ¢o th
Sun, and by this to achieve better energy result.iBaccommodating conditions do not permit ideal
south orientation, it is not necessary to insisttloem, it is possible to position the same intdighty
turned position (towards south), without a big egeloss. In that way, for example, for places in
Vojvodina, the deviation of solar collector fromea south orientation of 15 to B@ssens the quantity of
radiation energy for about 5 to 10 % (respectively)

For the territory of Vojvodina a suitable angle sfmme south oriented surface (of solar collector)
for the maximum "catch" of solar radiation durimg twhole year, is an angle of around 40 ) 48d for
solar collectors that are mainly used during warmperiods of year (late spring, summer and early
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autumn), that is when better effects are expectédat period, the optimal angle is around. ®r solar
collectors where better energy effects are expdatedcolder year period (late autumn, winter aadye
spring) the optimum angle of solar collectors muad 66. So, for example, for a surface laid at the angle
of 3(° the annual value of radiated energy is bigger fooua 13-14% - in comparison to horizontal
surface.

From the energy sector point of view, solar radiafpresents a resource that is available for use
and the substitution of considerate quantitiesarfventional energy forms. Its limited use is caulgd
technological and economical problems. It is a helgergy source with which demand for the energy can
be covered for a very long time. Solar energy tieaiches the Earth's surface during only 6 hours is
enough to meet entire world needs on annual level.

Since the angle covered by the Sun's ray withadtizbintal projection changes during day, month
and year - the optimum angle of static receivindeme presents compromise solution according tahvhi
this angle suits medium angle for a certain perddexploitation during a year. In table 3.5 the
dependence of the angle of receiving surface stilar energy receiver (in relation to the horiabnt
surface) from the season for achieving maximum gneffect on the static receiving surface in that
specific period is given. For the territory of ARModina, a suitable angle of some south orientethse
(solar collector) for the maximum "catch" of soladiation during the whole year equals the angle of
around 40 to 45 and for solar collectors that are mainly usedrduwarmer seasons (late spring, summer
and early autumn), that is when better effectseapected in that period, the optimal angle is ado80.

For solar collectors where better energy effectseaapected in a colder year period (late autumniewi
and early spring) the optimum angle of solar cadesis around 60 So, for example, for a surface laid
at the angle of 3the annual value of radiated energy is bigger foua 13-14% - in comparison to
horizontal surface. For a surface at the anglédadnual value of irradiated energy is bigger fopetl2
to 13% - in comparison to horizontal surface.

The receiving surfaces that are located north efEhjuator (on northern hemisphere), and that
have a certain angle in relation to horizontal Jlisbould be oriented towards south. Static surface,
oriented so, can receive the most energy during lbegause each different surface of the same nite a
under the same angle, whose projection of norm@ barizontal surface is not strictly oriented tods
south - receives less energy during the day. $f ¥hriation is larger, the received energy is I€sgenting
the surfaces (collectors) of solar installationsauthern Europe, in order to be used whole yaardois
most suitable when directed to south under theesngf closely 35 to 45°. This angle can be lesgeif
want to use the system more during summer seasamom if we want to use the same system during
winter more. Naturally, the best orientation is 8wuth, with maximum of varying of 45° to east @siv

Solar energy can have a significant place in eneam®gtor of a country because it presents
renewable and inexhaustible energy resource. Notsgime attention to renewable energy resources is
paid everywhere in the world. We can freely say tekatively small number of countries - the onasst
developed - pays more attention to this issua. iliteresting that the energy technologies basdtense
of solar radiation are being developed the mosedmnologically and economically powerful countries
There are several reasons, from which the mostritapioare strategic, economical and ecologicabfact

Solar energy is, ecologically seen, clean energgsetenergy technologies in application do not
pollute the environment. It presents a resource ¢aah country has available, without being import-
dependant. It is especially significant fact thhé tplants for solar energy use can be constructed
immediately next to the consumers - without siguaifit investments into infrastructure. With techhica
means solar energy simply is transformed directitp iheat and, directly or indirectly, into elecityc
which enables fast application in all energy preess The use of solar energy in all segments abgne
consumption is in significant increase in many ddaes of the world today.
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Solar energy provides various possibilities for laggpion. Contemporary solar systems provide
the use of solar energy during whole year. TheséeBys can satisfy up to 35% of all demand in North
and Central Europe, more than 50% south of the,Adpd even up to 70% in the south of Europe. At the
same time, the emission of poisonous gases intatthesphere is considerably lowered, which makes a
good argument for the use of solar energy. Fromtioe solar energy use point of view, importanthie
guantity of energy that reaches some surface daridgy. This quantity depends on the latitude,®eas
orientation of receiving surface and meteorologamaiditions. The first three factors are of geoinalr
character and there are calculation methods ofr thedcise determining. However, meteorological
conditions are a variable factor and reliable databe reached only by measuring during many yéars.
the use of solar energy data on middle daily suooring to months of a year, as well as data onaaee
temperatures for the same periods are importagteAt role in the use of solar energy have theeshihp
size of the buildings, orientation, materials uaed other. Also the environment is important, drdhare
shades from other buildings and other.

By passing a Directive on Measures of EncouragenientEnergy Production by Using
Renewable Sources of Energy, with the decisiohefgovernment of Republic of Serbia, pre-conditions
to start more intensive use of transformed solargnin households and economy of Serbia and
Vojvodina province have been established. The dirthis study is to thoroughly check energy and
exploitation possibilities of the solar energy usall areas of energy consumption of Vojvodinag &m
present relevant framework for decision-making ba &pplication of these technologies to potential
investors.

The use of RE&nd with them of solar energy, contributes to meffecient use of our own
potentials in producing energy, decrease of "gitemmse effect” emissions, decrease of the import of
fossil fuels, development of local industry andatieg new jobs.

By analyzing the data on solar radiation, it hasrbeonfirmed that the change of integral
radiation during time does not derogate more tHgh%. Scatter, or the concentration of air moleswlf
water steam and particles of dust and smoke inath@osphere affects decrease of solar radiation
throughput on the Earth's surface. The absorptfaadiation energy in the atmosphere is definetha
function of water steam content and optical air sn&ptical air mass is determined by the lengtthef
radiation trajectory through the atmosphere, whargical trajectory is taken for a unit of mass. By
measuring and calculations, it has been deterntimat due to the rays' reflection from the atmosphe
and absorption in the atmosphere, with normal aoflediation and small content of water steamt dus
and smoke, the intensity of radiation is decreaBeg to that, solar radiation that reaches surtddbe
Earth (in our area), is from 970 [W#n in summer and 1.030 [W/h- in winter. Most often in the
calculations a middle value of power of [Winis used. The change of distance between the Sdiha
Earth during the course of a year influences tlangh in values of radiation that reaches the ulayers
of the atmosphere. This change is included inithéd of variations of +3%. Evident and scientifily
determined fact, according to which the strengtsaér radiation on Earth (in our area) during eirs
even more than 5,8% from the strength of radiaticcummer, can be seen in previously mentioneds Thi
increase of radiation strength is based on thetfattthe Sun, for northern hemisphere, is closgh¢
Earth during winter than in summer, for around 3%e overall effects of radiation energy are sijger
in summer in certain areas - due to the longeedtajy of the Sun over the skies (longer days).

The Sun, as a source of energy, has very staldeteffid intensity of radiation until it reaches the
Earth's atmosphere. The decrease of this radiatidghe Earth's atmosphere under the most favorable
conditions goes within limits of 23,9 to 28,3%. Bakcept for yearly, monthly and daily changeshsf t
intensity of solar radiation on a certain surfadetlve Earth, the changes appear depending on
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meteorological conditions of the atmosphere, a$ agthe angle of arriving rays onto the Earththar
surface they reach.

In geographical conditions of Vojvodina, the enethgit reaches a horizontal surface of 4 m
creates values of minimum 1.350 to maximum - 1188M/yearly. This is equal to the quantity of hegtin
energy, that is possible to get by burning appretaly 160-180 rhof natural gas.

Having in mind that the Sun's energy, from the méedd-exploitation point - is energy resource of
renewable feature (transformed solar energy wtiatohducted from the receiver of solar energy (RSE)
is permanently being in the process of renewath@éconditions of radiating solar energy), we cdnno
speak of an energy resource as in other casesnefemewable sources of energy. This resource dspend
on insolational conditions, size and charactesstitSEC (previously listed factors) and the timparsof
exposure of RSE to radiating solar energy.

Of radiation from the Sun radiating on the Earthoge power density reaches the values from
970 to 1.030 [W/j - the useful radiation quantity on the unit oédrorientated area depends on its
orientation (should be oriented towards south)it®angle (it is preferred to have sun beams reacthie
receiver at the angle closest to normal (direct)the radiation - the density of the power can iggdr),
on the construction and energetic characterisficthe solar energy receiver, part of the day, pathe
year, time of insolation, atmospheric conditiond ather.

The energy of radiation that reaches some surfadben Earth depends mainly from the duration
of sunshine. Insolation depends on the latitude ssason. The difference in time from dawn till ®ins
gives the time of insolation duration to which korital and uncovered surface is exposed. Thisddri&
equals to around 15 h - in summer and 9h-in wifReal duration of insolation is significantly shartiue
to the appearance of clouds and fog, and also deggenn the conditions of atmospheric pollutiortret
monitored area. It differs for surfaces that atehegizontally, vertically, or at a certain angkdating to
the surface of the Earth. Energy inflow of soladiation is not proportional to insolation duration.
Meaning that a part of the energy is lost by galmgugh the atmosphere due to oxygen, ozone and CO
absorption. The loss is greater as the Sun isrctogle horizon. Next to that, radiation energgttars in
its passage through the atmosphere, and the bifggsshappens immediately after the sunset. So, the
overall radiation that reaches the Earth's surfamesists of immediate - direct and indirect - diéfu
radiation, which is a part of scattered radiatioergy. Because of all this the strength of radmatiat
reaches some surface, and which could be enerdulusensiderably varies during the day, and its
changes depend on the season and the positioa mddfated surface.

Very often the energy of radiation is presentethasenergy that reaches the surface of the Earth
during the day, of course during the time of inota This energy depends on the conditions of
cloudiness and features of the atmosphere, baigisb necessary to know the potential radiagitergy.

It is the maximum energy that reaches the surfaogugh dry and wet atmosphere. It depends on the
latitude and altitude and it goes less as altitddereases and latitude increases. At the latitdd&30
degrees the potential energy equals around 2.500/mkf\yearly, and at the latitude of 46 degrees of
around 2.400 kWh/fryearly.

For a spectator from the Earth, two angles defigeposition of the Sun. Solar altitude angle is
the angle between the Sun and horizon. During Oearies between 0 and 9T he zenith angle and solar
altitude angle added equal®@0Solar azimuth is the angle in horizontal linéwseen reference direction
(north) and the Sun. This angle varies between0-at@l +188.

For calculating solar installations, the systems feceiving solar radiation, the significant
influence has so called "solar window". Solar vands the surface of sky amidst the Sun's trajgctor
summer and winter solstice for a certain locatitime knowledge of a solar window for a specific ¢ity
important for the right positioning and directing solar collector in order to get optimum energy
characteristics, and to avoid shades from treds#rer buildings.
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The strength of solar radiation varies during dayonth and year. Its value depends on
geographical position, conditions of the atmospla&e other. All this points to a great variabilitfysolar
radiation strength. Still, these changes are sliigiss than for example the change of the streafjthe
wind), and they can be foreseen with bigger or Enakactness, because the rhythm of these phermomen
is familiar (dawn and dusk). The intensity of amble radiation we cannot predict utterly precisély.a
source of energy, solar radiation is more suitabian - for example the wind - concerning the
predictability of the phenomenon, but it is leggable because there is no radiation at nightitisdess
intense during winter when energy consumption ggéi. Plants can function only during daily cycles,
which does not coincide completely with the rhytbhenergy demand. Additional plants have to betpuil
or to ensure the accumulation of energy, by whighgroviding of consumers would be secured even at
night or in worse conditions of insolation.

The greatest participation in getting the energy solar collectors have direct and diffuse
radiation, whose intensity changes during the y@gpending on the change of seasons. naturalintst
of solar energy is achieved during summer monthsmnthe intensity is the strongest. The maximum of
solar radiation happens in June, and minimum atttteof December and beginning of January. During
the duration of a day generally, the biggest rimtiateaches the Earth at noon when the positictnef
Sun in the skies is the highest and the trajeadbpassing solar radiation through the atmospleréhie
shortest.

Technologies for using the energy of solar radiatice based on two main principles which are:

- the use of heating effect of solar radiation, rghthe energy of solar radiation is transformed
into heat at the absorber of solar energy collggteating SEC). In these types of SEC an averagede
of the transformational efficiency of radiated sa@aergy into useful redirected heat - is from 8%5%%
and

- on the use of photoelectric effects, where the'sSlight is directly transformed into electricity
photovoltaic receiver of solar radiation - phototlie SEC. With these types of SEC, the irradiated
energy is transformed into usefully conducted eigity with efficiency of 10 to 20% - depending time
type and construction, exploitation and insolatonditions.

Flat low-temperature receivers of solar radiatiom #chnically the simplest receivers from the
aspect of construction (production), and the warkiemperatures of up to do 10CC] (with so called
"idleness" and up to maximum 188C]]) are achieved. Also the heat is redirected fI®BEC with air,
water or some other liquid derived on the basi%aoti-freeze" (working medium) - and delivered he t
consumer - directly or indirectly through exchangkheat and heating units.

Solar energy systems that are based on the appficat SEC of these characteristics, are used
mainly for preparation of hot sanitary and techgatal water, in the processes of drying various
agricultural and industrial products, for heatimg tspace and other heating processes where working
temperatures go up to 108]. In the conditions of Vojvodina solar collect@se the most suitable for
heating water in all processes, facilities, esplgcia households. The average surface of a comiaderc
collector type is around two square meters and tatvom collectors are necessary for water heating in
smaller household.

Special technology for the use of heating effdciatar radiation present so called "passive solar
systems" by which the heating for facilities inshitsuses and other structures is provided, and where
receiver of solar energy is derived on the basistefyration of the heated object and the receibeolar
energy.

Systems that concentrate solar radiation are bagedatching solar radiation from a bigger
surface with suitable mirrors (parabolic, hyperbolparabolic-cylindrical, flat - heliostat systerand
other) and reflecting - with significant degreecohcentration (increase of the power density)henright
absorber where temperatures of 200 to thousandeledelsius are created. This is one of the reasons
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why the use of flat collectors for low-temperataggplications are more suitable than concentratimeso
which can make use only from direct radiation.

With solar combined systems (with larger numbersofar collectors) in certain measure the
heating of facilities during autumn and spring nfenis provided. In this way, with optimum planned
plant - installation, solar energy can provide 2030 (40)% of overall energy need of the building,
depending on how well it is insulated and what degof heating we aim to. With specially designed
buildings - houses, with application of combinedtireg the energy demands of the building of upQadb
90% can be covered.

This resource depends on insolational conditioim and characteristics of SEC (previously
mentioned factors) and the exposure time to SE®m fone square meter of SEC around 500 do 800
(kwh) of heating energy can be achieved yearly,ickviis closely equivalent to heating energy that is
achieved from 50 to 80 liters of distillate oil.

In winter period, in our area, overall energy efffe€solar radiation is less than in summer, but
still efficient enough for use. So, for examplepnfr commercial types of solar collectors, in heating
season, it can be produced - per square meter endgy - energy of (depending on the month and
location) 1,2 to 3,0 [KWh]. This means that RSE30 days in a month can give to a consumer ofitngat
from 36 to 90 [kWh] per one square meter of thdectbr. RSE whose surface is ten times larger can
provide from 360 to 900 [kWh] of energy monthly,daa collector of 30 [f} - from 1.800 do 2.700
[kwh] monthly - which is from the aspect of the dder heating already a considerable quantity @fthe

In the heating season it is possible to achievarseldiation of around 360 [kWh] of heating
energy from one square meter of SEC, that isy@saund 11.000 [kWh] from the surface of 3G[m

Since the temperature of warmth in solar colle¢teith recommended speeds of current) in
winter period goes mostly from 40 to 60 - maxim8[°C], it is clear that with the systems of central
hot-water heating in the period of lowest tempeeguthey can not be used as necessary. But ifnekte
conditions are more favorable, that is, when edletemperature is around 0] and more, the
possibility for using the heat from SEC is larg&hen boiler installation functions mostly with the
temperatures of 60/45C].

This means that the best effects for heating famdyses and apartments can be achieved in
transitional periods. Even this contribution isysignificant. If in the system of hot-water heatininder-
floor heating with floor panel is applied, whicmfttions with lower temperatures, the effects ofmiag
will be even better. The best effects are achidyedpplying air system of heating. Energy effedtsadar
systems with heating houses or apartments depemdoos factors, among which the right and optimum
planning has the top role. Thermal characteristfosnder-floor heating directly influence the qugnof
heating loss, and with this the needs for heaimgygy.

Vacuum pipe solar collectors, for its specific domstion, basically present a special subgroup of
solar collectors. The are consisted of several wacpipes with the absorber inside, where the system
collector is formed by connecting separate elementsicuum pipes with its own absorber, arrangea in
line - forming a unit collector of measures similar flat collector. Vacuum collector consistsléfto 30
vacuum pipes that are connected to the excharfidezad through which runs a fluid being in the reat
process.The price of such collectors - vacuum pipe - is émound 50% highethan of the classic
collectors. Because of this, they are recommendedatilities where there is a constant need far ho
water, especially where bigger quantities of hateware needed.
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In residential buildings there are two types ofasdheating energy systems: the ones used
specifically for water heating and those which nextit provide general heating (combined systems).
Solar/thermal energy systems for consumable watatiig are designed in such a manner to have
dominant role during the warmer part of a yeardonsumable water heating. During winter season hot
water is provided with boilers that usually function electricity or indirectly from conventional dting
system in the building, and during sunny days #upported by thermal energy system. This mearts tha
around 60% of yearly needed energy for heating wnable water can be achieved by solar thermal
energy systems.

With solar combined systems (with larger numbersofar collectors) in certain measure the
heating of facilities during autumn and spring nfenis provided. In this way, with optimum planned
plant - installation, solar energy can provide 2030 (40)% of overall energy need of the building,
depending on how well it is insulated and what degof heating we aim to. With specially designed
buildings - houses, with application of combinedtirey the energy demands of the building of upQadb
90% can be covered.

It is necessary to know that solar system is onda@foptions for preparing sanitary hot water and
support for heating the space, and justificatiod #me pay off exist, thanks to achieved savings, in
comparison to classical sources of heat. Clasbmitgr or other source of heat in a family houssame
other building we consider as necessary investnaert,to which we do not consider its pay off, beeau
it is not possible. Contrary to that, solar systdmisg significant cost-cuts thanks to which. aftarting
investment , we use attained energy for free speak. The life span for quality systems is 25-8ary
(except the boiler for drinking water and circubatipumps), and that is the reason why solar collecre
good investment for the future, and less dependanthe price rises of classical fuels. Still, itriet
possible to generally establish the time for palhafche investment of solar system, because iedép
on many factors, as for example the type and matwer of the collector and accessories, the way of
preparation sanitary water and heating till preste price of heating, natural gas or other fuid
similar. Without the support of a foreign counthettime for pay off is rather long in order to lokjil
simultaneously with solar systems, modern, moreiefft practical systems. Thinking about investing
into solar collectors is, because of that, mostablé with replacing or reconstructing the obsokatel
inefficient, or rather expensive heating systemg.(electrical heating), as well as in the caseaf
building.

Heating solar systems are mostly used for heatimitag’y water, heating technological water ,
water in pools and other. It is possible to usentladso as a support to heating various facilitibsuses,
halls and other, but this application is more dlé@afor buildings that use low temperature systeris
heating (under-floor, ceiling or wall) and that arell insulated, meaning that their temperaturedssare
on the level of low energy buildings. In climationdlitions of Vojvodina the application of solar
technologies is combined with other sources ofihgafor providing enough quantity of heat in the
conditions of less insolation or absence of ingmafin the evenings, mornings, at night, in winggc.).
The water for the needs of heating, heated by smiflectors can be also used in systems of central
heating or central heating provision (CHP). Gerendewed, solar energy can cover 50 -70 % of yearl
needs for the energy for heating water in househdll summers and transitional periods,so to say,
entirely, while during winter it is enough for pheating of cold drinking water. Except in the fiail
apartment building and family houses building, pubhfrastructural institutional buildings (hospga
sanatoriums, schools, hotels), present furthempialesphere in application of solar heating pla@esod
application of solar installation can be found whbkating open and closed swimming pools, small
buildings of power-maintenance services, publititimsonal buildings (customs, military installatis and
other), restaurants, agricultural companies andeaslly for the heating of consumable water in
agricultural industry, food industry and other.
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The production of photovoltaic mechanisms doublesyeyear with average growth of 48% since
2002, so that this line of industry shows the biggkevelopment in the world, in comparison with tbst
of energy technology lines. From the economic dsfiee price of the electricity derived from solar
energy is continuously falling as a result of tembgical enhancements and growth of mass produyction
while it is expected that the fossil fuels will loege significantly expensive in the near futurettis time
for Serbia - Vojvodina, it is more justified to enrage the use of energy from solar radiation lier t
production of heating and electricity for houselsplthdustry and some agricultural works because of
smaller investments. Encouragement and buildirgrger solar power plants on the basis of photaimlt
systems is justified as well. This policy would,@rg the rest, be useful for the development of dizie
economy as well as the employment of people infitld of clean energies. But viewed long-term, the
future of converting solar radiation is in PV teology and its integration with other branches of
technology, which is in accordance with the attitsidplans and current condition in the EuropearmtUni
and other economically leading countries of thelevddue to this, only mechanisms and systems based
on photovoltaic conversion of solar energy andaklét program, plans and possibilities for use and
development in Serbia and Vojvodina, are beingudised.

From economical perspective, on the basis of indeget comparative tests, the most efficient are
systems for heating sanitary hot water. This ifiomed also by comparative tests done for monit@ned
tested houses. In this comparison, mainly attaipeger was taken into consideration (yearly saved
energy, the degree of usability, the quantity df Wwater), also work and maintenance, ecologicaéetsp
and energy amortization, safety and simplicity s§eambling. From comparative tests we can conclude
that great investment costs are 2 to 3 times biggér combined systems than with the systems
anticipated just for the heating of sanitary watatith the support for heating the space, it hasesom
economical cost-effectiveness but only with low-pamature heating systems (e.g. under-floor heating)
and houses with small heat losses.

Four reasons why Serbia should enlarge the apiplicaf solar energy is:
- Over 55% of overall energy is used in househoidSerbia in the form of electrical energy, fromigéh
a great part for heating the sanitary water.
- Cost-cutting for heating sanitary water of arodto 70 percent is achieved yearly, which leads
unloading the house budget.
- The employment in the process of research, ptamiyassembling and maintenance of solar equipment
is raised.
- By achieving considerate application of solarrgpeve get closer to suggestions of the Europeanrun
on the use of renewable energy resources whei®uhéas a large role.

Researches and commercial applicatidgherarea of technologies for the use of solarggnierthe
processes of heating and producing electricity esva result in the previous decades enough immagcat
and practical experiences - so it could be said thase technologies, mainly, have outgrown basic
research and experimental phase, and have achigadicant degree of practical application and
commercial maturity. Of course, this does not miba further researches in the direction of coniqger
new, more efficient, more technologically advaneed more efficient solutions, suitable for widedan
further application in practice in everyday lifedawork, are not needed - as well as the systeliable
enough and efficient enough in the sense of usaiiious processes of heating (water, space and)othe
pre-drying and drying (of agricultural and induskmproducts), production of electricity for everydase
and similar. It can be concluded that the worldasdhdustry, even today, has available reliable
technologies and long-standing experience of pralctipplication. In this sense the systems forus®eof
solar energy for various lower temperature procegse 100°C) are acceptably reliable, efficient and
commercially mature. That, above all, relates te tise of heating effect with lower-temperature
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conversion of solar radiation into heat - for theeds of sanitary water heating for the consumgfioall
segments of use - from households, tourist faedljtestablishment buildings to industry), technicater
(in agro-industrial and industrial processes) atie:io

The use of lower-temperature solar plants (soldlectors) in the processes of pre-drying or
drying of agricultural products or in industry - ofdustrial products (processes that demand working
temperatures of up to 10C) is practically applicable - whether directly y pre-heating of the drying
agents (air and other gases) - in air collectorsindirectly - by solar collectors with liquid warlg
medium. It must not be forgotten that low-tempematsolar systems (collectors) provide preheating in
high-temperature processes. Because in all pracesadether they are low or high-temperature - the
heating is done from some lower temperatures (tesmyee of the environment) to some, technologically
needed temperatures.

When we consider medium-temperature solar sys{eorgentrating systems with a line center)
with working temperatures over 180 - mostly with temperatures from 200 do 3a0- their application
in practice is also long-lasting. However, thesgt@ys are less present, although they are techynézal
technologically mature - they reached sustainaitkeraliable technical level. Smaller presence acfice
is conditioned by lower demand (lower presenceraciice), when their usual working temperatures are
in question. As it is listed in the descriptiontethnological solutions , these systems are basediwed
reflecting surfaces - mirrors (parabolic cylindlior similar - so called "baths" which have thedé¢for
bigger efficiency and effectiveness in work) tugniffollowing the height and daily movements of the
Sun in the skies) mainly on one axis. Also, impatrtg the fact that these systems cannot techyical
"cover" diffused solar radiation that is often doamt in winter period, and it is also significantdther
periods of year (with cloudy skies). Important isoathe request for reflecting surfaces (mirrorfsjhese
types of collectors to be clean - with high degréeays reflecting on the central zone where thepeter
RSE is positioned. This means, no matter the tdobieal maturity of these receiving systems, and
considerate practical experiences, and past expetahphase - these systems cannot be considered as
dominant for broader application in practice, exdepspecific cases when - the absence of convesltio
infrastructure provides the application of thesstays - for production of electricity or mechanical
works.

Concentrating and heliostat systems have also leese for a long period - as a support to
production of electricity - and this almost - as experimental phase. Relatively small number of
completed plants in the world, with power of 5 €oNBW - and that in the areas with high value ofrjyea
insolation and high percent of part of direct adidin in global (smaller percentage of diffuse atidn
during year) are one of the important pre-condgidor successful techno-economical exploitation of
these systems. This system with a large numbelabfrfirrors - heliostats - computer directed - vhic
(each) has to have a possibility of permanent tigroif two axes, so they could follow the changSwfi's
position during day (height and daily pace) - pnésrore complex system. Having as well in mind that
the keeping reflecting surfaces - mirrors clean avith unchangeable reflecting characteristics -
additionally endangers the system parameters. Woqgtriences and suggestions predict - recommend
the building of heliostat solar power plants in Hreas where they produce over 1.600 kWh per square
meter - of yearly radiated solar energy. Vojvoduith its 1.200 to 1.400 kWhm- does not, today, fall
into the group of territories suitable for applioat of these types of solar power plants. Howetlezse
recommendations do not exclude the building ofdt®stems on the territories with less insolatidiit-
the period of paying off the system is in this chm®ger - which raises the specific price of prastlic
electricity. These types of power plants fall immre complex types, with relatively small number of
constructed plants in the world, with bigger stagtinvestment (3 to 5 euros/W of installed powatdre
complex system of directing, maintenance and otdaving in mind exploitation characteristics aslyel
and impossibility of catching diffuse solar radiatithat significantly participates in global radbat- and
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on territories such as Vojvodina - importantly affe smaller justification for building these typek
power plants in Vojvodina.

Systems for photoelectrical (photo-power) conversid solar radiation into electricity are far
more suitable for broader use in practice. Thi® akdates to smaller systems with accumulators of
electrical power where electricity is stored (iteat words the excess of produced electricity) dutive
day - when there is not enough solar radiationhtnand day - in cases of extreme cloudiness). Solar
systems where produced electricity is kept in aedators, consists of solar cells, regulator forrgivay
the accumulator and accumulator. With this systemireverter for converting direct current into
alternating current is also added. The second ¢fpde system is based on joining the photo-voltage
system - via converting the inverting system - diseto power network (without the accumulator of
electricity). Solar systems for producing electyidhat are joined to the city's network, consitsolar
cells (modules), converters of direct into alteim@apower (inverters) and electricity meter.

Thise system, on the contrary to the power plaiits @ncentrating mirrors, can use also diffuse
radiation for producing electricity. (The quantif/produced electricity with diffuse radiation ifamurse
less from the one produced during direct exposusolar radiation. The advantage of these typesslaf
power plants is in the possibility of type buildinfsystems with high and low power. These are Emp
systems (usually built without the possibility dfamging the angle or turning.) And as static syste
work efficiently and reliably enough. They are easymanage and maintain. The price per Watt of
installed power for these power plants goes froto 3 Euros. Today in the world, commercial power
plants of this type are common and work, wheretfingier exposure to the Sun and intensity of solar
radiation mainly do not exist (for average condip Since photo voltage systems produce direct
transformation of solar radiation into electricityhese systems do not have (static) movable mézian
subsystems that are important for function and teaance.

The conditions of installation and other conditidmisareas in Vojvodina are suitable for building
and exploitation of these kinds of plants. These systems that, through up till present researahes
exploitation reached full maturity and needed héliy in work. Further researches connected with t
enhancement of energy efficiency and lowering thigai costs for photovoltaic panels are continying
where the application of the reached technicaltwla does not present a problem.

Having previously mentioned in mind, and in thenfeavork of this study - presented and
explained - it can be concluded that for the neefdsarious energy consumers in Vojvodina, today
application is, recommended, compatible and ridiabough and techno-economically (and ecologikally
justified for:

1. Low temperature solar systems (with flat theromdllectors) in the processes of heating sanitary
and technical water for consumption in househalditutions, tourism industry, health care, indysind
everywhere where there the need for heating (ehpating) of various fluids exists.

2. Photo voltage conversion systems for produciegtecity - from small power (mini-plants) to
middle and larger power.

In the field of heating conversion of solar radiatithere are several roads open for developing,
research and innovation. The development in theohteermal use of solar energy is not so conmkecte
with the expensive equipment, which is the casé pitotovoltaic conversion. Systems for concentgatin
solar radiation, hybrid systems (combination oftimgaand photo-voltage conversion), air collectors,
integration of existing, or new components, intddings, application in distillation and desaliniizan of
water, pasteurization in food industry, dryingaigriculture and storing heating energy - are just part
of the program which is possible to develop by ladé potentials in Vojvodina. The present policy,
connected to the decision about granting significaonetary means for recovery and development of

15



STUDY
ON THE ESTIMATION OF OVERALL SOLAR POTENTIAL - SOLR ATLAS AND THE POSSIBILITY OF
"PRODUCTION" AND USE OF SOLAR ENERGY ON THE TERRIRY OF AP VOJVODINA - SHORT ABSTRACT

science in Serbia, points to the opportunity fopat (at least 1%) of these means to be spent for
applicable solutions in the area of renewable gnezgources, where special attention should be tpaid
solar energy.

To make the use of solar energy more intense ivddipa, there should be a favorable business
climate for the development of domestic solar eapgipt industry, on the basis of our own research an
development. In present conditions it is even fdsgb produce the equipment of suitable qualitg ah
lower prices in comparison to imported one.

It is necessary to set as a goal to have all nemdbleating water up to 80°C in residential
buildings and industrial processes met by usingrsehergy. In this way the building industry wole
encouraged to deal more seriously with this sowteenergy. It is also necessary to encourage
developmental and innovational activities in tedbgg and solar equipment production, which willrgyi
domestic industry to bigger efficiency and loweicps. In this we must also not forget continuous
promoting, advertising of the use of solar enevgyere a big role should be played by NGOs and media

Vojvodina has available resources of solar energy devel quite above the European average,
with favorable season schedule. Its efficient amdyiterm use is necessary to be elaborated irhthrtest
period coming. To intensify the use of solar enérgyojvodina, a favorable climate for the develaprh
of domestic industry should be created. In presentlitions as well, equipment of suitable qualibyid
be produced in small batches and of a suitablepiéss than of that from the import.

The application of solar energy presents good wmayotver the consumption of electricity
everywhere where it is possible. No matter thetiisainvestment into solar installation is relativligh
(almost 500 euros for one kW of installed powerpays off to invest because it will have safe eadain
market. If in this price we calculate everythingatthsimultaneously accessorize well planned and
organized work, such as research, developmentuptioth, marketing, creating professional, scieatifi
and production staff, conquering new technologiegort of the biggest part of production, raisihg t
employment in basic and following fields of worthen the price is quite lower, and a positive epamgd
economy effect is reached. In the period from 1875990, in Sebia and Yugoslavia, the atmosphere of
research, development and application of solarggnems created. In that period several producers of
solar collectors and accessorizing gear existethédaus and big systems for heating sanitary wagee w
built, and that mostly in hotels on Adriatic coastd tourist centers. Today in Vojvodina there ave t
producers of solar heat collectors and several itepof entire systems. Installation of the emépt
for solar heating of sanitary water is based onitidévidual feeling of the investor to make in Ihisf
home or company something that is natural and nommaise what comes to the roof for free, and also
that to be completely pure.

Entirely viewed, in Vojvodina, the application aflar energy for heating sanitary water or space
is largely negligible. The same can be said foeo#reas of possible application. The reasonsxistieg
condition in Vojvodina are: ignorance about thel@pgion of renewable sources of energy, small amhou
of information on the plans and conditions in Ewopbout our future obligations in the circles of
decision-makers, as well as in population beingifianmed of the possibilities of applying solar ener
the price of the equipment, energy and financiéat$. Also, the problem lies in very low material
standard of Serbia's population, as well as intively low price of electricity, which automaticglleads
to the fact that electricity is not being ratiogadpent. The production of domestic equipment Eeesive
due to import dependence for materials and smatlifarmed yet, market.

Solar energy can have a significant place in gnierdustry of one country because it represents a
renewable and inexhaustible energy resource. Nos#me attention is paid to renewable resources in
different parts of the world. It can be freely stidt a very small number of countries deal witk thsue
- those developed ones. It is interesting thatgneechnologies, based on the use of solar enargy,
being mostly developed in technologically and ecoically powerful countries. For this there are sale
reasons, of which, the most important ones aréesfi economic and ecological factors.
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Solar energy is ecologically viewed clean energysehenergy technologies do not pollute the
environment. It presents the resource that eachtgohas available - without import dependence.

Huge savings of conventional energy could be aehigiveach household would have at least one tinit o
solar collector by which sanitary consumable wateuld be heated.

Seen in electro-energetic system of a state, itldvoepresent quite load shedding. Especially
interesting group of heating energy consumers angenous industrial, tourist, sporting, medical,itaily
and other facilities. It is known that these fai@b spend considerable quantities of energy, ddrhwy
burning solid, liquid and gas fuels for heatingisTban be easily achieved by using very simpleesyst
for using solar energy.

Solar energy is very attractive and economicallstified for use, even with the heating of
households, industrial and other facilities.

Technologies for using the thermal energy of smdriation are based the use of heating effect of
solar radiation, where the energy of solar radmisotransformed into heat at the absorber of sargy
receiver (heating SEC). In these types of SEC amage degree of the transformational efficiency of
radiated solar energy into useful redirected hé&afrom 35 to 55% .

The receivers of solar energy that are based osfoaming energy of solar radiation into heat,
according to the construction type, are divided on

- flat low-temperature SEC,

- medium-temperature ( systems with lower degre®lafr sadiation concentration) and

high-temperature SEC (systems with higher degremwéentrating solar radiation).

Not less important is the economical effect ofdegelopment of new industries of manufacturers
and providers of technologies in the area of retdsvanergy sources. On the basis of European
Federation study on the use of solar energy (ESTHE)use of solar energy has incomparably more
advantages in functioning in comparison to fossd auclear energy. On 1.000 GWh of delivered primar
energy there are 90 new jobs in energy sector baisexbals, 72 jobs in nuclear energy sector and eve
3.960 jobs in solar energy sector. Creating prejegtaking, installing and maintaining solar systems
which differ from others, since the energy soursenbt centralized on one place, but provides
opportunities for work in all the regions, is indld in this number. So, if we think about limitedrages
of brown coal, renewable sources of energy aretiyedomestic, basic, energy sources for the futBye
using renewable sources of energy Serbia can getafethousands new jobs for qualified personna, a
in the future it will not be afraid or become somelse's cheap labor in other parts of the world.

By using solar energy natural sources are beingepved on our planet. The overuse of fossil
fuels such as raw oil, coal or natural gas bringgoss problems concerning our environment firstly.
Global warming and climate changes have becoméyreahd that is the reason to lean towards broader
use of "clean' technologies, among which, unqueslty is the use of heating solar energy. By using
solar energy noxious substances do not end upeimith and there is no greenhouse effect, whiclsecau
gradual warming of the atmosphere like in the eddmirning classical types of fuels.

Photovoltaic systems are various: They can besirler than a coin and larger than a football
pitch and they can provide energy for any appliariceen a clock to entire settlements. With simple
handling, these factors make them especially ditteafor wide range of applications. Recent growth
PV cells production with low prices opened a langenber of new markets with a large number of variou
applications. Applications such as lighting, tel®oounications, cooling, water pumps, as well as
providing electricity for entire settlements, edp¢ in remote areas, showed as competitive and
profitable in comparison to already-existing tedogs.
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In the area of heat conversion of solar radiate®yeral roads for development, research and
innovation have been opened. The development inatka of thermal use of solar energy is not so
connected with the expensive equipment as it iscee with photovoltaic conversion. Systems for
concentrating solar radiation, hybrid systems (domtiipn of heating and photo-voltage conversioi), a
collectors, integration of existing or new compaseimto buildings, the application in distillaticand
desalination of water, pasteurization in food iridysrying in agriculture and storage of heatimgry -
are just one part of the program which is posdibldevelop in Serbia with available potentials.dSere
policy connected to the decision about grantingifiant monetary means for recovery and develogmen
of science in Serbia points to the opportunity dopart (at least 1%) of these means to be spent on
applicable solutions in the area of renewable gneggources, where special attention should be tpaid
solar energy.

From economical perspective, on the basis of incéget comparative tests, the most efficient are
systems for heating sanitary hot water. This idiomed also by comparative tests done for monit@ed
tested houses. In this comparison, mainly attaipegler was taken into consideration (yearly saved
energy, the degree of usability, the quantity of Water), also work and maintenance, ecologicaéetsp
and energy amortization, safety and simplicity s§eambling. From comparative tests we can conclude
that great investment costs are 2 to 3 times biggén combined systems than with the systems
anticipated just for the heating of sanitary watéfith the support for heating the space it has some
economical pay off but only with low-temperatureatieg systems (e.g. under-floor heating) and houses
with small heat loss.

Although in winter time energy effect of solar ratitbn is lower than in summer, it is still very
significant for the use of solar heating in hoysesa support to some other energy on the system o
central heating, where it can cover around 45%reé heating energy for houses and around 75% for
heating of sanitary water. The best effect usingrsenergy for solar heating of family houses atttep
residential and business spaces can be achievém@nisitional periods with energy efficient heating
systems, under-floor and wall heating systems, With-temperature heating systems. Still, due to
variability of radiating power of solar radiatiomnhg the day, month and year, the installatiorsar
heating that would provide entire house heatingnduthe whole winter season cannot be implemented,
and that is the reason why solar systems for $@ating are combined with some of different soufes
energy where some other form of energy is usedidifyel, gas, electricity, solid fuel and similar.

Solar systems bring significant savings thanks hickvderived energy is, so to say, used for free,
after the pay off of the starting investment. Tife $pan for quality systems is 25-30 years (exfapthe
boiler for drinking water and circulation pumpshdathat is the reason why solar collectors are good
investment for the future and less dependent omptilce rises of classical fuels. Still, it is naigsible to
generally establish the time for pay back of theegtiment for solar system, because it depends oy ma
factors, as for example the type and manufacturtéreocollector and accessories, the way of piejar
sanitary water and heating till present, the patheating, natural gas or other fuels and simildithout
the support of a foreign country the time for péfyi® rather long in order to build, simultaneouslith
solar systems, modern, more efficient practicatesys. Thinking about investing into solar collests,
because of that, most suitable with replacingemonstructing the obsolete and inefficient, or eath
expensive heating systems (e.g. electrical heatiagyell as in the case of new construction.

The application of solar energy with thermal casian is used in practice for:
- Heating of sanitary water in houses, apartmditels, hostels, students dormitories, retirementéds,

kindergartens, restaurants, sporting facilities emdrywhere where the need for sanitary water hgati
exists.
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- Central or individual heating of sanitary water settlements that are connected to the disiohubf
hot water from city heating plants in the periodsew they do not work.

- Heating swimming pools in the houses and spgfr@creational centers.

- Heating water or other fluids in industrial pesses.

- Heating greenhouses (glass or plastic) in afjurce.

- Pre-drying and drying of agricultural and indiadtproducts.

- Distillation of water for industrial purposes.

- Heating facilities as additional means in thaqus when there are not enough sunny days.

- Producing electricity on the basis of heat cosiam of solar radiation (steam turbines).

- In processes of space cooling.

Over 55% of overall energy is used in householdSdrbia in the form of electrical energy, from
which a great part for heating the sanitary wagrusing solar energy we can achieve the costrguftr
warming sanitary water of around 60 to 70 perceatly.

According to the results of research done by Ewappessociation "INTERATOM", the price of
heating water for a household with flat solar cthes - in areas where there are more than 1,600ysu
hours yearly (and that is entire Europe), evenytdt#s 1:1 in comparison with other systems of evat
heating.

As an illustration, with a simple calatibn of the time for paying off the investment, @mample
that suits one part and way of preparing sanitarywater in a family house, can serve the purpose.
Needed investments are 15 - 25 EURM00 do 1.500 EUR respectively, per household. lrovatues
relate to cheap solar collectors and simpler if®tahs, and higher to more expensive systems with
complex installations with heat-exchangers, systememergency circulation of working fluid and
automatic regulation of work.

The effects with heating consumable sayitvater in the period from April till October,ofn the
aspect of coverage are 80% out of needed enerdyinahe period from October till April, this coage
is 30%.

In the case of constructing basic solar systenstallation designated for sanitary consumable
water heating with two solar collectors and wagerkt (heat accumulator - boiler) with capacity 0020
liters of water, around 60% of electricity consuioptfor water heating can be saved up yearly. Bnerg
gain in this case with average solar collectort aaiface of about 2 Tgoes from 700 to 900 kWh/m
yearly (for two solar collectors 2.800 to 3.600 kWarly). The price of such a basic solar instalfat
(with assembly) goes in the limits from 1.500 tO0 euros maximum. According to present prices of
electricity, the value of invested means would pagk in 10 to 12 years. But it is less likely ttta price
of electricity will not rise in the following yearsnd due to that, the period of pay off will net longer
than five years. Some of the analyses related doetlaluation of the electricity price rise indicéte
probability that the period for pay off will be evehorter - three to five years. Most certifiedteyss has
a life span of 25-30 years, so after the completibthe 10th year from the assembly, the solaresyst
will, so to say, prepare hot water for free in tbdowing 15 to 20 (25) years.

This means that the best effects for heating famdyses and apartments can be achieved in
transitional periods. Even this contribution iswsignificant. If in the system of hot-water hegtinnder-
floor heating with floor panel is applied, whicmfttions with lower temperatures, the effects ofmiag
will be even better. The best effects are achidyedpplying air system of heating. Energy effedtsadar
systems with heating houses or apartments depemabos factors, among which the right and optimum
planning has the top role. Thermal characteristfosnder-floor heating directly influence the qugnof
heating loss, and with this the needs for heatimgygy.

Efficiency of transformation of the system for hiegtsanitary water, from collector to solar boiler,
in classical collector types, goes from 35 to 55%.
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Lower values relate to solar collectors of worsaliqy constructional and thermo-insulation
features and lower values of absorption and esihecfemitting heat from absorber's surface. Huos t
group of collectors fit the collectors whose absosbdo not have selective characteristics, so tladire
of coefficient of radiation emission is close tduea(above 0,9), of the coefficient of radiatiorsaiption.
The type and number of transparent saps.

Solar collectors have higher starting efficienayttie conditions of equality of external temperatur
and the temperature of the absorber - fluid in dbsorber) from working efficiency. Starting (zero)
efficiency does not influence the quality estimataf efficiency of some type of solar collector.rbis
evaluation the feature of the efficiency curvecorve (equation) of the dependency of collectarsrgy
efficiency from the relation of difference of cheateristic fluid/absorber temperatures and the
environment - and solar radiation. The most impurtzharacteristic for the selection of solar calbec
from the point of its efficiency is the efficientyat relates for realistic functioning of solarleator.

During a year from 1 faround 900 kWh of thermal energy can be receivituum thermal
collectors are feature by greater efficiency ttseeially shows in colder periods. This efficieigpased
on much better thermal insulation of the absorbkickvis situated in glass pipe from which the air i
pumped out. The overall efficiency of a systemHeating sanitary water with vacuum collectors isaon
year level for about 40% bigger in comparison ®giistem with flat panel collectors.

In practice the most often application have soiatallations that as a working medium use some
liquid or air. These two types of installationssigally function in similar manner, only the compoits of
the system and working medium in them differ. Witbktallations that use liquid working medium, the
thermal carrier can be water, water mixed with s@me of anti-freeze or a liquid on the basis dfi-an
freeze (propylene glycol) that is created for aggilon in solar installations. In this kind of iakation the
liquid that was heated in water solar energy remsivs most often suppressed through the pipe-line
towards heat exchanger. Sanitary consumable onitadhwater is heated there, while the heat exchiang
can be derived with a bigger capacity, so thatekehange and accumulation of heat in water mass is
done simultaneously (combined boiler - heat exchgngBut, with the bigger installations, the heat
exchanger and the storage of hot water are ussgigirate, so there is the need for emergency aficol
of heated water from the heat exchanger into the k®rage - which is done by circulation pump -
through pipe-line of so called secondary, consumaiotle of installation.

For an average household these systems have uswallgolar collectors (around 4°m with
liquid working medium that circulates in primargelar circle. The heat from solar collectors - véated
working liquid - is transmitted to sanitary consumigawater - via (in presented variant) exchangiipg p
bundle that is situated in the lower zone of théracaumulation boiler with sanitary water. The wiatk
fluid is, in climate territories with low (below®0Q) temperatures during winter (as is the case of
Vojvodina), created on the basis of anti-freezeoppglene glycol or other nonfreezing and nontokiids,
in order freezing not to happen. For the case ginehis example so called "solar boiler" - therthal
accumulator usually has the capacity of about 20@Q@0 liters. Water circulation is provided by
circulation pump of primary circle that starts twe signal of differential thermostat - as a bag#teim of
automatics in the installation. differential thestat is joined to electrical conductors with thersemsors,
from which one is positioned in solar collector @mbther in boiler. Differential thermostat is sea way
that when the temperature of a fluid in solar aibe is higher for about &C from the temperature of
water in the boiler - the circulation pump to stfanictioning. Then the heating of water is dondghae
boiler. As soon as the temperature difference $s than the set temperature differential -the pisnp
switched off in order not to get contra-effects,amag water in boiler not to cool and solar colbeatot
to heat, meaning not to have heat loss, heat td o the environment. In given example of the
installation we can see that the possibility ofavdteating in boiler and via house heating tarflarisseen.
Heating is done by water circulation from the waterk towards some other heat-exchanger (positioned
in the upper part of the boiler).

Having in mind that for the needs of house heatitoge thermal energy is needed (larger thermal
strength), this system has larger number of sadeators. When in winter conditions the insolatign
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lower, and temperatures in solar installation lor to 50°C - and more), the suitable heating system is
so called "panel" - under-floor and/or wall. Whilee temperature of solar fluid on adequate enough
temperature level, the heating is done withoutftimetioning of boiler with some conventional hegtion
some fuel or electricity. The automatics of theteys provides easy of the installation and starthneg
functioning of the boiler in the situations whem temperature of solar liquid is lower than needed.

In practice they have broad application and simptgar installations for water heating from the
boiler-room in the house (conventional boiler), baty additional heating with electricity is envigal.
With these installations the pipe heat exchangebpistructed also in the lower part of the boierthe
available heat from solar radiation would be used Heating the whole capacity of the boiler, and
electrical heater is positioned in te lower parttise smaller quantity of water in the boiler woudd
heated. This conception demands setting the theéatokelectric heater at lower temperatures (adou
40°C) in order not to come to water overheating atethiire capacity of the boiler. As a consequenize th
would lead to smaller energy gain from solar radiabecause the water would be previously (anefast
heated with electricity ( at the point when podgibfor solar energy heating would exist).

Compact solar boilers presents broadly applicajtées for solar energy water heating. Those
are compact mechanisms that consist of one, or ofter two solar collectors and thermo isolated tan
boiler where the water that is being heated exiBtlers are constructed with or without electric
additional heaters. The capacities of boilers Uggal from 200 to 300 liters. The equipment is Hosied
and affixed onto a special carrying constructiod arterconnected by thermo isolated pipe instaliati
that provides thermo-siphon, natural water flowotlgh the installation. . In practice versions whie
water flow is natural are applied - by centrifugaimp. a difference from the previous type thesarsol
boilers have to be joined to the source of eletyricSome solutions of compact solar boilers are
constructed with the additional water tank, withiebhproviding the water even in the situations when
water supply from water pipes is not functioningcéstain. The advantage of such systems in in their
compactness, and the user gets the system thdtistrdy be connected to a cold and hot water supply
The disadvantage is that they are not envisageflifmtioning in winter conditions, in conditions lafw
temperatures, because they are prone to wateirfgeard boiler or pipe cracking. In order this webulot
happen the system must be emtied during winter.

Usually they are used in southern areas whereethedrature never goes below zero degrees or
other conditions (including the conditions in Vojiina) - during summer or in transitional periodsrifsy
and autumn)

The use of solar energy for heating water in thelpis rather other application in the world. The
installation is simply joined to the existing systefor heating water in the pools, and two mainceqts
are applied. According to one concept solar iretiaih is used separately from the existing conosiati
installation for pool water heating and the secoodception is based on connecting solar instafiadiod
conventional installation into one - sequence systia first case those are usually simpler instialtes
for smaller and open home swimming pools, and tieally use (and cheaper) solar collectors whieh a
not glass-plated (and cheaper) - absorbers whiehreost often made out of ultraviolet stable plastic
masses. In the second case, returned - colder simgpool water is first preheated by using solargg
(via heat exchangers), and after that it is hediledhe needed temperature (if this is the aim) in
conventional heating system. In this case classglaks-plated, flat solar collectors, by whichtéet
heating, even in colder weather conditions and thith - mostly larger closed swimming pools- is
provided , can be used. Then the scheme of thallatstn is similar to the scheme of the previously
presented systems for water heating in combinatitinconventional heat source.

The production of photovoltaic mechanisms doublesyeyear with average growth of 48% since

2002, so that this line of industry shows the biggevelopment in the world, in comparison with tbst
of energy technology lines. From the economic dsfiee price of the electricity derived from solar

21



STUDY
ON THE ESTIMATION OF OVERALL SOLAR POTENTIAL - SOLR ATLAS AND THE POSSIBILITY OF
"PRODUCTION" AND USE OF SOLAR ENERGY ON THE TERRIRY OF AP VOJVODINA - SHORT ABSTRACT

energy is continuously falling as a result of tembgical enhancements and growth of mass produyction
while it is expected that the fossil fuels will loeee significantly expensive in the near futuretiis time

for Serbia - Vojvodina, it is more justified to enrage the use of energy from solar radiation lier t
production of heating and electricity for houselsplthdustry and some agricultural works because of
smaller investments. Encouragement and buildirgrger solar power plants on the basis of photaimlt
systems is justified as well. This policy would,@rg the rest, be useful for the development of dizie
economy as well as the employment of people infitld of clean energies. But viewed long-term, the
future of converting solar radiation is in PV teology and its integration with other branches of
technology, which is in accordance with the atésidpolans and current condition in the EuropearmtUni
and other economically leading countries of thelgvddue to this, only mechanisms and systems based
on photovoltaic conversion of solar energy andaklét program, plans and possibilities for use and
development in Serbia and Vojvodina, are beingudised in further presentation.

According to the competent annual report "SolartNearldwide", edition for 2011, on the state of
solar heating with the market survey and the cbuation of thermal solar energy in the world - estied
overall production and installed capacities atehd of 2010 - in the area of thermal conversionl&&
GW (with about 280.000.000 Tof solar collectors) - of installed power plant&haannual produced
thermal energy of 162 TWh. In this report a largenber of countries in the world are included, from
which almost all countries in Europe (except faw feincluding Serbia). To given data the capaciies
the field of photo - electric plants with overakpacity of 38 GW installed and annually produced
electricity of around 39,6 TWh should be added.nBicantly smaller existing capacities relate to
heliostat solar plants that are estimated powér®GW with produced electricity of around 2,4 TWh.
From all operational systems (2009.) of capacit.388,6 MW, on vacuum pipe collectors goes 96.539,1
MW, on glass-plated flat collectors - 54.915,5 MW} glass-plated - swimming pool and other collecto
- 19.703,9 MW and the least on air collectors 10,2 MW.

From the economical point of view, the price ofoiieity derived from solar energy continuously
is falling as a result of technological advancensmd mass production growth, while it is expected f
fossil fuels to become significantly more expensivaear future. At this point for Serbia - Vojvadiit is
more justified to encourage the use of solar ramianergy for producing thermal and electricalrgpén
the domain of households, industry and some arkagriculture because of smaller investments. This
policy would, among the rest, be useful for thealepment of domestic economy as well employing the
population in the field of clean energies. Lon-teriewed, the future of transforming solar radiatisrin
PV technology and its integration with other bragshof technology, which is in accordance to the
attitudes, plans, and also the present conditiothénEuropean Union and other economically leading
countries of the world.

From economical perspective, on the basis of incéget comparative tests, the most efficient are
systems for heating sanitary hot water. This ifiomed also by comparative tests done for monit@ned
tested houses. In this comparison, mainly attaipegler was taken into consideration (yearly saved
energy, the degree of usability, the quantity df Wwater), also work and maintenance, ecologicaéetsp
and energy amortization, safety and simplicity s§eambling. From comparative tests we can conclude
that great investment costs are 2 to 3 times biggén combined systems than with the systems
anticipated just for the heating of sanitary watafith the support for heating the space it has some
economical pay off but only with low-temperatureatieg systems (e.g. under-floor heating) and houses
with small heat loss.

Although in winter time energy effect of solar ratitbn is lower than in summer, it is still very
significant for the use of solar heating in hoysesa support to some other energy on the system o
central heating, where it can cover around 45%reé heating energy for houses and around 75% for
heating of sanitary water. The best effect usifgrsenergy for solar heating of family houses atttep
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residential and business spaces can be achievém@nsitional periods with energy efficient heating
systems, under-floor and wall heating systems, With-temperature heating systems. Still, due to
variability of radiating power of solar radiatiomrihg the day, month and year, the installatiorsagr
heating that would provide entire house heatingnduthe whole winter season cannot be implemented,
and that is the reason why solar systems for $@ating are combined with some of different souafes
energy where some other form of energy is usedidituel, gas, electricity, solid fuel and similar.

Solar systems bring significant savings thanks hickvderived energy is, so to say, used for free,
after the pay off of the starting investment. Tifie $pan for quality systems is 25-30 years. Stiis not
possible to generally establish the time for pagkhbaf the investment for solar system, becausepedds
on many factors, as for example the type and matwifer of the collector and accessories, the way of
preparation sanitary water and heating till prestre price of heating, natural gas or other fuid
similar.

Without the support of a foreign country the tinoe pay off is rather long in order to build,
simultaneously with solar systems, modern, moreiefft practical systems. Thinking about investing
into solar collectors is, because of that, mogable with replacing or reconstructing the obselahd
inefficient, or rather expensive heating systems.(electrical heating) as well as in the case @f n
construction.

Serbia has the potential of producing energy ampual00 to 900 and more (depending on the
system efficiency, working mode and other) kWhahsolar thermal collector, which is more thanlie t
countries that have the reputation in solar eneigg. 3,3 kWh of energy could be produced in Serbia
daily, and it would be used in most efficient maninetourism, health care sectors as well as haldsh
mainly for water heating.

Huge savings could be accomplished if every houdetwould have at least one unit of solar
collector by which sanitary consumable water wdoddheated. Seen in the framework of the country's
electro-energy system, this would present quitead shedding for the system.

Especially interesting group of consumers are @roms industrial, tourism, sporting, medical,
military and other facilities. It is known that g facilities spend considerable amounts of etdtri
derived from burning solid, liquid and gas fuels i@ating sanitary or technological water. Thisldde
easily accomplished by using very simple systemsdtar energy use.

Solar energy is very attractive and economicalbtified for use when heating of households,
industrial and other facilities is in question.

Solar systems provide a considerable energy savindkis way, for example, solar house saves
40% of the energy for heating, 80% of energy fatimg consumable water. It uses significant potésti
that are provided by solar roof-covers and facadegqroviding additional energy. Solar systemsvie:

- better energy efficiency,

- considerable energy savings,

- long-term function,

- energy result,

- through derived energy- pay off of the investment

- favorable relation of price and performance,

- simple installation.

The application of solar energy provides biggergnsavings and lower costs.

Energy crisis and acute atmospheric and environnmitution have influenced broader
possibilities of use, thermal and photoelectrieetffof solar energy. In this direction the techg@s have
been developed, practical solutions and applicaifdhese systems designed. In winter period thezadlv
effect of solar radiation is less that in summett, giill significant for use in the systems of hiegthouses
- as a support to heating. In this way it is pdsstb cover up to 45% of thermal energy for heating
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houses, 70% - for heating sanitary water and upO@ for additional heating of water in swimming
pools.

Still, due to variability of radiating power of solar i@ibn during the day, month and year, the
installation of solar heating that would provideienhouse heating during the whole winter seasomaot
be implemented, and that is the reason why soktesys for solar heating are combined with some of
different sources of energy where some other fdremergy is used: liquid fuel, gas, electricitylidduel
and similar.

It should be implemented that big conersrof energy - especially those who spend moreggne
per product (have bigger specific energy consumjptidave the obligation of gradual, segmentaltigar
introduction to the use of alternative sourcesrafrgy (solar energy included) - for their own neddem
development funds of electro industry, solar itat@ns in the objects that have better accommodati
and exploitation possibilities (refers to privatc®r, but also public - especially those on thddet)
should be financed. This would have benefits fmrgy system and as an element of broader usésof th
energy source popularization. Ecological effectsalso significant. Law on Energy should be cogect
in accordance with previously mentioned.
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