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Summary: Energy is, according to its
nature, the cause and trigger of many
changes. Adequately used, it is a very
important factor in the rise of man and
his progress. Today, there is a
worldwide trend in the growth of the
implementation of renewable energy,
especially the sun light. The aim of this
paper is to explore the role of geodesy in
energy efficiency projects, in the
example of mounted solar panels on flat
roofs of one specified area. The paper
focuses on the positioning of that panels
and the amount of energy they produce,
taking into account their location,
orientation, inclination, surface and sun
radiation period.
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1. INTRODUCTION

Energy needs in a certain way reflect the
position of man and society in general, so
the human energy needs has progress
parallel with the development of society.
Natural types of energy are those whose
potentials were created in nature. They
can be divided into two basic groups:
natural non-renewable species - non-
renewable  energy sources and
renewable energy sources. In this paper,
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Pe3aume: Energija je po svojoj prirodi
uzrok i pokreta¢ mnogih promena.
Adekvatno upotreblijena, veoma je
vazan Cinilac uspona ¢oveka i njegovog
progresa. Danas, Sirom sveta postoji
trend rasta implementacije obnovljive
energije, a posebno sunteve svetlosti.
Cilj ovog rada je da istraZzi ulogu
geodezije u projektima energetske
efikasnosti, a na primeru montiranih
solarnih panela na ravne krovove jednog
odredenog podrucja. U radu je akcenat
na pozicioniranju datih panela, te
proraunu energije koju oni daju, uzevsi
u obzir njihovu lokaciju, orijentaciju,
nagib, povrSinu i period sunéevog
zraCenja.

KrbyuyHe peum: reopesuja, conapHu
naHenu, ypbaHo nogpydje, eHepruja

1. yBO[

MoTpebe 3a eHeprnjom Ha oppeheH
Ha4YMH oJpaxasajy nonoxaj 4oseka wu
OpywTBa Yy LUENnWHW, Te YOBEKOBEe
notpebe 3a eHeprujoMm mwne cy napa-
nenHo ca passojem gpywtea. [pmupogHe
BPCTE €Heprvje Ccy OHe 4uju ce
noteHuujanu cteapajy y npupoau. Mory
ce NoagenuTu Ha ABe OCHOBHe rpyne:
npupogHe BpCTe koje ce He 0OHaBIbajy -
HeOoOHOBIBMBM  M3BOPU  eHepruje U
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the emphasis is on renewable energy
sources, i.e. solar energy. This type of
energy and photovoltaic systems, as one
of its products, are described in more
detail, then the mathematical model for
the calculation of solar energy is
presented, applied in case of installation
of solar panels on all flat roofs of the
Belgrade settlement — Rospi Cuprija.

2. RENEWABLE ENERGY
RESOURCES

The word energy is derived from the word
Energos, which in Greek means activity
[1]. Energy is the ability of a body to
perform some work, and also it can be
said that work and energy are equivalent
terms, although the scope and content of
these two words are not exactly identical.
In essence, the energy change is equal
to the work that is done, and therefore is
expressed by the same measurement
unit - joule [J] in honor of english physicist
James Prescott Joule. Work that is done
can be manifested in many ways: as a
change in position, speed, temperature,
and so on.

There are differences between rene-
wable and non-renewable energy sour-
ces in the consistency, the possibilities of
storage and transport, but also from the
aspect of the necessary investments for
the construction of the facilities for their
use, as well as the costs for their working
and maintenance. For the practical use of
natural energy potential, the technical
possibility and economic justification of
their exploitation is very important [2].
Renewable energy sources are energy
sources that are found in nature and are
renewed in whole or in part, in particular
the energy of watercourses, winds, non-
accumulated solar energy, biomass,
geothermal energy, biofuels, biogas,
synthetic gas, landfill gas, gas from the
facilities for sewage treatment water and
wastewater from the food and wood
processing industry that do not contain
hazardous substances [3]. These are
natural resources which, as such, are

npupoaHe BpCTe Koje ce O6HaBrbajy -
0GHOBIBLUBU M3BOPU eHepruje. Y OBOM
pagy akueHaT je Ha OOHOBIBMBUM
M3BOpUMA eHepruje, OAHOCHO CONapHO]
eHepruju. [leTarbHO je onucaH oBaj BMA
eHepruje, Te (POTOHAMNOHCKNX CUCTEMM,
Kao jedaH HeH MpOAyKT, MOToOM je
npeacTaBrbeH MaTeMaTWykM Moaen 3a
npopayyH MNpuMHOCa CyH4YeEBE €eHepruje,
NPUMEHEH Y Cryyajy MOHTMpama cona-
pHMX NaHena Ha CBUM pPaBHUM KpoO-
BoBuMa Georpagckor Hacerba - Pocnu
Thynpwja.

2. OBHOBJbLMBU U3BOPU
EHEPITMJE

Peu eHepruja je nHave HacTana oa peun
EHeproc WTO Ha TrpyYKOM  3Haum
aktneHocT [1]. EHepruja je cnocobHocT
Hekor Tena ga obasw Heku pap, a UCTo
ce Tako moxe pehu ga cy pag n eHepruja
€KBVBarneHTHW MOjMOBW, MaKo Ofcer u
cagpxaj TMX OBajy peyuu Huje noTnyHo
ngeHTM4aH. Y  CywWwTWHW, NpOMeHa
eHeprvje jegHaka je M3BpLUEHOM paay,
na ce cTora u uspaxasajy ICTOM MEpPHOM
jeanHuuom - pyn [J] y yact enrneckor
cdusmyapa - Llejmca [Mpeckota Llyna.
Bpwerne paga ce moxe maHudectoBatm
Ha MHOrO HayuHa: Kao MpomeHa Momno-
Xaja, 6p3uHe, TemnepaTtype v CIINYHO.

Mamehy 0BHOBIbMBUX 1 HEOOHOBIBUBUX
M3BOpa €eHeprvje nocToje pasnvke Yy
KOHCTaHTHOCTWU, MOryRHOCTM ycKnaguLu-
TeHa 1 TpaHcnopTa, anu u ca rneguwTa
noTpebHux ynarawa 3a rpagkwy noc-
Tpojewba 3a HMXOBO Kopuwhewe, Te
TPOLLKOBA 3a HWXOB paj U oapXaBare.
3a npakTuyHo kopuwhere MNPUPOAHMX
noteHumjana eHepruje Beoma je 6utHa
TeXHUYka MOryhHOCT U  eKOoHOMCKa
OonpaBAaHOCT HUMXOBOT Kopulhersa [2].

O6GHOBIBEMBM  U3BOPU  eHepruje  jecy
M3BOPWU eHeprumje Koju ce Hanase y
npupoau n obHaerbajy ce y Lenoctn unu
AennuMnYHO, MoceGHO eHepruja BOAO-
TOKOBa, BETpa, HeakymynupaHa cyH4eBa
eHepruja, 6omaca, reotepmarnHa eHep-
rvja, Guoropua, 6uorac, CUHTETUYKK
rac, AenoHuWjcku rac, rac M3 nocTpojera
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regeneratively inexhaustible and consi-
derably more favorable for the environ-
ment. Regarding the fact that their
application has a positive economic
impact on the development of under-
developed areas, and because of the fact
that their more significant use is an
environmentally friendly solution,
renewable energy sources can be
defined as the main energy sources of
the future [4].

Renewable energy technology does not
produce only energy, heat and fuel for
transportation, but it also offers the
possibility of living that leads to
reasonable future development. In
Europe and other industrialized areas,
the main reason for the development of
renewable energy sources is the
environment, particularly concern about
global climate change and the need for
improvement of the security and
diversification of energy supply [5].

2.1. SOLAR ENERGY

Sun energy is one of the best forms of
renewable energy, which has the least
negative impact on the environment [6].
Sunlight, with previously explained
renewable energy sources, is considered
as the most available renewable energy
source on Earth. However, a very small
amount of energy is used from the one
that is actually available to us. The sun
light is a resource that can be used by
every country, in certain quantities, with
ecologically pure energy whose energy
technology does not pollute the
environment in the process of converting
from original form into a form suitable for
the use [7].

If we imagine (Figure 1) the volume of the
cube and we bring it in analogy to the
Sun's energy reaching Earth for one year
(cube 1), comparing it with reserves of
primary energy sources and the total
annual world energy consumption (cube
7) is: all coal reserves (cube 4), natural
gas (cube 3), oil (cube 5) and uranium
(cube 6) together, and the amount of

3a TpeTMaH KaHanuM3auumoHWX Boga W
oTnagHWX Boga U3 npexpambeHe w
ApBHO-NpepahuBayke WHAOYCTpUje Koju
He cagpe onacHe matepuije [3]. Pagun ce
O MPUPOOHMM pecypcuma Koju Cy, Kao
TaKkBW, pEereHepaTMBHO HEUCLUPMHU W
3HaATHO MOBOSbHUjEr YTULLaja Ha OKOMMHY.
C 063npom Ha u4MheHULY Oa HUXoBa
npMMeHa wuma MO3UTUBHU EKOHOMCKM
yTMUaj] Ha  pasBoj  HepasBUjeHUX
nogpyyja, kao u 3060r uuweHuue paa
HMXO0BA 3HavajHuja ynoTtpeba
npeacTaBrba eKONOLKN NPUXBaTIbMBYjE
pelwene, 0OHOBILMBE M3BOPE eHepruje
MOXeMO AeduHMcCaTM U Kao OCHOBHE
eHepreHTe OynyhHocTtm [4].

TexHonornja  oOHOBILMBMX — M3BOpA
eHepruje He NPou3BOAN CaMO EHeprujy,
TOMMOTY M TOPUBO 3a TPaHCMOpPTHA
cpeacrtea, Beh Takohe Hyan moryhHocT
XMBOTA KOju BOAU pasymMHoM Oyayhem
passojy. Y EBponn u  gpyrum
VHAYCTPUjann3oBaHnM noapyyjuma,
rmaBHM pasnor 3a pa3Boj OOHOBIBLMBKMX
13BOpa €eHepruje je okonuHa, nocebHo
3abpuHyTOCT y Be3u c rnobanHum
KnMMaTCcKMM npoMeHama 1 notpebom 3a
noborbluakem CUIypHOCTH "
pasHOnmMKoCcTM onckpbe eHeprujom [5].

2.1. CONAPHA EHEPTHUJA

EHeprvja cyHua je jemaH op Hajoorbux
BMOoBa OOHOBIbUBE eHepruje, koja uma
HajMakW HeraTMBHU yTULAj] HA OKOMMUHY
[6]. CyHuyeBa cBeTnocT, y3 npeTxogHo

nojawxeHe 0o6HoBIBMBE n3sope
eHeprvje, cmaTpa ce Hajdewhum
AOCTYMHUM  OBGHOBIBLMBUM N3BOPOM
eHeprnje  Ha  3emrbu.  MeRyTtum,

ynotpebrraBa ce BeoMa Manu [Aeo
eHeprvje o4 OHe Koja Ham je peariHoO
OOCTynHa. CyHueBa cBeTnoct
npeacTaBrba pecype KojuM MOXe cBaka
3eMrba, y ogpeheHum konmumHama na
pacrnonaxe, a npu TOME je EKOMOLLKU
ynucta  eHeprvja 4uvja  eHepreTcka
TexHonornja He 3arahyje KUBOTHY
cpeavHy y npouecy npeTBapaka U3
M3BOpHOr obnvka y obnuk norogaH 3a
kopuwhene [7].
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currently used solar energy shows the
smallest cube (cube number 2) [8].

From the shown above, it is noticeable
that solar energy is insufficiently explored
and underutilized, and that more
research should be undertaken on this
subject, which also this paper deals with.
The photovoltaic system, as a very
serious product using solar energy, is
described in the next chapter.

3. PHOTOVOLTAIC SYSTEMS

Significant number of research and
development of the technology of thermal
photovoltaic systems has been done
since the 1970s [9]. Photovoltaic solar
system is a system by which solar
radiation turns into electricity and
supplies consumers with direct and / or
alternating current. The photovoltaic
solar system can operate independently
of the electricity distribution network or be
connected to it.

Depending on the components of which
it consists, a photovoltaic solar system
that is not connected to the electricity
distribution network can provide con-
sumers with direct or alternating current.
The example of such system is shown in
Figure 2.

w6
w3

-4

[

Ako 3amucnmmo (Crnimka 1) 3anpemuHy
Kouke W [OoBedemo je y aHanorujy ca
eHeprujom CyHua Koja gocne Ha 3eMrby
y TOKy jeaHe roauHe (kouka 1),
nopefewe ca pesepBama MpUMapPHUX
n3Bopa eHepruje N yKynHom roguibomM
CBETCKOM MOTPOLUHOM eHepruje (Kouka
7) rnacu: cBe pesepBe yriba (Kouka 4),
npupogHor raca (kouka 3), HadTe (kouka
5) un ypaHa (kouka 6) 3ajeaHo, a U3HOC
TpeHyTHO kopuwheHe CyHueBe eHepruje
npukasyje HajcuTHuja kouka (kouka 6poj
2) [8].

VI3 npunoxeHor, yourbuMBO je da je
conapHa eHeprmja HegoOBOMbLHO WCTpa-
XeHa, Te HefoBO/bHO McKopulwheHa, K
Aa 6u ce Tpebano BuLe UCTpaxXmnBaTN Ha
Ty Temy, uume ce 6aBu M OBaj pag.
POTOHAMOHCKM CUCTEM, Kao Beoma 036u-
IbaH Mpou3BOA KOjU KOPUCTU COnapHy
eHeprujy, onucaH je y HapegHoM
nornasrby.

3. ®OTOHAMOHCKU CUCTEMU

3HauajaH 6poj nctpaxueara u passoja
TexXHomnorvje TepmanHux OTOHaMNoH-
CKUX cuctema je ydmreH og 1970-nx [9].
Mo ¢OTOHAMOHCKMM COMapHUM Cuc-
TeMOM nogpasymeBa ce cuctem nomohy
Kora ce CyHYeBO 3payere npetsapa y
eneKTpUYHy eHeprujy v Bpwu cHab-
JeBatbe noTpowaya  je4HOCMEPHOM
n/nu HaM3MEHUYHOM CTPYjOM.

~]

Cnuka 1- MNopehere pasHux n3Bopa eHepruje Ha 3emrbm [8]
Figure 1- Comparison of various energy sources on Earth [8]
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3.1. COMPONENTS OF
PHOTOVOLTAIC SOLAR SYSTEM

The basic elements of the photovoltaic
solar system are solar cells, battery
charging regulator, battery, inverter and
consumers. while optional components
are electrical counter, network exclusion
equipment, monitoring and management
of the system itself [10].

DOTOHAMOHCKN COMapHW CUCTEM MOXe
[4a paav He3aBUCHO Of eNeKTPOAUCTPU-
OytuBHe mpexe unum ga 6byge npuk-
JbY4Y€eH Ha hby. Y 3aBMCHOCTM Of KOMMO-
HeHaTa of KOjux ce cacToju, (poToHa-
MOHCKW COMapHW CUCTEM KOjU Huje
NPUKIbYYEH 3a eneKTpoanCTPUOYTUBHY
MpeXy noTpollaymma Moxe pJa pJaje
jeqHOCMEpPHY MU Hau3MeHUYHY CTpYjy.
JepaH osakaBs cuctem npukasyje Cnivka
6poj 2.

Cnuka 2-PoTOHaNoOHCKN CUCTEM MOHTUPaH Ha ob6jekaT
Figure 2- Photovoltaic system mounted on the building

The battery is an electrochemical source
of energy whose work is based on a
reversible electrochemical process of
converting electrical energy into a
chemical, and vice versa. The battery
consists of galvanic elements that have
two electrodes (anode and cathode) that
are in the electrolyte. By serial
connection of galvanic elements, a
rechargeable battery of rated voltage is
obtained which corresponds to the
number of galvanic elements multiplied
by the voltage of one element. The
battery charging regulator automatically
regulates the charging and discharging
of the battery. The battery can be
damaged if it is too charged or empty.
When the battery is charged, the
regulator interrupts its further charging,
and when the battery is discharged to a

3.1. KOMIMOHEHTE
®OTOHAMNOHCKOI COJIAPHOI
CUCTEMA

OcHOBHM enemMeHTn POTOHAMOHCKOr
conapHor cuctema cy conapHe henuje,
perynatop nykeka akymynaTopa,
akymynaTtop, WHBEpPTOp W MOTPOLUAYM.
[OK Cy OMUMOHWU enekTpuyHo Bpojuno,
onpema 3a MpexHO UCKIby4Yerse, Hallop
n ynpaereawe camum cuctemom [10].
AkymynaTtop je enekTpoxemujCku n3Bop
eHepruje umjy ce pag 3acHuBa Ha
peBep3nbunHOM eneTpoxeMmnjckom npo-
Lilecy KOHBep3uje eneKkTpuyHe eHepruje
y Xemujcky, n obpHyTO. AKymynaTtop ce
CacToju Of ranBaHCKUX enemeHaTa Koju
umajy no pfABe enekrpoae (aHogy u
KaToay) Koje ce Hamnase y enekTponury.
CepuvjckuM MNoBEe3NBaHKEM TranBaHCKUX
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certain limit, the regulator switches off
the consumer from the battery. Inverter
is a device that converts direct current of
12 V or 24 V DC to voltage of 220 V. The
inverters, used in the photovoltaic
system for supplying consumers with
alternating  current, use unipolar
transistors, whose output power is from
100 W to 32 kW. The choice of a suitable
inverter for use in photovoltaic solar
systems depends on the waveform of
the output voltage, requires of the
system's loading, its efficiency, etc.
Network-connected systems do not
require that the extra energy is stored in
batteries - basically the network is used
as a battery. During the day, solar
energy is automatically used, and when
more energy is produced than
necessary, surplus can be sold. The
standard electric counter is replaced by
a network-connected counter that shows
two digits - one is the purchased power,
while the other is the sold-out power
[10].

Network disconnection is a power switch
for system shut-off that is required for
network-connected systems. As energy
in a network-connected system can be
returned to the power network, network
disconnection allows the electrical
company to shut down the energy flow
in order to protect electricians and allow
them to work in safe conditions during
repairs. Once a solar energy system is
set up, it is convenient to have a way to
monitor how much energy is produced.
Most inverters display this information,
but many companies offer a wireless
monitor that can be placed in a more
accessible and more visible location.
These data can also be sent over the
Internet, where they can be displayed on
a personalized page that displays daily
electricity production, as well as the
historical performance of the system.
Solar energy systems usually require a
little maintenance and last up to 25 or 30
years. Occasionally washing solar
panels in order to remove dirt is the
maximum degree of maintenance
required for these systems [11].

enemeHata gobuja ce akymynaTtopcka
OaTepuja  Ha3MBHOr  HarmoHa  Koju
oprosapa 6pojy ranBaHCKMX enemeHaTta
NMOMHOXEHUM C HarnoHOM jefHor ene-
MeHTa. PerynaTtop nywewa akymyna-
TOpa ayTOMaTCKM perynuiie nykwerwe un
npaxwerwe akymynaropa. AkymynaTtop
MOXe [a Ce OLTEeTU YKOMMKO ce
npesuvwe HanyHu unu mucnpasnu. Kapga
je aKkymynatop Hanyke€eH, perynaTop
npekmaa HeroBo Aarse nywere, a kaga
je akymynatop ucnpaxweH OO oape-
feHe rpaHuue, perynaTop WCKIbydyje
noTpoway ca akymynatopa. ViHBepTop
je ypehaj koje npeTBapa jeqHOCMEPHU
HanoH o 12 V unu 24 V y Ha3MeHW4YHU
HanoH of 220V. WHeepTopu, Koju ce
Kopucte kog (POTOHAMOHCKOr cucTema
3a cHabaeBare noTpoLlada Ham3meHu-
YHOM CTPYjOM, KOpMCTE YHWMONapHe
TpaH3UCTope, Ynja je n3nasHa cHara of
100 W po 32 kW. N36op oaroeapajyher
MHBEpPTOpa 3a MNpumeHy koA ¢oToHa-
MOHCKMX CONMapHUX cUcTeMa 3aBuUCK Of
TanacHor obnuka u3nasHor Harmowa,
3axTeBa ontepehera cnucrema, Herose
edumkacHocTn, nta. MpexHo nosesaHu
CUCTEMM He 3axTeBajy [fa BULIAK
eHepruvje 6yge cadyBaH y GaTepujama -
Yy CYWTWHM Ce KOpUCTM Mpexa Kao
OaTepuja. TOKOM gaHa ayTomaTCKu ce
KOpPWUCTW conapHa eHepruja, a kaga ce
npousBeae BULLE EHEPruje Hero LWTo je
noTpebHO, BULWIAK Ce MOXe npoaaTtu.
CraHpapgHoO enekTpuuHo 6pojuno ce
3amMekbyje ca  MpPEeXHO MNoBe3aHuM
Opojunom koju nokasyje gose uudpe -
jedHa je KynrbeHa cHara, AOK je gpyra
npogata cHara [10].

MpexHo uckibydere je npekugad 3a
UCKIbyuYMBarke cucTemMa Koju je Heon-
XOfaH 3a MpPEXHO MoBe3aHe cucTeme.
36or TOra LWITO eHeprvja y MpexHO
noBe3aHoOM CUCTEMY MOXe fa ce BpaTu
Hasag y enekTpu4Hy Mpexy, MPEeXHO
UCKIbyyewe omoryhaBa enekTpuyHoj
KOMNaHuju pa yracu npoToK eHepruje
Kako Ou 3awTuTuna enekTpuyape u
possonuna uMm aa page y 6e3benHum
YCINOBMMa NPUNNKOM Nonpaskun. JegHOM
Kaja ce COnapHU EeHEepreTcku cuctem
NnocTaBK, 3rofHO je UMaTu Ha4uH ga ce
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4. MATEMATIC MODEL FOR THE
ESTIMATION OF
PHOTOVOLTAIC SYSTEMS
POSITION AND THE INCOME OF
SOLAR ENERGY

According to [12], the simplest
mathematical approach to calculate
array spacing for a rack mounted PV
array uses equations (1) - (3), where
parameters are: S -array spacing
(hereinafter, PV module), VSA - the
vertical shading angle between the sun
and the array, H -the height of the tilted
module, Wp-the array row width, ys -the
azimuth, as-altitude angle, Be-the tilt
angle of the array relative to the roof
surface and ya- the orientation of the
array (calculating od 0-360° from North).

Hag3vpe KOMWKO Ce eHepruje npoms-
Boau. BehuHa nHBepTOpa npukasyje Ty
uHdOpMaLUWjy, annu MHore KommnaHuje
HyAe 6eXNYHU MOHUTOP KOjU MOXe BUTK
MocTaBrbeH Ha MPUCTYMAaYHWjoj U BUA-
buBMjoj nokaumju. OBM nogaum mory
6uTn nocnaTu n nyTem WHTepHeTa, rae
ce MOry npukasvMBaTM Ha MepcoHa-
NM30BaHOj] CTpaHMUM Koja npukasyje
OHEBHY NPOW3BOAKY CTpyje, Kao MU
UCTOPUjCKM yunHak cuctema. Cuctemu
conapHe eHepruje OOMYHO 3axTeBajy
BPJIO Marno oApasara W Tpajy oko 25
no 30 roguHa. [loBpemeHO npawe
CoNnapHux naHena kako 6u ce yknoHuna
NprbaBLUTMHA je MakcMMmarnHu cTeneH
ogpXaBawa Koju je notpebaH 3a oBe
cucteme [11].

4. MATEMATUYKKU MOLEN 3A
NPOPAYYH PACIMNOPEQOA
®OTOHAMNOHCKMUX CACTEMA U
NPUHOC CYHYEBE EHEPTUJE

Mpema [12], maTemaTuykn npuctyn 3a

u3padyHaBare pacnopega
(HOTOHAMNOHCKMX  HU30Ba KOpucTn

jeoHaunHe (1)-(3):
S=Hltan(VSA) 1)
tan(VSA)=tanas/cos(ys-ya) 2
H = WP-sinfa (©)]

The equations can also be used to
calculate the distance between the PV
modules for avoiding self-shading at any
given time of the year and any sun
position. Eq. (2) represents the
modification of the basic equation in
order to allow the calculation of the PV
module arrangement of any orientation
mounted on the horizontal surface. The
vector analysis methodology presented
in this paper enables the calculation of
array spacing for photovoltaic arrays
mounted on non-horizontal surfaces
(i.e., roof structures) and non-ideal array
orientations. The modified relations for H
and tan(VSA) are given in Eqgs. (4) i (5)
[12], where S is calculated by using Eq.
(1) and where are: Ba’ -the tilt angle of
the array relative to the roof surface, a's-

roe cy napameTpu: S - pasmak usmehy
HM30Ba (OTOHAMOHCKMX cucTema (y
parsem TekcTy, B mogyna); VSA -
BEpTMKanHW yrao npaerbeka xnaga
namehy CyHua n NB moayna; H - BucuHa
HarHyTor mogyna; Wp - wwvpuHa B
Moayna; ys - asumyT; @s - anTuTyaHu
yrao cyHua; Ba - yrao Harnba [1B
MoAyna Yy OOHOCY Ha XOPW3OHTamHu
pedepeHTHN OKBUP; Ya- OPUjeHTaLmja
MNMB mopyna (padyHajyhu og 0-360° of
npasLa cesepa).

JegHaunHe mory 6uTu uckopuwheHe n
3a uspadyHaBawe pasmaka usmehy B
mMoAyna 3a usberaBawe CamMoCeH4YeHa
(dbopmuparsa xraga) y 6uno kom
onpefheHOM TPEHYTKY y roguHu n 6uno
KOM nonoxajy cyHua. Jea. (2)
npeacraesrba MoauduvKaumjy OCHOBHE
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the tilt angle of the array relative to the
roof surface, y's- the azimuth relative to
the roof surface and y’e-the orientation
angle of the sun and the PV array.

Eqg. (5), which calculates the vertical
shading angle, is dependent on the
altitude and azimuth angle of the sun’s
position in addition to the array
orientation. All three of these angles are
spatially referenced to the underlying
surface which the PV array is mounted
upon (typically a roof surface).

H = Wpsinfd

tan(VSA)=tana’'slcos(y’s-y'a)

This surface can be of any tilt and
orientation. The equations for a's, y’s,
B’'a and y’a are given in Eq. (6-9) and
were derived using vector analysis [12].
The angles B+ i yr are the inclination and
orientation (0-360 ° from the north) of the
substrate, ie, roof surfaces, and other
parameters have been previously
clarified. After calculation of array
spacing for photovoltaic arrays, the size
of the photovoltaic system can be
calculated, or how much power the pre-
defined system collects.

a's = sin"Y(cosas sinys sinyr sinfr + cosas cosys cosyr sinfir + sinas cosfr)

jeoHaumHe, kako 6w ce omoryhuno 3a
n3padyHaBane pacnopega B mogyna
6u1no Koje opujeHTaumje, MOHTUPaHOT Ha
XOPW3OHTanNHy NOBPLUMHY.
MeTogonorvja BekTopcke — aHanuse
omoryhaBa npopa4vyH pacnopega [1B
moAayna MOHTMPaHNX Ha He-
XOPW3OHTanNHWM MoBpWMHaMa  (HMp.
KPOBHa KOHCTpyKUMja) W He-ugeanHe
opujeHTaumje. MoandukoBaHu ogHocu
3a Huntan(VSA) gatu cy y jegHauymHama
(4)yw (5)[12]:

(4)
®)

Fne ce pacnopeg wmogyna - S
obpadvyHaBa no jeq. (1) v roe je: Ba' -
yrao Harnba lNB mogyna y ogHocy Ha
MOBPLUNHY KPOBA; '@'s- anTUTYAHW yrao
CyHua y ogHOCY Ha NOBPLUMHY KpPOBa;
¥Y's - a3¥MyT y OOHOCY Ha MOBPLUMHY
KpoBa; ¥'a - OpujeHTaumja NB mogyna y
0[HOCY Ha MOBPLLUHY KPOBa.

Jea. (5), koja uspadyHaBa BepTUKamHM
yrao npaBrbewa Xxnaga, 3aBuUCU Of
anTUTygHor yrna, asumMyTa "
opujeHTaumje mogyna. CBa Tpu oBa
yrna cy npoctopHo ynyheHa Ha nogsnory
Ha kojy je NB HWM3 noctaBrbeH (06UYHO
nospwuHa kposa). OBa noBpLUMHA
Moxe Outm 6Guno kor Harmba u
opujeHTaumje. JegHaunHe 3a a's, y's,
B'a n ya cy wnsBegeHe nomohy
BEKTOpPCKe aHanuM3e, a pate cy
jeaHaunHama. (6) - (9) [12]:

(6)

y's=cos~1((cosas siny, siny,.cosP, + cosag cosyscosy; sinf, + sinagcosP,)/cosa’s) )

B'a = cos™Y(sinfa sinya sinfr sinyr + sinfla coSya Sinfr cosyr + cosfa cos PBr) ®)

¥'a= cos~1((sinf, siny, cosP, siny, + sinp, cosy, cosP, cosy, — cosP, sinp,.)/

sinfy’a)

9)
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The calculation, according to [12], is
given by the equations (10) and (11),
where are Pm- rated power of the module
(manufacturer  specification),  LLm—
length of the chosen photovoltaic
module, Wmx - width of the chosen
photovoltaic module, DCfaktor- PV array
power density factor, Ax -roof surface
and DCsisr- PV array system size.

Yrmosn fBr U yr M Ccy Harub u
opujeHTaumja (0-360° o npasua
ceBepa) noanore Tj. KPOBHE MOBPLUUHE,
a octanu napameTpu Ccy MPeTxogHo
nojaluHeHu. HakoH npopadvyHa
pacnopega (pOTOHANOHCKMX MoAyna,
MOXe Ce  u3padyyHaTu  BenuMvuHa
hbOTOHANOHCKOr  cucTema,  OAHOCHO
KONWKO cHare npepedVHNCaHN cuctem
npukynrea. NpopayyH, npema [12], gat
je jeaHaumHama (10) n (11):

DCs1ST=(Ak-DCfaktor)/1000 (10)
DCfaktor = Pm/(Lm*(S+Wm*cosf'a)) (11)

5. THE ESTIMATION OF THE
INCOME OF SOLAR ENERGY
USING PHOTOVOLTAIC
SYSTEMS IN THE AREA OF
INTEREST

For the practical part of the paper, point
cloud of the municipality of Rospi Cuprija
was used. The point cloud was obtained
by advanced geodetic measurement
technology-laser scanning, which has
been used in many areas of human
activity for the purpose of efficient and,
above all, timely and spatially reliable
resolution of the problems [13].
Additionally, the .dwg file with 2D
polygons of all objects and area
elements was used as the input data,
and then all the objects with flat roofs
were selected.

For the calculation of energy yield
through photovoltaic cells, equations (1,
4-11) were used. The estimation is as
following: when on the all objects of the
selected area solar panels are mounted
in the optimum position (regarding
inclination and orientation), with the
defined altitude angle and the azimuth
for that location in a certain period, and
the panel type that will be used is
defined, according to the data about the
roof surfaces, orientation and their
inclination, the total power is obtained.

roe  je: Pm-  pedvHucaHa  cHara
kopuwheHor [1B wmogyna, y cTaH-
AapaHuMm  ycrosuma  (cneumdukauuja
npoussohava), Lm-gyxuHa opabpaHor
MB moagyna, Wm - wupuHa opabpaHor
MB moayna,

DCfaktorr- paxTop cHare B mogyna, Ax-
nospLuUMHa kpoBa, DCsisr- BenuunHa B
cuctema.

5. MPOPAYYH NPMHOCA
CYHYEBE EHEPI'"JE NOMORY
®OTOHAMNOHCKUX CUCTEMA Y
OBJNIACTU Of1 UHTEPECA

3a npakTuyHu geo papga, kopuwheH je
obnak Tavaka onwTnHe Pocnu hynpuje.
O6nak Tavaka AobujeH je HanpedHOM
reogeTCckoM MEpPHOM TEXHOMNOrMjoM -
nacepckMm  CKeHWpamweM, Koje uma
3HayvajHy NpuMMEeHy Yy MHOrMM noapy-
yjumMa JbyAcke [enaTtHOCTW Yy CBpXY
YUYMHKOBUTOr U Npe cBera BPeMEHCKN U
NMPOCTOPHO  MOY3[4aHOr  peluaBaka
HacTanux npobnema [13].

Mopeg Tora, kao ynasHM nogaTak
kopuwheH je .dwg cbajn ca ucuptaHum
2[1 nonuroHMma cBux objekata W
enemeHata nogpydja, a noToMm Ccy
n3aBojeHn cBU 06jekT ca paBHUM
KpOBOBMMA.
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Using the software packages, the base
areas with a buffer zone of 35 cm are
calculated, resulting in an approximate
surface of the roof, and orientations of
the roofs are added to those data (angle
relative to the north direction) [14].

From the input data, it was necessary to
choose one model of the solar panel that
would be used. According to [15], a SN
polycrystalline PV module, 265 W, 1650
x 990 x 30 mm, and an efficiency of 16%
was selected. Parameters that also
figurate in the above explained
calculation are the altitude angle of the
sun, and azimuth. These two angles
change depending on the time of day
and year. Simple online applications
allow quick calculation of these angles
for any location (it is all right to enter the
latitude and longitude, hour, day, month,
and year). As a result, azimuth and the
altitude angle were obtained for every
hour for the day of the year, when the
insolation of the Sun is the greatest, i.e.
the summer solstice (June 21, 2017).
The average parameter values of that
day were used: azimuth 156°, and the
altitude angle 67°. In this way, the
gained power that panel produces will
represent the maximum in 2017.

It was necessary to define the inclination
of panels that are being placed. To make
the radiation on the surface of the
photovoltaic panel the greatest, it is
necessary for the panel surface to be
perpendicular in relation to the sun's
radiation. In this respect, the best tilting
angle of the photovoltaic panel is a tilting
angle equal to the angle of the latitude of
the place where this panel is located
(latitude angle), whereby the greatest
average radiation is achieved. For the
inhabitants of the Northern Hemisphere,
this means the directing of the
photovoltaic panel towards the south,
i.e. toward the Equator. For Belgrade,
whose latitude is 44° 48' 56", the optimal
angle for flat roofs is exactly 45°
(approximation made up to the degree
level), and the orientation of the panels
is toward the south, or 180° [14].

3a npopayyH npuHoca eHepruje npeko
doToHanoHckux henwuja, kopuwheHe cy
dopmyne (1, 4-11). NpoueHa ce ceoan
Ha cnepehe: kaga ce Ha objekte
nsabpaHor nogpydja nocrase ConapHu
naHenu y onTumanHom nomnoxajy (Harné
W opuvjeHTauuja), y3 AgedUHUCaHU
anTUTYAHW yrao U asMmyT CyHUa 3a Ty
nokauujy y oppefeHoM BpeMeHCKOM
TPeHyTKy, ogpeau TUn u BpcTa naHena
kojy he ce «kopuctutn, u nomohy
nogataka O MOBPLUMHU W OpujeHTaumju
KpoBOBa, Aobuja ce ykynHa cHara Kojy
™M naHenu npoussogde. [lomohy
KopuwheHnx coTBEPCKUX naketa cy
u3padyyHate MOBpLUMHE OCHOBMLA ca
Oycdep 3oHom op 35 cm, uume ce
Jonasu Ao anpokcMmarnHe noBpLUnHe
KpoBa, Te TUM nogauuma npuapyxeHe
opwvjeHTaumje kposoBa (yrao y ogHoOCy
Ha npaBau, cesepa) [14].

Op ynasHux nogaTtaka, HEOMXo4HO je
ovno wmsabpatm wu jegaH mogen
conapHor naHena Koju he ce KopucTuTu.
Mpema [15], wu3abpaH je SN
nonukpuctanuu NB moayn, jauvHe 265
W, aumeHsmja 1650 x 990 x 30 mm, u
edmkacHocTn 16%. [lapameTpu Koju
Takohe urypuLly y rope nojalheHoMm
npopavyHy Cy anTUTyAHW yrao cyHua u
asumyT. OBa AgBa yrnma ce Mewajy C
063MpomM Ha nepvog AaHa W rOAuHe.
JegHocTtaBHe OHnajH annukaumje
omoryhaBsajy 6p3v npopadyyH Tux yrnosa
3a 6uno kojy nokauujy (OOBOSBHO je
YHETU reorpadpcky LUMPUHY U OYXUHY,
cat, [faH, Mecey wu roguHy). Kao
pesyntat, pobujern cy asumyT u
anTMTYOHW yrao CyHua cBakor carta 3a
AaH y roawHW, Kaga je Hajseha
nHconauuja CyHua, 0QHOCHO Ha NneThu
conctuuyj (21.06.2017). KopuwheHe cy
npoce4yHe BpegHOCTW napameTtapa Tor
JaHa, ofHocHO: asumyT 156°, Te
anTutygHu yrao 67°. Ha Taj HauuH,
pobujeHa cHara Kojy maHen npoussoam
npeactasrbahe  MakcumanHy — cHary
2017. roguHe.

HeonxogHo je 6uno pedwHucatu
Harmbe naHena Koju ce noctaerbajy. [a
61 upagvjaumja  Ha  MNOBPLUMHU
boToHanoHckor naHena 6una Hajseha,
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After calculating and defining the
necessary data, a distance between the
PV modules (S) is obtained. Then, by
using the spacing and dimensions of the
selected panel, as well as the roof
surface, the power produced by the
panel is obtained, as shown in Table 1.
From the Table number 1, it can be seen
that the total power of the fixed panels
on selected flat roofs is 3999.5954 kW.
The surface that these panels occupy is
the sum of all roofs, or 24839.16 m?2

notpebHo je ga noBpw naHena 6yne
HopmanHa Ha ynagHo CyH4yeBO 3pa-
yerwe. Y TOM nornegy, Hajéorbu Haru-
OHM yrao poToHanoHcKOr naHena je
HarMbHW yrao jegHak yrny reorpadcke
LUIMPUHE MecCTa Ha KOMe ce Hanasu Taj
naHen (naTtUTygHW yrao) npu 4Yemy ce
ocTBapyje Hajpeha npoceyHa wpagu-
jaumja.

Tabela broj 1: Snaga koju panel proizvodi na ravnim krovovima date opstine
Table 1. Power produced by panel on flat roofs in selected municipality

Ordinary The average Ordinary The average
number of flat power the panel number of flat power the
roofs produces [kW] roofs panel
produces [kW]

1 4.2181 18 232.2745
2 21.3131 19 35.6767
3 4.5511 20 260.6278
4 5.7866 21 11.5781
5 2.6396 22 510.3348
6 1589.9465 23 131.4843
7 40.3413 24 3.8211

8 11.5124 25 58.4237
9 6.4886 26 60.7166
10 5.4314 27 7.1124

11 1.6969 28 59.4904
12 9.3477 29 119.6116
13 6.1261 30 59.5888
14 6.0000 31 24.4626
15 42.6312 32 27.6302
16 32.3073 33 566.4961
17 39.5234 SUM: 3999.1908

6. CONCLUSION

In order to effectively manage spatial
and other information related to urban
infrastructure, cities need up-to-date 3D
spatial information and 3D GIS systems.
The role of such systems is to support
decision-making in the construction, use
and management of wurban infra-
structure, as well as the further deve-
lopment of sustainable energy. Spatial
information has become necessary for
numerous aspects of urban develop-

3a ctaHoBHWKe CeBepHe xemucdepe 1o
3HauM ycmepaBake (HPOTOHANOHCKOr
naHena npema jyry, OAHOCHO mnpema
Ekeatopy. 3a beorpag, koju uma
reorpadpcky wimnpuHy 44° 48' 56", onTtu-
ManaH yrao Kof paBHMX KpOBOBa je
ynpaBo 45° (y3eTa je anpokcumavmja oo
Ha CTeneH), a opujeHTauuja naHena ka
jyry, ogHocHo 180° [14].

HakoH wu3payyHatMx 1 peduHMcaHux
HEONMXO4HUX nopaTaka, pJobujeH je
pa3mak namehy rNB mogyna (S). MoTom,
npeko pasmaka u gumeHsunja ogabpaHor
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ment, planning and management [16],
and this paper presents their great role
in maximizing the use of renewable
energy sources.

The analyses in this paper were
performed by using realistic measure-
ment data about solar radiation and
ambient temperature for the settlement
of Rospi Cuprija. In the estimation, it was
taken that the photovoltaic panels are
south oriented and fixed at the flat roofs.
It was found that the total power
produced by all photovoltaic panels
installed on those selected roofs is
3999.5954 kW. The obtained figures
indicate the necessity for the installation
of photovoltaic panels from the aspect of
energy, ecology, and finance.

What could lead to even better results in
the future is the installation of mobile
instead of fixed photovoltaic panels.
South-oriented panels have maximum
power production at midday, those
oriented south-eastern have maximum
power production in the morning hours,
while those oriented south-west produce
maximum power in the after noon. With
rotating panels, according to the Sun,
the usability would be maximum, not
only for a certain period, but throughout
the day. Being encouraged with
investments, the technology of solar
cells has been increasing. Investments
are mainly focused on increasing the
solar cells efficiency, which could
become an even more important
renewable energy source. Namely, this
is good, not only from the ecological, but
also from the energy point of view,
because fossil fuels are not only
ecologically unacceptable, but also
limited. That is why there is a need for
new technologies, which would be
acceptable from the aspect of both
energy and environment [14].

naHena, kao 1 NoBpLUUHE KPOBa, Aonasu
ce [0 cHare Kojy Npou3Boau naHen, Wwro
npukasyje Tabena 6poj 1.

N3 TaGene 6poj 1 ce Buam ga ykynHa
cHara Kojy mMKcupaHv naHenu Ha gatnv
paBHMM KPOBOBMMA MPOU3BOAE N3HOCK:
3999.5954kW. [losplwmHa kojy T na-
Henu 3ay3vMajy je cymapHa MoBpLUUHA
CBUMX KpOBOBa, OAHOCHO 24839.16m?2.

6. 3AKIbYYAK

Y CBpXy YYMHKOBUTOr YynpaBrbaka
NPOCTOPHUM M OCTanum MHpopMaLu-
jama noBe3aHum ca ypbaHoMm WHdpa-
CTPYKTYpOM, rpagoBuma cy noTpebHe
axypHe 3[1 npocTtopHe MHdopmaumje n
30 T'MC cuctemn. Ynora TakBuX CuUC-
TeMa je NoApLIKa y AOHOLLIEHY oAJiyka
npwv n3rpagmu, ynotpebu n ynpaerbamwy
yp6aHOM VMHMPaCTPyKTypoOM, Kao W
Jarbem pasBoOjy OApXuBE eHepruje.
lMpocTopHe uWHdoOpMauuje noctane cy
HYXXHO HeonxofHe 3a OpojHe acnekte
ypbaHor pasBoja, nnaHupawe 1 ynpa-
BIbane [16], a y oBom pagy npvkasaHa
je HMxoBa Benvka yrora kaga je ped o
MakcMManHoM uckopuwhasaky 0GHOB-
TbUBUX N3BOpPa eHepruje.

AHanuse y oBom pagy obGaBrbeHe cy
KopuwherweM peanHux MepHux nopa-
Taka O COMapHOM 3payewy U Temne-
patypu okonuHe 3a Hacerbe Pocnu
Thynpwja. Y npopauyHy, kopuwheHo je
Aa Ccy (OTOHaMNOHCKM MNaHenu jyxHo
OpWjeHTUCaHN 1 PMKCUPaHW Ha PaBHUM
KpoBOoBMMa. YTBPHEHO je Aa je yKynHa
cHara cBWMX (DOTOHAMOHCKMX nNaHena
WHCTanupaHnx Ha ogabpaHuM KpoBO-
BumMa 3999.5954 kW. [obujeHn nogaum
yKasyjy Ha HeonxogHOCT MWHcTanauuvje
(POTOHaMNOHCKMX MNaHena ca acnekra
eHepruje, ekonoruvje n uHaHcwja.

OHo wto 6M y 6GypgyhHOoCTM MoOrno
OOBecTu Jo jow Oorbux pesynrtaTta, je
NnocTaBrbake MOKPETHUX, YMECTO (VK-
CHMX (POTOHAMOHCKMX naHena. JyXHo
OpWjeHTUCaHN NaHenu nmajy Makcuma-
NHY NPOU3BOAHY Y CONapHO NOAHE, OHU
KOjW Cy OpUjeHTUCAaHM jyro-UCTOYHO MaK-
CMMarHy cHary npousBoAHe OCTBapyjy
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y NpenogHEeBHUM 4YacoBMMaA, OOK OHWU
KOju Cy oOpuvjeHTUCaHun jyro-aanagHo
UMajy MakcumarnHy cHary npou3BOAH-€
nocnenogHe. Ca potupajyhum naHe-
numa, cknagHo nytawu CyHua, Mcko-
puctmBocT 6u Guna makcumarnHa, He
camo y ogpefieHom nepuogy, Beh TOKOM
uenor paHa. TexHornoruje conapHux
henuja cy, noacrtakHyTe WHBECTULU-
jama, y Benukom nopacty. MiHBecTtuumje
Cy YrnmaBHOM OpMjeHTMCaHe Ha noBse-
hawe edukacHocTM conapHux henwja,
Koje 6y morme nocTtatu jow BaKHWjU
06GHOBILMBM M3BOP eHeprunje. Hanwe,
0BO je 0obpo, He camMO ca €eKOroLlKe
Tauyke rmeguwita, Beh n y eHepreTckom
nornegy, jep docunHa ropmsa He aa cy
CaMO EKOJIOLIKN HEMPUXBATIbMBA, HETO
Cy 1 orpaHudeHa. Ynpaso 360r Tora cy
notpebHe HOBe TexHosnoruje, koje cy
NnpuxBaTibMBE W Ca E€HepreTckor u ca
eKoroLukor acnekra [14].
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