/

GOCE DELCEV UNIVERSITY, STIP, NORTH MACEDONIA
FACULTY OF ELECTRICAL ENGINEERING

ETIMA 2023
SECOND INTERNATIONAL CONFERENCE
27-29 SEPTEMBER, 2023

o
-
f ] - -

-
=

TECHNICAL SCIENCES APPLIED IN ECONOMY,
EDUCATION AND INDUSTRY




YHUBEP3WUTET

OUE OEJIYEB

EJNEKTPOTEXHUYKN
DAKYNITET

(Jrsvt{Uu( MU RYSR ,AdSsv] v U
VIV RI[TTYRBIAL 1 1d2yrRIvr 10
fostcrd1rrRmo

FACULTY OF ELECTRICAL ENGINEERING
GOCE DELCEVUNIVERSITY, STIP, NORTH MACEDONIA

lTvftdertvrotdri ¢ sfrartr1r ArRmo
SECONDINTERNATIONAL CONFERENCE

[ U R[ OETIMA 2023

14 ft1RrRs 1¢ vtouor IR
CONFERENCE PROCEEDINGS

2729 § Is j dzo td 8722 Fept@nber 2023

ISBN: 978608-277-040-6
DOI: https://www.doi.orq/10.4676ETIMA2321



https://www.doi.org/10.46763/ETIMA2321

] z0o j dz d tsH ¢ ts9Eimjinkhieftc j H dzd €
fotsWtc 4O s | Jdzj o
Prof.dr Saso Gelev

mOL d ydzts [ tdgnguage @ditgr
1l J mMdzO 1/ Ydpria Rist@a

vJnded Y s Ek/tFgchniza Efting
[ OtcC 5 1 tY O Gaigsimov

R L H O sRohlsher

[ dzj CIstesls j R dzd, udedfo J O deleglglfAsdizds d 6 J o j 6 dzO
[OCiHtsded O
Faculty of Electrical Engineering@Goce Delcev University, StjiNorth Macedonia

dHEE] MO dz20 Bte¢ Odzd U Aidrdss olzthemrg@riing domgittee

vdzd ® j oL d s Isj 0A | mimdiferijadz® [ OC | Hded

Goce Delcev University, StipNorth Macedonia

[ dzj Slstetsls j o dzd AEGcdlty 8f BlctridEpgimeering

dHtc] MO: s temis jo 2[00 ¢ Aidsesstf Krst® Misirkov, 1A, 2000Stip
E-mail: conf.etf@ugd.edu.mk

CIP-s OlsOdzsedL Oyd O ot fkBdzdstOoOyd 0O 1 0y
"dwo. sdzddjdzs [jrtedHmSCd", wSBf-

62-049.8(063
004-049.8(063

frrtovvoetrdrv e Sdtjtejdyd © rvrid (2 ;
1 Bistedzd & 2O IstezHtsod [ [ dzj CltetsdzMC d dL

[ ORS¢ 202B ,Mi2f7ilsj o ted 2023 = Conferen
international conference, 279 ~Sept ember 2023 ; 6 &0Os9
4 ON s | Jzdejdet] i vdedBYBL H gL, dz)Ciste

Stip : "Goce Delcev" University, Faculty of Electrical engineering4202

1 Ouyddz dzO { ted fylshis Evewd dqgj.org/10.46V6B/ETIMA2321
vjiBfmets PDF W sttd3Ols, g HAdHdHS 92 OfOtc j i Isi iz j ddz
[fdMm d2O0 drLotstesls -o2@z mazf 2@O0.0 02024 . Od
OL-dYB dZdsctOWd O -EtsHachEzdgso fspendi

ISBN 978608-277-040-6

Q) dzj Clstebkj BgdgzO®Odstgd [ ON -dzfipls alzy- 20 B A tc
9) ¢ ol ts-BAsffifj-@BB Jtcd 6 ) Rzt d3PEADERPC

COBISS.MK-ID 6333513

©


https://www.doi.org/10.46763/ETIMA2321

l s®dg] " ZdzOtetsH dzO@ € tsdaW J toj day
27-29fy f Isj o tcd 202 3
Secaod International Conference ETIMA
27-29 September 2023

JTL1O vV RYOARS VL Jradt
ORGANIZ ING COMMITTEE

]l Ofmd dzd ° O/ Vadiijs 8arpc
( dzd SlIsteslsy mdzedysSd WOSCEdzs] Is,
Vago j toLAdIISSiUS] [z s padj tedzO [ OC jHisded © O
Faculty of Electrical Engineering,
Goce Delev University Stip, North Macedonia

g O 5 | /SaggCelev
[dzd S bteslsf mndzdusd WOCEdls]ls,
L dzd ® § teA dtis Js 1,7 sy pangAc [ OC j Hisded = ©
Faculty of Electrical Engineering,
Goce Delev University Stip, North Macedonia

UBHEt Y j S lacts Sddrafski
{dzd Sstetslsj ndzdyuséd WOSCEdzs§ Is,
Ldzd o j teA sy js [z leaii pdj tcdz® [ OC jHBded * O
Faculty ofElectrical Engineering,
Goce Delev University Stip, North Macedonia

[ O 0O skSCEk"jbhHvajaKuBudgvaRaneva
[dzd Csteslsy mndzdySd WOCEks]ls,
vded o j A sy ds Lz lsffi padj tcdzO [ OC jHESded " O
Faculty of Electrical Engieering,
Goce Delev University Stip, North Macedonia

I ddz" 0dz0 vy dIs€ kM | o/BiljgnaCltklidet@tDanity@véka
[ dzd Csteslsy ndzeduscd WOCEdzIs]Is,
Lded © § teAdtisyds rz s padj tdzO [ OC jHiSded " O
Faculty of Electrical Egineering,
Goce Delev University Stip, North Macedonia

[ OtcC s 1 ts ¢RatkaBiambnov
(dzd Slsteslsy mndzedySd WOSCkdzsj§ Is,
Ldzed o j teA dtisy s [z lsaiii padj tcdz® [ OC jHBded * O
Faculty of Electrical Engineering,
Goce Delev University, Stip, North Macedonia



I ststc®@ 3] " ZdzOtetsH dzO € tsda J to
27-29fy f Isj o ted 202 3
Secound International Conference ETIMA
27-29 September 2023

1t f1téfuwsrR R VY OOY[1L Jraft
SCIENTIFIC COMMITTEE

4 5 1 5 cIoNafuchii
1l dmMsC O P8O dd daPRE O d Isj - detsdztse d d
vdzdo jteL dlsjls mtsCOdHts, mOf sded " O
GraduateSchool of Information Science and Technology
Hokkaido University, Japan

rdtsdzdL | Oh DO teowIfips dGagpar ovs k1
ANOSEdzlsjls LO jdzj SsteslsjrndzdC O d JdeW sted3Oydtsc
gdzso Oysd v J - dgdsy9sd ousdzd acjOustd M dzOe ©, w dzse OYS !
Faculty of Electrical Engineering and Information Technology

Slovak Technical University in Bratislava, Slovakia

Adzls s dz 1 Antz@®BRIS /R
ANOCEZdzlsjIls LO JjdzjSlsteslsjmrdzdC O d ddaW sted3Oyd 5¢
gdzso Oysd v J ndzd ys de Otsdednazotw 1Od Is plsztse © Y& O
Faculty of Electrical Engineering and Information Technology
Slovak Technical University in Bratislava, Slovakia

] 4 stee d R 9 Odzts GeoygijveriocGegrgiev /
UjrnddySd vdzdojtoLrdlsjls ot | OBteats, 1 kZa6C
Technical University in Gabrov®ulgaria

RO Jdzd dzO0O dIsj W O dzts al@lina SedaBowBaisban®va /
UjrnddySd vdzdojtoLrdlsjls ot | OBtesats, 1 kZa6C
Technical University in Gabrovo, Bulgaria

18" Odz 1 d &3] Is te s Boyan@im@riv,jKeegpenev
vjrdedySd vdzdejtLdlsjls ot | OBttsats, 1 EZcC
Techntal University in Gabrovo, Bulgaria

g4 O 5 | SaggCelev/
(dzd Slsteslsy mndzedySd WOSCkdzsj§ Is,
Ldzed o j teA dtisy s [z lsaiii padj tcdz® [ OC jHBded * O
Faculty of Electrical Engineering,
Goce Delev University Stip, North Macedonia

l &zO ¢ s v d\datkes @igoski /
(dzd Slsteslsy mdzedySd WOSCEdzIs§ Is,
Ldzd 9 j teA dtis\ js |z lsaiyfi padj tcdz®@ [ OC jHisdzd * O
Faculty of Electrical Engineering,
Goce Delev University Stip, North Macedonia



1 B 5 s tchBe® Kftajic
[dzd SIstetslsj mdzd ysd WOSEkZdzlsjls
vdzdo jcatkflege® | SO, Atodz® | stcO
Faculty of Electrical Engineering,
University in Montenegro, Montenegro

[ ddztse Odz { QMiodats Radutovic
(dzj Ssteslsjrdedyéd WOCEkZdzlsjls
vdzdo jcatkflege® | SO, Atcdz® | tstcO
Faculty of Eleatical Engineering,
University in Montenegro, Montenegro

I ByYyd wbjWOdkzse / Goce Stefanov
(dzf Steslsj ndzedyséd WOSCEdzls§ Is,
Lded © j teA dtisy s [z s padj tedzO@ [ OC jHisded © O
Faculty of Electrical Engineering,
Goce Delev Universiy, Stip, North Macedonia

{ dtc’ OdzO / MijjateedPeric
[ dz StctsdzgmMCd W OCEZdzlsj Is
vdede jtoL dIsjls ots 1 dh, wteBd O
Faculty of Electronic Engineerig,
University of Nis, Serbia

¢ dz0 | k y/SAmeeVdgckovic

[ dz StctsdzmMC d W OCEZdzlsj Is
vdzde jteL dIsjls et 1 dh, wteBd O
Faculty of Eletronic Engineerig,

University of Nis, Serbia

uUBHEste v jSjtesoamMGd / Todor Cekerovski
{dzd Sstetslsj mndzdyuséd WOSCEkdzsj s,
Ldzd o j teA sy js [z leaiii pdj tcdz® [ OC jHBded * O
Faculty of Electrical Engineering,
Goce Delev University Stip, North Macedonia

[ OzdBtstc o jtecOWdddsomMCd / Dali bor Serafin
{dzd Sstetslsj ndzdyuséd WOSCEkdzs§ Is,
Ldzd o j teA sy js [z leaiii pdj tcdz® [ OC jHBded * O
Faculty of Electrical Engineering,
Goce Delev University Stip, North Macedonia

[ JesmdzO9e © A Ote & OMirodauznd-trKasSmdkova
ANOCEZdazIsjls LO jdzjSbteslsjrdzdC O d dJdaW sted3sOy(d 5¢
gdzso OYysSd vjrmrdzduysSd vdzdojterdlsjls ots 1 tcOIsdmd
Faculty of Electrical Engineering and Information Technology
Slovak Technical Universityn Bratislava, Slovakia

1 JIsjte mBetadani@a /
ANOCEZdzIsjls LO jdzjSlteslsjrdzdC O d ddaW sted3sOy(d 5¢
gdzso OYysSd vjrmrdzduysSd vdzdojterdlsjls ot 1 tcOIsdmd
Faculty of Electrical Engineering and Information Technology
Slovak Technical University in Btiglava, Slovakia



mO dzO { O HghaRaditechola
ANOCEZdzlsjls LO jdzjSlsteslsjmdzdC O d ddaW tsted3Oy(d 5¢
ddzso Oysd vjmdzdycéd vdzdegzsoa @830 ot 1 tcOIsd Mmd
Faculty of Electrical Engineering and Information Technology
Slovak Technical University in Btislava, Slovakia

[ tOG6 Odz [ d dasgariMingvski
[dzd Csteslsy mndzdyusd WOCEds]ls,
vdzd o J A sy ds Lzl padj tdzO [ OC jHESdzd * O
Faculty of Electrical Engineering,
Goce Delev University Stip, North Macedonia

l OmMdddd zO0te®Oy / Vasilija Sarac
[ dzd Slsteslsy ndzedySd WOSEdzs§ Is,
Vded o j oAty s [z lsfi padj tcdz® [ OC jHBsded * O
Faculty of Electrical Engineering,
Goce Delev University Stip, North Macedonia

odzj CMOdzH Ot v kv Otctsdzarav Al eksandar Tu
[dzd Csteslsy ndeduscd WOCERdzIs]Is,
vded o j A sy ds Lz lsfi padj tcdzO [ OC jHEded O
Faculty of Electrical Engineering,
Goce Delev University Stip, North Macedonia

] &zOH d 3d te¢ v Dakdjme fijdldedski /
[ dzd ¢ Istetslisty G Wafdrls idls ,
vdzd o J A sy ds z s padj tdzO [ OC jHESdzd * O
Faculty of Electrical Engineering,
Goce Delev University Stip, North Macedonia

l d&zOH 5 | MfdpjGicev/
ANOCEdzIsjls LO ddat sted3OIsd € O,
vdzdeo jtoL dIsj B, Szylgdtf.jdajojtedzO [ OCjHEBdd O
Faculty of Computer Science,
Goce Delcev Uiversity, Stip, North Macedonia

[Oted O v jCjtesoamMC O / Marija Cekerovsk
Jthd;mgq WOCkdlksj s,
Vdzgdo jteL dIsjd Al BYjzpi, wjojtdd [ OCjHGdd
Faculty of Mechanical Engineering,
Goce [elcev Unversity, Stip, North Macedonia

[dh¢ts odHtetse / Mi sko Dzidrov
fohddme¢d WOoCkdsjl,
vdzd e jteL disjls ALty 1 Jdgjjortsided zGsdf, wj o] ted
Faculty of Mechanical Engineering,
Goce Delcev Uiversity, Stip, North Macedonia

¢ dzj € i OdzH O teAlegstnigds i rstev /
ANOCEZdzsjls L O dqdat sted3OIsd ¢ O,
Vdzdo jteL disjBjALBY)Z4Hfz, wjojtedzO [ OFjHBdd
Faculty of Computer Science,
Goce Delcev Uiversity, Stip, North Macedonia



]l Odzyts ¢ Wdnth© Adzigki
ANOCSBEdzlsjls LO ftedtesHdzed d Ijnrmrddy¢Sd dzOE¢C
Vded © jtoL dls j g jiB,) Sylgdtf.jdatjojtedz® [ OCjHtsded O
Faculty of Natural and Technical Sciences,
Goce Delcev Uiversity, Stip, North Macedonia

s s3] 1 d 3Eom&inthvsKi
ANOCREZdIsjls LO ddWtsedkOlsduséd d S¢tdkzdzd ¢ ’qcffr]‘;c
Vded o jteL dilsjls [Adted H fg Uaff dgj dzlsy jO® jtodzO [ OC jH TS ‘
Faculty of Information and Communication Technologies
University St Climent Ohridski, North Macedonia

1 BteOdz s tsBojaa Mpfedski /
ANOSEdzlsjIls LO ddaW stedzdOIsdysd d Stsddzdzd € Oyd
Vded o jteL dlsjls [Adted H fg Uaff ofFj dzlsu j 0 jtedzO [ OC jH TS
Facultyof Information and Communication Technologies,
University St Climent Ohridski, North Macedonia

1 d6¢ sdzO t J ddikqlasREdeyski/
ANOCEdzlsjIs L O dqdWtsted3OIsduyusd d ¢ tsd3kzdzd ¢ ucffr]Qc
Vded o jteL dlsjls [Adted H fg Uaff oFj dzlsu j 9 jtodzO [ OC jH TS ‘
Faculty of Inbrmation and Communication Technologies,
University St Climent Ohridski, North Macedonia

Rd&zd" © mtedmssomCd / 1 lija Hristovski
[ Sdesd3smCd WOCEkdsj s,
vded o jteL dlsj s ARted H fgaff d5i dzlst j 9 j tedz® [ OC j Hisded
Faculty of Economy,
University St Climent OhridskiNorth Macedonia

mted Mis d dz0 o /tHxstNE SPgsoBka
ANOCEdzIsjls LO jdzjClstetslsjrndzd SO d ddaWW stedzOy
Vded o jteL dlsjls A uwd. Aisde§&fqjf iBEendtedd [ OC
Faculty of Electrical Engineering and Information Technologies,
Ss. Cyril and Métodius University, North Macedonia

d ¢
J Ht

[ sdzOdz | ts dziRentswe Golliepvski
] od e sRQEs] A3OIsdyus d W OSCkdzsj Is,
vdzdo jteL dlsjls A wo. Asdueiqdjf jBFEFadtedd [ OCjHt
Faculty of Mathematics and Natural Sciences,
Ss. Cyril and Methadds University, North Maedonia

[ Otej o toB d MaseSrpih@yska
ANOCREZdzlsjIs L O jdzjSbsteslsjrmrdzdC O d ddaW stedsOyd ms
vdzdo jteL dlsjls A wo. Asdueidjf jBEadtedd [ OCj Ht
Faculty of Electrical Engineering and Information Technologies,
Ss. Cyril and Methads Universty, North Macedonia

1 ddz° 0dzO 7 dzBHEjadaZatafmovska /
ANOSEdzlsjls LO ddaW stedzOIsd € O,
vdedo L dlsjls Ay sd].J e tdd [ OCjHBdd O
Faculty of Computer Science,
Goce Delcev Uiversity, Stip, North Macedonia



dpdzj SMOdzH tc © w Is s O dztksmr@ra Btdanhgva lfipstea / Al e
ANOCEkdzlsjls LO ddaW sted3dOIsd € O,
vdzdo jteL dlsjjAL BYyjzhitz, wjojtdzO [ OCjHEdd!
Faculty of Computer Science,
Goce Delcev Uiversity, Stip, North Macedonia

Jdtt" OO stsyoOdzj 90O I dlsOdeso ®© / Mirjana Koca
ANOCEdzsjls L ©®OJdat s5ted3OIs
vdzdo jteL disi My AL BYJzpdez, vjojtedzO [ OC]JHEd]
Faculty of Computer Science,
Goce Delcev Universitystip, North Macedonia

RO OdzO d OldangjSandeva
ANOSEZdzlsjls L O jdzjSlsteslsjrndedS O d dJdaW sted3Oyd m§
vdedo jteL dilsjls A wo. fstfwif.dz wj g jisds® f OC j Hisdzed * ©
Faculty of Electrical Engineering and Information Technologies,
Ss. Cyril and Methads University, North Macedonia

Il ddz" Odz0 vy dlsSkhjoO rdd3dstesomMC O / Biljana Ci
(dzd Ssteslsj mndedy¢d WOSCEdzsjls,
Ldzd o j oL disjls AlssNyy rejddnjjteedsd [ OCJj HBdd O
Faculty of Electrical Engineering,
Goce Delev University, Stip, North Macedonia

1 OlsOh O u Is Natlisw3togkovik /
ANOCEZdzlsjIs LO dJdaW sted3OIsd ¢ O,
vded o jteL dlsjls Aytsyj rjdzuie A, zbdf, uwjojtec
Faculty of Computer Science,
GoceDelcev University, Stip, North Macedonia;



]l stsdgP" ZdzOtetsH dzO € tsdgW j toj dzy
Secondnternational Conference ETIMA

PREFACE

The Faculty of Electrical Engineering at University Goce Delcev (U@GB3, organized the Second
Interndional ConferenceElectrical Engineering, Informatics, Machinery and Automation-

Technical Sciences applied in Economy, Education and IndudgfIMA .

ETIMA has a goal to gather the scientists, professors, experts, and professionals from the field of
technical sciences in one place as a forum for exchanging the ideas, strengthening the multidisciplinary
research and cooperation, and promoting the achievements of technology and its impact on every aspect
of living. We hope that this conference will contnto be a venue for presenting the latest research
results and developments on the field of technology.

Conference ETIMA was held as online conference. Maore than sixty colleagues contributed to this event,
from five different countries with more than tiyipapers.

We would like to express our gratitude to all the colleagues, who contributed to the success of
ETI MA623 by presenting the results of their curr
many fruitful discussions.

We invite you and yaucolleague to attend ETIMA Conference in the future as well. One should believe
that next time we will have opportunity to meet each other and exchange ideas, scientific knowledge
and useful information as well as to involve as much as possible thengs@agchers into this scientific

event.

The Organizing Committee of the Conference
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COMPARATIVE ANALYSIS BETWEEN BIFACIAL AND
MONOFACIAL SOLAR PANELS USING PV*SOL SOFTWARE

Mladen Mitkovskt, Vlatko Cingosk#
IFaculty of Electrical Engineeringsoce Delcewniversity, Krste Misirkov 10A, 200tip, North Macedonia
email:mladen.20234@student.ugd.edu.mk
2Faculty of Electrical Engineeringoce Delcewniversty, Krste Misirkov 10A, 200Gtip, NorthMacedonia
email: vlatko.cingoski@ugd.edu.mk

Abstract

Traditional solar panels commonly used in todgyds sol
on one side of the panels. Recently, many solar panel producers have improved their panel designs by introducing
so-called bifacial solar panels which feature solar cells on both sides of the solar panel. Producers claim that the
bifacial solar panelsregarding energy generation, typically overperforms the traditional monofacial solar panels

by about 5.5%, with additional investment cost between 10% and 25%, which strongly depends on the producer
and the size of the project.

In this paper, the authomnade a simulation and comparative analysis between bifacial and monofacial solar
panels using PV*SOL simulation software. The simulation was done on a solar power project with an installed
capacity of 1 MW using exact solar insolation values for the eg@mgraphical location. Typical bifacial and
monofacial haHcell solar panels available at the local market were used for the analysis. For enhancing the
analysis, two common placements of the panels were utilized, ground placement, and rooftop placahetnt p

with the roof at the same inclination (pitch) and orientation (azimuth). Obtained results using PV*SOL simulation
software for both panels and both placements are presented with accompanying discussion. For ground
placement, bifacial solar panelssulted in increased energy generation of approximately 2.5%, while for rooftop
placements the amount of the increased energy generation was negligible. @laced bifacial solar panels

have increased energy generation all year around, while rooft@ziblf solar panels provide larger energy
generation only during summer months, from June to August. For the rest of the year the energy generation
difference, although in favor of bifacial over monofacial s@anels, was still negligible.

Key wordS

Photovoltaics, monofacial solar panels, bifacial solar panels, PV*SOL, renewables

Full paper ispublished inBalkan Journal of Applied Mathematics and Informatics
https://js.ugd.edu.mk/index.php/bjami

44


mailto:mladen.20234@student.ugd.edu.mk
mailto:vlatko.cingoski@ugd.edu.mk
https://js.ugd.edu.mk/index.php/bjami

