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I'pyna I'.7. Hayyna ny0jukanus B U31aHUsi, KOUTO ca pepepUpPaHu U HHIEKCUPAHU B
CBETOBHOM3BECTHH 0a3U JaHHU ¢ HAYy4YHa MHopManus

I'.7.1. Arsov B., Arsova E., Sadinov S., Measurements of the non-ionizing radiation of 5G base
station of Mobile operator Makedonski Telekom AD Skopje and electricity supply with Photovoltaic
plant, International Conference on Electronics, Engineering Physics and Earth Science (EEPES 2023)
which will be held on 21st-23rd June, 2023 in Kavala, Greece. (Indexing and Publishing AIP
Conference Proceedings is indexing in: Scopus, CPCI (part of Web of Science), Inspec index, SJR
0.19) (in Print, mpunoxen ceptudukar)

https://pubs.aip.org/aip/acp

Pe3ome: LHI/IpOKOJ'IeHTOBI/IS{T HHTCPHET AOCTHII € TCXHOJIOTHUA OT 5-10 IMOKOJICHUC, MMPCAO0CTaBAIIa
Ha KIIMCHTUTC HA CJICKTPOHHW KOMYHUKAITUOHHHA YCIIYT'H OTJIIMYCH oOmMmeH Ha MCI[I/If/'IHO CbAbpPKaHUC,
MHOTO ITOJIC3HU IIPUITIOKCHUA, HOBU YCIYTH, OT KOUTO BCCKH KIIMCHT MOJXKC J1a CC HYXKIAcC.
OCHOBHOTO U3UCKBaHE KbM 5G TEXHOJIOTUATA € Aa OpCaoCTaBU Ha KIIMCHTA BCUYKHU KCJIAaHU YCIIYyTU
(mocThI 10 UHTEPHET, TEIEBU3MUs, TeICHOHUS U IP.) HE3ABUCUMO OT BPEMETO U
MECTOMOJIOKEHUETO. Beeku oneparop Ha eeKTpOHHA ChOOUTUTEIHA MpeXKa TpsiOBa 1a UMa u
HWHCTAJIMpa TCICKOMYHUKAIIMOHHU MPCKH C OTJIMYHO Ka4CCTBO, TOpaan (baKTa, (¥
IIHUPOKOJICHTOBUAT 5G HU3UCKBa MHOT'O 6’I>p3I/I BPB3KH, KOUTO MOraT Ja OCUT'ypsT IPCHOC Ha BCAKO
CbAbpPKAHUC U YCIIYI'U KbM KIIMCHTUTC. TexnHoiorusaTa oT 5-To MOKOJIEHHE ocurypsBa MHOTO IIO-
OBp3 JOCTBHII 10 MPEKOBHUTE YCIyTH, MHOTO HAJCKICH M MHOTO ¢()eKTUBEH OOMEH Ha JJaHHH B
CPAaBHCHUC C IIO-CTAPUTC €TAllU Ha ChIIaTa TCXHOJIOT'U. To3u AOKYMCHT NIPCACTABs HAKOU
U3MEpBaHUs U OLIEHKA Ha MapamMeTpuTe Ha 0a3oBaTa CTaHLMA 3a NpenaBaHe Ha SG CUrHAIu B
MpE)KaTa Ha MaKeI[OHCKI/I TCIICKOM AZ[ Ckomnue B HCHTHpA Ha Irpaj Ckormnue ¢ aHaiau3 Ha
pe3yATaTUTE U C pEICHUE 3a eJIEKTPOCHA0IIBaHe Ype3 (POTOBOJITAMYHA €JIEKTPUUYECKA CUCTEMA.
Abstract: Concerning the broadband internet access, the 5th generation technology provides the
customers of electronic communication services with an excellent media content exchange, very
useful applications, new services, that can be needed by any customer. The main requirement to 5G
technology is to supply the customer with all desired services (internet access, TV, telephony etc.)
despite the time and location. Every Operator of Electronic Communication Network must have and
install telecommunication networks with excellent quality, because of the fact that the broadband 5G
requires very fast connections that can provide transfer of every content and services to the
customers. The 5th generation technology ensure much faster access to the net services, very reliable
and very effective data exchange compared to the older stages of the same technology. This paper
presents some measurements and evaluation of the parameters of the base station for transmitting 5G
signals in the network of Makedonski telekom AD Skopje at one location in the center of the city
Skopje with analysis of the results, and the electricity supply with solution of photo voltaic electrical
power.
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I'pyna I'.8. Hayunu ny0ankanuu B HepedepupaHu CIUCAHUS ¢ HAYYHO pelleH3upaHe Ui B
PeIaKTHPAHU KOJIEKTHUBHH TOMOBeE

I'.8.1. Arsova E., Expansion of renewable energy sources in 2022 in the RN Macedonia, 7th
International Scientific Conference — TechCo 2023, June 2023, Technical College Lovech — Bulgaria
https://www.tugab.bg/images/tk-lovech/programa_TechCo-2023_n.pdf

Pe3rome:

B Hy6J’II/IKaHI/I}ITa Ca HaITpaB€HHU aHAJIM31 Ha MHCTAJIMPAHUS KallallUTCT Ha Bb300HOBSIEMH eHCpFHfIHH
m3trounnny (BEN) B Penmy6nuka CeBepra Makenonus npe3 2022 1. u 2021 r. u cpaBHEHHE Ha TIXHOTO
TOAMIIHO Tpou3BOIcTBO. MHTEepechT Ha mHBectTuTOopuTe KbM BEW pssko HapacHa mpe3 2022 T.
WuBectuTopuTe MposiBUXa Ha-rojIsiM UHTEPEC KbM (DOTOBONTAMUHUTE LIEHTPAJIM OT BCUUKH HAUUHU
3a IIPOU3BOJCTBO Ha BBb300HOBsIEMA CHCpIus. VBenmnueHn ca HHCTAJIUPAHUTC MOINHOCTU U
npou3BoAacTBOTO oT BEW. Ilpuumuara 3a TOBa ca BHCOKUTE LI€HUM Ha EJIEKTPOCHEPrusAra Ha
EJIeKTpI/I‘IeCKaTa 60pca. MsHuoro (1)I/IpMI/I ce cOIrbCcKaxa ¢ BUCOKAaTa HCHAa Ha CICKTPOCHEPTIUATA, KOCTO
AOBCAC OO0 PCHICHUCTO MM Ja HU3rpaasaT HOKPHUBHHU q)OTOBOHTaI/I‘-IHI/I HOCHTpAaJIX W 1A BJISI3aT B
Kareropusta Ha mnpodecnoHanucTute. C Ta3W CThIIKA T€ HAMEpHUXa HAW-IOOPOTO pEIICHHE 32
HaMaJsiBaHEe Ha [IeHaTa Ha €HEprusTa M nevanda oT mpojaxdara Ha eHeprus Ha JuOepaTr3upaHUs
1masap. C’bH_[O TaKka C€ II0dBHXa HOBHU YYXIACCTpaHHU W MECTHH HWHBECTUTOPH, ocobeHo 3a
(doToBoNTanyHUTE TeHTpanu B oOnacrra. [IpaButencrBoto Ha PemyOmuka CeBepHa MakemoHwsI
IOAKPCIIA BEW u JaBa MHOTI'O IIOJI3M Ha HWHBCCTUTOPHTC. HanpaBeHH Cca 3aK/JIFOYCHHUsA H
npeau3BUKaTENCTBa, KOUTO 1ie goruaat or BEU B Peny6niuka CeBepna MakenoHus.

Abstract:

Analyses of the installed capacity of Renewable Energy Sources (RES) in the Republic of North
Macedonia in 2022 and 2021 and a comparison of their annual production are done in the paper. The
interest of investors for RES has rapidly increased in the 2022 year. The investors showed the biggest
interest in Photovoltaic plants out of all ways of producing renewable energy. The installed capacity
and production from RES have increased. The reason for this situation is the high prices for electricity
at the Electricity Exchange. Many firms faced the high cost of electricity, which resulted in them
deciding to build rooftop Photovoltaic Plants and entering the cate-gory of prosumers. With this step
they found the best solution to reduce the cost of energy and to make a profit from selling energy on
the Liberalized Market. Also, new foreign and domestic investors appeared, especially for
Photovoltaic Plants in the field. The Government of the Republic of North Macedonia supports RES
and gives a lot of benefits to investors. Conclusions about and challenges that will come of RES in the
Republic of North Macedonia are made.



https://www.tugab.bg/images/tk-lovech/programa_TechCo-2023_n.pdf

I'.8.2. Arsova E., Electricity crisis in 2021 in the RN Macedonia and recommendations for the future,
7th International Scientific Conference — TechCo 2023, June 2023, Technical College Lovech —
Bulgaria
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Pe3ome:

2021 roauna Oemie egHa OT HaW-TPyJIHUTE B €HepruiiHata uHIycTpus B PemyOnmnka CeBepHa
MaKe)IOHI/Ifl, mopaau HUCKUS MMPOLCHT MPOU3BECACHA CJIICKTPOCHCPTI M, JIMIICATa HAa BBIJIMIIA B MUHUTC
B Ommsoct no Torutoenekrpuyeckara nentpaia (TELL) Onomeit m TEL| buronsa. B pesynrar Ha
BOMHATa B YKpailHa M HEAOCTWTa HAa Ta3 M EJIEeKTPUYECTBO, IIEHaTa Ha TOKa Ha Oopcute 3a
CJICKTPOCHCPI'UA CC INOBUIIU 3HAYHUTCIIHO. 3aBHUCHUMOCTTA Ha CJIICKTPOCHEPIUA OT BHOC Oerre BHCOKa,
a [IeHaTa Ha eJICKTPOEHEPrusaTa ChIIo pacteme. Hal-roemMust mpon3BOAUTEI HA €IEKTPOEHEPIus, 3a
Aa OCUTYPU HYXKXIUTC OT CJICKTPOCHCPIUA MbPBO HAa YHUBCPCAIHUA JOCTABYUK, Oerre INPUHYACH [a
KyIlyBa €JeKTpoeHeprusi Ha 0opcata Ha MHOTO TIO-BUCOKA I1I€HA U Ja 5 MpoJiaBa Ha 3HAYUTENHO MO-
HHUCKH L CHU. Paznukure MCXKAY NOKYIIHATa U MPOJdaKHATA [ICHA Ha YHUBCPCAIIHUA JOCTABUUK 0sxa
MoeTu oT mpaButencTBoTo Ha PemybOnuka CeBepHa Makenonus. B To3u JOKyMEHT € aHalu3upaH
eHepruiiHuAT Oananc B PenmyOnuka CeBepna Maxkenonust npe3 2021 r. B cpaBhenue c¢ 2020 r.
[IpencraBenn ca M MEpKH M TMPEIJIOKEHUS 3a yBeJIMYaBaHE Ha COOCTBEHOTO MPOU3BOJCTBO Ha
CJICKTPOCHCPI U,

Abstract:

The 2021 year was one of the most difficult in the Energy Industry in the Republic of North
Macedonia, due to the low percentage of electricity produced, the lack of coal in the mines near the
Therma Power Plant (TPP) Oslomej and TPP Bitola. As a result of the war in Ukraine and the shortage
of gas and electricity, the price of electricity on the electricity exchanges has risen significantly. The
import dependence of electricity was high, and the price of electricity was also rising. The largest
producer of electricity, in order to provide the needs of electricity first to the universal supplier, was
forced to buy electricity on the stock exchange, at a much higher price, and to sell it at significantly
lower prices. The differences between the purchase price and the sale price of the universal supplier
were covered by the Government of the Republic of North Macedonia. The energy balance in the
Republic of North Macedonia in 2021 compared to 2020 is analyzed in this paper. Measures and pro-
posals for increasing the domestic production of electricity are also presented.
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I'.8.3. Arsova E., Tsankov P., Implementation of 40 MW photovoltaic power plant Bitola in RN
Macedonia, International Scientific Conference UNITECH 2023, November 2023, Technical
University in Gabrovo — Bulgaria
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sessions/ELECTRICAL%20ENGINEERING/s1 p44 v3.pdf

Pesrome:

Ot 2021 r. no auec Penybnuka CeBepHa MakenoHus € U3NpaBeHa Mpe]] 3HAUUTEIEH HEAOCTUT Ha
eJIeKTpoeHeprus 3a norpedutenute. Cropen eHepruilHuTe OajaHCH BHOCHT Ha €JIEKTPOEHEPTHs
HapacTBa, a BBTPELIHOTO IPOU3BOJCTBO Ha e€JeKTpoeHepruss HamansBa. [lpuumHata 3a Tasum
CUTYyalus, KOSATO CHIIO IOIPHUHECE 32 Bb3HUKBAHETO HA CHEPIHITHA KPU3a, €, Y€ Hali-TOJIEMUAT MECTEH
npousBoauTen Ha enekrpoeHeprus AJl ECM Makenonust nmpousBex/ia Bce MO-MaJKu KOJIMYECTBA
enexkrpoeneprus. Hait-ronemure npowussoaurenu Ha enekrpudecka eHeprus TEL[ burtosns u TEL
Ocnomemx ca Ha 50-60 ronuuu, Bpriumara oT Muaute CyBogon 1 OcaoMex ca KbM CBOsI Kpail U
UMaT MHOTO HUCKa KajopuuHocT. Criopen aupektiuTe Ha EC € He00X0AMMO TOI0EIEeKTPHUECKUTE
LIEHTPaJIM, KOUTO ca Hail-rojieMUTe 3aMbPCUTENH HA €JIEKTPOECHEPrusl, OCTENEHHO J1a e 3aTBapAT U
Jla W3MO0JI3BAT MAKCUMaJIHO BB30OHOBSIEMHM H3TOUHHUIIM Ha eleKTpoeHeprus. Beska crpana, B
3aBUCHUMOCT OT HEHHOTO MECTONOJIOXKEHHUE, reorpad)cKo pasmoiokKeHHe, KaKTO U KIMMaTHYHU
ycloBHs, TpsiOBa J1a U3M0JI3Ba 3HAYMTEIHO CBOMTE Bb30OHOBSIEMH €HEPTUitHU pecypc. MakeqoHus
e O6J1arocyioBeHa ¢ MHOTO CITBHUEBH JIHHU, a CITbHUeBaTa paauarus Bapupa ot 1 168 kWh/m2 no 1 650
kWh/m2, Ho 3a ckxkajeHHe U30JI3BaHETO Ha CITbHYEBATA CHEPTUs € Hall-MaJIKO M3IOJI3BAHO.

B To3u paboreH mokymeHT mie ObJe pasriefaHa MOIIHOCTTa 3a CBBbpP3BaHE Ha (POTOBOJTAWYHA
enextponeHTpana PvPP Bitola ¢ uncranupana momuoct or 40 MW KkbM enekTpudeckara Mpexa.
[IBEIL] butons ¢ mommuoct 40 MW ce Hammupa B roro3anagHusi paiion Ha CP Makenonusi, KbaeTo
CTbHYEBaTa paJHalldsl € 3HAYUTEIHO BUCOKA W Bb3nu3a Ha 1 544,9 kWh/m2. Ille 6bpnaT nokazanu
HSKOJKO BapHaHTa 3a K300p Ha oOopy/aBaHe, KOETO Ja MPOU3BEXJa HaW-TOISIMO KOJUYECTBO
€JIEKTPOCHEPTI U,

Karo naif-6naronpusiteH BapuaHT ce mpuemMa 000py/IBaHETO ¢ Hali-HHUCKA 1I€HA, KAKTO U ITOKPUTUETO
My B u30paHara Jokamus. 3a u300pa Ha MECTOITIOJIOKEHHETO € B3eTa 3emsl, coocTBeHocT Ha A/l ECM
Maxkenonus, nopaau KOeTo HsMa Jja Ma IOI'bJIHUTENIHU Pa3X0/I1 3a 3€MsTa, a OCBEH TOBa € 0JIn30 /10
cpiectByBamara TC 400/100 kV/kV, taka ye o01ata HHBECTHIMSA 11I€ CTPYBa MO-MaJKO.

Abstract:

From 2021 until today, RN Macedonia is facing a significant shortage of electricity for consumers. According to the energy
balances, the import of electricity is increasing, while the domestic production of electricity is decreasing. The reason for
this situation, which also contributed to the emergence of an energy crisis, is that the largest domestic electricity producer
JSC ESM Macedonia produces smaller and smaller amounts of electricity. The largest producers of electrical energy, TPP
Bitola and TPP Oslomej are 50-60 years old, the coal from the Suvodol and Oslomej mines is nearing its end and has a
very low calorific value. According to the EU directives, it is necessary for thermal power plants, which represent the
biggest polluters of electricity, to gradually shut down and to use renewable sources of electricity as much as possible.
Each country, depending on its location, geographical location, as well as climatic conditions, should make significant use
of its renewable energy resources. Macedonia is blessed with many sunny days, and the solar radiation ranges from 1 168
kWh/mzto 1 650 kWh/mz, but unfortunately the use of the sun's energy is the least used.

In this working paper, the power for connecting a photovoltaic power plant PvPP Bitola with an installed power of 40 MW
to the power grid will be considered. PvPP Bitola with 40 MW is located in the south-western region of RN Macedonia,
where solar radiation is significantly high and amounts to 1 544,9 kWh/mz2. Several variants will be shown for choosing
the equipment that would produce the largest amount of electricity.

The equipment with the lowest price, as well as its coverage in the selected location, is taken as the most favourable
variant. For the selection of the location, land owned by JSC ESM Macedonia was taken, and thus there will be no
additional costs for the land, and it is also close to the existing TS 400/100 kV/kV, so the total investment would cost less.



https://unitech2023.tugab.bg/images/thematic-sessions/ELECTRICAL%20ENGINEERING/s1_p44_v3.pdf
https://unitech2023.tugab.bg/images/thematic-sessions/ELECTRICAL%20ENGINEERING/s1_p44_v3.pdf
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Pesrome:

CeBepna MakenoHus nMa JOOPO MECTOMOJIOXKEHHE W KJIMMAT, C TOJSM Opol CIIbHYEBH JTHHU B
roguHata. CrpHuYeBaTa paauanus Bapupa ot 1 168 kWh/m2 no 1 650 kWh/m2, Ho cnbHIIETO, KaTo
BB300HOBSIEM U 663KpaeH HU3TOYHUK HA CHCPIusi, 0CcO00eHO 3a IMPOU3BOACTBO Ha CJICKTPHUYICCTBO, 3a
chiKaJIeHHEe € Hall-MaJIKO U3I0JI3BaHO.

To3u nokyMeHT npeacTaBs IIaHUPAHETO U U3rPaXk1aHETO Ha HOBAa (POTOBOJITAUYHA €JIEKTPOLIEHTpaIa
Oslomej ¢ wuHcranupana wmomHOcT oT 20 MW. Mecrononoxenuero € uzbpaHo Oau30 10
ToIUToeNieKTpruaeckara nenTpaita Oslomej ¢ mHCTanMpana MomrHocT ot 125 MW. PascrosiHueTo Ha
Oslomej ot TS 110/35/10 Oslomej kV/kV/kV e no 5 km, a 3emata e nppkaBHa COOCTBEHOCT, Taka 4e
JSC ESM Makenonusi MOke JIECHO Jia sl oeMe, Thil KaTo TO3W Hal-ToJsM mpousBoauTesl B RN
MaKe,Z[OHI/IH € B HUMOTH JbpiKaBHa COOCTBEHOCT. HpCILCTaBCHI/I ca HU3YHUCIICHHUATA, IIOJYUYCHU C
nomoITa Ha copryepa PVsyst. U30panu ca Hal-TIOIXOSMIIATE BUOBE TTAHETH M HHBEPTOPH, KOUTO
CC IIpcuiaraT Ha Iasapa B Peny6nm<a MaKe,Z[OHI/IH. W3noxeHneTo Ha TaHETIHUTE € HN3TOK-3aIiazn. Toect
IIOJIOBHHATA OT ITAHCJIUTEC LIC 6’bllaT PAa3noJI0KEHU HA U3TOK, a Apyrara IoJIOBMHA Ha 3ariali. B ChIIOTO
BpEMC 1IC 6’]3,[[6 I/I36paH Hali-0ar ONPUATHHUAT BI'bJI KbM CIIBHIICTO, KOHUTO Ja U3I10JI3Ba MAKCHUMAJIHO
cirpHYeBaTa eHeprus npes aeHs. [1o To3u Hauna PvPP Oslomej ¢ 20 MW 1ie npousBene Hail-royismo
KOJIMYCCTBO CIICKTPOCHCPTHA.

C wmarpaxnganero Ha DEIL[ Oslomej ¢ 20 MW, Ttomnoenekrpuyeckara mneHrpana Oslomej, kosiTo
H310JI3Ba BbIJIMIIA ¢ MHOTO HHUCKa KaJIOpU4YHa CTOHHOCT OT OJIM3KaTta MHHA Oslomej, me 6’5,[(6
npeMaxHaTta. IIpes BHCOPABAHCTO HaA BBH300HOBIEMH eHepFHﬁHH N3TOYHHUIIN IIC CC 3allIUTU OKOJIHATA
cperna.

Abstract:

North Macedonia has a good location and climate, with a large number of sunny days a year. Solar
radiation ranges from 1 168 kWh/m2 to 1 650 kwWh/m2, but the sun, as a renewable and never-ending
source of energy, especially to produce electricity, is unfortunately the least used.

This paper presents the planning and construction of a new photovoltaic power plant PvPP Oslomej
with an installed capacity of 20 MW. The location was chosen close to the Oslomej thermal power
plant with an installed capacity of 125 MW. The distance of PvPP Oslomej from TS 110/35/10
Oslomej kV/kV/kV is up to 5 km, and the land is in state property, so JSC ESM Macedonia can easily
take it over since this largest producer in RN Macedonia is in state ownership property. The
calculations obtained using the PVsyst software are presented. The most suitable type of panels and
inverters that are available on the market in RN Macedonia are selected. The orientation of the panels
is east-west. That is, half of the panels will be placed towards the east and the other half towards the
west. At the same time, the most favorable angle towards the sun will be chosen, which would make
the most of the sun's energy during the day. In this way, PvPP Oslomej with 20 MW, would produce
the largest amount of electricity.

With the construction of the PvPP Oslomej with 20 MW, the Thermal Power Plant, Oslomej which
uses very low caloric value coal from the nearby Oslomej mine, would be phased out. By
implementing renewable energy sources, the environment will be protected.
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