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I[TPEAI'OBOP

HO‘II/ITYBaHI/I YUTaTCIIn,

Creniejkv TH 9€KOpUTE HAa U3MHHATUTE YCIICTHH KOH(EPEHITMN HU IIPETCTaByBa ocoOeHa YecT n1a
OugeMe Jie o1 OpraHu3aMCKUOT 0100p Ha oBoroauHenHaTa Ctynentcka Kondepennuja 3a Eneprercka
Eduxacnocr u Onpsxmus Pazsoj, CKEEOP 2019. Ymre on camuot noverok, Bo 2013 ronuna, rmaBHara
LeJa Ha OBaa KOH(epeHIMja ocTaHa HEIPOMEHEeTa, a Taa € Ja Ce NPOMOBMpa MIejaTa 3a CHeprercka
e(MKaCHOCT U OJIP>KIIMB pa3Boj Mel'y MJlaauTe, pa3MeHa Ha HOBU CO3HAHM]ja M UCKYCTBa Mel'y CTYJCHTHUTE,
MPETCTaBHUIIM HA aKaJleMCKaTa CpeJiHa 1 KOMIIaHUUTE KOM paboTaT BO Taa 00J1acT Co IITO OU ce HampaBuII
YeKOp Hampe KOH peliaBame Ha JIel O] TPOoOJIeMUTe MOBP3aHH CO OBaa TEMAaTHKA.

[Ipen Bac ce Haora 300pHUK COCTaBEH OJ TPYIOBUTE Ha yUYECHHUIIUTE HAa OBOTOJAMHEIIIHATA, CeaMa
Mo peA CcTyAeHTcka KoHdepeHuuja. Kako mpercTaBHHLM O pa3iMYHU OOpa30BHU MPOGWIM U HAyYHH
WHCTUTYLMH, YYECHUIMTE CO CBOjaTa Hay4yHa JI€jHOCT ce TpyHaT Ja OCTaBaT Oener Bp3 akaJeMcKaTa
3aeHHIIA U MCTUTE THE Ja MPHUIOHECAT KOH PallMOHAIHO HCKOPUCTYBamh€ Ha €HEPreTCKUTE PECYPCH H
3alITUTA Ha KMBOTHATA CPEIHHA.

UzpasyBame Hajrojema OsarogapHocT 10 DakynTeTOT 3a eIeKTPOTeXHHKa M WH(POPMALMCKU
texHonorun u Jlekanator Ha ®EUT, a ocobeno xon npod. a-p. Aumurap Tamkocku, Kon Kako U cexoja
TOJIMHA JJOCEeTa HU MpYyXHja 0e3yCIOBHA MOAPIIKA ¥ IOBTOPHO MM OBO3MOHja Ha MaJINTE UCTPayKyBauH J1a
ja TIOKakaT CBojaTa KpeaTUBHOCT. M3pazyBame OJarogapHOCT M IO CHTE HWHCTUTYLUH, KOMIIAHHU H
OpTraHM3allMHU KOY T'0 MPET03Haa 3HAYSHETO Ha 0Baa KOH(EPEHIHja M BO PAMKHUTE Ha CBOUTE MOYKHOCTH T'O
MIOMOT'Haa OJIp’KyBameTo Ha ucraTa. McTo Taka, oBaa rojinHa, HU IpecTaByBa rojieMo 3aJJ0BOJICTBO IITO TH
nmame ['pagor Ckomje m Ameprkanckara komopa - AmCham xako HaIw mapTHEPH.

TI'onema 6JIal"O,I[apHOCT U 00 CUTEC NPETCTAaBHUIMW HAa HAYYHUOT OI[60p, 3a MCHTOPHUPAKLECTO H
PEUOCH3UPAKBLECTO HA HAYUYHUTE TPYAOBH, KaKO U Ha CUTE BOJIOHTEPHU KOM HEYMOPHO ja nogapikaa T€Xu4ykKara
peanmaul/lja Ha HAaCTaHOT.

Co nouwur,

Opranmzacku Onodop na CKEEOP 2019
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FOREWORD

Dear readers,

Following in the footsteps of past successful conferences, it is our great honor to be part of this
year's Organizing Board of SCEESD 2019. From the very beginning, in 2013, the main purpose of this
conference remains unchanged, and that is to promote the idea of energy efficiency and sustainable
development among young people, exchange of knowledge and experiences among students,
representatives with academic background and companies working in the field, that would give the
opportunity to make a step forward in solving some of the problems related to this topics.

This proceedings book is composed of the many papers that our participants submitted to be
featured in this years’ conference which is taking place consecutively for the seventh time. As
representatives of different educational profiles and scientific institutions, the participants with their
scientific activity are trying to leave a mark on the academic community and also try to contribute towards
the rational use of energy resources and environmental protection.

We express our greatest gratitude to the Faculty of Electrical Engineering and Information
Technologies and the Dean’s office of FEEIT, and especially to our Dean prof. d-r. Dimitar Tashkovski,
who, as every year, provided us with unconditional support and once again enabled the young researchers
to demonstrate their creativity. We also express our gratitude to all the institutions, companies and
organizations that recognized the importance of this conference and helped to make it possible. This year,
it is our great pleasure to have The City of Skopje and the American Chamber — AmCham as our partners.

Many thanks to all the representatives of the Scientific Board for the mentoring and reviewing of
the scientific papers, as well as to all the volunteers who tirelessly supported the technical realization of the
event.

Sincerely,

The Organizing Board of SCEESD 2019
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dakynrer 3a eneKTpoTexHuka u nHpopmarmcku texHoioruu - PEUT, Ckomje
Teoaopa CTojkoBCcKa — 0ArOBOPHA 32 (PUHAHCUM

daxkynrer 3a eNeKTPOoTeXHUKA U HHPopMarmucku Texuonorun - DENUT, Ckomje
bunjana [TankoBa — oaropopHa 3a PR u mapkerunr

dakynTer 3a enekTpoTexHuka u nHpopmanucku texaonoruu - DEUT, Crormje
Buxtop CanyHUHOBCKH — OATOBOPEH 32 JIOTUCTHKA

dakynrer 3a eneKTpoTexHuka u uHpopmanucku texHoioruu - PEUT, Ckomje
Jaeux 'opreBckn — oaroBopen 3a TPYA U peleH3uja

dakyirer 3a eneKTpoTexHuka u nHpopmarmcku texHoioruu - PEUT, Ckomje

KOOPJIUHATOP

IIpo¢. Ap. Maprapura I'nuHoBcka
dakynTeT 3a eNeKTpoTeXHuKka 1 HHpopmanucku TexHoioruu - PEUT, Ckomje

HAJ30PEH OJBOP

pod. Ap. Aumurtap TamkoBckun

Hexan, @axynTer 3a eJIeKTpOTeXHUKa 1 nHpopMmarcku Texaonorun - ®EUT, Ckomje
IIpo¢. Ap. Maprapura I'nnoBscka

dakynTer 3a eNeKTpoTeXHUuKa 1 HHpopmanucku TexHotoruu - PEUT, Ckomje

Acc. Mp. Anekcangap Kpaeckn

dakynTer 3a eNneKTpoTexHuKka 1 uHpopmanucku TexHoioruu - PEUT, Ckomje

OCOBEHA BJATOJAPHOCT

Acc. Mp. Baagumup opruesckn
dakynTer 3a enekTpoTrexHuka u nHpopmanucku texaonorun - DEUT, Cromje
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I'opnana MBanoscka, Maptuna Uiocka, Menrtop: npod. A-p Jumurap AumMutpoB
dakynTeT 3a eJICKTPOTEXHUKA ¥ HH()OPMAIIUCKH TexHojIoruu, CKoIje
gordanaivanovskal3@gmail.com iloskamartina@gmail.com

BUD®ALINJAJTHUA (ABOCTPAHN) POTOBOJITAUNYHU MOAYJIU-TUIIOBU,
KAPAKTEPUCTHUKHAU U IPUMEHA

KYCA COAPKHUHA (AIICTPAKT)

Co Op3nOT eKOHOMCKH PacT W MOAOOPYBamETO HA XKMBOTHHUTE CTAHIApAM, MMaMe HArjio 3rojieMyBame Ha
KOPHCTEHETO Ha eNIeKTpUYHaTa eHepruja. Eneprujara no6nena o7 00HOBIMBHTE H3BOPU MOXKE J1a UTPa CYIITHHCKA
yIlora BO HCIOJIHYBamke Ha KpajHaTa LeJ 32 HaMallyBamke Ha THE HeraTHBHU BiMjaHuja. Kako exHo ox momoGpuTte
peleHnja 3a JUPEKTHO HCKOPHUCTYBalbE HA COHYEBATA CHEPTHja, MMaMe HHCTaNalrja Ha GOTOBOITAMYHH CHCTEMH,
KOHM 3aB3eMaar 1oJl00po MECTO Ha JINCTaTa Ha OOHOBIMBH M3BOPU OHMJIEjKM HE MCIYIITAAT 3arajayBadd M HeMaaT
notpeda ol TPOLIOK 32 TOPHBO.

Criope1 MHOTYTE UCTPaXyBamha, Ce CMETa JieKa 3a HEKOJIKY TOJJUHU (DOTOBONTAUIINTE KE CTAHAT HEMOOCITHR
M3BOP Ha eHeruja, OMICjKU CeyIITe MMa IMOTEHIM]all 32 HaMallyBambe Ha TPOIIOIMUTE O] KopHucTeme. Kako eqHo
pelIeHre 3a OBOj MpoljeM ce cMeTa MpoOMBOT Ha TexHonorujara “bifacial photovoltaics”, co moMoin Ha Koja
COHYEBATa EHEpPruja ce ancopOupa o1 ABETEe CTPaHU Ha (HOTOBOJITAUUHHOT MOIYJ, ePUKACHOCTA CE 3rOJIEMYBa U
“MamMe TIOJIONT KUBOTEH BEK Ha CAMHTE MOJIYIIH.

LlenTa Ha OBOj TPYA € Ja c€ Jaje €Ha jacHa CJIMKA Ha IPEIHOCTUTE U HEAOCTATOILIMTE HA OBHE OHbaIfjaTHu
¢dotoBonTauiy, na ce obdjacHu HuBHata rpanda, n-PERT, p-PERT, P-PERC, ekoHOMCKHOT acrieKT Ha HUBHOTO
WHTETPUPALE, OMIITH KAPAKTEPUCTUKU,BUJIOBUTE HA KWW KOU CE€ KOPUCTAT 3a MOA0OpyBame Ha e(heKTUTEe U
canyHO. MOXKHOCTUTE KOU T'd HyZaT OBOj BUZ Ha (hOTOBOJITAMIIM, CE JOCTA IOrOJIEMU 01l O0HYEH (POTOBOJITAMK,
MeryToa TMOoTpeOHa € IMOOMNIIMPHA CIMKa HA HUBHUOT HAYMH Ha (DYHKIMOHUPAKE 3a Ja MOXE Nla JIoNpe 0
OKOJIMHATA U J1a CE 3roJIeMUA HUBHOTO KOPUCTEHE BO CEKOjTHEBHETO.

Kunyunu 300posu: n-PERT, p-PERT, p-PERC, bifacial-photovoltaics, kapakKTepUCTHKH.

1  BOBE]

BUPDALAJATHUA KEJUH

Bo 2017 romuHa, MOTOIEMHOT JIe] O MHCTATHpaHuTe PV-Momynn ce 3acHOBaaT Ha CHIMKOHCKH COJIApPHH
KeJMH OJl P-THIl KOW CE€ KapaKTepU3UpaaT co LEJIOCCH aTyMHHMYMCKM MpPOCTOp Ha 3ajJHaTa CTpaHa W Iojie Ha
3agnara noBpumHa (BSF). Ilopanu HuBHaTa 11e10CHO MOKPHEHA, HETpaHCIIapEHTHA 3a/IHA CTPaHa, OBUE KEJIUU He
ce BO MOXKHOCT JIa ja KOHBEPTHpAaT CBETJIMHATA IITO Mara Ha 3a/{HaTa CTpaHa Ha COHUYEBUTE KEJIUU BO €JIEKTPUIHA
enepruja. O Apyra cTpaHa Mak, COJIApHUTE KEIMH Yrja 3a/IHa CTpaHa € JIeTyMHO ITOKpHEHa CO MeTaJieH ¢iIoj (T.H.
OudanujamHu CoNapHU KEJMH) ce CIIOCOOHW CUMYJTaHO W e(UKacHO Ja ja MpeTBopaaT CBETIMHATA IITO ja
OCBETJIyBa COHYEBATA KeJMja KaKo O] IIPeIHATa, TaKa M OJ] 3a]JHaTa CTpaHa Ha KelrjaTa BO €JICKTPUYHA EHEPTHja.

Kora OudanujaaHute Kelud c€ MOHTHPAAT BO MOIYJ CO pedieKTHpadKa M03aJuHa Wi CO pedICKTUPAYKH
MaTepHjajl moMery | 3aj KeJIMHUTe, MPOMyIITeHaTa CBeTJINHA ce pedieKTHpa Ha3ad BO KEIUHTE, IITO PE3yITHpPa BO
3rojeMeHa e()uKacHOCT Ha MOHO(ALHjaTHUOT MOAYII.

_______________________________________________________________________________________________________|
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ITokpaj Toa, ako OudalrjaTHUTe KEJIHUU Ce CKIOMEHN BO MOZYJ IIPH IITO C€ KOPUCTU TPAHCIAPCHTEH 3a/ieH
Kamak (Tp. CTakJIo Wi npoBuaHa (osnja) oBue OudanyjaaTH MOIYIH MOXKAT Aa JOBEAAT A0 MHOTY IMOTOJIEMO
MPOM3BOJCTBO Ha €HEpruja BO OJHOC HAa CTaHAAPAHUTE MOAYIM MOoJ HcTHTe yciaoBu. OBa ce AOMKH Ha
JIOTIONTHHUTENIHATA E€HEepTHja TPOW3BEACHA OF 3aJHMHCKOTO 3paderme. HajuecTo JOMONHUTENHATa CHEpruja
MPOM3BE/IEHA O/ OBa 3pavee MOXe Ja ce IBKH momery 5% u 90% ox eneprujara go0ueHa TOKOJIKY € OCBETIIeHa
camo nipeiHaTa ctpaHa. OBOj MPOLICHT 3aBUCH HE CaMO O]l CBOjCTBATa Ha MOAYJOT M 01 €(pUKAaCHOCTa Ha KOHBEP3Hja
Ha 3aJ[HaTa CTpaHa, TYKy UCTO TaKa 3HAYHMTEIIHO BIMjaHWE MMAaT W JIOKAIljaTa, OPUCHTAIMjaTa U HETIOCPETHOTO
ONKPYKyBame Ha MOIYJIOT (cimkal).

Circumsolar
Beam_ diffuse

Isotropic /-7

diffuse Isotropic

7 diffuse

Ground-reflected Ground-reflected
“albedo™ “shaded albedo™

Crnuka 1 Pa3nnunan npumoHecH Ha IpeaHaTa ¥ 3a{HaTa OCBETIICHOCT Ha OudanujanHa comapHa Kenrja Wi MOIYI

1.1 ®AKTOP HA BUCPAIINJAJIHOCT

Basken mapamerap Ha Koj Omio OudarujaieH ypea ¢ HeroBuot gaktop Ha OudarwpjaaHoct. OBoj hakTop ro
OTHUIITYBa OJTHOCOT MIOMET'y OJITOBOPHUTE TOOHUECHHU O 33IHATA U MPeHATa CTPaHa Ha YPEAOT, U3MEPEHH IO UCTUTE
okonHOCTH. PaKTOPOT Ha OM(DAIMjaTHOCT Ha MOJYJIOT BO CYIITHHA J03BOJYBaja C¢ yYTBPAU JIOMOJHHUTEIHATA
SHEepruja ImTo MOXe JIa Ce TeHepUpa OJ1 3aIHHHCKOTO 3pavckhe.

3a Ttaa 11e11, ke ro aedunupaMe HakTopoT Ha OMdanujaTHOCT @, 3a TyCTHHA Ha cTpyjaTa J, HaroH V, MOKHOCT
P u edukacHocr eta:

o= (1)

Ir
vy
ov =5 Q)
Pmaxr
Ppmax = Taxf . (3)
tar
Peta = grar ©)

dakTopoT Ha OMdaIHjaTHOCT OOWIHO Ce M3pa3yBa BO MPOIeHTH. Ha mpuMep, JOKOIKY Jq., € TYCTHHATA Ha
CTpyjaTa Ha Kyca BpCKa, U3MEPEeHA TPHU CTaHIapIHU ycioBH 3a Tectupame (STC) moa enHOCTpaHO OCBETIYBAbE,
cO MHACKC X: Kaje mTo co f ce o3HauyBa npemuara (front) u co r 3aaHara cTpana (rear). Mepeme Ha IPEIHATE U
3agauTe | -V kapakrepuctuku Ha OudarnujamHuTe Kenuud MOoXar Ja OWjaT KOMIIPOMHTHUpPAHH CO 3alyTaHaTa
CBETJIMHA IIITO ara Ha TeMHATa CTpaHa.

1.1.1 ITapametrpu kou BjujaaT HA PaKTOPOT HA OMaNUjaTHOCT @

[ToBekero OudanmjanHu coJapHU KeJWU HE Ce CUMETPUYHH. THe Ha NpUMEp UMaaT eMHUTEp Of IpeaHaTa
crpana u BSF on 3amHara cTpaHa, Kako W pa3inyHa ONTHMHU3alMja Ha METalHATa PeleTKa Of ABETE CTPaHH.
[Ipenuuot nen uMa Mpexka ONTUMU3HMPAHA 3a 1 COHYEBO OCBETIyBambe, JOAEKA Ha 3aJHUOT JeJl ONTUMU3aIjaTa €
00MYHO 32 HAMAJICHO OCBETIIYBAHE.

[Topagu HECUMETPUYHUOT pacropes1, OJATOBOPOT Ha KevjaTra Ha MPEJHOTO WM 3aJJHOTO OCBETIIYBAkhE HE ©
HCT, IITO Ce ofipa3yBa Ha (haKTOPOT Ha OM(pALIHjaTHOCT Ha KEJTHHTE.
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['maBHUTE KapaKTEPUCTHKHU CO KOM c€ YTBpIyBa OudanujaatauoT dhakrtop ¢ Ha dhoroBoaTank co H-maTtpuyuHa
(hopMa co KOHTAKTH Ha TIpeIHATA ¥ 3a/HATa CTPaHa, Co eMuTep Ha npeaHara u BSF Ha 3aiHaTa ctpana ce:

1. TekcTypa Ha 3a7HaTa NOBPIIMHA U aHTHpedekTHBHA o0sora (ARC)
2. MeTaJIHa TIOKPUEHOCT Ha 3aJjHaTa CTpaHa
3. 3amTuTa 01 KOpo3Huja Ha 3a7HaTa CTpaHa

4. OCHOBHA OTHOPHOCT U JXUBOTCH BCK Ha COHYCBATA I’(CJ'II/I_]'a.

/ 3. Rear (BSF) doping and passivation
2. Rear metallization Rear open metal grid
1. Rear surface texture and ARC

Crnmka 2 Hampeder npecek Ha KeJija U TapaMeTpuTe KOW BiIHjaaT Ha OndarwjamHuoT hakrop o3HadeHu of 1 mo 4

1.2 THIIOBU HA BU®AIUIJATHU COJIAPHU KEJIUN

1.2.1 Heterojunction solar cells

SHJ conapHuTe Kenuy I'u IpeTCcTaByBaaT MPEeAHOCTUTE 32 KOMOMHHUpa-e Ha BUCOKa e(prKacHOCT (TIOTEHIH]jal
3a kenuu co 25% 3rojeMeHa eUKacCHOCT Ha KOHBEP3Hja) CO OrpaHUYeH OpOj YeKOpH 3a MPOU3BOJICTBO.

SHJ conapauTe Kenny UMIUIEMEHTHPAAT CENIEKTUBEH KOHTAKT CO BHCOKA ITaCHBaIlHja HA TOBPIIMHATA, (POpMUpaHa
0]l KPUCTAJICH CHJIMKOHCKH Badep CO TAIOKEHhEe Ha TEHKH CIIOCBU Ha XUAPOTeHU3UpaH aMOpQeH CHINKOH (a-Si:
H). OBue xeTepoKOHTaKTH MPETCTaByBaaT T.H. MAaCMBHU KOHTAaKTH, O KaJe Aoara Kiy4yHaTa mpenHocT Ha SHJ
COJIApHUTE KEJTUH: 3roJieMEHH pabOTHH HATIOHH.

1.2.2 n-PERT conapuu kesinun

The passivated emitter and rear totally diffused (PERT) xoHIenT Ha KeJinu o n-THIl 0a3a MMaaT MHOTY BUCOKA
oudarujamHOCT (BO HEKOU CITydau AypH U Hajx 95%) u Bucoka eukacHOCT Ha ipeHuTe kenmuu momery 20% u 22%
M CE PEIATUBHO JICCHH 3a TIPOU3BOJICTRO.

OcHoBHara koHuUrypanuja Ha conueBata kenja n-PERT e npukakana Ha ciuka 3.

Front ARC and passivating coating
(Al,O4/SIiN, or SiO/SiN,)

J—me metal grid (Ag/Al)

p+ (boron) emitter

n+ (phosphorous) BSF

w .
L Rear metal grid (Ag) Rear ARC and passivating coating (SiN,)
Cnmuka 3 IllemaTcku mpuka3 Ha apxurekrypara Ha n-PERT comapra kenmja

Ha npennara ctpana o1 keauuTe ce HaoraaT emutepu o pt uner 60p(B), nomeka Ha 3a1HaTa cTpana nt uucr
docdop (P). BopoBHOT emuTep 06MUHO MMa OTHOpHOCT moMery 60 u 100 Q/ m2.
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1.2.3 p-PERT cogapuu Keauu

[MomoOpa OTIMOPHOCT Ha BHCOKO-EHEPTETCKO KOCMHYKO 3pavere (SJICKTPOHHM M MPOTOHHW) Ha criopeada co
CWJIMIIAYM OJT P-THII CIIOPEICHO CO OHOj OJ N-THM € TJIABHUOT (hakTop MITO ja 00jacHyBa BOJEUYKATa yJIOTa Ha P-
TuIoT Bo PV unmycrtpuja.

OcHorHaTa KoHbUTypaIyja Ha conueBara kenuja p-PERT e npukakana Ha cimka 4.

oL yByy)) (210"21" oL VPON21M")
l— Koo weie) Buq (v8  —gem yigc auq bazeinapuk conpuk

b+ (poiou) Bz
b-thbe 21

—— i+ (bpozbpotonz) cunmst

L ELour wer fuq (vE) Ewoul YR 9uq beeziaanud connu® (214"

Cnmka 4 Kongurypamnuja vHa n-PERT conapna kemmja

1.3 budanujagsnun MoayIn-1u3ajH 1 KAPAKTEPHUCTHKH

Budanmjanaure Mogynu MoaT J1a ce mpuMeHat 3a rojemu OB enekTpuyHM LEHTpaliu, Kako U 3a cTaHOeHH
(moxpuB Ha Oenu 3rpangu) u nmokoHKpeTHO BIPV ((dhacamnu) amiaukanuy W MCTO Taka MOXaT Ja OTBOPAT HOBU
MOXHOCTH 32 NPHMEHA KaKO BO 3BYyYHHM Oapuepy WIM OPYrH BEPTHKAIHH HHCTaJanuu (orpagy, OAIKOHH).
I'maBHuoT npugoHec ¢ HamanyBamweTo Ha LCOE (levelized cost of electricity) co MUHMMaIHa TEXHUYKA IIPOMEHA
uny uHBecTHNyja. McTo Taka, moTpeOHO € 1a ce HaloMeHe JIeKa 3aCeHyBamkEeTO Ha 3a/IHaTa CTpaHa Ke UMa oMaJlo
BIIMjaHKe 1Ipu JU(Qy3HO 3paderse, OAKOJIKY Ha MpeaHaTa CTpaHa IpH AMPEKTHO 3paderme. Bo mpunmmm, nogobpa
arrcopOIMja Ha CBETVIMHA HA 3aJHaTa CTpaHa ce JoOMBa KOra MMaMme ITOCTaBEeHOCT Ha MOXYJIHMTE Ha Iorojema
BHCHHA U MOBPIIMHATA HAa KOja ce MOCTAaBeHU € paMHa M BHCOKO peQIieKTHpadKa, UCTO TaKa M JU3ajHOT Tpeda aa
Oue o MaTepujal IWTo € IIOMaJKy YyBCTBUTENICH M OTIIOPEH Ha Pa3HU BIIMjaHH]a.

Fattl 1 I

Front glxss

Encapsulant
— Hilncial cell
Encapsulant
Reear cover
Cmuka 5 CTAKJIO-CTAKIIO Cnuka 6 CTAKJIO-3AJIEH JEJI

Ha npara cnmuka CTAKJIO/CTAKIJIO cTpykTypa mMame CBETJIO Koe ce peduieKTUpa Of 3aJHaTa CTpaHa H
nMame 3aryoa Ha erepruja o 3%.

Ha Bropara ciuka xaj OudanujaHuoT MoIyl iMame 3aryba Ha MOKHOCT ot 1.3 %.

CTAKJIO-CTAKJIO crpykTypa € HajuecTata Koja Ce KOPHCTH KOra cTaHyBa 300p 3a HM3paboTka Ha
oudanmjaman Moaynu. OBHE CTPYKTYPH MOXKAT Jia CE Hampapar 0e3 paMKa Ha MOJIYJIOT, CO IIITO C€ HaMmaayBaaT
TpOUIONHTE 3a caMHOT Moaysl u BOS tporronmre, mpuToa NOTPEOHO € Ja ce KOPUCTAT COOJBETHH CTEradyd 3a
MoHTHpame. OcoOeHa MPeTHOCT Ha OBUE MOJIYIIH € TOa IITO ce N30eTHyBa 3aCEHYBAETO 0] COTICTBEHUTE PAOOBH
1 ce n30eTHYyBa 3araJyBameTo KOe YeCTO Ce aKyMyJIupa BO OJIM3MHA Ha paMKaTta. J[pyra BaxkHa KapaKTEepHUCTUKA Ha

|
SCEESD 2014 4



CTaKJIO-CTAKIIO CTPYKTypara € HITO OBO3MOXKYBa CHTYPHOCT Ha KEIHHTE MPU Pa3HU aTMOCHEPCKH BIIHjaHM]ja
(cuer,mpa3). Kenmuute ce HaoraaT Ha HEyTpaJHATA MEXaHMYKa OCKa Ha CUCTEMOT, Taka IITO HE CE MOAJIOKHH Ha

3aTCTHYBAkC WK KPUICH:C.

Mechameal
load

Cell

\ (ilass \ Gilass

\k & Compression = {‘- = ‘Jmn.——" =2 =
e - _— o Meutml
sheet Stretch Gilass Stretch

Crnmka 6 CUrypHOCT Ha KeJIWY TPH pa3HU HaIBOPEITHH aTMOC(HEPCKH BIIHjaHUja

Oco0OcHa BakHa yjIora BO AM3ajHOT Ha OudaldjaiHiTe KeJIMKM Urpa M MOCTaByBamkETO Ha CIIOjHATa KyTH]a,
OuICjKH MOYKE J1a TIPEIN3BUKA 3aCEHYBahE MM HEJIOBOJTHO aricopOHparme Ha CBETIIMHATA, T1a TOPaIy TOa, Taa Tpeda

nia Oujie mocTaBeHa Ha paOOT Ha MOJTYJIOT.
3ary0urte Ha MOKHOCT C€ jaByBaaT NP alicOpOUPAhETO Ha CBETIIMHATA M 3aBHCH O] TOA KOJIKY CBETIIMHA MOXKE

a ce armcopOupa W Ha KaKOB TEpPEH C€ IOCTaBEHW OBHE MOIYJH. 3arybaTa Ha MOKHOCT € pa3iIudHa Ha
pedexkTrpauka 1 He-pedIieKTUpaydKa MOBPIIIHHA U 3aBHCH O] TOA KOJIKY CBETJIMHA K€ Ce JOHECe 1a Taa AU Ke ce

pediiekTrpa Ha3a: 3a Aa CTaHe U3MepeHa SHEpruja Wil He.

40

100 =
Chuck retlectance

= = = Bifacial cell transmittnmce

B -

RN}

40

Clhiwk reflectance (%]

' 4
1} - R _ama P F— 1}

00 400 300 600 TOO D0 900 LO00 1.H00 1200

Wavelength [nm]

Crnmka 7 3aryon Ha MOKHOCT BO 3aBHCHOCT OJ1 pe(IeKTHpayKaTa MOBPIIHHA

1.3.1 KapaxkrepucTnku Ha 6upanuiajauTe MOLyIH

KapakTeprucTHKUTE CO KOU ce OTyKyBaat Oudarujaiante (HOTOBOITAUIIM, IPOU3IIETYBAAT O/ HUBHUOT JIBOCH
KapakTep, KoM Kako TaKkBU c€ OJIMKyBaaT co Oudanujannara [-V kapakrepusanuja. [ToToa ce auckyTupa 3a JBe
TEXHUKH KOHM MOXarT J1a ce KOPUCTAT Ja ce 3a0eliekaT 3aryOuTe MpeJu3BUKaHH OJ] IPOU3BOJCTBO MIIH 32 BpeMe Ha
TECTHpame Ha CHI'YpPHOCT Ha ypeaurte. Kako ¢uHaHcuCKa IeHa KOja ce KOPUCTH IpHW peanu3alja Ha KpajHaTa

TeJT,Ce OTpEeJIeNTyBa Bp3 OCHOBA HA.

° pa3IndYHU METOAN Ha IIOCTaBYBAKLE,
° arjii Ha MOCTaBYBAmC,
° BHUCHUHATA HA MOAYJIUTC.
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I — V xapakrepu3zanujara Mopa Ja 00e30e1d KOMITaTHOWITHOCT ImoMery OudariujamHiutTe MOy Il 1 MOpa
Jla ja ucrakHe qoOWBKara Ha OudarnujaiHa BO cropenda co MoHodanujaTHara TeXHonoruja. Bo okonnHata Ha
MPOU3BOJICTBO, KapaKTepH3UpameTo Ha [-V Mopa 1a Ouze 100po nmpritaroieHo Taka MiTo MoTpedaTa oj1 ONpeIeieHO
MPOU3BOJICTBO MOpa A2 Onjie KOMIATHOMIHO CO CHEeNU(PHUKNTE Ha MPOU3BOJICTBOTO, KAaKO IITO CE HUCKA CTAalKa Ha
TPOILIOK, aBTOMAaTH3allMja Ha OIpeMara M pakyBame co ypenorT. Ilomatamy, [-V Kapakrepusupamero Ha
oudanmjanHuTe ypeau tpeba na Ouzie goctamneH mo pasyMmHa 1ieHa. [logatorute nagenu oxg @B mabopatopunte
MOXaT J1a ce KOpHCTAaT Ja ce NMPEABHAM MOKHOCT Ha OmdalnujaaHnuTe COJApHU LEHTPAIM WM 3a OIECHKa Ha
ereprujata. Cenak, CKOPO € HEBO3MOXKHO J1a CE MPEIBHIM COBPIICHO BUCTHHCKOTO MOJIE HA MPETCTaByBambe Ha
CO0/IBeTHaTa MOKHOCT Koja Ou ce no0uia ox oBue OudanujanHd Moayiad. 3a na OugaT U3MEpeHH NOTPEeOHUTE
KoeQUUMEeHTH Ha OmdanmjanHoct, moTpeOHO € Ja Ja ce M3MEpH IiaBHara [-V KapakTepHCcTHKa Ha CTaHIApIHH
YCIIOBH, KO BKJIy4yBaar 3paueke Ha ceTiirHaTa G=1000W/ m2. Ako 3payemeTo Ha 3a]jHaTa CTpaHa e moja 3 w/m2
BO JIBE TOYKH, CE CMETa JIeKa Taa He ¢ o3paucHa. OBaa KapaKTepPHCTHKA CE ONpeleNlyBa Ha TOj HAYHMH LITO HATOHOT
ce IPKM UCT, a OCBETIYBambETO CO MOHOXPOMATCKa CBETJIMHA CE MEHYBa, TaKa IITO ce J00WBa €Ha KpUBa Koja ja
JlaBa COO/IBETHATAa KapaKTEPUCTHKA M HAjYeCTO HE CE Pa3IMKyBaaT JAOOMEHUTE pe3yNTaTH HoMery IpeaHara u
3aJlHaTa CTpaHa Ha MOMYJIOT.

o

Lib o rellectivity K1
Surface of reflectivity B2
il Pl 2
CHlobal irrdimme -
B
C

Cnuka 8 MexaHu3aM Ha OCTaByBambe
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2 3AKJIYYOK

Ynorpebara Ha (POTOBONTANYHHUTE CHCTEMH KOU I'O KOPUCTAT COHYEBOTO 3paueiheé OJHOCHO COHIIETO KaKO
OOHOBJIMB U3BOP Ha EHEPTrHja BO CBETCKU PaMKH BO TIOCJICTHUTE ACKAIU € APACTUYHO 3rojeMeHa. Hekoiaky roauau
HaHa3aJ, HUKO] He odekyBarie neka Bo 2017 roguna 100 GWp nHa @B cuctemu ke OMmaT MHCTAIHPAHU MHAPYM
cBetoT. Ce odekyBa aeka ox 2021 romuHa 1ma HaTaka, K€ ce 3rojieMyBa HHCTaJupaHaTa MOKHOCT M yroTpebara Ha
OBHUE MOAYJIH K€ Ce€ UMILIEMEHTHpA JI0 Taa Mepa, mTo ke ouae noedtrHa oj ynorpebdara Ha jarneHot. [lokpaj Toa,
oudanmjanaure PERT moaymnu, ucto Taka, coOupaar eHepruja o1 3aaHara CTpaHa, MOKaKyBajKH MOrojieM MPUHOC
Ha eHepruja. Ce cMeta nexa oudarujaaaure PERT Momynu ce HajmoOpHOT HpUCTAIl 3a pealu3upamke Ha MOHUCKO
LCOE (levelized cost of energy). [1lokpaj oBue ocobeHOCTH, 01 0COOCHA BaKHOCT € M arojioT Ha MOCTaByBame Ha
MOJIYJIUTE ¥ HAYMHOT Ha OPUCHTAIIM]a U a3UMYT Ha UCTHTE.

Monoe-facial . Bi-facial
‘ BIFACIAL!
No afbedn!! watnd i
e Too expersive! AP Ny
'\oi'::fiu, e T

TECHNOLOGY |
018 —

Maono-factal |

S 7 mom

3 KOPUCTEHA JIMTEPATYPA

[1]  Joris Libal, Radovan Kopecek ,,Bifacial Photovoltaics®
[2]  https://www.solarpowerworldonline.com/2018/04/what-are-bifacial-solar-modules/
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OPEN CIRCUIT TEST OF A THERMOELECTRIC GENERATOR WITH DIFFERENT
HEATSOURCES AND HEATSINKS

ABSTRACT

This paper presents experimental results of the thermo-electrical characterization of thermoelectric generator
(TEG) with two geometrically different aluminum heatsinks. As a heat source, two dimensionally different
thermoelectric modules in heater mode are used. The TEG as a device under test uses the Seebeck effect to convert
waste heat directly into the electrical energy. The performance of TEG was investigated in an open circuit mode in
the time domain by connecting an oscilloscope directly to the TEG leads wires. As expected, results showed that,
when the TEG is heated from a surface dimensionally equal to its base area, heatsink with larger volume enables
generation of higher value of the output voltage (220 mV at a temperature difference of 25°C) compared to a small
volume heatsink (165 mV at a temperature difference of 25°C). The small volume heatsink exhibits a decrease of
the heat dissipation to the ambient over time, which reduces the temperature difference at hot and cold sides of the
TEG. This leads to a reduction in the output voltage value over time. Experimental results have shown that the
highest value of the open circuit voltage (350 mV at a temperature difference of 25°C) is obtained when the TEG
with a large volume heatsink is heated from a surface larger than its area. However, due to the warming of the
ambient around the TEG and heatsink, the TEG output voltage decreases over time. Similarly, as in electric circuits,
the greatest power is provided when the thermal resistance of the TEG is matched with that of the heatsink.

Key words: energy harvesting, heatsink, thermoelectric generator.

1 INTRODUCTION

Renewable and clean energy sources are subject to extensive research in the present days. It is estimated that
by the year 2035. the world energy consumption will increase by around 40% [1], which leads to demands for the
new technologies of power generation. The main sources of power energy are fossil fuels. Nowadays, there is an
increased concern to reduce fossil fuel dependence because it is necessary to regress their effects on the
environment. One of the alternative technologies is finding new sources that increase the sustainable supply of
energy. The power that has been obtained from the waste heat recovery can be used for energy harvesting by solid
state thermoelectric devices in systems with low-power requirements.

Thermoelectric generator (TEG) operation is based on the Seebeck effect of thermoelectric materials, such as
heavily doped semiconductors, enabling the conversion of thermal energy into electrical energy. The use of TEG
brings certain advantages such as no moving parts, low complexity, silent operation, low maintenance cost and no
environment impact [2]. TEG is very appreciated for stand-alone nodes of wireless sensors networks with harvesting
capabilities. With the use of TEG, it is possible to generate clean energy in a simple and reliable way.

The studies of the thermoelectric system with two TEGs presented in [3] show that TEGs must be arranged in
series to achieve higher output voltage, while TEGs in series produce greater power. Characterization of TEGs can
be performed by combining full electro-thermal numerical simulation results and current-voltage characteristic of
the load circuitry [4]. Based on experimental validation, authors in [5] optimize the volume of the TEG with or
without a heatsink and connected to the load in order to maximize its harvested power. In this paper, an analysis of

_______________________________________________________________________________________________________|
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TEG open circuit voltage values based on experimental results for two different surface areas of the heat source and
two heatsinks will be presented.

2 THERMOELECTRIC GENERATOR WORKING PRINCIPLE

Thermoelectric generator is made up of a number of n-type and p-type semiconductor legs (usually made of
bismuth-telluride) which are connected in series by highly-conducting metal strips to form the thermoelectric pairs.
The semiconductor pairs are sandwiched between two ceramic plates and thermally connected in parallel. When a
heat from some source is supplied to the TEG, it flows through hot ceramic plate and metal strips before reaching
the surface of p-type and n-type legs. Heat conduction proceeds through both legs and then again through metal
strips and other (cold) ceramic plate. Utilizing the heatsink, the cold ceramic plate is maintained at a significantly
lower temperature than the hot ceramic plate in order to produce high-temperature gradient, which leads to a high-
power output. Open circuit voltage Vrzg induced by Seebeck effect is defined as:

VTEG = NaAT (1)

where N is the number of thermoelectric pairs, « is overall Seebeck coefficient of thermoelectric pairs (a = a,- o)
and AT=Tho-Tcoa is the temperature difference between the hot and cold side of the TEG. If an external electrical
load is connected, thus to form the circuit, an electrical current flows through the thermoelectric legs. This leads to
the occurrence of Peltier and Joule effects. The Peltier effect causes heat absorption at the cold side and heat release
at the hot side of the legs, i.e. an increase of the cold side and decrease of the hot side temperature. Joule heating
releases heat which is evenly absorbed by hot and cold sides. The whole process maintains as long as the thermal
difference exists. Therefore, the heat must be constantly delivered at the hot side, while the rejected heat must be
removed at the cold side through a heatsink.

An aluminum heatsink is the most widely used type of heatsinks. The properties of the aluminum heatsink are
excellent thermal and electrical conductivity, low weight, excellent corrosion resistance and no magnetization
effect, which avoids interference of magnetic fields. The aluminum heatsink weighs approximately half as much as
a copper one having the same thermal conductivity. Anodizing of the heatsink surfaces improves the strength of the
natural corrosion protection.

The figure of merit Z measures the ability of thermoelectric materials to convert heat into electrical power and
for the one TEG pair it is expressed as:

_ (ap-an)® _ a?

4pA m

2

where p is electrical resistivity and A is thermal conductivity of thermoelectric materials. The best thermoelectric
materials possess high Seebeck coefficient, low electrical resistivity and thermal conductivity. The maximum
efficiency #max provided by TEG can be expressed as [6]:

T T+ ZTqpg—1
Mhmax = (1 B T:’:f) WfTwld )
avg Thot

where Tue=( Thort Teoia)/2 is averaged temperature between temperatures at the hot and cold sides.

The thermal resistance of the TEG (Rurec) and the heatsink (Ruxs) should be designed to obtain maximum
efficiency of thermal to electrical energy conversion. However, in energy harvesting applications output power and
size of the system are more important than efficiency. It is usually best to choose TEG which gives the most
electrical power for the allowed size of a heatsink. TEG is typically small in comparison to the heatsink which is
the physically largest component in an energy harvesting system. The overall thermal resistance of the TEG is equal
to the sum of thermal resistance of thermoelectric legs (Ryz) and thermal resistance of two ceramic plates (Rup):

Ip ! Ip
tnreG = Renp + Repy + Renp = 72—+ 702 + 72— “

|
SCEESD 2014 9



where /p is thickness of the ceramic plate, Ap is ceramic thermal conductance, Arzc is the external TEG area, / is
length and 4 is the cross-sectional area of an individual thermoelectric leg.

3 RESULTS AND DISCUSSION

In the experimental setup, commercial thermoelectric module ET-031-10-20 [7] (dimensions 15 mm X 15 mm
x 4.3 mm) is used with ribed heatsink A (HSA) of dimensions 15 mm X 15 mm X 5 mm, as well as with flared fin
heatsink B (HSB) of dimensions 35 mm % 35 mm x 7.5 mm (Figure 1). Two TEGs were used as the heat source:
one of the same surface area as the TEG under test (HSC1) and the other with surface area 40 mm x 40 mm (HSC2).
In the case of the HSC1 source, heat transfer to the TEG is carried out by the conduction process, while in the case
of HSC2, in addition to conduction, the heat is transferred by the natural convection process. Thermocouples were
used to measure hot and ambient temperatures.

The open circuit voltage dependence over time was recorded using a digital oscilloscope. The time dependence
of the voltage was investigated for three instantly applied temperature differences between the hot side of the TEG
and the ambient: 15, 20 and 25°C.

ceramic plate  thermoelectric legs

Heatsink for TEG as a heater

Figure 1: Experimental setup

The electrical and thermal parameters of the considered TEG are shown in Table 1. For T.ow = 298 K and
Thoe = 323 K steady state open circuit voltage Vrzg = 306.9 mV is obtained, while at T, = 310.5 K, ZT,,, value is
0.712. Based on (3), it is estimated that at a given temperature difference, the maximum TEG efficiency is 1.31 %.
It should be noted that the parameters of electrical resistivity and thermal conductivity, as well as the Seebeck
coefficient, are temperature dependent, so the analytically obtained results are only indicative. Based on (4), by
using data from Table 1, the thermal resistance of considered TEG is 22 K/W. The heatsink HSA has the thermal
resistance in stagnant air of 12 K/W, while for HSB it is 11 K/W.

Figure 2 shows the open circuit voltage dependence of TEG with the HSA heatsink in the function of time for
three temperature differences, while the same dependence with the HSB heatsink is given in Figure 3. In both cases,
HSC1 was used as the heat source. Basis, as well as the volume of HSA are less than that of HSB. In both cases, as
expected, the higher voltage is generated at a larger temperature difference. However, at the same temperature
difference (25°C), the voltage generated by TEG with HSA is smaller (164 mV) compared to the voltage obtained
by TEG with HSB (220 mV). This is explained by the fact that HSB has lower thermal resistance and enables a
greater temperature difference at TEG, and therefore a higher voltage. By comparing the results from Figure 2 and
Figure 3, it also can be concluded that the generated voltage on TEG with HSA decreases more rapidly over time
than the voltage on TEG with HSB. This is explained by the fact that HSB has a higher thermal capacitance due to
its larger volume, so it more efficiently dissipates heat while keeping the temperature difference constant. On the

_______________________________________________________________________________________________________|
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other hand, the HSA has a lower thermal capacitance, so during the time, it heats up faster through the TEG which
causes a decrease of the temperature difference and open circuit voltage values. At lower temperature differences
(15°C), heat removal from the HSA is more efficient and decrease in TEG voltage is less pronounced.

Parameter at 298 K ET-031-10-20
Number of thermoelectric pairs - N 31
Overall Seebeck coefficient — a (LV/K) 396
Electrical resistivity of the thermoelectric leg — p (LQm) 11.4
Thermal conductivity of the thermoelectric leg — 4 (W/mK) 1.5
Thermal conductivity of the ceramic plate — 1p (W/mK) 25
Thickness of the ceramic plate - /» (mm) 0.75
External TEG area - A7z (mm?) 225
Length of an individual thermoelectric leg — / (mm) 2
Cross-sectional area of an individual thermoelectric leg — 4 (mm?) 1

Table 1. Electrical, thermal and geometrical parameters of the considered TEG
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Figure 2: Open circuit voltage in function of time for TEG with heatsink A, heated with source A
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Figure 3: Open circuit voltage in function of time for TEG with heatsink B, heated with source A

Figure 4 shows the dependence of the open circuit voltage of TEG with HSB in the function of time. The
source HSC2, whose surface area is larger than TEG, was used as the heat source. For this reason, in addition to a
direct transfer of the heat to the hot side of the TEG, ambient heating in the immediate vicinity of the TEG occurs.
It can be observed that at the larger temperature difference, the higher value of the voltage is generated, and after
reaching the maximum value, the voltage slowly decreases with time. Compared with the results in Figure 3, it can
be observed that the maximum voltage values at the same temperature differences are higher in the case of source
with a larger surface area. At a temperature difference of 25°C, in the case of TEG with HSB heated by HSC2, a
maximum voltage of 350 mV is obtained, which is 130 mV higher than in the case when source HSC1 is used. This
is convenient for energy harvesting purposes when so-called cold boot characteristics of the system are important.
However, a larger surface area of the heat source than the TEG enables heat transfer by natural convection from the
heater surface to the base of the heatsink which decreases the total temperature difference at the hot and cold sides
of the TEG. Therefore, the voltage notably decreases with time unlike the case when the heat source has the same
surface as the TEG. Finally, it can be concluded that the TEG with the HSB heatsink when heated by HSC2 at a
lower temperature difference will, after a certain time, reach the same voltage value as with HSC1. Thus, after 100 s
from the start of heating, the voltage on the TEG will be 200 mV at a temperature difference of 20°C when a source
HSC2 of larger surface is used. Approximately the same voltage will be generated after the same time at a
temperature difference of 25°C when a smaller HSC1 heat source is used, as shown in Figure 3.

4 CONCLUSION

This paper analyzes the influence of the heat source surface area value and heatsink dimensions on the time
dependence of the generated TEG open circuit voltage for different instantly applied temperature differences. It has
been experimentally shown that a larger sized heatsink is more efficient. On the other hand, the large surface arca
of the heat source causes the ambient to heat up and to reduce the temperature difference during the time, and
therefore the TEG voltage. When designing a system with TEG, a compromise must be reached between the desired
efficiency in terms of output power and the dimensions of the TEG and the heatsink.
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Figure 4: Open circuit voltage in function of time for TEG with heatsink B, heated with source B
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OBHOBJ/IMBHU U3BOPU HA EHEPI'NJA: EHEPT'UJA Ol BETEP

AIICTPAKT

CucremuTe 3a KOHBEp3Wja Ha €HEprujaTa oJ BeTep CTaHyBaaT MpEJMET Ha UCTPaKyBambe Ha OOHOBIMBHTE
M3BOpHU Ha eHepruja. O modeTokoT Ha 21 BEeK € 3rojeMeH HHTEPECOT 32 HOBH M OOHOBJIMBH M3BOPH HA CHEPIHja,
0CO0CHO 3a eHeprujara oJ BETEPOT 3a CO3/IaBak¢ Ha ICKTpUYHA eHepruja. HammoT KUBOT € MUPEKTHO MOBP3aH
CO CHeprujaTa U Hej3uHaTa MOTPOIIYBauKa | Ipallamara 3a HCTPXKYBabe Ha CHEPTHjaTa ce MHOTY BaXKHU M MHOTY
YyBCTBUTEIIHA. 3a KpPaTKO BpEeMe €HeprujaTta ojf BeTepoT ¢ mpudareHa ol OIMMITECTBOTO, WHIyCTpHjaTa H
MOJIMTUKUTE KAaKO YHCTa, CKOHOMUYHA W aITCPHATHBHA, KOPWCHA 3a XUBOTHaTa cpefuHa. Kako pesynrar Ha
00eMHU UCTpaXXyBamka Ha OBaa TeMa, CHEPrujaTa OJl BETEPOT Ce MPUMEHYBa BO Pa3IMYHU JIGJHOCTH U MMOYHYBA J1a
ce HaTIpeBapyBa co JPYTHTE H3BOPU Ha EHEPryja.

OBoj Tpyn AaBa Mperjen Ha CHeprujaTa oJf BeTep U ordaka NCTOPUCKU OEJICIIKH, OCBPT Ha METEOPOJIOTHjaTa
Ha BETEPOT, e(heKTOT HA CTAKJICHUYKU W TJIO0QTHUTE KIUMATCKH MPOMEHH, KaKO U HecakaHu nojaBu. OBOj TPy,
WCTO Taka, T'W omndaka TexHoJorujata W edukacHocTa Ha BeTepHaTa TypOuHA. [Ipe3eMeHHM ce CTaTUCTUYKH
MOJIATOIM 32 TIPUMAPHO MPOM3BOJICTBO HA CHEPruja oJ BeTep Bo 3eMjute Ha EY W e majeH ocBpT Ha MapKoT Ha
BETEPHH EJEKTpaHu ,,bormaHiu® co ymja wm3rpamba 3amovyHa HOBO TOTJIAaBjeé BO EHEpPreTcKara CTparervja u
noptdonno Ha Penyonuka CeBepHa MakenoHuja.

Kuayunu 300poBH: cHepruja o BeTep, METEOPOJIOTHja Ha CHEpruja o BeTep, BeTepHa TypOuHa, riiodaiHa
KJIuMa ¥ e(heKT Ha CTAKJICHUYKH TacOBH.

RENEWABLE ENERGY SOURCES: WIND ENERGY

ABSTRACT

Wind energy conversion systems have become a subject in the research of renewable energy sources. From
the beginning of the 21th century, interest has risen in new and renewable energy sources especially wind energy
for electricity generation. Our life is directly related to energy and its consumption, and the issues of energy research
are very important and highly sensitive. In a short time, wind energy is welcomed by society, industry and politics
as a clean, economical and environmentally friendly alternative. As a result of extensive studies on this topic, wind
energy has been applied in various industries, and it started to compete with other energy resources.

In this paper, wind energy is reviewed and covers historical notes, an overview of the wind power meteorology,
green house effect and global climate changes as well as side effects. This paper embraces the technology and the
efficacy of the wind turbine, too. Statistical data for the primary energy production in the EU countries are
undertaken and the overview of the park of wind power plants “Bogdantsi” is given, with whose construction begun
a new chapter in the energy strategy and portfolio in the Republic of North Macedonia.

Key words: wind energy, wind-power meteorology, wind turbine, global climate and greenhouse effect.
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1  BOBE]J

[Mopanu c€ moroneMoTo 3HaueHe Ha MPOOJIEMOT Ha 3aragyBame o1 (OCHIHH ropuBa Ha JOJHUTE aTMOchepcku
CIIOEBH KOE€ JIOBEIyBa 0 jarjepoi ITUOKCH, MOCTOU IOTrojieM MHTEpeC 3a alTepHaTUBHHU, OOHOBIMBH, YHCTH H
MMOCBTHHU M3BOpHU Ha eHepruja. EneprujaTa ¢ gocramnHa BO JBe pa3inyHu (OpMU-HEOOHOBIMBH (jarjeH, TOPUBO,
MPUPOJICH rac) U OOHOBIMBH (COJapHa, BETEpHA, XUAPO) M3BOPHU. 3eMjUTE TEHKHEAT KOH CO3/IaBare Ha IOBEKe
eHeprHuja oJ1 JOMAalIHH U3BOPH, €HEPruja Koja Moxe Ja Oujie TpOIoyHO-e(peKTHBHA 1 3aMeHeTa Wi 0OHOBeHa 0e3
Jla TIPUJIOHECYBa 3a KJIMMATCKH NMPOMEHH WIJIM TOJIEMH HETaTHBHH BIIMjaHWja Ha >KWBOTHaTa cpequHa. OcoOeHO
TIoCJIe MHAYCTPHUCKATa PEBONIyITHja Bo 19 Bek, 3a mMOTpeOUTE HA MOJACPHUTE 3a¢THUIA KaKO TPUMapHU U3BOPU HA
eHepruja Ouie KOpUCTEHH IPBO jarjeHoT, a moToa Ma3yToT. Kako mro e 100po mo3Harto, pocuiiHUTE TOpHBa UMaat
OrpaHWuYeH MOTEHIMjal W IPH CETAlIHUTE CTAallKd Ha HCKOPHCTYBalmE€ CE OYEKyBa BO CIEIHUTE BEKOBH Ja
ocupomaryBaat. OBa € eJiHa 0]l IPHYMHUTE 30IITO ce OapaaT YUCTH, OJIPKIIMBU M KOPHCHU 3a )KUBOTHATA CPEIUHA
W3BOpH Ha €HEpruja. AKyMyJIUpPAmkETO Ha jariaepoi AMOKCHA BO JOJHUTE CIOEBH Ha aTtMoc(epaTa JOBeIdyBa 10
KJIMMAaTCKH IPOMEHH, TIOTUIABH, OOMITHH BPHEXKHU U CYIIH. 32 ]a ce HaMaiaT OBHe onacHU e(eKTH, ceKoja 3eMja uMa
OJITOBOPHOCT J1a T'O YHAIPEW KBAIUTETOT Ha U3BOPUTE HA EHEPTHja H, JOKOJIIKY € MOXKHO, JIa TH 3aMEHU (DOCHITHUTE
ropuBa (jaryieH 1 HadTa) co OOHOBIMBHU aJITEPHATUBHU, BETEPHH, COJIAPHU U APYTH U3BOPU Ha €HEPruja KO Mopa
Jla ce HAaTIpeBapyBaaT cO KOHBEHIMOHAIHUTE U3BOPH Ha EHEPrHja.

2 HCTOPUCKHU BEJIEHIKH

Eneprujara Ha Betepot, Bo (hopMa Ha TpaJWIHOHATIHA BETEpHA MEIHUIA YIIOTpeOeHa 3a MeNIeHhe Ha )KUTO
WM TPAaHCIIOPT Ha BOAA, OMjIa KOPHCTeHa co BeKOBU. CHiiaTa Ha BETEPOT BO aHTUYKHUTE BPEMHUba Mpell HajMaJKy
5500 roguHu OMla KOpHCTEHA 3a HOTPeOUTE HA eAPMIINIUATE U OPOIOBUTE LITO TUIOBEIE, 10IEKA, MAK, APXUTEKTHUTE
KOpHUCTeJle IpUpOJHA BEHTWIalWja BO 3rpajure Ipeldu3BHKaHa of BeTepoT. llpumeHaTa Ha BeTepoT 3a
00e30eqyBame Ha MEXaHNYKA CHJIa Ce MOjaBUIIa HEIlTO MMOJI0LHA, BO aHTHUYKO Bpeme. Ce 1o 19 Bek BeTepHULIUTE
Onite 3aMEHyBaHH CaMO CO BOJICHHIIMTE U TOA CaMo 3a yHoTpeba Kako MeXaHWYK! IeHepaToOpy Ha KOpHCHa padorTa.
3ammcu 3a BETEPHUIIM CO BEpPTHKAHA OCKa IOCTOjaT ymTe o aHntmdka Ilepcwja, HO m mo3Harara ,,JlaHcka
BeTepHHLA", KoU AaTtupaar ox okoiy 1100 ronuna Bo 3anmagna EBpomna.

Bo nepuonot o 12 1o 19 Bek ce u3rpaieHu NECETHUIIH WIjald BETEPHUIIM CO JrjaMeTap Ha poTopoT 10 30
METPH M KOpPHCHA MOKHOCT 011 5 ma c€ f0 30 kunoBatu. I'ojem Opoj Ha BETEpHUITH O] BAKOB THIT CE€ M3TPAICHHU BO
HoBa Anrnuja Bo BpeMeTO Ha KOJOHMjanu3MOT. [IpunoOuBKUTe HA MOKHOCTa Ha Tapeara BO JOLHHOT 18 Bek u
OCH3MHCKHUTE M eNEKTPUYHUTE MOTOPH BO ITOUHHUOT 19 Bek, eukacHO ja 3aBpIIMiie OBaa IpBa €pa Ha BeTepHaTa
eHepruja. lloronemara ymorpeba Ha BeTepHHTE TypOMHH MOpaAy HUBHATA KapaKTEpHCTHKA Ha He3araayBadKd
TEeHEPATOPH HAIIO]yBaHM OJ1 BETEPOT KOj, TIaK, € CO3Aa/ICH O] COHUeBaTa CHEPTHja, Kako OOHOBIIHB pecypc, Bo 1990-
TUTE ce BOpPOjyBa BO OTBOPEHH HOBH IEPCIEKTUBH, NMpeH c¢, MOpaad pacTeyKaTa 3arpiXeHOCT 3a III00aIHOTO
3arorutyBambe Topaau emucuute Ha CO,. Bo Xomanawja, mymnu OpUABIDKYBaHH OJf BETEp TH JpEHHpale
MOJIZIEPUTE, a BO PETHOHHUTE KaKO aMEpHUKAaHCKHOT CPENIEeH 3allajl Wil BO aBCTpaIMCKaTa IMyCTHHA, TyMITH Ha BETep
00e30eayBane BoJa 3a JOOUTOKOT M 32 MTAPHUTE MAIIWHH.

[IpBata BeTepHHUIla 3a MPOU3BOJACTBO Ha €NEKTpUYHA eHepruja Omna mirpageHa Bo llIkorcka Bo 1887
roguHa. Bo 1891 roauna, nanckuot Hayunuk Ilon Jla Koyp koHCTpynpan BeTepHa TypOMHA 3a TeHEepHparmhe Ha
eJIEKTPUYHA €HEPrHja, K0ja ce KOPHUCTEeNa 3a MPOU3BOACTBO HA BOAOPOJ CO EIEKTPOIIH3a.

Bo 1970-tute roguau Kaj MHOTY Jyf'e ce TI0jaBUIIa jkenbaTa 3a aBTOHOMEH CTHJI Ha )kuBeeme. ConapHuTe
kenuu Omile MHOTY CKaly 3a MPOU3BOACTBO Ha €JIEKTPUYHA EHEepruja o MaJld pa3MEpH U 3aTOa MOBEKETO O HUB
ce IpeopHeHTHpale Ha BerTepHuIMTe. Ha mNOYeTOKOT Tue rpajaene ala-XxOoK MOJENN KOPUCTEJKM JApPBO H
aBTOMOOMJICKH AeJIOBH. JleHec, morojeMuTe TYpOMHH CO XOPU30HTAIHN OCKH POTHUPAaT BO HACOKa Ha CTPEJIKUTE
Ha YacOBHHUKOT. BakBaTa poTamuja € co Ien Ja NpUKaKaT KoxepeHTeH u3rien. Creaejku ro MCKYCTBOTO CO
PEMOHTHpPAHHUTE BeTepHU TypOWHHU ox 1930-THTe TOAMHH, HOBAaTa TCHEpalldja Ha aMEPUKAHCKU MPOU3BOIUTETH
3amoyHaje co u3rpaada u npoaaxoa Ha Majl BeTepHU TYpOMHH HE caMo 3a MOJHEHE Ha aKyMyJIaTOpH TYKY, UCTO
Taka, ¥ 332 HHTepaKfja CO MPEXXUTE Ha eJIEKTPUIHA EHEPIHja.

_______________________________________________________________________________________________________|
SCEESD 20149 15



Bo 1990-tute, Kako IITO €CTETHKATa M M3APKIMBOCTA CTaHyBaj€ MHOIY IOBa)KHH, TYpOHMHHUTE OuIe
MMOCTaBEHU HA BPBOT Ha TYOYyJapHU KYJH OJ YSIHK WM Ha apMUPAHO-OCTOHCKH Kynu. ManuTte TeHepaTopu ce
MOBP3aHU CO KyJaTa Ha OCHOBATa, a IOT0Aa Kyjara € OoJUrHaTa Ha cBojara rmosuimja. [loromemute reHepaTopu ce
MOJUTHATH BO MO3WIIMja Ha BPBOT Ha KyJaTa Kajie IITO ce Haola CKalla WM CKaJiiia BO BHATPENTHOCTA Ha KyJaTa.
Bo texoT Ha 20 Bek mapaieiHo 3aBianean pa3BojoT HAa Malld BETEPHHU IMOCTPOjKH COOABETHH 3a (hapMH U 3rpaju,
Kako M 3a BETCPHH T'CHEPATOpU Of TOJIEMU pa3MEpH KOM MOXE Ja Ce MOBpP3aT Ha CJIEKTPHYHATa Mpexa 3a
JIATICINHCKO YIIPaBYBakhE CO KAIalUTeTOT.

3 BETEPHA MAIIMHEPUJA U TIPOU3BOACTBEHU CUCTEMHA

OcHoBHata knacu(uKanja Ha BETEPHUTE TYpOMHHU Koja Ke ce pas3riieqyBa BO OBOj JeJl, OJ acleKT Ha
KapakTepoT Ha POTOPOT, € Ha TypOWHH CO XOPH30HTaJHA OCKAa M HAa BETEPHH TYpPOMHH CO BEpTHKAJIHA OCKa.
Cooxsenu 3a ynorpeba Ha BeTepHUTe papmu ce BeTepHuTe TypOouHu o cpeana (50 kW — 500 kW) kareropuja u
roiema (500 kW — 5 000 kW) kareropuja. MammHITE CO XOpPU30HTAIHA OCKA JOMHHUPAAT Ha ACHEIIHUOT Ta3ap.
Enapud mpexy KOMIUIETHa TaKCOHOMHja IOCTABWJI M3BECEH XMEPAPXUCKH pacrope]] HAa BHIOBHTE Ha BETEPHU
TypOuHu. Kora cranysa 300p 3a An3ajHepuTe HAa BETEPHULIUTE, HA PACIIOJIarambe NMaaT rojeM Opoj Ha OTIUH, KPyTH
WK ToBeke (PIEeKCHOMIHN CTPYKTYPHH KOHLENTH, JBE HJIM TPH JIOTIATKH HAa TypOWHCKHOT POTOp, QUKCHA WM
npoMeniInBa Op3uHa. Ha moneTamHo HUBO MMa aKTHBHA WM MTACUBHA KOHTpoJIa Ha MOKHOCTa. [Tomanky 3acramnenu,
HO IOJICJIHAKBO 3HAYajHH BUIOBU Ha BETEPHU TYpOMHH CO BepTHKaJIHA OCKa Ha poTaiuja ce Japuycosata (1931) u
CaBanuycoBaTa BeTepHa TypOuHa.

OCHOBHUTE CTPYKTYpPHH €JIEMCHTH Ha BETEPHHUIIUTE CE: POTOPOT, KOj KOHTHHYHPAHO ja H3BIEKYBa
KHHETHYKaTa CHepruja oJl BETEPOT U ja TpaHc(hopMupa BO KOpHUCHA MEXaHWUIKA CHEPTHja, KOHTPOJIHHUOT CHCTEM 3a
MOKHOCTA, KOj ja OrpaHHYyBa M HACOUYyBa M3BJICUCHATA CHEPTH]ja, TPEHOCHUOT CHUCTEM, KOj TH IIPUMa U TIPeHEeCyBa
ONTOBapyBamaTa ¥ ja MPeTBOpa MEXaHWUYKaTa SHEpruja BO OP30pOoTHpavYKaTa OCOBHHA CO IS JIa IO MPUIBIKYBA
TCeHEpaTOPOT, CICKTPHUCH CHCTEM, KOj ja MPETBOpa MEXaHHUUYKAaTa BO CJIEKTPHYHA CHEPIHja, CTOj0, KOj T HOCH
CTIOMECHATUTE €JIEMEHTH W T'M NPEeHEeCyBa ONToBapyBamara 0 (GyHmameHToT. JIpyr cucTteM KOj ce KOPHCTH €
CUCTEMOT 32 BPTEHE Ha POTOPOT CIIOPE]] HACOKATa Ha BETEPOT.

3.1 Paunrupame HA BeTepHUTE TYPOMHH
PanrupameTo Ha MOKHOCTA Ha €/IHA JMHMIIA CE U3pa3yBa KaKo JIeN OJ1 BKyITHATa CHEepTyja Ha BETEpPOT Koja
ja TIpecpeTHyBaaT BPTIUBUTE TICPKH:
3
v —
P = BKMpA—* x 10 3 kW (1)
BO KOja:

BKM= BkyneH koeHUUMEHT Ha MOKHOCT IPH YTBPACHHU YCIOBH, LITO ja U3pa3yBa aepoJUHaMUYHATa e()UKACHOCT
Ha MepKUTE HAa POTOPOT KOja 3aBUCH OJ] Op3MHATA U IIOMAJIUTE 3aryOH Kaj orpeMara 1 TeHepaTopoT;

p = ryCTrvHa Ha BO34YyXOT BO YTBPACHUTC YCJIOBU IIPHU KOU CC OLICHYBA,

D? . . . .
A =HT, kane mro D e mujameraport ox mepudepuja 1o nepudeprja Ha pOTHPAYKHOT KPYT KOj T'O OMUIIIyBaaT

TNCPKUTE U

v,= pedepeHTHa Op3UHA Ha BETEPOT MPH KOja ce OLEHyBa MOKHOCTA.

4 I''TIOBAJIHA KIIMMATCKU TIPOMEHU U E®EKT HA CTAKJIEHUYKU 'ACOBU

I/ICTOpI/ICKI/ITC KIIMMATCKU MPOMCHU PEIYITHUPAJIIC O INPHUPOJHU HOjaBI/I u BJII/Ij acJIC Ha HCKOHU OCJIOBU O
CBCTOT. HCHCC KIIMMAaTCKH ITPOMEHU HaCTaHyBaaT 1mopaan akTUBHOCTHUTE HA YOBCKOT. HayT-IHI/II_[I/ITe npeasuayBaart
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nmeka mo 2100 romuHa, MpocedHaTa TeMIlepaTypa HHU3 CBETOT ke ce 3rosemu ox 1 jo 3.5°C. OBa e cramka Ha
3aTOILTyBamkE TorojemMa off koe 6uno Bpeme Bo TekoT Ha nocieaaute 10 000 roauam u ce 0YeKyBa Jia JoBee 10
3roJIeMyBamkhe¢ Ha MOPCKHUTE HUBOA, TIOTJIaBYBake¢ Ha HUCKUTE OPEroBU M OCTpOBH. McTo Taka, ce odekyBaaT Oypu
Y HETIPEABUICHN BPEMEHCKH CHTYaITHH.

4.1 Emucun

Eneprujata oJ BETEpOT I'M HaMalyBa SMHCHHTE O] 3araJyBaukd racoBH OW/EjKH CEKoja CIMHHUIIA Ha
CIIEKTPUYHA CHEPTHja MPOU3BEICHA O] CHEPrUjaTa Ha BETEPOT 3aMCHYBA CIMHHUIIA SJICKTPHYHA CHEPTHja co3aieHa
on apyru u3Bopu. KomOuHHMpaHa co APyrd OOHOBIHBHM TEXHOJIOTHH M ¢()UKACHO KOPUCTCH-¢ Ha CHEprujara,
CHEprujaTa ojf BETEPOT € Ba)KHA 3a HAMATyBab¢ Ha TJI00ATHUTE KITMMATCKU IPOMEHH, KHCEIUTE 0K IOBU U IPYTH
Mpo0JIeMH BO KMBOTHATA CpEMHA OMJICjKH HE TPOU3BEIyBa jaraepoa AMOKCH (rac KOj MPUIOHECYBa 3a III00aIHO
3aTOIUTyBambe), CYI(yp AMOKCH HITH a30THH OKCUIU (FACOBH KOU MPUAOHECYBAAT 3a KUCEITH TOKIOBH) U OMACCH
WIK PaJMOaKTHBEH OTHaJ. 3a pa3jiuKa 0] KOHBEHIIMOHATHUTE M3BOPH, CHEPrujaTta Ol BETEPOT 3HAYUTEIHO TU
HaMaJyBa eMHUCHHUTE Ha jarJiepo/1, 3aIliTelyBa OMIMOHN TAJIOHU BOJIA TOUIITHO ¥ TO HAMaJlyBa 3araJyBarmbeTo.

4.1.1 Jarnepox AIMOKCH

Eneprujarta ox BeTepoT € M3BOP Ha €HEPruja CO HHU30K jarjiepoj] — Kora BeTepHaTa TypOHHA CO3llaBa €HEepruja,
MpoM3BeLyBa Hylla €MHCHU Ha jarjiepol. Pa3BuBameTo Ha 4yucTa €Hepruja ol BeTep M30erHyBa 3HAYHTEIHO
3aramyBame of jariepon nuokeun (COz). Bo 2018 r., enekrpuynaTta eHeprija Npou3BeAeHa 0] BETEPHU TypOUHH
n30ernana 3aragaysame o1 200 MUIMOHHM TOHHU jarjepoa JUOKCH/.

Figure 96

Wind Energy Impact on Avoiding Carbon Dioxide Emissions
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Cauxa 1. BiujaHnue Ha eHeprujaTa of BeTep Ha u3dernyBamero emucun Ha CO2

4.1.2 Cyadyp IMoKkcHa U a30THU OKCHIH

Hcro Taka, BETEpOT MoMara Jia ¢e HaMajlaT 3HauYUTeIHH KondecTBa Ha cyindyp muokcun (SO;) v a30THH OKCHIU
(NOy), 3arajyBauu Ha BO3yXOT ITO3HATH 32 CO3/1aBalbe Ha CMOT KOW MPEAM3BUKYBAAT HAIa i Ha acTMa.

4.1.3 3auyByBame Ha BojaTa

Hcto Ttaka, eHeprmjata OJ BETEPOT 3alITeyBa MHJIHMjapAd KyOWIIM BOJA CEKOoja TOJIUHA. 3a pa3iivka Of
TEPMOILICHTPAINTE, BETEPHUTE TypOWHU HE OapaaT BOAa 3a Ja MpoW3BenaT elekTpuyHa eHepruja. [locrapw,
KOHBCHITMOHAHH €JICKTpaHu (jarjieH, MpUPOJICH rac, HyKJICapHU) KOPUCTAT 3HAYUTEIHA KOJIMYECTBA Ha BOJA 3a
naneme. BeylHocT, eHepreTCKHOT CeKTOp MOBIEKYBa MOBEKE BOJA O KOj OWJIO APYT CEKTOp, BKIYYUTEIHO W

_______________________________________________________________________________________________________|
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3eMjonencTBoTo. OBa 3HAYM JIeKa KOJIKY MTOBEKE EHEPTHja O BETep KOPHUCTH 3eMjaTa, TOJIKY ITOBEKe BOJia MOXKE Ja
ce 3amTeau.

4.2 ExoJomKkH BJIMjaHUja HA eHEPrujaTa oj BeTep

BkymHuTe TpOIIOIM HAa BETEPHUTE TYpOWMHM MOBP3aHM CO JKUBOTHATa CPEIUHA H3HECYBaaT MOMAJKY O
HEKOJIKY JICCETTUHU Ha MIJIMOH KHJIOBAaT YacoBU. THe ' HaIMUHYBaaT AyPH U JPYTUTE OOHOBIWUBU aITCPHATUBU
0e3 W3ayBHH racoBu. HajrosieMuoT 7€l OJ BiIMjaHH]jaTa C€ MOBP3aHH CO MPOU3BOJACTBOTO HA MaTepHjalIuTe U
HUBHATa 00paboTka. Bo rpymara Ha HemocakyBaHH I0jaBU C€ BOpOjyBaaT: €CTETCKOTO BIIMjaHUE, BpEBaTa,
M3yMHUPAKkETO Ha NMTUIH, HHTepdepeHmjaTa co paauo win TB BpckuTe u pafapure, KOPUCTCHETO HA 3€MjUIIITETO
W PU3MINTE 3a paObOTHUIUTE BO oApKyBameTo. OcobeHo Bo 3amagna EBpomnakajie mTo ce IeHaT OTBOPCHUTE
MPOCTOPH, 3HAUHTEIICH MTPoOJIeM ¢ HUCKOo(peKkBeHTHaTa OyJyaBa o1 IepkuTe. bydaBarta o ManmiHepujaTa Moxe Ja
Oume HamaneHa co W300p HAa COOABETCH JAM3ajH WM 3ajyllicHa. TaMmIOH-30HA 10 TOJIOBUHA KIJIOMETap O]l
HajOJINCKUTE JKUBEAJIMIIITA € JOBOJIHA, OCBEH 3a MHOT'Y UyBCTBUTEIHHM Jyie. Bo Kanudopuuja, ogpeneHu jokamuu
ce JIOKKaHW KaKo PU3UYHH 32 TOJIEMHUTE NMTHUIIM TPaOIMBKH KaKO IITO CE OPIUTE U coKouTe. JJOKOJIKY He ce Hajaat
eUKacHU MEpKH, TOTAlll OBUE CIydyal MOXKE Ja CTaHaT JOIOJIHUTEIHO OTPAaHUYYBamke 3a IOCTaBYBame Ha
Berepaunn. MaTepdepennujata co paauo win TB Bpckute M pagapuTe MpeTCTaByBa MPOOJIEM KOj IMOCTOENI BO
MHUHATOTO, @ BO HEKOja Mepa ¥ c¢ YIITe MOCTOH, HO MOJIeKa ce HaIMHHYBA, KAKO IITO C€ MPOMOBHUPAAT KabEeICKUTE
Y CaTeITUTCKUTE BPCKH, KAKO U CO MOI00PYBAamETO Ha TEXHOJIOTHjaTa, IpuMeHaTa Ha IepKu o1 (Gudep-CTakIio u co
CJeNICHhEe Ha MPETIOPAKKUTE 32 MECTOTO HA MIOCTABYBAE.

5 CTATUCTHUYKH IOJATOLU 3A IIPUMAPHO ITPOU3BOACTBO HA EHEPI'MJA O/ BETEP

CriopeJ1 CTaTUCTUYKHUTE MOJIATOIN, POU3BOICTBOTO Ha EHEPTHja OJ1 BETEP Ce 3rojeMyBa O roJuHa Bo rojaunaa. O
MOIAaTOLUTE BO Tabemara ce riieaa Aeka BO CHTE 3eMju, Pou3BoACcTBOTO 01 2005 roauna Oeieku oCTojaH mopact
B0 2010, 2015 u 2016 roauHa.

Enepruja ox Berep
3emja 2005 2010 2015 2016
I'epmanuja 23413 3249.6 6 810.5 6 758.2
[nanuja 1.820.8 3 806.6 4241.2 4205.2
Uranuja 201.5 784.7 1276.4 1521.0
IlIBeacka 80.5 301.1 1398.8 1331.0
Typuuja 5.1 250.7 1001.9 13342
Peny6nuka CeBepna 0.0 0.0 10.4 9.4
MakenoHuja

Tabesa 4.1 IlpumMapHo NPON3BOJACTBO HA 0OHOBJIMBA EHEPrHja - eHepruja oA Berep (Wijaaa toe)
UzBop: EBpocrar, Ilybnukanyja 3a HHAUNKATOPH 3a €HEPrHUja, TPAHCIIOPT M )KUBOTHA cpenuHa, 2018

6 ITAPK HA BETEPHM EJIEKTPAHU ,BOI'JAHIIU“ BO PEIYBJIUKA CEBEPHA
MAKEJIOHHUJA

Crenejku Tv CBETCKUTE TPEHIOBH Ha pa3B0j M MMILICMEHTAIIN]a HA TPOU3BOJCTBEHUTE KAaallUTETH KOU T'O
KOPHCTAT BETEPOT Kako pecypc, Bo jyan 2004 rogmna, AJl EJIEM moHece ommyka 3a BKIydyBame Ha CHEprujaTa
Ha BETEPOT KaKo JeN o7 NOpTHOIUOTO Ha KOMIAHUjaTa. 3a HHCTAIMPAkE HA MMPOU3BOJCTBEHUOT KalalUTET KOj
KOPHCTH BeTep OWJyie CIIpoBEeICHN HHU3a aKTUBHOCTH KOH PE3YyATHpaJie cO MyIITame BO paboTa Ha IPBUOT BETEPEH
mapk Bo Perrybnmuka CeBepHa Makemonmja - 16 BeTepHUIIM CO MHCTATUpPaH KanaruteT ox 36,8 MW. IIpo6HOTO
MyILITamke OWI0 peali3upPaHo BO MEPHUOAOT of ampui a0 aBryct 2014 roauHa, a opHUIMjaJIHO, BETEPHUOT MapK
,,DOTIaHIN BJIETOJ BO eJeKTpoeHepreTckata Mpexka Ha CeBepHa Makenonuja Bo centemspu 2014 roauna.
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Omnmuc Ha 00jeKTOoT

[ennoT cucTem 3a OBa €HEPTeTCKO MOBp3yBame ce coctou o 20kV kabencka mpexa, 20kV eHeprercka
noctpojka, 2x25/40MVA ONAN/ONAF eneprercku tpancdopmatopu nouupanu Bo TC 110/20kV Boraanmm,
110kV nmannoson ,,TC Bormanium — TC BamanmoBo“ 3a mpeHoc Ha eHeprujara mo moctojHata 110/35/10kV
BanmanmoBo mTo, BCymrHOCT, MpecTaByBa TOYKa Ha KOHEKIMja co HalmmoHAIHHOT eIeKTPOeHEePreTCKU MPEHOCEH
cucrem-oneparop (MEIICO), kako 1 mpUCTaITHU MATHUIITA U IUIATGOPMH 32 MOHTaXKa Ha BETEPHUTE TYpOUHH.

Tpadocranunara TC 110/20kV; 2x25/40MVA Bormaninu oBo3MOXyBa TpaHc(hopMalidja ¥ MPEHOC Ha
MpPOM3BEIeHaTa SIEKTPUYHA €HEePTHja Of MApKOT Ha BETEPHU €JeKTPaHu ,,bornaniu’ 10 MpeHOCHNOT CHCTEM Ha
CeBepHa Makenonuja nipeky 11 km monr 110 kV manroBox TC borpanmum - TC Banangoso.

Onuc Ha BCTCPHUTEC TVD6I/IHI/I

BetepHuTe TypOMHM MITO C€ MHCTAIIMPAHU BO MAPKOT HA BETEPHM €JICKTpaHH ,,bormanmu‘ ce Tum SWT-
2,3-93, npousox Ha CUMEHC.

Potop

Poropor Ha SWT-2,3-93 TypOnHaTa € camMoCTOjHAa KOHCTPYKITHja CO TP MEPKH, MOHTHpPAHa Ha CTOJIOOT
HAaCIIPOTH BETEpOT. MOKHOCTA Ce perympa MpeKy HarnOHUOT cucteM. bp3uHaTa Ha poTOpOT € BaprjaduiTHa 3a Aa
ja MakCHMH3Hpa aepouHaMHYHaTa e()UKACHOCT U J]a TO HaMaJld ONTOBAPYBAHETO HA CUCTEMOT Ha 3aITYEHUYKHOT
MPEHOC BO TEKOT HA peryJanyjaTta Ha MOKHOCTA.

Ilepku

[epkuTe ce KOHCTPYMpPAHU O] EMOKCH THA CMOJIa 3aCHUJICHA CO CTAKJICHH BlIakHa (apMupana co pudepriac).
Co 0BOj mpollec MEePKUTE Ce JieaT BO €IHO Mapye 3a Jia ce SIMMHHUPAAT MOCITaduTe 30HU MPU HUBHOTO 3TII00HO
crnojyBame. [lepkute ce MOHTHpaaT Ha JIKHINTATA HAa HArKOHMOT CHCTEM M HUBHHOT HAaru® MOXe, MOpajaH
HCKIIyuyBame, 1a ce HaBau 3a 80°. Cekoja riepka MMa CBOj CUT'YPHOCCH HE3aBUCEH HarnOeH MexaHu3aM CII0COOCH
3a HaBaJIyBamk¢ Ha MEpKaTa IMoJl CCKaKBU YCJIOBU Ha pabora. OBOj HarubeH MexaHW3aM Ha MEPKUTE OBO3MOXKYBa
ONTHMH3aIIMja HA MOKHOCTA BO TEKOT Ha paOOTHHUOT OIICET, a IPH 3aCTOj Ha TypOMHATA IEPKUTE Ce HaBalyBaaT IIPU
MITO C& MHHUMHU3HpPA JITyBamkETO Ha BETEPOT.

I'maBuna

I'maBuHaTa Ha POTOPOT € U3PAOOTEHA OJ1 TUCHO KEIIE30 CO BUCOKA OTIIOPHOCT Ha pacTeTHyBame. [ TaBuHaTa
¢ MOHTHpPaHa Ha IJlaBHaTa OCKa cO rojieMa mpupaOHuia. Taa e JOBOJIHO rojieMa jJa 00e30eau yao0Ha paboTHa
CpeauHa 3a JIBajila CEPBUCEPH BO TEKOT HA OJIPKYBAHETO HA KOPECHOT HA NIEPKUTE U HA JIS)KUINTATA HA HATUOHUTE
CUCTEMH OJT BHATPEITHOCTA HA CTPYKTYpaTa.

I'eneparop

I'eHepaTopoT € of IEeIOCHO 3aTBOPEH, ACHHXPOH THII, U Toa ,,SiemensLoher”, co HOMUHaTHA MOKHOCT O]
2300kW, nomunaneH 6poj Ha BpTexxku 1550 rpm, 6p3una 600-1800 rpm, HoMuHanen HanoH 750V, ¢ppekBeHMja
16,5-60Hz. I'eneparopot nma kadeseH potop 0e3 musrauku npcTern. KoHcTpyKigjaTa Ha pOTOPOT Ha FeHEPaTOPOT
W CTAaTOPCKUTE HAMOTKH, OBO3MOKYBa BUCOKA €(PHKACHOCT IPH JIETYMHO ONTOBapyBame. [ eHepaTopoT € 3aTHTEH
CO TepMallHM NMPEeKWHYBaYW W aHAJOTHM CEH30pU 3a MEpeme Ha TemIeparypara. [ eHepaTopoT € ompeMeH co
TEPMOCTATCKH KOHTPOJHMPAH CHCTEM 3a BEHTWJAIMja. B0o3ayXoT HupKynupa BO BHATPEIIHOCTa HA TEHEPATOPOT
MpeKy TOIUTMHCKM M3MEHYBad MTO ePHKACHO ja OJpKyBa TeMIlepaTypaTa BO BHATPEITHOCTa HA TEHEPATOPOT
HE3aBHCHA OJ] TEMIIepaTypara Ha OKOJIHHATA.

Cronb

Berepnara Typouna SWT-2,3-93 ¢ MOHTHpaHa Ha KOHYCEH YeJIMYeH CToJI0 co BucounHa oa 80m. Cronbor
€ TI0ZIeTICH Ha TpH Jeia. BHaTpe Bo cTONOOT TUPEKTEH MPUCTAI JI0 KYKUIITETO U IO CHCTEMOT 32 PETylIupamke Ha
MPaBEIOT Ce OCTBapyBa CO MOMOII HAa BHATPEIIHU CKaMiIa M co moMmoin Ha yudt. Bo cTonbot ce mpensuacHu
miatGopMu M BHATPEUTHO ENEKTPUYHO ocBeTiieHue. Exna matdopma ce Haora BeIHAII MMOJ[ CPEIHATA CIIOjHA
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(raHIIa 071 CTOJIOOT M CITY’KH 3a TPHUCTAIl 32 MOBP3yBamke HAa KaOJH M 32 3aTETHyBamke Ha 3aBPTKUTE O CIIOjHATA
¢manma. [Tnathopmu ce moctaBeHHW BeAHAII TOA TOPHHOT YIPaBYBaYKHM OpMap WM HaJ TIIaBHUOT yNpaByBauKH
opmap. ['opHaTta mmaTdopma ce Haora BeOHAII MOJ TOpHATa CHoOjHa (IaHIIa M Taa ce KOPUCTU 3a COOJBETCH
IIPUCTAIl 10 KyKHIITETO, 33 3aTerHyBambe Ha 3aBPTKUTE O] CIIOjHATa (pIaHIIa U 3a CEpBUCHpAEkE Ha CUCTEMOT Ha
peryaaTopoT Ha IIpaBell.

7 3AKJIYYOK

OOGHOBIIMBHTE M3BOPH HA CHEPrHja OBO3MOXYBAaT IOJICKA, HO CHT'YPHO, CBETOT Ja CE OIBHKHYBa O]
KOPHUCTEHETO Ha (pocuHnTe ropuBa. Ce HCTpakyBaaT HOBU MOYKHOCTH 33 HCKOPUCTYBAbE, C€ EKCIIEPUMEHTHPA CO
HOBH TEXHOJIOTHH, CO PA3IMYHU THIIOBH COHUCBH KEIHHU 33 TUPEKTHO MPOM3BOJICTBO HA CJICKTPUYHA CHEPTHja O
COHYEBOTO 3paucie, Ce MpaBaT Ce MOJCCHH, MOMOKHHM U TIOCBTHHU BETCPHH TYpOWHH, KAKO W HOBH HAYMHHU 32
e(HKaCcHO U JAOJITOTPajHO CKIIaIupam-¢ Ha eHeprujaTa.
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DEVELOPING QUALIFIED STAFF IN THE FIELD OF DESIGN AND
INSTALLATION OF PHOTOVOLTAIC AND SOLAR THERMAL SYSTEMS -
DISSEMINATION OF TRAINEE RESULTS

ABSTRACT

Abstract - Renewable Energy Sources (RES) are part of the global energy efficiency and environmental
pollution effort that is rapidly increasing the demand for renewable energy specialists who are able to design,
install and maintain such systems. There are not many initiatives for a more systematic approach to the design of
educational programs and development of curricula for training designers and installers of RES systems in
buildings. This can be done by developing specific professional standards recognized by national qualifications
frameworks, which will provide formal validation of developed qualifications. The purpose of this paper is to
show how this type of training for designers and installers of small renewable energy sources in buildings is
realized and to analyze and disseminate it. This paper is based on the experience of the TRAINEE project,
developing a survey and analyzing it, as well as identifying shortcomings and improving them in the future.

Key words: dissemination, RES design, training content.

1 INTRODUCTION

Efforts to tackle climate change and energy system transformation are essential foundations for achieving a
sustainable future for business, society and the environment. The Paris Agreement establishes the status that the
beginning of the transition to a prosperous and green economy is necessary. In order to maintain the projected
growth rate of global temperatures below 2 ° C, work must be done to rapidly address the problem of
decarbonization of the energy sector. The tendency of many countries and industry sectors to mitigate climate
change problems and reduce greenhouse gas emissions is increasing [1, 2]. The application of best practices and
technologies in the field of energy efficiency has allowed energy consumption in buildings to stabilize, and even a
re-projected decline by 2050 can be observed. Many mitigation options promise multiple benefits [3-6]. Overall
objective of supplying 20% of the final energy consumption of the European Union by RES by 2020, given by the
Renewable Energy Directive (2009/28 / EC) [7] sets out the overall policy for the production of renewable energy
sources in the EU. In December 2018, the revised Renewable Energy Directive 2018/2001 / EU [8] was
implemented as part of the Clean Energy package for all Europeans, with the aim of preserving the EU as a global
leader in renewables and environmental protection. The demand for energy from buildings continues to grow,
driven by improved access to energy in developing countries, greater ownership and use of energy-consuming
devices and rapid growth of global building floors, at nearly 3% per year [9]. As technological advances rapidly
change the boundary between jobs, global labor markets are undergoing major transformations. These
transformations, if managed wisely, could lead to a new era of good work, good jobs, and a better quality of life
for all, but if they fail, they pose a risk of widening skills gaps, greater inequality, and wider polarization. [10].
Likewise in other EU countries, the lack of widespread awareness of greener construction is being challenged in
Macedonia [11], as well as activities to meet the needs of the labor force in the construction sector. The Republic
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of North Macedonia has harmonized its energy efficiency legislation with European legislation and set national
energy saving targets to be achieved by 2020. The shortage of energy efficiency and renewable energy workforce
needs to be overcomed by implementing the priority measures defined in the Roadmap [12, 13] and aiming at:
upgrading the national EE (energy efficiency) education system and RES (renewable energy sources); design
training schemes for EE and RES in buildings; build the capacity of educational institutions relevant to the needs
of skilled workers and overcome communication barriers in implementing the goals of the Roadmap. Curricula
have been developed with anticipated learning outcomes and appropriate training materials. They are designed to
provide qualified trainers and construction workers with EE building envelope (plaster and roofing), thermal
insulation of the building (carpentry and HVAC) and EE electrical installations [14-16].

2 ENSURING QUALIFIED AND SKILLED WORKFORCE FOR RES SYSTEM INSTALLATIONS:
TRAINEE APPROACH

The project “TowaRd market-based skills for sustAINable Energy Efficient construction” is EU funded project
under HORIZON 2020 programme, topic: Construction skills, Type of action: CSA Coordination and support
action. TRAINEE (2018-2020) is running in the frame of H2020 programme, as a follow-up action of the
previous national projects in BUS initiative [17]. The overall objective is to increase the number of skilled
building professionals according to recommendations from national qualification roadmap concerning two
priorities, training of 4.500 building professionals and blue collar workers and overcoming barriers for
implementation of EE measures in operation and maintenance.

Vocational Qualification Schemes VQS for installation of solar-thermal and photovoltaic systems will be
implemented, engaging both blue collar workers (qualification level IV and III from NQF) and building
professionals (for upgrading skills on qualification level Vb from NQF). This implementation will be conducted
by training programmes for design and installation of solar-thermal systems organized on two levels — for blue-
collar workers and for building professionals. This will be a specific challenge for realisation since the national
procedure for developing qualifications and defining vocational training programs for qualification level higher
than IV-th level in NQF is still not established. In fact the implementation of the law for NQF in Macedonia is
still in the phase of development. For each training schemes and qualification level pilot training will be
organized in order to test the relevance of the developed programs.

A. Stages in developing new qualifications

The process of developing qualifications is regulated by the Law on the National Qualifications Framework
(NQF). One of the most important features of the Macedonian Qualifications Framework is its openness for all
types of qualifications, at all levels of education: general education, vocational education and training (3-year or
4-year), post-secondary education, higher education and adult education.

Developing a standard of qualification is a complex process based on co-operation between different
stakeholders (fig. 1). The working group that develops the final description of the standards of qualification may
include the following participants: representatives of policy institutions, employers, training providers and
training.

- Phase 1 - Basis for developing new qualifications

- Phase 2 - Submission of a proposal for a new standard of qualification
- Phase 3 - Implementation of the proposal

- Phase 4 - Develop a standard of qualification

- Phase 5 - Approval of the standard of qualification

- Phase 6 - Re-accreditation of standard of qualification

Occupational Standard of Educational
Standard qualification program

Figure 1. Developing a standard of qualification
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B. Development of qualifications in adult education

The qualifications in adult education are awarded on the basis of the Law on Adult Education and several other
documents. Figure 2 below gives the procedure for developing qualifications for adult education. There are two
main types of adult education programs: those based on the needs of the labor market and consequently
occupational standards and those aimed at providing soft skills.
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Figure 2. Procedure for developing qualifications

The procedure for verification of special programs for adult education has four steps:

- Request for verification of a special adult training program

- Approval of an adult education program

- Request for verification of the institution for adult education

- Enrollment in the registers of verified programs and verified institutions and institutions.

C. Development of Occupational standard for Designer/installer of RES systems in buildings

A key element when creating training programme for certain qualification should be represented by a sectorial
or domain-specific matrix of competences. The matrix is a planning and evaluation tool for trainees, teachers and
educational institution that is providing the training. The focus of this matrix is at the level of an engineer (EQF
level 6) and technician (vocational education and training) (EQF levels 3-4). For defining competence matrix for
qualification Designer/installer of RES systems, the scope of the core work tasks should include four renewable
energy systems (PV, ST, HP, BM).

In the frame of the matrix are defined both competences for Designer of PV/ST systems at the level of an
engineer (EQF level 6) which include all areas of expertise 1-5 from table and competences for Installer of PV/ST
systems at the level of technician (vocational education and training) (EQF levels 3-4), which include areas of
expertise 3 and 4.

Taking into account existing training programs that have their focus in electrical engineering, thermal
engineering, or other educational goals, fundamentals of electrical engineering and thermal engineering are
included. Thus, the lateral entry into the qualification program should be possible. The matrix of competences
contains no terms of reference, oriented towards research and development, but at level 6 of the EQF it is possible
to find components out of the first cycle of a university study.

D. Training program for use of RES in buildings developed in TRAINEE

The trainings are developed in line with the requirements of the revised Directive 2018/2001/EU on the
promotion of the use of energy from renewable resources.

The content of training will include a detailed state-of-art of the subject treated in the particular training
course, giving an overview of materials and techniques for implementation, basics of design and use of software,
proper installation and maintenance of solar thermal and photovoltaic system installation, theoretical explanations
of the processes, covering ecological aspects, components, characteristics and dimensioning of solar systems,
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providing good knowledge of ISO standards of quality, techniques for measuring energy savings and issues from
work safety.

The content of training will include a detailed presentation of the subject treated in the particular training
course, involving materials, techniques for implementation, basics of proper installation and theoretical
explanations of the process, recognition of ISO standards of quality of used materials and methods for their
incorporation, achievements in the energy savings and subjects from work safety. It will specifically be devoted to
recognition of new products in this field with promising specifications in order to achieve higher energy
efficiency of the buildings and increase the safety. The training forms will be encompassed of 10% exam, 30%
theoretical classes and 60% practical classis which will be organized in building sector companies. The total
duration of the courses is 80 training hours.

This training program is organized in two modules:

*  Module 1: Design and Installation of solar-thermal systems on two levels — for building professionals and
blue collar workers

*  Module 2: Design and Installation of photovoltaic systems on two levels - for building professionals and
blue collar workers

The training course is targeting candidates with the following working experience, who have undergone, the
following types of training:

*  For Ist level (installers): a vocational training scheme corresponding to at least three years education in
technical education (electrician, mechanic, construction technician etc.) or workplace learning/experience or non-
formal training as plumber, electrician, and have relevant plumbing, electrical and roofing skills

* For 2nd level (designers): a higher education qualification corresponding to at least 180 ECTS in
technical academic education (electrical engineer, mechanical engineer, civil engineer etc.)

A detailed structure of the program as well as the description of the module is explained below.

i ;
'[ Training for design ] [ Tlaininglrinslal\almn} [ Training for design ] [ Training for installation ]:

1
+|_of solar-thermal systems of solar-thermal systems of PV systems of PV systems
W

i Exam ] Exam ) Exam ( Exam ]:

Figure 3. Schematic representation of training structure

E. Training modules

Module 1: Design and Installation of solar-thermal systems on two levels — for building professionals and
blue collar workers. The first module covers the following areas:

- Introduction to solar energy and solar-thermal systems
- Collector & system types

- Installation of solar-thermal systems

- Solar-thermal design

- System maintenance

- Safety requirements at workplace

- Techno-economical analysis

This course will focus on the designer’s ability to complete a design from site survey and assessment through
construction drawings and into permitting and commissioning. It provides the Solar-thermal designer, contractor
or installer with a comprehensive understanding of Solar-thermal design. These skills are essential for designers
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of commercial systems and complex residential systems such space heating applications. This course will provide
an in depth knowledge of the tools and best practices needed for complex Solar-thermal systems.

The first level - Design of solar-thermal systems for building professionals encompass of:
- Introduction to solar energy & solar-thermal systems
- Collector & system types
- Solar-thermal design
- Techno-economical analysis
- Safety requirements at workplace

The second level of the first module aiming installation of solar-thermal systems for blue collar workers
includes the following chapters:
- Introduction to solar-thermal systems
- Collector & system types
- Installation of solar-thermal systems
- System maintenance
- Safety requirements at workplace

Module 2: Design and Installation of photovoltaic systems on two levels - for building professionals and blue

collar workers. The second module covers the following areas:

- Photovoltaic Basics

- PV Modules and Other Components of Grid-Connected Systems

- Mounting Systems and Building Integration

- Installing

- Stand-alone Photovoltaic Systems

- Safety requirements at workplace

This course will focus on the designer’s ability to complete a design from site survey and assessment through
construction drawings and into permitting and commissioning. It provides the PV Solar system designer,
contractor or installer with a comprehensive understanding of PV Solar system design. These skills are essential
for designers of commercial systems and complex residential systems such space heating applications. This
course will provide an in-depth knowledge of the tools and best practices needed for complex PV Solar systems.

The first level of module 2 is dedicated to design of PV solar systems for building professionals and includes
the following chapters:

- Photovoltaic Basics

- PV Modules and Other Components of Grid-Connected Systems
- Site Surveys and Shading Analysis

- Planning and Sizing Grid-Connected Photovoltaic Systems

- System Sizing, Design and Simulation Software

- Mounting Systems and Building Integration

- Installing, Commissioning and Operating Grid-Connected Photovoltaic Systems
- Stand-alone Photovoltaic Systems

- Economics and Environmental Issues

- Procurement and legislation

- Safety requirements at workplace

And the second level of module 2 of training material will develop skills for installation of PV solar systems
for blue collar workers through the following chapters:
- Photovoltaic Basics
- PV Modules and Other Components of Grid-Connected Systems
- Mounting Systems and Building Integration
- Installing
- Stand-alone Photovoltaic Systems
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- Safety requirements at workplace

3 DISTRIBUTION OF TRAINEE PARTICIPANTS

The pilot training was realized in order to confirm the reliability and adequacy of the designed programme and
training material. It was organized on two levels: for blue collar workers and for professionals. For each training
schemes and qualification level one training was organized (one for 20 Installers of systems of solar-thermal
energy, one for 10 Designers of systems of solar-thermal energy, one for 20 Installers of photovoltaic systems and
one for 10 Designers of photovoltaic systems).The trainings was a 10 day seminar with theoretical and practical
classes which was organized on-site. The number of registered participants in this TRAINEE approach was 129,
from which 115 were accepted for the trainings.

Depending on the training provided, the interest of the individual groups varied. Depending on the training
provided, the interest of the individual groups varied. Considering the employment of each participant, it was
concluded that most of them were employed, while in the training for installation of solar-thermal systems, there
were more unemployed participants than employed. This may be due to the fact that most of the participants were
secondary or tertiary education. The following chart shows the distribution of trainees regarding employment.

Distribution of trainees regarding employment

® Employed ® Unemployed

Trainees for design of Trainees for installation Trainees for design of Trainees for installation
solar-thermal systems of solar-thermal systems photovoltaic systems of photovoltaic systems

Figure 4. Distribution of trainees regarding employment

The next step when considering the type of training participants is to sort them according to their current
education. In this section it is necessary to separate the groups for installation of photovoltaic and solar thermal
systems with the group for designing photovoltaic and solar thermal systems. In terms of training in system
design, the most reported were electrical engineers, followed by mechanical engineers. A smaller group was made
up of civil engineers, architects and other professions. The distribution of diversity in the professions is shown in
the figure 5.

Design of PV systems

0, 0,
7% 4% 0% 4% M Electrical engineers

B Mechanical engineers
Civil engineers

B Architects

H Other

Figure 5. Distribution of trainees regarding education for design of PV systems
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On the other hand, the professions that were most prevalent in the installation of photovoltaic and solar
thermal systems are electricians with 44% and electrical engineers with 28%. This distribution is shown in the
figure 6.

Installation of PV systems

‘ W Electrical technician
W Electrical engineer

6%
Mechanical engineer
‘ B Other

Figure 6. Distribution of trainees regarding education for installation of PV systems

4 RESULTS OF QUESTIONNAIRE AND DISSEMINATION

Following the completion of the training, a survey questionnaire was developed for the realized trainings for
designing and installing solar collectors and photovoltaic systems. This was done in order to identify the positive
side of the trainings and to re-implement them, as well as to identify the mistakes in order to eliminate or upgrade
the areas concerned. The questionnaire consisted of several rounding questions to make it easier and more
practical for participants. There were 58 completed surveys.

First, participants were asked where they had been informed about the trainings. The majority responded that
they found out through the media and through friends. Visual results are shown in figure 7.

How did you find out about the TRAINEE trainings?

In other way

From friends

From the employer

From the project website

From the project brochure

From the media (newspapers, TV)

0 5 10 15 20

Figure 7. Answers on the question “How did you find out about the TRAINEE trainings?”.

One of the most important questions that would have missed the purpose of this type of training was why the
participants registered for this type of training. The majority of the participants’ responses were about the
possibility to upgrade their abilities, and the second was chosen because of the popularity of the topic. The
percentage representation of the answers is shown in figure 8.

I ———
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What was decisive to register for the training?

Opportunity to attend free training
Opportunity for higher earnings
Popularity of the training topics

My abilities to be upgraded
Opportunity to keep the job

Increased employment opportunity

0 10 20 30 40

Figure 8. Answers on the question “What was decisive to register for the training?”.

Regarding the evaluation of the quality of the theoretical classes, most of the participants considered the
material comprehensible and appropriate, but almost the same number responded that the number of classes was
insufficient, because the material was extensive. On the other hand, the practical classes are considered useful for
the training and they are at an adequate level. For this type of classes, participants have an equally divided opinion
that the number of classes held is sufficient or insufficient.

Lectures Practical teaching
21 | Insufficient number of lectures provided 14 Insufficient number of lectures provided
12 | sufficient number of lectures provided 13 sufficientnumber of lectures provided
2 Low level of knowledge 2 Low level of knowledge
18 | Adequate difficulty level 21 Adequate difficulty level
1 High level of knowledge o High level of knowledge
26 | Understandable teaching of material 4 Insufficient equipment available
1 Fuzzy presentations 12 Appropriate equipment available
1 The lectures are boring 1 Useless for the training
18 | Thelectures arouse interest 29 Useful for the training

Figure 91. Answers on the evaluation of the trainings.

The results of the evaluation related to the prepared print material are shown in the figure. It can be seen that
most of the participants consider that sufficient number of relevant information is included, the text is
understandable and at an appropriate level, but the number of hours held does not correspond to the quantity of
the material.

I ———
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How do you evaluate the quality of the printed material?

It is not necessary if you follow the lectures
More examples are needed

It contains real examples

Insufficient number of lectures provided
Appropriate for the level of the training
Inadequate for the level of the training

I didn't use it
IncomprEhenSible o L
Understandable text

Too high
Adequate level of difficulty T
Too low
Sufficient information is included
Insufficient information is included ;
0 10 20 30 40

Figure 10. Answers on the evaluation of the quality of the printed material.

The software used to design the photovoltaic roofing systems was well appreciated by the participants, and as
many as 20 of them were very satisfied with it. This has shown that this type of software is ideal for such training
and that it has all the attributes needed to study the design of small or medium photovoltaic systems.

The final question was asked whether the participants would like to participate in this type of training again,
and if so which of the remaining trainings they would choose. Interest in the following new trainings offered by
the Knowledge and Skills Center was shown by 51 of the 58 participants surveyed. Most of them want to attend
training in designing solar thermal collector and photovoltaic systems. Figure 11 shows in detail the opinions of
the surveyed participants.

22 Design of solar thermal collector systems, for engineers
1.Yes 5l
3 Installation of solar thermal collector systems, for workers
20 - - I
2 No 7 Design of photovoltaic systems, for engineers
10 Installation of photovoltaic systems, for workers

Figure 2. Answers on possible future participation in the trainings.

5 CONCLUSION

This paper presents a systematic approach to designing educational programs and developing curricula for the
training of designers and installers of RES integrated building systems. This particularly concerns the
development of specific professional standards, recognized by national qualifications frameworks, which will
ensure formal validation of developed qualifications. This paper provides a model for training courses for
designers and installers of small renewable energy sources in buildings. This model is based on the TRAINEE
project, which aimed to deliver training courses for designers and installers of RES systems in buildings. By
delivering the pilot trainings, we were able to draw conclusions about the adequacy of developed educational
programs with the needs of market related RES-skills. The tests and surveys showed that the program meets the
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learning outcomes of the 4th and 5th levels from the European Qualification Framework (EQF), based on a
combination of knowledge, skills and competences.
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BLADE DESIGN FOR HORIZONTAL AXIS WIND TURBINE

ABSTRACT

This work is a result of the research that have been carrying out in the GEOM seedbed of the Universidad
Distrital Francisco José de Caldas. Wind energy is one of the best important sources of renewable energy and an
excellent alternative for the transition to sustainable energy that the world need. The wind energy is contained in
the moving air particles, forming kinetic energy. This energy could be transformed into another type of energy
such as electricity, through the use of wind turbines. It is known that horizontal axis wind turbines are more efficient
energetically, the power output of a horizontal axis wind turbine depends of it aerodynamic performance; therefore,
the correct geometric design of the propeller is essential for an optimum wind turbine. This article analyzes the most
relevant aspects in the design of a wind propeller, using MATLAB® software to illustrate its behavior, suggests an
ideal airfoil for wind applications to use in the 3D modeling of the blades using the computer assisted design, this
blades has been built with a 3D printer.

Key words: Renewable energy, Wind energy, Wind turbines, Mathematical modelling, Environmental impact.

1 INTRODUCTION

Since ancient times, humans have used the energy stored in moving air particles. Wind energy was used on a
daily basis since the invention of sailing ships; subsequently, it was used for different tasks such as grinding and
pumping, which led, in the XVIII century, to develop machines with more elaborated models that took into account
certain aerodynamic parameters and had mechanisms that improved their functioning. In 1892, in Denmark,
professor Latour designed the first electric wind turbine, starting the development of the modern wind technology

[1].

The use of renewable energy has experienced an important worldwide growth in recent decades, the need to reduce
dependence on fossil fuels, lessen environmental impact and seek sustainable development, has massified this type
of energy production. The use of renewable energies, in addition to reducing the negative environmental impacts
caused by the usage of fossil fuels, can become an economic growth enhancer [2]

The energy present in moving air particles is so abundant that it could satisfy the world energetic demand. Wind
energy is renewable and clean; it is produced by the differences in atmospheric pressure resulted from the uneven
heat that the earth’s surface receives from the sun. However, approximately only 2% of the solar energy that reaches
the Earth becomes wind, and only a fraction of this can be transformed into electric energy; [3] despite of this, wind
is an excellent energetic resource. A wind turbine uses the kinetic energy associated to the movement of the wind
particles that impact the propeller, which by being coupled with an electric generator produces a usable potential
difference (voltage). Currently, wind power needs greater prominence, aimed at changing the paradigm of obtaining
energy to an environmentally sustainable one, highlighting that wind power production involves significantly lower
environmental costs than those from using fossil fuels.

In this paper, we calculate and simulate, using Matlab software, the optimum propeller for a low-power wind turbine
that works at an average annual speed of 4-6 m/s, to show the aerodynamic behavior of the blades and their main

_______________________________________________________________________________________________________|
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features also the 3D model are built. We suggest the reader to become familiar with the concepts of the momentum
theory and fluid mechanics, among others, which are not explained here because it is out of the scope of this paper.

2 MOMENTUM BUDGET EQUATIONS FOR THE WIND

To know the behavior of the wind is an important aspect to the wind turbine design each territory has its
particular surface roughness, climate, wind randomness, and other features, which implies a specific
probability distribution function (PBDF) and sample space £2; to determine the wind behavior is useful
to consider the momentum budget equations for the wind:

-

ou 19P 4l

Tt +VVu +;a —fU+fW +’UT + E, =0 (1)
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E +Vrw +;$ -9 +—fv +FZ =0 (3)

The equations 1:3 consider the wind balance forces in the coordinates x, y and z, respectively;
considering:

* The momentum balance of the atmosphere.

» These equations are formulated in mass-specific form meaning that these equations are formulated
per unit mass.

* The mass-specific momentum has the physical dimension of velocity.

These equations (1:3) are called Eulerian equations of motion in meteorology and are a special form of the Navier-
Stokes equations in hydrodynamics. Where u is the wind component blowing into positive x direction, v is the
component into y direction and w is the vertical wind. The wind vector is V "= (u,,w)

The terms du/dt, dv/dt and dw/adt are called inertial or storage term and represent the temporal variation of the
wind components, the non-linear terms V "Vu,V Vv and V “Vu; expresses the interaction between the three wind
components (associated with the turbulence); the term 1/p dP/dx, 1/p 0P/dy and 1/p AdP/dz specifies the
pressure force, the term -g gives the influence of the Earth’s gravitation, the terms —fv+f"* w, fu and —f"* v
denotes the Coriolis force due to the rotating Earth. Terms 17|I7|/r and u|l7|/ r describes the centrifugal force in
non-straight movements around pressure maxima and minima (the upper sign is valid for flows around lows, the
lower sign for flows around high pressure systems). Finally, the terms F, Fy and F, symbolizes the frictional
forces due to the turbulent viscosity of air and surface friction. [4]

3 USEFUL CONCEPTS FOR THE PROPELLER DESIGN

When extracting energy from the wind, it is important to take into account the relation between the shape of the
airfoil and its aerodynamic features. The geometric shape used to design the propeller must minimize losses and
maintain acceptable levels of rigidity and stability. To obtain the mathematical model that expresses the behavior
and the main features of the propeller, we will consider an ideal turbine that is represented by a disc with no
thickness and an infinite number of blades view Figure 1
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Figure 1. Ideal disc and wind current Source: [5].

The kinetic energy present in the wind is given by (1).
Ec = ~mVi? (1)
Where:

m: mass and Vi: wind speed.

When a wind flow impacts the airfoil in the Figure 2, moving from the leading edge to the trailing edge, winds with
different speeds are generated on the upper surface; higher speeds decrease the pressure, lifting the airfoil.
Concurrently, the pressure increases on the lower surface, which also contributes to lift the airfoil; this phenomenon
is called lift. Figure 3 shows and approximation of the differences in pressure.

I——mar-mc‘n thickrass

— Upper surtace

--‘-_‘-‘_-‘-\_

Lower surface

Locavan of
F T
cambar

Figure. 2. Parts of an airfoil. Source: authors' own elaboration.

3.1 Reynolds number

The Reynolds number, calculated by (2), relates the viscous and inertia forces in a propeller. In aeronautics, high
Reynolds numbers are common since this coefficient proportionally depends on the speed. Conversely, Reynolds
number are smaller for wind propellers.

_ ﬂ pLVi

= 2)

Fv u
Where:

Re

p: Fluid density, pu: Dynamic viscosity of the fluid and L: Propeller length.

|
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3.2 Power

Available Power: It refers to the power required to move the air particles at a certain speed or the energy available
in the wind that flows through a specific area at a determined time. The power associated to the wind flow is
available as a consequence of the kinetic energy present in the wind, and is calculated by (3).

E 1 1
Pd = TC =-mV,? =~ pAV,? 3)

Where:

Pd: Available power, Ec: Kinetic energy of the air particles and A: Area through which the wind flows.

In equation (3), the most important variable is the wind speed since both the area and the air density are kept
constant. Consequently, power mainly depends on wind speed, showing a fluctuating exponential growth, which
compels to use control systems that stop the turbines when the wind speed is so high that can burn the electronic
devices or break the mechanic elements.

Extractable power: It is the mechanic energy transmissible to the propeller; for its analysis, the air passing through
an ideal wind tunnel is studied, applying both the momentum theory and the Bernoulli’s equation. Because the
speed of the wind impacting the propeller is different from the one crossing the plate formed by the rotating
propeller, it is necessary to introduce an interference coefficient (a) that describes this difference in speeds, obtaining

(4).
Pe = %pAVlga(a —1)? 4)
Where:

Pe: Power extracted by the propeller, a: Interference coefficient,

Interference coefficient (a) describes this difference in speeds and :

=409

Power coefficient: The mathematical descriptions of the available power (Pd) and the extractable power (Pe) permit
introducing the power coefficient (Cp), which will let us describe the propeller’s behavior regarding its capacity to
capture the energy available in the wind, according to (6).

cp = 2% = 4aa—1)?

p=15.=4a@—1) ©
Cp reaches its maximum value when dCp/da=0:
ZP=4(a-1DBa-1)=0 )

Then: a = 1/3, therefore, by substituting in (6), we obtain the power coefficient maximum value:
Cpmax = g = 0,593 (®)

This value, known as the Betz’s coefficient, it means that 59% efficiency is the BEST that conventional wind turbine
can achieve in extracting power from the wind. Although this model is inexact because it involves fewer variables
than other models, in the practice, it achieves the highest efficiencies.[6]

4 PROPELLER DESIGN

Given this Cpmax it is possible to calculate a practical mathematical approximation of Cp that depends on the
number of blades in the rotor (Cpn).
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4.1 Speeds ratio

Besides the power coefficient (Cp), the parameter () that relates the angular speed of the propeller (w) and the
speed of the wind () allows characterizing completely the aecrodynamic behavior of the propeller, according to

©9).
wr-lb

A=— 9)

41

132+(ﬂ)2 - 0,572
Cpn = Cpmax x 1|1 + ——52° l —(CL' > (10)

N3 a)(1+7)

Where:
N: Number of blades, CL: Lift Coefficient and CD: Drag Coefficient.
The representation of equation (10) for different number of blades is given in Figure 5,

POWER COEFICIENT DEPENDS THE NUMBER OF BLADES
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Figure 3. Power coefficient as a function of the speeds ratio (o). Upper curve: five blades, Middle curve: four
blades; lower curve: three blades. Source: authors' own elaboration.

The propeller efficiency increases when the number of blades increases view Figure 3; however, it is important to
consider the cost-benefit ratio in regard to the number of blades. Nowadays, most of the wind turbines are built with
three blades, because the cost of each blade does not justify coupling an extra one. Surely, this cost-benefit ratio
varies with the model and place of implementation, therefore, every design should include this analysis. [7]

4.2 Airfoil

The airfoil is the shape of the blade as seen in cross-section; its geometric characteristics are designed to produce
the pressure differences that generate lift, which largely determines the aerodynamic performance of the propeller.
The desired airfoil for a wind propeller must have a low Reynolds number (since it depends on the wind speed),
and ideally, a very thin but rigid blade.

The 4-digit NACA (National Advisory Committee for Aeronautics) airfoil is useful for wind power applications
because it has a flat lower surface (it has no chamber) that makes construction straightforward. Other options are
available, such as CLARK Y and FX 63-137; the latter although is more efficient, its construction is more difficult.
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Figure 4. 4-digit NACA airfoil constructed in MATLAB. Source: [7]

Figure 4 shows the 4-digit NACA airfoil developed with the NACA 4-digit airfoil generator (Divahar Jayaraman,
2009)[8]. This airfoil is useful for wind power applications, since they are not only about the air particles impacting
the blade, but about taking advantage of the lift phenomenon to make the propeller move, as we explained above.
This type of airfoil has acceptable efficiency and rigidity features, and is easy to construct, which makes it an
excellent choice to implement in horizontal axis wind turbines.

The propeller ratio is defined according to the functioning power in equation 11.

R=V( ) (11)

2P
pnVidy

Where:

R: Propeller ratio (blade length), P: Nominal power and y: Wind turbine general performance.

The wind turbine general performance (y) includes the efficiency of both the generator and the electric system, and
usually reaches a value of 30% or even 40% in the best cases.

5 RESULTS

The model designed by the characteristics exposed before are present in Figure 5-7.

—

Figure S. Blade - Frontal view. Source: authors'
own elaboration
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Figure 6. Blade-Trailing and leading edge view.
Source: authors’ own elaboration
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Figure 7. Blade-Airfoil view. Source: authors’
own elaboration

CONCLUSIONS

In this paper, we analyzed the most relevant factors involved in the design of a wind turbine, focusing on the
importance of choosing the correct airfoil, the variation in the cord length, the change ratio of the angle of attack,
the number of blades, and the relation between the ratio and the nominal power.

The simulations we performed describe the behavior of the design variables and highlight the more appropriate
configurations, providing the wind turbine designers with theoretical tools that allow them to know the general
functioning of a wind propeller and the aspects that must be involved to achieve an optimum design.
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ENERGY PRODUCTION IN SMALL HYDROELECTRIC POWER PLANTS

ABSTRACT

Hydroelectric power plants generate electric power using water’s kinetic energy when it is moves from a
higher to a lower altitude. Hydropower plants produce about 12% of EU’s electricity without creating any
emissions. There are three types of hydroelectric power plants depending on installed capacity: micro, small and
large hydropower plants. According to the International Hydropower Association, there are three methods of
producing hydropower: storage hydropower, run-of-river hydropower and pumped storage. The design of an
installation and the method used depends on various factors such as the local climate, the terrain and the uses of
the land and requires the collection of data for long period before the construction. Small plants usually use the
run-of-river method, which is very efficient in mountainous areas, numerous altitude differences and limited
fertile areas such as the Balkan region. Large hydropower plants in most of the cases use the storage hydropower
method, a method that requires the construction of a reservoir and raises multiple environmental and local
economy issues compared to the run-of-river method, as a result of the large flooded area that disallows the grow
of local farming. In addition to those issues, recent studies have concluded that reservoirs contribute to the global
warming through increased generated emissions of methane and nitrous oxide, especially in countries with a
warm climate. However, large hydroelectric power plants are able to produce much more power than small plants
using the run-of-river method, but with an increased environmental cost.

Key words: energy production, green energy, hydroelectric, renewable energy, small hydroelectric plant.

1 INTRODUCTION

Hydroelectric power is a form of renewable resource of energy, which uses the kinetic energy of water to
produce electricity. Other forms of renewable energy are solar energy, geothermal energy, wind energy, wave
energy and tidal energy. Hydroelectric power uses water coming from streams, rivers or lakes, which falls by the
force of gravity and it is used to spin turbines and generators that produce electricity. There are three types of
hydroelectric power plants depending on installed capacity. Facilities with capacity over 10 MW are called large
hydroelectric power plants, facilities having installed capacity less than 10 MW are called small hydroelectric
power plants and facilities with capacity less than 100 kW are called micro hydroelectric power plants.
Hydroelectric power plants do not produce emissions nor pollute or harm the environment in any way, in contrast
with to other energy production facilities such as nuclear power plants or coal power plants. In most of European
countries, hydroelectric power is at its peak during spring months when the snow from the mountains starts
melting and the amount of water in the intake point is significantly increased.

According to the latest EU energy statistical pocketbook renewables are the first source of electricity
generation in the European Union producing 30.4% of total electricity, while nuclear fuels come second
producing 25.6%, the third source, which is solid fuels produces 21.5% and the last one is gases and petroleum
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fuels. Of the total percentage of renewable energy produced, 38.7% comes from hydroelectric, 30.9% comes from
wind, 18.4% comes from biomass, 11.3% comes from solar and 0.7% comes from geothermal [European
Commission, 2018]. That means that about 12% of EU’s electricity is produced from hydropower. Looking at
those statistics it is obvious that hydropower is an essential contributor in the European power grid and it is the
major contributor when it comes to renewable resources. Hydroelectric power plants are the most efficient means
of producing electric energy. The efficiency of today's hydroelectric plant is about 90 percent. Hydroelectric
plants do not create air pollution and the fuel, which is falling water, is not consumed. Hydroelectric projects
produce electricity for a longer period compared to other sources of energy, and hydroelectric generators respond
rapidly when they have to.

This paper aims to explain the operation of a small hydroelectric power plant in an understandable way and
to highlight their advantages compared to other means of energy production, such as large hydroelectric power
plants and conventional resources facilities. Information provided in this paper will help to develop the most
efficient method of electricity generation using water’s motion depending on the local terrain.

2 HOW IT WORKS

Hydropower comes from water’s motion. In the hydrologic cycle, water from the atmosphere reaches the
surface of the earth as precipitation. Some of this water evaporates, but most of it either infiltrates into the ground
or moves into the surface (surface runoff). Precipitation water eventually evaporates as it is flowing as a surface
runoff or when it reaches lakes or oceans. Water infiltrated into the soil (subsurface water) may enter water bodies
through underground streams. Eventually subsurface water will move to the surface and evaporate under sun’s
heat back to the atmosphere. Evaporated water turns into clouds and returns to the surface again creating a cycle.

— CONDENSATION PRECIPITATION

EVAPORATION

GROUND WATER

Figure 1 The hydrologic cycle

In nature, energy cannot be created or destroyed, but it can be converted from one form of energy to another.
In hydroelectric power plants, electricity is generated from water’s kinetic energy. In this case flowing water is
used to spin the blades of a turbine. The spinning turbine transfers its kinetic energy to the generator rotor which
converts this kinetic energy into electricity.

According to the international hydropower association. There are three methods of producing hydropower.
The first one is storage hydropower. This facility, typically a large hydropower system, uses a dam to store river
water in a reservoir. Water released from the reservoir flows through a turbine, spinning it, which in turn activates
a generator to produce electricity. The water may be released either to meet changing electricity needs or to
maintain a constant reservoir level. The second method is run-of-river hydropower.A run-of-river facility
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channels a portion of a river through a canal or penstock to a turbine, which is found in the outlet of the diversion.
It may not require the use of a dam. The third and final method is pumped storage. Pumped storage works like a
battery, storing the electricity generated by other power sources like solar, wind, and nuclear for later use. It stores
energy by pumping water uphill to a reservoir at higher elevation from a second reservoir at a lower elevation.
When the demand for electricity is low, a pumped storage facility stores energy by pumping water from a lower
reservoir to an upper reservoir. During periods of high electrical demand, the water is released back to the lower
reservoir and turns a turbine, generating electricity [International Hydropower Association].

After the production, electricity passes through transformers that increase the voltage in order to allow
electricity travel for a long distance. Electricity is transmitted through a network of aluminum and cooper wires.
Then at local substations, the high-voltage electricity passes through transformers that reduce the voltage so it can
directed. When it is transmitted to the network transformers further reduce electricity to the right voltage
depending on the country, ready to be used by the customer and it is bought by the kilowatt-hour.

3 DESIGN OF A HYDROELECTRIC POWER PLANT

Before a hydroelectric power site is developed, engineers compute how much power can be produced when
the facility is complete. In small hydropower plants using the run-of-river method, the energy production depends
on the amount of water running on the river. This amount of water depends on the rainfall of the region, the
season, the area covered by the drainage basin and the vegetation. Factors like orientation, especially in regions
with a warm climate like Greece, can play a role as well. That happens because northern slopes receive more rain
coming from the north, and, face the sun less directly and as a result, they are much wetter. The amount of water
is calculated using the rational method:

Q=0278-c-i-A. @)
Q - Design discharge (m*/T)

¢ - Runoff coefficient (Picture)

i - Design rainfall intensity (m*/T)

A - Watershed drainage area (m?)

An amount of water flowing from a higher point (intake point) to a lower point (main building) will produce
a certain amount of energy, which is measured through waters velocity. Manning’s equation is used to calculate
the water’s velocity:

Cover and condition Gentle slopes Medium slopes Steep slopes
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[Saurabh Sangal, Ashish Garg, Dinesh Kumar, 2012]. To find the

Source: Land Husbandry Manual , Ministry of Agriculture and Natural Resources, Malawi.

I:Runoff coefficient table
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theoretical power (the measure of mechanical energy) this formula is used:
P=a-n-p-g-(h—hL)-Q 3)
P - Power produced (Watt)

Q- Volume of water flowing per second (m?/s)
p - Density of water (10° kg/m?)

h- Maximum altitude difference (m)
h;- Hydraulic losses (m)

n - Efficiency of the turbine

a - Efficiency of the generator

[Mike Rycroft, 2015]

3.1 THE SMALL HYDROELECTRIC PLANT OF FLAMOURIA, GREECE

R g

P
Intake/Pointz
/

II: Map of the SHP of Flamouria. The intake point (blue), the penstock (orange) and the main building (yellow)
are drawn

The small hydroelectric plant of Flamouria in Greece is located at the exit of the drainage basin of Leibaditsa
that receives 1031 mm of rainfall a year. This plant uses the run-of-river method taking advantage of the
mountainous terrain of the area that allows the existence of major altitude difference in small distances and is able
to generate a maximum power of 530 kW. The altitude difference between the intake point and the main building
is 101.4 meters and the distance is 2797.45 meters. A Cross-Flow turbine that has 86% efficiency was selected.
The minimum operational flow is 0.073 m®/s and the minimum river flow after the abstraction of water at the
intake point is 0.185 m?/sec. As a result, the power plant is operating for 237 days per year, during the summer
months when the limits are not reached the plant is not operating.

4 SMALL COMPARED TO LARGE HYDROELECTRIC POWER PLANTS

Usually small hydroelectric power plants use the run-of-river method to produce electricity. The reason is
that the construction of a dam would be too expensive and the power plant would not be economically viable
producing less than 10 MW. In most cases, rivers or streams are used for water abstraction. A part of the river’s
water is abstracted on a high altitude and the water is transported through pipes under the force of gravity on a
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lower altitude, to the main building, where the turbines are located. The bigger the altitude difference between the
intake point and the main building is, the more kinetic energy is transferred through the water to the turbines and
eventually the more electric energy is produced. After this procedure, the water returns to the river or the stream
where it was abstracted from, through an escape canal that allows the water to travel from the main building back
to the river.

III: The run-of-river method

The run-of-river method makes small hydroelectric power plants ideal for areas with mountainous terrain
such as the Balkan region. The mountainous terrain, the variety of altitude differences and the low cost compared
to the high value clean electricity, make small hydropower plants very efficient in these type of areas. On the
other hand, using dams to store water has disadvantages compared to the run of river method. First, in regions
where there is a lack of plains the construction of dams becomes difficult. The reason is that the created reservoir
would flood fertile soil that is already in lack and would cause the relocation of the people living in the flooded
areas. Another disadvantage of the large hydropower plants compared to the small ones is the fact that the
creation of a reservoir would increase water loss through evaporation. A 2011 study by the National Renewable
Energy Laboratory of the U.S. concluded that large hydroelectric plants using dams for water storage in the U.S.
create a median loss of 4491 gal/MWh through evaporation [Jordan Macknick, Robin Newmark, Garvin Heath,
KC Hallett, 2011]. However, there is an even bigger environmental impact created by large hydropower plants.
Increasing evidence gathered in recent years suggest that reservoirs used by large power plants create a large
amount of methane emissions. Methane is 25 times more powerful than CO2 in its global warming potential, 34
times by a more recent estimate, and it is believed that the contribution of LHPs to overall global warming may be
as high as 4%. It is also feared that hydel projects may also be releasing significant quantities of another powerful
greenhouse gas (nitrous oxide) which is formed during the course of microorganism-mediated nitrification. Each
molecule of N20 is equivalent to 300 molecules of CO2 in its global warming potential. This phenomenon
appears significantly increased in countries with a warm climate and especially in summer months [M.
Premalatha Tabassum Abbasi, Tasneem Abbasi, S. A. Abbasi, 2013]. Considering all of these factors, large
hydroelectric power plants that require the construction of dams have numerous disadvantages compared to small
hydropower plants. Nevertheless, there are advantages as well. Large power plants can store water, using
reservoirs and still produce electricity during dry months such as July and August, while small plants using run-
of-river are inactive during those months. Of course, the greatest advantage of large power plants is the energy
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production, which is much larger. The construction of many small plants is required in order to cover the needs
that only one large hydropower plant can cover.

5 CONCLUSION

Hydroelectric power is a very efficient energy source. A renewable energy source that is much more
efficient compared to other renewable sources such as solar and wind energy. Hydropower can replace
conventional sources such as coal on supplying large areas with electricity, without creating any environmental
damage, something other renewable resources are not yet able to do with a proportional cost. However, there is a
possibility large plants using a reservoir, can raise environmental or economic issues for the local communities.
On the other hand, plants using the run-of-river method can produce a significant amount of energy using water’s
flow from a higher to a lower point without environmental issues. Nevertheless, run-of-river method relies on a
number of factors such as altitude differences, climate and use of the land and in most of the cases, this method is
not able to produce power throughout the year. That is the reason why the design of a run-of-river small plant
requires the collection and study of data about those factors for a long period before the construction of the plant.
Concluding, mountainous regions are ideal for the use of the run-of-river method because of the altitude
differences, the increased rainfall and the stored water in the form of snow that can supply the plant for a long
period throughout the year. Those regions should take advantage of these factors and invest in producing
electricity from a number of small hydroelectric power plants instead of a large hydropower plant or a
conventional source of energy.
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RECYCLING METHODS FOR END-OF-LIFE RENEWABLE ENERGY SOURCES

ABSTRACT

Imagining a green energy landscape full with rotating wind turbines, fields of shiny solar panels and silent,
smooth electric cars is not impossible anymore. Renewables have definite environmental advantages over
competing electricity generation technologies and are slowly implemented to replace them indefinitely.

With the growing problem in climate change, renewables are being installed everywhere at a massive pace,
but their “clean energy” production has an underlying problem. End-of-life sources can be hazardous waste by
containing toxic materials. Many initiatives are under way to prepare for the arrival of this, but in most cases the
solutions are still a work in progress. This paper presents a feasibility study giving an overview and analysis of
current technologies being developed to tackle this problem. Solar panels look the most promising now as their
recycling methods are more developed, the materials are more easy to process. Opposite them, wind turbines are
more challenging because of the composite materials. Lithium-Ion batteries are also included because of the
growing e-automobile industry. The paper presents the challenges that will be faced with recycling renewable
energy sources and give insight into potential reuse of the materials for new generation of renewables and other
applications.

Key words: renewable energy, waste, recycling, end-of-life.

1 INTRODUCTION

The application of renewable energy sources has been rapidly increasing over the past two decades driven by
the idea that it could furnish a monumental contribution to the transition from long-established fossil fuels to
renewable energy-based economies. Renewable energy technologies are commonly praised for delivering “clean”
power with little to no impact on the environment. The pros of building these massive infrastructures can help
people in developing countries to live the lifestyle they desire without the usage of fossil fuels. But these
technologies are not green to the end. If the materials that they have are not reclaimed, the future’s clean energy
will be marred with depots of old turbine blades, corroding batteries and run-down solar panels. Even though this
is not an issue now, it will come to a head in the next couple of decades. Multiple agencies anticipate 78 million
tons of solar panel waste and around 300,000 tons of decommissioned wind turbine blades by 2050, [1]. In fact,
many of the components used in solar and wind energy generation — as well as in storing energy for later use — are
made from materials that, coupled with their toxicity and/or economic value, should be reused or recycled where
possible. Renewable technologies such as solar photovoltaic panels, wind turbines and the many electric and grid-
connected battery systems now under development utilize an array of materials that can variously be hazardous to
dispose of in a landfill, economically valuable, or both. While these industries are not fully mature yet, the majority
of the first-generation equipment installed 20 to 30 years ago — such as rooftop panels, wind turbines and electric
cars — will inevitably be nearing their end-of-life stage soon. Recycling is essential to avoid the loss of key materials
employed to produce the photovoltaic panels, batteries and wind turbines, and at the same time prevent that harmful
elements could be dispersed into the ecosystem through improper disposal procedures.
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2 SOLAR PANEL RECYCLING

2.1 The Lifetime of Solar Panels

A question that most people have in mind when considering solar panels is how long do solar panels last.
According to studies, the life expectancy of solar panels is about 30 years before decommissioning.
During the life of photovoltaic panels, a 20% decrease in power capacity might occur. Between the first 10 to 12
years, the maximum decrease in efficiency is 10%, and 20% when reaching 25 years. These figures are guaranteed
by the majority of manufacturers.

Still, experience shows that, in reality, the efficiency drops by merely 6 to 8% after 25 years. The lifespan of
solar panels may thus be much longer than officially stated. The lifespan of high-quality PV panels may even reach
30 to 40 years, and be still functional afterwards, though with decreasing efficiency, [2].

2.2 Disposal of Solar Panels

The solar cells manufacturers are bound by law to fulfill specific legal requirements and recycling standards
in order to make sure that solar panels do not become a burden to the environment. That is when technologies to
recycle solar panels started emerging.

Photovoltaic producers collaborated with governmental institutions and have come up with a few ways to
tackle solar waste, [3].

2.3 Solar Panel Waste

In fact, if recycling processes were not put in place, there would be 60 million tons of PV panels waste lying
in landfills by the year 2050; since all PV cells contain certain amount of toxic substances, that would truly become
a not-so-sustainable way of sourcing energy.

The common belief of solar panels not being recyclable is, therefore, a myth. It is, however, a process that
needs time to be widely implemented and requires further research to reach its full potential of adequately recycling
all solar panel components. For that reason, it is necessary that designing and recycling units collaborate closely so
that the ability to recycle is ensured by mindful eco-designs, [2].

ﬁ'ﬁ,ﬁ?

Iz
— — I
) POT 20 1o " o A

Figure 1. Estimated PV waste volume by continent, [4]
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2.4  Solar Panel Recycling Processes

There are two main types of solar panels, requiring different recycling approaches. Both types: silicon based
and thin-film based can be recycled using distinct industrial processes. Currently, silicon based panels are more
common, though that does not mean that there would not be great value in the materials of thin-film based cells.
Research studies conducted on the topic of recycling solar panels have resulted in numerous technologies. Some of
them even reach an astonishing 96% recycling efficiency, but the aim is to raise the bar higher in the future, [2].
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Figure 2. Material structure of different PV panels, [4]

2.4.1 Silicon Based Solar Panel Recycling

The recycling process of silicon-based PV panels starts with disassembling the actual product to separate
aluminum and glass parts. Almost all (95%) of the glass can be reused, while all external metal parts are used for
re-molding cell frames. The remainder materials are treated at 500°C in a thermal processing unit in order to ease
up the binding between the cell elements. Due to the extreme heat, the encapsulating plastic evaporates, leaving the
silicon cells ready to be further processed. The supporting technology ensures that not even this plastic is wasted,
therefore it is reused as a heat source for further thermal processing.

After the thermal treatment, the green hardware is physically separated. 80% of these can readily be reused,
while the remainder is further refined. Silicon particles, called wafers, are etched away using acid. Broken wafers
are melted to be used again for manufacturing new silicon modules, resulting in 85% recycling rate of the
silicon material, [2,5].

2.4.2 Thin-Film Based Solar Panel Recycling

In comparison, thin-film based panels are processed more drastically. The first step is to put them in a
shredder. Afterwards, a hammer-mill ensures that all particles are no larger than 4-5mm, which is the size where
the lamination keeping the inside materials together breaks, and hence can be removed. Contrary to silicon-based
PV panels, the remaining substance consists of both solid and liquid material. To separate these, a rotating screw is
utilized, which basically keeps the solid parts rotating inside a tube, while the liquid drips into a container.

Liquids go through a precipitation and dewatering process to ensure purity. The resulting substance goes through
metal processing to completely separate the different semiconductor materials. The latter step depends on the actual
technology used when producing the panels; however, on average 95% of the semiconductor material is reused.
Solid matters are contaminated with so-called interlayer materials, which are lighter in mass and can be removed
through a vibrating surface. Finally, the material goes through rinsing. What is left behind is pure glass, saving 90%
of the glass elements for easy re-manufacturing, [2,6].
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2.4.3 The Future Benefits of Solar Waste Management

Now that we know that solar panels can be recycled, the question is what other benefits it brings to the
economy—if any. Obviously, a proper solar panel recycling infrastructure will need to be established to manage
the large volumes of PV modules that will be disposed in near future. Once that is in place, we will be witnessing
several positive factors and new opportunities within the economy.

Not only will PV recycling create more green job opportunities but also approximately £11 billion in
recoverable value by 2050. This influx will make it possible to produce 2 billion new panels without the need to
invest in raw materials. This means that there will be the capacity of producing around 630 GW of energy just from
reusing previously used materials.

Thanks to constant solar energy price drops, more and more households and businesses choose to invest in
solar power systems. As a result, even more economic opportunities in the solar cell recycling sector will
emerge, [2].

3 WIND TURBINE RECYCLING

With the increase in energy from wind, there is the underlying problem of the blade disposal worldwide. It is
indisputable that wind offers environmentally friendly energy but that does not mean that there is absence of impact
derived from manufacture, service and decommissioning. A preliminary repord from the World Wind Energy
Association states that by the end of 2018, the overall capacity of worldwide installed wind turbines reached 597
GW. The turbine blades are primarily a mixture of glass fiber composites (GFCs) and wood. Currently an
economically viable recycling pathway has not been cleared. That is related to the fact that the wind turbine industry
is relatively young, mostly previous impact analyses have focues primarily on the operational phase of the turbine’s
life cycle, also the manufacturing and installation phases.

2.5 million tons of composite materials were used to build 13 000 wind turbines across the EU. Today
around 130 000 wind turbines are operational in Europe. Analysts project around 12 000 wind turbines to be
decommissioned in the next five years. This means that around 5000 wind turbines will need to be dismantled by
2020, with at least 10 000 being ready by 2030. The average exploitation period of a wind turbine lasts from 15 to
25 years, [7,8].

Early life-cycle assessment studies have concluded that the environmental impacts come from three sources:

- Bulk waste from the tower and foundations
- Hazardous waste from components in the nacelle (e.g. alloy steel)
- Greenhouse gasses like CO; during steel manufacture

FRP Waste
treatment
methods

Thermo-chemical
processes

Mechanical Thermal
processes processes

Figure 3. Methods for recycling end-of-life wind turbines, [9]
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3.1 Problems and solutions

The biggest portion of the turbine components are quite easy to recycle and reuse (i.e. metal parts), there is a
small non-metallic portion that is the least easy to reuse, the blades. These are mostly made from composite
materials (typically glass/carbon fibres + epoxy matrix), plus other minor components like glue, that make the task
particularly challenging. The composite materials are mainly recycled at a commercial scale through cement co-
processing, where the cement raw materials are partially replaces by glass fibers and filler in the composite, and the
organic fraction replaces coal as a fuel. Plastics, such as in the wind blades, are not easily decomposed and can
spread harmful chemicals into the ground when landfilled. In the moment, the most convenient option for end-of-
life blades or turbine units is to landfill. With growing volume of blades, the risks to the environment grow as well,
mostly polluting land and water. This can have harmful effects on humans and animals. Right now, the management
of waste materials of this type is posing an emerging environmental problem because, given the recent nature of the
development of the wind turbine business, a significant volume has not yet been produced. But despite these
challenges, multiple technologies are being researched into for new methods. These potential technologies include
pyrolysis, chemical recycling, incineration and mechanical recycling. While recycling is heavily looked into, an
architecture firm in the Netherlands has pushed an initiative for converting the end-of-life wind turbine components
to material by constructing children’s playgrounds using the columns and the blades, which came out quite
appealing to the public, [10].

3.2 Recycling processes

3.2.1 Cement Co-processing

The recycling starts in the wind farm, where the blades are cut in 10 meters long pieces using a mobile cutting
technique that reduce the generation of fine dust humidifying the area. Here the blades are cut before in segments.
Metals, both ferrous and not ferrous, are separated automatically from the material flow by magnet and eddy current
magnet devices. The end product is put in the cement plant. In the pre-calciner (an element of the cement plant that
optimize fuel consumption) the resin matrix is used as an alternative fuel, substituting coal, petroleum coke, heavy
fuel oil or natural gas. At a temperature around 900 °C the resin burns, transforming the blade fibers into ashes.
These ashes are then going together with the rest of the calcinated raw materials - usually a mixture of limestone
and clay - in the sintering zone of the cement kiln to produce the clinker. Finally, the clinker is ground into a fine
powder together with a small amount of gypsum creating the final product, cement. The cement produced using
wind turbine blades is indistinguishable in terms of quality from the standard product obtained without using the
blades. It can be sold in the market or used again in wind farms, for instance in wind turbines foundations, closing
the loop. This solution provides alternative raw materials for cement production, reducing the need for quarrying,
stone crushing and transportation, [11].

3.2.2 Mechanical processes

3.2.1.1 Blades are reduced in size and separate into powder and fibrous fractions via cutting, crushing, shredding,
grinding, or milling processes. Finer pieces are sorted and used as fillers or reinforcements or as fuel for
thermal waste processes. This is currently done on a limited commercial scale and theoretically it has a
wide range of potential applications for material recovery. However, from an economical point of view it
is competing with the lower market cost of alternative virgin fillers (calcium carbonate, silica).
Additionally, it has been observed a reduction of the mechanical properties of the resulting material (lower
stiffness and strength). For instance, concrete made using shredded blades instead of crushed stones has
unsatisfactory mechanical properties, [12]. Global Fiberglass Solutions (GFS) pellets: The blades are
transformed into small pellets that are sold under the brand name of “EcoPoly Pellets”. They are usable
in injection mold and extrusion manufacturing processes and they are made from a customized blend of
wind turbine blade materials. The Pellets are made to order for final customers based on the requirements
of the customer’s own manufacturing process. GFS has initiated distribution options for pellet and has
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already found several wind farmers owner willing to provide decommissioned blades as input material
for pellet production, [12].

3.2.1.2 Thermal processes — Pyrolysis: Blades are sectioned into suitable dimensions and decomposed using
heating ovens in an inert atmosphere (450-700 °C). Material is recovered in the form of fibres which can
be reused in other industries. The problem with this technique is that significant amount of energy are
needed to activate the pyrolysis, impacting the overall environmental value of the solution. Furthermore,
available laboratory tests show a degradation of the properties of the glass fibers and no secondary market
has been found. Additionally, test have been performed only at laboratory scale so it is considered a
solution with a low technological maturity, [13].

4 LITHIUM-ION BATTERY RECYCLING

Unlike lead, lithium is currently cheaper to mine than it is to recycle, which is inhibiting the development
of a recycling infrastructure for this material. Moreover, current technologies for recovering lithium from
rechargeable lithium-ion batteries do not produce lithium pure enough for reuse in batteries. Instead, it is repurposed
in glass, ceramics, lubricants, and other applications, [14]. Lithium-ion batteries currently installed in electric
vehicles are expected to have a useful life of approximately 10 years before their charge decreases to a level where
it impacts driving range and they must be replaced.

An interim option to recycling lithium-ion batteries is to reuse them. After 10 years of usage in an electrical
vehicle, lithium-ion batteries retain up to 70 percent of their energy capacity. That makes them potentially useful to
repurpose as grid-connected batteries, i.e., devices that store excess energy from wind and photovoltaic systems and
release it back to the electricity grid at a later time. EV battery chemistries are not uniform, however. In addition to
lead-acid and lithium-ion, there are also nickel metal hydride and sodium varieties—and not all are suited for second
lives as grid-connected batteries. Nickel cobalt aluminum oxide batteries, for example, are likely not suitable for
this application due to their poor cycling characteristics.

Even where lithium-ion or other EV batteries find application as grid-connected battery devices, this only
prolongs their life. Inevitably, developing the required infrastructure for recycling EV batteries and grid-connected
storage devices will likely depend on which battery technology or technologies, if any, become the accepted
standards for these applications going forward, [15].
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Figure 4. Processing Lithium-Ion batteries, [16]
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S CONCLUSION

The paper shows that while renewable energy sources are the solution to battle ongoing environmental
challenges, their structure poses a toxic hazard that can have a major impact in the future. The waste from PV
modules, wind turbines and batteries will reach millions of tonnes worldwide in the coming decade, which creates
the need to evaluate all treatment options for the ones that reached their end-of-life. The major issure in developing
efficient recycling methods and creating a thriving market is the lack of material present to recycle. In accordance
with the analysis in this paper, peaks for dismissal of PV panels and wind turbines are expected to occur around the
years 2036 and 2045. The improper disposal of these waste fluxes could cause harmful effects to human health and
to economy of the manufacture sector by the dispersion of toxic elements and loss of valuable material resources
including rare metals, respectively. Photovoltaic technology is growing rapidly, with countries like China and the
EU already having a major capacity installed. Their research into improving the material structure for production
efficiency nurtures the development of efficient recycling methods, therefore currently they are the most promising.
Wind turbines grow in height even more and are not limited to land anymore — offshore wind farms are a big trend.
This evolution forces new materials to be developed to answer all problems regarding location, wind power,
maintenance and potential damages, but the different structure can still disrupt the eventual recycling. Both end
products for PV panels and wind turbines can find use in multiple areas which creates conditions for a circular
economy. Lithium-Ion batteries are the major factor in the new era of electric cars, but their structure and price
make them quite challenging. Further research needs to be conducted, as there aren’t many end-of-life options so
that a better insight can be given.
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NEURAL NETWORK BASED CONTROLLERS FOR WIND TURBINES

ABSTRACT

In the present document are introduced the main advantages by using a neural network based controller for
setting the pitch and yaw angle of a wind turbine, standing out the fact that the wind flow and direction are stochastic
process, that as control variables requires robust control techniques for the optimal performance of the wind turbine
systems.

Key words: Yaw angle, Neural net, Wind turbine, Mathematical modelling, Environmental impact.

1 INTRODUCTION

Renewable energies are the main sources of future energies. They are environmental friendly sources of
energy, which are available in a large portion of time. Wind power, is one of the natural energy sources which has
a long history in the humans life. [1] In addition, the modern global consumption needs requires cheaper, clean,
more reliable and fast to install power generation systems, to support the large global consumption of electrical
energy. Therefore, among renewable energies, the generation of energy by the wind seems to have the greatest
potential [2]. The transition to renewable energies in the last years has experienced a fast increase capturing the
global need to reduce the energy impact of conventional models of energy production.

2 MAIN WIND CHARACTERISTICS FOR THE CONTROL DESIGN

A wind flow as an stochastic variable it can formally be described as applied geophysical fluid dynamics, but
a more understandable definition would rest on a combination of meteorology and applied climatology, The state
of the atmosphere is well described by seven variables: pressure, temperature, density, moisture, two horizontal
velocity components, and the vertical velocity; all functions of time and position. The atmosphere contains motions
with scales varying from about 1 mm to thousands of kilometers. Ideally, mathematical models should be
constructed from observations with one millimeter spatial and with a fraction of a second temporal resolution. [3]

2.1 Weibull distribution function for wind speeds

The importance of the probabilistic model is that the wind speed changes continuously, so it is necessary to
describe it statistically. It is convenient to establish a model of the frequencies of wind speeds that is described by
a continuous mathematical function. There are several functions that can be used to describe the frequency of wind
speed distribution.

The Weibull distribution function depends on two parameters called form factor and scale factor, and it is
represented by the equation 1.

f) =2  texp(—= 5K, (k> 0,x>0,c > 1) M

where: K is the form factor and C is the scale factor.

_______________________________________________________________________________________________________|
SCEESD 20149 51



The speed for which the Weibull distribution function (1) reaches a maximum is obtained by deriving f (x)
and equalizing zero.

(%) exp(=HFxk{k = 1) -5 x¥} = 0

2

Xmax = C(lg_k)% 3

In the equation 3 is obtained the value of the most probably wind velocity for a certain conditions depending
the values of the form factor and scale factor, when the form factor is small then the probability will be concentrated
in a certain point of maximum probability (low statistical variance) when the scale factor is large (less than 1) then
the probability is more distributed in a changing set of values (high statistical variance), observe figure 1.

Prulgahility

'‘Wind Speed
Figure 1. Weibul Function distriution,

variable K.. Source: authors' own
elaboration

Therefore, the scales factor allows to identify the degree of dispersion of the data around the average,
evaluating how elongated it is compared to a normal distribution. This variability of the data depends on the variance
which, in turn, results from the combination of near and far from average data in the series of wind speed values. It
is a positive numerical parameter. The value of the parameter is an indicator of the average speed of the place.

In the figure 2 is represented the slope of the Weibull distribution for the variable parameter C. It allows

modeling the distribution curve and therefore the degree of variation of the behavior of a particular variable, in this
case, the wind. This numerical parameter is positive and has no dimensions. Low values indicate greater dispersion

of wind data, and therefore, less frequency of an average value being presented.

Probability

10 15
Wind Speed

Figure 2. Weibul Function distriution,
variable C. Source: authors' own elaboration
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2.2 Power in a wind turbine

The available power is consequence of the kinetic energy present in the wind, there is also an available power
associated with this flow, as the name implies, it refers to the power required to move the air particles at a certain
speed or the energy available in a flow of air through an area over a period of time.It is calculated like this:

1
Pazz pAVi3 )

where:

Pd is the available power, p is the density of the fluid, A area in where the air flows, and Vi3 is the wind velocity
after crossing the wind turine.

The extractable wind power depends by the aerodynamic characteristics of each wind turbine and is the
mechanical power transmissible to the propeller, for analysis, the phenomenon is studied as: the passage of air
through an ideal wind tunnel, making use of the theory of axial movement quantity, as well as the Bernoulli's
equation and taking into account that the wind speed that hits the propeller is different from that of the wind that
passes through the plate formed by the rotating propeller, it is necessary to introduce an interference coefficient (a)
that describes this variation in speed, resulting in:

P =7 pAVia(a—1)? (5)

P, is the extractable power and ais the interference coefficient of the wind turbine.

The determinant control variable is introduced in the equation 5, in which is notorious that the mechanic
instantaneous power depends cubically of the wind velocity, with a widely used electric generator of about 97%
efficiency,[4] it is valid to affirm that the electric power also depends cubically by the wind velocity; it means that
an increase of just to times in the wind velocity can generate an increase in the electrical instantaneous power of
eight times, which is an enormous incrementation to control; taking in consideration this fact and the stochastic
behavior of the wind velocity it turns out evident that it must be developed and implemented very robust and reliable
control techniques - systems to control wind turbines, also is evident that a pseudo-predictive control technique is
presented as a remarkable solution to the control problem, therefore a neural network based control system, arises
as an attractive solution due to accomplish the previous design requirements.

3 SAMPLE FLOW SPACE AND WIND DIRECTION

The flow and direction of the wind constantly interact with the blades of the wind turbine, forming different
pressures and speeds that generate various environments and random experiments, which can be observed and
analyzed by means of a set of all the possible results given in the experiment, where you can visualize the sample
spaces generated in the process.

The first stochastic experiment is the wind flow, which is the movement generated by the air, the sample
space of this event is shown below.

N={P,1-r} (6)
where: P: Probability of movement and (P-1):No movement.

This sample space is visualized only with the characteristic of movement, because it is the fundamental
factor for the starting of the blades, its power set of the sample space would be given by the set of all possible
events, having:

Power set = 2% = 4 7
The second stochastic experiment is the wind direction, which indicates the direction or destination that the

wind follows for a given trajectory, the sample space that is displayed from this random experiment is shown below:

|
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) = {North,South, East, West, Southeast, Northeast, southwest, northwest} ®)

This sample space was obtained from the visualization of the cardinal rose of the eight winds, since at these
reference points the wind is constant, the set of power displayed is:

Power set = 29 = 256 9)

4 TECHNIQUES TO CONTROL WIND TURBINES

A good design of a wind turbine could have a malfunctioning if an adequate control system is not developed.
In low power machines this system could be simple and normally passive, but is necessary for measure some
parameters that help to feedback the system. So, the passive control make measurements as simple and use natural
forces to act, but the active controls use electrics, hydraulics, mechanic, pneumatics and combinations to arrive at
a resolution. The active control should measure multiple variables that give information about the state of the
system.

There are multiple techniques and methods to control wind turbines, each one contributes with various aspects
that could improve specific characteristics of the wind turbines (power, efficiency and useful life). Generally these
ones are applicated by means of a rotary mechanic system or a drive rotary electric. An control system is an
interconnection of elements that form a configuration called system, so that the resulting arrangement is able to
control itself, when the magnitudes of the signals of a control system are limited in intervals in which the principle
of superposition can be applied, the system is mainly linear, on the other hand, the nonlinear systems are difficult
to treat mathematically and there are no general methods available to solve a wide variety of nonlinear system
classes, most systems in real life have nonlinear characteristics.

4.1 LNEAL CONTROL

A system is linear if the output follows the changes produced in the input. Therefore, two important
properties emerge. The first one say that if the inputs are multiplicated for a constant, the outputs too. The second
one say that in the linear systems, superposition can be applied.

4.1.1 CLASSIC PID CONTROL

The PID control is a control mechanism that through any feedback loop allows to regulate any variable of
a process in general. The PID controller calculates the difference between the actual variable versus the desired
variable. In thermal plants, we are regularly interested in maintaining the constant temperature, therefore, the PID
control measures the difference between the temperature in the plant and the required temperature and acts by
varying the bulb, for example, so that we can have the constant temperature. The control includes three fundamental
parameters: Proportional Gain (P), Integral (I) and Derivative (D).

The Proportional parameter (P) measures the difference between the current value and the set-point (in
percentage) and generates the change.

The Integral parameter (I) modifies the time the control is taken to carry out the corrective action. As long
as the value is smaller, the adjustment is faster but may cause instability in the system, such as oscillations or noise.

The Derivative parameter (D) generates a prediction, that is, anticipates the error and initiates a timely
action. It responds to the speed of the error change and produces a significant correction before the magnitude of
the error becomes too large.

The correct tuning of these parameters helps to effectively control the desired variable. If the parameters
are not programmed properly, the system may become unstable and mechanical or electrical systems may have less
life.
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Figure 3. Basic block diagram of the operation of the PID control, carried out in
Simulink

4.2 NON LINEAL CONTROL

NonLinear systems are governed by nonlinear equations, for example, differential equations with
coefficients that area a function of the dependent variable or any other type of functional equation. According to
Creus (1998) “There are processes continuous changes considerable dynamics depending on the point of operation
"[5], that is, its earnings and time constants are variables depending on the value of some or some variables of the
plant.

4.2.1 ROBUST CONTROL

Although today the quintessential controller remains the PID, there are more and more complex systems
beyond its reach. For this reason, new types of more specific and precise controllers emerged that allow developing
some type of modern control, with the aim of simplifying the differential equations in the domain of time in real
systems, but the problem of modeling real systems is that when they are implemented they arise differences that
affect the final stability. If a model is made, and it is controlled so that errors arising from the actual implementation
are assumed to achieve a stable system within a range, robust control is being carried out.

To perform a robust control, the mathematical model of the plant is made taking into account structural and
non-structural uncertainties. It works with mathematical models and approaches to reality in both the design of the
plant and the controller.
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Figure 4. Basic block diagram Robust control, carried out in Simulink.
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4.2.2 FUZZY CONTROL

Automatic control belongs to the application of fuzzy set theory, which today is very curious and has many
applications. Diffuse logic is based on the relative of what is observed as a differential position, that is, it always
depends on a frame of reference and a sense. This type of logic takes two or more random values, but contextualized
and referred to each other. “Fuzzy logic is applied with great success in various control application. Almost all the
consumer products have fuzzy control. Some of the examples include controlling your room temperature with the
help of air-conditioner, anti-braking system used in vehicles, control on traffic lights, washing machines, large
economic systems, etc [7].

In any control system, the arrangement of the physical components are designed to alter another physical
system with objectives that vary depending on the problem. Some of the reasons to use Fuzzy Logic in control
systems are that when applying classical control, one needs to know about his model and the objective relationship
formulated in precise terms. This makes it too complex to apply in many cases. A somewhat strange reason is that
by applying fuzzy logic to control, we can use human experience and experience to design a controller, this can
have several points of view and opinions, but it can certainly greatly improve the way we process the information
and behaviors of control systems.

Fuzzy Controliee

Krowledps_Data_base Ruls_Base

convert -l convert I-
convert ) Duatput Buzsy Inguistic vitinties E i
» gt 1 varubles
bt Fuzzy inference Hubss Dohuzzéeaton
Furzifcates
L | Ciutpet crisp vanables
convert convert I

Sonsar Plant

Figure 5. Basic block diagram Fuzzy control, carried out in Simulink

4.2.3 ARTIFICIAL INTELLIGENCE BASED CONTROL

One of the last control methods that we will mention and on which the article is based, are the controls based
on artificial intelligence, where neural networks are the main objective to study and implement for the control of
the system. The concept of neural network is applied to a modeling method that is characterized by having a large
number of variables and a flexible structure and that comes from studies on the functioning of the brain, mainly the
human. With time and knowledge development, this concept was expanded and most of the new models for non-
biological applications were designed, although much of the terminology still shows its origin. A neural network is
a massively distributed parallel processor with a natural tendency to store experimental knowledge and make it
available for use, therefore it resembles the brain in two aspects. The first is that Knowledge is acquired through
the network through a learning process, and the second is that interneuronal connection weights, known as
synaptic weights, are used to store knowledge. Undoubtedly, working with neural networks can be as complex as
it arises, but because they are so adaptive, you can get results as varied as your behavior.

In section 5 we will discuss the mathematical approach and use of a neural network, applying it to the control
system of a wind turbine.
5 NEURAL NETWORK BASED TECHNIQUES TO CONTROL WIND TURBINES

To design an optimal neural network algorithm is required to know more variables than just the wind
direccion, variables as mechanical loads, dynamic response, vibration in the hub, wind variance and change rate of
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the wind direction in each moment, this among other useful variables, might be used to feed the neural network
algorithm. The diagram of the control system is shown in the figure 3, in which the first block is a measurements
box where is sensed the wind direction and wind speed, for this kind of applications could be useful the
implementation of a high resolution and fast response anemometer to give an accurate output due to the variability
of the wind.

v
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Figure 6. Block diagram of the control system. Source: authors' own elaboration

The feedback loop has and adjustable gain for setting the difference between the wind measurements and
the output generated in the neural network based system, the variable e denotes the error between the reference
(input measurements) and the controller output, therefore the control goal is to reach that this value tends to zero,
sometimes is necessary the use of a signal conditioning system compound of multiplexer, filters and amplifiers,
when is required.

A suggested activation function for the neural network is the sigmoid function which has reach good results
in control applications, and is widely used in classification problems, the sigmoid function expression is:

o(z) =

1

1+e? (10)

where: Z is the logistic regression output of the neural network algorithm, as shown:

x

Wﬁ z=wlx+b |—[a= o L@
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Figure 7. Logistic regression diagram

The logistic regression inputs corresponds to: W vector parameter corresponds to the weight assigned to a
each neuron corresponding its importance in the system behavior, x is the absolute input of the system corresponding
to the measured variable, finally the variable b corresponds to a constant real number

The next step in the basic neural network algorithm is implementing back propagation and forward
propagation to compute either the slope or the derivative of the activation functions:
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Figure 8. Propagation algorithms

6 CONCLUSIONS

Knowing and distinguishing between the different models and control methods is a fundamental part of a
good development to find and define the optimal control system in the design of wind turbines, which will
undoubtedly improve not only the quality of the energy that is currently produced, but it improves the quality of
life of us as humanity, in addition to preserving and improving the environment where we live.

In this paper, we analyzed the most relevant factors involved in the design of a wind turbine, focusing on the
importance of choosing the correct airfoil, the variation in the cord length, the change ratio of the angle of attack,
the number of blades, and the relation between the ratio and the nominal power.

The simulations we performed describe the behavior of the design variables and highlight the more
appropriate configurations, providing the wind turbine designers with theoretical tools that allow them to know the
general functioning of a wind propeller and the aspects that must be involved to achieve an optimum design.

The sample space of the wind flow was analyzed and observed, finding that this has two possible results, the
first is where a flow is generated that moves the blades of the system and the second is that no flow is generated, so
there is no movement.

The sample space of the wind direction was analyzed and observed, where the sample set was generated from
the cardinal points with greater continuity in the wind flow, resulting in eight cardinal points.
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NCIIMTYBAILE HA COCTOJBATA HA CUCTEM CAJIATA HA HEOKOM CO
noMou HA TEPMOBU3UCKA KAMEPA

KYCA COJIP’)KMHA (ATICTPAKT)

Cucrem camata Ha NEOKOM ru cnemu axTyenHuTe HHGOPMATHYKO-KOMYHHUKAIMCKH TEXHOJIOTHH.
Cepsepure KoM ce BO Hea Ce JIafiaT co HeKOJIKY Kiuma-ypenu. Knnma-ypeanre ro BCyMyKyBaaT TOIUIMOT BO3AYX
LITO C€ MCKadyBa HAarope, a NpeKy Jpyry, MOJHU PELIETKU BAYBYBaaT (BHECYBaaT) CTYIEH BO3IYX.

OntumanHara amOueHTaHa TeMmIeparypa 3a pabora Ha cepBepute € 24°C. Bo pekoBuTe- CHCTEMCKHU
MOJyJIH, Ha Mpa3HUTe MecTa Tpeba fa OmmaTr mocTaBeHH OJIOK MaHeNH, 3a Ja IO HacOo4dyBaaT CTYJCHHOT BO3IYX
Harope. Co oBa ce cripedyBa II0jaBa Ha IUPKYJapHU BO3AYIIHU BPTIO3H M I'YOUTOK Ha JiageH Bo3ayX. OHOj e o1
orpemara KaJie ce pa3BHBa II0rojieMa TeMIeparypa, cekako ou tpedaso aa Ouae noctaBeHa MoOJIMCKY 10 U3BOPOT
Ha JIaZIcH BO3yX, T.€. MOHUCKO (MOOIUCKY 70 OJI0T) BO peKoT. Ha Mmoot ce HaoraaT perieTky HU3 KOU Ce N3yByBa
JIAJHUOT BO3YX O KIIMMa ypeauTe Harope, KOH peKOBUTE.

Bo oBoj Tpyn ce ondarenn Mepema 1 aHanu3a Ha GoTorpaduu HapaBeHHU cO TepMoBH3HUCKa kKamepa. Co
MOMOIII Ha OBHE MEPHHU ypeAM MOXKE IMOJIECHO Jla CE BOOYH IOBPIIMHCKATa pacmpesesida Ha TeMIleparyparta.
Ondarenn ce aHATU3U OJ1 HEKOJIKY acCIeKTH: BEpTUKAIIHA paclpesenda Ha TeMIiepaTypaTa Ha MOBpIIMHATA Ha 3
peka (emeH 1o Ipyr), pacmpezaendaTa Ha TeMIepaTypara Ha BpaTaTra co IIeJI IpoBepKa Ha HU3oJjarfjaTa co MOMOIIT
Ha TEPMOBHU3HCKA KaMepa, pacrpenendoara Ha BO3IyXOT KOH TaBaHOT, KaKO M KOMITapaTHBHA aHAllN3a Ha CHarara
Ha nagemero Ha pexoBute mpu 100% u 40% mpormmycHOCT Ha pemeTKuTe o1 KiuMa ypeaute. Kpatkure ananmsm,
IITO J]aBaaT 3HAYajHU PEICBAHTHHU PE3YIITATH Oea MOCOUCHH O] TEXHHYKUOT MEPCOHAN KOj C€ TPYIKH 32 OJJPXKYBarhe
Ha CUTEM caJiata.

Mepemara ce U3BpIICHH O 2 TEPMOBU3UCKHU KaMepu: Testo u kamepara Ha FLIR Brpagena Bo MOOWIIHHOT
ypen CAT S60. 3a ananuza Ha doTtorpaduute ce KopuctaT cOYTBEPUTE Ol HABCIACHUTE KOMITAHUU COOJBETHO:
IRSoft u Flir Tools.

Kiyunu 360poBu: Tepmosusuja, Cucrem cana, aHann3a Ha TEPMOBH3UCKU QOTOrpaduH.

ENERGY EFFICIENCY EXAMINATION OF A SERVER HALL USING A

THERMAL CAMERA
ABSTRACT

The NEOKOM server hall follows the latest information and communication technologies. The servers inside
it are cooled by several air conditioners. Air-conditioners compress the warm air rising upwards, and injects cold
air through floor ventilation grates.

Optimal ambient temperature for proper work of the equipment is around 24°C. The cold air is delivered and
navigated through block- panels, from the floor to the racks- metal cabinets with holes on the front where the servers
are placed. This prevents circular air vortices and cold air loss. The part of the equipment that develops higher
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temperature should be placed closer to the source of cold air, i.e. lower (closer to the floor) in the rack. On the floor
there are ventilation grates where cool air is forced from the AC upwards to the cabinets.

In this paper measurements and analysis of photographs taken with a thermal imaging camera are presented.
These measuring devices make the detection of the surface temperature distribution easier. The analysis covers
several aspects: Surface temperature distribution along the servers, Comparison of server’s surface temperature
with different flow of cold air, Notation of two server’s surface temperature with different flow of cold air (40%
and 100%), Surface temperature distribution up on the ceiling and Surface temperature distribution along the
entrance door of the server hall. In consultation with the responsible personnel for the server hall, several short
analyses were chosen in order to obtain relevant results.

The measurements were made with two thermal imaging cameras: Testo and FLIR, thermal camera embedded
in the CAT S60 mobile device. The software used by the companies listed above is IRSoft and Flir Tools,
respectively.

Key words: Thermovision, Server hall, Thermovision photography analysis.

1  BOBE]

Co pa3B0jOT Ha TEXHOJIOTHUHTE, HHYKEHEPUTE CE TIOBEKE CE CTPEMAaT KOH OTKPHUBAE¢ HOBU YPEIHU M HAYMHU 32
JIeTeKIMja U pemaBame Ha nmpodinemu. [Ipumep 3a Toa ce TEPMOBH3UCKUTE KAMEPH, IIITO OBO3MOXKYBAaT OJIECHETA
1 nojo0peHa TepManHa aHanm3a. HuBHaTa ynmotpeba ce mpommpyBa 0 TEPMOBU3UCKA JCTEKIIMja HA TpoOIeMu
MpU: MPOTEKYBakhE CTPYja, NHCTAJIANMOHU BOJOBH, UCIUTYBAkh¢ HA MCIPABHOCT HA MAIIMHK, COJIAPHU ITaHEIH,
BETEPHHUIIN, KAKO U OTKPUBAME Ha MPOOJIEMH BO JOMOBHTE: IPOTOK HA BOJIA, BJIara, HECOOJ[BETHA H30JIAIH]ja, T0TOA
aHaJIM3a Ha 3€MjOJICJICKH MTOBPIITUHH U JAPYTO.

Tpynot ondaka TOIUIMHCKA aHAIW3a INTO CE CIIPOBEAYBA MPEKY EKCIEPUMEHTATHH MEpemha W aHalu3a Ha
¢dororpaduu HanpaBeHH CO TePMOBU3KCKa Kamepa. OBHE aHAIM3U Ce WHIMKATOP 3a eHepreTcKara e)UKacHOCT Ha
cucreM cajara. HampaBeHH ce HEKOJIKY Mepema KajJe ce aHaJu3hpa: BepTHKaJIHa pacipeenda Ha MOBPIIMHCKATA
TeMmIeparypa Ha 3 pa3JIM4HU PEKOBH, criopeada Ha MOBPIIMHCKATa TeMIepaTypa Ha PEKOBUTE MpPHU pa3iMyHa
MPOITYCHOCT Ha JIATHUOT BO3AYX OJ KJIMMa ypeauTe, paciipenenda Ha TeMIepaTypaTa Ha TaBaHOT U MPOBEpKa Ha
M30JIallMjaTa Ha BpaTara O] CHCTEM cajiaTa.

Cucrem canata Ha HeoxoM mma fBa xnmMma ypenau, cexoj co mo 60KW pasnagna cHara, T.e. BKymHO 4
kommpecopu ox 1o 30 KW. IlogoT Ha cucTeM canata e IoAUTHaT, IITO OBO3MOXYBa JUCTPUOyHpame Ha JTaJHAOT
BO3/yX, KOJ IIPEKy PELIETKUTE CE U3/1yByBa KOH PEKOBUTE.

2 TEOPETCKA INIOTKPEITIA

2.1 CucreM caja

Bo cucrem canara Moxxe Ja Oupe MHCTaNIMpaHa OmMpeMa Off CEPBEPCKH M KOMYHHUKAIMCKH THUI. 3a rmomaia
MOTPOIITyBayKa U paMHOMEpHA JUCTPUOYIIMja Ha JaJeH BO3AyX Kaj CEpPBEPCKUTE PEKOBH ONpeMaTa ce BrpaayBa
3aMoYHYyBajKH O] Tope KOH JI0JTy, T0/IeKa Kaj KOMYHUKAIIUCKUTE CEPBEPH, MPOIECOT Ha MOMOIHYBakhe Ha PEKOBHUTE
e oOpareH, ox noxy Harope. Ha 0Boj HauuH Kaj cepBepcKUTE PEKOBHU ce 00e30eayBa MmorojieM MpoToK Ha BO3AYX, a
Kaj KOMYHHKAIUCKUTE TTOMAJL.

[TpoToKOT Ha BO3IyX MOXKE Ja c€ KOHTPOJIMPa CO MOMOII Ha FOJIeMHUHATa Ha OTBOPUTE HA PEHICTKUTE; KOJIKY
OTBOPHTE C€ MOTOJIEMH U MPOITyCHATa MOKHOCT Cce 3rojemMyBa. Ha Toj HauMH ce MCKOPHCTYBa U MOTOJIEM JIET OJT
MOKHOCTa Ha KJIUMa YpemuTe, cO IITO CE 3rojieMyBa cHeprerckara epukacHocT. MOMEHTAIHO HaroJieHarTa
TeMIiepaTypa Ha KiuMma ypeaute € okory 16°C.

Co 1en mocTojaHo ClIeNICH-e¢ Ha TEMIIEpaTypHaTa COcToj0aTa BO OpMapuTe, BO HUB UMa 10 3 cenzopu. Cekoj
0]l OBUE CEH30pH OTdaKa Io ¢/IHa 30Ha - JI0JTHA, CPE/IHA HITU TOpPHA 30HA. JIOKOJIKY TeMIieparypaTa BO JOJHATa 30Ha
nocturHe BpeaHocT of1 21°C win moBeke ce BKITydyBaaT alapMHU - MHIUKATOPH JIeKa MOXKHO € J1a HacTaHe HEKaKOB
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mpoOeM. YpeanuTe OCTaBeHH BO JToJHATa 30Ha Ha pekopute B0 HEOKOM mmaar paboten makcumym a0 26°C.
Co HOBaTa TEXHOJOTH]ja, MPOU3BOICTBEHO, OBOj MAKCUMYM Ha TeMIleparypata € mokadeH o 30°C.

2.2 TepMOBH3MCKH KaMepH

TepMOBU3KMCKHTE KaMepH OECKOHTAKTHO ja CKEHHMpaaT M BHM3yelM3UpaaT TOIUIMHCKATAa pachpenenda Hus
OJIpeicHa TOBPIIMHA W IPAKTUYHO IIpaBaT TEPMOrpaM Ha CHUMeHara ‘“‘pororpaduja“. Tue ro OGemexar
MHTEH3UTETOT HA 3pPAaueHeTO Ha MHQPALPBEHHOT e Of eJEKTPOMATHETHHOT CIIEKTAp M IO IPHUKAXKyBaaT KaKo
BUTUBA ciHKa. [

WudpanpsenTe 3panu ce moMery BUUIMBHOT U MUKPOOPAHOBHUOT JIEN HA €IIEKTPOMArHETHUOT CIIEKTap Ha
OpanoBu. [IpuMapHHOT U3BOP HA UHPPAIPBEHO 3pavehe € TOIUTHHCKUOT n3Bop. Criope [11aHKOBHOT 3aK0H, CEKO)]
MpeaIMET KOj MMa TeMIlepaTypa Haj ancojytHa Hyja (-273,15 Lemsuycoru crenenu win 0 creneuu no Keasux) e
U3BOP Ha 3paderhbe BO CUTE OPaHOBH JOJDKUHH, Mel'y KOU U UH(paupsenure.

HudpanpsenaTta eHepruja mro goara oxa “gororpadupan™ 00jeKT onTHYKU € PoKycrpaHa KOH HHGpaLpBEH
cetuno. CeTWJIOTO T'M HUCMpaka WHPOPMAIUUTE N0 EJIEKTPOHHKATa HAa CEH30pOT 32 00paboTKa Ha CIHKA.
Enextponute ru KOHBEpTHpAaT MOJATOLUTE LITO Aoaraat oj CETHIIOTO BO CIMKA ITO MOKE J1a Ce Tie/ia BO BUSUPOT
nunu Ha ctangapaeH sugeo Mmonutop wiu LIQUID CRISTAL DISPLAY (LCD) ekpas.

I'petrku Bo MepemeTo MOXKE J1a HACTAHAT 3apaJii: IPEMHOTY TUTUTOK aroJl Ha IIie/amke, IPOMeHa Ha COHYEBOTO
3pavyeme CO TEKOT Ha BPeMETO (KaKo pe3yiTar Ha MPOMEHHUTE BO TOKPUBOT HA HEOOTO, Ha IpUMED), peduiekcun (Ha
mp. CoHre, o0namny...) WK ACTYMHO 3aCCHUYYyBame (O JPYTH OKOJIHU CTPYKTYpH). BO KOHKPETHHOT CIIy4aj
“thoTorpaduuTe’ ce MpaBeHU BO 3aTBOPEH MPOCTOP (CUCTEM-callaTa), I1a TPELIKUTE O MPOMEHA Ha aMOHUCHTATHUTE
BPEITHOCTH CE 3aHEMAPJIVBH.

3 AHAJIN3A
Bo npogomkenne ce HanpaBeHU HEKOJIKY KpaTKH aHAN3U KO ordakaar:

- BEpTHKAJHA pacipenenda Ha MOBPIIMHCKATA TEMIIEpaTypa Ha 3 pa3In4HU PEKOBH,

- cmopenba Ha MOBPILIMHCKATa TEMIEpaTypa Ha peKOBUTE MPH pa3IMyHa IPOITyCHOCT Ha JIAAHUOT BO3IYX OJ
KIIUMa ypenuTe (pa3inyeH pexxuM Ha padoTa),

- pacmpenena Ha TeMIepaTypaTa Ha TABaHOT U

- TIpOBEpKa Ha M30JaIMjaTa Ha BpaTaTa OJf CUCTEM caJiara.

3.1 BeprukaJjHa pacnpenenda Ha NOBPIIMHCKATA TeMIlepaTypa

Bo 0BOj men omdareHu ce aHaIM3M Ha 3 OpMapu: MPBHOT € KOMYHHKAIMCKH, KaJe MPBO MMa MOCTABEHO
orpema, motoa OJI0KATOPH Ha BO3JYXOT ¥ IOBTOPHO ONPEMa; BTOPUOT € CEPBEPCKH U UMa OllpeMa caMo BO TOpHATa
30Ha U TPETUOT € MOBTOPHO CEPBEPCKHU, HO € HajONTOBAPCH BO peauIlaTa.

MR 17,7 *C M 487 °C Aupge: 264 €

4877

cauka 1- o6uuna gpororpadmja cJIMKa 2 TepMoBH3KCcKa (oTorpaduja TepMorpam 1Ha.ueJ1a
dororpadmuja
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AXo ce aHanmM3Mpa IeJI0cHaTa CIIMKa 3a BEPTHKAITHA paclpe/ieNioa Ha TeMIiepaTypaTa i CUTe PEKOBU BKYITHO,
TOTaII MOXe Ja ce 3a0emexu faeka aypu 16% oJ1 oBpIIMHCKATa TEMIIEpaTypa Ha OBUE PEKOBH Cliara BO MHTEPBAJIOT
Ha coOHaTa TeMrepaTypa IITo ce JIBUKH BO TpaHuIy oMerly 23 u 25 crereHu, 3aToa mTo coOHaTa TeMieparypa e
notpeOHO J1a ce oJpxKyBa Ha okoxy 24 crenenu Llem3uycoBu. HajBrucok mporieHT Ha 3acTaneHocT o1 5.4% uma
temmneparypara ox 20,8°C. (tepmoprad 1)

AKO Ha CHTE MIPETXOAHO aHATM3UPAHH PEKOBU UM ce TIocTaBaT BepTukaiuu quaun P1, P2 u P3, Bo T0j cnyuaj
CEeKOj pPeK MOXKe J1a Ce aHaJM3Mpa Mo eaHa u3bpana muHKja. Konky pasnuuHu ITUHUM Ke ce MOBJIeYaT 3a €eH ek,
TOJIKY pa3INdHH TEPMOTpaMU MOXe J1a ce oOujat. 3a mpuMep ce u30Hpa eHa JIMHKja MITO Ce HAaol'a Ha cpeanHaTa
Ha pekoT. Co n300poOT Ha OBaa MO3MIIKja HA JIMHHjaTa ce BEpyBa JeKa IpellkaTa MITO ce MPaBU BO MPHUKA30T HA
rpaduKOT € HajMaa.

Mimimam: 212 °C Mavimoe: 388 € Average: 30,1 € Minimum: 214 *C Maimum: 33,3 °C Average 203 °C Whmimare 20,6 *C Maximam: 453 °C Avrage 27,1 °C

TepmMorpam 2 guHuja P1 Tepmorpam 3 qunuja P2 Tepmorpam 4 gqunnja P3

Kora ce pasrimemyBa BepTHKaiHaTa pacnpezenda Ha Temmeparypata 1o JuHHjata Pl, ce 3abenexysa jeka
HajBUCOKaTa Temmeparypa usHecysa 38,8°C, a majuuckara peructpupana temreparypa € 21,2°C. Jlokonky ce
IpecMeTa CpeiHaTa TEMIIEPATypa 3a 0BOj PEK 0 Taa n3bpaHa nuHuja, Taa 6u uznecysana 30.1°C. Ox rpadukor ce
3a0enexxyBa Jieka BOTJIIABHO pacpelesidara Ha TeMIlepaTypara BO TOJIEM Jiell € PaMHOMEPHA O] HajHHCKAa KOH
HajBUCOKA, HO MIMa U HEKOHM OTCTanku. EnqHarta oTcTanka e Ha MOYeTOKOT, Kora Hajrope, Ha HajBUCOKaTa TOYKa Of
peKoT, HajBucokaTa Temrnepatypa o1 33.1°C 3a KpaTko MOMeCTYBarbe KOH CpPelMHaTa Ha CEPBEPUTE BO TPpaQUKOT
npemMuHyBa Bo Temmepatypa on 33,6°C. Mefy oBue aBe TeMIepaTypd, MMa JApyra, HajBUCOKA HOTHPaHa
temmneparypa o 38.8°C m Toa e mMakcumanHara 3abenexana Temmeparypa. Ox Apyra cTpaHa Hak, J0iy, Ha
MOJHOX]ETO Ha PEKOT, TeMIIEpaTyparTa ce ABMKH PEIaTUBHO MOJOTHYHO, CO TOA IITO HAjHUCKATa TeMIIEpaTypa €
MpBa, a M0T0a MMa OJIar pact, Ia onarame U IOBTOPHO pacTemhe. BakBHOT Tek Ha rpaMKOT Ce JOJDKH Ha ITOIaTOKOT
JIeKa ¥Ma IOCTaBEeHO OJI0OKaTopH. (TepMorpam 2)

Bropuot cnyuaj e mpaBata/nunujata P2, kage o TepMOrpaMoT ce Tiiesia IOpaMHOMEPHO paclpeielyBame Ha
TOIJIMHATA, aKo ce crmopeayBa co juHujata Pl. Ce mojaByBa eieH majx Ha TeMIlepaTypara TaMmy KajeliTo e
IIOCTaBEHAa EJEeKTPOHMKAa. Bo ypeaure wuMa BrpageHH BEHTWIAPTOPU 3a JONMOJHUTENHO JAAeHhe, IIa
JOTIOJTHUTEIIHHUOT JIaJIeH BO3AyX NpEIU3BHKYBa BakBa rmojaa. OBoj maj, ma MCKadyBambe Ha TEMIIEpaTypaTa € BO
pacnion oz 29,6°C 1o 31.3°C, oTkora mpeTxogHO TeMIeparypara ro JOCTUTHaIa CBOjoT MakcumyM o 33,3°C u
HOBTOpPEH JoKaieH MakcumyM of 33,1°C. Tlocne oBa, Temmeparypara 6aro omnara, OHaMy KaJeIlTO HACTaHyBa
eIIHO 3aTBOpamE Ha CTYACHHOT BO3IyX BO CIOOOIHHOT IPOCTOP HAa PEKOT Ce J0 HajHUCKAaTa TEeMIepaTypa IITo ce
coBMara co MeCTOMoJI0kK0aTa Ha CaMHOT KJIMMa ypea. (TepMorpam 3)

AXo ce pasrieayBa HajOIITOBaPEHHOT PEK, MOXKeE J1a ce 3a0eJIeKH MMOTUHAMHYCH rpaHK, CO MHOTY IOOp3 maj
Ha TEeMIIepaTypaTa, OJHOCHO MOOP3 MOPACT Ha TeMIlepaTypara BO 3aBHCHOCT OJ TOA BO KOj MHTEpPBaJ, 0] Koja 0
KOja TOoYKa ce HaOJbymyBa. JIOKONKy ce Tieaa oX Aoy KOH rope, Toram uMa noop3 pact Ha temrepartypaTta. OHa
IITO € HAJUHTEPECHO BO OBOj CIIy4aj € Jeka Temmeparypa ox okoiy 24°C, T.e. unrepsain o+ 1°C (23°C no 25°C)
IITO OATOBapa Ha coOHAaTa TeMmeparypa, IJeJaHO NPOIEHTYaJHO € HajMHOTY 3acTalleHa BO OJHOC Ha
MOBPIIMHCKATa TeMIIepaTypa Ha CaMHOT PEK, HO HMCTO Taka Ha OBOj rpaduk ce 3abeiekyBa M HajTOJIEMHOT
makcumasieH ekcrpeM on 45.8°C. OBoj ekcTpeM ce jaByBa BO TOPHHOT JIeJ OJl PEKOT, KAJEIITO € MPUKIyYeHa
eNeKTpOHMKaTa. Bo 0BOj mpezen e moctaBeH CBUY 3a KOj, HE € M30paH COOBETEH HAYMH HA Jlajielme. BentunuTe 3a
U31yByBamke Ha TOIUTMOT BO3IYyX CE€ ITOCTAaBEHH OJ CTPAHUTE, A JIeN O TOIUIMOT BO3AYX OCTAaHyBa 3apoOeH BO
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pexot. OBHe ypeaH MOJIECHO TH TOJJHECYBaaT MOBUCOKUTE TEMIIEpaTypH, 3apajiy MTO OBaa 1ojaBa HeMa 0COOCHO
aJlapMaHTHO 3Ha4Yewe. (TepMorpam 4)

Minimum: 20.2 °C Marmum: 358 °C fverage: 30.0°C Mimimam: 217 “C Masimurn: 347 °C Averaqs: 268 T Wlimmu; 206 °C Maxmum: 457 °C Auzrags: 265 °C

.
258 286 35 344 32 401 430 438

o
a1 2s

TepMorpam S NpBHOT peK 01 JIEBO TepmMorpam 6 3a BTOPHOT peK TepMorpam 7 3a TpeTHOP peK

IIpoueHTyanHo HajBeke ce 3acraneHu Temneparypure Hax 20 °C: remneparypara ox 22°C e 3acraneHa co
2,7%, temnepatypara o1 29°C co 4%, a HemTo moManky € 3acranena remneparypa og 37°C. JIokosky ce pasrieaa
TEPMOTPaMOT, MOXKE Aa ce 3a0esexku AeKa CO MPWIMYHO CIMYHH MPOLEHTYalHU BpeaHOCTH, Mery 2% u 3% ce
3actanenu Ttemmeparypure: 22°C, 22,5°C, 32°C, 32,5°C, 34,5°C u 35°C, OBa e BO mobpa Kopenammja co
TeMmIieparypara mro Tpeba 1a ce 3aIp:KH BO LieJiaTa npoctopuja, a Toa ¢ 24°C. Co oryies; Ha TOa IITO BO CEKOj OJf
PEKOBHUTE CE MOCTABECHM pa3sinieH Opoj Ha CEpBEpH IITO ja 3aTOILTYBaaT HCITUTYBaHAaTa OBPIINHA, OMHOCHO CAMUTE
cebe ce 3aToIlTyBaar, Cope]] 04YeKyBaHOTO, HAjCTyIeHa € (HajHICKa) TeMIIepaTypara ITo € HajOlIHuCcKy 10 KIUMHUTE
Ha TO/IOT U PAMHOMEPHO C€ 3roJIeMyBa Kako ce UCKadyBa Harope 1o pekot. Kimmmure ce moctaBeHH Jia TyBaaT O
noJoT Harope. [IpBHOT pex uMa HajMHOTY CEpBEpH YHja EIEKTPOHHKATA € MPETEKHO MTOCTaBeHa BO TOPHHUOT /T
o pexoT. Tyka uMa IocTaBeHo U OJIOKATOpH HU3 CAMHOT PEK 3a Ja MOXKe TerepaTypaTta (JIaAHUOT BO3YX) O 10Ty
Jla JIM3ra 1o MOBPIIMHATA HA PEKOBHTE, T.€. J]a HE CE 3aTBOPa BO €JICH MTPOCTOP KaKO BO KyTHja U JIa CTOM KaKO BO
“MpTBa TOUKa“. (TepMorpam 5)

Bo cny4dajoT onumian Ha TepMorpam 6, peanHarta cocToj0a € TOCTOCHE Ha PEUYMCH IMpa3eH peK, KaJeIiTo
orpeMa M eJICKTPOHUKA € IIOCTaBeHa caMo BO TOPHHUOT Jiell 011 pekoT. Tyka Hema OJI0OKaTopH Mo BUCHHATA HA PEKOT,
TYKy TeMIlepaTypaTa ce 3aJpXyBa BO €JIcH Jiei. MeryToa, Toa He MpaBH TOJIeM MpoOJeM, 3aToa MITO MAITHHUTE
LITO c€ BrPaIeH! BO OBOj PEK HE ce€ MHOTYOPOjHH 1 He ce 3arpeBaaT MHOTY. OB/ieKa MO>Ke TIOBTOPHO J1a ce 3a0enexu
JleKa pacmpezendara € paMHOMEpHa, OJf HajCTyACHa N0 HAjTOIUIA TEeMIIepaTtypa, CO Toa HITO HajrojeMa ¢
HPOLIEHTyaJIHA 3aCTalleHOCT Ha TeMreparypute Bo omcer of 29.2°C 1o 30,5°C mro HoBTOPHO He € aJapMaHTHA
cocroj0a.

Cera ce pasrienyBa HajONTOBapEHHOT PEK BO HM3aTa W BOEIHO MOCIEACH OJ BepTHKalHATa pacrpenenoa.
Axo ce pasrienyBa MpaBOAroJHUKOT €O KOj € omdareHa MOBPIIMHATA Ha OBOj PEK, MOXKE J1a ce 3a0eexu aeKa
TeMIiepaTypara HOBTOPHO OJM O HajiIaJHO KOH HajTOIUIO, CO TOA IITO CO HajToJIieMa MPOIEHTYalIHa 3aCTallCHOCT
ce temneparypure o1 23°C 10 26°C. Ce mojaByBa e/1Ha KelllKa TOUKA YMjaniTo TemMneparypa Haamunysa 40°C. Bo
OBOj CiIy4aj HemMa OJIOKaTOpH IITO K& OBO3MOXKYBAT TeMIlEpaTypara Aa JH3ra Harope W Ja T'd JIAAH CEepBEpHUTE,
MeryToa ITOYeTOKOT (ITO3UIINjaTa) Ha IIPBUTE CEPBEPH € TOBOJIHO HHU30K. (TepMorpam 7)

Bo npopomkenne ce npukakxaHu TOOMEHUTE pe3ysiTaTh Bo TabenapHa Gpopma.

Munumym Makcumym Cpenna BpeaHOCT
P1 Jlnanja 21.1°C 38.8°C °C Hanowmena:
YeTtpuaroiHuk 20.2°C 38.8°C 30.0°C CpenHaTg BPEJHOCT ¢ Haj/ieHa
. KOMITjYTEPCKH, CTIOPE
P2 Jlunuja °C 33.3°C 29.3°C 3aCTaleHoCTa Ha TeMIIEPaTypara BO
YeTpHaroHuk 21.1°C 34.7°C 28.8°C TIpOLCHTH
P3 Jlunuja 20.6 °C 458 °C 27.1°C
YeTpuaroiaHuk 20.9 °C °C 26.5°C
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TaGena 1. 1oGHeHHTe TEeMIIEPATYPH 32 BEPTUKAJHA pacnpeei6a Ha TeMIepaTypaTa Ha TPU Pa3JIMYHM peKa

Omnaa Temmeparypa IITO KPaTKo Ce jaByBa M MMa BPEIHOCT Haj 45 cTereHa e caMo oJipesicH BpB. Toj nuMa
MHOTY MaJl TIPOLICHTYpAJIeH YJea BO CpeJHaTa TeMIeparypa, ra 3aToa Ce jaByBa U MOMEHT KaJe 3a HCT PEeK ce
JI0OMBa MaKCUMAJICH BPB U MUHMMAaJIHA CPE/IHA BPEJHOCT Ha IieyiaTa TIOBPIIHHA.

3.2 Chnopenda Ha NMOBPUIMHCKATAa TeMIlepaTypa Ha PeKOBUTe NPH Pa3invHA IPOIYCHOCT HA
JIAAHHOT BO3AYX O] KJIMMA ypeauTe

3a mosjecHO BOOUYBamE Ha pa3iMKara Koja ja IpaBH MOKHOCTA Ha KJIMMaTa - CI000JHHOT MPOCTOP HU3 KOj
MOMHUHYBA JIAIHUOT BO3AyX, OBaa cropenda ce pasrienyBa OJ JBa acleKTa: cropenda Ha e€AeH PeK BO OJHOC Ha
OCTaHATUTE U CIIope/I0da Ha TeMIieparypaTa Ha CaMHOT PEK BO OJTHOC Ha MPOITyCHOCTA Ha PEIIESTKUTE HA JIAJHHOT
BO3/YX, KOj TO M3lyByBaaT KINMa YpEIuTe.

3.2.1 Cnopenda Ha efeH peK BO 0OTHOC HA OCTAHATHTE

On cimKuTe BO MPOJIOJDKEHUE, €THOCTABHO MOXKE JIa ce 3a0eTIe)KH pa3iinka BO TOIUTMHATA Ha caMaTa penieTka
0J1 PEKOT, KaKO U Ha PEIICTKUTE HU3 KOW HM3JIETyBa JIAJHUOT BO3MyX, HO U OHAMY KaJeIlITO UMa MPa3HU PEKOBH.
Pasnukara Mely MCKOPHCTCHHUTE M HEHCKOPUCTEHUTE PEKOBU € JIECHO BOOWINMBA, M BO CIY4ajOT Kora KiuMaTa
nejctByBa Bp3 MammHUTe co 40% 1 co 100%. (cnuka 3 u cnuka 4).

cjuka 3 cnopenda Ha peK BO OJJTHOC HA OCTAHATHTE NMPH cJIMKa 4 cnopeada HA peK BO 0JHOC HA OCTAHATHUTE NPH
o,
40% npomycHocT 100% mpomycHocT

Bo mpomomkenune e mamena tabena co moseke mHGpoOpMAIUK 3a JoOOUEHNUTE pe3yaTaTu. (Tabema 2)

[IpomycrocT Ha ximMa 40% IIpomycHocT Ha xiuma 100%

Tun Ha pek O3naka Temmneparypa Tun Ha pek O3Haka Temmneparypa
Munnmaaa 19.3°C Munnmaaa 20.0 °C
OnT;:;peH Bx1 MakcumanHa 30.2 °C | OmnroBapeH pek Bx2 MakcumaiaHa 24.3°C
Cpenna 22.8°C Cpenna 21.9°C
Munnmaaa 20.2°C Munnmaaa 20.8 °C
[Ipazaen pex Bx2 MakcumanHa 25.8°C [Ipazaen pex Bx3 MakcumaiaHa 26.0 °C
Cpenna 22.9°C Cpenna 23.8°C

Tabesa 2 cnopenda Ha pek BO ogHOc Ha ocTaHaTuTe pu 40% u 100% npomycHocT Ha KIUMa ypeN

_____________________________________________________________________________________________________________________|
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3.2.2 Cnopenda Ha TeMnepaTypuTe Ha CAMUOT peK

AKo ce criopeaT IpOCEYHUTE MMOJATOLM Ha TeMIIepaTypuTe Bo 1BaTa ciaydaja (co 40% u 100% npomycHocT
Ha KJINMa-ypenuTe), ce 3abenexysa pasnuka of 0.6°C, co mTo ce JoKaxyBa MpeaxoJHO KaKaHOTO - moTpedara ox
roehUKacHO Jaaewme. (Cuka 5 u ciuka 6)

camMKa 5 Temneparypa Ha pek npu 40% npomycHOCT HAa  cJuKa 6 Temnepatypa Ha pek npu 100% nponycHOCT Ha
KJIUMA ypenx KJIMMa ypen

Bo nponomxkenwue e nageHa Tabena co moseke nH(GopMaIin 3a JooueHuTe pe3yirati. (Tabdena 3)

[IpomycHOCT Ha KIMMa 40%
Tum Ha pex O3Haka Temmneparypa
MunanManaa 19.1°C
OnToBapeH pex Bx1 MakcumaiaHa 30.8°C
Cpenna 22.7°C
[IpomycHOCT Ha KIMMa 100%
Tum Ha pex O3Haka Temmneparypa
MunanManaa 19.3°C
OnToBapeH pex Bx1 MakcumaiaHa 29.1°C
Cpenna 22.1°C

Tabesa 3 Temneparypa Ha pek npu 40% n 100% nponycHocT Ha KJIuMa ypen

3.3 Pacnpeaenda Ha TeMIepaTypara Ha TAaBaHOT

Hajuect npoGiieM 1ITO ce jaByBa BO 3aTBOPEHH IIPOCTOPHH - 0COOCHO CUCTEM CaJli € 3aP)KyBarbe Ha TOTLTHOT
BO3/IyX BO IIOBHCOKHUTE Tipesienid Ha cobaTta. Co 3eneHa 0oja € o3HaueHa TeMeparypartypara o 24°C co uHTepBal
ox =1 °C. On mpuka3oT ce 3a0eiexyBa Jicka 3elieHaTta 00ja ¢ JOMUHAHTHA Ha TaBaHOT, I1a JISCCHO CE€ BOOUYYBa JIcKa
HE Ce jaByBa Mpo0JIeM OJ1 IIPErpeBame Ha TOPHUTE 30HHU OJ PEKOBHUTE.

3a JIOMOIHUTENHO TOA00pYyBamke Ha eHepreTckaTa eUKacHOCT Ha CHCTEM CAaJUTe, MPETopavIfnBo € Ja ce
Oupaar MPOCTOPHHU CO TOTOJIeMa BUCHHA.

_______________________________________________________________________________________________________|
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. . TepMorpam 8 Ha TaBaH
ciuka 7 o0uuna dgororpaduja on  cauka 8 repmoBu3ncka dororpaduja on pMorp

TAaBAHOT HA CUCTEJ cajiaTa TAaBAHOT HA CUCTEM caJjiaTa

3.4 Pacnpenenda Ha TeMIlepaTypara Ha BpaTaTa O CUCTEM €ajiaTa

Bo nmpopomkenue ce ganeHu WUIyCTPATUBHU MPHUKA3U 32 TEPMUUYKUTE MOCTOBU Ha cucteM canara. Cucrem
cajiaTa UMa CTaHJap/Ha H30JIalija - TEPBOJI KOH HaIBOPEITHHUTE SHJIOBH IIITO CE U3SHUIAHHU O NIYIUTUBa uria. Ha
MecTaTa KaJe UMajo OTBOPHU 3a MPO30pH, UCTUTE C€ 3aTBOPEHM CO aKBamaHend (IIEeMEHTHHU MMaHeJ ). 3HAYUTETHH
TEMIIEpPaTypHU OTCTallyBamha HEMa, a MOXE Jla Ce 3aKIy4d JieKa u3oJjianyjara € Jo0po HalpaBeHa M Hema

TOTUTMHCKH 3aryOH.
-

cauka 9 oouuHa ¢pororpaduja o Bparara Ha CUCTEM ciauka 10 repmoBu3ncka ¢ororpaduja ox BparaTra Ha
cajara CHCTEM cajiaTa

inimse: 21,5 "C Masimare 238 °C Aveiaoe 226 T

2007 Masimuen: 23,3 C Sveragu: 218 °C

TepMorpam 9 Ha BpaTa Tepmorpam 10 Ha sug JecHO

4 3AKJIYYOK

ITpu exciepuMeHT U3BEIEH BO [I03HATA, peaHa cocToj0a ce 3a0enexxyBaaT IPeJHOCTUTE U HEAOCTaTOLUTE Ha
M3BpIICHATA [TOCTAIKA, & IPOHUKHYBAAT M U1 33 HJHO YCOBPILIYBAHE.

Mepemara mTO Ce BpHmIAT CO TEPMOBHM3HCKA KaMepa HMMaar 3a Iel Ja JETeKTHpaaT W Ja HOTTUKHAT
MpeBeHUpame Ha MpoOJeM WM XaBapuja IITO OM MOXKela Aa HacTaHe KaKo IOCHelua Ha JIOTOJHHUTETHO
re’epupasa TomiuHa. Toa e HajOp3uOT M HajMaJIKy MHBAa3WBEH HAYMH Ha KOHTPOJA HA KBAIUTETOT HA PEKOBUTE H
eNIeKTPOHHUKATAa BO HUB.
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Kora ce nmpumenyBa mocoHCTHIIMPaHA TEXHOJIOTHja BO KllacaTa HA TEPMOBH3MCKH KaMepH, MOMPEIHU3HO
MOJKAT JIa C€ HaroJjaT MmapaMeTpuTe, a CO Toa C€ HaMallyBa BIIMjaHUETO Ha aMOMEHTATHUOT (DAKTOpP HA OKOJIMHATA .

Opn crpoBeneHUTE HCTPaXXKyBamba MOXE Jia Ce BOOUYH JCeKa CHUCTeM canara e JoOpo u3BenaeHa. OHa mTo OM
MOJKEJIO JIa ce MOI00PH € Ja ce 3aMEeHAT PENIeTKUTE CO HOBU KOU OV MMaJIe Or0JIeMH OTBOPH, HU3 KOH Ke TIOMHHYBA
BO3JIyXOT, CO IIeJ Moe(hUKacHO NCKOPUCTYBakhE Ha pa3NiaJHaTa CHAara Ha KJIMa ypeIoT.

5 BJIATOJAPHOCT

OcobcHa OmarogapHocT OM cakajga aa uckaxamM Ha ¢upmata HEOKOM, koja MH IO OBO3MOXH OBa
UCTpaxKyBame. biarogapHocT u 110 rocrnoguH JaHe AHTOB, OIATOBOPEH 3a OAP)KYBam€ Ha CHCTEM CajUTe BO
HEOKOM. Toj M# Il TOCOYH JEIOBUTE IITO CE 0J] OCOOCHO 3HAUCH-E 32 UCTIUTYBAETO.

dakynTeTOT 3a CICKTPOTEXHUKA W HH()OPMAIMKKA TEXHOJIOTHH, KaTelpa 3a METPOJIOTHja OBO3MOXKH
KOPUCTEH-¢ Ha TePMOBU3UCKaTa Kamepa Testo, Ta Ou uckakana 01arogapHoCT

6 KOPUCTEHA JINTEPATYPA

[1]  Flir, Thermal imaging guidebook for building and renewable energy applications, 2011
[2]  Crojan Yynnes, Emexrporepmuja. Cromje, YauBep3uTeT CB. Kupnn u Meronuj, 1991
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FACADE INTEGRATED PHOTOVOLTAIC SYSTEM IN THE REPUBLIC OF
NORTH MACEDONIA AND OVERVIEW OF THE HEAT FLOW

ABSTRACT

The implementation of photovoltaic (PV) systems in the households located in the Republic of North
Macedonia has significantly increased over the years. PV generators are generally installed on the roofs and the
output energy of these systems, in most cases, meets the household’s demands. Furthermore, the European Directive
2010/21/EU establishes that from 2020 onwards, all new buildings will have to be Nearly Zero Energy Building,
requiring that the local energy production has to cover the local energy demand, which will entail the need for much
larger PV areas than those available on standard block roofs. Therefore, using the facades of the buildings as PV
areas is a relatively new concept in the region that is analyzed in this paper. This paper explores the idea of
implementing PV systems on the building’s facade as a way to enlarge the PV area. The first step is to simulate the
implementation of a PV system on the fagade of an average house in the Republic of North Macedonia using the
software PV*SOL. The simulation results that are considered in this paper are the output energy of the system and
the temperature of the modules. The second step is to simulate and analyze the heat flow in the software FEMM
using the parameters produced by the first simulation. The idea is to show the dual function of the PV modules that
are installed on the facade, as energy generators and as building insulators.

Key words: PV system, Zero Energy Building, energy, household, heat flow

1 INTRODUCTION

The implementation of photovoltaic (PV) systems in the households located in the Republic of North
Macedonia has significantly increased over the years. PV generators are generally installed on the roofs and the
output energy of these systems, in most cases, meets the household’s demands. A new and promising way to
integrate renewable energies in the constructed environment is to integrate photovoltaic technologies in buildings.
Building-integrated photovoltaic (BIPV) will become one of the fastest growing segments of the solar industry
worldwide with an assumed capacity growth of 50% or more from 2011 to 2017 in the next few years [1].
Furthermore, the European Directive 2010/21/EU establishes that from 2020 onwards, all new buildings will have
to be Nearly Zero Energy Building, requiring that the local energy production has to cover the local energy demand,
which will entail the need for much larger PV areas than those available on standard block roofs, [2]. Therefore,
using the facades of the buildings as PV areas is a relatively new concept in the region that is analyzed in this paper.
Certainly, the energy output from the modules installed on the facade is lower than the energy output from the
modules installed on the roof, but the facade implemented PV modules can have dual function, as generators and
as heat insulators. The idea is to increase the energy production and to analyze the heat flow through the wall of the
building, with and without facade implemented modules. This new revolutionary application of photovoltaic
generators can enlarge the self-sufficiency of the household and proportionally decrease the amount of energy drawn
from the grid.
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2  MODELING AND SIMULATING PV FACADE USING THE SOFTWARE PV*SOL

PV*SOL is a dynamic PV simulation software with 3D visualization and detailed shading analysis. In this
paper, PV*SOL is used to simulate a house with facade implemented PV system. Table 1 shows the location and
dimensions of the house and figurel shows the terrain view of the analyzed house.

Table 1. Location and dimensions of the analyzed house
Location Republic of North Macedonia

Latitude: 42° 0* 18"’
Longitude: 21° 26° 26

Dimensions 10x8x6 meters

Annual sum of global
irradiation 1403 kWh/m?

Figure 1: Terrain view of the house Figure 2: Dimensioning plan of the East facade

The type of module used in the analysis is Canadian Solar Inc. CS6K-280P 280 W. The maximum power
point (MPP) current is 8.95A and the dimensions of the module are 0.992x0.04x1.650 meters. The Eastern facade
is covered with 19 modules; the total installed power is 5.32 kWp and the inclination is 90°. The facade oriented to
the west has the same number of modules and the same installed power. The southern facade has 21 modules with
total power of 5.88 kWp. The roof that is oriented to the east has 30 modules with total installed power 8.40 kWp
and the inclination is 36.9°. Western roof has the same system parameters. The dimensioning plan of the facade
oriented to the east is shown in figure 2.

With specified module voltage, the power output of the module can be determined from the irradiation of the
tilted PV array surface, without reflection losses, and the calculated module temperature. For a given irradiation
and module temperature, the module voltage is regulated so that the modules work at MPP. The inverter does the
regulation of the module voltage and the MPP tracking. The results of the output energy of the inverter are shown
in figure 3, where the blue line is the output energy from the PV system installed on the roof, the yellow line is the
output energy from the PV modules installed on the East and West facade and the grey line is the output energy
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from the modules installed on the facade that is oriented to the South. The annual energy output of the PV generator
is 30 019 kWh.

2500 —

2000 - Pt

Energy inkwh
/

v !
lan Feb Mar Apr SET lan Jul Aug Lep Qct Moy Dec

Figure 3: AC energy output

In this paper more attention is given to the results concerning the module temperature. The temperature of the
module is of great significance when calculating the power output. It is shown that for mono crystalline and poly
crystalline silicon solar cells, the efficiency decreases by about 0.45% for every degree rise in temperature, [3]. In
order to determine the module temperature, the thermal balance equation is resolved in every time step of the
dynamic temperature model. In the linear temperature model, the module temperature has a linear dependence on
the irradiation G. The temperature of the module can be determined using the following equation:

G
Trmodute = Ta + k G . (D
STC

where T, is the outdoor temperature, Gor-=1000W/m? or maximum irradiation, G- irradiation and the constant k
depends on the module setup.

The time step of the simulation is 1 hour, but in order to take account of the thermal inertia, the time step must be
divided into infinitesimally small time steps dt.

module*Cmodule*@Tmodule
mmodulerimedule Tmodule 4 p = Qg — Qs — Qx - )
Q¢ = a* G * Apoguie - (€))
Qs = fg * €Amoquie * 0 * (Tmodule4 - Ta4) . 4
QK = f(Amodule' Tmodule' Ta'ﬁw' lchar) . (5)

where M, 0que-module dimensions, ¢p,,q4u1e- heat capacity of the module, P,; —electric power output, Q.-
absorbed power, Qs- radiated power, Qg- power transferred by convection, l.,4- characteristic overcurrent

length, a- absorption coefficient, e- emission coefficient, 9,,- wind speed, o- Stefan-Boltzmann constant, fz-
installation factor.
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Using the shown approaches, the software calculates the temperature of the module and the results are given for
every hour of the year. The results that are presented in Table 2 are the average values of the temperature for every
month of the year.

Table 2. Average temperatures

Time Outside Roof Area East: Roof Area West:
Temperature Module Module Temperature
Temperature
°C °C °C
Jan -0.17431 1.479 1.7051
Feb 2.4308 4.6099 5.0553
Mar 7.7972 11.199 11.541
Apr 12.08 16.749 17.222
May 17.424 23.629 23.217
Jun 21.157 27.682 27.51
Jul 24.287 30.99 31.552
Aug 23.893 29.572 30.568
Sep 17.939 22.468 22.802
Oct 13.135 15.801 16.558
Nov 6.2028 7.8836 8.3048
Dec 1.786 3.0554 3.2668
Time Facade East: Facade West: Facade South:
Module Temperature Module Temperature Module Temperature
°C °C °C
Jan 1.0128 1.2769 3.2164
Feb 3.8494 4.3376 5.4157
Mar 10.021 10.368 11.185
Apr 14.996 15.543 15.487
May 21.392 21.048 20.376
Jun 25.242 25.219 23.849
Jul 28.363 29.013 27.337
Aug 27.174 28.226 27.612
Sep 20.873 21.259 21.75
Oct 14.848 15.639 16.822
Nov 7.346 7.8192 9.2602
Dec 2.6885 2.9054 4.4136

_______________________________________________________________________________________________________|
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3 HEAT FLOW ANALYSIS USING THE SOFTWARE FEMM

Finite element method magnetics — FEMM is a software used for solving low frequency electromagnetic
problems on two-dimensional planar and axisymmetric domain. The program addresses to magnetics, electrostatics,
heat flow and current flow problems. The analyzed problem in this paper is two-dimensional and its dimensions are
equivalent to the system: one module area-air-brick. The basic requirement for heat transfer is the presence of a
temperature difference. The temperature difference is the driving force for heat transfer, just as voltage difference
is for electrical current. Factors such as room temperature and number of bodies in the room that are radiating heat
are not considered in this paper. This paper evaluates the heat flow with and without PV modules implemented on
the fagade and whether the PV modules can function as insulators.

The depth of the module is 0.04 meters and the length is 0.992 meters, the air gap between the module and the
outside wall is 0.2 meters. The depth of the outside wall is 0.35 meters. The system with implemented modules is
shown in Figure 4 and the system without implemented modules is shown in Figure 5.

[nr - A
¥ mm
‘ E T lﬂf- LoreTon Brick, Common
|
i [oa)
" L.——l— . |
Figure 4: Facade with modules Figure 5: Facade

Materials used in this simulation are: polycrystalline silicon and brick. Thermal conductivity is a measure
of material’s ability to conduct heat. It is defined as the rate of heat transfer through a unit thickness of material per
unit area per unit temperature difference. The thermal conductivity of air, brick and poly-Si depends on temperature.
But for poly-Si is taken as constant value 13 W/(m*K). The volumetric heat capacity of air, brick and poly-Si is
0.001185 MJ/(m*K), 1.344 MJ/(m*K) and 1.7 MJ/(m3K), respectively.

a) b)

Figure 6: Heat flow
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The boundary of the system has fixed temperature, equal to the outside temperature. The modules, marked as
polycrystalline silicon, have heat source points with fixed temperature equal to the temperature of the modules. The
analysis shows the heat flow of the system when the modules are implemented on the facade. The results of the
second analyses shows the heat flow of the system when there are no modules implemented and the bricks have
heat source points equal to the temperature of the modules. Temperature values of the modules from Table 2 are
used in this heat flow simulation.
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Figure 7: Heat flux density and Temperature

The observed months are January and July. Figure6 shows the heat flow in the analyzed area from the western
facade in July and the difference regarding whether the modules are implemented or not. The pink color is
equivalent to 29.013°C, and the blue is equivalent to the outside temperature, 24.287°C. The rate of the heat
transferred through the brick is greater in figure 6b because the wall is directly radiated. Figure 7 shows the flux
density and the temperature, both depending on the distance, in January (Figure 7 a, b) and July (Figure 7 ¢, d) when
the modules are implemented on the west oriented fagade. The bottom left point of the module is taken as a reference
point (x=0, y=0) in this analysis.
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4 CONCLUSION

The number of roofs implemented PV generators in the Republic of North Macedonia is much more significant
compared to the number of PV generators implemented on the facades. This paper highlights three benefits that
answer the question why PV modules should be implemented on the facade. As previously mentioned, the areas of
the roofs in most cases are insufficient for installing PV modules with enough output energy to enlarge the self-
sufficiency of the household. By implementing PV modules on roofs and facades, the area is obviously enlarged.

The second benefit is the increased annual energy AC output. As expected and as this paper shows, the energy
output of PV generator installed on average house in the Republic of North Macedonia is 30 019 kWh/year. The
third benefit meets the aim of the paper. By simple analysis of one module area, the dual function of the modules
has been proved. The difference of the transferred heat with and without modules is shown in figure 6. The
implemented PV modules on the facade can also have a function as insulators.
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NON-LEVEL SUBWAY SUSTEMS: SURFACE STATIONS CONNECTED BY
UNDERGROUND LINES

ABSTRACT

This research addresses the differences between the common level subway systems and systems with ground
or near-ground stations linked by underground line stretches. Energy consumption and other technical and economic
impacts are evaluated.

Stations built at ground level yield some benefit in overall travel time for the passengers, because they don’t
need to go through staircases, lifts and corridors to reach the platform. There is a noticeable saving in construction
investment if the station is built at ground level instead of underground. The use of natural light and the absence of
mechanical staircases also reduce the operational cost. Furthermore, a certain difference in height between an
elevated station and the underground line reduces the energy dissipated during braking and the power needed during
acceleration. The positive/negative gradient of the track also improves the comfort of the passengers for a given
deceleration/acceleration.

The case of long trains is also investigated. In long trains, track gradients induce traction or compression efforts
between vehicles, limiting the design freedom of the track in elevation. For this and other reasons, shorter and more
frequent trains seem a more convenient way of providing a given transport capacity.

Key words: energy efficiency, heavy subway with surface stations and underground line, kinetic and potential
energy conversion, railway transportation.

1 INTRODUCTION
Most subway networks have underground stations approximately at the same level of the tunnels.

What would be the consequence of building the station near the ground and have the tunnels at higher depth 4
(see Fig. 1)? Of course, the accessibility of the platform of the stations would improve. But what happens with
energy consumption and total journey time between the stations?

The integration simplified equation of motion will answer these questions.

Ground level

Figure 1: Railway scheme (not at scale).
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1.1 Equation of motion

Given a train of mass M running in a track of local slope sin 6, subject to an overall resistance F, and a
propulsion or braking effort F, the equation of motion in the direction of the movement is:

dv . F-F
E:gsm6’+ IV @

where g denotes gravity and dv/df the longitudinal acceleration. If the variables in the right-side hand do not change
in time, integrating this equation twice, the velocity and position are:

. F-F,
v(t) = (g sind + v jt +v, 3)

1 . F-F )\,
Figure 2: Force diagram. x(?) = 5 gsind+ M I+ vl + X, . “)

The overall resistance F; includes the aerodynamic drag G prvi-A- CD) and the rolling resistance
(A M - g-sin@). We will take the values of these parameters !!! from the Lisbon Metro, as specified on Table 1.

Train’s Drag Rolling
Parameter Air density frontal area coefficient resistance Mass of train 2
(inside tunnel) | coefficient

Value p=125kg-m™2 | A=10m? | ¢, =3844 |A=8-10"*| M=7-10%kg

Table 1. Parameters assumed for the calculations.
Figure 3 shows a general curve for the velocity as a function of distance subject to the following maximum
conditions:

- A maximum gradient of 10%/;

- The maximum longitudinal acceleration felt by passengers is limited to 1 m/s
reasons;

- The maximum velocity is 70 km/h;

- The distance between stations is 1000 m.

2[4 for comfort and safety

In the downward gradient, the train
accelerates because of gravity (acceleration
ag) and the propulsion (acceleration agpgine)-
Along the horizontal stretch there is only
acceleration due to propulsion. The
deceleration can be due to braking or the
upward gradient.

vl . Max. velocity

Using the previous equations, ignoring
resistive forces, Table 2 gives reference
values of maximum velocity and time for

different height and fixed gradient (10%) for
a case without engine effort and other with Figure 3: General curve velocity along distance, on maximum

propulsion dengine = 1m-s=2. velocity and acceleration supported by passengers.

! h/tan(e) | i hitan(@) | X

b3 »

_______________________________________________________________________________________________________|
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Without engine With engine (a = 1m/s2)
Max. Velocity Max. Velocity Engine Power
Ah [m] AX [m] (km/h] At [s] [km/h] At [s] [MJ/s|
6 60 39.1 11.1 55.4 7.8 1.08
8 80 45.1 12.8 64.0 9.0 1.24
10 100 50.4 14.3 71.6 10.1 1.39

Table 2. Maximum velocity, total journey time and engine power.

2 ENERGY ANALYSIS OF NON-LEVEL TRACKS

To evaluate the effects of a difference in height between the level of stations and the level of the central part
of a stretch, let us consider two stations distant L = 1 km to each other (measured in the horizontal) with two slopes
equally inclined (6; = 6, in Fig. 4) with varying depths 4. In the limit of a level profile, h = 0.

In the first driving strategy, the engines are used to accelerate the train in the downward slope and then the
train will coast without propulsion till it comes to a stop in the next station. The propulsion is adjusted so that the
brakes are not needed. In the second driving strategy, the trains will accelerate less during the downward stretch,
but the engine will maintain the speed in the horizontal part; the maximum velocity will be adjusted to provide the
same overall journey time of strategy 1.

D

Ground level

L
Figure 4: Simplified railway model scheme with rectilinear segments.

These two approaches are compared below, velocity v(t) as a function of time and power consumption P (x)
as function of distance. Case 2 applies regenerative brake of 30% efficiency. In this numerical example we will
consider in both cases distance L = 1 km, local slope sin8 = 0.1 and depth h = 8 m.

Velocity variation over time - cases 1 and 2 . 19" Power consumption along distance - cases 1and 2
50 T T T T T T T T T T T T T T T T T

L Case 1
45 12 F Case 2 |
q0r
10
35
g o "
< 3
225 6
: §
22 4
151
2
10
5F Case 1 or
——Case 2 /
0 10 20 30 40 50 60 70 80 %0 0 100 200 300 400 500 600 700 BOO 900 1000

Time (s) Distance (m)

Figure 5: MATLAB plots of v(t) and P(x)
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These two cases highlight that, if maximum velocity is not an issue, it is more efficient to provide more
propulsion at the beginning rather than having a more distributed propulsion.

These examples with a depth h = 8 m can be compared with a level track (h = 0), for the same total journey
time. We will denote this simulation as case 3. Let us also assume regenerative braking with a global efficiency of

30%. This case assumes that acceleration is limited to 1 m:-s~

max max
U3

-2

2

, until reaching the maximum velocity
, the train then proceeds without power until regenerative braking is applied in the final stretch with
acceleration limited to —1 m - s

Table 3 shows that the level track, case 3, requires much more energy to achieve the same total journey time

between the two stations.

Case 1

Case 2

Case 3

Average velocity

<

U =7, =73 =40.1km-h7!

Maximum velocity

v = 48,1 km-h?!

v = 46,0 km - h™?!

v =482 km-h7?!

Consumed energy

E, = 0.7680 M]

E, = 1.022 MJ

E; = 4.705 M]J

Table 3. Velocity and consumed energy values for the considered cases.

2.1 Energy consumption of total journey time

Let us investigate the relationship between energy consumed and journey time.

For each amount of energy, we will consider the
best power distribution over time to minimize the
journey time. In any case, the accelerations are limited
to £ 1 m-s~2 and the top speed is limited to 70 km -
h™1. The depth is h = 8 m (see Figure 4) and the trains
are not equipped with regenerative breaking. Other
parameters according to Table 1. The minimum time
corresponds to the maximum energy consumption.

Then, 1 kJ of energy is removed at every point of
the track between the two stations and the total journey
time is computed again. Figure 6 shows that removing
1 kJ at the beginning of the track increases the journey
time by 1.1 - 1073 s, while remaining the same amount
of energy at a later distance produces a smaller delay.
For instance, 1 kJ less at x = 500 m produces a delay
three times smaller (about 3.6 - 10™*s), and 1 kJ less
near x = 850 m produces almost no delay at all.

Again, the conclusion is that energy provided earlier
in the journey is more efficient in the sense that it reduces
more effectively the journey time.

Journey time delay according to location of energy removal of 1 kJ
%1073

1.2

08 1

06 1

Time delay (s)

04 1

0.2 T

) I I I I I I I I
0 100 200 300 400 500 600 VOO 8OO

Location of energy removal (m)

900 1000

Figure 6: Delay due to removing 1 kJ at a given
location between the stations.

Figure 6 also shows that there is a remarkable difference in effectiveness of energy provided during the
downward stretch and in the level part of the track. When the track is inclined, the importance of applying the

energy earlier is greater.
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Let us now remove energy, step by step, 1 kJ in each step, reducing that energy at the locations where the delay
is minimal. Figure 7 presents the results for two inclinations (sin @ = 5% and sin8 = 10%) and several depths.
The left-hand side extremes of the curves correspond to the maximum energy consumed and the minimum journey
time, subject to the restrictions mentioned (limited acceleration and velocity). We can see that increasing the depth
reduces both the energy consumption and the journey time. Removing energy, the trips take more time but, again,
for every journey time considered, the tracks with greater depths consume significantly less energy.

Energy consumption vs. journey time Energy consumption vs. journey time
T T T T T T T T T

14 T T 14 T T
h=3m h=3m
1 h=5m
121 1 1
10F 3 1
=) =1
% 8 B % i
= ==
8 2
2 51 . 2 .
w w
4F i i
2t i i
D 1 1 1 1 1 1 1 D 1 1 1 1 1 1
60 70 80 90 100 110 120 130 140 60 70 80 90 100 110 120 130

Journey time, T, (s) Journey time, T, (s)

Figure 7: MATLAB plots of E(T) for: a) 5% and b) 10%

It is also apparent, comparing both graphics of
Figure 7, that higher slopes are beneficial to energy
consumption and journey times. For smaller times and \ wiregeneralive brake | |
greater depths, some of the curves are superposed T whregeneralve brae
because the maximum velocity was achieved. When
this happens, it is worthless to deepen the central part s
of the track. The best solution is when the maximum
velocity is reached in point B of Figure 4.

Energy vs. joumey time with and without regenerative brake
] T T T T

h =7 m; steepness = 7%

Energy (MJ)
o

Regenerative braking reduces further energy
required for a given journey time, as shown in the
examples of Figure 8.

2.2 A note on transition gradients

Long trains are typically limited on the change 0 ' . . : : :
of track gradient because of compression or traction oo n ﬁm:D(s) g %
forces that arise between vehicles running in ’
different gradients. Figure 8: MATLAB plot of E(T) evaluating

the usage of regenerative brake.

In long trains with distributed traction, a
solution to reduce the internal forces between
vehicles would be to adapt the propulsion effort to balance the local gradient. When entering a downward gradient,

- the last vehicles, yet outside the gradient, would run with increased power;
- the first vehicles, already in the downward stretch, would run with a reduced power.
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Assuming that aerodynamic drag and other resistances are similar in all vehicles, the sum of the tractive effort
F of each vehicle and its longitudinal force due to gravity — M g sin € — should be uniform across all the vehicles of
the train, in order to equalize the acceleration of all vehicles.

Isolated vehicles or shorter trains admit shorter transition curves, because the whole set would run with a
similar gradient.

2.3 A note on comfort

Passengers do not feel the aceleration or decceleration due to gravity. In a downward gradient, if gravity
contributs to a;z = 1m- s™2 (see Fig. 3) and the motors contribute with Aengine = 1m- s72, the effective
acceleration will be 2 m - s~2, but the passangers will only experience the sensation of 1 m - s~2. The same applies
during decceleration in an upward gradient and in curves where can't compensate the centrifugal force.

3 CONCLUSIONS

Gravitational force can assist subways reducing the energy required and increasing the average speed.
Increasing the depth and the steepness of the track is useful to a certain point. The optimal depth in limited by the
maximum speed of the train. The inclination is limited by the need of transition slop. In our analysis, the gradients
were assumed constant at a given part of a track but, in reality, a good ride requires a smooth transition between the
level parts and the inclined parts.

Comparing to a regular level track, on a journey with the same elapsed time, these tracks are energetically
more efficient, despite of a higher travelled distance. Also, building the infrastructure becomes easier and cheaper,
and the accessibility for passengers improves.

There are also other advantages of having the station above the central part of the track. The construction of
the station at ground level is cheaper than underground, where there is less accessibility, a need of excavation and
thicker walls. There are less staircases, lifts and corridors to reach the platform. This saves money and resources,
not only during the construction, but also during operation. The decreasing of artificial lightning needed and
operation and maintenance of mechanical staircase, etc.
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EJIEKTPUYHH BO3UJIA BO EEC

KYCA COAPKHUHA (AIICTPAKT)

Bo oBoj Tpyn, moxeTanHO ce 00jaCHETH TEXHUKHUTE 3a pa3MEHa Ha €HEepruja ImoMery eJIeKTPUIHHUTE BO3Wia U
CJICKTPOCHEPIreTCKUOT CHUCTEM KaKO MpPEKa-KOH-BO3WJIO, BO3WIO-KOH-MpPEXa, BO3WIO-KOH-JIOM, Kako u
MMOBOJTHOCTUTE KOW THE TH HyJaT Ha MpeKaTa Kako pe3epPBHO HAIOjyBame MPU MCIAJN WK 32 33J0BOJTYBamkE Ha
BPBHOTO ONTOBapyBame. IcTo Taka e ondareH v MpoIecoT Ha MOJTHEHke Ha OaTepruTe U BIIMjaHUETO Ha OBO] TIPOIIEC
Bp3 EIEKTPOCHEPTETCKUOT CUCTEM. 3a Ja ce M30ErHaT JOMOJHUTEITHUTE MOTPEOH 3a eIeKTpUYHA CHEepTHja Kora
CJICKTPUYHUTE BO3WJIA CE BKIydyBaaT BO MpeEXaTa, ce€ pasriielyBa U MaMETHOTO MMOJHCHE W TAMETHUTE MOJTHAYN
KaKo TIOMOIII 3a IMCTPUOYTHBHATA MpeKa M HEj3MHATA KOMYHHUKAIHMja CO CIICKTPUIHUTE BO3UIIA.

Kayunu 360poBu: EnexTpudHO BO3MIIO, EIIEKTPOCHEPIETCKHA CUCTEM, BO3UIIO-BO-MPEXKa, TAMETHO TIOJTHEHE,
MaMETHH TOJIHAYH, BPBHO OIITOBAPYBakE, PE3CPBHO HAIIO]YBaKE.

ELECTRIC VEHICLES AND THEIR APPLICATION IN THE EPS

ABSTRACT

In this paper, the techniques for exchanging energy between electric vehicles and power systems such as
vehicle-to-network, network-to-vehicle, vehicle-to-home, as well as the benefits they offer on the network such as
spare power supply during outages or to satisfy the peak load to avoid the same unwanted outages, will be explained
in detail. Battery charging and their impact in the power system are also covered, how it can help in the proper
deployment of energy, rational utilization and smart spending as well as programmed charging time for electric
cars. In order to avoid additional electricity needs when electric vehicles are plugged into the network, smart
charging and smart chargers are also covered as they help the distribution network to avoid overloading, which
requires a permanent and quality communication with electric vehicles.

Key words: electric vehicles, vehicle-to-grid, peak load, spare power, smart charging, smart chargers, grid-to-
vehicle

1 TEXHOJIOT'AH HA PASMEHA HA EHEPTUJA IIOMET'Y EJJEKTPUYHOTO BO3HJIO U
MPEXATA

1.1 TexHosoruja Mpexa-KOH-BO3UJIO0

OBaa TEeXHOJIOTHja BO MOMEHTOT € HajynoTpeOyBaHaTa U HajpaclpocTpaHeTaTa TeXHOJoruja. Bo neHemHo
BpeMe OBaa TEXHOJIOTHja ce MPUMEHYBa 3a TPH HAIIOHCKH HUBOA Ha NOJHEeHe 32 BEB, Bo 3aBUCHOCT 01 HAIIOHOT BO
3eMjaTa BO KOja ce NMpUMEHyBaaT M Toa: eaHoda3eH Hau3MeHu4YeH HamoH on 120 V, eqHodaseH HaWm3MEHUYCH
HanoH of1 240 V u tpudaszeH HauzmeHu4deH HaroH o1 480 V. PasnnuHuTe HUBOA Ha HAIIOHM K€ BJIMjaaT HA BPEMETO
Ha TMOJIHEHh-¢. BO MpUHIUI, MOCTOjaT YSTHPH THUIA Ha aJilTOPUTMU 3a NoinHEeHke Ha BEB u Toa: KOHCTaHTEeH HAIIOH,
KOHCTaHTHA CTPYja, KOHCTAHTEH HAIIOH M CTPYja M UMITYJICHO TIoJHeHe. OBHE pa3udHU alTOPUTMU 33 TIOTHCHC
0apaar COOJIBETHO IPOCKTHPame M JUMEH3MOHUPAE HA KOHTPOIEPUTE KOM C€ KOPHCTAT BO CHEPreTCKUTE
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mpeoOpasyBaliiy 3a Taa HaMeHa. Bo JIeHeIHO BpeMe Kaj HCTPaKyBauuTe 0J1 0COOCH MHTEPEC € BIMjaHHUETO Ha OBUE
MOJTHAYM HAa MPEKaTa M Ha KBAJUTETOT HA CIEKTPUYHATA CHEPrUja. 3a Taa IaJl ce MOCBETYBa MOCCOHO BHUMAHHE
Ha MOJICUPABETO M UCTPAXKYBAIHETO HA BAKBUTE CUCTEMH M CIICHApHja, pe THE 1a OUIaT CTaBeHH BO (YHIIKH]a.
TakoB e mpuMepoT mpuMepoT pukaxad Ha Ciuka 1, kage Hekonky BEB ce moBp3anm BO el1eH AUCTPpUOYTHBEH
cucteM. [TokoHKpeTHO ce pasrienyBa ciydajotr Ha 10 BEB, xou ce moBp3aHu BO €IeH AUCTPUOYTHBEH CHUCTEM.
CHCTEMOT € PEeNaTHBHO MaJl M CO BHCOKA ONTOBAPCHOCT. 3a 0Baa MCTPAKYBAkE, BO3WUIIATA CC MOBP3aHU MOMETY
jaznure 692 u 675 o TUCTPUOYTHBHUOT CUCTEM U IIPEKy eaHO(a3eH TpaHChOopMaTOp CE HAIOjyBaHU CO MMITYJICHO
nonHewe. [IpBudHO OaTepujara ce mpeTmnoctaByBa jgeka uma 90% HanomHeTocT. barepujaTa ce moiHU co TOMOII
Ha mpeoOpa3yBau Ha €IHOHACOYECH HAMoOH (4YOoIep) co MOMOII HAa MMIYJICHA CTpyja Joieka He AocTHrHe 95%
HaIOJIHETOCT. Be3HnoT HamoH uma BpeaHocT o 240 V.

1.2 TexHoJsoruja BO3MJI0-KOH-Mpexa
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Cauka 1 IToBp3yBame Ha 10 BEB Ha 1ucTpuOyTUBHHOT CHCTEM

Boswmio-kon-mpexa, unn Vehicle-to-grid—-V2G, e KoHIENT Koj ce OAHeCyBa Ha CIIOCOOHOCTA Ha CHCTEMOT
MMOKpPaj IPOTOKOT HA €HEPruja 0J MpekaTa KOH BO3MUJIOTO Ja OBO3MOXKHM M ITPOTOK HA €HEPruja o BO3WIOTO KOH
Mpeskara. Co 0Baa TEXHOJIOTHja C€ OBO3MOJKYBaA JBOHACOYHA pa3MeHa Ha CHEpPIuja IoMery eJIeKTpHYHaTa MpeXxa
Oarepujara Ha Bo3WI0TO. CO TBOHACOYHHUOT IOJTHAY, OATEPUHUTE BO BO3IIIOTO MOXKE JIa C€ HCKOPHUCTAT KaKO H3BOP
Ha pe3epBHA MOKHOCT 3a JIOMalllHa yrmoTpeda win paboTHOTO MecTo. barepujara Ha OaTepUCKUTE EICKTPUYHH
Bo3mwia (BEB) mcTo Taka Moke J1a ce KOPUCTH 3a KOHTPOJIa Ha CTAOMIIHOCTA U PEryjaupame Ha (peKBeHIMjaTa U
HAINlOHOT Ha EJICKTPOCHEPreTcKaTta Mpexa, JUCTPUOYTHBHATA CICKTPUYHA MpPEKa U OOHOBIUBUTE HM3BOPH Ha
eHepruja.

Bo mommpoka cMmucna, Bo WAHHMHA, Ke mocTojaT crotunu wijanu BEB kom ke Oupmar moBp3aHu Ha
CJIIEKTpUYHATA MpeXa M Ke JOMHHHpPAaaT BO TPAHCIIOPTOT, KaKO €IHO O] pElICHHjaTa 3a CIMMHUHUPAmE Ha
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ynorpebata Ha (ocuIHM ropuBa. 3a 1a ce pa3depar BidjaHHjaTa Bp3 padoTaTa Ha EHEPreTCKHOT CUCTEM BaXKHO €
Jla ce POYYH BIMjaHUETO 32 KOHIICTITOT MpEexka-I0-BO3UIIO, KAKO U pa3iInIHU (aKTOPU METy KOU CE U TOJIeMUHATa
Ha OatepujaTa, MONHEeWETO M edukacHocta. Co men na ce ontumm3upa V2G BaxHO € Ja ce eaynupaar
MOTPOIIYBaYUTe 3a KOHIENTOT "mamerHa Mmpexka'. [loTpomryBaunte Tpeba aa Ouaar cBecHHM 3a (haKTOT JeKa
MOJIHEEETO Ha OaTepUHUTE BO TEKOT HAa HOKTa OM OMIIO 1MOoao0po M moeduKacHo, OMIejkh BO TEKOT Ha HOKTa
MOTPOIITyBayKaTa Ha SJICKTPUYHA SHEPrHja onara 1 [ieHaTa Ha eJICKTPUYHATA CHEePryja ¢ MOHKCKA.

Hako mocTojat 3arprkeHocTy co noHewmeTo Ha BEB neka ke Ouie moTpeOHO JOMOTHUTEITHO IPEeB3eMamkhe Ha
CIIEKTPUYHA EHEePrHja OJI CTpaHa Ha MPEXaTa, HCTPaKyBamaTa MoKa)xale Jieka JOMOJHUTEIHATA modapyBayuka 3a
BEB wusnecyBa 1,5% on BkymHata mobapyBadka Ha efnekTpudHa eHepruja Bo 2030 mro e camo 6% on
3roJIEMyBambEeTO Ha MoOapyBauykaTa TOpaJd HOBU ONTOBapyBama O €ICKTpUdUKalUja BO WHAYCTpUjaTa U
CTAaHOCHUOT U KOMEPITHjTHUOT cexTop [1].

1.2.1 KoHuent Ha BO3WJIO-KOH-Mpeka

KoH1enToT Ha BO3MII0-KOH-MpPEkKa C€ COCTOM BO TOa IITO CHEpPrujara MTo ¢ CKiaaupaHa Bo Oarepunte Ha BEB,
MOJXe Jla ce Bpaka Bo Mpexkara. Co oBaa TEXHOJOTHja ce MPETHOCTaByBa Jieka JIOKoNKy Oarepunte Bo BEB cranar
IIMPOKO MPHUMEHIIMBH, TOTAlll TUE OM MOKene co Op3 OASUB Jla MOMOTHAT BO BPBHHUTE MO0apyBama Ha MOKHOCT, KOTa
BO3WJIATa CE MTAPKUPAHHU WU TOBP3aHU Ha IMOJIHEYKUTE CTAHUIIU. BO Mpocek, aBTOMOOWINTE Ce BO3AaT €JICH Yac THEBHO,
a OCTaTOKOT O] IEHOT ce MapkupaHu. KomnunHata Ha MOKHOCT KOja ce TOBJIEKYBa OJ] aBTOMOOMIIOT MOXeE Jia Omje
okoiny 10-20 kW. Bpckata BO3WJIO-KOH-MpEka MOKe ga ce o0e30ean co Op3a KOMyHHKaIMja IOMery
CJIEKTPOCHEPTETCKUOT chcTeM U Oatepujara Ha BEB.

3a BEB, eneprujata mro Moxe J1a ce KOPUCTHU O] BO3MIIO-KOH-MPEXKa € OTPaHUYCHA O] TOJIEMHUHATA Ha BrpajieHara
Oarepuja. Kaj 0BOj cHcTeM MPOTOKOT Ha €HEpruja € IBOHACOYEH, INTO 3HAYM JCKa BO3MJIOTO MOXKE J1a ja 3eMe
CJIGKTpUYHATA CHEPryja o1 Mpekara (3a BpeMe Ha IOJIHEHETO) U 1a 00e30eau eHepruja (Bo TEKOT Ha Mpa3HeHke) 10
Mpexkara. OCBeH KOHIIENTOT Ha BO3MIIO-KOH-MpEXa, TyKa € U KOHIICTITOT Ha BO3UJIO-KOH-JIOM, KOj € OTPaHUYCH BO TOA
IITO €HO BO3KMJIO OM MOJKEJIO Jja CHAOIyBa caMoO €IHO JOMaKHUHCTBO.

OyHKIMHTE Ha BO3WIO-KOH-MpPEekKa MOXKAT Ja Ouaat kiacu(GUIMpany BO B KATETOPUU: JIOKATHHU YCIIYTH U YCIYTH
Ha MomMpoka obacT. JIokamHUTe yCIyry BKIyYyBaaT CHaOIyBame Ha pe3epBHATA MOKHOCT 3a JIOKATHUTE KYKH WIN
OW3HNCH W CTa0WIM3alija HAa HAMIOHOT WM MOJ00OpYyBame Ha KBAJIWTETOT HA €ICKTPUYHATA CHEpruja. YCIyTUTe 3a
MIMPOKa O0JIaCT BKJIyYyBaaT MOMOIIHM YCIYTH 3a Mpexara, KOU ce MOBpP3aHU CO MOKHOCTa W CO HHUB MPEKHUTE
OTIepaToOpH OJP’KyBaaT CUTypHaA paboTa Ha Mpexara.

1.2.2 IIpenHocTH Ha BO3HI0-KOH-MpeKa

Mwma morostem 6poj Ha MPEAHOCTH MPH BrpagyBame Ha V2G TEXHOJIOTH]jaTa BO EICKTPOSCHEPTETCKHOT CHCTEM.
Jlen o THE IPETHOCTHU CE€ HABEACHU TOJIONY:

- IlomoOpeHa CHUTYPHOCT: MHBEPTOPUTE NPHUMEHETH BO TEXHOJOTHjaTa BO3WIO-KOH-MpEXa MOXaT Ja
pearupaar 0p30, J1a To KOHTpoHpaaT eeKToT Ha 0o Koe HapyiryBame. OBa ke My nomorue Ha EEC na
ouJe mopoOyceH, a co Toa M J]a ce HaMaJId PaHIIMBOCTA HA CHCTEMOT.

- IlomoOpeHa MOBepPIMBOCT: IIPESIHOCTA BO OCTABYBAKHETO HA CUCTEMOT BO3WIIO-KOH-Mpexa OUIIO Kasie BO
JIUCTPUOYTUBHUOT CUCTEM T'0 TIPABU PE3EPBHOTO CHAOTyBamE TOCTAITHO HA KPATKO PACTOjaHHE UAKO HE €
WHCTAJIMPAHO BO OJIM3MHA Ha MOTPOITyBadoT. OBa Ke MMa roJieM yIell BO TOBEPIUBOCTa HA CHAOAYBAmHETO
HAa TOTPOIIYBAaYUTE CO CJIICKTPUYHA EHEpruja, OWACjKH MOTOJIEMHOT JeN OJf MPESKHHHUTE CE CIlydyBaat
MOpaJy MPEYKUTE BO JUCTPUOYTUBHUOT CUCTEM.

- BiamnjaHue HA reHepUpPamETO: CO NIOBP3YBAHE HA rOJIieM OpOj Ha ENEKTPUYHHU HITH XUOPHUTHH SIIEKTPUIHU
BO3HJIa CO MPHUKIYYOK BO TEKOT Ha JCHOT, BpBHATa MOKHOCT MOXKE JIa C€ OTPAHUYH BO TIEPHOIOT HA BPBHO
onrtoBapyBame. McTo Taka 3a BpeMe Ha HUCKO ONTOBapyBamkE BAKBUTE CHCTEMHU MOXKE Ja Ce MPUKIIyYaT Ja
TU TOJTHAT OaTepuuTe, a CO TOa CE OBO3MOXKYBa T'C€HEpPAaTOpPHUTE Ha Oa3HHWTE ONTOBapyBama Jia padboTaT
eukacHO Oe3 /1a HocaT rojieMa BPTIIMBA pe3epBa.

- IlpexHocT 3a KMBOTHaTa CpeQWHa: KOopUCTewmeTo Ha BEB Moxe na BimMjae Ha 3arajyBameTo Ha
okonmuHaTa. TWe MOXaT Ja o MOMOTHAT HAMAaJIyBamkeTO HAa EMHCHjaTa Ha CTAaKJICHUYKH TacOBH CO
WHJIUPEKTHO KOPUCTEHHE HA YUCTA SIICKTPUYHA CHEPTHja BO TPAHCIIOPTOT.
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1.3 TexHoJs0oruja BO3MJI0-KOH-10M

Texnonorujata Bo3uio-KOH-TOM € CHCTEM KOj OBO3MOXKYBa CHaOIyBame CO CJICKTpUYHA CHEpruja Ha
JIOMakWHCTBATa CO IMOMOIIl Ha €HeprujaTa CKiaJupaHa BO OaTepuuTe Ha eNEKTPUYHOTO BO3WIIO. BakBHOT KOHIENT €
Beke pa3BueH o1 kommanuuTe Mitsubushi co Bozuoto Mitsubushi Outlander PHEV (Janonwuja) u Nissan LEAF Error!
Reference source not found., kou IITO JOKOJIKY T'Y MTOJTHAT CBOUTE OaTepUH BO BEUSPHHUTE YACOBH, a TIOTOA T KOPUCTAT
OarepunTe BO TEKOT Ha JCHOT OM MOXelle Ja cHa0JaT co eJICKTpUYHA CHEepruja €IHO IOMAaKWHCTBO, CO IITO OW ce
OJIECHWJIO 33/I0BOJTYBAFETO HA BPBHUTE ONTOBApyBamka BO TEKOT HA IUIAJHEBHUTE W TOIUIAJHEBHUTE YaCOBH KOTa
nobapyBaukaTa ¢ HajroneMa. VcTo Taka, BaKBaTa TEXHOJIOTHja MOXKE JIa C€ KOPHCTH U KaKO PE3ePBHO CHAOIyBame CO
CJICKTPUYHA CHEPTHja IPU UTHH CITYYaH.

Konkpetno 3a Bosunoro Nissan LEAF EV, nomakuHcTBaTa OM MOKene /1a OMmaT HarojyBaHH Off OaTepunTe Ha
OBa BO3WJIO CO WHCTAJIHMPamE Ha CUCTEM 3a KOHTPOJAa HAa MOKHOCTAa Koe OM OWIIO MOBp3aHO Ha pa3BojHATa Tabla Ha
JIOMaKUHCTBOTO, MCTOBPEMEHO TOBP3aHO Ha COOJBETHUOT NMPUKIYYOK HA BO3WJIOTO. 3a Jla MOXE Jia C€ KOPUCTH
eHeprujara CKJaJupaHa BO JUTUYM JOHCKHATE OaTepuu HA OBa BO3WJIO, MOTPEOHO € Jia ce HalpaBU KOHBEp3HWja Ha
€HOHACOYHHOT, BUCOK HAIlOH BO Ham3MeHW4YeH HamoH of 200V, 3a mTo € OArOBOpPEH CHUCTEMOT 3a KOHTpOJa Ha
MokHocTa. Nissan LEAF EV nMa auTryM jOHCKH OaTepuy KOM MMaat rojieM KarmalnuTeT U BUCOKa JOBEPIIMBOCT, IITO
3HAYM JleKa OM MOKene J1a 00e30e1aT cTa0miHO HanojyBamke. OBa e mpuMep 3a TUITMYHO JJOMaKHHCTBO BO JamoHwja.

Cauxka 2 Texnosnoruja Vehicle-to-Home (V2H)

2 ITAMETHO IIOJIHEIbE

[TonHeweTo Ha eNeKTPUYHMTE BO3WIIA € PEeNIaTHBHO HOBAa TEXHOJOIHja Koja ce pa3BuBa co O0p3o tenmo. Co
MaMETHOTO IMOJTHEHE CE OBO3MOXKYBA IMOJHEHE Ha €IEKTPUYHOTO BO3ZWIIO KOE IITO MOXKE J1a OWJe HaJABOPEIIHO
KOHTPOJIMPAHO.

TexHomoruja Mpexa-KoH-BO3HIO OBO3MO’KYBa BO3MJIATa J1a CE TOJIHAT CO Pa3INYHM KAalallUTeTH, 3aBUCHO OJ1
JIOCTalHOCTa Ha eHepruja. barepunte Ha eNEKTPUYHOTO BO3WIIO MOXKE 1a OMIAT MOJHETH Ha “NaMeTeH HAuuH CO
nes Aa ce u30erHaT BpBHHM ONTOBapyBama BO Mpexkara. OBa e OasupaHo Ha moOapyBaukaTa Ha €HEpruja Of
CHCTEMOT M JOCTAITHOCTA Ha EJICKTPHYHA €Hepryja Ha JOKAIHO HUBO.

TexHomorujaTa BO3MI0-KOH-MpEKa OBO3MOKYBa Bpakarme Ha €HEprija o/ BO3uiaTa KOH MpexaTa. barepujara
Ha BO3WJIOTO HCTO TaKa MOKE JIa € KOPHUCTH KaKo pe3epBHA €HEepTHja WK AOTIOHYBakE CO EHEPryja MPH BPBHUTE
ONTOBAPYBambA.

|
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AKO KOPHUCHHUIUTE Ha eIEKTPUIHUTE BO3MIIA CE TIOTTUKHAT Ja TH MOJIHAT CBOMTE BO3MJA IO 9 4acoT HaBedep,
HamecTo BO 6 4acoT MOIUIaJHE MO 3aBpIIyBamke Ha PabOTHOTO Bpeme, OM MOMOTHANo NMPH CTaOWIU3Uparhe Ha
KpUBaTa Ha OMNTOBAaPYBAamETO HA EIEKTPOCHEPreTCKUOT CUCTeM. ENHOCTaBHO pelIeHHE 3a OBOj MpoOiieM e
TaKaHape4YeHOTO ITaMETHO MoJHewke. Ha 0B0Oj HaunH, NONMHEHETO MoKe J1a OM/Ie OJUTOKEHO 3a MEPHOIO0T O JICHOT
KoTra BO MpekaTa OM MMaJio MoOMaJio ONTOBAPYBAE, a T0a 1a OMJIe BO COTTIACHOCT CO KOPHCHHUKOT HA EJICKTPUYHOTO

Enepruja [kW]

i 3iians (BT Friiann VBB ans A DEam fiiHDam

Yac op geHoT

MEFTPIEYESHO 00 whnpaoysaso 00 MAHHManWD

OMTOSSQYEME 00 OATOSapyEEsRE 00 OSTOSSOyaash

[ e ERATC] W o0 LT

Caunka 3 /IlujarpamM Ha JHEBHO ONITOBAPYBAame €O HEYNPABYBAHO, YIPABYBAHO M MUHHMAJIHO
ONTOBApPYBam:E

Bo3wiI0. Kaj KopucHUIMTE MOKE J1a ce MPOMOBHpPA CO MAPHYHM CPEICTBA WX IPYT HAUMH HAa TIOTTUKHYBAmkE J1a TO
KOPHCTAT aMETHOTO TOJIHEHHE.
[Ipenu3BUKOT Kaj BaKBOTO IMOJHEHE OM OWio AoOMBame Ha WHQOpMAIHMja O BO3HMIIOTO 32 CTENEHOT Ha

HATIOJIHETOCT Ha OarepujaTta. 3a Taa Iel MOXKEe J]a ce Brpajid MaMeTeH CHCTEM KOj ja TIOKa)KyBa MOMEHTAIHATA
HAIIOJIHETOCT Ha OaTepHjaTa Ha BO3HIOTO.

2.1 IlamMeTHHU mOJHAYM

EnextpuynuTe aBTOMOOMIM MOXE Ja MMaaT TOJEM YZAEN BO TPOLICHETO Ha EJEKTPUYHA EHEprHja.
[TonHeweTo Ha eNEKTPUIHO BO3HUIIO BO IPUKIYYOK Moxke Aa 3adatu mypu u 30% on cMeTkaTa 3a CTpyja Ha THIIUIHO
IOMakuHCTBO [3]. AKO mpemHOry Jyfe OJUIydaT Aa T'M HaloJHAT CBOMTE aBTOMOOWJIM 3a BpeMe Ha BPBHOTO
OINITOBapyBame, TOA K€ MPeAN3BUKA Ja KOMIIAHUUTE HA AUCTPHUOYTHBHATA MpeXa IIOYHAT Ja KOPHCTAT CKamu

pelIeHuja 3a 1a TY 33/I0BOJIAT OTPeOUTe, AypH | Jia Ce MojaBat U ucraan. [laMmeTHHTE TOIHAYM MOKAT Jja TO penrat
0BOj TIpo0JIEeM.

Co maMeTHOTO TIOJNHEHE HEe caMO IITO Ke MOXKAaT Ja ce W30erHaT HemoTpeOHUTE TPOINONHU, K& MOXe U
MaKCHMAJIHO J]a C€ NCKOPUCTAT CTAHUIUTE 3a MOJTHEHE BO CIIy4aj Ha OrPAaHUYCHU PE3epBH Ha MOK.

Cauka 4 Ilonnewe Ha 0aTepuuTe €O MAMETHH
MOJIHAYHU

Co maMeTHHUTE TOJTHAYM COTICTBEHHUIINTE K€ MOXKAT Ja T'M MPOrpaMHupaaT HUBHUTE aBTOMOOWIIH Jia ¢€ MOJTHAT
BO HOKHHUTE YacOBH, Kora mobOapyBaukaTa ¢ HUCKa. OBa € KOpHCHA omiyja OWjejKu KOMIAHUHTE CE MOBEKE ja
KOpHCTAT TaKTHKATA 3a HAIJIaKkambe KaJIe [ITO HalulakaaT MOMAJIKy 3a eJIEKTPUYHA CHEpTrHja BO HOKHUTE YaCOBH, CO
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IITO TMOTPONTYBAYNTE K€ MOKAT Jaa 3amrenar mapu [4]. Ho, moiHaunTe MOXaT M Jja pearupaar ¥ Ha CUTHAIN BO
BUCTUHCKO BpeMe. OBHE CUTHAIM MOXKE J1a HalpaBaT MPOMEHH BO IMOJHEHETO, TaKa IITO SICKTPUYHUTE BO3WIIA Ke
MOJKAT JIa C€ MCKOPHCTAT KaKO M3paMHYBaul Ha BapHjallMUTe BO MoOapyBavykaTa U MOTPOIIyBavKaTa.

Tue MoxaT 1a ce mporpaMmpaar fia ce UCKIydar Kora nodapyBadkara € TojeMa co el Jla Ce HaMailu, UK ITaK
MOXKaT J1a BpaTaT €Hepryja Ha3aJ KOH MpexaTa Kora rmodapyBadykara € rojieMa WM KOora HEeKOoja CTaHHWIa Ke ce
UCcKIy4H [5].

3 3AKJIYYOK

Bo oBoj HaydeH Tpya HaKpaTKO ce¢ TUCKYTHPAaHH TEXHOJOTHUTE 3a pa3MEHa Ha CHeprmja IoMmery
CJIEKTPUYHUTE BO3WIIA K MPEXaTa, IaMETHOTO MOJHEHE U TaMETHHUTE TTOJTHAYH.

TexHonoruuTe 3a pa3MeHa Ha €HEpryja MOXKaT JeTyMHO J1a TH MOLITEAAT eJIEKTPOSHEPTETCKUTE KOMIIAHHUH O]
WHBECTHUIIMH 33 CO3/1aBamh¢ Ha PE3CpPBEH KalalluTeT, 32 Jia e 3a/I0BOJIaT Oapamara Ha eJIeKTpUYHa eHepruja 3a
BpEMe Ha BPBHOTO ONTOBapyBame. VcTo Taka, Ou Moxelle Jla MOMOTHAT BO HamalyBame Ha Tpormonute 3a kWh co
TOA LITO MPAaBUIHO OU CE HCKOPUCTUIIE PECYPCHTE Ha MpekaTa BO TEKOT Ha ACHOT, 3Tr0JIEMYBajKU TO (JaKTOpOT Ha
uckopucTeHocT [6]. [pyra mpeaHoCcT Ha KOPHUCTCHETO Ha EIEKTPUYHHTE BO3WIA € TOoa IITO OM MOXese JIa T'H
KOpUCTAaT OOHOBJIIMBUTE M3BOPU Ha CHEpPruja 3a MOJHEHE Ha OaTepuuTe BO NEPUOJM KOTa MMaaT TOJEeMO
MPOM3BOJICTBO Ha ENIEKTPUYHA CHEPTHja, Ha IPUMEp BO IUIAJHEBHUTE YAaCOBH 0O/ (JOTOBOJITAUYHHUTE TICHTPAIH.

[Iponecot Ha MoONHEHE Ha BO3WIATA € IOMOTHATO CO alTMKAIMY 33 TaMETHO MOoJHewke. BakBuTe ammkanum
MOJKE J1a c€ KOPUCTAT BO JOMAaKHHCTBATa U MOJHEHETO MOXKE Aa OUIe OJUIOKEHO 3a MEPHOAOT O AECHOT KOra BO
Mpeskata OM MMalio IIOMajio ONToBapyBame. JIBoHacouHaTa npupoaa Ha XEB monHadoT Moe 1a Oume KOpucHa
3a BpeMe Ha BpBHa onToBapeHOoCcT. Co HHCTAIMPAKETO Ha TAMETHU CUCTEMH, KOPUCHUIIUTE O ja 3Haelle TouHaTa
cocTojOa Ha HAITOJITHETOCT HA 0AaTEPHUTE U MOJIECHO OM c€ OAPEIUIIO BpeMe 3a MOJHEHkE Koe Ke OHJie BO COTTIACHOCT
M CO yCTIOBHTE BO MperKara.

Nako mocrtojaT 3arpmkeHOCTH 3a Toa KaKo €JIeKTPUYHHWTE BO3WIA M HUBHOTO TOJNHEHE OM BiMjaene Ha
CJIEKTPOCHEPTeTCKUOT CHCTEM, Kako INTO € H3J0KEHO BO OBaa CEMHHApCKa 3ajada, CO HHUBHO MPaBHIHO
yIpaByBame, KOHTPONUPAjKH HHU3a (PaKTOPH KAaKO BPEMETO Ha TOJIHEHE, HAYMHOT Ha MOJIHEHE U Pa3IMIHUTE
TEXHUKH, BCYITHOCT €JEKTPHYHHUTE BO3WJIAa OM M TOMOTHAJIE Ha MpEeXaTa BO 3aJ0BOJyBal¢ HAa BPBHUTE
onrToBapyBama. VcTo Taka OM MM TIOMOTHale M Ha KOPHUCHUIUTE HYAEJKM WM CEKOTall JOCTalHO pPe3epBHO
HAarojyBame py OMJI0 KaKBU UCIaId, KaKo U JPYTH IPEIHOCTH KOU ce oBeke O IMOTTUKHAJIE 3roJIeMeHa yoTpeba
Ha eJICKTPUYHUTE aBTOMOOWIIH BO WIHUHA.
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ABSTRACT

The main purpose of this paper is to explain the process of an electric conversion. Electric conversion involves
removing the entire internal combustion engine from a vehicle, installing an electric motor in its place, and also
adding a large bank of batteries. The main steps of the process are explained. Attention is paid to the choice of the
motor type, the battery, the charger and to the other vehicle components, including their costs and maintenance.
The costs are later compared to running and maintaining a conventional vehicle of the exact same make and model.

Key words: electric vehicles, EV conversion.

1 THE IDEA BEHIND ELECTRIC VEHICLE CONVERSION

“Why convert an existing vehicle to electric, when you can just get a new vehicle?”” This is one of the main
questions regarding electric vehicle conversion. This term began as independent one off projects, by car
manufactures, in order to make certain iconic models of their line up timeless.

The first examples is from Jaguar: a 1968-Jaguar-E-Type sports car. Renamed the Jaguar E-type Zero, it has
its previous powertrain (engine and gearbox) taken out, and replaced the old six-cylinder engine with an electric
motor. This Jaguar has 255 horsepower, and a top speed of 195 km/h and 250 km electric battery range on a full
charge, while weighing 80 kg less than the original model. In other words it retains almost the identical performance,
while being a zero-emissions vehicle. This conversion is reversible, which means the original drivetrain and engine
can be put back in the vehicle in a matter of hours.

Next was Aston Martin, which took a near identical approach with the electrification of their 1970 Aston
Martin DB6 Mk2 Volante, with near identical performance figures, as the original model, while being zero
emission.

These two projects were inspiration for many enthusiasts to pick their favorite classic car, or practically any
car, take it to a mechanic shop (or go through the challenges themselves), get the desired power and range according
to their wants and needs, and start using it as a daily driver.

Common practice in these classic car projects are to add power steering and braking, and air conditioning,
which further helps to bring any classic car in the comfort of 21* century.
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2 THE PROCESS OF CONVERTING A CONVENTIONAL VEHICLE TO ELECTRIC

2.1 Removing the original internal combustion system

The first thing needed, obviously, is a car, often referred to as a “donor” car. This can be any classic, used or
brand new. This is a crucial step, as its size and weight will determine how many battery modules can be installed
later, and the size and weight of the electric motor. The only original remaining parts will be the tires and brakes,
suspension and interior, as well as the systems that are powered by electrical power by default, like the infotainment
system, safety system etc.

The transmission may or may not be removed, depending on the client preferences. Most vehicles that have
one axle moving the vehicle, have their transmission taken out, and instead, an electric motor is directly linked to
the wheels. However, if a vehicle has an all-wheel-drive system installed, an adaptor can be made so that the electric
motor will be connected to the clutch, and therefore, the car’s original differential. On the other hand, the differential
and transmission can be taken out, and be swapped with a two (one per axel), three (two upfront and one rear axle)
or four (one per each wheel) motor setup.

An ideal electric vehicle conversion is when the whole process is reversible. In other words, the original
internal combustion powertrain can be installed back in the original body, without any major modifications.

2.2 Choosing the right type and size of battery, motor and charger

As a vehicle specifically designed to house its original internal combustion components, the installment of
the new parts depend on a few factors. First there are a lot measurements to be made in order for a certain motor or
battery module to fit in the car’s existing mounts. Most often, the mounts that will hold the internals in the soon-to-
be-electric vehicle have to be custom made. Components weight, size and need for accessories (for example cooling
pads and systems, auxiliary cables and control units). One thing that must not be ignored is the vehicle’s overall
center of mass — any major changes may putt excessive pressure on certain tire or axel, and may eventually lead to
additional work to strengthen the original suspension components.

2.3 Electrifying the original non-electric systems

In conventional vehicles, most of the systems that control the vehicle are operating on hydraulic pressure,
and/or belts driven. Such systems include power braking and steering, air-conditioning. Most often, electronically
controlled systems are installed, as they require less labor and time to be installed, and are cheaper.

2.4 Installing battery management system, charger and sensors

The electric drive system shares only a few common sensors and input data with its conventional counterpart.
Conventional systems rely on pressure, temperature, various gas concentration, the engine’s rotations per minute
(RPM) current gear etc. The electric one doesn’t have an engine, so a lot of sensors have to be readjusted to read
and to show the needed and correct information that will serve the vehicle in a useful manner. On the other hand
the Battery Management System (BMS) requires information about the internal temperatures, voltages, currents
and resistances on the individual components, in order to reliably and safely operate the entire vehicle.

2.5 Integration

Auxiliary systems, like entertainment systems, power electronics, airbags, alarm and locks are integrated
with the new sensors input. Integration is often done on the original vehicle’s computer, mostly to preserve the
original setup and characteristics of a vehicle. This is the most time consuming and labor intense part of the entire
project.

Most car manufacturers do not put up their information to be readily available, so more often, certain parts
of the normal operation have to be reverse engineered and/or the system to be “fooled” into having and ICE running.
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However, integration is the most difficult for the first car of a certain car manufacturer or model, so the whole
process is often more cost effective when converting a fleet of vehicles, or many similar car models from a single
manufacturer. This is the main reason why local electric vehicle conversion shops will happily offer to convert a
classic car, but at the same time be a bit hesitant about converting a modern car to electric.
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Figure 1 Illustration of a general configuration of an electric vehicle

3 CHOOSING THE CORRECT ELECTRICAL CONTROLS

The two crucial components that make up the overall performance, reliability and cost are the onboard
charger, electric motor and battery. Nowadays, most of the components come in a bundle that include all the
necessary connectors and cables that a certain motor and/or battery system needs in order to run smoothly and
efficiently.

3.1 Choosing the vehicle’s battery

Electric storage units, commonly referred to as batteries, have been around for a lot longer than we think. In
fact, the first electric vehicle with an on-board rechargeable lead-acid battery was produced as early as 1859. But
early models of the batteries proved too expensive and heavy to be mass produced, compared to the cheap-to-run
gasoline. This resulted in a very limited, but consistent use of a range of different types of electric vehicles, from
wheelchairs to bicycles, from forklifts to electric pick-up truck, and as stationary energy storage. Below is a chart
showing what types of batteries, and their energy capacity are mainly used in different types of vehicles. The data
in the chart below shows and average estimate, and numbers may vary depending on individual vehicle or
manufacturer.

EV manufacturers calculate the driving range under the best conditions and according to reports, the distances
traveled in the real-world can be 3037 percent less than advertised. This may be due to the extra electrical loads
such as headlights, windshield wipers, as well as cabin heating and cooling. Aggressive driving in a hilly countryside
lowers the driving range further. [1].
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Application Chemistry Capacity CoEsg;\)Nh 2 B(?Etltjelg BUiES
E-bicycle Li-ion 360Wh 1,100 350-450
Starter Lead acid 0.5-1kWh 145 110
Golf car Lead acid 8kWh 110 655 (set)
Forklift Lead acid 18kWh 150 2750
Stationary Lead acid Small to large 180 45.000 typical
HEV NiMH, Li-ion 1-2kWh 455 1.500-3.000
PHEV NiMH, Li-ion 5-15kWh 455 9.000-11.000
EV Li-ion 20-90kWh 210-310 9.000-28.000

Chart 1Battery capacity and price differences in various uses

Different automakers use different technologies that they developed via partnerships, or in-house, depending
on their desired products characteristics. The makers of Nissan and BMW EVs use the proven lithium-manganese
(LMO)battery with a NMC blend, packaged in a prismatic cell. (NMC stands for nickel, manganese, cobalt.) Tesla
uses NCA (nickel, cobalt, aluminum)

The large 90kWh battery of the Tesla S Model (2015) provides an unparalleled driving range of 424km, but
the battery weighs 540kg, and this increases the energy consumption to 238Wh/km , one of the highest among EVs.

In comparison, the BMW i3 is one of the lightest EVs and has a low energy consumption of 160Wh/km. The
car uses an LMO/NMC battery that offers a moderate specific energy of 120Wh/kg but is very rugged. The mid-
sized 22kWh pack provides a driving range of 130—160km

The cost of automotive lithium-ion batterers has fallen from about €1,000/kWh to a bit more than €100/kWh
today. These cost reductions are attributed to incremental improvements in battery design and manufacturing
efficiency, but few are credited to better battery chemistry. To further reduce cost, better battery chemistries are
needed.

3.2 Choosing an electric motor

Selection of the traction motor for an electric vehicle system is a crucial step in designing the overall system.
Many criteria such as efficiency, cost, reliability, power density, maturity of technology and controllability must be
taken into consideration. In the industrial application point of view, the most common motors used in the electric
vehicles are: DC motors, induction, permanent magnet synchronous, switched reluctance and brushless DC
motors.AC motor drives have some distinct advantages over their DC counterparts, such as: higher efficiency,
higher power density, effective regenerative braking, robustness, reliability and less need of maintenance . DC
motors are losing their attraction, while switched reluctance motors are performing really well compared to the AC
motors.

The electric motor also has option to be used. Below is a table showing the overall characteristics of different
motors: DC motor (DC), Induction motor (IC), Permanent magnet motors (PM) and Switched reluctance motors
(SRM) [2].

|
SCEESD 2014 a0



A '
Propulsion ( | |
Systems | Ny [
DC M PM SRM
Characteristics |
Power Density 2.5 35 5 3s |
Efficiency 2.5 s 5 35 |
Controllability 5 5 4 1 |
|
Reliability 3 5 4 5
Technological 5 5 K 4
mturify 1 5 3 1
Cost
Y Total ‘ g ‘ ° & |
22 27 25 23
|

Figure 2 Evaluation of different traction systems for
electric vehicles

3.3 Battery charger

One of the greatest challenges regarding electric vehicles is its energy transfer rate i.e. the time needed for a
battery to be recharged. This process is rather slow, compared to the conventional vehicles that are in use today.
That is why choosing a correct type of charger for an electric vehicle conversion is a big and crucial part of the
overall project.

Often referred to as different charging modes, each of these present a set of different parameters, and in terms
of power (and time needed for a battery recharge), the difference is exponential.

Mode 1 charging uses the standard power outlet without any further safety equipment. For Mode 2 charging
the charging cable that connects the electric vehicle and the standard power outlet is equipped with an in-cable
control and protection device charging a permanently installed wallbox (Electrical Vehicle Supply Equipment, or
EVSE) is needed. Mode 4 is DC charging with an external charging device. The charging operation is controlled
by the vehicle. The external charger communicates with the car to set the right charging voltage and current. For
charging Mode 4 the connection cable between the vehicle and stationary charger is fixed permanently to the
charging point. The connector pins have to be rated for currents above 100 A, and the connection has to be locked
during the charging operation [3]. The differences in rated power, current and estimated charging time are shown
in Chart 2.

Charging Maximum Max. charging Charging time for recharging ca.
mode current power 20 kWh

Mode 1 16 A ac, 1-phase |3.7 kW 5h

Mode 2 32 A ac, 3-phase |22 kW 1h

Mode 3 63 A ac, 3-phase |44 kW 0.5h

Mode 4 400 A dc approx. 200 kW 6 min
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3.4 Other components

The rest of the electric power and drive train consists of an adaptor plate — a plate that mates the engine and
transmission; Motor Control Unit (MCU), a potbox — an electric throttle body attached to the existing accelerator
cable; main contactor — serving the same purpose as an ignition switch; circuit breaker and main fuse; DC/DC
convertor — used for charging the accessory 12 V battery.

4 COST COMPARISON BETWEEN A CONVERTED ELECTRIC VEHICLE AND THE ORIGINAL
CONVENTIONAL VEHICLE

4.1 Vehicle of choice

The vehicle chosen for this comparison is a vehicle most commonly used in many fleets by many companies, both
private and state-owned: Dacia Duster. It currently is considered Europe’s cheapest SUV that offers all-wheel-drive.
The model that will be compared is the 1.5 dci 4x4, using diesel as fuel.

The converted electric vehicle is with parts to match the performance of the conventional vehicle, and range
sufficient for extensive daily use, the way which most fleet vehicles are used. The electric motor is connected to the
transmission through an adaptor plate, in order to make the same end result: one power sources powering all four
wheels through the factory all-wheel-drive system.

CONVENTIONAL ELECTRIC
VEHICLE CONVERSION
TOTAL WEIGHT (KG) 1455 1455
PEAK POWER (HP) 116 120
PEAK TORQUE (NM) 260 219
ESTIMATED RANGE ON A FULL CHARGE 212 943
(KM)

Chart 3 Performance comparison between a conventional and converted electric vehicle

The assumptions are that an ICE with its essential running components (oil lubrication and water coolant
systems) weigh 250 kg. On the other side, the conversion consists of NetGain HyPer9 HV AC Motor powered by
31kWh Tesla Model S Lithium Ion Battery, weighing in at 215 kg [5]. With the other components installed, it is
safe to say that both vehicles will weigh the same, as the conventional vehicle uses fuel (diesel) to run. Performance
figures are compared in the chart above.

The range of an individual vehicle can be extended by installing more battery modules, thus costing and
weighing more.
4.2 Cost comparison

Both vehicles are compared after 150.000 km of driving, and both are with the same options package. In order to
accent the Return of Investment of the electric vehicle conversion as the only variable, a vehicles tires and brake
changes are neglected, as well as other maintenance costs that both vehicle will use throughout the certain driving

|
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period. Assuming both vehicles do not get involved in an accident and there is no major service or part replacement

needed, the vehicles’ costs are displayed below.

The costs for the electric conversion are the following:

Item Cost ( EUR)
Battery pack ( 6 Tesla Model S 18650 5 kWh modules ) & Battery 8626
Management System
Electric motor (NetGain HyPer9 HV AC Motor, 120 hp) 3776
Controller, DC/DC convertor, throttle control, charger, cooling & 2912
heating system & mounts, Transmission Adapter Kit
Electrical energy ( at median rate of 0.072EUR/kWh) 743
Original ICE powertrain -2500
Total 13556

Chart 4 Conversion cost and maintenance

On the other hand, the prices of regular maintenance for the first 150.000 km of a vehicle are: oil change (every
10.000 km), oil,air and fuel filters (every 10.000 km), timing belt (every 30.000 km). Adding the cost of diesel with

an avaerage fuel economy of 5,31/100km, equal to [5]:

Item Cost (EUR)
Oil change 450
Filters 300
Timing belt change 525
Diesel ( 1,05 EUR/) 8347
Total 9622

Chart 5 Conventional vehicle - fuel and maintenance

4.3 Improving the cost effectivness of an electric vehicle conversion

Currently, our country subsidizes the electrical energy needed to charge electric vehicles, which decreases the
cost difference by 25%. Current laws offer 5.000 EUR as financial aid towards buying a new electric vehicles, but
do not mention any information if a vehicle is converted to electric. If our country starts to follow recent EU trends,
like paying reduced registration and insurance fees, or tax breaks, in order to stimulate electric vehicle use, this
conversion will end up as more cost effective vehicle.

One more crucial factor to take into consideration is the part integration. This is a time and resource consuming
processs — the vehicles of today became much more complex, featuring many systems that make a vehicle operate
much safer and more efficient, but becoming more complex in nature. But this process is tough for the first vehicle
of a certain model and brand. That is why, in a fleet conversion, once the first vehicle is completed, every other
vehicle will be completed in much less time and labor cost.

|
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5 CONCLUSION

The trend of converting classic cars to electrical vehicles started recently. However the possibilities for EV
conversion are endless. This process can transform the vehicle market as any conventional vehicle can become a
candidate for conversion .Just by using current technologies we can create our own electric vehicles. We can tailor
the range and power we need, and whether we want two-wheel drive or all-wheel-drive. Although currently the cost
of converted vehicle is higher compared to a similar size conventional car, it is expected that the price for the battery
pack and for the charging equipment will be soon reduced. At the same time the EVs are superior choice in terms
of reduced emissions and noise.
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CALCULATION OF CHARGING TIME FOR ELECTRIC VEHICLES FOR TWO
DIFFERENT TYPES OF CHARGERS

ABSTRACT

The aim of this paper is to enhance the improvements that could be made in the future, regarding the electric
vehicle charging stations in North Macedonia. The public charging stations that are currently installed in North
Macedonia are Wallbe Pro and Wallbe Pro Plus and they have a maximum power output of 22 kW. On the other
hand Porsche’s high power charging stations have a maximum power output of 350 kW. The paper deals with two
different scenarios, for two different charging station types in order to travel across the county, to get from Skopje
to Ohrid. The first scenario accounts that the driver makes stops at Tetovo, Gostivar and Kichevo and the second
one that he only makes one pit-stop in Gostivar. Both scenarios require the driver to start his journey by filling up
the battery of the car in the charging station in Skopje - “Skopje City Mall”.

Key words: charging station, electric vehicle, future, Porsche

1 INTRODUCTION

Electric Vehicles (EVs) are undoubtedly the future of transport worldwide. Sales of new electric cars
worldwide surpassed 1 million units in 2017 — a record volume. This indicates a growth in new electric car sales of
54% compared with 2016. Electric cars accounted for 39% of new car sales in Norway in 2017 — the world’s most
advanced market of electric cars in terms of sales share. The global stock of electric cars surpassed 3 million vehicles
in 2017 after crossing the 1 million threshold in 2015 and the 2 million mark in 2016. It has expanded by 56% in
comparison with 2016 as it is shown in Figure 1. In 2017, China had the largest electric car stock: 40% of the global
total [1]. As a result of new technologies, the electric vehicle industry is growing rapidly .This has led to EVs that
can go further per charge, for less money than traditional conventional vehicles.
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Figure 1 Evolution of the global electric car stock
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An EV is a vehicle propelled by an electric motor instead of a combustion engine. The electric motor is powered
by rechargeable batteries that can be charged using household mains electricity via an EV charge point at home, or
at a more powerful EV charge station at work, or in the street. There are a few types of EV technology, the most
common being plug-in electric hybrid vehicles (PHEV), range extender electric vehicles (REEVs) and battery
electric vehicles (BEVs). Battery electric vehicles use electricity, which is stored in a battery pack to power an
electric motor and turn the wheels. When depleted, the batteries are recharged using grid electricity from a allocated
charging unit. The charging of the battery is done by plugging it into the charging unit or charging station, similar
to charging a mobile phone. Furthermore the majority of today’s EVs can travel about 160-210 kilometers per
charge, though some of the more expensive models have a range of up to 530 kilometers per charge [2].

Electric vehicles are similiar to battery powered electronic devices (like a phone or a tablet), therefore they are
designed to be charged when they aren’t being used. This means that the owner should charge the vehicle’s battery
overnight or whilst at work; consequently, concerns about the range EV's can go before being recharged isn’t as big
of an issue as it used to be. The public charging stations vary in their power output - from 22 kW to an outstanding
270 kW [3]. The most renown charging station companies in the world include Electrify America, Tesla, Wallbe
etc.

2 THE FUTURE OF ELECTRIC VEHICLES
This section presents the outlook for the deployment of electric vehicles in the period to 2030 in two scenarios:

The New Policies Scenario (NPS) is the central scenario of the International Energy Agency’s World Energy
Outlook. The scenario incorporates the policies and measures that governments around the world have already put
in place, as well as the likely effects of announced policies that are expressed in official targets or plans.

The EV30@30 Scenario which is consistent with the ambitions pledged by Electric Vehicles Initiative
countries in the EV30@30 Campaign Declaration (2017). In this scenario, the EV30@30 target — the 30% market
share of EVs for LDVs, buses and trucks collectively — is met at the global level. If accompanied by a reduction of
the carbon intensity of power generation exceeding 50% by 2030, this goal is in line with the Paris Agreement, as
growth in the market uptake of EVs continues after 2030 (IEA,2017)

The New Policies Scenario projects a global stock of EVs of 13 million vehicles by 2020 (up from 3.7 million
in 2017) and nearly 130 million vehicles by 2030 (excluding two- and three-wheelers) shown in Figure 2. Sales of
EVs in 2020 are estimated at about 4 million (up from 1.4 million in 2017) and will increase to 21.5 million by
2030. This corresponds to a 24% average year-on-year sales growth over the projection period.

The EV30@30 Scenario projects a global stock of 228 million EVs by 2030 (excluding two- and three-
wheelers) also shown in Figure 2, which is roughly 100 million more in 2030 than in the New Policies Scenario.
Achieving these levels requires a rapid scale up and geographical expansion of policy commitments, starting as
soon as possible.

New Palicies Scenario EV30@30 Scenario

240
220
200
160
ALY, i A
120

Millionvehicles

- 0 =
2017 2020 2025 2030 2017 2020 2025 2030
EPLDVs - BEV PLDVs- PHEV WLCVs-BEV WLCVs-PHEY MBuses-BEV MBuses-PHEV ®Trucks-BEV Trucks - PHEV

Notes: PLDVs = passenger light duty vehicles; LCVs = light commercial vehicles; BEVs = battery electric vehicles; PHEV = plug-in hybrid
electric vehicles.

Figure 2 Global EV stock by scenario 2017-2030
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3 PORSCHE’S VISION

The company Porsche is constantly working on the expansion of the charging infrastructure. One important
prerequisite has already been established: the Taycan, the first purely battery-powered Porsche sports car that works
with an 800-volt battery. In order to be able to make use of these technical possibilities in the public sphere, Porsche
is pushing the expansion of a fast-charging infrastructure. The company is pursuing three options: Firstly, charging
at home—possible with a charging station, or inductively via a base plate in the floor. Secondly, charging in cities—
possible through existing infrastructure. And lastly, charging along the main traffic arteries in Europe. IONITY is
a network for high-power-charging electric vehicles to facilitate long-distance travel across all Europe. Together
with the BMW Group, Daimler AG, the Ford Motor Company and the Volkswagen Group with Audi, Porsche is
laying the groundwork for the establishment of a powerful fast-charging network for electric vehicles in Europe.
The construction and operation of around four hundred fast-charging parks by 2020 are important steps toward
making electro mobility viable for long-distance routes as well, thus establishing itself on the market. Every fast-
charging park will have multiple charging points, ensuring that a vehicle can be charged every 100 to 150 kilometers
along the European road network. The growth of the number of electric vehicles will result in the expansion of the
infrastructure, which in turn will allow customers access to thousands of brand- and capacity-independent "high-
power charging" (HPC) points by 2020. The charging capacity of up to 350 kilowatts per charging point enables
accordingly designed vehicles to achieve significantly shorter charging times compared to the systems available
today. Porsche and its development subsidiary Porsche Engineering are pursuing a modular in-house concept for
ultra-fast charging parks. Whether it’s individual stations in the countryside or dozens of charging stations along
highways, the solution is an intelligent system with practically unlimited scalability which is important to making
charging parks efficient and profitable. For Porsche customers, the main priority is being able to charge their vehicle
rapidly even where the local power grid is weak. That is now possible due to intermediary buffer batteries, which
always have enough capacity on hand. Specifically, this results in fast charging in approximately fifteen minutes
for a range of four hundred kilometers at every Porsche charging point.

The solution from Porsche can, incidentally, be used universally for any electric vehicle. The control
electronics detect its type and reduce the charging current if the model isn’t designed for fast charging.

4 TRAVELING WITH THE ELECTRIC VEHICLE -TAYCAN TURBO

One of the aims of this paper is to show how much time is needed to charge an EV using the public charging
stations that have been installed by the distribution network operator in North Macedonia, as well as Porsche’s
super-fast chargers in order to travel from the City of Skopje to Ohrid. The calculations for the following two
scenarios are made with the direct current (DC) charging method.

The vehicle trajectory consists of leaving Skopje from the location “Skopje City Mall” (where currently there
is a public charging station) and travelling to Ohrid. Along the way, there are pit-stops for an optional additional
charge in Tetovo, Gostivar and Kichevo. Table 1 contains the exact distances between all five charging stations
according to their location using Google Maps.

Relation Distance
Skopje City Mall — Tetovo 40 km
Tetovo — Gostivar 26 km
Gostivar — Kichevo 46 km
Kichevo — Ohrid 63 km

Table 1 Distance between charging stations
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A map of the installed charging stations and their exact locations in North Macedonia is displayed in Figure 3.
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Figure 3 Map of all the charging stations in North Macedonia

5 PUBLIC CHARGING STATIONS

The public charging stations in The Republic of North Macedonia are fully supplied and equipped, having a
power output of 22 kW per vehicle, they are well ahead of the current needs in the country considering the number
of EVs. This information, combined with the Porsche vehicle specifications indicate that the vehicle needs a charge
time of 50 minutes using the the Wallbe Pro Plus charger in order to travel a distance of 100 km (charge time of 1
minute for a 2 km distance). The 22kW Wallbe Pro Plus charger is shown on Figure 4.

WALLBE PRO PLUS NONHAY

D urgskatop 1

Mpukny«ok 3a kaben 1

RFID uutay
Ha KapTuika 2

RFID yitau
Ha Kapruika 1

NEQ wHankatop 2
MpuknyHok 3a kaGen 2

Figure 4 Wallbe Pro Plus charger

In the following part it is assumed that the EV arrives at the charging station in Skopje City Mall having a
remaining distance of 18.5 km. That number is calculated by the given data from Porsche, which is 5% of the long-
distance range of 370 km by the vehicle. Table 2 presents a scenario where the driver travels from Skopje City Mall
to Ohrid, making stops at Tetovo, Gostivar and Kichevo, whereas Table 3 presents an outcome where the EV makes
only one pit-stop in Gostivar. Both scenarios require the driver to start his journey by filling up the battery of the
car in the charging station “Skopje City Mall”.

|
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Summary of kilometers | Charging station Charge length Summary of kilometers
before charge after charge

18.5 Skopje City Mall 25 min (50 km) 68.5

28.5 Tetovo 10 min (25 km) 48.5

22.5 Gostivar 20 min (40 km) 62.5

16.5 Kichevo 30 min (60 km) 76.5

13.5 Ohrid / /

Table 2 Scenario 1: Skopje-Ohrid 22 kW power output of the charging station

Summary of kilometers | Charging station Charge length Summary of
before charge kilometers after
charge
18.5 Skopje City Mall 35 min (70 km) 88.5
25.5 Gostivar 50 min (100 km) 124.5
15.5 Ohrid / /

Table 3 Scenario 2: Skopje-Ohrid 22 kW power output of the charging station

The comparison of the results in Table 2 and Table 3 show that the total charging time of the EV is
approximately 85 minutes long regardless of the number of stops.

6 PORSCHE’S CHARGING STATIONS

The new generation Porsche charging stations are designed for 800-volt technology which allows a maximum
power output of 350 kW. Moreover they are downward-compatible for all vehicles on the market with 400-volt
technology. The first set of calculations, displayed in Table 4 and Table 5 are concerned with the so-called “worst-
case scenario”, where the power output of the charging stations is 50 kW. The other set, displayed in Tables 6 and
7 is concerned with the “best-case scenario”, with maximum possible power output that the Taycan can handle -
270 kW.

In the same manner as before, the calculations are based on two scenarios, one where the driver travels from
Skopje City Mall to Ohrid, making stops at Tetovo, Gostivar and Kichevo (presented in Tables 4 and 6 ) and the
other where he only makes one pit-stop in Gostivar (Tables 5 and 7). Both scenarios require the driver to start his
journey by filling up the battery of the car in the charging station “Skopje City Mall”.

6.1 Worst-case scenario- power output of 50 kW (1min ~3.6km)

Summary of kilometers | Charging station Charge length Summary of kilometers
before charge after charge

18.5 Skopje City Mall 15 min (55 km) 73.5

33.5 Tetovo 5 min (18 km) 51.5

25.5 Gostivar 10 min (36 km) 61.5

15.5 Kichevo 20 min (72 km) 87.5

24.5 Ohrid / /
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Table 4 50 kW power output charge, making 3 stops

Summary of kilometers Charging station Charge length Summary of
before charge kilometers after
charge
18.5 Skopje City Mall 20 min (72 km) 91.5
24.5 Gostivar 28 min (100 km) 124.5
15 Ohrid / /

Table 5 50 kW power output charge, making 1 stop

The total charge time for the Taycan Turbo in this situation is around 48-50 minutes. A model of Porsche’s
high power charging stations is shown in Figure 5.

Figure S Porsche charging station

6.2 Best-Case Scenario — power output of 270 kW (1 min = 20 km)

Summary of kilometers | Charging station Charge length Summary of kilometers
before charge after charge

18.5 Skopje City Mall 2 min (40 km) 58.5

18.5 Tetovo 1.5 min (30 km) 48.5

22.5 Gostivar 2 min (40 km) 62.5

16.5 Kichevo 3.5 min (70 km) 86.5

23.5 Ohrid / /

Table 6 270 kW power output charge, making 3 stops

Summary of kilometers | Charging station Charge length Summary of kilometers
before charge after charge

18.5 Skopje City Mall 3.5 min (70 km) 88.5

22.5 Gostivar 5 min ( 100 km) 122.5

13.5 Ohrid / /

Table 7 270 kW power output charge, making 1 stop

_______________________________________________________________________________________________________|
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Using the best-case scenario calculations, getting from Skopje City Mall to Ohrid will only require an
extremely short total time of 8-9 minutes charging. With the rise of the EV industry, by the year 2030 implementing
this kind of charging stations should become a necessity.

7 CONCLUSION

The near future will provide an increase of the number of EVs, therefore resulting in crowded parking lots with
charging vehicles. However, by upgrading the charging stations and reducing the charging time for the vehicles,
the crowd will disperse. Regarding the situation in North Macedonia, the future may not bring a big step-up
regarding the number of EVs, yet it will provide carefree travelling for tourists who are passing through the country.
The passengers would not have to deal with driving at lower speed in order to lengthen the range of the batteries as
a result of the short distance between the charging stations locations. This will result in promoting ecofriendly EV
travelling on the motor ways in North Macedonia. The advancement of new technology has allowed the use of EVs
to become more feasible for long distance travel. Some of the most advanced EVs, such as the Taycan Turbo, can
casily travel long distances with the given network of charging stations located in Europe. Not only can these EV's
travel the distance, but they also save money on gas and help promote sustainable travel. However, these vehicles
come with a high price tag, which can be unacceptable for most people worldwide. In fact, the biggest obstacle to
the trend of electric-powered transportation is cost related, as gasoline and the vehicles that run on it are readily
available, convenient, and less costly. Charging time for the vehicles is also a factor that takes place in the decision
for purchasing an EV. The idea of this paper is to present that there are models of EVs where charging time isn’t a
concern. The results from the analysis show that with implementation of the latest technology, an EV can cover
nearly 20 km with only one minute of fast charging. Health benefits, safety improvements and helping the
environment are just a few of the many reasons to overcome any cost related issues and tent towards a cleaner
future.

8 REFERENCES

[1] “Executive Summary”, Global EV Outlook 2018,IEA, France,30/05/2018.
[2]  “Electric cars: Everything you need to know”, The Guardian, 26/07/2017

[3] Name of the author, ,,Mission E“  https://newsroom.porsche.com/en/products/porsche-taycan-mission-e-drive-unit-
battery-charging-electro-mobility-dossier-sportscar-production-christophorus-387-
15827.html?gclid=CjwKCAjw8ZHsBRAG6EiwA7hw_sdpbrsi7dGUVHbtFdCsxPDaM1962Y02i0SNHPI12Sp4KQUzX
cgNCRXRoC7EgQAvVD BwE&gclsrc=aw.ds,30/07/2018.

SCEESD 20149 101



D. ENERGY EFFICIENCY,
AUTOMATION AND
MEASUREMENTS



£ SCEESD &

S 4 Student conference
SCEESD “Energy efficiency and sustainable development”

Milan Stojanovi¢ !, Nikola Mitrovi¢ 2, Ljubomir Vragar, Danijel Dankovié
Faculty of Electronic Engineering, Nis, Serbia
!milan.stojanovic@elfak.ni.ac.rs  ?nikola.mitrovic.nis@gmail.com

DESIGN AND REALIZATION OF SOLAR CELL MONITORING SYSTEM

ABSTRACT

This project aims to develop a system for solar cell parameters monitoring under various conditions using PIC
microcontroller 18F45K22. In this research, four parameters that have been measured are temperature, light
intensity, open circuit voltage (Voc) and short circuit current (Isc). The temperature of the solar cell surface was
measured using temperature sensor LM35, light intensity delivered to cell was measured using sensor APDS9005.
The open circuit voltage was measured using the voltage divider, while the short circuit current was measured using
the current sensor module based on INA213. These parameters present input values for the microcontroller, where
the values are stored and calculations are done. For this cause, circuits for all of the sensors are designed, centered
around microcontroller. Calibrated and calculated results are shown in the display screen which presents the output
of the system. Display enables continuous reading of ambient conditions and output characteristics. Parameters of
several different solar cells are measured under certain condition and further discussed. The purpose of this system
is to measure and monitor solar cell parameters in real-time through multiple sensor data acquisition.

Key words: solar cell, monitoring, PIC microcontroller.

1 INTRODUCTION

This paper gives insight in simulation of laboratory measuring of solar panel parameters, known as measuring
under standard test conditions [1]. Amount of light delivered to the solar cell directly determines output parameters,
specifically current. On the other hand, since the solar cells are mostly made of semiconductor materials, they are
very temperature dependant. Therefore, for nominal purposes, there was a need that some light parameters be
declared as standard, so that different types of solar cells can be adequately compared. With the process of measuring
tending to give as much as accurate results as possible, specific environment for the measurement has to be designed
first. An industry-wide standard for indicating solar cells performance is adopted and named STC (Standard Test
Conditions). Under standard test conditions, cell is supplied with an irradiance of 1000 W/m?, at the cell temperature
of 25°C and with an Air mass 1.5 (AML1.5) spectrum [2]. Irradiance declares power that Sun radiation delivers to
the surface of Earth, while Air mass spectrum presents specific Sun spectrum created by
,number of obstacles* that Sun radiation overcomes to arrive to Earth surface. All of these conditions are artificially
created in laboratories for obtaining appropriate parameters. Data given in solar cells and panels datasheets is
usually measured under STC. This irradiance and temperature varies throughout the year depending on the seasons.
It also varies throughout the day, depending on the position of the sun in the sky, and the weather. However, even
if the weather conditions can make significant difference in panel output, range of values can be assumed and panel
power output can be calculated.

Solar panel is composed of conencted solar cells. Since the solar cell is esentially a p-n junction, solar cells
can be connected in two ways. P-side of a cell to the p-side of other cell (parallel connection), and n-side of a cell
to a p-side of other cell (series connection). Both types of connection lead to amplification of some output power,
but, in great majority of cases, in solar panels, cells are connected in series. Serial connection of solar cells increases
output voltage of the system, which is needed in most of cases, since the output voltage of a single solar cell is
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mostly around 0.6-0.7 V. With complete characterization of a single solar cell, output parameters of a solar panel
composed of described cells can be assumed.

Very important aspect of solar panel designing is connection between solar cells. Cell shape, packaging density,
cell-panel size ratio can all impact output parameters, but most important and common effect is so-called mismatch
effect [3].

Mismatch effect presents output voltage decrease because of different Voc of solar cells out of which panel is
composed (or some other cell property that leads to voltage difference). When generated open-circuit voltage is not
same, or nearly same in every cell, part of the energy will be dissipated on cells with the lower Voc.

2 CIRCUIT DESCRIPTION

To explore solar cell output characteristics, whole simulation chamber, whose structure is given in Figure 1, is
designed. It consists of three units: Light source unit, Measurement unit and Control unit. Units are designed in two
printed circuit boards (PCB), light source unit on one, and measure and control unit on second.

1
l J Power supply
Lizht Source Temperature — —
Sensor .
Light intensity - ——
sensor . N
Microcontroller - {EL{ D
Current PICLEF45K22 Drisplay
——
measurement
Voltage -—
measurement

Figure 1: Structure of the simulation chamber.

Light source unit (shown in Figure 2) consists of 32 LE diodes that can produce light intensity in range to
2400 Ix. It also consists of transistor Q1 which is IRF520 NMOSFET [4], because of its switching characteristics.
Transistor is connected to microcontroller, and its purpose is to turn on or off LE diodes.
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Figure 2: Schematic of light source unit.
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A potentiometer is also added to control the light emission level of the LE diodes. Electrical circuit and PCB
were designed using Proteus software [5]. Manufactured printed circuit boards are shown in Figure 3.

LEQIS  LEQIS  LEQIY

®

b) k2

Figure 3: Light source unit: a) Design of PCB Layout using Proteus; b) 3D model of the Design; ¢) Manufactured
PCB; d) Manufactured PCB with soldered components.
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Measure and control unit are shown in Figure 4. Unit consists out of multiple parts, with accent on measuring
subunits, although the heart of system is microcontroller PIC18F45K22 [6], programmed using Proton IDE [7].
Two most significant parameters of solar cell characterization are Voc and Isc. Voc presents voltage between two
ends of a solar cell for which circuit is open (no connections in between), while, Isc presents current for which parts
of solar cell are short circuited. During basic measurement, both voltage and current are measured on some
resistance. So, to efficiently measure these parameters, some additions to basic electrical circuit must be added. In
circuit shown in Figure 4, additions are two MOSFETs BSS138 [8] that have switching role in the circuit. Transistor
Qa1 will ensure that measured voltage will be concretely Voc by keeping the circuit open while the measurement is
done. On the other hand, Q2, will ensure short circuit between parts of the cell, and thereby gives appropriate results
for short circuit current measurement.
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Figure 4: Shematic of measure and control unit.
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Measuring subunits are temperature measuring subunit, light intensity measuring subunit, current measuring
subunit and voltage measuring subunit. Measuring of the temperature of the solar cell has been done using
temperature sensor LM35 [9]. This sensor is connected to pin RA2 of the microcontroller. It brings down
temperature measuring onto voltage measuring on one of the analog to digital convertor (ADC) channel. Light
intensity was measured using Light Photo Sensor APDS9005 [10]. Change of ambient light intensity is followed
with change of analogue voltage output of the sensor. Voltage is forwarded to pin RA3 where ADC is performed.
With appropriate calibration, explained in datasheet of the sensor, PIC can measure ambiental light intensity.

Measurement of the current has been done using INA213 [11], which is current sensing amplifier with voltage
output. It brings down the problem of current measurement, to basic voltage measurement. Resistor Rs is shunt
resistor in circuit shown in Figure 4. Output of INA213 is connected to pin RAL of microcontroller. Measuring of
voltage is simplest of all described measurements, and it is done simply by connecting output of the solar cell to the
voltage divider. Output of the divider is connected to pin RAO, where, using ADC, output voltage is calculated.
Layout of all parts is designed using Proteus software and then manufactured (Figure 5).

L LT

Figure 5: Control and measurement unit: a) Design of PCB Layout using Proteus; b) Manufactured PCB.

For the described circuit, appropriate package has been designed and made. Final form of the characterization
chamber is shown in Figure 6.

b)

Figure 6: Completed characterization chamber: a) Exterior view; b) Interior view.

I ——
SCEESD 2019 105



3 SOLAR CELL CHARACTERIZATION PROCESS

Characteristics of solar cells shown in Figure 7 were measured using designed chamber. Cells are exposed
to range of light intensity values, and the dependences of open circuit voltage and short circuit current on a specific
temperature are acquired. Results are read on Graphical LCD [12] connected to PIC microcontroller.

ity 120400

ature: 28,00 C

429600 m

a) b) C)
Figure 7: a) Characterized solar cell (90mm x 60mm); b) Characterized solar cell (80mm x 55mm); c¢) Read
results on Graphical LCD.

Theoretical analysis suggest that light-open circuit voltage dependence should be exponential and light-
short circuit current dependence should be linear [1-3]. Values of open circuit voltage and short circuit current were
measured for ten different level of light intensity for two solar cells shown in Figure 7. Both solar cells are made
from same material but they have different size. Measured values are represented graphically in Figure 8 which is
plotted in the data analysis software.

1.5 4 T = const. (28.0 °C)

1.0+

oy

I (mA)

¢ T = const. (28.0 °C) 05
" —&— Solar Cell 90x60mm ,, —&— Solar Cell 90x60mm
®— Solar Cell 80x55mm A —&— Solar Cell 80x55mm
0 ; 3 T . . : . 0.0 - T T T v T T T
0 500 1000 1500 2000 0 500 1000 1500 2000
E (lux) E (lux)

Figure 8: a) Plotted Voc using software; b) Plotted Isc using software.

Designed chamber can automatically store measured data and plot graph on Graphical LCD. Plotted graphs
are given in Figure 9, and it can be seen that between those graphs and graphs from software exists major identities.
All plotted data was measured at temperature of 28.00 °C.
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Figure 9: a) Plotted Isc using chamber; b) Plotted Voc using chamber.

With obtained results, a prediction of solar panel output power created of connections of characterized solar
cell can be made. Considering ambiental weather conditions (temperature and irradiance), from provided graphs, it
is possible to calculate exact power obtained from specific design of solar panel at specific conditions.

4 CONCLUSION

This paper describes the process of designing a simulation chamber for solar cell monitoring, as well as
characterization process itself. Measured results show to be mostly in line with technical specifications, with minor
anomalies. Future steps include addition to system through exporting measured values to .txt file, or some other
text file format with goal to automatize graph plotting and calculations. Also, new research can be made to calculate
differences between calculated output power of the panel made by characterized cells, and actual measured output
parameters.
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VAR COMPENSATION USING FLEXIBLE AC TRANSMISSION SYSTEMS
(FACTS)

ABSTRACT

Reactive power (VAr) occurs when current and voltage are phased out. Some equpment like the electrical
machines need reactive power to work also reactive power is important for regulating voltage.To much reactive
power can cause voltage drops, bad power factor, system instabillity. Compensation is the menagment of reactive
power in the AC system to provide voltage and load support. FACTS are AC network based on power electronics
(high power switches, transistor, thyristor) with the goal to enchance power control capabilities. The goal of this
paper is to show the principle of work of FACTS, real life examples of their application and their benefits.

Key words: power factor, reactive energy, power electronics, AC

1 POWER TRIANGLE, REACTIVE POWER

Power triangle is a geometrical method to represent the apparent power (kVA), reactive power (kVAr), active
power (kW).

The active power P (kW) is the useful power, the reactive power Q is the useless power, and the apparent
power S (kVA) is the power we pay for. Power factor is the ratio of P and S, it shows us how much of the power
we pay for are we using. The equations that express the power triangle are:

P(kW) . _ Q(KVAr)

COSP = vy SIN® = s Q(kVar) = S(kVA) * sing (1)
P(kW) = S(kVA) = cosp S = /P? + Q2 (2)

The max power factor is 1, but that is almost impossible to achieve. If the reactive power is increasing the
power factor is getting lower, so the important question is what causes reactive power. Reactive power is caused by
inductive or capacitive loads, there is a phase shift between the current and the voltage.

Wollape Voluge
/ Current Curane
Apparent Power / Curmnt
(kVA) Reactive Power
(kVAr) ™ [+ \y/ s \W :
) X

b‘ Rasisthee Load Inducthve Load Sapaciive Load
Active Power
(kW) — I—D—

Figure 1: Power triangle Figure 2: Sine forms and phasors of the different loads
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In Figure 2 comparison is shown of the voltage and current sine between pure active, inductive and capacitive
load and the respective phasors. In the inductive load the voltage is leading and in the capacitive load the current is
leading. Reactive power is used to make the electrical machines work, to make active power transfer possible and
for voltage stability.

If VAr is high more current it’s drawn so bigger cables are needed, bigger penalties for using reactive power
(economic losses), power losses in the electrical equipment, voltage drops. Var compensation is managing of
reactive power so load compensation (improving power factor, improving harmonics) or voltage stability of the line
is provided (maximum active power is transmitted). This is done by inserting capacitators (to generate reactive
power is there is shortage) or inductors (to absorb reactive power if there is excess of reactive power) to the load or
power line.

2 FACTS

Flexible AC transmission systems (FACTS) is a transmission system based of power electronics, high power
semiconductor switching devices mostly thyristor and transistors. FACTS enhance the control capabilities of the
system, improving stability, security and power quality of the system. FACTS are fusion of modern control
technology and traditional power systems. They are one of the main research areas in today’s engineering and with
evolving will result with a drastic change of today’s power system.

FACTS can be categorized as:

- Shunt compensation
- Series compensation
- Hybrid compensation

2.1 Series compensation

This compensation is used in long HV transmission lines. Series capacitator is connected to compensate for the
induction in the line. The compensation improves the system stability (lower §), improves impedance and control
of voltage. The biggest plus is that series compensation gives to the network is increasing the transferred active
power. Us is sending voltage, Ur is receiving voltage, and & is the phase shift between the phase voltages of the
both sites of the line. The equation that express the power flow are:

UsUr . UsUr . UsUr
P=—sind Pomp = sind = ————
X1 Xl-Xc XI(1-Kc)

siné 3)

Kc (coef ficient of compensation) = % =0<Kc<1

Kc is usually 0.8. If we derivative Pcomp we can see how the change of Kc affects it.

dPcomp _ VsVr P (4)
dKc  xl(1-Kc)2  (1-Kc)

The types of series compensation are:

- Static synchronous series compensator (SSSC)

- Thyristor-controlled series capacitor (TCSC): a series capacitor bank is shunted by a thyristor-controlled
reactor

- Thyristor-controlled series reactor (TCSR): a series reactor bank is shunted by a thyristor-controlled reactor

- Thyristor-switched series capacitor (TSSC): a series capacitor bank is shunted by a thyristor-switched
reactor

- Thyristor-switched series reactor (TSSR): a series reactor bank is shunted by a thyristor-switched reactor

_______________________________________________________________________________________________________|
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Figure 4: Dependence of derivative for different Kc

2.2 TSSC/TCSC

The circuits of TSSC and TCSC are shown in Figure 5. The difference is that TCSC can smoothly control the
capacitive reactance. TSSC is built from couple of elements connected in series. The degree of compensation is
controlled by switching a specific number of this elements. The operation of the thyristors is the following: The
capacitator is inserted when the valve turns off. Then the capacitator charges from zero to maximum. The thyristor
valve can be turned on again when the capacitator is fully discharged so any possible transient disturbances are
minimized, this can cause a possible delay to turn on the valve. The most important characteristic is the boost factor
Kb = % The working modes of TCSC are:

- Blocking mode: The thyristors are not conducting and Kb=1

- Bypass mode: The thyristor valve is conducting continuously and the Xrcsc is equal to a parallel equivalent
circuit between the Xc and X;. Ve (capacitor voltage) is lower than in blocking mode, so it is used to relive
the stress of the capacitor during faults

- Capacitive boost: If triggering impulse for the thyristor occurs during the discharge process of the
capacitator, the discharge current feeds the line and the induction element. The charge depends on the
conduction angle.
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- Induction boost: If analyze the previous point for high values of the conduction angle, we have induction
boost mode. The thyristor current is higher, there is more stress on the valves, and the capacitator voltage
is distorted.

Load

'I Line

|
Source |
m """" SCTTTT

Line
[ il , . Line impedance
TCSR / TSSR : : _( :)
: Converter .
E | Load

TCSC/TSSC
Figure S: Series compensation topologies
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Figure 6: Dependence of Kb Figure 7: Received power depending Figure 8: Example of series
from the conduction angle on the phase shift compensation

2.3 Examples of series compesation

In Figure 7 it is shown how in a given 2000MW line the phase shift between the voltages effect the received
power. In section 2.1 it was mentioned that compensation lowers the phase shift between the voltages.

Interesting example of large series compensation is done by ABB in the Pacific coastline of California. Because
the load of California is big and it is expected to grow there are 13 series capacitors inserted with total reactive
power compensated of 5000 MVar.

This compensation is also cost effective. If we have 2000 MW, 500 kV line and compere two systems: 3 parallel
lines and two parallel lines with series compensation. The case with the compensation is 35% cheaper. And the
capacitors take just 10% of the total investment.
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2.4 Shunt compesation

In shunt compensation FACTS is connected parallel to the transmission line. It can be connected in the middle
of the line so it can maintain the same voltage at the both ends of the line (generates or takes reactive power), and
at the end of the line so it can deal with variable load. In shunt compensation FACTS works as controllable current
source. The methods of shunt compensation are:

- Static synchronous compensator (STATCOM)
- Static VAr compensator (SVC)

3 SvC

The first SVC was built for the VAr compensation (to deal with flicker). They work as controlled admittance.
SVCs are useful to provide voltage support, transient stability improvement and oscillation damping, but it does not
have much control of active power flow. The SVC topologies are:

- Thyristor-controlled reactor (TCR): reactor is connected in series with a bidirectional thyristor valve. The
thyristor valve is phase-controlled. Equivalent reactance is varied continuously.

- Thyristor-switched reactor (TSR): Same as TCR but thyristor is either in zero- or full- conduction.
Equivalent reactance is varied in stepwise manner.

- Thyristor-switched capacitor (TSC): capacitor is connected in series with a bidirectional thyristor valve.
Thyristor is either in zero- or full- conduction. Equivalent reactance is varied in stepwise manner.

- Mechanically-switched capacitor (MSC): capacitor is switched by circuit-breaker. It aims at compensating
steady state reactive power. It is switched only a few times a day

3.1 Thyristor-Switched (Controled) Reactor (TSR, TCR), Thyristor switched capactitator
(TSO)

TSR and TCR are very similar. The difference is that TCR provides us with smooth change of the reactive
current from zero to maximum (from 0° to 90°) controlled with the firing angle and TSR provides us with step like
change only with fix angles 90° for full conduction and 180° for no conduction. The reactive current is depended
from the applied voltage from the line. TCR and TSR are used to keep the voltage equal at the both sides of the
line.

T fhl

ug(t)

|
L L L
g
=

Figure 9: Simple circuit of TCR/TSR and TSC
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The equations for Figure 10 are:

) .8
|U;| = |U,| = |Ug| = U this is assumed for every 8. Ur=U Us=Ue’® Usvc=Ue’s

_4u .8 8 e _ 202 . & . . U2, 202

12=—-xsin(}) e’s P, = R(U, * I;) = = sin(3) . We can see that the maximum power is doubled from ~ o=
But there are limitations, because SVC in this case is variable susceptance (Bsvc) there is limit what the value
can be. If we look the graph on figure 11 we can see as long SVC provides the same voltage on both sides of the

line P follows the |Us|=U characteristic until it reaches the maximum Bsvc in this case 4/X.

TSC is shown in Figure 9. The thyristor valve is switched off when the current reaches zero. In this moments
the capacitor voltage has the maximum value. After the shutting down of the thyristor the capacitor voltage has
constant value and the valve voltage is in phase with the thyristor voltage. Normally the voltage of the capacitator
is not constant after the closing of the thyristor, the capacitator is discharged after. Because of the discharge transient
disturbances will occur. The reactor helps to reduce the disturbances. That is why the capacitor can only be off or
on in specific times. Couple of TSC can provide step like change.

3.4 SVC topologies

SVCs can be combined in couple of ways with the main goal to make variable VAr output from inductive to
capacitive and filters deal with transient.

SVCs can be found in the following configurations:
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- TCR/TSC with filter (is used when reactive power generation or absorption is needed, the filter is used to
deal with the transients)

- TSC with TCR (variable reactive power is provided and both inductive and capacitive parts are
compensated)

Classic scheme of SVC is shown on figure 13. SVC system can contain couple of TCRs, TSCs and filters.

4 STATCOM

STACOM (static compensator) is advanced version of SVC it uses DC source and voltage source convertor
(VSC) controlled by network (the frequency of the output values will be the same as the network frequency).
STATCOM works as shunt connected voltage source. STATCOM compares the voltage from the output of the VSC
(it can be decreased or increased with the firing angle) with the bus voltage. If they are equal no power is exchanged.
If the VSC voltage is bigger it generates leading current and reactive power is injected in the network and in the
opposite situation lagging current is produced and reactive power is absorbed from the network. Instead of
capacitator battery can be used and in that situation active power can be controlled too. VSC can be high pulsation
convertors, or even based on IGBT technology so transients can be reduced.
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Figure 12: STATCOM

5 STATCOM VS SVC

The biggest difference between them is the basic principle of operation STACOM is shunt connected voltage
source, while SVC is shunt connected variable admittance. STACOM can produce reactive current independently
from the voltage of the network while SVC is dependent of the network voltage. We can see their differences from
their U-I characteristics. We can see that STATCOM can produce reactive current to the maximum capacitive or
inductive range, so STATCOM is more effective providing system stability and voltage support. The other
differences are shown in Table 1.
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e Figure 13: U-I characteristics of STATCOM and SVCrmmeeesssssssssssssmmns
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Table 1: Differences between STATCOM and SVC

STATCOM

SVC

Acts as a voltage source

Acts as a variable admittance (susceptance)

Insensitive to system’s harmonic resonance

Sensitive to system’s harmonic resonance

Large dynamic range

Small dynamic range

Low generation of harmonics

High generation of harmonics

Fast response and good performance at transients

Slower response than STATCOM

Can work in capacitive and inductive regions

Mostly capacitive regions

Can maintain voltage in weak AC system

Has difficulty to operate in weak AC systems

Can be used to store small amounts of energy

Can be overloaded

6 EXAMPLES OF STAMCOM AND SVC

The example used is from the Matlab Simulink library. As mentioned before STATCOM has fast and good
performance during transients. This model shows us how STATCOM can react to drastic changes of the line
voltage. For 1 pu of Vref'there is no power exchange between the STATCOM and the line. When the voltage drops
for 0.4 pu from Vref and then rises to 0.2 pu from Vref. The STATCOM is 500 kV 100MVA.
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Figure 15: STATCOM Simulink model and results of the simulation
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We can see from the simulation that STATCOM really has short time of reaction. When the system voltage
drops it sends reactive power to the network and when the opposite happens it absorbs reactive power from the
network.

SVC mostly find their application in electric arc furnaces. Electric arc furnaces are one of the biggest
consumers in one system. They produced big shocks to the system due to their violent regime of work, a lot of short
circuits etc. They require stable voltage supply for optimum performance. SVC stabilizes the voltage. Reactive arc
needs higher voltage to shorten the meltdown time and also compensate the varying reactive power demand and it
raises the active power that is inputted to the electrodes. Flicker can be reduced by 2.5. In Figure 18 the red graph
is with SVC and the blue without SVC. In Table 2 results of electrical 7SMVA arc furnace before and after SVC

are shown.
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Figure 18: Flicker reduction with SVC
Table 2: EAF before and after SVC
EAF 75 MVA Without SVC With SVC Improvement (%)
SVC(MVar) 0 90

Power factor furnace (p.u) 0.78 0.78
Power factor supply (p.u) 0.78 0.99
Voltage drop (%) 10 0
Melting power (MW) 50 60 20
Energy(kWh/T) 430 420 2.4
Melting time(min) 38.7 31.5 22.8
Power on time(min) 56.7 49.5 14.5
Tap-to-tap time(min) 68.7 61.5 11.7
Electrode consumption(kg/T) 1.6 1.55 3.2
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7 CONCLUSION

In this paper is shown the importance of reactive power (V Ar) especially the compensation of VAr and FATCS.
FACTS will be part of future research. They will change the power system we know today. All of the FACTS are
based on power electronics. With the development of the technology modern digital control and monitoring systems
are incorporated in FACTS. Compensation can be done in series, in shunt and combined. Series is mostly done to
compensate for the inductance of the line. Shunt compensation can support the line and the load. SVC is type of
shunt compensation mostly done in industrial applications. From the result of table 2 we can see that improves
greatly the working conditions of an electric arc furnace. STATCOM is type of shunt compensation that can deal
with the rapid voltage changes in the power system, with example given in figure 15. From all the examples give
for FACTS we can see that they greatly improve our power system.
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BJIMJAHUE HA 3ATAJTYBAILETO BP3 EDUKACHOCTA HA COHUEBUTE
MOJTYJIA

KYCA COAPKHUHA (AIICTPAKT)

CoHueBaTa €Hepruja BO IOCJICIHO BpeMe € HajeKCILUIOATHPAHUOT OOHOBIIMB U OAPXKIIMB M3BOP Ha €HEpPruja.
[TpunoOHuBKHTE OJ1 KOPUCTEHETO HA HCTATA CE 3HAYUTEITHO 3a0€IICKITUBH KAKO 07 EKOHOMCKH, TaKa U 0] €KOJIOIIKH
acrekT. 3aToa Tpeba Ja ce PoKkycupaMe Ha HCKOPHCTYBakhE Ha [EIOCHUOT HEj3UH MoTeHnujan. [Ipyra tema mro ¢
HCTO TaKa aKTyeJIHa BO MOMEHTOB € U 3araJlyBamkeTo U aep0-3araJyBameTo BO 3¢MjaBa KOe CE jaByBa Kako pe3yaTar
Ha panuaHaTa WHIyCTpHjanu3aiuja. Jlamm ce mpoBiIeKyBa JIajTMOTHB METy OBHE JBE TIpaimiama?

Bo 0Boj Tpyx ce ucTpaKyBa BIMjaHUETO HA 3arayBamkeTo Bp3 (DOTOBOJITAMYHU MOJIYJIH, TOTOYHO BP3 HUBHATA
epukacHocT. Ha moueTok € najieH KpaToK BOBE 3a COHUYCBATa CHEPTHja U HAYMHHUTE 332 HEj3UHO MCKOPUCTYBAHE.
[ToToa mpeky 3amo3HABAEkETO CO CTPYJHO- HAIMOHCKATAa KAPAKTECPHCTHKA HA €aUHEYHA (POTOHAIMIOHCKA Kelrja ce
MPEMUHYBa Ha HCTPAXYBAHETO CO CIPOBEIYBAakE HA EKCIEPUMEHT CO MOIYJIH (0 KO €JHHOT CEKOjTHEBHO
YICTEH, a IPYTUTE MOJI0KEHU Ha 3arajyBame 1 aTMocepcku Birjanuja). OuekyBaH pe3yaTar o] eKCIIEPUMEHTOT
¢ JIeKa YHUCTHOT MOMYJ Ke MOKaxke morojema edpuxacHocT. Ha kpaj ke Oume M3BJICYCH MHTEPECCH 3aKIy4OK U
HarpaBeHa criopezida Ha JOOUEHUTE Pe3yIITaTH.

Kiyunu 360poBu: GoTOBONTaNYEH MOAYI, CTPYjHO HAIIOHCKA KApAaKTEPUCTHKA, 3araayBambe, palnHa.

THE IMPACT OF POLLUTION ON SOLAR PHOTOVOLTAIC MODULES
EFFICIENCY

ABSTRACT

Solar energy, lately, is the most exploited renewable and sustainable source of energy. The benefits of its usage
are enormous, economically and ecologically. That’s why we should focus on using its full potential. Another
currently popular topic is pollution and air pollution in our country which comes as a result of the rapid
industrialization. Is there a leitmotif connecting these two subjects? The goal of this paper is to do a research on the
impact of the pollution on the photovoltaic module efficiency. The paper begins with a short introduction which
focuses on solar energy and meanings of its exploitation. Then, through presentation of the I-U characteristic of a
PV cell it transits to the experiment with two modules (one being cleaned every day and one being exposed to dust,
pollution etc.). The expected outcome of the experiment is that the clean module will show higher efficiency. In the
end an interesting conclusion will be given and comparison of the results will be made.

Key words: Photovoltaic module, I-U characteristic, pollution, dust.

1  BOBE]

Hutepecot 3a 0OHOBIMBHUTE U3BOPH HA CHEPrHja, ceKaje BO CBETOT, CE 3rojeMyBa OJ JICH Ha JICH MOpajH
CJIeTHMBE TPUYUHH: HadTaTa, MPUPOAHUOT Tac W jarlieHOT Ce CO OTPAaHMYCHH pe3epBH, Npepacrpenendara Ha
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3aMuXuTe Ha OBHE (DOCHIHHM TOpHBa € HEepaMHOMEpHA, MOTOYHO KOHIIEHTPHpaHa MPETEeXHO BO oOiiacTa Ha
Bmuckuor Hctok, a u ce moroineMoTo 3aragyBame Ha KUBOTHATa CpeJuHa M Bo3ayxoT. [lo MHOryroaumHaTa
eKCIUToaTalllja OUYUTIIETHO € JIeKa moMel'y OOHOBIMBHUTE U3BOPH Ha €HEPruja, TOKMY COHUYEBATa €HEPrHja BETyBa
HajMHOTY M € HajaTpaKTHBHA Ha ma3apoT. Bucoka epukacHoct, pabora 6e3 OydyaBa u 0e3 morpeba o1 aKTHBEH
CHCTEM 3a JIaJieke, KaKo M JIeCHAaTa MHCTAJaluja Ce €IHU Of IiIaBHUTe npuaodusku ox ®B!' texmonormja[l].
[IpoceyHnoT Bek Ha Tpame Ha POTOBONTAMYHUTE MOLYIH € okoiy 25-30 rox. [2]

3pademeTo Koe ro mpumaar kenunte Bo @B Moayn e mMOHUCKO 0f] 3pademeTo Ha MOBPIIMHATA HA CAMHOT
MoyJ1. [ TaBHU IpUYMHY 32 BaKBaTa 3ary0a Ha eHepruja ce HacoOpaHaTa HeYHCTOTHja Ha TIOBPITHHATA Ha MOYJIOT
1 3aryouTe mopaay peaeKTHpameTo 1 allCopIIjaTa o MaTepHjaIuTe co KoM ce MOKpueHn kenuute. Ha ¢pukcen
(HepoTHpaydkn) MOAYN e(heKTOT Ha 3aragyBame ce 3roJieMyBa CO HaMaIyBambeTO Ha arojioT Ha HakJoH. [lopaau Toa,
3aryOHTe Ha CHepruja nmopaau eeKToT Ha 3arajyBame ce BXKEH ImapaMeTap 3a pa3riielyBambe U HCTHOT 3aBHCH O]
reorpadckara nocraseHoct [3]. OBoj Tpya ro pasrienyBa BIMjaHUETO Ha MpallvHaTa U Ip. HeuncToThu Bp3 OB
epukacHocT. PesynraTure mokaxyBaaT 3HAYMTEIIHO MOTojeMa epUKacHOCT Ha mep(opMaHCUTE Ha YHUCT HaHEIl.
Toxmy mopaau oBa, MOTPEOHO € BAKBUTE HEUYNCTOTHH J]a CE OTCTPaHyBaaT TaKa IITO MOYJUTE MIEPHUOIINIHO Ke ce
YHCTaT.

2 SATAAYBAIBETO U COHYEBATA EHEPT'UJA BO MAKEJOHUJA

Cexkoja 3uMa, 3aragyBameTo Bo Makenonuja, moceOHo Bo CKoIlje BPTOIIAaBO CE€ UCKadyBa O alapMaHTHO
BHCOKH pazMepu. Bo 2018ta Tom. rpamoT 3aciy>kKeHO ja HOCEIe TUTYyJIaTa Haj3arajeH rjaBeH rpaa Bo EBpoma
MOpajy JOCTUTHYBAKETO HA peKOpOHO HU60 Ha npucymuocm wa PM 2.5 yectuaku Bo Bo3ayxoT [4]. McTute ce Taka
Hape4yeHH! Crope] HUBHATA TOJIEMUHA, UIMEHO TOA CE€ YECTUYKH CO IujameTrap oA 2.5 mukpomeTpH (okory 3% ox
JIUjaMeTapoT Ha BJIAKHO) M TOKMY IOPaay TOa CE CMETaaT 3a HajollaCHH acpo- 3arajyBadd, OUICjKU ce JTOBOJHO
MaJIH J]a MOXKaT Jja HaBJe3aT BO PECIIUPATOPHUOT CUCTEM, T1a TypH B BO KPBOTOKOT U CO TOa Jja HaHecaT CEPHO3HU
MOCJEIUIM Bp3 YOBEKOBOTO 31paBje. OcBeH 0BOj (pakT, BaXKHO € M TOA IITO HAjTolieM Jen o ¢Gadpukute u
OCTaHAaTUTE MPOM3BOACTBEHU KamlalHuTeTH BO MakeqoHWja ce ymTe (QyHKIIMOHMpaaT cO MpUMeHa Ha (POCHIIHU
TOpHBa KOM T'0 ,,300raTyBaar™ BO3IyXO0T CO yIITe 3araayBaun. Kora Ha oBa ke ce JI0/1ajie U palinHaTa i OCTAHATUTE
aTMOC(epCKH 3aragyBad MPUCYTHH H BO HOPMaJTHH, a HE BaKBU aJlapMaHTHH YCJIOBH, ce JOOMBa eHa y0aBa ClIHKa
3a CJI0jOT OJ] HEYHCTOTHja WTO ce co3nana Bp3 camuoT PBII, a ro cnpedysa mpoanpameTo Ha COHYEBHUTE 3palld U
CO caMoTO TOa ja HaMadyBa epuKkacHOCTa Ha maHenoT. Ho, He e ce Taka mpHo... Co okory 280 cOHUEBH JEHOBH BO
roguHaTa ¥ okoiy 1500 kWh conueBo 3paueme Ha MeTap KBaapaTeH, MakeJoHH]ja crara BO 3eMjUTe CO HajroJIeMo
3paueme Bo EBpona co TeHaAeHIMja Ha ce MOroJeMO HCKOPUCTYBambe Ha UCTOTO.

sty meted phatatlan masles PENYENNMA MAKE[JOHWIA

' ©B - oToBonTanuna
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Cauxa 1 UHTeH3UTET Ha 3payem-eTo BO Make1oHuja

3 CTPYJHO - HAIIOHCKA KAPAKTEPUCTHUKA HA EKBUBAJIEHTHO KOJIO

COHYEBHOT MMaHEeJ Ce COCTOU O] MHIUBUAYAIHU KEIIMU KOU CE BO HAJTOJIEM JIe] MOJYNPOBOAHUYKHA THOIH,
KOHCTPYHMPaHHU Taka INTO CBETIMHATA MOXE J]a HaBJIe3¢ BO PETHMOHOT Ha p-n crnojoT. Crojot GopMupan momery
CHJIMIINYMCKHOT CIIPOBOJHHUK O N-THUI U MOBPUIMHCKHOT CJIOj OXl THUIIOT P, TH PEryjupa KapaKTePUCTHUKUTE Ha
JMoJIaTa, CITMYHO KaKO Kaj ()OTOBOJITAUYHUOT EEKT.

i ——— — .
of [

8 —o— Under Bumination
—e— In the dark

J (mA/em’)

0.0 0.5
V (Volt)

Cauxa 2 I-V kpuBa Ha coHYeBa KeJuja

CaeriHaTa € ar[cop61/1paHa BO CWJIMOUYMOT, IIPpU TOA 003):[aBaj1'<1/1 BUIIIOK IPa3HUHU W BUIIOK CJICKTPOHMH.
OBu¢ BHUIIIOK IIOJHEXKH MOXKAT Jia TeHYaT HU3 HAABOPCIIHO KOJIO 3a A4 MpOUu3BcAaT MOKHOCT.

[Ipu ocreTmyBambe Ha @B kemmja (T.e. p-n KOHTAKT) CTPYjHO-HAIOHCKaTa KapaKTEPUCTHKA CE ,,CITyIITa’
Hajiony. Ha HajeHOCTaBeH HA4YWMH, OJHECYBAHETO Ha (POTOBOJITAMYHA KellMja MOXE Ja ce OMWIIEe CO TUO0AA H
ujealieH CTpyeH U3Bop. 3a Moenupame Ha OB coHYeB maHen ce KOPUCTH MOJICTIOT CO €/IHA TNO0/1a 32 Ja CE OIUIIAT
CIIEKTPUYHUTE KapaKTEPUCTUKU HA COHYEBaTa Kelrja. MoJIeToT ce CoCTOU O] IMHEeapeH He3aBUCEH CTPYEH U3BOP
Bp3aH MapajeiHo co J1u0/a, OTIIOPHUK U IIAHT, KaKO IITO € MPUKaXaHO Ha ciukara. [5]

|
— A—.-
H\ b

Photocurrent Diode

1 ) E E v
l-_p) R“ Rl

O
Canka 3 Mogen na ®H kennja
I 1asnuom uszpas 3a npememasysarbe Ha MoOOeiom co eOHA Ouood e:
(qV+IRs) V+IR
I=1,,-1, [e ViVesT) — 1] — (1)

Kane “I” e crtpyjara koja ja mpousBeayBa MoxyJoT (A), “I,” e MHBep3HAaTa CTpyja Ha 3aCUTYBambE KOja 3aBUCH
on Temriepartypara (A), u “Ipn” e dporocrpyjara (A) nponoprroHanHa co upagujancara G, kako pyaknuja on TC,
edexTHBHATA BPEIHOCT Ha TeMieparypaTa Ha kenujara (K), “q” e emeMeHTapeH elekTpudeH moiHex (=1.602 x
10-19 C) u “V” e HanoHOT Ha kpaeBute Ha MOAYIOT (V). Nes, ¥, 1 “k” ce OpojoT Ha keJuu BO cepyja, KOHCTaHTaTa
Ha nuojarta (oouuno nmomery 1 u 2) u bonvmanoBara xonctanta (=1.381 x 10-23 J/K), coonseTHo.
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Cekoj MOJIeJ1 Ha COHUEB ITaHeI MMa pa3inyHa paboTHA KapaKTEPUCTHKA KOja MOXKeE J1a CE IPETCTaBy I'papuuKu
u ce BUKa “I-V xapakTepucTrka”’, ¥ Koja ja MpHUKa)xXyBa 3aBUCHOCTa noMery ctpyjata (I) u namonor (V) Ha u3znes
0J1 MOAYJIOT.

Maxamum Power

Amps Point (MPP) Power
Circu ~
‘:;'r‘cﬂ C r.cn.ut o IV Curve \ e _'.‘P-.,\
Current (Isc) =
Ime e et a——(P = VxI]

PV Curve s

Ampe e

Area = Vg X Img

Vme

-
2 Voltage (V) Vme Voits

Open Circuit
Voltage (Voc)

Canka 4 KapakTepucTHYHH KPMBH Ha NMAHEJ10T

[Topanu OMOBHOT 3aKOH U paBeHKaTa 3a MOKHOCT P = U - I, kako pe3yaTaT Ha HaMaJyBameTO Ha HATIOHOT Ce
HamayBa U MOKHocTa. MaeanmHara mosuiyja Ha Owio koja [-V kpuBa- ToukaTta on Kajue ce JoOMBa HajMHOTY
MOKHOCT- C€ Haora Ha KOJICHOTO Ha KpUBaTa U c€ BMKa TOYKa Ha MakcuMaiaHa MokHOCT (Maximum Power Point-
MPP).

3.1 EdukacHoct Ha poToBOJTAHNYHA KeTHja

KapakrepuctuinaTta OTIIOPHOCT Ha COHUYEBA Kellhja € OTIOPHOCTA Ha U3JIe3 O] COHUEBaTa Kerja BO TOUKaTa Ha
MakcuManHa MokHocT (MPP). Axo oTmopHOCTa Ha TOBAapOT € €IHAKBa Ha KapaKTCPUCTHYHATA OTIOPHOCT Ha
COHYEBaTa KeliMja, Torall MaKCHMallHaTa MOKHOCT Ce IPEHECyBa Ha TOBAPOT W COHUEBATa KeHja OIepHpa BO
TOYKATa HA MaKCUMalTHa MOKHOCT.

Vinp

Ly=-"¢

EdukacHocTa e HajuecTo KOPUCTEHHOT IMapaMeTap 3a Jla ce cropeaaT nephopMaHCUTe Mely JIB€ COHUYEBH
kenun. EdukacHocTa ce neuHupa Kako cOOJHOC Mery M3Je3HaTa €Hepruja oj COHYeBaTa KejHja M Bie3HaTa
COHYEBA €HEpryja.

EdukacHocTa Ha cOHUeBaTa Kejdja ce nehrHUpa Kako IEI0T 0 MOKHOCTa KOja ce ITpeTBapa BO CHEPruja u ce
orpeJienyBa Kako:

Ve Isc FF

1]:
Pin

Prax =Voc I " FF

Vinp " Imp

FF =
Ve Isc

Kane: V. e HAOHOT Ha 0TBOPEHO KOJI0 (TIPH CTaHJapHA OCBETICHOCT H TEMIIEpaTypa, HAallOHOT Ha OTBOPEHO
KOJIO 3a CHIIMIIMYMCKa Kenuja, € okoiry Voc = 0,6 V), I e cTpyja Ha kyca Bpcka, FF= fill factor (hakrop Ha
MOTIONTHYBae) U 1) € ehuKacHoCTa.

3a 3rojieMyBame Ha e(UKaCHOCTA, 3HA4YH, € BaXKHO Jia ce 3rojieMaT Vo U Isc ¥ Aa ce uma FF 6u30k 10 equHMLIA.
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4 EKCHHEPUMEHTAJIHA PABOTA

ExcnepumenTot e cripoBeneH co rpyna on 10 ®B nanenu, Tunot Ha kenuute ¢ ISF-60/12 (MakcumanHaTa
MOKHOCT Ha cekoj maHen ¢ 60 Wp, mpoussenenu ce ox Isofoton, Hnanuja.

Tun Ha COHUEB MOyl ISF-60/12

BpeHa mokHOCT 60 W

Hamon mpu MakcuMainHa MOKHOCT 173V

Crpyja npu MakCHMaJTHa MOKHOCT 347 A

Hamnon Ha oTBOpEHO KO0 216V

Crpyja Ha Kyca BpcKa 373 A

Texuna 6.5 kg

Humensun 776 x 662 x 39,5 mm
Eduxacunoct 11.7%

FF 74.5%

Tabeaa 1 Cnenudukanuu Ha MOIYJIOT

3a 1ace 3a0emexar G(I)CKTI/ITG O 3aragyBambCTO, €ACH O MAHCIIUTC CC YUCTU CCKOj JICH.

3a cekoj IMaHel ce MepaT HAaIlOHOT Ha OTBOPEHO KOJIO U CTpyjaTa Ha Kyca BPCKa, TapaMeTpH KOM BIIMjaaT Bp3
edpukacHocra Ha OBII.

3a KOHCTpyHpame Ha KapakTepuctuunute [-V ( current-voltage, cTpyjHO-HaIlOHCKa KapakTepucTuka) u P-V
(power-voltage) KpuBH ce KOPUCTU PEOCTaT U BPEJHOCTUTE HA CTpyjaTa U HANOHOT CE€ MepaT Kako LITO €
NpPUKa)KaHO Ha CIIMKATa:

O,

(=)
\27
Vanable
resistive load

Cauka 5 IloBp3yBame co MepHaTa HHCTPYMEHTaNMja

5 PE3VYJITATHU U 3AKJIYUHOIIN

3a ®B manmemn co aron Ha HakioH 0° m 45° Tectupanm mOXx oOmNTOBapyBame, Bonr-Ammepckure
KapaKTepHCTHKH 32 YHUCTHOT M 3araficHHOT IaHeI ce:
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I-V characteristics for 0° tilt angle I-V characteristics for 45° tilt angle

) 2.49A
i 6.5V ) 2.5A
S 5 2.4A = 7.3V
€ 15V =, 2.45A
g € 16.7V
5 g
o 5 1
0 o
0 5 10 15 20 4
0 5 10 15 20
Voltage (V) Voltage (V)

@=Politedcell =@=Clean Cal —o—Polluted Cell —@— Clean Cell

Cinka 6 Boar- AMnepckn KapaKTepHCTHKH Ha IBATa NaHeIH

On rpa(bnume CC rjicaa ACKa 4yucrTara I’(CHI/Ija MMpoOu3BCjia MaKCUMaAJIHA Cprja M HaIlOH, OOACKa 3arajacHara
MHUHHUMAJIHH.

Hcro Taka ce 3abenexxyBa JieKa U aroioT Ha HAKJIOH UTpa yiora, Ou/ejku 3arayBambeTo BIMjaesIo U BO J(BaTa
Clly4yau, HO 1103a0eIeKHUTENIHO Kaj MaHeJIO0T co aroi Ha HakioH ox 0°. OBa e Taka Ouzejku 0BOj MAaHEN € IOCTaBEH
[EJIOCHO XOPHU30HTAJIHO CO INTO CE OTEXHYBAa CAMO- YHCTCHETO Ha NMAHENOT IO/ BIMjaHWE Ha IOXKIOBH WU
BETPOBH.

BrujanueTo ox 3araiyBameTo € HCTO Taka 3a0eIe:KIIMBO U Ha KapaKTepuCTUIHUTE P-V KpuBH, KOHCTpyHpaHu
CIopel U3MepeHuTe noaaTonu 3a [-V kpusure:

P-V characteristics for 0 tilt angle P-V characteristics for 45' tilt angle

- 60 I -

< = 40
1

S £ 20

- =

3 <0

0 5 10 15 20 . = 10 = =
Voltage (V) Voltage (V)
o= Polluted cell esCléen cal wepuPolluted cell w=@==Clean cell

Cauxa 7 P-V xpuBuM 3a 1BaTa MOAY.J14

Criopes1 mpecMeTKHUTE pasinKaTa BO MAaKCUMAaJTHUTE MOKHOCTH 3a MaHEJIHUTE CO aroji Ha HakioH (° u3HecyBa
12,9%, moaeka 3a aroi Ha HaKJIOH 45° ¢ 8%.

6 3AKJIYYOK

I'mobGanHoTO 3aragyBame € €AHAa aKTyellHa TeMa M (aKkT IITO MOPA3UTEIHO BIMjac BP3 CUTE ACHEKTU HA
YOBEYKOTO JKMBEeHe. Mel'y MOrjaBHUTE NMPUYMHHUTEIN Ha MCTOTO Ce€ M3/BOjyBaaT (OCHIHHTE TOpHBa. 3apaan
HaMaJlyBam€ Ha IITETHATa EMUCHja Ha TAaCOBH OJ] HUBHOTO COTOPYBAab€, 3a MPOU3BOCTBO HA €JIEKTPUYHA CHEPIHja
C€ II0YECTO U OYECTO € KOPHCTAT OOHOBIMBUTE U3BOPU Ha €HEPIrHja, CO TEHJICHIM]a 33 U3HAOlamke Ha YIITe HOBU
¥ HEKOHBCHIMOHAIHM M3BOpU. HO Kako KOH TriIo0aHOTO 3aTOILTyBame, U3YMHPAHmETO Ha IIETH KUBOTHHCKH
BUJIOBH, 37IpaBjeTO Ha YOBEKOT WTH. 3araJyBameTo BiIMjae IypH W Bp3 €()UKACHOCTa Ha COHYEBUTE IAHEINH,
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WHCTaJIMPaHU Ha HEKO] HAYHMH W MOPaJN HaMallyBamke Ha UcToTo. OBOj TPy IO pasriiefyBa TOKMY Toj (GeHoMeH,
TEOPETCKHU TO 00jacHyBa M SKCIIEPUMEHTAITHO T'0O IOKAXKYBa.

Jobpute BecTu ce Toa IITO Haj3arafcHUTE 3e€MjU TW MeHyBaaT HaBukute, ‘They’re stepping out of their
comfort (profit> Earth) zone’. Jlommute BecTn ce Toa IITO 3araiyBamkeTo HA BO3AYXOT M MpalIdHATa BO OBHE
00J1aCTH €€ TOJIKY T'OJIEMH IIITO THE BCYLIHOCT To0 ,,0okupaatr ®HII u ucTHOT He MOXe Ja IpuMa COHYEBa
CBETJIMHA, CO IITO MPOU3BEICHATA N3JIe3Ha CHEepruja ce Hamaiysa 3a 25% [6]. Cenak, co KOHTHHYUPAaHUOT MOPaCT
Ha ekcruioaranujata Ha OME u co mpeB3emame Ha OCTaHATH MEPKU NPOTHB 3aralyBamkeTo U OBOj (eHOMEH On
MOKeJl 1a Ouzie HaIMUHaT.
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POWER QUALITY: BAYESIAN OPTIMIZATION OF THE RANDOM FOREST
CLASSIFICATION METHOD

ABSTRACT

The study of power quality issues gained importance with the increased use of renewable energy sources and
power electronics-based control equipment. Power quality (PQ) monitoring devices must be able to detect and
classify the disturbances present in voltage or current waveforms in real time. In order to achieve that, the
classification algorithm must be optimal — fast and accurate. Hence, in this paper a comparison between the standard
classification method and an optimized one is made, using the random forest (RF) classifier. The comparison is
made in case of different numbers of features and classes, and in case of pure PQ signals and PQ signals
accompanied with white Gaussian noise. The results show that by optimizing the model almost the same accuracy
is obtained while shortening computation time.

Key words: power quality, random forest, classification, machine learning, optimization

1 INTRODUCTION

The use of the term power quality (PQ) intensified in the mid-1980s, when electricity providers and end users
began to pay close attention to it. Depending on the point of view, there are different definitions of power quality.
For example, electricity providers define PQ as reliability and can statistically show that their system is 99.98%
reliable. On the other hand, electrical equipment manufacturers define power quality as a feature of the power
system that ensures proper functioning of the electrical equipment [1]. The problem of PQ is primarily related to
the end customer, ie. the electricity consumers. Shortly, it can be emphasized that the interest in analyzing the power
quality lately has been steadily increasing, due to the following reasons:

- Electrical and electronic equipment are becoming more and more sensitive to voltage disturbances, and

they themselves are generators of voltage disturbances;

- The power quality is especially important in an unregulated market, when electricity becomes a product
like any other product and must satisfy a certain quality that is defined by the consumer of electricity as a
customer. Hence, both electricity consumers and electricity producers must meet the appropriate PQ
standards;

- With the development of modern measurement devices, there is the possibility of relatively easy measuring
of the power quality and saving the obtained results.

As mentioned above, with the use of modern electrical devices and polluting loads, power quality of the power
grid becomes heavily disturbed. PQ disturbances produce various undesirable effects which affect the proper
functioning and life span of the devices connected to the power supply network. The effects are mostly noticeable
at industrial or public facilities where the voltage and current abnormalities cause malfunction of the equipment and
may also lead to interruption of the working process. Therefore, it is very important to analyze and classify these
disturbances.

A precise and fast feature extraction tool helps power engineers to monitor and maintain power disturbances
more efficiently [2]. Feature extraction of a disturbed power signal provides information that helps to detect the

_______________________________________________________________________________________________________|
SCEESD 20149 125



responsible fault for power quality disturbances. A feature is an individual measurable property or characteristic of
a phenomenon being observed. Choosing informative, discriminating and independent features is a crucial step for
effective algorithms in classification. A set of numeric features can be conveniently described by a feature vector
which is the key component for designing an intelligent system for classification because practice has shown that
even the best classifier will perform poorly if the features are not properly chosen. The training of the classifier
should be done so that the classifier achieves maximum accuracy for the corresponding features, but the process of
training lasts as short as possible. This can be achieved by tuning the internal parameters of a classifier called
hyperparameters.

Hyperparameters can strongly affect the performance of the classifier, and yet it is typically difficult or time-
consuming to optimize them. Optimization, in its most general form, is the process of locating a point that minimizes
a real-valued function called the objective function. By optimizing the model maximum accuracy can be achieved
with efficient utilization of computing resources.

In this paper feature vectors with 2, 3 and 9 features are used for training the random forest (RF) classifier.
The research is made in case of 7, 11, 21 and 29 different classes of pure PQ signals and PQ signals accompanied
with 20bB, 30dB, 40dB and 50dB white Gaussian noise. In practice, signals captured by monitoring devices are
often accompanied with noise thereby affecting the extraction of important features from the signal [3]. Noise has
an adverse effect on the performances of the classifiers due to the difficulty of separating noise and the disturbances.
Therefore it is important to train models with signals accompanied with noise.

This paper is organized as follows: A short theoretical overview of the Random Forest classifier is given in
Section 2; The Bayesian optimization for random forest is given in Section 3; The obtained results from the
comparison between the standard and the optimized method are presented in Section 4; The conclusion from the
research is given in Section 5.

2 RANDOM FOREST CLASSIFIER

Random forest, like its name implies, consists of a large number of individual decision trees that operate as an
ensemble. The RF classifier decorrelates the trees with the introduction of splitting on a random subset of features.
This means that at each split of the tree, the model considers only a small subset of features rather than all of the
features of the model. That is, from the set of available features 7, a subset of m features (m = square root of n) are
selected at random. The final predicted value is the average value of all decision trees. One single decision tree has
high variance (tends to overfit), so by bagging or combining many weak learners into strong learners, we are
averaging away the variance. The class with the most votes becomes the model’s prediction.

The low correlation between models is the key for successful classification. If the data set contains a few strong
predictors, they will consistently be chosen at the top level of the trees, so the model ends up having very similar
structured trees. In other words, the trees would be highly correlated. Uncorrelated models can produce ensemble
predictions that are more accurate than any of the individual predictions. The reason for this is that the trees protect
each other from their individual errors.

The random forest ensures that the behavior of each individual tree is not too correlated with the behavior of
any of the other trees in the model by using the following two methods:

- Bagging (Bootstrap Aggregation) — Decisions trees are very sensitive to the data they are trained on and
small changes to the training set can result in significantly different tree structures. Random forest takes
advantage of this by allowing each individual tree to randomly sample from the dataset with replacement,
resulting in different trees;

- Feature Randomness — In a normal decision tree, when it is time to split a node, every possible feature is
considered and the one that produces the most separation between the observations in the left node vs. those
in the right node is chosen. In contrast, each tree in a random forest can pick only from a random subset of
features. This forces even more variation amongst the trees in the model and ultimately results in lower
correlation across trees and more diversification.

_______________________________________________________________________________________________________|
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Using these two methods, the building blocks of the RF are not only trained on different sets of data but also
use different features to make decisions and that creates uncorrelated trees that buffer and protect each other from
their errors.

3 BAYESIAN OPTIMIZATION

Many optimization problems in machine learning are black box optimization problems where the objective
function f{x) is a black box function. The analytical expression for the function and its derivatives are unknown, so
evaluation of the function is restricted to sampling at a point x and getting a possibly noisy response. Theoretical
properties of Bayesian optimization are given in [4].

If f'is cheap (meaning it takes less time to compute) to evaluate it could be sampled at many points, e.g. via
grid search, random search or numeric gradient estimation. However, if function evaluation is expensive (meaning
typically hours or even days of CPU time) then it is important to minimize the number of samples drawn from the
black box function f. This is the domain where Bayesian optimization techniques are most useful. They attempt to
find the global optimimum in a minimum number of steps. Bayesian optimization incorporates prior belief
about f'and updates the prior with samples drawn from it to obtain a better posterior approximation. The model used
for approximating the objective function is called surrogate model. Bayesian optimization also uses an acquisition
function that directs sampling to areas where an improvement over the current best observation is likely.

3.1 Surogate Model

Popular surrogate models for Bayesian optimization are Gaussian processes (GPs). GPs define a prior over
functions that can be used to incorporate prior beliefs about the objective function. The GP posterior is cheap to
evaluate and is used to propose points in the search space where sampling is likely to yield an improvement.

3.2 Acquisition functions

Proposing sampling points in the search space is done by acquisition functions. They trade off exploitation
and exploration. Exploitation means sampling where the surrogate model predicts a high objective and exploration
means sampling at locations where the prediction uncertainty is high. Both correspond to high acquisition function
values and the goal is to maximize the acquisition function to determine the next sampling point.

More formally, the objective function f'will be sampled at x,=argmax. u(x|D;.-;) where u is the acquisition
function and D;.+.;={(x1,y1), ..., (xe-1,y+.1)} are the ¢-1 samples drawn from f'so far. Popular acquisition functions are
maximum probability of improvement (MPI), expected improvement (EI) and upper confidence bound (UCB).

3.3 Optimization algorithm

The Bayesian optimization procedure is as follows. For t=1, 2, ... repeat:
— Find the next sampling point x, by optimizing the acquisition function over the GP:
x=argmax u(x|D;.1)
— Obtain a possibly noisy sample y,=f(x,)+¢; from the objective function f.
— Add the sample to previous samples D;..={D1:t—1,(xt,yt)} and update the GP.

4 OBTAINED RESULTS

For training and testing purposes of the classification algorithm, 7, 11, 21 and 29 classes of single and
combined power quality disturbances are used, presented in Table 5 in Appendix I. One thousand voltage signals
from each class are generated using the signal generator presented in [S]. The sampling frequency for all of the used
signals is considered to be 3.2 kHz and 10 cycles from every signal are included. The fundamental frequency is 50
Hz [6].
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4.1

In case of 7 PQ classes

The classification accuracies obtained in case of 7 PQ disturbances are shown in Table 1.1 and Table 1.2.
From the results it is evident that the number of nodes slightly decreased in the optimized model, the number of
trees is reduced to half while the accuracy is insignificantly lower.

Number of classes | Number of features | Number of nodes | Number of trees | Accuracy (%)
2 583 40 96.85
7 classes 3 584 40 97.19
9 617 40 96.90

Table 1.1 Classification accuracy of the standard model in the case of 7 classes

Number of Number of Number of Number of Min. number of Number of Accuracy
classes features nodes trees leaves samples (%)
2 502 20 1 6 96.66
7 classes 3 403 20 1 9 97.14
9 403 20 1 27 96.90

Table 1.2 Classification accuracy of the optimized model in the case of 7 classes

4.1.1 In case of 7 PQ classes with noise

Accuracies obtained when the signal is accompanied with noise are shown in Table 1.3 and Table 1.4. From
the results it is noticeable that the accuracies obtained for the standard and the optimal models are almost identical.

Number of Number of Accuracy Accuracy Accuracy Accuracy Accuracy
classes features PURE (%) 20dB (%) 30dB (%) 40dB (%) 50dB (%)
2 96.85 86.93 91.74 94.14 94.13
7 classes 3 97.19 88.56 94.12 95.02 94.93
9 96.90 90.20 93.95 94.46 94.56

Table 1.3 Accuracy of the standard model when the signals are accompanied

with noise in the case of 7 classes

Number of Number of Accuracy Accuracy Accuracy Accuracy Accuracy
classes features PURE (%) 20dB (%) 30dB (%) 40dB (%) 50dB (%)
2 96.66 85.78 91.09 93.67 93.76
7 classes 3 97.14 88.28 93.36 94.60 94.65
9 96.90 89.79 93.40 94.16 94.06

Table 1.4 Accuracy of the optimized model when the signals are accompanied with noise in the case of 7 classes

4.2

In case of 11 PQ classes

The classification accuracies obtained in case of 11 PQ disturbances are shown in Table 2.1 and Table 2.2. It
is clear that the number of nodes and trees is again decreased. The accuracy between the models remains almost the

same.

Number of classes | Number of features | Number of nodes | Number of trees | Accuracy (%)
2 1020 50 96.98
11 classes 3 952 50 96.98
9 988 50 96.98

Table 2.1 Classification accuracy of the standard model in the case of 11 classes
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Number of Number of Number of Number of Min. number of Number of Accuracy
classes features nodes trees leaves samples (%)
2 848 40 1 6 96.90
11 classes 3 775 40 8 7 96.90
9 509 40 6 24 96.90

Table 2.2 Classification accuracy of the optimized model in the case of 11 classes

4.2.1 In case of 11 PQ classes with noise

Accuracies obtained when the signal is accompanied with noise are shown in Table 2.3 and Table 2.4.

Number of Number of Accuracy Accuracy Accuracy Accuracy Accuracy
classes features PURE (%) 20dB (%) 30dB (%) 40dB (%) 50dB (%)
2 96.98 68.31 80.97 89.25 92.27
11 classes 3 96.98 74.78 85.01 91.81 94.04
9 96.98 75.66 85.91 92.11 93.95

Table 2.3 Accuracy of the standard model when the signals are accompanied with noise in the case of 11 classes

Number of Number of Accuracy Accuracy Accuracy Accuracy Accuracy
classes features PURE (%) 20dB (%) 30dB (%) 40dB (%) 50dB (%)
2 96.90 67.96 80.88 88.95 92.34
11 classes 3 96.90 73.47 83.94 90.86 92.74
9 96.90 75.10 84.93 91.22 92.97

Table 2.4 Accuracy of the optimized model when the signals are accompanied with noise in the case of 11 classes

4.3 1In case of 21 PQ classes

The classification accuracies obtained in case of 21 PQ disturbances are shown in Table 3.1 and Table 3.2. The
number of trees is the same in both models, but the number of nodes has a significant reduction. Again, there is no
significant change in accuracy.

Number of classes | Number of features | Number of nodes | Number of trees | Accuracy (%)
2 4072 60 92.03
21 classes 3 3821 60 93.37
9 4151 60 92.95

Table 3.1 Classification accuracy of the standard model in the case of 21 classes

Number of Number of Number of Number of Min. number of Number of Accuracy
classes features nodes trees leaves samples (%)
2 2778 60 3 6 91.10
21 classes 3 2942 60 1 10 92.86
9 1965 60 3 32 92.57

Table 3.2 Classification accuracy of the optimized model in the case of 21 classes
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4.3.1 In case of 21 PQ classes with noise

Accuracies obtained when the signal is accompanied with noise are shown in Table 3.3 and Table 3.4.

Number of Number of Accuracy Accuracy Accuracy Accuracy Accuracy
classes features PURE (%) 20dB (%) 30dB (%) 40dB (%) 50dB (%)
2 92.03 47.51 67.16 79.00 82.18
21 classes 3 93.37 53.05 70.31 81.60 84.16
9 92.95 53.02 70.74 80.69 83.38

Table 3.3 Accuracy of the standard model when the signals are accompanied with noise in the case of 21 classes

Number of Number of Accuracy Accuracy Accuracy Accuracy Accuracy
classes features PURE (%) 20dB (%) 30dB (%) 40dB (%) 50dB (%)
2 91.10 47.04 66.57 78.50 81.59
21 classes 3 92.86 52.60 70.43 81.56 84.12
9 92.57 53.11 69.98 80.11 83.12

Table 3.4 Accuracy of the optimized model when the signals are accompanied with noise in the case of 21 classes

4.4

In case of 29 PQ classes

The classification accuracies obtained in case of 29 PQ disturbances are shown in Table 4.1 and Table 4.2.
From the presented results it is noticeable that the number of nodes decreased by half in the optimized model. The
number of trees is lower by ten while the accuracy has slightly decreased compared to the standard model.

Number of classes | Number of features | Number of nodes | Number of trees | Accuracy (%)
2 10064 80 74.78
29 classes 3 9480 80 76.69
9 9507 80 76.18

Table 4.1 Classification accuracy of the standard model in the case of 29 classes

Number of Number of Number of Number of Min. number of Number of Accuracy
classes features nodes trees leaves samples (%)
2 5584 70 3 6 74.03
29 classes 3 4620 70 5 11 76.50
9 3484 70 7 41 76.10

Table 4.2 Classification accuracy of the optimized model in the case of 29 classes

4.4.1 In case of 29 PQ classes with noise

Accuracies obtained when the signal is accompanied with noise are shown in Table 4.3 and Table 4.4.

Number of Number of Accuracy Accuracy Accuracy Accuracy Accuracy
classes features PURE (%) 20dB (%) 30dB (%) 40dB (%) 50dB (%)
2 74.78 37.18 52.53 62.62 65.47
29 classes 3 76.69 41.35 5547 65.20 67.84
9 76.18 40.92 55.31 63.97 66.32

Table 4.3 Accuracy of the standard model when the signals are accompanied with noise in the case of 29 classes
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Number of Number of Accuracy Accuracy Accuracy Accuracy Accuracy
classes features PURE (%) 20dB (%) 30dB (%) 40dB (%) 50dB (%)
2 74.03 37.01 52.12 62.00 64.98
29 classes 3 76.50 40.65 54.86 64.33 67.11
9 76.10 39.83 54.23 63.17 65.86

Table 4.4 Accuracy of the optimized model when the signals are accompanied with noise in the case of 29 classes

As it can be seen from the presented results, the accuracies obtained using feature combination with 3 features
are very close or even higher to the accuracies obtained when using combination with 9 features. Smaller number
of features means shorter feature vector which directly affects the calculation time of the classification algorithm.
In order to make better observation of the previously presented results, the accuracies obtained for 3 features are
graphically presented in Figures 1 through 4 for 7, 11, 21 and 29 classes, respectively.

From the figures it can be concluded again that the differences in the accuracies between the standard and
optimized classification methods are negligible small. On the other hand, the optimized method is simplified which
means faster classification than when using the standard method.
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5

CONCLUSION

In this paper a comparison between the standard model for PQ classification and the model optimized using

Bayesian optimization is made. From the obtained results it is noticeable that for 2 and 3 features the accuracy is
the same as for 9 features. This is of great importance as it directly influences the consuming time of the classifier.

By implementing Bayesian optimization the model simplified as the number of trees and nodes decreased, in

some cases by half. The accuracy remained almost the same. This means that the optimized model will have the
same accuracy while significantly decreasing computation time and resources, which is key for real-time monitoring
of power quality and finding the cause for the disturbances. Furthermore, the benefits from the optimization are
most notable in the case of 29 PQ classes.

In the case of signals accompanied with noise, the conclusion is the same: by optimizing we simplify the model

while obtaining the same accuracy.
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APPENDIX I:

Class Number Disturbance
Class 1 Pure sinusoidal
Class 2 Sag
Class 3 Swell
Class 4 Interruption
Class 5 Transient / Impulse / Spike
Class 6 Oscillatory transient
Class 7 Harmonics
Class 8 Harmonics with Sag
Class 9 Harmonics with Swell
Class 10 Flicker
Class 11 Flicker with Sag
Class 12 Flicker with Swell
Class 13 Sag with Oscillatory transient
Class 14 Swell with Oscillatory transient
Class 15 Sag with Harmonics
Class 16 Swell with Harmonics
Class 17 Notch
Class 18 Harmonics with Sag with Flicker
Class 19 Harmonics with Swell with Flicker
Class 20 Sag with Harmonics with Flicker
Class 21 Swell with Harmonics with Flicker
Class 22 Sag with Harmonics with Oscillatory transient
Class 23 Swell with Harmonics with Oscillatory transient
Class 24 Harmonics with Sag with Oscillatory transient
Class 25 Harmonics with Swell with Oscillatory transient
Class 26 Harmonics with Sag with Flicker with Oscillatory transient
Class 27 Harmonics with Swell with Flicker with Oscillatory transient
Class 28 Sag with Harmonics with Flicker with Oscillatory transient
Class 29 Swell with Harmonics with Flicker with Oscillatory transient

Table 5. 29 classes of single and combined power quality disturbances used for training and testing purposes of
the classification algorithm

|
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BJINJAHUE HA ®OTOBOJITAUYHUTE CUCTEMMU BP3 PABOTATA HA
JAUCTPUBYTUBHUTE CUCTEMUAU

KYCA COAPKHUHA

JuctpuOyTHBHATE (EJICKTOCHEPTETCKUTE) MPEXKH ce JIeNl Ha ENEKTPOCHEPIeTCKUOT CHUCTEM TPEKY KOj
eJIEKTpUYHATA CHEPTHja ce pacipeenyBa o KopucHuuTe. HajuecTo Bo 0B0Oj 1€ Ha €1eKTPOSHEPTEeTCKHOT CUCTEM
BJICTyBaaT BOJOBH W TpaHchopmaropu co HomuHaneH HamoH 110 kV u moHu3ok HamoH. Ho moctojat u
(OTOBONTANYHU CHCTEMU KOHM C€ TNPUKIYYeHH Ha ucTpuOyTHHaTa Mmpexa. OJ roanHa BO TOAMHA pacTe
KOPUCTEHETO Ha 0OHOBIMBH M3BopH Ha eHepruja (OME), na Taka v OrpOMHOTO 3rojieMyBam-€ Ha HHCTAJIMPAHUOT
KalauTeT Ha OOHOBIMBY U3BOPU HA CHEPrUja BO TUCTPUOYTHUBHUTE MpeKU. Co Toa AUCTPUOYTUBHUTE MPEKHUTE
OTIEpaTOPH CE COOUyBaaT CO MOBPATHU CTPYH W HAIIOHCKU MPEKPIITyBaba.

lNopuHMOT MoTEeHNIHjaNl 3a MPOU3BOJCTBO Ha coJlapHa eHepruja Bo Makenonuja ce npouenysa Ha 1.300-
1.550kWh/kWp, na taka EBH Hyau komriuieTHO pellieHHe MO MPUHIMIOT ,,KIyd Ha paka™ 3a (hOTOBOJITAUYHU
CHCTEMH 3a CUTE IOMAaKWHCTBA ¥ OM3HHCH BO MakenoHHja, COo 11eJ MOTHKYHYBamkhe Ha TparaHuTe 3a HCKOPUCTYBAHkE
Ha OUE u COHUEBHUOT MOTEHITH]aJ.

Bp3 ocHOBa Ha UCTpa)KyBameTO CO TIOMOII Ha CHELHWjaIHO W3paboTeHa MmporpaMa, Koe € CTEeKHaTO Mpu
mpo0ba Ha JajJieHa pealHa Mpeka, Koja ce pas3rjieayBa BO J1Ba Cliydaja co U 0e3 ()OTOBOJTAMYHU CUCTEMH, U KaKO
WUCTHTE OW BIMjaeie Bp3 JajeHaTa peayiHa Mpexa. Ha mperxogo croMeHTara Mpexa ce pasriefyBa Kako
(OTOBONTAMYHUTE CUCTEMH BJIHMjaaT BP3 TEKOBUTE Ha MOKHOCTUTE, HATIOHUTE BO MpeKaTa U 3aryouTe, COOABETHO
Kako OM W3riiefaga Mpekara co MPETXOAHO CIIOMEHTAuTe IapaMeTpy JOKOJIKY (POTOBOJITAMYHHUTE CUCTEMH HE OH
roctoene. OBOj Tpya nmaBa Iperiie]] Ha MHCTATHPaHUTE (POTOBOJITANYHN KaIlallUTETH BO HEKOja peajHa Mpexka,
MPEIM3BHUIIATE BO BPCKa CO MHTETpaIlfjaTa Ha MpekaTa Ha (pOTOBOJNTAMYHUTE KAIAI[UTETH ¥ T UCTAKHYBA UIHUTE
CTpaTeruu 3a paboTa BO JEeJOBH 3a IUCTpUOyLHja.

Kiyunu 300poBu: GOTOBOITANYHHN CUCTEMH; TUCTPUOYTUBHU CHCTEMH; COHILIC; HAIIOHCKH MIPHINKH; TEKOBH
Ha MOKHOCT.

THE IMPACT OF PHOTOVOLTAIC SYSTEMS ON THE OPERATION OF
DISTRIBUTION SYSTEMS

ABSTRACT

Electricity distribution networks are part of the electricity system by which electricity is distributed to the end-
users. This part of the power system includes lines and transformers with rated voltage of 110 kV and lower. The
use of renewable energy sources (RES) increases and there is an enormous increase in the installed capacity of
renewable energy sources in the distribution networks. Therefore, there is an increased number of photovoltaic
systems that are connected to the distribution networks. With this, distribution system operators face problems with
feedback currents and power flows, as well as voltage violations. The annual potential for electricity production
from solar power in Macedonia is estimated at 1,300-1,550 kWh / kWp, therefore EVN offers a complete ‘key in
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hand’ solution for photovoltaic systems for all households and businesses in Macedonia in order to encourage
citizens to use RES and solar potential. In the paper a research on the impact of the photovoltaic systems on the
conditions and operation of the distribution networks, will be presented. The research is conducted by using
specially designed program for calculation of voltages and power flows applied on a real network, in cases with and
without photovoltaic systems. It is analyzed how photovoltaic systems affect the power flows, voltages and losses
in the network, comparing to the state if photovoltaic systems did not exist. This paper reviews the installed
photovoltaic capacities in a real network, the challenges associated with the integration of the photovoltaic
capacities network, and highlights of the future work strategies in the electricity distribution sector.

Key words: photovoltaic systems; distribution systems; solar power; voltage conditions; power flows.

1  BOBE]

OonosnuBute U3Bopu Ha eHepruja (OUE) e cexoj n3Bop Ha eHEpruja Koj ce Co3/1aBa 3a MOKYCO BPEME OTKOJIKY
mTO ce uckopucrtysa. [ 1] Bo o0HOBIUBUTE N3BOpHU Ha eHepryja criaraat: CoHYeBaTa €HepTyja, BETepHATa EHEPTHja,
Bojara (peku, IIuMa 1 0CeKa, MOPCKHUTE OpaHOBHU), FeOTepMalTHa eHepruja u ouomaca. [2]

Opn roauHa BO rojidHa pacTe KOPUCTEHETO Ha 0OHOBIMBHU M3BOpH Ha eHepruja (OME), na Taka U OrpOMHOTO
3roJieMyBambe Ha HHCTATMPAHUOT KaNalnuTeT Ha OOHOBIMBY N3BOPH HA €HEpruja BO AUCTpUOyTHBHUTE Mpexu. Co
Toa JUCTPUOYTHBHHUTE MPEKHUTE ONEPATOPH CE COOYYyBaaT CO IMOBPATHH CTPYH M HANIOHCKH TPEKPIIyBamba.
@DOTOBOATAMYHU CHUCTEMHU CE€ HAPEKyBaaT, OMIIT METOJ 3a MPETBOPAame HAa COHYEBATa CHEPTHja BO CIICKTPUYHA
€HEeprrja co MOMOII Ha MOJyIIPOBOAHINYKH MaTEpHjall BO KOj ce oaBuBa (poroBonTandau edekr. OCHOBHHU JICTIOBH
3a pabOTEHETO Ha OBUE CUCTEMHU ce€ (DOTOHATIOHCKUTE MOJYJIM U M3MCHYBAUHTE KOU IMPOU3BE/ICHATA EICKTPUYHA
SHEepruja ja MmpeTBopaar BO €ICKTPUYHA CHEepryja co Hau3MEeHWYEH HaroH 1 PppexdeHIrja Ha HUCKOHAIIOHCKA WITH
CpelHOHANOHCKa Mpexa. OBUe cHcTeMH HeMaar moTpeda ojx OaTepuckd CHUCTEMH 3a CKIaIupame Ha
MIpom3BeIcHATa SIKETPUIHA CHEepPTHja, OMICjKHU IeylaTa CHeprija aBTOMAaTCKH ja IIpeaaBaaT BO HUCKOHAIIOHCKaTa
MpexKa.

'maBHHOT MpEIW3BHK 32 YOBEIITBOTO € OBO3MOXYBAmETO HA pa3Boj KOj TM 3aJI0BOJyBa MOTpeOUTE Ha
JICHEIIIHUTE TeHepaluKu 0e3 Jla ja 3arpo3W MOXHOCTa 32 3aJI0BOJYBambe Ha MOTPeOUTE HA WUIHUTE TeHEPAIUH.
WnHuHaTa Ha 4OBEMITBOTO BO MHOTY K€ 3aBHUCH Off HAUMHOT Ha KOj K€ C€ MPOM3BEJyBa M KaKO Ke CE TPOIIH
eneprujara! [1]

2 ®OTOBOJTAUYHUTE CUCTEMHU U HOBUOT 3AKOH 3A EHEPI'ETHUKA

Eneprujara og coH4eBOTO 3pauckkhe € HajoOWIeH, HEUCHIPIIeH, OecIuiaTeH U 0OHOBIIMB M3BOPH Ha SHEPruja,
KOja He ja 3arajyBa OKOJHMHATa. IHTEH3UTETOT HAa COHYEBOTO 3pauck-¢ Ha MOBPIIMHATA HAa 3eMjaTa, 3aBHCH O]l
BpPEMETPACHETO Ha 3pavermheTo Ha COHIETO BO TEKOT Ha JCHOT W aroJioT Ha COHYEBHU 3palld KOH XOPHU30HTAIHATA
pamuanHa. COHIETO JaBa JiBa BU/a HA CHEPrHja: CBETIIOCHA M TOIUTMHCKA. Y PEJUTe BO KOH CE BPIIU ancopOupame
U TpaHcopMmupame Ha COHYEBOTO 3pavyelk¢ BO TOILIMHA, CE HapeKyBaaT COHYECBH Kosiekropu. CoOHYEBHTE
KOJIGKTOPH, BO 3aBHCHOCT OJI KOHCTPYKIIHjaTa, MOXKE Jla C€ KOPUCTAT 3a JIoOMBame Ha TOIUIa BOJA 33 IICHTPAITHO
3arpeBame, WIH 3a MPON3BOTCTBO Ha eNleKTpudHa eHepruja. CoHueBUTE (DOTOBOJITAMYHU KEIIUH CE€ MHOTY ITOBOJICH
HAa4YMH 32 MPOM3BOJICTBO Ha CJICKTPUYHA CHEpruja, OWICjKW HE KOPUCTAT CUCTEMHU 3a JAJICHke, a CO Toa He
Mpou3BeyBaaT eMucHja u 0Oyka. Criopes; eHepreTCKHOT OMITaHC, YYECTBOTO Ha €HEprHja MPOU3BeIcHa O] COHYCBA
eHepruja, BO BKyITHaTa MOTPOIIyBayka Ha eHepruja m3necyBa 7,4GWh, ogrocHo 0,04%. [3] Llenata eneprercka
CJICKTPOHUKA C€ BrpajyBa BO 3aCIHUYKH HHBEPTOP KOj CIIYKH 3a MOBP3YyBamke Ha (POTOBOJITAMYHUOT CHCTEM CO
MpeKara.

[IpenHoCTHTE KOW COHYEBHTE TAHENH TH HYJAT Ce CIEJHWUBE: Malldl OINEPAaTHBHU TPOIIOLH, MaJH
WHBECTUIIMOHH TPOIIOIH, €THOCTABHY 32 MHCTAINpPahe, e(UKacHOCTA € He3aBUCHA OJ1 IMIMEH3HjaTa, IPOU3BOACTBO
¢ OJIMCKY 10 MOTPOIITYBauUTE, 3pa4CH-ETO O] COHIIETO IITO 3a €JIcH Yac nafa Ha MOBPIIIMHATA HA 3eMjaTa € IOBOJIHO
Jla TY 33/I0BOJIM TOJAUIITHUTE TOTPEOU Ha KUTEITUTE HA 3eMjaTa.

Henocratorure oj ipyra cTpaHa ce ClieIHUBE, HEIOCTAITHA BO HOKHUTE YaCOBH, TIOTCHITU]AlIOT € HAjTOJIEM BO
HajMaJIKy HaceJleHUuTe Jip>kaBu Bo EBpora, nierara 3a kWh e ce ymre ronema. Mcro Taka, TOKCHYHUTE XEMUKATHH
IITO TH COAPIKAT IMAaHEINTE 3a IPOU3BOJICBO Ha EICKTPUYHA CHEPrHja, ¢ MpoOIeM KOU ce JACIH Ha JIBa JieNa, U Toa
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eJIHAIl 3a BpeMe Ha HeroBaTa m3rpajba W BTOPIAT Ha KPajoT oJ Heropara ynotpeba. HeroBHOT )KMBOTEH BEK €
oxoiry 20 ronuHu, 1o/eka Heroata epukacHocT omara o 12 roaunu. [Ipodnemot co PV manenure € Bo Toa mTo
THE BO TEKOT Ha IPOU3BOJICTBOTO U 10 OTCTPAHYBAKETO UCIYINTAAT OMMACHU XeMuKkanuu. [4] EqHa ox TokcuuHUTE
XEMHKAJINU KOM ce BKIydeHH BO COJIAPHHU TAHENN He € OHA MITO € BO MaHeNNTe, TyKy € HyC-TIPOU3BOJl HA HUBHOTO
mpou3BozcTBo. CoHdyeBUTE NaHeau co3gaBaaT 300 rmaTH MoBeKe TOKCHYEH OTIA[ [0 €IUHMIIA SHEPrHja OTKOJIKY
HYKJICAPHUTE [ISHTPAIIH.

On maj 2019 roauna, ce CrpoBeoa OApea0UTe 0] HOBUOT 3aKOH 3a CHEPIreTHKa, KaJie IPEeKy HOBU 3aKOHCKHU
pellieHuja, JIONpHHECYBa 10 e(UKACeH, KOHKYpeTeH W (YMHAHCKUCKU OJAPXKIIMB €HEPTEeTCKU CEKTOp, KOj MpPEeKy
HEJWCKpUMUHAIMjaTa, O0jeKTUBHOCTA M TPAHCIAPEHTHOCTA, KaKO OCHOBHM Hauena, KoM ke o0e3bemar 10
KOHKYpPEHIIMja BO TPOM3BOJICTBOTO W CHAOIyBameTO CO CEHEpruja. 3aKOHOT HyAW 4YEKOp IIoHAaTaMy BO
yCOTJIaCyBambeTO Ha HAIMOHAHOTO 3aKOHAJaBCTBO, cO OHA Ha EBporickata YHHja BO JeTOT Ha €HEpPreTHKara,
moceOHO BO JIENOT CO oApeAduTe Ha ,, [peTHOT NakeT Ha 3aKOHOJABCTBOTO 3a BHATpPEIIEH TNa3ap Ha
eHepruja(eiekTpuyHa eHepruja u npupoaet rac)*. Ha Cn.1 e npukaxaHo npBaTa Kyka Bo MakeJoHH]ja KOja ro uMa
HMCKOPHUCTEHO HOBHMOT 3aKOH 3a EHEpreTHKa M MMa HampaBeHo gorosop co EBH Makenonuja.

Cauka 1. IIpBa xyka Bo Makenonuja co PVP uncrannpann
€O HOBHOT 3aKOH 3a eHepreruka 2018

HoBwuort 3akoH 3a eHepreTka BHECYBa HOBHHU BO JISIOKPYTOT Ha pabOTEHETO HA BPIITUTEIUTE HA CHEPTETCKU

nejHoctd, BKryunTenHo 1 EBH, kaksu miro ce:

- IIEJOCHO CE OTBOpA Ma3apoT Ha eJeKTPUYHA CHEPTHja, Ha TOJIeMO M MAJIO, U UM C€ J1aBa MOXKHOCT Ha CHTE
MOTPOIIYBayl, HE3aBHCHO O KaTeropvjaTa BO KOJallITO Ipuiaraar, na u3depaT CBOj CHaOayBad Ha
eJICKTPUYHA CHEePTHja, CO KOj Mer'yceOHO Ke T JIOrOBOpaT YCIOBHUTE 32 CHA0IyBamk¢ BKIIYYHUTEITHO U [ICHATA
Ha eJICKTPUYHHA CHEPruja;

- Ce BOBeIyBa YHHMBEp3aJCHH CHaOayBad Ha CIIEKTPHUYHA CHEPIHja, KOj Ke r'd cHabJyBa JOMakMHCTBATa M
MaJHUTe TOTPOIIYBAYM INTO OJUTYYHJIE Ja Ce CHa0ayBaaT OJf OBOj CHAOIyBad WM TOPAAM OJPEICHHU
MPUYMHYU U30PaHUOT CHAOAyBa4 MpPECTaHe J1a T CHaOJyBa co eleKTpuYHa eHepruja. llenure u ycnoBute
ce perynupanu oJ PerynaropHara KOMUCHja 332 CHEPreTHKa;

- YHHBEp3aJIHHOT cHabjyBau ro u3dmpa Bnamata Ha PemyOnwka MakelnoHWja ol pelioT Ha TOCTOjaHHUTE
cHa0TyBauW Ha CICKTPUYHA SHEPTH]ja, MO MPETXOTHO YTBPACHU KPUTEPUYMH o] PerynaTopHaTa KOMUCH]a
3a EHEPreTHKa,

- YHUBEP3aJIHHOT CHaOayBad Ke ja BPILIHU U ICJHOCTAa CHAOyBame Ha CIIEKTPHYHA CHEPIHja BO KPAaeH CIIy4aj
Ha TOTPOINIYBAYHUTE IITO HE C€ JOMAKMHCTBA M MalM TOTPOIIYBa4yM, a KOW OCTaHalle Oe3 COICTBEH
cHaOmyBad BO mepuoj ox HajMHory 90 jpeHa, mo mTo ke OWIe NMpEeKHHATa WCIOpPaKTa Ha eJIEKTpHYHA
eHepruja;

- 3a3roseMeHo yuectBo Ha OUE Bo ¢uHamHaTa MOTpOIIIyBadKa Ce BOBEIyBa MOXKHOCT ITOTPOIITYBAYUTE a
nHctanupaatr OUE 3a corctBeHu moTpedu, a BUIIOKOT J1a IO TpeaBaar BoO AUCTPUOYTUBHATA Mpeka. 3a
BaKBaTa aKTUBHOCT HE € OTpeOHa JINIEHIIA 32 BPIIICHh¢ Ha CHEPreTCKa JICjHOCT;

- BO JICJIOT HA JTUCTpHOYIMjaTa ce OrpaHUIyBa OIEPATOPOT HA AUCTPUOYTHBHUOT CHCTEM 33 MOSAMHUYCH
MOTPOIITyBay, JIa BPIIA MPOMEHAa Ha KaTeropujara Ha NPUKIYYoK Oe3 omoOpyBame Ha Perymarophara
KoMHcHja 3a eHepretrka. OBa mmpectaByBa IMPEKPIIOK KaJie IMTO ce u3pasysa riioda Bo BBUCHHA 70 2% o]
BKYIIHUTE IPUXOIU Ha omeparopor Ha auctpuOytuBHHOT cucteM (OJIC) 3a mperxomHata (uckaaHa
roauHa; [6]

_______________________________________________________________________________________________________|
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3 MPEXHU ITPABUJIA HA 3A TUCTPUBYIINJA HA EJIEKTPUYHA EHEPTUJA U PABOTA HA
JUCTPUBYTUBHATA MPEXA

ConapHaTa 0OOHOBJIMBA €HEpPrHja BO MaKeoHHja € I0CTaIHA 332 KOPHUCTEHhEe Ha CUTE IITO CE 3aUHTEPECUPaHH U
TOA JIOMAKMHCTBAa M KoMIaHuuTe. [[earoT mporiec 3a KOpHCTeHe Ha yclyrara 3alouyHyBa CO TIOJHECYBambe Ha
Oapame. Bo OapameTo ce HaBeayBaaT OCHOBHUTE MH(OpMaIMK 3a 00jeKTOT MM 3a JIoOKalujaTa Kajae ITo Ou ce
MOCTaBHI ()OTOBOJNTAMYHHOT CHCTEM.

Bp3 ocHoBa Ha OapameTo ce M3rOTBYyBa MOHYJA, KOja JIOKOJKY ce MpUdarh, ce MOTHHITYBa JOTOBOP H Ce
3arovHyBa co U3paboTKa Ha JISTATHO MTEPCOHAM3UPAHO PEIICHHE 3a KOPUCHUKOT. Y ciayrara Ha EBH noapasoupa
IIEJIOCEH Pa3B0oj U UMILIEMEHTAIlHja Ha PEeIICHUETO IITO Tpeda /1a 1ajie HajONITUMAITHU PE3YJITATH U J1a TH 3a10BOJIN
MOTpeOUTEe Ha KOPUCHUKOT.

[Ipomecor mpomomkyBa co HM3padOTKa Ha JETalHAa aHalW3a Ha MOTpeOUTe Ha OO0jeKTOT/IoKalujaTta Ha
MTOTEHIINj ATHUOT KOPUCHUK. Bp3 ocHOBa Ha oBaa aHanm3a, EBH My noHymyBa Ha KOPUCHHKOT IIEJIOCHA YCITyTa TI0
MPUHIIMIIOT ,,KJIy4Y Ha paka“. Yciayrara e mepcoHaIM3UpaHa M 3aToa 3a CeK0j KOPUCHHUK IeHaTa Ou Onia pa3imidHa.
Ilenara 3aBucu 0J1 MHOTY (haKTOPH, & HAJMHOTY O] TOJIEMHHATA HA HHCTAJMPAHTAa MOKHOCT Ha OTOBOJITAMYHHATA
ueHrpaina. [5]

Kako wHBecTHTOpHM BO TPOM3BOJICTBO Ha €IIEKTPHUYHA CHEPrdja OJf OOHOBJIHMBH W3BOPH MMaaT MpPaBO Ha
KOPUCTEH-¢ Ha TIOBJIacTeHa Taprda 3a MPOU3BOJICTBO HA EIEKTPUYHA CHEPTHja 0]1 OOHOBIUBH W3BOPH YTBPACHA OJ1
Perynaropna xommcHja 3a €HEpreTHKa, TOKOJKY CE CTEKHAT CO CTaTyC Ha MOBJIACTEH MPOM3BOJUTEN COTJIACHO
3akoH. [Ipen na ce mobue mpaBo 3a KOpHCTEHE Ha TapuuTe, HEONXOTHO € Jia ce 00e30eaaT NOTPeOHUTE JTULEHIH
Y OBJIACTYBama | J]a Ce MPUKITyJaT Ha IUCTPUOYTHBHATA Mpexa Ha Enexrpomuctpudyimja. [6]

4 PA3IVIEAYBAIBE HA HAIIOHCKH ITPUJIMKH BO MPEKATA CO PVP

[Ipen na ro 3anoyHeMe TUCKyCHjaTa, BAXKHO € Ja ce pa3depe Kako (OTOBONTaAUYHHOT CHCTEM MPOHU3BENLYBa
IIOpacT Ha HAITOHOT BO CBOjaTa TOYKa Ha 3a€THUYKO CII0jyBamke, Ha ciukara CiI.2. € IPeTCTaBeH €KBUBAJICHTHO
eJIeKTpUYHO KoJi0 Ha PVP cucTteM npukitydeH Ha Mpexa, U Toa co Egn Zg ce nmapameTrpuTe Ha TeBEHEHOBUOT
reHepaTop Ha eJIEKTpUYHATa Mpexa co Zload € UMIIEAAHCA Ha TOBapoOT, Epv u Ipv ce napamerpute Ha PVP [7]

Z
—_ ]
NI
Eg :-.\h— /' E '|I‘\ E,, <|.\ ] /'I TIW

\5 Z; o

Cauka 2. Moaesimpame Ha eJIeKTPUYHOTO K0JI0 HA
cucreMot co PVP

Kopucrejku ro 0Boj Moj1es1, HAIIOHOT BO TOYKAaTa HA 3a€THUYKO CII0jYBamkhEe MOXKE J1a C€ TIPECMETa CO CIICTHUOT
mpas (1) .
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PaBenkara nmokaxxyea jieka HarioHoT 6e3 PVP ( Ipv=0) ce 3roieMyBa mporopiuoHaaIHo 3a BPeIHOCTa Ha
npous3BoaoT Zglpv.
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Co 3rosieMyBameT0 Ha OpojoT Ha PVP Bo MpekaTa U HaltlOHOT Ke IMOpacHe 10 BPeIHOCTH Horojemu o1 En,max
Y Toa ke TpeAn3BUKYBa MPOOJIEMU BO Mpexkara, T.¢ Kaj morpouryBaunte, PVP cucremu Bo pealHOT MOXe Aa TH
MpEeTCTaByBaME KaKO HAMOHCKUM TE€HEPATOpPH CO PEOHO IOBp3yBamke HA HMIIEAHCA, TOA H3rJena Kako BO
€IEeKTPUYHOTO Koj1o rmogony Ci.3. [7]
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Caunka 3. Mpexa co noseke PVP

Bo copaboTka co OieaoT 3a MPEKEH HHXKEHEpHUHr BO EnextpomuctpuOyimja — CKolje HUE HMaMme
pasrienyBaHO HAIOHCKY MPUIIMKH BO pPeaiHa TUCTPUOYTUBHA Mpexa co oMo Ha nporpamara DNP Shneider.
JucTpuOyTHBHHUTE MPEXKH 32 KOUILITO TyKa CTaHyBa 300p ce HajuecTo pa3rpeHeTH U 0TBopeHN.OTBOpPEHA MpeKa ce
HapeKyBa OHaa Mpeka Koja INTO He COApPKM HUTY enHa KoHTypa.OCHOBHA OJUIMKa Ha pa3rpaHETHUTE
CPETHOHAIMOHCKH U HUCKOHATIOHCKH MPEXH € Taa IITO CE THE COCTABCHHU OJ] BOJIOBH CO PEIATUBHO MAIU JIOJKUHH
W O] HUB CE HarojyBa morojiem Opoj norpomrysayn. Bo coBpemenute Enexrpoeneprercku cuctemu (EEC) 3aryoute
Ha eneKTpuyHa eHepruja gocturaat 10+15% ox BKymHaTa mpou3Be[eHa eJEKTpUYHA eHepruja. ['onemunara Ha
oBHE 3aryOM OWTHO BIiMjae BpP3 BKYITHHWTE T'OJWINTHH EKCILIOATAIMOHW TPOIIOIHM, a CO TOA W Bp3 IICHATa Ha
HCIIopavaHaTa eJeKTpUYHa eHepruja. [§]

Mpexara Ha Koja cMe€ M3MEpHEe € pagujajHa M MMa YETHPH H3BOAM HO BO THE ACITHULM Mall Opoj o
MOTPOIIYyBaYUTe MMaat npukiydeHo PVP, kora 0pojor Ha PVP cucremu He € TOJIKY rojieM BO MpexaTa(Hu3BOA0T)
HEMa Ja ce jaByBaaT HAITIOHW TIOBUCOKH O]l HOMUHAITHHOT TYKY THE MaK Ke TM HamalyBaar 3ary0uTe BO HEKOj Mal
MPOIEHT IITO HCTHOT MOXKE J1a TO IIPECMETYBaMe.

Tpancdopmatopckara cranmua ¢ 10/0.4 [kV/kV], ma Cn4 e mnpercraBeHO H3IJIEAOT Ha pajHjajiHa
nuctpubytusHa cpexa(IC) camo 3a T0j aen. [loTpolryBaduTe ce MPETCTaBEHU CO KPATKU I[PTKH COOJBETHO BO
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Caunka 4. Pagujanna DC mpexa
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n3BoauTe.MokHocTa Ha TUCTpUOYTUBHHUOT Tpanchopmarop ¢ 380 [kW] Tyky MOKHOCTa HAa HHCKO HAITOHCKHUOT
(HH) uzBox e 173 [kW].

[Ipecmetkute on nporpamata DNP Shneider ce nageHu mogomny 1 HalmoOHOT € U3MEPEH BO YETHUPUTE JIEITHULN
HO Ha pa3InYHH PacTOjaHuja, O TOa JeKa MPEeTX0AHaTa FOANHA € OCTI000/ICH Ta3apaoT Ha eNeKTPUYHA eHepruja u
opojot Ha PVP e man u oBre BpeAHOCTH Ha HAIIOHHUTE CE OYEKYBAaHH, HCTO TaKa M 0T Ha HAIIOHOT € BO T'PaHUIIH.

Jennuna Hamnon ITIax Ha HamOH ‘
1 Ui(10m)=399,51 V dU(10m)=0.12%
2 Ui(110m)=390,14 V  dU(110m)=2,47%
3 Ui(160m)=388,84 V. dU(160m)=2,80%

Cauka S. IlogaTonm ox npecMeTKa

[Mogony Moxe 1a BUAMME JiBa IPUMEPH Ha eNIEKTPUYHU Koja(Mpexa) co u 6e3 PVP o3nauenu co pedepenim
Cn.6. u Cn.7. uCTO Taka Bp3 HHUB C€ IJie[a TPaBUYKH M J0JIHATA U TOPHATa TPaHUIa Ha HAlIOHOT BO ja3JIHTeE, ILTO
OYMIJICHO € JIeKa Kaj ja30J0T co mpukiryneH PVP HamoHOT npacTudHO ce 3rojeMyBa Toa 3HAYM JieKa ako BO
Mpexara ce npuKiIydyBaar yure PVP ke mojaemMe 1o HarmoH morojeM o] MaKCUMaTHHOT.[ 8]
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l[n'::[
Cauxa 6. Mpexa co PVP
Cauxa 7. Mpexa 6e3 PVP

5 3AKJIYYOK

®oTOBONTANYHUTE CUCTEMH CE €IHH O] OYeKyBAHHUTE MOBEKETO PACTEUKH MU3BOPH Ha €IEKTPUYHA CHEPTHja BO
HapeJHUTE JIelleHnd. Bo 0BOj Tpy/l To poydyBaMe BIIMjaHUETO Ha WHCTananujara Ha PVP Bp3 quctpuOyTuBHUTE
MpEXH BO OJJHOC Ha HANIOHH ¥ 3aryou. CTyIuuTe Ha ciydaj TBpJea IeKa NMa MO3UTUBHO U HETAaTHBHO BJIMjaHHUE Ha
PVP nHTEpKOHEKIMjaTa, TOa € MECTOTO KaJIe LIITO MHTEPECOT JICKHU BO IOI00PYBAmHETO HAIOHOT U HAMATyBambeTO
Ha 3ary0OHTe BO CHCTEMOT IITO MOXE J1a 3aIITEAAT eICKTPHYHA €Heprija Ha INIaBHUOT U3BOP, HO H TIOKPAj TOa, TaMy
ce HEKOHW 3arpMKEHOCTI IITO To MPHUIpPYKyBaaT OBa BO OJHOC Ha (UIyKTyalujaTa Ha HAIOHUTE U YCIOBUTE Ha
npeHanoH. Biujanuero Ha PVP Bp3 Mpexara mrto e moBp3aHO 3aBHCH OJ TojeMuHaTa Ha PVP, nokauujara 3a
MHCTAMpamke M TOMOJIOTHjaTa Ha cucTeMoT. OBaa CTyauja MpeUIoKH KOHTPOJEH METOA 3a Jla Ce HaMaiu
¢uryKTyanujaTa Ha HallOHOT LITO MOXeE J1a BIIMjae BP3 perylaTHBaTa, a Co TOa U Ha PEryIaTopor.
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INCREASING BIOBASED CONTENT IN WATERBORNE (METH) ACRYLATE
POLYMERS BY USE OF LIGNIN

ABSTRACT

Lignin is biobased material that appears as a waste from paper production industry. Due to the environmentally
friendly, antioxidant, antimicrobial, and biodegradable nature along with its reinforcing capability, lignin is
considered as promising candidate to replace one part of the synthetic polymers with biobased one. Additionally,
owing to the presence of highly aromatic structure, lignin is able to produce a large amount of char residue upon
heating at elevated temperature, which reduces the combustion heat and heat release rate. Therefore, the mixing of
lignin with polymers to produced hybrid polymeric materials enhances the fire retardancy of the product.

In this work, the waterborne (meth)acrylic polymer dispersions produced by emulsion polymerization of
methyl methacrylate (MMA), butyl acrylate (BA) and acrylamide (AAm) in weight ratio of 49.5/49.5/1, were
blended with aqueous dispersion of lignin powder to in amount of 1 wt. %, 5 wt. % and 10 wt. % of lignin in relation
to the polymer. The obtained hybrids were characterized by means of: Fourier-transform infrared (FTIR) and
Ultraviolet/visible (UV/Vis) spectroscopy in order to determine the successful incorporation of lignin into the
polymer matrix; contact angle measurements to examine the hydrophobicity/hydrophilicity and to determine the
surface energy of the new systems; Scanning electron microscopy (SEM) to investigate the morphology of the
hybrids; Thermal gravimetric analyses (TGA) to determine the thermal stability of the hybrids.

The lignin was very well incorporate within the (meth)acrylic polymer, giving rise to synthesis of partially
biobased hybrid polymer. Furthermore, the well distribution of lignin within polymer matrix resulted in important
improvement of the thermal properties. In other words, the char residues gradually increased with higher lignin
content, enchanting the fire resistance of the polymer system. Decreasement of the hydrophobicity with addition of
lignin was also observed.

Key words: biobased, emulsion mixing technique, fire retardancy, lignin, waterborne hybrid polymer films.

1 INTRODUCTION

During the last decades, the environmental awareness for handling unwanted products obtained in the industrial
processes is becoming substantial. Finding a better, environmental friendly usage for the waste is even more
challenging. Lignin is considered as the second most abundant renewable natural resource material next to cellulose
and can be produced as a nus product from paper and ethanol making industries. One of the main usages of lignin
waste is as fuel in heat and power plants. However, other methods to extract and refine lignin for better purposes
than burning it are required [1]. As a biopolymer with highly branched structure, containing different functional
groups has great potential of becoming essential bio-resources for the production of environmentally friendly
polymers and polymer composites [1, 2]. High char yield is formed after decomposition due to its aromatic chemical
structure. The advantage of this char is its ability to protect coated substrate from further decomposition and improve
fire retardancy. Based on this fact, lignin has potential as a fire retardant. Until now it was reported that lignin
creates protective char layers in polypropylene, polyethylene terephthalate, polyhydroxybutyrate, and acrylonitrile
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butadiene styren enhancing their fire retardancy [3]. The main focus of this research is to suggest an alternative for
the usage of waste lignin by its incorporation into polymer matrix with expectation of improving the thermal
stability and fire retardancy of the polymers.

2 EXPERIMENTAL SECTION
2.1 Materials

The selected polymer system is composed from technical grade monomers: methyl methacrylate (MMA,
Quimidroga), butyl acrylate (BA, Quimidroga), and acrylamide (AAm, Sigma Aldrich). For colloidal stabilization
alkyldiphenyloxide disulfonate (Dowfax 2A1 45%, Aldrich) surfactant was used. Initiator tert-Butyl hydroperoxide
(TBHP, Aldrich) was used to perform the free radical polymerization. Ascorbic acid (AsAc, Fluka) was used as
reducing agent. The polymer was joined with lignin stable dispersion in order to produce composites with different
wt. % of lignin in relation to the polymer. The lignin-alkali was purchased from Sigma Aldrich. For its dissolving
1,4- dioxane with 99.8% purity (Sigma Aldrich) was used. Sodium dodecyl sulfate (SDS, Aldrich) was used for
the stabilization of the lignin into the dispersion.

2.2 Synthesis of polymer latex

p(MMA/BA/AAM) latex with 50% solid content was prepared by semi-batch seeded emulsion polymerization
using TBHP as a free radical initiator. The seed was prepared with 10% solid content in a batch reaction at 70°C
with agitation of 220 rpm under nitrogen atmosphere for 120 minutes. The initial charge containing the seed latex
was directly measured in the reactor in order to introduce the three feedings in it. The first feeding includes the
monomers MMA/BA. For the second feeding, a mixture of the functional monomer Acrylamide, surfactant Dowfax
2A1 45% (1% of the monomers), AsAc (0.25% of the monomers) and Milli-Q® was prepared and stirred the whole
time in the process of feeding. For the third feeding the initiator TBHP (0.25% of the monomers) was dissolved in
Milli-Q® and put in separated beaker. The resultant polymer was polymerized in semi-batch for 300 minutes. The
obtained latex has 316 nm Z-Ave particle size, 50.7% calculated solid content with total conversion of monomers.

2.3 Emulsion mixing

The aqueous lignin dispersion was prepared by dissolving the lignin with dioxane 1:1 ration and after that
dispersing it in water in the presence of SDS by terms of sonication for 10 minutes efficient time and 70% amplitude.
In order to obtain films with 1 wt. %, 5 wt. % and 10 wt. % of lignin in relation to the polymer, in small beaker with
10 ml of the latex certain amount of the lignin dispersion was added (drop by drop system) and mixed under
agitation. The composite latexes were afterwards casted into molds and left to dry for 5 days, under atmospheric
conditions.

2.4 Characterization

The morphology of the nanocomposite films was observed using scanning electron microscopy (Quanta 250
e-SEM, Philips Tecnai, Field emission, Schottky filments). The samples were analyzed by means of FTIR
spectroscopy (Perkin Elmer, Spectrum 100) equipped with attenuated total ATR reflection and with UV/Vis
spectroscopy (Shimadzu Uvmini-1240 spectrophotometer) in order to perform a qualitative and quantitative
analysis of their composition. The determination of the hydrophobicity/hydrophilicity of the obtained composites
was performed by multiple analyses of the contact angles of several water drops. Advancing contact angles for
water, glycerol and ethylene glycol on the obtained composites were measured and their surface energy was
calculated via Owens-Wend regression model using See System 7.0. In order to determine the thermal stability of
the samples, thermogravimetrig (TGA) analyses were performed.
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3 RESULTS AND DISCUSSION
The results obtained in this research are given in the following continuation:

3.1 Morphology of the samples

mm x1.00k SE(M;

Figure 1. SEM images of: lignin (a); 1 wt. % lignin (b); 5 wt. % lignin (c); 10 wt. % lignin (d)

Microscopic images presenting the morphology of the lignin and cross section of the composites are given in
Figure 1. Figure la presents the view of the morphology of the lignin; it can be noticed that lignin appeared
granulated with grains of compact structure and different sizes [4]. From the cross-section of the nanocomposites
presented on Figure 1b-d can be observed that most of lignin is randomly self-oriented with less aggregation, thanks
to the formation of composite particles where the lignin and polymer particles are connected covalently and in the
same time decreasing the mobility in the dispersion and disappearing of the colloidal polymeric particle template.

3.2 Qualitative and quantitative analyses of the sampels

The samples were qualitatively and quantitatively analyzed using FTIR and UV/Vis spectroscopy. The good
incorporation of lignin with the polymer matrix was proven by the two spectroscopies.

3.2.1 FTIR analyses

On Figure 2a and 2e are given the spectra with the characteristic bands of lignin and p(MMA/BA/AAM),
respectively. From the obtained spectrum of lignin a strong wide band between 3300 — 3400 cm™ can be noticed
due to the presence of alcoholic and phenolic hydroxyl groups involved in hydrogen bonds (-OH). The bands
centered approximately at 2957 cm* and 2935 cm2, predominantly arise from CH stretching in aromatic methoxy
groups and in methyl and methylene groups of side chain. Aryl ring stretching bands are shown at 1594 cm™
(symmetric) and 1512 cm™* (asymmetric). It was shown, that the intensity of the absorption band at 1451 cm™ has
been assigned to deformation vibrations of CHz-group. The absorption band at 1369 cm™ is associated to asymmetric
stretching vibrations of the C—O—C linkages in ethers and esters or to phenolic hydroxyls [5]. The spectrum of the
copolymer is consisted from several characteristic bands. Namely, a band around 3000 cm* caused by —~OH stretch
and band at 2955 cm™ and 2855 cm originating form C-H stretch vibrations can be observed. In addition, C-H
bending is shown in the bands around 1350 cm and 1500 cm*. Furthermore, it can be noticed C=0 stretching peak
at 1721 cm™. The intensity of the absorption band at 1726 cm is associated to C-O stretch of the copolymer. [6].

The successful incorporation of lignin within the copolymer matrix was proven with FTIR analyses, mainly
by two bands that are absent in the copolymer but are characteristic for the lignin. The spectra of the composites on
Figure 2b-d clearly show the combination of the characteristic bands for lignin and the copolymer, indicating to the
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good interaction of the lignin with the polymer matrix. Namely, the band between 3300 — 3400 cm and at 1594
cm! representing the —OH group and aryl ring in the lignin, respectively can be noticed in the composites.
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Figure 2: FTIR spectrum of: lignin (a); 10 wt. % lignin (b); 5 wt. % lignin (c); 1 wt. % lignin (d); copolymer (e)

e

3.2.2 UV/Vis analyses

Figure 3, represents the spectra of lignin, the copolymer and the composites. Observing the spectra of the
lignin, two bands can be noticed. The first appears in the UV region at 260 nm as a result of benzene substituted by
hydroxyl or methoxyl groups. The second peak is located in the Vis region at 300 nm due the presence of the
carbonyl groups and/or double bonds conjugated with an atomic ring [7]. The copolymer is distinguished with
intense adsorption band from 200-260 nm representing the n-n* transition in C=0 [8]. With the addition of lignin
into the polymer matrix two important changes in the spectra can be noticed which confirms the good incorporation
of the lignin within the copolymer. The adsorption band characteristic for the copolymer at 200-260 nm undergoes
decay in the intensity which is also known as hypochromic effect. A bathochromic effect of the band characteristic
for the lignin at 300 nm also occurred i.e. shifting of the absorption band to longer wavelength. Both effects indicate
that the composites possess lower ability to absorb UV and Vis light as it was expected.
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Figure 3: UV/Vis spectra of lignin, copolymer and composites
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3.3 Contact angle/surface energy measurements

The change in the hydrophobicity/hydrophilicity and surface energy with the addition of lignin was also
investigated. The results obtain from the measurements are presented in Table 1. The addition of lignin increased
the hydrophilicity of the copolymer. The total surface energy does not follow a particular linear dependence.
However there is an increase of the surface energy of the polar component compared to the dispersive. This
phenomenon is due the polar nature of lignin which contributes to improvement of the hydrophilic properties of the
copolymer. The total surface energy of solid is consisting of surface energies for the dispersive and polar parts
according to Fowkes theory as shown in equation 1:

Y=y"+y4. 1)

Where: y! is the total surface energy; y* is the surface energy for the polar part; y¢ is the surface energy for the
dispersive part [9].

Sample Contact angle [°] y! [mJ/m?] yP [mJ/m?] y' [mJ/m?]
Copolymer 81 28.6 9.6 38.2
1 wt.% lignin 78 12.9 14.7 27.6
5 wt.% lignin 57 6 39.1 45.1
10 wt.% lignin 71 16.3 17.4 33.7

Table 1: Contact angle/surface energy results

3.4 Thermogravimetric analyses (TGA)
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Figure 4: TGA results

Thermogravimetric analyses were performed in order to evaluate the degradation of the composites and to
define their maximum processing conditions. The thermogravimetric curves of lignin, the copolymer and the
composites with 1 wt. %, 5 wt. % and 10 wt. % are displayed in Figure 4. The TGA curve of lignin reveals that its
weight loss begins around 100 °C, due to the presence of residual water, and then a gradual weight loss occurs from
144°C up to complete degradation around 487°C. On the other hand, the copolymer shows a sharp weight loss
around 350°C and degradation is completed around 405°C. One important observation is that the addition of lignin
to the copolymer slightly shifts its thermal degradation to higher temperatures and significantly increasing its char
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content. Therefore the higher thermal stability and char content of lignin played a significant role in improving the
fire retardancy of the copolymer [10].

4 CONCLUSION

In this work, alternative way of utilization of lignin was proposed i.e. as reinforcing agent for polymers in
order to produce composites with improved thermal properties. The lignin was successfully incorporated into
p(MMA/BA/AAmM) matrix which was confirmed with the quantitative and qualitative analyses (UV/Vis and FTIR).
Good distribution of lignin within the polymer matrix was observed through the SEM micrographs. Due to the
polar nature of lignin, its addition in the copolymer increased the surface energy of the polar part, resulting in
improvement of the hydrophilicity. The results from the TGA indicated that lignin improved the thermal stability
and fire retardancy of the copolymer by providing more char content and higher temperature of degradation.
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LASER ABLATION OF GRAPHENE IN SF6 ATMOSPHERE

ABSTRACT

The main goal of this research work is to investigate the influence of the SFs gas on the pulsed laser deposition
of graphene. The main advantage of the pulsed laser ablation (PLA) is its simplicity in implementation. PLA is a
vapor deposition process which can be carried out in vacuum or in presence of different gases. The laser beams etch
away the surface layers of the graphene target and the ejected material is deposited onto appropriate substrate. For
this research, sulfur hexafluoride (SFs) is used as a background gas for the laser ablation. The laser irradiation at
931 cm is strongly absorbed by SFs and the gas acts as an inert photosensitizer. The ability of SF6 to absorb the
laser energy and to convey the energy in a form of heat to the reaction mixture will provide milder conditions for
PLA. The deposited graphene film was submitted to annealing in order to improve the conductivity of the deposit.
The obtained deposits were investigated with Fourier-transform infrared (FTIR) spectroscopy. Scanning electron
microscopy (SEM) was employed for examination of the deposit’s morphology. The conductivity of the thin films
was examined with four point probe resistivity meter. The FTIR spectra indicate successful deposition of graphene
onto the substrates, the increased intensity of the C = C peak after the annealing demonstrates positive changes in
the structure of the nanomaterial. The SEM images demonstrate more homogenous structure with less aggregation
for the samples deposited in SFs atmosphere. The SEM images also show that after the annealing the porosity of
the samples is significantly reduced. After the annealing the conductivity was increased for approximately 50 times
for the sample deposited in vacuum. The sample deposited in SFs atmosphere did not possess conductivity before
the annealing, but after the annealing its conductivity was 0.00257 S/m.

Key words: Annealing, graphene, PLA, SFe.

1 INTRODUCTION

Since its discovery in 2004, graphene is object of research for many scientists due the extraordinary electrical,
mechanical, thermal and optical properties that this nanomaterial possess. Graphene thin films are extensively used
in the production of electromagnetic interference sheieding, supercapacitor electrodes, for flexible screen devices,
toxic gas sensor etc. [1-3]. Several methods are reported for deposition of graphene thin films, as dip coating, drop
casting method, electrophoretic deposition, chemical vapor deposition [2-5]. This work reports pulsed laser ablation
(PLA) on graphene target in vacuum and sulfur hexafluoride (SFg) atmosphere, to obtain graphene thin films. PLA
is excellent technique for deposition of any type of material in thin film form. This is simple and efficient method
which offers high control over the thin film growth and consequently over the film thickness [6, 7]. The PLA process
can be carried out in vacuum or in presence in different background gases. The purpose of the background gases
could be to introduce reactive species, to reduce the kinetic energies of the ablated species or to absorb laser energy
[8]. In our work we use SFs gas, well known photosensitizer. This gas efficiently absorbs part of the laser beam
energy and convey it as a heat [9, 10]. As a result, the graphene target is ablated with lower ablation rate and
energies, which reduces the graphene damage. In order to further improve the structure of the graphene deposits,
and thus to improve its properties, the graphene films were subjected to annealing. During the annealing the
graphene film undergo different structural modifications, which lead to restoration of its structure [11, 12]. The

SCEESD 2019 147


mailto:jadranka@tmf.ukim.edu.mk

thermal annealing process was carried out in helium atmosphere and was optimized by adjusting the temperature
and the annealing time.

2 EXPERIMENTAL SECTION
2.1 Materials

Target material used for the pulsed laser deposition (PLD) was a graphene pellet. Graphene nanoplatelets
(GNP) were purchased from Sky Spring Nanomaterials, Inc. and have a 6-8 nm thickness.

2.2 Pulsed laser deposition of Graphene nanoplatelets

The experimental setup for the laser ablation system consists of a pulsed transversely excited atmosphere
(TEA) infrared CO: laser (Plovdiv University) as an external laser source and a glass spherical vessel (Pyrex)
enclosed with a NaCl glass as a deposition chamber. The laser was operating on the P(20) line of the 0001 — 1000
transition (944.19 cm™), with an incident fluence of up to 20 J cm2 and a repetition frequency of 1 Hz. Before
starting the experiment, the deposition chamber was evacuated to 5 Pa. Inside, the appropriate target and the
substrates (copper and quartz) were positioned within a 25-35 mm distance. Both the target and the substrate holders
were manually rotated during the experiments, in the interest of obtaining even films with improved properties.
ZnSe lens (F=500 mm) from Eksma Optics was used to focus the incident laser beam onto the target surface. Thin
films obtained under different conditions are labeled as shown in Table 1. Note that the M3 and M4 sample was
deposited in an evacuated atmosphere, without the presence SF¢. The sample labeled as M2 and M3 were afterwards
annealed for 2.5 h at 500°C under helium atmosphere, in attempt to improve their conductivity. Samples M4 and
M5 were also annealed in a helium atmosphere, however the time and temperature parameters were different (2 h;
300 °C). The annealing was carried out with Heraeus furnace equipped with vacuum pump, the rate of heating was
18 °Cmin.

Name M2 M3 M4 M5

Incident fluence, J/cm? | 20 20 15 15

SFe pressure, atm - 0.125 - 0.125
Number of pulses 5000 — GNP | 5000 — GNP | 10000 — GNP | 10 000 — GNP

Table 1. Obtained thin films with conditions of their deposition

2.3 Characterization

The films were characterized by means of Fourier transform infrared spectroscopy equipped with attenuated
total reflection (FTIR — ATR), Perkin Elmer, Spectrum 100. Their electrical properties were examined with the four
point probe method, by using the Jandel RM3000 Test Unit. The morphology of the M4 and M5 samples before
and after annealing was examined by scanning electron microscopy (SEM), Quanta 250 e-SEM, Philips Tecnai,
Field emission, Schottky filments.

3 RESULTS AND DISCUSSION

3.1 FTIR spectroscopy

Figure 1 presents the results from the FTIR spectroscopic analysis of the M2 and M3 deposit, pre- and post-
annealing. The spectrum of pristine graphene used as target is given for reference. In the spectrum of the pristine
graphene there are not significant peaks characteristic to any functional group. It can be observed characteristic
band with low intensity at 1550-1600 cm™* which coresponds to the C = C [13]. On the M2 spectrum before the
annealing can be notice the characteristic band for C=C with very low intesity, this confirms the successful
deposition of graphene on the substrate. After the annealing the intensity of the peak slightly increses. On the spectra
of the M3 sample before the annealing can be observed wide band with maximum at 1625 cm-* which correspond
to C = C. After the annealing the intensity of this band decreases. This may be a result of graphitization of the
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graphene film, thus indicating that in this case, the annealing at high temperature for longer period of time had a
negative effect on the deposite. To avoid this occurrence, the next specimens (M4 and M5) were annealed at lower
temperature and for shorter period of time. Furthermore, the graphene was deposited with higer number of pulses,
but lower fluences in order to obtain more stable deposit films.

M | ootoe
/ \ | Pristine graphene

/ .
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Figure 1. FTIR spectra of the pristine graphene, M2 and M3 samples before and after annealing

In figure 2 are presented the FTIR spectra for the M4 and M5 samples before and after annealing. At the M4
and M5 spectra can be identified the characteristic bands for C = O at 1727 cm™ and for C = C at 1525-1650 cm™.
The oxygen functional group can be neglected since the intensity of the C = O characteristic band is very low for
both samples. This means that the concentration of the oxygen is low, and in the case of the M5 sample it is almost
completely removed after the annealing. The intensity C = C characteristic band after the annealing is increased for
13 times in the case of M4 sample and 73 times in the M5 sample which was ablated in SF¢ atmosphere. This
implies that after annealing the structure of the graphene is almost restored due various structural modifications
(e.g. in-plane compression, rippling due to conformal adhesion, differential thermal expansion) [11].

I ——————
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Figure 2. FTIR spectra of the M4 and M5 samples before and after annealing

3.2 Scanning electron microscopy

With the SEM images is confirmed the expected effect that SFs gas has over the deposition of graphene. In
figure 3 are shown the SEM images of the M4 sample before annealing (a) and after annealing (b). Before annealing
can be observed that the structure of the deposited graphene film is very porous without visible aggregation. After
the annealing (b) the porosity is reduced, the film is more compact with clearly visible aggregation.

T

M40004 2018/08/31 14:59 NL D4.8 x2.0k  30um M4A0005 2018/08/31 12:06 NL D4.6 x2.0k  30um
POLYMATbynikos POLYMATbynikos

Figure 3. SEM images from M4: a) before annealing; b) after annealing

In figure 4 are presented the SEM images of the M5 sample before annealing (2) and after annealing (b). From
image (a) can be notice that very compact film was obtained, but it is clear that the deposition of graphene is reduced.
The reduced deposition is due the ability of the SFs gas to absorb part of the irradiation energy which reduces the
rate of ablation. Lower ablation rate leads to removal of a smaller amount of graphene from the target, and
consequently, a smaller amount of graphene is deposited on the substrate. Therefore the thickness of the film is very

________________________________________________________________________________________________________________________|
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small and even the surface of the substrate can be notice. In image 4(b) is presented the M5 film after annealing,
where the positive effect of the annealing can be observed. On the image can be notice the excellent homogeneous
distribution of graphene, shown as white dots across the surface.

M50005 2018/08/31 14:38 NL D4.6 x4.0k 20 pm M5A0004 2018/08/31 11:40 NL D4.4 x4.0k 20 pm
POLYMATbynikos POLYMATbynikos

Figure 4. SEM images from M5: a) before annealing; b) after annealing

3.3 Conductivity measurements

Through the conductivity was confirmed the influence of the different deposition and annealing parameters on
the final deposits. The only sample that showed stable results for the four-point probe resistivity measurements was
M4, mainly due to its larger thickness. However, we were still able to note some of the obtained values for other
samples and use them to calculate the averages. The acquired resistance values were converted to conductivity
values, as presented in Table 2. The conductivity of the M2 and M3 deposits after the annealing is still very low,
which is in correlation with the FTIR spectroscopic results. No significant restoration of the graphene structure was
observed on the FTIR spectra. Regarding the M4 and M5 samples, the conductivity was significantly improved
after the annealing at lower temperature. This is in accordance with the FTIR spectra and SEM which confirmed
improvement of the film structure after annealing.

M2 M3 M4 M5
Sample M2 | annealed M3 annealed MA " | anneated | M° | annealed
CO”dS‘;frtl'V'ty* /| 6.01*10% | 5.62*10% | 6.20 *10% | 3.19*10% | 1.71*102 /| 2.57%10%

Table 2. Electrical properties of obtained films

4 CONCLUSION

Laser ablation of graphene in SF¢ atmosphere is excellent way to obtain graphene deposits. The SFs gas as a
photosensitizer enables control over the ablation rate and power which is very important in the ablation of fragile
structures like graphene. The SEM images imply that in presence of SF¢ gas the graphene film was more compact
and homogeneous. The samples that were deposited with more pulses and ablated at lower temperature
demonstrated more intensive C = C characteristic bands which indicate improved structure of the deposits.
Consequently those samples presented better electrical properties.
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DOPING OF REDUCED GRAPHENE OXIDE WITH SILVER AND GOLD
NANOPARTICLES

ABSTRACT

Graphene has become an attractive material due to its exceptional mechanical, thermal and electrical
properties. Reduced graphene oxide (rGO) was selected due to its immense surface area that ensures great
adsorptivity. The gas-sensing mechanism of rGO is usually assigned to the adsorption/desorption of gaseous
molecules (which operate as electron donors or acceptors) on its surface, leading to changes in the conductivity of
graphene. However, sometimes the low electrical conductivity of graphene layers with a lot of deffects could be a
real drawback.

The doping of rGO with silver or gold nanoparticles is an efficient way to improved electrical conductivity. In
this work, rGO hybrid platelets doped with silver and gold nanoparticles were produced by simultaneous reduction
of GO and appropriate precursors, and afterwards were characterized by means of X-Ray Energy Dispersion
Analysis (EDX), UV-VIS Spectroscopy, and Fourier Transforming Infrared Spectroscopy. The surface morphology
and the homogeneous distribution of the silver and gold nanoparticles in the dispersions were determined and
confirmed by Scanning Electron Microscopy (SEM) and Transmission electron microscopy (TEM) analysis. The
presence of the nanoparticles is visible in the dispersions, but varying their dimensions and distribution. The
conductivity was examined with the Four-Point Probe Resistivity Meter. The hybrid platelets were used as a
substrate for Surface-Enhanced Raman Spectroscopy (SERS) using fluorescein probe molecule placed on the
surface by drop-casting method. The intensity of Raman signal was strengthened and mostly millimolar
concentrations of fluorescein (FI) of 10 M could be detected. However, in the case of the rGO doped with gold
nanoparticles, micromolar concentrations of 107 M FI could be observed, due to the significantly small size
distribution of the gold nanoparticles, very homogeneously distributed through the platelets.

Additionally, sensor properties of the materials on various toxic gases were examined by means of Quartz
Crystal Microbalance instrument. When the films were exposed to a minimum concentration of toxic gases, they
showed a significant drop in the frequency, which is proportional to the sensor characteristics of the materials.

Key words: silver nanoparticles, gold nanoparticles, graphene, reduced graphene oxide, sensors.

1 INTRODUCTION

Toxic (noxious) gases are dangerous to the living beings. They can easily build up in enclosed working areas
when they are essential for the production process. Some factory-related activities can also result in the build-up of
toxic gases in a confined area. Besides the industries, toxic gases are also found in various situations: chemical,
mines, vehicles, waste disposal, the atmosphere, houses, and even battlegrounds. For all stated reasons, it is vital to
be able to identify the toxic gasses even at very low concentrations. Nowadays, the development of highly sensitive
materials is an attractive area in the research fields. To design a material that can seize (absorb) toxic gasses with
high conductivity, sensitive to the absorbed kinds and additionally can be used for sensory purposes is the main
goal in this research work. Graphene brings immense attention in the research fields, based on its unique

SCEESD 2019 153


mailto:jadranka@tmf.ukim.edu.mk

characteristics. One of the most significant applied areas where graphene is applied is the Surface-enhanced Raman
scattering (SERS) [1]. An excellent SERS substrate should contain a rugged surface, to hold the probe molecule
efficiently and exhibits satisfying mechanical qualities and sufficient endurance [2]. Graphene oxide (GO) and
reduced graphene oxide (rGO), are growing as more pleasant and adequate materials since their ubiquitousness has
also been associated with higher SERS outcomes and exceptional sensory qualities. rGO was selected due to its
huge surface area that ensures high adsorptivity. As it is essential to have high electrical conductivity, silver
nanoparticles (AgNPs) and gold nanoparticles (AuNPs) were added.

2 EXPERIMENTAL SECTION
2.1 Materials

Graphene Graphenea (4mg/ml) agueous dispersion was used purchased from ACS Material. Due to its great
lateral dimension and thickness, the nanoplatelets do not tend to wrinkling [3]. Furthermore, Fluorescein (FI,
C20H1205) purchased from Fluka was used as a probe molecule for SERS, polyvinylpyrrolidone (CsHsNO), with
average mol wt 10,000 (PVP) as a surfactant, a silver nitrate precursor (AgNO3) ACS reagent, 99.0% and Gold(I11)
chloride hydrate 99.995% trace metals basis from Sigma Aldrich, L (+) - Ascorbic acid, 99%, (AsA) from ACROS
as a reducing agent were used as received.

2.2 Preparation and doping of the dispersions with AgNPs and AuNPs

Concerning the formation of the dispersions, two series of systems have been realized. The first system consists
of reduction of GO and modification with AgNPs, while in the other system instead of AgNO3 as a precursor
Gold(Ichloride hydrate was used. For each system, 100 ml of the aqueous solution of GO was weighed and left
under sonication for 10 minutes. The sonication is employed because it ensures better exfoliation of the aqueous
solution of GO and helps with cutting their dimensions for uniform stabilization in water [4]. The preparation of
polyvinylpyrrolidone (PVP) solution consists of 5 mg of the polymer dissolved in 5 ml of ultra-pure MilliQ water.
Both precursors were prepared similarly, 60 mg of each was weighed and dissolved in 2 ml of distilled water. For
both systems the reducing agent was prepared the same, 560 mg of Ascorbic acid (AsA) dissolved in 3 ml distilled
water was used, in each sample, the AsA was added in a relation of 1:1 ratio to the amount of solid components in
the system. After the sonication, the exfoliated GO was partitioned into two sections. Next 2.5 ml of the PVP
solution was inserted using the drop-casting method. Subsequently, AgNQO3, or gold (IIl) chloride hydrate, was
added only in one solution, it was left stirring for 30 minutes when the AsA solution was inserted in order to occur
reduction. In the system with AgNO3, or gold (I11) chloride hydrate, 1.5 ml of AsA solution was used. After the
addition of AsA, the systems were left under agitation for 72 hours. After 72 hours of agitating the systems were
subjected to dialysis, two membranes were employed in which each solution was set. The solutions were purified
until the conductivity of the water decreases.

2.3 Characterization

To perceive the surface and morphology of the hybrids scanning electron microscopy (Quanta 250 e-SEM,
Philips Tecnai, Field emission, Schottky filaments) was used. A SEM can be equipped with an EDX analysis system
for identifying elements, as well as evaluating their relative consistencies on the surface of the samples. The
structure of the rGO and arrangement of silver and gold nanoparticles on rGO surfaces were studied with Philips
TECNAI G2 20 TWIN transmission electron microscope (TEM). The SERS activity was examined using Raman
spectroscopy with Renishaw in via spectrometer with an excitation wavelength of 532 nm and 1% laser power. The
samples were analyzed with FTIR spectroscopy (Alpha FTIR spectrometer from Bruker) and with UV/Vis
spectroscopy (Shimadzu Uvmini-1240 spectrophotometer) in order to perform a qualitative and quantitative
analysis of their composition. The conductivity was carried out using Four-point probe method, by using the Jandel
RM3000 Test Unit (volume resistivity mode). Quartz crystal microbalance (QCM 3000) controlled using the
BioSense 3 software was employed for sensory properties measurements, with total flow rate of the gas 50.2 mb/min
and work temperature of 20°C.
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3 RESULTS AND DISCUSSION
The outcomes received within this study are presented in the following sequence:

3.1 Morphology of the samples

Figure 1. SEM micrographs for: rGO Ag (a); rGO Au (b)

On Figure 1 the SEM micrographs for the obtained dispersions are presented. Figure 1a shows the rGO doped
with AgNPs. The white areas display the silver nanoparticles, their uniform distribution in the dispersion concerning
the slow stirring process. As perceived, the sample is quite rich with AgNPs, suggesting good features for further
examination. On Figure 1b the micrograph for the rGO doped with AuNPs is presented. The gold nanoparticles are
displayed as numerous white dots that are homogeneously dispersed through the film. These micrographs surely
expose that AuNPs prefer decorating the graphene. The small size distribution of the AuNPs is assumed to exhibit
excellent outcomes in the SERS enhancement factor [5].

Figure 2. SEM-EDX images for: rGO Ag (a); rGO Au (b)

On Figure 2 the EDX images obtained from SEM analysis for the obtained dispersions are presented. Figure
2a shows the rGO doped with AgNPs, while on Figure 2b the elemental composition for rGO doped with AuUNPs
is presented. The concentration of each element in the samples is shown with a different color, and for both samples,
the concentration of the elements contained in the sample, can be observed. The concentration of the AgNPs and
AUNPs in the samples is presented with purple color, as seen, Figure 2a the sample is thoroughly enriched with
AgNPs. In both samples, the homogeneously dispersed nanoparticles can be observed outside the rectangle shaped
window which displays the quantification of the samples.

Figure 3. TEM images for: rGO Ag (a); rGO Au (b)
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Figure 3 depicts the TEM images for both dispersions. The hybrid compositions are made of crooked and
crouched platelets shielded with tiny black spines probably formed of some graphitic organization, from which
wrinkles emerge. Due to high agitation, wrinkling of the rGO can occur [6]. The TEM Images for rGO doped with
AgNPs sample are shown in Figure 3a. In this system, large aggregates of silver are formed, which is due to the
moderately small number of heteroatoms in the graphene arrangement that actuated as nucleation spots in the
creation of Ag particles. Figure 3b presents the TEM images for rGO doped with AuNPs. The opaque aggregates
assign to the gold nanoparticles in the dispersion. Agglomeration has occurred in both systems, which is due to the
low aspect ratio of the rGO aqueous solution and the relatively small amount of heteroatoms in the structure of rGO,
as mentioned previously.

3.2 Qualitative and quantitative analyses of the sampels

The obtained dispersions were qualitatively and quantitatively examined utilizing FTIR and UV/Vis
spectroscopy. The good distribution of the nanoparticles in the rGO was backed by the two spectroscopies as well.

3.2.1 FTIR and UV/Vis analyses

The FTIR spectrum for rGO doped with AgNPs is shown in Figure 4a, and the FTIR spectrum for rGO doped
with AuNPs is presented in Figure 4b. The typical peaks for GO that are shown in both spectra are the peaks around
3132,43 cm* for hydroxyl group, the peak around 1500 cm* which is characteristic for C=C double bond function
and the peaks around 1000 cm are characteristic for C-O group. FTIR spectrum for silver nanoparticles showing
characteristics peak at 1625 cm™ and 1516 cm™ 1384 cm™ and 1047 cm-?, while the characteristic peak for the gold
nanoparticles is at 419 nm. The peaks that have a bigger wavenumber than 3500 cm are typical for the surfactant
PVP.

Wameurber ot

Figure 4. FTIR spectra for: rGO + AgNPs (a); rGO + AuNPs (b)

Figure 5 depicts the UV spectra for rGO doped with AgNPs (a) and rGO doped with AuNPs (b). The blue peak
around 300nm is the characteristic peak for silver in the UV spectra. The typical peak for gold in UV spectra is
around 500 nm, nevertheless, a hypsochromic shifting to lower wavelength has occurred. It is n — n* transition shift
which is characteristic for carbonyl compounds. This can occur due to a change in environmental conditions: for
instance, a change in solvent polarity.

aaaaaa
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3.3 Conductivity measurements

It is necessary to reduce graphene oxide into graphene as graphene oxide is defined by a low electrical
conductivity. The resultant outcome after reduction is named as reduced graphene oxide. The presence or deficiency
of the oxygen-containing functional groups on the basal graphene layer effects in a pleated carbon bone-structure
rather than a planar layer [7]. These functional groups accompanied by coarse and twisted morphology of rGO
impact the adsorption/desorption of the probe molecules of Raman and electrochemical reactions. Therefore, these
groups perform an essential part in the electrochemical behavior of materials containing graphene as well as
improved SERS signals [8]. The sample containing rGO doped with AuNPs (2.66-10?) has better conductivity for
three orders of magnitude in relation with rGO doped with AgNPs (1.64-107). Although more favorable outcomes
were expected, the main factor for decreasing the conductivity is the surfactant PVP, likewise, the morphology of
AgNPs and AuNPs is of great importance for the conductivity stages of the samples.

3.4 Surface-enhanced Raman spectroscopy (SERS)
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Figure 6. Raman spectra for rGO doped with AgNPs (a) and rGO doped with AuNPs (b)

Figure 6 depicts the Raman spectra for the rGO doped with AgNPs (a) and rGO doped with AuNPs (b). It has
been reported that the Raman strength of the analyte molecule improves with the size increasement of the AgNPs
due to the stronger coupling effect among the nanoparticles [9]. As observed the 10”7 M concentration of fluorescein
is detected in the sample doped with AuNPs. The 10-° M concentration of fluorescein is not detected and only the
main bands of GO are percieved. Due to previously published results, the enhancement of SERS signal is directly
proportional to the small size distribution of the nanoparticle [9]. This statement is equivalent to the obtained results
concerning the sample doped with AUNPs.

3.5 Quartz crystal microbalance (QCM)
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Figure 7. Sensor measurements for rGO doped with AuNPs (a) and rGO doped with AgNPs (b)
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From Figure 7, can be noticed when both samples are exposed to the minimal concentration of carbon
monoxide, higher frequency drop is detected. With an incensement in the toxic gas flow, it is noticeable that the
fall in the frequency is not as sharp as the one in the start. It can be observed that the sample doped with AgNPs
maintains fast response when it’s exposed to the provided toxic gas while showing sensitivity towards the toxic gas.
For the sample doped with AuNPs, can be noticed that the more the concentration of carbon monoxide increases,
the more the responses of the sensor decrease so that the sensor features lead to lower operating frequencies.

4 CONCLUSION

The reduction of GO and doping with nanoparticles of silver and gold resulted in a successful modification of
the rGO layer. The homogeneous distribution of the nanoparticles is observed with SEM and TEM images and
backed up by FTIR and UV/Vis spectroscopies withal. The three orders of magnitude better conductivity of the
rGO doped with AuNPs resulted in SERS enhancement up to 10~ millimolar concentration of fluorescein attached
to the hybrid. From the conducted sensory measurements, the highest sensor response towards the toxic gas were
obtained when the samples were exposed to its minimal concentration.
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PA3BOJ HA TAMETHHA MPEKH BO PEITYBJIMKA CEBEPHA MAKEJOHHNJA
N HUBHA EHEPTETCKA E®OUKACHOCT

KYCA COAPKNHA

Ymre ox 2005 roguHa ce MOjaByBa MHTEpEC 3a UMILIEMEHTAallMja Ha MaMeTHUTe Mpexu. [IMeTHa Mpexa e
SNIEKTPUYHA MpPEXka BO KOja MOXAT HHTEIUTECHTHO JIa CE MHTEIPUPAAT aKTUBHOCTHUTE HA CHTE MOBP3aHH KOPUCHHUIIH,
MPOU3BOTUTENINTE, MOTPOIIYBAYUTE U TPOTPOIIYyBaYUTE (MPOWU3BOJUTEIN M MOTPOIIYBAYH) CO el e(pUKaCceH,
OJPXKJIMB W CHUTYPEH JIOBOJ Ha eJIEeKTpU4YHa eHepruja. MoJepHUTe NaMeTHU Mpexu Ou (dopmupaie
CNIEKTPOCHEPTETCKH CHUCTEM KOj MPBEHCTBEHO K& T'M HaMalld MHUKOBUTE HA OMNTOBAPYBamke, K& TM HaMAaJH
KanuTaJIHUTE TpOHIIOLH, 3aI'Y6I/ITe BO BOJOBHUTEC KAaKO W OBO3MOXKXYBamk€ Ha HOIIOGPYBaH)e Ha KBaJIUTCTOT HA
eJIEKTpUYHATA EHepTHja.

JKuBeejku BO pernoH Kajie MTo 1 He CMe MOJITOTBEHH 3a epaTa Ha MaMEeTHUTE MPEXKH, BO OKTOMBPH MHHATATa
roguHa Bo Pemmybnuka CeBepHa MakemoHHja ce 3aliodHa O pean3anyja Ha JeN o1 KOMIIOHEHTUTE BO OBHE TaKa
HapedeHN nmaMmeTHH Mpexxku. Hexow ce Bo mHMIMjanHa (aza, J07eKa Mak HEKOW OJ MPOeKTUTe ce Bo ¢asza Ha
cnpoBenyBame. Kako Haj3sHauaeH MPOEKT M O]l CYyIITHHCKO 3Ha4YeHhe 3a WHTErpalyjaTa Ha MTaMETHUTE MPEXU €
MOHTa)XKaTa Ha ONTHYKW jaKWba HA BEKe MOCTOCUKHOT EJIEKTPOCHEPIeTCKH CHCTEM, KOj € LBPCTa OCHOBA 3a
MMOHATAMOIITHOTO WHTETPUPAHE HA KOMITIOHEHTHUTE OJ1 TAMETHUTE MPEXKH.

Kayunu 300poBH: maMeTHH MPEKHU, UHTETPUPALE, CHEPreTcKa e(YUKaCHOCT.

THE DEVELOPMENT OF SMART GRIDS IN REPUBLIC OF NORTH
MACEDONIA AND THEIR ENERGY EFFICIENCY

ABSTRACT

At the beginning of 2005, their is shown interest in implementing a smart grid. A smart grid is an electrical
grid in which it can be intelligently implemented the activities of all the connected users, manufacturers, consumers,
prosumer for the purpose of efficient, sustainable and secure flow of electrical energy. The modern smart grids
would form ab electro energetic system who primarily would lower the peaks of load, would lower the capital
expenses, the loss in transmission lines as well as enabling the improvement the quality of electrical energy. Living
in a region were the infrastructure is not ready for the era of smart grids, in October last year Republic of North
Macedonia started with the realisation of the components of the so called smart grids. Some are in an initial phase
and some are in phase of realisation. As the most important project, who is of significant meaning for the integration
of smart grids is the installation of optical wires with a length of 200 km , witch is a strong foundation for further
development and integration of the components of the smart gird.

Key words: smart grids, integrating, energy efficiency.
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1 BOBE]J

Enexroeneprercknot cuctem Bo Pemybnnka CeBepra MakeoHHja, CO UCKIIYYOK Ha OJIPEJICHH pean3upaHu
MPOCKTH U WHTEPBEHIMH, € HEMPOMEHET BO MOCICAHUTE MEJCCeTHHA TOAMHU. Mako ja MCrMoJNHyBa HeEromara
nprMapHa 3a/1ada, HEOIXOJHO € Aa ce HaJorpaayBa W yCOBpIIyBa. TEXHOIOUIKHOT HAMPEJOK WMa 3HAYUTEIHO
BJIMjaHHE HA HAIIWOT HAYMH HA JKUBOT, 3rOJIEMYBamheTO HA 3arajlyBameTO Ha JKMBOTHATA CPEJMHA KaKO U Ha
NoTpolIyBaykaTa Ha ejekTpuuHata eHepruja. [lomery 2000 m 2007 romuna, riobamHara moOapyBayka 3a
CNIEKTPUYHA CHEPTHja, BO MPOCEK ce 3rojeMyBana 3a 2,5% cekoja roanuHa, ¥ 0Ba 3roJIeMyBambe MPOJI0JIKHUIIO U BO
Hapenaute roaunu. Jlo 2030 roauHa ce ouekyBa jaa ce 3rosiemu 3a 50% Bo criopeznda co 2015 roguna. Co ornen Ha
OBa, TPAJAUIIHOHATHHOT MPUCTAI Ha TPAJIChe Ha XUIIPO U TEPMOICHTPAINTE 32 33/I0BOJIyBakh¢ Ha MobapyBavyKaTa
Ha eJeKTpUYHa eHepruja He MOXKe Jla OocTaHe eAMHCTBeHa omnmuja. [loTpeOHO e 1a ce mpoHajae HauWH Ja
rmobapyBavkaTta O] eJIEKTpUIHA €HEepPTHja Ce 3aJ0BOJIM Taka INTO OW ce WHTerpupane oOHOBIUBUTE W3BOPH Ha
€Hepruja BO MOCTOCUKHOT €JIEKTPOEHEPTEeTCKH CHCTEM.

[TameTHaTa Mpexa ke OBO3MOXH 0€30€qHO M HENPEKUHATO HAlOjyBame CO CJIEKTPHYHA €HEpruja Kako U
YCIIEUTHO YIIPaByBamke CO IEIHOT eNeKTpoeHepreTcku cucreM. OCBEeH Toa, CO MMIUIEMEHTAlMja Ha MaMeTHaTa
Mpexa Ou ce peynupaia eMicHjaTa Ha jarJepoJIeH TUOKCHJT M IPYTH 3arajyBadd, CO MOHUTOPUHTOT Ha TAMETHHTE
MPEXH HCTO Taka Ke ce M30erHaT uin Hamamnar ne)eKTHTe/HapyIlyBambaTa BO eICKTPOCHEPTeTCKUOT crcTeM. Kaj
MaMETHUTE MPEXH TOCTOM MOXKHOCT 32 CKJIaJUparme Ha eJICKTpHUYHATa CHEpruja, co IITO OM Ce OBO3MOXKHIA
3royieMeHa ynorpeda Ha eHepruja npou3BeeHa 0J] 0OHOBIMBY W3BOPH Ha €HEPTHja, KaKo W 3rojieMeHa yrnoTpeda
Ha CJICKTPUIHHUTE BO3MJIa BO HIHUHA.

Co JTBOHACOYHHOT MPEHOC Ha SHeprujara co MOMOII Ha MAMETHHTE MPEXH Ce OBO3MOXKYBa MPHUCTAI Ha
KOPpUCHULUTC 0 I€HAaTa Ha CJICKTpUYHAaTa eHepera BO pCaJIHO BpEME, ITO MM O03BOJIyBa Ha KOPUCHUIIUTC
noJo0po MEHaUpame CO eINeKTpUYHATA CHEprvja, a co Toa W 3allTella, CO MOXHOCT 3a MpOJaBamke Ha
HEHCKOPHCTEHATAa eJIEKTPUYHA CHEprija Ha3al BO MpexKara.

2 OCHOBHHU KOMITIOHEHTHU HA ITAMETHA MPEXA

[TameTHa Mpeka NPETCTaBYyBa EIMHCTBEHA MOXKHOCT 3a €JIEKTPOCHEpreTckaTa HMHAYCTpHja Ja CTaHe
[IOJI0CTaNHa, TOEKOHOMUYHA M €KOJIOIIKH HonpudatinBa. BakBHOT €l1eKTPOEHEPreTCKU CHCTEM CE TeMeNu Ha
WHTErpaluja Ha JBOHACOYHH KOMYHHUKAIIMCKU U MHTETPALlUCKY TEXHOJIOTUH, CKIIaIUPakbe Ha eJIeKTPHYHA EHEPrHja,
aBTOMaTH3aIfja Ha AUCTPUOYTHBHATA MpeXa U MHTErpUparbe Ha OOHOBJIIMBHUTE N3BOPH Ha €HEPTH]a.

[TocrojaT MHOTY AeUHULINU KOM 00jacHyBaaT LITO ce KpUe 3a] HJejaTa Ha IMaMETHU HPEXH, HO TNIAaBHHOT
KOHIIETIT 3a ITaMeTHa MpeXa € Jieka Toa € TakBa Mpeka Koja € BO MOKHOCT J1a TH HHTErpHUpa HABUKHUTE U aKIIUUTE
Ha CHTE KOPHCHHIM, BKIYYYBajKM T'Ml TPOHM3BOAMTEIUTE, TUCTPUOYTEpUTE W MOTPOLIyBayHTE, Kako OH ce
OcCUTypaJia 3alliTe/la Ha eJIEKTPUYHA EHepruja U eHepreTcka e(pHUKacHOCT Ha MpexaTa co NMOMalld TYOUTOIM Ha
CHEpruja u peloBHO cHaOyBame Ha MOTPOIIyBayuTe. BakBHOT cuCTEM OBO3MOXKYBA CIIEACHE, aHAIN3a, KOHTPOJIa
Y KOMYHHKaIlFja BHATpe BO MpekaTa W € BOBEACH CO IIeJ Ja C€ HaJMHHAT HEeIOCTATOINTE Ha BOOOMYACHHOT
CHEPreTCKU CHCTEM.

[TameTHaTa Mpexa BCYIIHOCT J10JjaBa CHCTEM 3a MOAPIIKA U 0OHOBAa HA MOMEHTAJIHHOT €JIEKTPOCHEPTreTCKU
CHCTEM U CO TOa IO NpaBH IOATOTBEH 3a Jia TH JIONUpA W MONpaBH JedeKkTHTe HacTaHAaTH o] HeBpeMme, Oypa,
3emjoTpec u ci. [lopaau ABoHAacOYHAaTa MHTEpPAKIMja, TaMETHATa MpPEXa OBO3MOXKYBa aBTOMAaTCKa pPe-KOHEKIIHja
Ha MECTOTO Kaje IUTo € HacTaHaT Aedexkror. OJHOCHO, MPOTOKOT Ha €Hepruja ke ro MpPOMEHH CBOjOT IaT
aBTOMATCKU aKO € HacTaHaT Ae(eKT BO Jel O]l olpeMmara WIM Toa € MOCIeAMIa Of IOrope CIIOMEHTaTUTe
HaIBOpEIHH BivjaHuja. Ha oBoj HaumH, nedexture ke OnmaT MUHUMAaIHU. JJOKOIIKY € HacTaHaT ImoroyieM aedeKT,
IIaMeTHaTa Mpexa ke ro Jionupa 1 ke ro u30J1upa JejI0T BO KOj IOCTOH Ae(heKTOT Kako He OM HacTaHall IPEKUH O]
TOJIEMH pa3MepH Ha IPEHOCOT Ha EJIEKTPUYHA CHEpTHja.

Nako mamerHara mMpexa ce cMeTa 3a KIy4YHa TEXHOJIOTHja 3a pPa3B0j Ha IMOCTOCYKUOT EIIEKTPOCHEPIeTCKH
CHCTEM, TOj IpolLec ke OHu/e 10CTa CI0XKEH U AOJITOTpacH OuIejku MOAepHHU3aIMjaTa Ha MOMEHTAITHATa MpeXa Ke
BIIMjac Ha IEJIOKYITHUOT MPOIEC HA MPOU3BOJICTBO, IPEHOC U AUCTPUOYIIM]ja Ha CJICKTPUYHA CHEPTrHja.
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Cauxa 1. UndpacTpyKTypa Ha OCTOEYKH Canka 2. UadpacTpyKTypa Ha maMeTHa
€JICKTPOEHEePreTCKH CHCTEeM MpekKa co OCHOBHHM (pyHKIIHH

Ha cniuka 1 e mpukakaHa Mpexa Ha TOCTOCYKH EIICKTPOCHEPTETCKH CHUCTEM KOj Ce KapaKTepu3upa co
eHOHACOYEH MPOTOK Ha MOJATOIM KaKO M €JHOHACOYEH MPOTOK HAa SJNCKTPUYHA SHEPrHja O] eIEKTPaHU, KOH
WHyCTPUCKHU MOTPOIIYBAYH M JJOMAKHHCTRA.

BakBara uHdpacTpykTypa He € In3ajHUpaHa Jia Ty 33J0BOJIH CHTE MOTOJIEMHU 00apyBaYKH OJ1 MOTPONTYBAUUTE
M 3rojieMeHaTa TNOTPOIIyBauka Ha CJICKTPUYHA CHEpPruja, Ma ¢ M3JI0KCHAa Ha KOHCTAHTHO INPOIIUPYBAambE,
(uHaHCHUCKM Hee(hMKACHO OJPXKYBakE HAa TOCTOCYKaTa MHPACTPYKTYypa, MHOTYOPOJHU CUTYPHOCHH 3aKaHH, IITO

pe3yaTupa co KylyBame Ha €JIEKTPUYHA €HEepruja Wi MpeKyMmMepHa padoTa IITO pe3yinTHpa co IeQeKTH Ha
orpemara.

Opn npyra cTpaHa, Ha CJIMKa 2 ce IPUKaKaHHU eJIEMEHTH KOU Ce JIeNI 01 LIEIOCHO (PYHKIIMOHATTHA TAMETHA MPEXKa.
WUundpactpykrypara Ha mameTHaTa Mpeka ce KapaKTepH3upa cO JIBOHACOYCH MPOTOK Ha eJeKTpUYHATa eHEeprja,
JIBOHACOYHA KOMYHHMKaIlja BO PEaHO BpEME, YpeAW 3a CKJIaJupame Ha eJIEKTpUYHATa €HEepruja, CEH30pH U
MIaMETHU MEPHHU yPEaH.

3 EJIEKTPOIIPEHOCEH CUCTEM HA PEIIYBJIMKA CEBEPHA MAKE/IOHHUJA

3.1 TlomaTouu 3a ejieKTPU4HHU HeHTPaIu BO Peny6imka CeBepHa Make1oHuja

Enextpuunata eHepruja BO 3eMjaBa ce mpou3BemyBa Bo TepMmoenektpuyHu IeHTpanmu (TELD),
xuapoenekTpuunn nentpanu (XEL[), koMOuHMpaHu MOCTPOjKM 3a MPOM3BOACTBO HA €JIEKTPHUYHA M TOIUIMHCKA
erepruja (TETO), BerepHM eneKkTpu4YHH IIEHTpaiu (BeTepeH mnapk bormanim), (QOTOHANIOHCKH EJIEKTPUYHU
uentpamu (PHELL) u enexTpuuHu neHTpain Ha Onomaca/Ouorac. BkynHata nHCTanupaHa MOKHOCT Ha LIEHTpalu
3a MPOM3BOJICTBO Ha eekTpuuHa eHepruja ¢ 2055 MW. (2015 roauna)

Tabesa 1. [TogaTouu 3a e1eKTPHYHU HeHTpaau Bo PCM

[IpousBonen 00jexT Wucranupana mokunoct (MW) [TpoexTHpaHo TOAMUIITHO
npousBoicTBo (GWh)
TepMoeneKTpUIHY IEHTPaJH 1032 5068
XuApoeneKTPHYHH [EHTPaIH 567 1254
Kombunnpanu noctpojku (110KB) 230 1600
Kom6unupanu noctpojku (<110kB) 60 480
Berepnu enekTpuuHU LEHTpaIU 36,8 100
Manu XMapOeNeKTpHUUHHU [EHTPAIN 108,6 289
Enextpuynu neHTpanu Ha 6uorac 4,0 17
QPOTOHAMOHCKY ENEKTPUYHHU LIEHTPAITU 16,7 21
BKYITHO 2055 8829

SCEESD 2019 lo1



2009 2010 2011 2012 2013 2014 2015
W XEL, Masposo W XEL| Fro6oumuya  XEL| THksew
2009 2010 2011 2012 2013 2014 2015 B XEL| Wnune m XEL}|, Hosjax XEL Cs. NeTra

®m TEL| Burona (1,2,3) TEL, Herotwwo  ® TEL, Ocnomej

Cauxa 3. I'omumno npousBoacteo Ha TELL Cinka 4. TogumuHo npou3BoacTtso Ha XEI

3.2 TlorpomyBayka Ha eJeKTpU4YHA eHepruja Bo Penydiuka CeBepHa Make1oHuja BO
nepuoaot ox 2011-2015

Taodena 2. [lorpomyBauka Ha EE Bo PCM

Bp. | IMoTpomyBaun I"omuiHa moTpoIyBadka Ha ejaekrpuuna enepruja (GWh)
2011 2012 2013 2014 2015
1 [Mpuknydenu Ha npeHocHaTa Mpexa 110 2255,60 1967,31 1961,39 1986,90 | 1671,52
2 [TpukiydeHu Ha TUCTPUOYTUBEH CUCTEM 5359,45 5253,63 5028,90 | 4974,43 | 5182,89
3 3ary0Ou BO MPEHOCHATA MpEXa 200,77 186,79 159,21 152,22 130,54
4 3aryOu Bo TUCTPUOYTHBHHUOT CHCTEM 1186,41 1107,27 990,31 914,23 902,83
BKYITHA ITOTPOIIIYBAYKA HA EE [GWh] 9002,23 8514,99 8139,81 | 8027,28 | 7887,78

3.3 Ilpou3BoacTBO Ha ejieKTpUYHa eHepruja Bo Peny0iuka CeBepHa Make0oHUja BO epPHOAOT
o1 2011-2015

Ta6exna 3. [IpousBoacreo Ha EE Bo PCM

Bp. | IoTtpourysaun T"oauIHO MPOU3BOJICTBO Ha enekTpuuHa eHepruja (GWh)
2011 2012 2013 2014 2015
1 TEIT 4850,1 4755,8 4083,4 3696,2 3270,5
2 XEIL] 1267,9 887,5 1362,5 958,2 1528,3
3 BEI] 0,0 0,0 0,0 70,4 120,8
4 [IpousBocTBO Ha qucTpud. Mpexa 168,2 163,3 230,6 2575 351,9
BKYITHO MPOU3BOACTBO HA EE (GWh) 6286,1 5806,6 5676,5 4982,3 52715

3.4 YBo03 Ha ejqekTpu4Ha eHepruja Bo CeBepHa Makegonuja Bo nepuogor ox 2011-2015

Bo omHOC Ha HampaBeHaTa criopenda Ha MPOM3BOACTBOTO M MOTPOIIyBavyKaTa Ha €JICKTPUYHA CHEpPruja BO
3eMjaBa, JoaraMe J10 3aKITy4OK JeKa CeKOoja FOAMHA Ce yBe3yBa €HEpruja 0]l COCEHUTE IPHKABH.
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2,960
3,000

2,676 2,669
2,428 2,511
2,500
,000
1,438 1,420

,500
1,000
500
0

2009 2010 2011 2012 2013 2014 2015

YBO3 [GWh]
[ 5]

Cimka 5. T'oauiiHo KOJHYECTBO HA YBO3 HA €JIeKTPUYHA eHepruja
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MakenoHHja € 3eMja CO OTPOMEH KalalUTeT 3a MHCTaJIHpame Ha OOHOBJIMBU M3BOPH Ha €HEPIrHja U HUBHO
UHTETPUpPAkhE BO EIEeKTPOEHEepreTckuoT cucteM. Ce Haofame Ha reorpadcka MeCTONooxO0a Kajie IITO HUMaMe
npocek o 280 coHUEBH JEHOBH T'OAMILIHO, a HCKOpUCTyBaMe camo enBaj 1% ox conueBara enepruja. imame Ha
pacronarame JOBOJHO OOHOBIMBY PECYpCH 3a Jia ' 33J0BOJIMME NOTPEOUTE 3a eJISKTPUHA eHepruja, 6e3 mpuroa
Jla ce NCKOpHUCTyBaaT (pocuiHutTe ropusa. Cexkako, 0Ba HE € HUTY JIECHO HUTY €BTHHO, HO CEIIaK € MOXHO.

3.5 MHckopucryBame Ha 00HOBJIMBHTE H3BOPU HA eHepruja Bo Peny6inka CeBepHa Make1oHuja

Bo cryamjara ,,JlekapOoHm3anuja Ha MPOU3BOACTBOTO Ha eIEKTpHIHA eHepruja — Moxke iu g0 2050 roauHa
Bo PenyOnnka MakemoHM]ja IEJI0CHO Jla € 3aMEHU MPOU3BOJICTBOTO HA EIEKTPUYHA €HEpruja o1 (OCHITHU TOpHBa
cO OOHOBJIMBU M3BOpHU? € HalpaBeHa cropeada Mery TPOIIOLUUTE 32 MHBECTHPAHE BO IICHTpaJia Ha jariieH U
COHYEBA IIEHTpaJIa CO POTOHATIOHCKH KOJIEKTOPH.

Oga 3Hauu jJieka ako MakejioHHja ycree J1a 00e30e1 1IeIOCHO MMPOU3BOJICTBO HAa €HEPTUja 0J] OOHOBJIUBUTE
W3BOpU Ha €HEpruja, HeMa Ja MMa norpeda 3a yBO3 Ha MCTara, a BOEAHO KE Ce HAMald U 3araayBarmbero
MpeAU3BUKAaHO 011 coropyBameTo Ha (pocunuute ropusa Bo TE PEK burona, TE Ocnowmej, TE Herotuno.

Cenak, LIEIOCHOTO NMPOM3BOJICTBO HA €JIEKTPUYHA €HEpruja o1 OOHOBIMBHUTE U3BOPH HA €HEPTH]ja, IIOBJIEKYBa
W TeXHWYKH 1pobsiemu. [IpupomHuTe mojaBu COHLIE M BETEp HE MOXKE J1a TM KOHTpOJHMpaMme Ma 3aroa OM hMalo
MOJKHOCT 3a Ollarambe Ha MPOM3BOJACTBOTO, a 3T0JIEMYBambe Ha MOTPOIIYBAaYKaTa CO IITO OM HACTaHaJle OIPOMHHU
po0JIeMHU BO ENEKTPONPEHOCHUOT CUCTEM.

Marnire XuApOLEHTPAIH UMaaT 3roJIEMEHO TIPOU3BOJICTBO BO TPOJIET, 8 HAJMAJIO HA KPajoT Ha JIeTHATa Ce30HA
Y BO 3UMCKHOT IIEPHO]I, OTHOCHO CE CE30HCKHU.

Tabesa 4. Tpomony 3a HHBeCTHPAIHbE BO IIEHTPAJIA HA jarjieH (JeB0) U COHYeBA LEHTpasa co GOTOHATIOHCKH
KOJIEKTOPH (1eCHO)

MNucranupan KarauuTer Ha 200 MW
TEepMOLIEHTpaJIa Ha jaryieH

Bpoj na pabotHu caatu Ha

TOJIAIIIHO HUBO CO 6000 h/roaumao
MHCTAJINPaH KarauTeT

[IpousBeneHa koauurHa Ha 1200
€JICKTPUYHA CHEePTHUja GWh/roauixo
Crnenndrana MHBECTHIIACKA 1800 €/kW
LICHa Ha OCTpOjKaTa

Bxynna uaBecTunuja 3a 360 M€
TEpMOIICHTpaJIaTa

Ilena Ha ropuBOTO (jarjaeH) 20 €/t
HeHa Ha eHeprujara Bo 9 €/MWh
JarJeHoT

TonmHCcKa MOK Ha jarfieHOT 8000 kJ/kg
[otponryBauka Ha jarieH 3a

mpoussoacTBo Ha 1kWh 1,35 kg/kWh
CJIEKTPUYHA CHEPTHja

[MorpeOHa KonmMurHa Ha

jariieH 3a OBa MPOU3BOICTBO 1620 k t/roaurito
Ha eJCKTPHYHA eHepruja

Tpomok 3a ropuBo Ha 32 M€/ roaumo
TOJMIIHO HUBO

PaboTeH Bek Ha mocTpojkara 40 ronuHu
Tporiok 3a ropuso 3a 40- 1296 Me€
TOJIMIITHO paboTeHe
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Bkynen Tpoiuok 3a
WHBECTHIIHja U TOpUBO 32 40 1656 M€
TOJTUHH

Onnoc Ha pabOTHHU caaTH Ha
kopucreme Ha TEL/PV
Bbpoj Ha paboTHu caaTn Ha
TOJIMIITHO HUBO CO 1400 h/roaumm=ao
HWHCTpAJIMPaH KarnainuTeT
ITorpeben nuCcTANMpaH

4,29

857 MW
kamaruTeT Ha PV nieHTpana
[IpouseeneHa KOJMYMHA HA 1200 GWh/rommmo
eJIEKTPUYHA CHEePTHja
Cuemmduirana MHBECTHIIHCKA 1000 €//kW
IIeHa Ha TIOCTPOjKa
BkynHa unBectunnja 3a 857.14 M€

COHYEBA IIEHTpaJIa
I{eHa Ha TOPHBOTO 0€/it
IIpocedna moTpebHa

2,8 ha/MW
MOBPIIMHA HA CHCTEMOT
BkymnHa notpebHa noBpirHa
3a U3rpaada Ha COYeHBATa 24 km?
LEHTpajia
PaboteH Bek Ha mocTpojkara 40 roauHau
Bkynen Tpoiuok 3a
WHBECTHIIH]ja U TOpUBO 3a 40 857 M€
TOJIMHU

[Tpou3BOACTBOTO HA €HEPTHja O COHUYECBUTE KOJEKTOPH HajMHOTY 3aBHCH O]l HAABOPELIHUTE YCIOBU H TOA BO
WHTepBaju o1 24 Jaca (IeH-HOK), OJT Bp€MEHCKUTE Ce30HH (JIeTO-31Ma), HO | O] KIIMMaTCKUTE YCIOBHU Ha JIOKATHO
HuBO(00MaIM, Maria).

EHeprujara Ha BETPOT He € IPEMHOTY Bp3aHa cO KIIMMATCKUTE YCIIOBH M HHTEPBaJ 0] 24 yaca Kako COHUEBATa,
HO CeTaK 3aBUCH OJI OTIPE/ICIICHU KIMMATCKHA KapaKTEPUCTHKH. 32 BeTepHUOT napk bormaniym nma uHopmanuu 3a
MIPOTICHTyaJTHATa BEPOjaTHOCT Ha 10jaBa Ha BETEP U MPOU3BOJICTBO HAa CHEPTH)a.

—XAANOUSHTRAK

Tabena 5. IIpomssoactBo Ha EE ox BEI]
Bbormanmm e e

Pra=50MW | GWh % , m s

—Cow

3uMma 29,80 32,87
IIponer 19,49 21,50
Jlero 16,97 18,73
Ecen 24,39 26,90
BxynHo 90,65 100,00

Cauxa 6. ITIpousBoacreo Ha EE oxr OUE Bo PCM

[Ipou3BOJACTBOTO Ha €NIEKTPUYHA SHEPTrHja O] OOHOBJIMBH M3BOPHU Ha eHepruja Bo 2015 Ha rOJUIIHO HUBO €
nasieHa Ha ciuka 6. Criopei oBa MOXe Jia ce coTJie/ia Jieka COHYeBaTa eHepryja € Haj3acTaneHa BO JISTHHOT EPHO/I,
a eHeprujara Ha BETPOT BO €CEHCKHOT M 3UMCKHOT MEPUO/I, IITO OU AOBEJIO 10 HEKOj OanaHC BO MPOU3BOJICTBOTO
Ha eJIEeKTpUYHa eHEeprHja.
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3a 1Ie0CHO UCKOPHCTYBAah€ Ha KalalUTEeTUTE 0 OOHOBIMBUTE N3BOPU HAa CHEPrUja U Baleme 0f yrnorpeda
Ha TEPMOIIEHTpAIIUTE, MOTPeOCH € pa3Boj U UMIUIEMEHTAIMja Ha TTaMEeTeH eJIEKTPOCHEPTeTCKU CUCTEM KOj Ke T'H
3aJJ0BOJIM ITOTPEOHTE O ENIEKTPUYHA EHEPTHja U K€ OBO3MOKH HEj3MHO cKiIaaupame. OBoj mpodiieM Moske aa ouze
pELlIeH CO UMITJIEMEHTAallMja Ha TaMETHUTE MPEXH BO Beke IIOCTOeUKaTa eIeKTPO MPEHOCHa MpexKa.

4 INPOLEHKA HA TPOIIOIIX 3A PA3BOJ HA TIIAMETHM MPEXH BO PEIIYBJIMKA
CEBEPHA MAKEJJOHHUJA

4.1 TIlpoueHka Ha BKYNIHHTE TPOIIOLH 32 HHTErpUpPame HA 0OHOBJIMBUTE H3BOPH HA €HEPruja BO
eJIeKTPOeHepPreTcKuoT cucrem Ha Pemmy6sinka CeBepna Makenonnja

BxynHuTe TpoImomnu 3a MHTErpaiyja Ha BETEPHUTE M COHYEBHUTE LIEHTPAIHN BO €JIEKTPOEHEPTETCKUOT CUCTEM
BO 3€eMjaBa, ke Ce OJpeAyBa CHOpE] KaTeropuy Ha TPOILIOLHM: TPOLIOLM 32 3ajaKHYBamk€ M MOJICpPHM3ALMja Ha
CIIEKTPOTIPEHOCHATa MpeKa, TPOUIOIH IOpaJd MOTTHKHYBaWkE Ha MPOU3BOJACTBO HA EIICKTPUYHA CHEprHja O
eHeprujara Ha BETPOT U COHLIETO.

BkynHuTe TpOILOIM 3a NOTPEOHUTE 3ajaKHYBamhe Ha MPEHOCHATa MPEXa Ke ce OJpeaT CO KOPUCTEHE Ha
CIMHEYHNUTE IJIAHUPAYKU [IEHH Ha BUCOKOHAMOHCKATa OmpeMa (JaleKyBOAW, TPaHC(HOPMATOPH, TOJIHIA) BO
norosop co MEIICO.

Tabesna 6. Bkynnu Tpomonu 3a narerpupame Ha OUE

Bun na enextpruynu nentpanu Ha OUE IToTTHKHYBame HA MPOU3BOJACTBOTO JO BPEAHOCTA HA BKyIIHATa
uHCTaTMpana Mokaoct o1 (MW):
BeTepHHU eIeKTpUYHN IIEHTPATN 65 MW, 2016 r. / 100 MW, 2020 r. /150MW, 2025 r.
DOTOHATIOHCKY EJEKTPUIHH [EHTPATH 4 MW — moxksocTH 10 50 kW/ 14 MW — mokuoctH o 50 kW
a0 1 MW
TepMo eNeKTPUYHHU IISHTPaAJIM Ha Ouorac 6 MW
TepMo eeKTpUYHHU IISHTpaJId Ha OuomMaca 10 MW
Mauu XMapo eNeKTPUYHH LIEHTPaIH be3 orpannuyBama BO HHCTAIMPAHATa MOKHOCT (MaJiu
XEI<10MW)

Tabena 7. EnuHeynn Tpomonn (1Mo eTHHUIIA T0JTKIHA), 32 M3rpaada Ha BOAOBH

Hamnoncko uuBo (kV) Bpoj Ha cucremu Tun Ha cCIpPOBOAHUK €/km
400 1 ACSR 2x490/65mm? 200.000
1 ACSR 240/40 mm? 80.000
110 AAAC-z 90.000
5 ACSR 240/40 mm? 120.000
AAAC-z 140.000
Ka6encku Box 110 KV | 1 kaGen Bo KaGencKu poB Al 1000mm? 330.000

Tadesna 8. ExnHeden Tpouok 3a moJie BO TpaH(PpOPMATOPCKH CTAHUIM (IPUMAapHA U CEKYHapHA onpeMa)

Hamnoncko HuBo (KV) €/mapue
400 900.000
110 (A/S) 250.000

Tadesa 9. ExnHeden Tpouok 3a BrpaayBame Ha eHepreTcKku Tpancopmaropu

[penocen oxnoc (KV), mpusunna mokHoct (MVA) €/mapue
400/110 kV, 300 MVA 2.500.000
100/x kV, 40 MVA 485.000
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100/x kV, 31,5MVA 350.000
100/x kV, 25 MVA 300.000

Lenara Ha EE koja ja npoussenyBaar OUE (BEL], ®HELI u ocranarure), 0IHOCHO MPUXOJ0T O Mpojaxkoara
Ha Taka npousBeaeHara EE, mMopa Ha uHBecTUTOpHUTE Aa MM IO IIOKpUBA TPOLIOKOT 3a HMHBECTHUIMjaTa U
paboTemeTo, 3eMajKd Io NPEeABHA U TPOLIOKOT 3a (pUHAHCHpame Ha MHBECTHLIHjaTa (Ha NPUMEp KpeAUTEeH
apamKkMaH co OaHKWUTE) U BO OJpelieH POK Ja WM TapaHThpa u mnpodut. Hajuecto KopucTeH MexaHHW3aM 3a
NOTTHKHYBame Bo EBpomna e T.H. ,,feed-in tarifa®, oqHocHO prkcHa OTKymHa 11eHa, KOja ce 0IpeayBa Bp3 OCHOBA Ha
MPETIOCTaBEHNOT EKBUBAJCHTEH Opoj Ha 4acoBH paboTa TOAWIIHO CO MaKCHMajHa MOKHOCT, MHCTaJHpaHaTra
MOKHOCT Ha IIOCTPOjKaTa, eANHEYHUOT TPOLIOK 32 MHBECTHIIMjaTa BO U3rpaada Ha eJlekTpuyHa uneHrpaia Ha OUE
1 AeUHUPAHHOT POK Ha Bpakame Ha MHBECTHIMjaTa BO pacnoH on 5 mo 10 rogunu. [Ipuroa 3apaan Hu3a Ha
(axTOpH, TPOLIOKOT 3a KaUTAJIOT BO OJpPEACHH 3eMju Kako PM, Moxe na Ouae M3pa3eHo BHCOK U 3HAYUTEIHO
MIOHETOBOJIEH OTKOJIKY BO MHOTY 3eMju WwieHKH Ha EY 1 HenmoBoJieH BO OIHOC Ha BPEJHOCTA MPETIIOCTABEHA MPH
neuHUpameTo Ha CUCTEMOT 3a NMOTTUKHYBame, LITO Ke JOBENE 10 TOa Aa 3HAYMTENEH JIeNl OJf MPUXOJ0T OA
MOTTUKHYBauKaTa [ieHa OJT Kaj KOMepIHjaTHuTe OaHKK Ko (PMHAaHCHpaaT MPOEKTH 3a uckopuctyBame Ha OUE.

OcBeH npeKy NOTTUKHYBayKaTa LeHa, MPOEKTUTE 32 UCKOpUCTyBawkbe Ha OUE yiure ce cTUMYIupaar u Opeky
JTUPEKTEH (UHAHCHUCKM HAJOMECT Ha JIel OJ WMHBECTHIMjaTa, 3arapaHThpaH otkyn Ha EE, mpedprname Ha
TPOLIOLIMTE 3a 3ajaKHyBamke HAa NPEHOCHATa W TUCTPUOYTHMBHATA MpEXKa Ha CUTE KOPHUCHUIM, M33EMambe Ha
npousBogurenute og OME oxn cuctemor Ha OanaHcupame W HaManyBame/YKHHYBamke Ha HUBHATa (MHAHCHCKA
OJI'OBOPHOCT 3a J1e0anaHCy U APy BUIOBHU Ha CTUMYJIMPAYKH MEXaHU3MH.

Mexanu3MoT 3a nojajpinka Ha uaBectunuute Bo BEL] Bo Makenonuja e ,,feed-in tarifa”, co orkymHa nena 89
€/MWh u nepuon Ha noaapiika o 20 ToAuHU.

3a ®HEIL] moctou cim4eH MeXaHW3aM, CO pasiiMKa BO 3aBUCHOCT OJI TUIIOT Ha WHCTAlUpaHaTa MOCTPOjKa.
MexaHu3MOT e ucTo ,,feed-in tarifa®, co otkymnaa niena ox 160 €/ MWh 3a mHCTanmpana MokHOCT iomana og SOMW
u 120 €/MWh 3a nncranupana mokaoct oa 50 kW - 1 MW, co nepuox Ha noaapiika ox 15 roaunu.

Tadesa 10. [IponeHka Ha POKOT 32 BpaKkame HA HHBECTHIHjaTa M NPOGUT Mmocjie MCTEKOT Ha POKOT 32 OTKYII €O
nocroeukara feed-in Tapuda 3a BEL]

Moxknoct Ha BEL] (MW) Feed-in(e/MWh) Pox Ha Bpakame Ha [podur nocne 20
WHBECTHIIN]aTa(TOTUHH) TOIUHU
(MuroHH €)
20 89 10 12
30 89 10 18
50 89 10 30
100 89 10 61

4.2 Tpouiouy 3a HHTerpupame HA NaMeTHH MpexxH Bo Penyommka CeBepHa MakenoHuja

TexHonorujara Ha MAMETHUTE MPEKH, PAJUKATHO TO MEHYBa CIICHAPHUOTO HA MAa3apoT Ha CIEKTPUYHATA
eHepruja. [locTon rojiema BepOjaTHOCT O] MOjaByBamk€ HA HOBH TMPOU3BOAMTENM HA CICKTPUYHA CHEPTUja U
oTIepaTopH 3a JUCTpHOyHparme Ha eHeprujara.

WuBecTHnmjara 3a UMIUIEMEHTAIM]a HA TAMETHUTE MPEXKH BO €JICH CIICKTPOCHEPTETCKU CUCTEM € OrPOMHA HO
Ha JIONTOpPOYEH IUIaH, WCIUIATIMBA MHBECTHIIMja, CO OTPOMHH moBpatHu cpenctBa. Kommanmjata MEIICO Bo
HapeIHUTE TPU TOAWHU ke mHBecTHpa 102 MHIMOHU €Bpa 3a pa3BOj U PEKOHCTPYKIMja HA BEKE IMOCTOCYKHUOT
eIeKTporpeHoceH cucteM. KoH kpajoT Ha okroMBpu MuHaTara roauaa, MEIICO 3aeqHo co ymiTe 5 KOMIaHUA Of
PErHOHOT ce 00U TyBaar Jia CIpoBeIaT PEUICHHUE 32 UMILIEMEHTAIMja Ha TaMETHUTE MPEXH, KOE IIITO Ke JIOTPUHECEe
3a CHUTYpHOCTa Ha eJeKTPOSHepreTcKkaTa Mpeka, 3aillTella Ha eJNEeKTPUYHA EHeprhja, HCKOPHUCTYBamke Ha
MaKCHMAJICH KalaluTeT Ha OOHOBIMBUTE W3BOPH HA €HEpruja W MOKeOM CTHTHYBame N0 JcKapOOHHM3aluja Ha

SCEESD 2019 loo



MIPOM3BOJCTBOTO Ha eNIEKTPUYHA eHepruja. KBanuTeToT Ha yciyraTta Bo cekoj nmoriies ke ouze nogodap oJ1 oHa ITo
ro UMaMe JI0Cera BO €JIEKTPO IPEHOCHUOT CUCTEM.

5 3AKJIYYOK

Moxe na yBHIUME JeKa MOMEHTaJIHaTa MHQPACTPYKTypa, Hako (QyHKIMOHANHA, MMOPAAU HAMpPEIOKOT BO
TEXHOJIOTHjaTa JIeTyBa Kako HeedukacHa 1 3acrapera. Co BOBeyBame Ha ITaMeTHA MpeKa M HCKOPHUCTYBAETO Ha
HEJ3MHUTE MOTEHIMjaTH MOXeE Jla Ce YBHIM JIeKa Ke MMa MO3UTHBEH €eKT U Ha KPaTKOTpaeH M Ha JOJNTOTpacH
epext. OBa MMIUIEMEHTHpamhe Ha TaMeTHaTa Mpexa M Hej3MHaTa JBOHACOYHA KOMYHHUKaIMja, K& J03BOJHU
MoroJjieMa TPaHCIIapEHTHOCT, HaMalyBambe Ha 3araJyBambeTo U MorojeMa euKacHOCT CO MITO MPUIOOUBKY MMaat
¥ TPOM3BEAYBAYOT ¥ IMOTPOIIYBA4YOT, KOj K& WMa KOHTPOJA HaJ MOTPOIIyBadKaTa Ha eNEKTPHYHA €HeprHja |
MPUCTAIl A0 IIeHaTa Ha MCTaTa BO peaiHo BpeMe. [IpeKy MOHMTOPHMHTOT KOj TO HyJAaT MaMETHUTE MPEXH Ke ce
n30eTHaT WIM HaMaJlaT MOKHHTE eeKTH U MpoOJIeMHU BO Mpekara U ke ce 00e30emy HUBHO HajOp30 pelaBame.
[lameTHHTE MPEXHU HAKO CEYIITE CE BO pPa3Boj, 1aBaaT BETyBambE 3a IPOMEHA Ha HAYMHOT Ha )HUBOT. KOHKpeTHO 32
Penyonmuka CeBepHa MakenoHHja, CO WHBECTHpame BO OBHE MPEKH, KOHEYHO Ke HMaMe MOXKHOCT 3a
HCKOPHUCTYBamk€ Ha 1ETHOT IMOTEHIMjall 01 OOHOBIMBHUTE W3BOPU Ha EHEPrHja, K& MOXKE Jla MIMaMe TIOHHMCKA LIeHa
3a eHepryjara W HeEMa Ja uMame moTpeda of YBO3 Ha MCTaTa, a CO IeJI0OCHATa MCKOPHUCTEHOCT Ha OOHOBIMBUTE
M3BOPH Ha €Hepruja OM MOXKelle Jja TO 3rOoJIEMHME M3BO30T CO Il moroneM npodur. HajBakHHOT acmekT Ha
MaMETHHUTE MPEXKH € IITO HyJaT MOXKHOCT 3a LIENIOCHO Mchpliame o yrorpeda Ha TEPMOICHTPAINTE, a CO TOa U
HaMajyBambe Ha 3aralyBambeTO OKOIY KO€ IITO IMOCIeIHHOT MIEPUO/] ce KpeBa OrpOMHA BpEBa.
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KOPUCHUYKHU CLIEHAPUJA 3A ITOJHEBE HA EJJEKTPUUHU BO3WIA
BA3UPAHU HA BJIOKYEMH TEXHOJIOTUJA CO BE3BEJHOCHM ACIIEKTH BO
IOT U NB-10T

KYCA COJIP’KHHA (ATICTPAKT)

Bo nocnenanBe HEKOJIKY TOJMHH IIOCTOW 3HAYMTENEH MOAEM BO Pa3BOjOT M MMIUIEMEHTAIMjaTa Ha HEKOJIKY
TEXHOJIOTMH BKJIY4yBajKd T'M OOHOBIMBUTE W3BOpU Ha EHEPruja, enekTpudHu Bo3wna, l0T, 5G, mururamzu
KPHUIITOBAIYTH, CHCTEMH Oa3uMpaHM Ha O0JaK, YWja MOBP3aHOCT HE € ouurienHa Ha nps moriea. Ho, co ce
MOTOJIEMHOT CTETICH Ha Pa3BOj M MIMIUICMEHTAIHja Ha OBHE TEXHOJIOTHH BO Pa3JIMYHN CETMEHTH O] ONITECTBOTO
C€KOHOMHjaTa, Cce MOKaXyBa JieKa HOBUTE TEXHOJIOTHH OBO3MOJXKYBaaT KpeHpame Ha coceMa HOBH KOHIICTITH 32
paspellyBame Ha MPoOJIEMUTE KOM HACTaHYBaaT BO MOJEPHOTO XHBeewe. EnekTpuyHnTe Bo3uia ce HIHMHATA Ha
TpaHcnoproTr. HuBHHOT Opoj KoHCTaHTHO pacte. [lokpaj 3ronemenuoT 6poj Ha EB, ke Gune morpebHa u rycTto
pactpocTpanera WH(GPACTPYKTypa Of CTaHWIHW 3a ToiHeme. CTaHyBa jacHO JeKa moTpedara 3a eHepruja Ha
SNIEKTPUYHUTE BO3HIIA MOXKE J1a OHJIe 33/I0BOJICHA CO MpekKa O] IOCTOSUKH CTAHUIIH 32 MTOJTHEHE, IPEKY Pa3BUBALE
Ha COO/IBETHO PEIICHUE M COOABETEH MOJEN 3a HaruiaTa. ['eHepaaHO OBa € CHCTEM CO rojeM Opoj y4ecHHIM KOu
HemaaT MelyceOHa pmoBepOa. 3aToa, aHAIM3UpAaHWTE KOPHCHUYKM CIEHAapHWja, 3acHOBaHM Ha biokyenH
TEeXHOJIOTHja, 00e30eayBaaT BUCOK CTENeH Ha JoBepOa MpH MOJHEHE Ha MOHYAeHATa/HCKOPUCTEHATa SHEPTHja.
OBoj Tpyx HCTO Taka I'i MpeTcTaByBa O6e36ennocuure acriektd Ha 10T u Narrowband-10T.

Kayunu 360posu: 10T, NB-10T, Blockchain, Electric Vehicles.

BLOCKCHAIN-BASED USE CASES FOR CHARGING ELECTRIC VEHICLES
WITH CYBER SECURITY ASPECTS IN 10T AND NB-10T

ABSTRACT

In the last few years there has been a significant rise in development and implementation of several
technologies that include renewable energy sources, electric vehicles, 10T, 5G, digital currencies, cloud-based
systems, etc. The correlation among these technologies at a first glance is not very obvious, but with the increasing
degree of development and implementation of these technologies in different segments of society and economics,
it turns out, that new technologies allow the creation of quite new concepts to solve problems that arise in the
modern living. Electric vehicles are the future of transportation. Their number is growing constantly. Beside the
increasing number of electric vehicles, a dense and widespread charging infrastructure will be required. It becomes
clear that the need for energy that move electric vehicles may be satisfied by a network of existing ones charging
stations by developing a suitable solution and with an appropriate one payment model. Generally, it is a system
with a large number of participants who don't know each other and they don't trust each other. Therefore, the
analyzed use cases based on blockchain technology provide high degree of trust when charging the offered/used
energy. The paper also presents security aspects of 10T and Narrowband-1oT as enabling tehnologies implemented
in the use cases.

Key words: 10T, NB-IoT, Blockchain, Electric Vehicles.
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1 BOBE/I 1 BE3BEJTHOCHU ACIIEKTH BO IOT U NB-1IOT

HlImo e IoT? 10T e mpexa on ypenu, aHagorda co World Wide Web, mTo e Bo cymruHa mpexa o
koMmrjyrepu. loT oBo3MoOXkyBa ypeanurte aa pasMeHyBaaT WH(QOpPMAIMU U J1a Ce TIOBpP3yBaar eneH co apyr. Kaode
Modce 0a ce kopucmam IoT? OnroBopoT e Hacekaze, MOYHYBajKU O[] 3APABCTBO, UHIYCTpPHUja, TPAHCIIOPT HTH.
Narrowband I0T e HoB 3GPP paauo cranaapn koj ru ,,anpecupa’ 6apamara Ha [0T. OBaa TexHos0THja 00€30e1yBa
noJo0peHa MOKPUEHOCT BO 3aTBOPEH IMPOCTOp, MOAApLIKA HA rojieM Opoj ypeau cO HU30K MPOTOK, HHCKa
YYBCTBUTEIHOCT HA JIOLHEH-E, YITPa-HUCKA [IeHA Ha YPelIoT, HUCKa MOTPOIIyBauyKa Ha eHepryja U ONTUMHU3UpPaHa
MpexHa apxuTekTypa. bpojot Ha loT ypenu e Bo moctojan nmopacTt, OuIejKu IPOU3BOAUTEIUTE PEUUCH CEKOjTHEBHO
MIPE3CHTUPAAT HOBH namemHiu ypeou KOU Ha HEKOj HAYMH I'0 OJIECHYBaaT CEKOjIHEBHETO HA YoBEKOT. [lojaBaTa Ha
HOBH aIIMKalry camaTa 1o cede HocH 3akaHu 3a 6e30enHocta Ha [oT TexHonorujaTa. Kako mro anatkute Kou ce
KOpHCTaT TIpH HalaJnuTe, CTaHyBaaT ce nocoducturupany, ML n Al urpaat ce morojiema yjiora BoO 0BOj TOMEH.
[Tokpaj Toa BemTauykaTa HHTETUTCHITH]ja MOKeE J1a C€ KOPHCTH U KaKo allaTKa 3a JIAHCHpAamke Ha Hamaau U 3a Op30
JIETeKTUTpame Ha MCTUTE KOW ja craBaar Bo mpamame Oe3bemnocra Ha loT ypeaure u loT mpexara. Baxen
npenu3Buk 3a [oT Mpexkara e Hej3uHATA TUCTPUOYUpaHa apXUTeKTypa. THUIIMIHO, CEKOj ja30d € MOXHA TOYKa 3a
aj, IMTO MOXeE Ja C€ MCKOPHUCTH 3a cajoep-Hamaau. CHcTeM cO HEKOJKY MAaTWITMO3HU ja3JId, KOW JIejCTBYBaar
HMCTOBPEMEHO, MOXXE€ MHOTY Op30 na ce cpymu. [pyrnoT mpobieM ce OJHecyBa Ha IIEHTpajn3upaHaTa
koH¢urypanuja Ha [oT. Tunuuno IoT cpenunara ce 6a3upa Ha IIEHTPAICH CEpBUCEH 00JaK npoBajaep. Lenrpanna
TOYKA Ha MaJi0T € PaHJINBOCTA, KOja MOpa Jla ce pemu. J[pyra mocrojana u HajBepojaTHO €HA OJ1 HAJKPUTHIHUTE
3aKaHW € JOBEPIIMBOCTA HA MMOJATOIUTE U aBTeHTHKanuja. OJl CYyIITHHCKO 3HAUCH-C € Ja Ce 3AIITHTU CHCTEMOT OJ1
VHjeKTUpamke Hammagu, KOW ce TPyAaT Ja WHjeKTHUpaaT JIaXHH Mepema, Ma CO TOoa BIIHjaaT BP3 JOHECYBAaHETO
ouTyKH. JIoCTalTHOCTa € KPUTHYHA 32 aBTOMATCKHA CUCTEMH KaKo MITO c€ MPEXHTE O BO3WIIA, IPOU3BOACTBEHUTE
WHAYCTPUU U TAMETHU MPEXH, KOH Mpoliecupaar nH(GOopMannu Bo peaHo BpeMe. [larameTo Ha CeH30pOT MOXKE Aa
pe3yaTupa co 3aryOu o MOHETapHa BPEJHOCT Ma Ce JI0 CUTYallld ONacHW MO KHUBOT. [lopaaym BakBUTE 3aKaHM,
TIOKEJTHO € MPHUCYCTBO Ha jaBHA BepUQUKaIfja 0e3 MOCTOeHhe Ha JOBEPIIMBA TPETa CTPaHa, Co IMTO OU ce pemmi
npobyieMoT Ha He-oTdpuname [1]. Bo pamkuTe Ha 0BOj TPy, KaKo MPUMEp KOj TH pelaBa 0e30eIHOCHUTE NpIlamba
3a MlHTepHeT Ha HemITaTta, ja 3egoBMe 3T+1M 6e36enHocHara apxurekrypa [2]. 3T ce onHecyBa Ha ogOpana Ha [oT
ypenoT, o0e30e/ayBame 3aliTuTa Ha Mpexara Koja ce KOPUCTH 3a NMPEHOC Ha MOJATOIMTE M 3allTUTAa Ha O0JIaK
miargopmara. 1M ce ogHecyBa Ha YIIpaByBambe M OTNIEpaIliy MTOBPa3HU co Oe30emHocTa. be3dbemHocHUTE penieHnja
Ha OBaa apXHUTEKTypa C€ COCTOjaT O CICAHUBE JICIOBH:

- Texnosoruja 3a ogopana na ypenot (1T) — Ha [oT ypeaure co pasmuaHu IpoOIECHPadKu CIIOCOOHOCTH,
BO PAa3MYHM AalJIMKALMCKU CIeHapuja, UM 00e30eqyBaar OJpeAeHH CIOCOOHOCTH 3a 3amThra. Ha
NoCNabHuTe ypeau UM ce OBO3MOXEHH OCHOBHHTE Oe30emHocHu mpotokonu, DTLS/DTLS+, noeepnus
DICE, FOTA Upgrade. [Joneka mak 3a nocnocoOHHUTE ypeau noTpeOHu ce 0e30eaHOCHU cepTH(dUKaTH,
NETEKTUparke Ha YIaau, CHKPHITIIUCKA aBTeHTHKaIja 1 TPM.

- TexHouaoruja 3a 3amrtuta Ha loT MpexaTta 3a nperoc Ha nogatouu (1T) — O6e30enyBa nerekuuja Ha
abHOpMaJIHO OJJHEeCYBame Ha ypeaoT. AOGHOPMAIHOTO OJIHECYBame BKIIyUyBa PEHOC Ha cOO0paKkaj Koj He
e BooOHMYaeH 3a ypenoT Ha Hekoja abHopManHa (peKBeHIMja Ha MpHujaByBame. Paznuanu 0e30eqHOCHU
KapaKTEPUCTHKH 32 pa3iniHu ciieHapuja. [Ipumep, antu DDoS u nmpeBeHMja o/ curHanu3anucka Oypa ce
npunaroaenu 3a NB-IoT ypenure.

- Texuoaoruja 3a 3amrura Ha loT miuardopmara (1T) — Ce dokycupa na o6e3deau OezdemHOCHA
CHTyaIlMOHa CBecT 0a3MpaHa Ha aHalM3a Ha TOJEMH IOAATOIM, 0e30eJHOCHM aHAJIM3M Ha MOBP3aHHTE
BO3MJIa, Kako u 6e30exanoct Ha [oT momaronmre u 3amthta Ha npuBarHcota Ha LPWA. Tlokpaj Toa, BakBarta
miatdopma Tpeba /1a 0BOZMOXKH COOABETHH KOH(HUTyparmn 3a 6e30eqH0cTa BO 00IaK miardopmara.

- YnpaByBame co loT 0e3deanocta (1M) — Ce ¢doxycupa Ha pa3BojoT Ha 0e30€AHOCHM OIepaluy,
MIPOTICTYPH U CTICITU(UKAIINHY 32 YIIPaByBamke U IPUTOA KOHCTpyHpa e2e 0e3benqnocan O&M anarku 3a ga
M ToAoOpH omepanuuTe W 1a ja Tectupa edukacHocta cooiseTHo. OcBeH Toa, ce (OKycHpa W Ha
MIPEBEHIIM]ja O 3aKaHU, OTKPHBAHE, AHATIM3H U 0T OBOPH.

Konkperno, 3T+1M ce ¢okycupa Ha 6e30€JHOCT BO OJpeACHH CLEHapHja, Kako WTO ce: MIHTepHeT Ha BO3uWia,
LPWA, wunnycrpucku IoT, ce co menm ma o0e3bemu ycoriacyBame CO HAMOHATHUTE W PETHOHATHHUTE
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3aKOHU/pEeTyJaliy U MHyCTPUCKHU CTaHIap 1, a IpuToa fa n3rpaau exex end-to-end curypen loT cucrem. 3T+1M
0e30eHOCHATa apXUTEKTypa rpaau 6e30eJHOCT BO HHOBAIIMUTE U MCIIONHYBA pa3iInyHu 0e30eJHOCHU Oapama BO
€BOITyIIHjaTa.

Enextpuunute Bo3una ce uOHMHATA Ha TpaHcnopToT. CoO MIMPOKO paclpoOCTPAaHETO YCBOjyBambe Ha
enekTpuuHuTe Bo3wia W 10T, mamerHuTe Mpexu co |0T craHyBaaT BeTyBaykd pelIeHHja 3a KOHTpPOJIa Ha
IUCTpUOyupaHaTa eHepruja u Mpou3BOJICTBOTO Ha eHepruja. HUBHHOT Opoj € BO MOCTOjaH MOpacT, a CTAHULUTE 32
MOJIHEH¢ CTAaHYBaaT pacTeuka HHpacTpyKTypa, 0codeHO Bo ypbaHuTe 001acTi. BpojoT Ha CTaHUIM 3a MOJHEHE,
HUBHHOT paclopes U TYCTHHA ce’ YIITE He € Ha 33J0BOJMTEIHO HHUBO 32 Ja OBO3MOKH BHCOK CTEIleH Ha ciobona
BO KOPHUCTEHECTO HA EIEKTPUYHH BO3WJIA, INTO MPETCTABYBa M OrpaHMYyBavyku (PakTop 3a pacTtoT Ha OpojoT Ha
eNeKTpu4HHU Bo3wia. O Ipyra cTpaHa Mak, ¥ OpojoT Ha CTaHUIIM 32 TIOJICHEHh-¢ Ha eIEKTPUYHHU BO3UIIA € BO MOPacT.
MeryToa, BO HajrojeM Jei 0J1 BpeMETo, ToJieM JIeN O] OBUE CTaHHIU He ce KopuctaT. [loHaTtaka, ce moBeke ce
3rojieMyBaaT MHCTaJallMUTe CO OOHOBIMBU M3BOPHM Ha eHepruja. EHeprujata mpousBeneHa O HUB, WIA MOpa
BEJIHAIII J]a Ce MOTPOIIH, JIa CE BPaTH BO MpeKaTa HiIH Jia Ce CKIIaIpa BO JIOKAIHO [TOCTABEHU OATEpUH, IITO UCTO
Taka € TexHojoruja Bo mogeM. Co pa3BOjOT Ha OBHME TEXHOJOIMM W 3arpMKEHOCTa 3a JKMBOTHATa CpEOUHA,
SIEKTPUYHUTE BO3WIIA YIITE TIOBEKE MOOMBAaT BO Pa3Boj. 3roJieMEHOTO MCKOPHUCTYyBame Ha EB, He camo mTo ke
JIOBEZIC 0 HAMalyBame HAa EMHCHjaTa Ha TacOBH, TYKY W 3HAYWTENHO K€ ja HAMaJIW IIeHATa Ha TOPUBOTO.
JlononHuTEeNHO, ce Moao0pyBa 0e30eMHOCTa Ha ENEKTPOCHEPTeTCKUOT CUCTEM M CE CTUMYJIHpA Pa3BojOT Ha
TEXHOJIOTHH cO OOHOBJIMBU M300pH Ha eHepruja. Moxe a ce MPeTnoCcTaBy Jieka Ha rojieM Opoj MecTa Kaje IITo
nMa OOHOBIJIMBY U3BOPH HA EHEPIHja, MHOTY YeCTO Ke Ce jaByBaaT BHUIIOIM HA eHepruja Kou Tpeda Ja ce MmoTpoIar.
CTaHyBa jacHO JieKa nmotpedara 3a eHepruja Ha eNICKTPUYHHUTE BO3UIIA BO JIBIXKCH:E, MOXKE Ja OHJle 3aJI0BOJICHA O]
MpeXxa O]l TIOCTOCYKH CTaHWIH 3a MOJIHEHE CO M3paboTKa Ha COOJBETHO PEIIEHHWE M CO COOJBETEH MOJEIN 3a
Harutata. ['eHepanHO, cTaHyBa 300p 32 CHCTEM CO TojieM Opoj Ha yYecHHIH Kou MefyceOHO He ce Mo3HaBaaTr U
HemaaT MeryceOHa moBepOa. Bo qu3ajHoT Ha peleHuero Tpeba Ja ce 3eMe BO MPEIBHU] OBaa MPETHOCTaBKa U Ja
ce PUMEHHU COOJBETHA TEXHOJIOTHja KOja K€ OBO3MOXH J0BepOa NMpHW HaIUulaTa Ha MOHYACHATa/UCKOPUCTEHATa
eHepruja. Baksure Oapama ke ru ucnonnu binokuyens [3].

2 KOPUCHHNYKHU CLHHEHAPHUJA CO BJIOKYENH TEXHOJIOTUJA

2.1 KoHuentyajqHo pelnieHHe W JeMO MMILJIEMEHTANMja HA Mpe:Ka 0/ CTAHHLM 32 MOJIHEHe Ha
€JIEKTPUYHM BO3WJIA €O KOpHCTeme Ha bJlokyenH TexHosioruja (co cCHCTEM 3a HAIIATa
0a3MpaHu HA IAMETHH 10T 0BOPH)

ITo 3adakamero Ha (uHAHCHCKATa HWHAyCTpUja, biokuenH [4] cranyBa momynapHa BO CHeprerckara
uHIycTprja. MHOTY aruivKanuu 3a bJIok4yenH ce mpeiokeHl 0/ eHEPreTCKUTE CEKTOPH, KaKo MTO ce HabaBKa Ha
CJICKTPUYHA CHEPIHja, TPrOBHja CO jarjicH U coyiapHa eHepruja. OBUe aruiMKaluy npea ce, 00e30e1yBaar 3aimTura
Ha JKUBOTHATA CPEIMHA U CO3]IaBaaT HOBH JICTIOBHM MOXHOCTH. BIOKYeHH ¢ mucTpuOyupaH cucteM Ha 6a3u Ha
MoJaToIH, Oa3upaH Ha KOHCEH3YC, KOj OBO3MOXKYBa TpaHc(ep Ha BpeAHOCTH MoMery eHtureTute. [locTojaT MHOTY
JMCTPUOYUPAHH CUCTEMH KOW CE 3aCHOBAaT Ha KOHCEH3YC, HO caMo BIIOKYEHWH T'M UMa CIEJHUBE TPH CBOjCTBA!
Trustless: Hema notpeda o1 noceayBame Ha cepTHUIMPAH AUTUTAICH UICHTUTET. BKIy4eHHTE SHTUTETH HE Ce
3HAAT €JICH CO JIPYT, HO MOXAT Jla pa3MEHyBaaT IMoIaTony, 0e3 a 'M 3HaaT HUBHUTE UAeHTUTETH, Permissionless:
Huxoj He ommydyBa xoj Moke wiM He Ja pabotu Bo bnokuemH mpexata. He mocrojat HHTY I03BOJH, HUTY
KOHTPOJIEPH, M Ha KpajoT Sensorship resistant: EntureTnre BepyBaar caMo Ha KBaJIMTETOT Ha KPUITOrPaCKHUTE
aNrOPUTMH KOU ja perynupaar omnepauujata. Cekoj MoXe J1a U3BPILH TPaHCaKIUja BO Mpexara. TpaHcakuujara,
OTKaKoO eIHaI Ke Oujae ucrpaTeHa u npudareHa, He MOXKe J1a Ouje 3amnpeHa win IeH3ypupana. Bo npogomkenne
ke Ounar pasriejaHu CIeIHUBE TOUKH [5]:

- Ilporokon koj ke IpeAToXH ONTHUMaNHAaTa CTAaHMIA 3a TOJIHEH-C, jaBHU HaJJaBama Kako OJrOBOP Ha
Oapamero;

- HcroBpemeHOo, Tpu W3BpLIyBamke Ha NPOTOKOJOT HE ce OTKpHBa Treorpadckara TO3WIMja Ha
MOTPOLIYBayOT;

SCEESD 2019 170



- brokueunH ke ce KOPHUCTHU Kako JeleHTpaIr3upaHa rmiar(opma co HeMPOMEHIIMB CUCTEM 3a CKIIANparhe 3a
TPAHCIAPEHTHOCT U BEPOJIOCTOJHOCT Ha OBUE HAJIaBamba.

Cexkoja Tpancakiija Bo brokuenH coapxu MHGOPMAIIMHU 32 UCTIPAKAYOT M MPUMAYOT, KAKO U OpPOjoT Ha
MOHETH Kou Tpeba aa ce npedpiar. [en ol oBHe TpaHCAKIMH, €AHAII TIOTBPACHU Ol PEer-oBUTE CTaHyBaaT
HOB 0J10K. Cekoj OJI0K COAPIKH Xalll BPEAHOCT O] IPETXOTHUOT OJIOK, IIa CeKoja TpaHCaKIhja € TPajHO Bp3aHa
3a cepHja Ha MpeTXoHU TpaHcakiuu. OBaa nucTa Ha Mel'yceOHO TIOBP3aHU OJIOKOBH € jaBHA U MOXKE Jla Ouie
Bepu(UIMpaHa 0] CUTE PEEr-oBH BO MpeXara MpeKy MpOoBepKa Ha HHTETPUTETOT Ha HOBHOT OJIOK M TIPaBHITHA
MIpEeCMETKa Ha Xalll BpeIHOCTa. Peer-oBUTe Ha Mpexara ce uIeHTH(PUKYBaaT NpeKy nap jaBeH-IPUBaTEH KTy,
WIM YIITEe ce HapeKyBa uaecHTH(hUKaTOop WM ajpeca. Ha ciuka 1, BU3yenHO € MPETCTaBeH MPEII0KECHHOT
MMPOTOKOJI 32 TOJIHEHE Ha CIIEKTPUYHU BO3MIA, BO YETHPH 4YeKOpU. Bo mpBHOT uekop, uctpaxysame, EB
rcrpaka 6apame ko biokduenn. M36upa mapamerpu R, T 1 € kazme npBHOT ro 03HadyBa reorpad)CKHOT PETHOH,
e ce OJIHECYBa Ha OYEKYBaHOTO KOJMYECTBO €HEpruja Koe e moTpedHo, a T e cakaHaTa BpeMEeHCKa paMKa 3a
MoJHEke. PernoHoT e 30Mp Ha MO3MIMY, CeKoja CO HaBeleHa MUpPUHA U JoJbkuHa. [IpuToa, oBa OGapame He
MO’K€e IMPEKTHO Ja Ce MOBP3€ CO OpecHa HHANBHya ousejku camo 1D-to, {, Ha EB e oTkpreno Bo biiokyenn
3aeIHO cO OapameTo, a oBa Oapame HE ja COAPKM MOMEHTAIHATa TO3UITH]a Ha eIeKTPHIHOTO Bo3wio. LlTom
oJpe/icHo Oapame ¢ Bo BiiokuenH, Toa € BUIJIMBO 3a CUTE CTAHHIIY 32 MOJICHEHC.

Bo BTOpata aza nejcTByBaat caMo CTaHHIMTE 32 MOJHEHhe. Tre 6apaar o biiokuenH HOBH Oaparba Ml MaK MOXKe
Jla ce KOpUCTHU HEeKkoj out-0f-band nmpoTokoI1 KOj ke T M3BECTYBA CTAHUIIUTE 32 MOJHEHE KOra MPUCTUTHYBAAT HOBU
Oapama. OHHME CTaHHUIM 3a MOJHEHE KOW CE BO PAaMKHUTE Ha MOCAKyBaHHOT PEruoH R, mcmpakaar MmoHyaH 3a
HajHucKa reHa. OBaa aykiyja ja ynpaByBa biiokyenH 1 3aToa € elnoCHO IeIeHTpAIM3upaHa U TpaHcnapeHTHa. Bo
3aBHCHOCT o] Oapamero Ha EB, (R, T, €), ctaHuiiaTa 3a nojiHeHEe 1 IPBO MPOBEPYBa JaJid HEj3UHATA TIO3UIIN]a Ce
Haora BO paMKHTE Ha perdoHOT R. Bo 0Boj ciyyaj cTaHuiiara ja unTa noctoedkara nonyna B ox brnoxyenn (wmu x
JIOKOJIKY CEYILTEe He mocTojar nmonyau). [loToa, cranuiara 3a MojHEHE Kperpa CONCTBeHa MoHyaa bj Bp3 ocHoBa Ha
HEKOja XeypHCTHKa, BO paBeHKa (1):

b =1 (T, e, B). 1)
BoobnyaeHno oBaa (hyHKIMja ke YTBPIU Jajdd CTAHHIIATA 32 MOJHEHE 1 € MOATOTBEHA /1a TIOHYIN €HEpPTHja e BO
Bpeme T 3a mena b; < b,, a =1, ..., N. OBaa moHyzma e mpocieaeHa mpeky BbiIokdenH ma 3aroa € jaBHA U

HenpoMmennuBa. Bo ¢azara Ha mporerka, EB ru cobupa nmonyante ox biokdenH Kou oJroBapaaT Ha MPBUYHOTO
Oapame. [Toroa EB omtyuyBa, Bp3 0OCHOBa Ha HEKOM XEYyPHCTHKHU KOW Haoraat onrtuMaineH tradeoff mery nenara u
pacrojaHHeTo OO CTaHMIaTa 3a nojHeme. Ha mpumep, EB He Mopa na n3bepe craHuna co HajHHUCKA LIE€HA, TYKY
MOJKe Jla u30epe CTaHHLa 3a MOJHEHE Koja HyAH MOBUCOKA LIeHa, HO ce Haora MHOTY OJIMCKY 10 MOMEHTaJHaTa
no3urja Ha EB. Ommykara Moske Jja ce JoHece ¥ BP3 OCHOBA HA JPYTH MapaMeTpH, Kako Ha MPUMep MPOJaBHHLA
CO CTAaHMLIATa 32 MOJIHCHE UM JPYTy aKTUBHOCTH KOM Tpeda J1a ce HalpaBaT 3a BpeMe Ha noJyiHeweTo. Orykara e
1IeJIOCHO 3aBucHA ol EB u kimMeHTOT 1 ce mpecMeTyBa He3aBUCHO oJ1 biiokdenH. OTKako ke ce Hajae COOJBETHA
CTaHHMIa 3a noJiHewe, EB npecmerya T.H. commitment ¢, o naeHTHGHUKATOpOT {, MHAEKCOT Ha CakaHaTa CTaHUIIA
3a TIOJTHEH:€ U CITy4ajHO TeHepupan 0poj r. [Totoa, € ce 3anuinyBa Bo biokuenn. OBa € mpukaxxaHo BO paBeHKa (2).
[lopanu cBOjCTBOTO 3a €IHOHACOYHOCT Ha Xaml (PyHKIMjaTa, OBa HE ja OTKpHBA OJUIyKaTa Ha HUKO]j, c€ JOJeKa
commitment-ot e orBopeH. OBue MHGOPMAIMHU CE jaBHO JOCTAITHH BO OJIOKYEHH, CENaKk HUKO] HEMa Jia JI03Hae 3a
OJUTyKara.

c=H({ ir). 2

Bo nocnennara (asa, ctannnaTa 3a MoJHEHE MPaBy MPOBEpKa Taka MTo Tpeda ga MOTBpH eKa Xar GpyHKIHjaTa
O]l HEj3UHUOT MHAEKC, CITy4ajHO TEHEPUPAHUOT Opoj M UISHTU(PHUKATOPOT HAa BO3WIIOTO KOE MPUCTUTHAIIO € €AHAKBA
Cco mpeTxoaHo o6jaBeHHOT commitment. [Ipecmeranara xai BpeJHOCT OJ] CTAHHI[ATA 3a MOJHEHE € MPUKaKaHa BO
paBenka (3). Ha cimka 2, Bo netanu ce mMpHKa)KaH! IMOPAaKUTE KOU ce Pa3MEHYBaaT 3a BpeMe Ha W3BPILYBambe Ha
MPOTOKOJIOT, 332 CUTE YeTHPH (a3H.

H«¢ i,r)=c. 3)
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argmin g(-) Blockchain
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(2) bidding

(4) charging

Charging Stations

Cauxa 1 BusyejHa npercTaBa Ha NPOTOKOJIOT 32
noJiHeme Ha EB

2.1.1 IlpuBaTHOCT U 0€30eTHOCT

[IpoTokonoT ce OleHyBa BO OJHOC Ha TpUBaTHOcTa W 0e30eTHOCTa, KOMIjyTepcKaTa KOMIUIEKCHOCT H
npakTHyHOCT. [IpBHYHO HaBeAeHTUTE Oapama 3a MPUBATHOCT HA OBOj MPOTOKOJI CE JIeKa HUKO] OJ1 YYSCHUIIUTE HE
ja 3Hae TodyHara Jokanwja Ha EB, HUTY eneH ydecHHK, ocBeH EB m m30panara cTtaHuIia 3a MoJHEHE, HE ja 3HaaT
TOYHATA [ICHA Ha eHeprujata U EB He Moxe 51a ce cieau co TeKOT Ha BPEMETO.

Bo nmpBara ¢aza o npoToKoN0T, KOTUYHUHATA HA EHEPTHja, PETUOHOT ¥ TIEPHOAOT Ha MOJHEHE ' 00jaByBa CaMOTO
Bo3mI0. PernoHoT Mopa aa 6une u3bpaH JOBOJHO HIMPOK 3a J1a Ce 3a4yBa NPUBATHOCTA, HO U JIOBOJHO MaJj 3a Aa
OuJie M3BOJJIMBO Jia CE HAj/ie CTaHWIlA 3a MOJHEHke BO orcer 0130k no EB. Huty uHBONBHpaHUTE CTaHWIM 32
MOJTHEE, HUTY JPYTH YUECHUIM BO BIOKYenHOT yuyaT HemrTo mommpoko ox O0apamero (R, T, €) u yHuKaTHHOT
unentudukarop (. Ilonaramy, Bo ¢a3zara Ha HaggaBame, EB He € BKIy4eHO BO MPOTOKOJOT, OWAEjKH camo
CTaHHIIUTE 3a TIOJHEHmE JaBaaT MOHyau. TOKMy 3aroa, BO oBaa (haza He cTaHyBa 300p 3a TIpPUBATHOCTA Ha
SNIEKTPUYHOTO BO3WJIO. [IOHYAHMTE KOM T'M JaBaaT CTAaHIMTE 3a MOJHEHE Ce jaBHO NOCTAarnHU BO biiokuenH u ce
MTOBP3aHM CaMo CO MapaMeTpUTe KOU MPETXOTHO TH 00jaByBa BO3MIOTO. BaxkHO € fexa Bo oBaa (haza MOHyAWUTE Ha
CTaHUIIUTE CE CaMO MOHY/IH, a EIEKTPUIHOTO BO3HJIIO HE BOCIIOCTABYBA JOTOBOP CO HUTY €/THA CTAHHILIA 32 [TOJHEHHE.
brox4yenH rapanTHpa 3a MMOHyAaTa OTKako Mcrarta ke Omme objaBeHa. Bo Tperarta ¢asza Ha mporenka, EB camo
n30upa nonyna o1 biokvenn, a oBaa nHpopMalMja He TPOTEKyBa KOH HaABop. [1a Taka HUTY e[leH yUYeCHUK HeMa
Jla 3Hae 10 Koja IleHa Ke ce Kynu eHeprujata. Bo mocieanara ¢asza oa mpoTOKOJIOT, KOMyHHKaIHjaTa Ce OJIBHBA
nupekTHo nomery EB u m30panara cranuma 3a nonHeme. Taka He ce 00jaByBaaT IOMOJHUTEIHN HHPOPMAIK BO
briokuenH, ma 3a menara Ha eHeprujara ke OumaTt u3BecTeHn camo EB u cranmiiaTa o Koja ke ja Kynu eHeprHjara.
Cymupano: Hukoj He ja no3HaBa TouHata jokanuja Ha EB; Hukoj yuecnuk, ocBen EB u cranuiiara 3a noiHeme
HeMa J1a ja 3Hae IleHaTa Ha MoHyaaTa (ako uMa ImoBeke oJ1 eqHa MmoHyna); EB He Moske ma Ouje ciemneHo co TeKOT
Ha BpemeTo. 3Hauu, npuBaTHOCTa 32 EB co 0Boj mpoTokou € 3arapantupana.

Electric Vehicle (EV) ¢ Blockchain Charging Station i

R « P(W), e.g., “Salzburg” w; +— W,

T + P(T), e.g., “[12:00, 14:00]" e.g., “N47°48°, E13°2™"

e «— QF\{0}, e.g., “20 kWh”

N Exploration . ... ... ... ...

R.T.e.C R.T.e.C
[N

if w; € R : abort

bi « fi(T,e,@),e.8., “€47
T,e,{ bi,ws
— T
.more bids bj; ...
bj,i=1...n
—_
B =Jb;
b + fi(T,e, B),e.g., “€3"

T, e, ¢, b, w;
TR R

... more bids b}, ...

Cauka 2 YeTHpu-cTeneH NpoToKoJI 3a nojiHerm-e Ha EB
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transfer amount of energy e in time T°

transfer amount of money b

Canka 2 YeTnpu-cTeneH NpoToKoJ 32 nojtHeme Ha EB

3a Mpe3eHTUPAHNOT MPOTOKOJI IMIOCTOjaT JIBE MOKHH OJTHECYBama Ha CTAHHUIIUTE 3a MOJHEHE N0 (a3ara Ha
Ha/JlaBame. True MoXar Jia pe3epBUpaaT BpEeMEHCKH CIIOT HUCKITyuuBo 3a EB koe ucnparuio 6apame, 0e3 orien Ha
Toa namm EB ke ja m3bepe oBaa cTaHmIla, WIM J1a WCIIpaTaT MOBEKE MOHYIW 3a pa3iudHu Oapama, Ia JOKOIKY
HacTaHe MPEKJIONyBambe Ha BPEMEHCKHOT MEPHOJI, CTAHUIIATA Ke TO MpH(daTH BOUIOTO KOE ke MPUCTUTHE TPBO. Bo
MPBHOT CIIy4aj, CTAHUIUTE 3a TIOJIHEHE Pe3epBHpAaT OJIPEJCH BPEMEHCKH CJIOT, HO 3JIOHAMEPHUTE YUYCCHHUIH
MOJKAT JIa HampaBaT CIiaM Ha MPOTOKOJIOT U Ha Oaparara Bo biiokuenH, ma Ha 0BOj HAYUH Ke ja Cripeyar CTaHUIaTa
3a TonHere a mobue kianentn. Co 11en fa ce cnpeun ooj denial-of-service naman, Tpeba ma ce HarIaTH HaZOMECT
3a TpaHCaKIMja co cekoe Oapame. HaloMecTOKOT 3a TpaHCAKIIMU MU HAJOMECTOK 32 H3BPIIYBAHkE HA TAMETHUTE
noroBopu Bo briokuenH ce mpuMeHyBa o BlokuewH TeXHOJOTHH 3a oBaa HamMeHa. Bo BTopmot ciy4aj, Ha EB
CeyIlTe MY € 3arapaHTUpaHa oJipe/icHa IeHa 3a OJIpe/IcHa KOJIMYMHA Ha CHEPrHja BO TOj BPEMEHCKH MHTEPBAN O]
CTpaHa Ha oJlpeJicHa CTaHWIIA 3a MoJiHewke. Ho cenak, GapanaTa cTaHuIa 3a MOJCHEHE MOKe J1a Oujie HeJjocTarHa.
Hakpatrko kaxaHo, IPOTOKOJIOT ja 3alITUTyBa IPUBATHOCTA HA KIIMEHTOT Ha CMETKa Ha penynupame Ha Utility. Mu
CTaHMIIUTE 3a TMOJIHEHE HE Ce IENOCHO HMCKopucTeHH win EB Hemaar rapantupan Bpemencku ciot. Cenak,
00e30emyBameTo Ha OWIIO KOja OJf OBHE TapaHIMH Ke ja OrpaHNyYd MPHUBATHOCTA HA €JEKTPUYHOTO BO3mio. Bo
mpwjior Ttabemara Cco CHUMOOJIMTE HCKOPUCTCHM 3a OINKUC Ha MPOTOKOJIOT 3a TMoJiHeke Ha EB:

G i VYHUKaTeH HACHTU(GHUKATOP Ha EIEeKTPUYHOTO BO3WIO; MHAEKC Ha cTaHHmaTa 3a
MOJHEHE

ROW; TOT Pernon; Bpemencku nHTEpBal

ee Q' {0} ITorpebHa enepruja 3a EB Bo kWh

b,r<$2Zn [ToHyna, BO MOHETapHa eIMHNLA; 3eMambe IPHUMEPOK 01 n OUTEH caydaeH Opoj
f();H(Q) XeypucTuKa 3a ciiejiHa MoHy/a; Xaii
c, i Commitment; M36panara ctaHuIa 3a MOJHEHE
X [IpazeH cer

Taoena 1 JIucra Ha CHMOOJIH KOM ce KOpPpHUCTAT 3a OIMHC HA MMPOTOKOJIOT

3 3AKJIYYOK

Bo oBoj Tpyn rimaBHaTa 11e1 Oerie 1a ce uCTakHe BaKHOCTA | rmogeMoT Ha loT TexHomornjaTa Koja Beke 3a3emMa
TOJIEM JISJT OJ1 HAIIETO ceKojaHeBre. O MOYETOKOT Ha OBaa TEXHOJIOTHja A ce J0 JACHEC IIOCTOM EHOPMEH pacT Ha
OpOjoT Ha MIOBP3aHU ypEIH, a HUBHUOT OpOj Ce OUEKyBa Jia ce 3r0JIEMH yIITe moBeke Bo uanuHa. OceH oBa, [oT
TEXHOJIOTHjaTa ce COOYYBa CO HeCaKaH! HaMa Iy Ha MpUBAaTHOCTA 1 O0e30eHocTa. [1a, (hoKycoT ce cTaBa Ha 3aIlTHTA
Ha loT ypenute u loT mrardopmara Bo menoct. Kopuctenu ce OpojHE TEHOJIOTHH U TIPOTOKOJIN 32 0€30€1HOCT Ha
MpeKaTa, a ce UCTPaXyBaaT U HOBH aJIaTKA KOM MaKCHMAJTHO Ke TU 00e30eaT moBp3anute ypeau. [lounyBajku o
HajocHoBHUTE anaTku, kako DICE, DSL, 3T+1M 0e30eaHOCHa apXUTEKTypa, na ce J0 biiokyenH TexHosorujara
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KOja CeyIITe € BO IMOJEM U CE CMeTa 3a JIOCTa CUTypHa ajaTka Bo 6opba nmpoTuB HecakaHuTe Hanarayn. O MHOTYTe
noMeHH kou ru omdaka loT, Hamara menHa rpyma Oea eNEKTPUYHUTE BO3HMJIA KOHM C€ IOJHAT CO €HEeprHja oj
CTaHUIIM 3a MOJHEHe. BakBata MHGPACTPYKTypa ce yIITe He € pa3BHEeHA JJOBOJIHO, HO Ce 0YEKyBa BO UIHHHA Ja
H“Ma JOBOJIHO CTaHHUIIM 3a MOJHEH-E¢ KO Ke ja 3a0BoJiaT norpedara 3a eHepruja Ha eleKTpHuIHnTe Bo3una. Kako u
CHUTE MTOBP3aHH YpEeay, IIe] Ha HamarauuTe ce Tokmy U EB. Bo 0Boj Tpya omunryBame mpoToOKoI Koj ce Oa3upa Ha
Brokyenn TexHosoruja. [IpoTOKOJIOT /103BOJIyBa KIMEHTHUTE JIa ja HajAaT Haje)TUHATA CTAHMIIA 33 IMOJIHEHEC BO
paMKHTE Ha MPETXOJHO JeUHUPAH PETHOH, a MPUTOA ja 3a4yByBa NMPUBATHOCTA HA EJIEKTPHUYHOTO BO3uio. On
rojemMa Ba)XKHOCT € Jieka no3uiujara Ha EB He ce oTKpuBa ce 1o/ieka KIMEHTOT He n30epe CTaHuIa 3a MOJIHEHkE, 1a
Ha BakoB HaunH EB He Moxe na Ouzie cieieHo BO TEKOT Ha BpeMeTO. Pa3nuvHu CTaHUIM 3a MOJHEHE MOXKAT Ja
ucrpakaar TOHyAM 3a Tapudu Bp3 ocHOBa Ha OapaHara cHepruja. Tyka bBiokdenmH ce KOpUCTH Kako
JICIEHTpATU3UpaHa ¥ HEeMpPOMEHITMBA 0a3a Ha IMOJIATOIM 32 TPAHCIAPEHTHOCT W BEPOJOCTOJHOCT HA TOHYIWTE.
[IpoTokonoT moara co ,,JOMOJHUTENHA KOMYHHKAIKja, OAHOCHO NOIMOJHHUTEIHO KOJWYECTBO Ha MOJATOLH KOU
Tpeba ma ce ckiaaupaar Bo biokuend (Hajmuory 38 OajTu mo OJI0K) ma 3aroa M MOTOJCH Ja Ce KOPUCTH CO
noctoeukute brokyenn TexHonoruu (butkouwn, Etepym, OpenChain). Bo wuanumHa ¢okycor ke Oume Ha
MpUOCTIOCOOIMBOCTA HA TPE3EHTUPAHUOT TPOTOKOJI 3a ToJieM Opoj eNeKTpHUYHH BO3Wia cOo rojieM obOeM Ha
TpaHCaKIIMK, U Ha (hazaTa Ha MIakame BO blIokJyenH.
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UAVS FOR USE IN FOREST FIRE REDUCTION AND PREVENTION

ABSTRACT

This paper focuses on the use of Unmanned Ariel Vehicles (UAV’s) for the use in assisting firefighting efforts.
Recent accelerated growth in UAV research has presented many new applications in a variety of different sectors.
There are two predominant types of UAVSs: fixed-wing and multi-rotor. Fixed-wing UAVSs have a broad survey area
but lack maneuverability whereas multi-rotor UAVs have exceptional controllability but are limited by their range.
Both types of drones are utilized for firefighting efforts with different specific applications. The implementation of
image analysis technigues allows for autonomous UAV patrols to wirelessly notify firefighting teams of active
wildfires. The application of UAV’s in Forest Fire Reduction not only promotes new technologies for energy
efficiency but also facilitates doing it sustainably. A 2015 economic analysis by B. R. Christensen estimates that
the incorporation of UAVs into firefighting technology can produce a 22.8% reduction in fire suppression costs and
15.2% decrease in total resulting burn area [1].

Key words: Artificial Intelligence, Firefighting, Sustainability, UAV, Wildfires.
1. Introduction.

Forest fires pose a uniquely complicated set of problems in our modern-day world. Ever-expanding population
centres extending deeper into densely forested areas pose higher risks to human infrastructure and life. Forest fires
in British Columbia were estimated to cause $568 million dollars [2] worth of damages just last year alone. Utilizing
modern technology to develop better detection methods can yield considerable savings.

Recent accelerated growth in UAV research has presented many new applications in a variety of different
sectors. One of the most significant developments has been in the use of UAV’s for assisting in natural disaster
relief efforts. By equipping drones with modern infrared cameras and scanning technology they can be used to
closely analyze high risk areas in order to mitigate future fire spread. Additionally, they are used during firefighting
efforts to both track fire growth and assist in locating civilians. Incorporating drones into fire prevention strategies
saves both money and lives.

2. Description.

2.1 Unmanned Aerial Vehicles

UAVs are predominantly split into two categories: fixed-wing and multi-rotor. Fixed-wing UAVs adopt an
aeroplane style fuselage and electromotor powered props. Due to their exceptional aerodynamic efficiency, fixed-
wing UAVs can cover a very large area of land efficiently. Their downside lies in required cruising altitude and
maneuverability. Fixed-wing UAVs cannot change directions very fast due to their inherent airplane design limiting
maneuverability to simple control surface changes. This requires a constant altitude safety buffer to ensure that any
height obstacles can be effectively avoided.

Multi-rotor UAVSs utilize multiple propeller and motor assemblies vertically hard mounted to a central chassis.
They fly by adjusting motor power to each propeller according to a specific control scheme. The craft flies laterally
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by decreasing power to the requested side, tipping the craft over, and turning some of the vertical lift to horizontal
thrust. Multi-rotor UAVs have exceptional maneuverability but lack distance capability due to the power-
consuming nature of the multiple propellers. The Intel Falcon 8+ described in Appendix 1 is an example of a multi-
rotor survey drone used in industrial applications.

2.2 Confirmation Missions

Early forest fire detection is the primary objective of all prevention methods. In 2018 paper analysing forest
fire monitoring systems, Sherstjuk describes how “The most important problem of each forest fire response
operation is a timely fire detection” [3]. Initializing fire suppression forces with as little delay as possible has a
massive effect on total forest fire spread, and in turn, monetary damages.

The process of determining if a forest fire exists is called confirmation and is typically completed by planes
and helicopters. Utilizing long-range UAV’s for completing confirmation missions is a cost-effective method of
increasing confirmation efficiency. When an area of concern is predicted or identified, a patrol route can be built
and programmed into the UAV. The UAV will then fly along the designated route autonomously analyzing image
data to determine if a forest fire is present. This conclusion is broadcasted back to the base of operations where
suppression efforts can begin immediately.

2.3. Image Analysis

Survey UAVs used in firefighting efforts are equipped with both a high-resolution camera and a thermal
Forward-Looking Infrared Radar (FLIR) camera. Utilizing advanced image processing, the drone can accurately
conclude whether a fire is present. A 2015 study by Chi Yuan on Fire Detection and Tracking Using Image
Processing Techniques explored methods of reliably confirming fires with UAVs [4]. They utilized an image
processing technique called Otsu Threshold Segmentation to extract the exact forest fire locations with high
accuracy. This method can be seen in Figure 1 displaying two example images of forest fires taken from aerial
drones being successfully analyzed.

Figure 1. Example of Thermal Image Analysis. [4]
2.4 Impact

Adopting purpose-built UAVs into firefighting endeavors is an initially expensive, but worthwhile
investment. A 2015 economic analysis by B. R. Christensen of drone adoption by firefighting forces found the
incorporation of UAVs could significantly improve the cost effectiveness of efforts. Christensen estimates a 22.8%
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reduction in fire suppression costs and 15.2% decrease in total burn area due to the additional reaction time supplied
by quick and confident UAV confirmation missions.

3. CONCLUSION

Utilizing UAVs in firefighting efforts has the ability to considerably decrease response time in natural disaster
situations. By implementing long range drones to autonomously conduct fire confirmation missions, fire
suppression responses can occur much faster. The exponential growth of an active forest fire means every minute
is critical to saving human lives, infrastructure, and our forests. If multiple UAVs were used for automatic
monitoring and remote sensing it would provide the required credibility and efficiency in wildfire detection and
could be used all over the world. This significantly decreases confirmation time potentially saving valuable
resources and human infrastructure.
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Appendix 1: Intel Falcon 8+ Brief Mechanical Description

1.0 Introduction

The Intel Falcon 8+ is an Unmanned Aerial Vehicle (UAV) used in professional industry applications such as
surveying, mapping, and inspections [1]. Utilizing both it’s RGB and Forward Looking Infrared Radar (FLIR)
cameras allows the operator to gather thermal data from a maximum range of 1 kilometre with high accuracy. This
makes it ideal for environments with difficult terrain or high risk to human life. The fully equipped UAV including
batteries and inspection apparatus weighs a total of 2.8 kg. The Falcon 8+ is mostly constructed of carbon fibre and
plastics with a few smaller parts being made from aluminum. The main components consist of the chassis,
inspection cameras, battery, rotors, and motors as shown below in Figure 1.

o Chassis

o Inspection Cameras

e Battery
o Rotors

e Motors

Figure 1: Intel Falcon 8+ Overview. Intel Corporation. Adapted from
https://www.intel.com/content/dam/www/public/us/en/images/product/RWD/drones-falcon-8-plus-
infographic-overall-16x9.png.rendition.intel.web.978.550.png

2.0 Part-By-Part Description
Following is a description of each part used in the Falcon 8+.

2.1 Chassis

The core chassis of the UAV is constructed entirely of carbon fibre and spans a rectangular size of 768 by
817 mm and when completely assembled has a height of 160 mm. It provides a rigid and lightweight base for the
rest of the UAV.

2.2 Inspection Cameras

The inspection package consists of two individual cameras working in parallel: a 12.1 megapixel Panasonic
RGB digital camera and a FLIR Tau 2 640 thermal camera. The RGB camera has a resolution of 4000 by 3000
pixels and a focal length of 720 mm (35 mm equivalent). The FLIR camera has a resolution of 640 by 512 pixels,
has a focal length of 59 mm (35 mm equivalent), and a spectral band of 7.5 to 13.5 um. Both cameras are mounted
to the onboard gimbal allowing the cameras to view multiple angles.

2.3 Battery

The Falcon 8+ utilizes two 14.8 volt Lithium Polymer (LiPo) batteries. They have a maximum capacity of
4000 milliamp hours (mAH) and weigh 398 grams each. This capacity allows the UAV to operate for 18 minutes
under full inspection payload and 26 minutes without.
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2.4 Rotors

Eight plastic rotors attached to the motors produce lift for the UAV. Each rotor weighs 6 grams each and
have a diameter of 20.32 cm.

2.5 Motors

The UAV uses eight electronic sensorless brushless DC motors that propel the craft at a maximum air speed
of 40 mph. The motor casing is made from aluminum while most of the internals are comprised of copper windings
and permanent magnets.

3.0 Summary

The Falcon 8+ is an effective and flexible industrial survey drone capable of completing many different tasks.
It is powered by 8 brushless DC motors that are mounted vertically to the carbon fibre chassis. The inspection
payload consists of both a RGB and a thermal FLIR camera mounted to a gimbal which is in turn mounted directly
to the chassis. The craft is powered by two 4000 mAH batteries stored in the rear center of the UAV under a
protective cover.

4.0 References

[1] Intel® Falcon™ 8 System, Intel. https://www.intel.ca/content/www/ca/en/products/drones/falcon-8.html. (01-
Oct-2019).
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CIIOPEIBA HA MAIIMTE 3A BPEME HA BEPU3I'YBAIBE U AT'OJI HA
HPETITAJIEIBE HA OTO MOTOP KOJ PABOTHU HA TEYHHO U T'ACHO I'OPUBO

KYCA COAPKNHA (AIICTPAKT)

Enna metnra ox 21 Bek m3MuHyBa a kiraciaHAOT MoTop CBC TH H3:XMByBa MOCIETHUTE SBE3JICHH MOMEHTH.
Exonornikute u eHepreTcKuTe ModapyBama ce Ce MOCTPOTH, a eJIEKTPOABTOMOOMIINTE HE CE BEKEe CaMO aTPaKTUBEH
EKCIIOHAT, TYKYy THE CE M0arpeCMBHO HacTallyBaaT Ha ma3apoT. Bo BakBa cuTyalldja Kako IPB JOIMYCH U MOXCH
OJITOBOP Ha KOHCTpyKTOpHTe Ha OeHzuHcKkuTe MoTopu CBC e 3amena na knacuunomo 2opueo co Hogo — co
6émeuHem Hagmen 2ac, KOj TH COJIPXKH CUTE MOTPEOHH OCOOMHU 32 HETOBO MACOBHO KOPHCTEHE, OJJHOCHO, MOXKE
Jla ce MPOW3BE/e BO TOJEeMH KOJMYWHY W 110 MPHUCTANHU IIeHH, 0e30e/eH € U IleHaTa Ha MH(]pacTpyKTypara 3a
HErOBO KOPHUCTEHE € PEIaTUBHO HUCKA.

3a xaj, TeUKo ce Joara A0 pe3yiaTaTH O Hay4YHU HCTpaKyBama 3a ONTHUMH3alLlMja HA CUCTEMUTE 3a TacHO
rOpUBO, A TOA CE€ BPIIM CO CO(PTBEp HA MPOMU3BOIUTENIOT KOj I'eHEpHpa KOPEKIMCKAa Mama Bp3 OCHOBAa Ha
HW3MEpPEHNUTE BPEOHOCTH Ol Marara 3a BIPCKYBamk€ Ha TEYHO rOpHBO. Bo 0BOj TpyX € M3BPILICHO CIIOpENyBambe Ha
MaIfuTe Ha BpeMe Ha BOPU3TYBame M aroy Ha NpeTnaiemke Ha 0TO MOTOpP KOj pabOTH Ha TE€YHO M TacHO TOPHUBO.
JaBHO nyOnuKyBame Ha BakBU pe3yiaTaTH OM MM IIOMOTHAJIO HAa CIELMjaJMCTHTE KOU C€ 3aHMMaBaaTr co
HMHCTAJIUPaEe U O1pKYBamke Ha TACHUTE YPEIu.

Amnanu3ara MokaxyBa Jieka € 0COOCHO BAXKHO Jla Ce HATPaBH UCUEKOP BO MPOU3BOJICTBO HA A6MOMOOUIU KOU
padomam ucCKAyuu60 Ha 2ACHO 20PUEO CO MITO OM ce HCKOPUCTYBaJla HErOBaTa HajToJIeMa MPEAHOCT, BUCOKHOT
OKTaHCKH 0poj. OBa O 3HAUEIO 3rojieMeHa e(PUKACHOCT U MOKHOCT TIPH HaMaJIeHa IMOTPOITyBayKa Ha TOPUBO.

Henocratok Ha THI e mocnoXeHoTo CKIaaupame BO OAHOC HAa OEH3MHOT OUIejKU € MOTpeOHO Ja ce CKIIaaupa
¥ TPaHCTIOPTHpa IOJ TMPHUTHCOK 3a J1a OCTaHe BO TeyHa coctojoa. OBa 3HAaUM TNpHMEHAa HAa Pe3epBOapH CO
UUIMHAPUYHA (OpMa KOM, TEIIKO C€ BKJOIYBaaT BO AETAIHO HCIUVIAHUPAHHOT MPOCTOP BO aBTOMOOWINTE U
JIOTIOJIHYBaE¢ Ha TOPUBO HCKIYYMBO CO COOJIBETHA ONpeMa Koja ja mMaaT camo OeH3uHCcKuTe cranuiy. Cerak,
Hajrosemu npenHocTd Ha THI' ce HHMCKaTa 1eHa M HUCKAaTa TOKCMYHOCT Ha M3AYBHUTE TaCOBH, CO3JaBAHETO HA
A30THAUTE OKCHIM MOXKE Jja C€ HaMaJld TPEKy COOJIBETHO KOHCTPYHpaHH, BEKe AOCTAITHH, TEXHHYKH pelIeHHja a
MMIIPECHOHHpa W MajaTa COApPXXKHMHA Ha MBPCTH YECTHUYKH (0COOEHO BaXKHO TPU EKCIUIoaTandja BO ypOaHH
cpenunan). OBa 3Ha4H JieKa €KOJOTHYHOCTa CE€ TOCTUTHYBA BO CAMHOT MPOLIEC Ha COTOPYBAambEe a HE CO €JIEMEHTH 32
TpEeTHpame Ha U3IyBHUTE TaCOBH BO M3IyBHOT CUCTEM, KOM YECTO CE KOPUCTAT W HEUCHPABHH, 3apajiy rojeMara
JMCIIPOTIOPIIMja BO pECypCUTE Ha MOTOPOT M OBHE YPEIH.

Kuyunu 360poBu: motopu CBC, THI', eneKTpOHCKH CUCTEM 3a KOHTPOJIA HA MOTOPOT, aroj Ha MpeTHnajeHhe,
OJIHOC TOPUBO/BO3/yX, TACHH YpEIH OJ1 5-Ta TeHepalyja.
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COMPARISON OF THE MAPS OF INJECTION TIME AND ANGLE OF PRE-
IGNITION OF AN OTO MOTOR WITH LIQUID AND GAS FUEL

ABSTRACT

After century long improvements, the conventional Internal Combustion Engine lives its own last star
moments. The ecologic and energetic requirements are increasingly stringent, and the electric cars are not just an
attractive showpiece anymore, but are aggressively conquering the market as well. We are reducing pollution by
using additional components like catalysts and pdf filter with a life span of 100k km. If we want real solution for
the problem (not just to pass the regulation tests) we need to work on the combustion process itself. Under such
circumstances, the constructors of the gasoline Internal combustion engines imply a substitution of the classic fuel
by a new one — with liquefied petroleum gas as the most logical and possible solution. It has all of the necessary
characteristics for mass usage: it can be produced in high quantities at an acceptable price, it is safe, the toxicity of
the exhaust fumes is low, and the price for the infrastructure of its usage is relatively low.

In reality, it is complicated to obtain results from scientific researches for optimization of the systems for Ipg
fuel, therefore the mapping is done by the manufacturer software that generates correction maps on the basis of
measured values of the map for injection times and residual oxygen of liquid fuel.

The authors of this paper have made a comparison of the maps of the time of injection and the angle of pre-
ignition of Otto engine that runs on liquid and gas fuel. The publication of these results would help the specialists
who install and maintain gas devices.

The analyses show that it is extremely important to make a step forward into the production of cars that run
exclusively on gas fuel in order to use its greatest advantage — the high octane number. This would mean an
increased efficiency and power with reduced fuel consumption.

Key words: Internal Combustion Engine, liquefied petroleum fuel, electronic system for engine control, angle
of pre-ignition, time of injection, fuel/air ratio, 5" generation gas devices.

1 BOBE]J

Bpanot pa3Boj Ha MOTOpH3alUjaTa, TPEHJOT Ha IMOCTOjaH PacT Ha IIEHUTE Ha KOHBEHIIMOHAITHUTE TOpHUBa U
ce MOCTPOTUTE 3aKOHCKM OrpaHHYyBama 32 W3AYBHU T'acOBH, NPEIU3BHKAa 3rOJEMEH MHTEpEC 3a IpHMEHa Ha
ITEpHATUBHUTE TOPUBA BO aBTOMOOMIICKaTa MHAyCTpHja. Tyka, o1 anTepHaTUBHO TOPHUBO, BO TIOUTHPOK CMHCOI,
noapazoupamMe ropruBa KOM ce BO COCTOj0a 1a TH 3aMEHAT NMOCTOCYKUTE KJIAaCHUYHU FOpUBa 3a MOTOH HA MOTOPHHUTE
BO3MJIA, KaKo IITO ce OEH3UH U TU3€eJ TOPUBO.

Breunernor HadTeH rac, momo3nat kako THI', ce mokaxkan Kako MOXXHO TaCHO alTEPHATUBHO T'OPHBO,
npumeniBo 3a MoTopu CBC kou padotar Bo corsnacHoctT co OTO mukiycor [1]. [Ipumenara Ha oBa ropuBo €
MHOTY aKTyeJHa TeMa 3a HCTPaKyBambe.

Breunernot HagTeH rac e nperexxHo memasunaa ox nponadn C3H8 u 6yran C4H10. Herosu npenHocT BO
OJTHOC Ha KOHBEHLMOHAIHUTE IOpUBa CE€ MOBHCOKHOT OKTAHCKH OpoOj, Maj OIHOC Ha jaryiepod M BOIOPOI, HE
COZPKU apOMATHYHHU jarJeBOJOPOAH, IOMaJIa 1IeHa 3a Pa3Boj Ha MH(PACTPYKTYpa, JIECHA JOCTAIHOCT BO TOJIEMH
KOJIMYMHH, OTIIOPHOCT Ha JE€TOHALKja, IoMajla MOTPOLIyBadyKa Ha TOPUBO, IOJIECHO CTApTyBamke HA MOTOPOT IPHU
HHUCKH TEMIIepaTypu, IoMalla KOJIMYMHA Ha TOKCUYHH M3IyBHU TacOBH, IIOMajio a0CHke HAa BUTATHUOT MOTOPCKH
CKJIOII LIMJIMHAAP-KJIMII ¥, COOJIBETHO HA TOA, 3TOJIEMEH PECYPC HA MOTOPOT.

Kako HajmoBOJHM MOTOpH 3a ajanTanyja ce NMOKaKale OHHE KOW padoTaT Ha OCH3WH MOpajM CIMYHOCTa Ha
CHUCTEMUTE 3a MaJekhe CO CBEKMYKA M CTETICHOT Ha KOMIpecHjaTa. Ajanranuja Ha OCH3UCKA MOTOD 32 KOPHUCTEHE
Ha BTEYHET HATCH Tac 3aBHCH O] MPUMEHETHOT OCH3WHCKHOT CUCTEM 3a BOpU3ryBarme Ha ropuBo [1].

Breunernor HadTeH rac BO MHOTY 3€MjU Ce KOPUCTH KaKO alTepHATHBHO TopuBo. JleHec Ha TI00alHO HHUBO C€
npousBenyBart okomny 270 munmonu Touu THI™ o kou 26 MUJIMOHHM TOHH C€ KOPHCTAT KaKO TOPHUBO 32 aBTOMOOMITH
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LITO TpeTcTaByBa okoiy 10 mpoueHTH oA BKYNHOTO Mpou3BOACTBO. Ce MOYecTo ce cpekaBaaT MPUBATHU MalH
KOMITaHUH KOM C€ 3aHMMaBaaT CO MPOW3BOJCTBO HA BTEYHET Ha(TEH rac mopaju pelaTUBHO MajiaTa Mo4eTHa
WHBECTHUIIMja 1 MaJIaTa MOTPOILIyBayKa HA €HEpruja Mpu MPOLECOT.

Wuaky, THI" Hajuecto ce moOuBa co ppakimoHa JAecTuianuja ol MPUPOJICH rac Wik CypoBa Ha)Ta MaKo MOCTOjaT
Y TIOCTAIIKH 32 HETOBO JA00MBame co (pepmeHTaryja Ha buomaca [2].

2 HEJ HA UHCTPAXKYBABETO

Criopenl 1OCTAHUTE MOJATOIM, caMo 2,6 TPOIEHTH 0] BO3WJIaTa BO Make/IoOHHja KOPUCTAT TaCHO TOPHBO U
oBaa Opojka e Bo mocrojaH pact. OBa, Tpes ce, ce AOJDKM HAa HECOMHEHHTE MO3UTHBHU €KOHOMCKHU e(peKTH ox
MPUMEHAa Ha BAKBOTO TOPUBO, KaKO U 0] (aKTOT JieKka BO TIOBEKETO TOJIEMH IPaJIOBU HU3 JpiKaBaTa ce cpeKaBame
co mpo0JIeMHU O/ aep0O3araJyBambeTo, BO IITO 3HAUYMTEIICH NPUI0HEC (BO HETAaTHMBEH CMHUCOJ) J1aBaaT U MOTOPHUTE
BO3MWJIa KoM padoTrar Ha OcH3WH. HWBHA KOHBEp3HWja Ha TacHO TOpWBO (KOja € BO3MOXHA M Kaj TU3eN U Kaj OTO
MOTOPHTE, HAKO BO OBa UCTPAXKYBamke ke OMJAT pasriieyBaH! caMo OTO MOTOpPHUTE) OW MpuIOHEeNa 32 HaMallyBambe
Ha TOKCUYHHUTE U3YBHU I'aCOBH, 0COOCHO Ha LIBPCTUTE YECTHUYKK BO aTMOcdepara.

3a 3aJipKyBame Ha PecypcoT U 00e30eyBame MpaBUiIHA paboTa HAa MOTOPOT KIIYYHO € OBaa KOHBEp3HWja Jia
Ouie ONTHMAITHO HaIpaBeHA.

Cuctemu 3a KOHBEp3Hja BO ,,KUT MOXKAT JISCHO JIa CE HajAaT Ha Ma3apoT U MOJIICKAT Ha TaKaHapeUYeH A-mecm
CO KOj Ce rapanTHpa HuBHara 0e30€IHOCT BO eKCILIoaTalyjaTa.

Enen kimydeH MOMEHT KOj HE ce MPOBEPYBA € NMPAGUIHO MARUpAre Ha cucmemom 3a eopuszysame. OBa ¢
KIIy4HO 3a 3aJipXKyBame Ha neppopMaHCHTE Ha BO3HIOTO KO Tpeba aa ce MpUOIMKHU CO OHHME Kora paboTH co
OeH3UH U 3aBHCAT OJ] TUIIOT Ha KUTOT 3a KOHBEP3Hja, IOTPOLIYBaUyKaTa Ha TOPUBO U EMHCHjaTa HAa U3yBHU FACOBH.

Marnata Ha BOpU3ryBame HajuecTO c€ KOPUCTH 33 ONTUMHU3aIIMja OUIejKH CHTE CHCTEMHU 332 TaCHO TOPHUBO CO
eNeKTPOHCKA YIpaByBayka €IMHHUIA MMaaT MOXKHOCT 32 HEj3MHAa NPOMEHAa M ONTHMHU3alHja. 3HAYMTEITHO
MOTOJIEMUOT OKTaHCKH OpOj Ha BTEYHETHOT Ha)TEH rac M HamasieHaTa Op3uHa Ha IIMpee Ha PPOHTOT Ha IMITAMEHOT
Oapaar mpoMeHa Ha Marara Ha arojioT Ha mpernaieme. KuroBure 3a KOHBep3Hja HE HyAaT MOKHOCT 3a HEj3MHA
MPOMEHa, IITO 3HAYM JIeKa MOXKHOCT 32 HEj3MHA ONTHMH3alfja MOCTOM CaMo Kaj BO3MJIaTa CO BrPaJICH CHCTEM 32
racHO FOPHBO OJ] MPOM3BOAUTEINOT, WK HajuecTo HapekyBanu bi fuel wiu dual fuel Bosuna.

3 COCTOJBA HA TEXHUKATA (STATE OF THE ART)

3.1 Onmro 3a CHCTEMOT HA KOHTPoJIa HAa MOTopoT — EMS

CnudHO KaKo W Kaj CHCTEMHTE 32 KOHTPOJIA Ha MOTOPOT, TACHUTE YpEIr NMaaT CBOj CHCTEM 3a KOHTPOJIa KOj €
BO MOCTOjaHa KOMYHHKAIlHja CO CUTEMOT 3a KOHTpoJia Ha MOTOpOT. OBaa KOMyHHUKaIlMja HajYeCTO CE OCTBapyBa
MIPEeKy CTaHIapIHHOT, 3a cute Bo3wmia, OBD OBD2 npukiy4dok uiau co mpecpeTHyBame Ha curHanute Bo CAN bus
komyHHKanujara. [locnoxxeante EMS BO Bo3Wiara co MOTOpPH CO BHATPEIIHO COTOPYBame, BO MOroieM Opoj
3aloYHyBaar Jla ce MojaByBaaT MapajesHo CO M0jaBaTa Ha TPUCTEIIEHH KaTaIM3aTOpH 32 HaMallyBamke Ha MTETHH
Matepuu. [leHec, € jacHO JeKa pa3BHBAaHK-ETO Ha MOKOMIUTMIMPAHU XUOPHIHM CHCTEMH € HEBO3MOXHO Oe3 oBHe
copuctunmpanu EMS. McrnTe To mMaaT OTBOPEHO M MAaTOT KOH pemaBame Ha npoodiiemure Ha MCBC co momorr
Ha eJIeKTpoHuKa [2].

CucTeMOT 3a KOHTpPoOJIa HA MoTOpoT (aHr. Engine Management System — EMS) nipercraByBa cucteM Koj ce
COCTOHM OJI Pa3JINYHH EICKTPOHCKH U CJICKTPUYHU KOMIIOHEHTH KaKO IITO CE:

- Kowurpomna enuanna (Engine Control Unit — ECU);
e Cenzopy;
=  Axtyatopu u 1p. [6]
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3.1.1 T'acHu ypenu uj merra reHepanmja

[Ta3zapor 3a racHU ypeau BO LIEIHOT CBET € IJIaBHO KOH3epBaTHBEH. HEroBHOT pa3BUTOK € TECHO MOBP3aH CO
Pa3sUBaKETO HA HOBUTE TEXHOJOTHH BO KOHBEHIIMOHATHUTE MOTOPH CO BHATPEIIHO COropyBame. M, mokpaj Toa, BO
MOHOBO BpPEME Ce T0jaBhja YPEIH CO MeUHO 80pU32yeare Ha 2ACHOMO 20PU60 WiIH TIOTIO3HATH KaKO 2ACHU ypeou
00 nemma zenepauja. [4]

OBpe ke pasriemyBaMe eIeH BakoB cucTeM o7 kommanujata LPi.OBaa reHepanuja Ha TacHH ypeau He ce
pasnuKyBa Of MPETXOJHUTE TeHepalMu (Ha TaCHU YpeaH) camMo M0 HAYMHOT Ha BOPU3ryBame Ha FOPHUBOTO BO
MOTOPOT; CKOPO CUTE KOMITOHEHTH BO HOBUOT CHCTEM Ha 0Baa KOMITaHHUja Ce ariCOIyTHO HOBH U C€ Pa3IUKyBaaT O]
OHHE EIIEMEHTH KOH Ce IPUMEHYBAaT BO MPETXOHUTE TeHepaIu TacHu ypeau. lllemarcku nprkas Ha OBOj ypen e
MpHKaXkaH Ha ciuka 1. Bo pe3epBoapoT 3a BTEYHET rac MoJI MPUTHUCOK € CMECTEeHA ITyMIIa 3a BTEYHET Ha(TeH rac,
KOja co371aBa COOABETCH MPUTHUCOK, M 00e30emyBa HETOB mMpanchopm 60 meura ¢asza, no npckankute. [lopaam
OBa HE NIOCTOM TI0Tpeda 01 KCIIapyBamke Ha TOPUBOTO MPE] HETOBO BIPCKYBAkE BO MOTOPOT, OJTHOCHO, OBOj CUCTEM
He Hajara KopucTeme Ha ucnapyBad. Co oBa ce M30erHyBaaT HEKOJKY HEJOCTATOIM KOW C€ jaByBaaTr IpH
KOPHUCTEHETO Ha CIIapyBadoT. MICTHOT ce HarojyBa co TOIDIMHA MPEKY TEYHOCTA 32 JIAJACHE Ha MOTOPOT IITO 3HAYU
JieKa e oTpedanHo Ja ce HCKOPUCTAT MaruCTPaIMTE 3a 3arpeBame Ha KaOWHaTa, IITO ja YCIOKHYBa HHCTAJIAIN]aTa
Ha ypenoT U 3adaka MeCcTo Koe ¥ OHaKa o HeMa BO MOTOPCKHOT MPOCTOP, 0COOHO Kaj MOHOBHTE Bo3uia. McTo Taka,
OBa 3HA4H JiekKa MOTOPOT He Tpeba Jla cTapTyBa Ha TEYHO TOPUBO, OJTHOCHO Ha OCH3WH, U J1a padOTH Ha MCTHOT ce
JI0JIeKa He ce TIOCTUTHE COOJIBETHA TeMIIepaTypa Ha TEYHOCTA 3a JIa/IekhEe KOja OBO3MOXKYBa HeNpedeHa padboTa Ha
HCIapyBayoT.

Fuel switch LPi system ECU

Petrol system ECU 4
Air cleaner

Spark plug

LPG-injector

© | Petrol injector

LPG feed line

Cylinder |

LPG tank

Cauka 1. lllemaTcKu NpUKAa3 HA TACHU ypeJ 0/ MeTTA reHepanuja
Ha komnaHujata LPIL. [5]

Hamecro Hero ¢hyHKIMjaTa 3a peryriaimwja Ha IPUTHCOKOT Ha TOPHBOTO ja IIPeB3eMa PEryaaTopoT 3a IPUTHCOK
Ha BTeuHeT HaTeH rac Bo TeuHa (aza. Herosa 3aiaya e qa oApxKyBa MPUTUCOK KOj € 32 5 aTMOC(epr TOBUCOK O/
OHOj BO PE3epBOApOT 3a TOPHBO, OJAHOCHO 3a 5 aTMocdepH MOBHCOK OJf OHOj MPHUTUCOK INTO CE CO37aBa CO
WCIapyBamEeTO HA TOPUBOTO M 3aBUCH OJI COOHOCOT Ha MPOTAaH U OyTaH KOj € pa3lIuieH CIOPe]l PEeryJaTUBUTE BO
pa3aMyYHU ApPXKaBH, OJ] TOJUIIHOTO BpeMe MOpaay MOHKMCKATa TEMIIepaTypa Ha HCIapyBame Ha IPOMAHOT U O]
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Temreparypara Ha okoiauHata. OBOj HATHPUTHCOK BO OJHOC HA OHOj BO PE3EPBOAPOT € HEONXOCH 3a J1a HE J0jae
JI0 UCTIapyBambe Ha TEYHOTO FOPUBO BO MaruCTpaJIuTe MOPaJH JOBOJOT Ha TOTUTMHA OJ MOTOPOT.

Cauka 2. BeucHa rpanka co opu3sraaki [5]

Bo 6110K0T 3a perynanuja UCTO Taka MMa M CJICKTPUYCH BEHTU 3a 0€30€IHOCT KOj Ce Haolra BO OTBOpEHA
Mo3uIja mpu paboTa Ha BTEYHET HAPTEH rac ¥ BO 3aTBOPEHA IMO3WIHja TpH padoTa Ha OeH3WH. BUMIOKOT Ha
TOPHBO CE Bpaka Ha3aJ BO PE3epBOAPOT MPEKY MOBPATHUTE MATUCTAIN U PETYIATOPOT 3a MPUTUCOK. Perymaropot
3a MPUTHCOK BOCIHO MMa 3aJiavya Ja OJIp)KyBa KOHCTAHTEH MPUTHCOK BO OJHOC HA CUCTEMOT 3a JIOBOJ| Ha CBEXK
BO3/lyX KOj, Kaj OTO MOTOPHTE, MOXE ] Bapupa OJl 3HAYMTEIICH BaKyyM I1a C€ 10 aTMOC(EpCKU HNPUTHUCOK BO
3aBHCHOCT O] aroJioT Ha KJIaltHaTta 3a peryiialyja u ONTOBapyBameTo Ha MOTOpOT. [loTpebara 3a KOHCTaHTEH
penaTUBEH MPUTHUCOK MPOMIETYBA O] TOA BPEMETO Ha OTBOPAIhE Ha MPCKAJKHUTE /1a OU/ie eMIMHCTBEHA TPOMCHIINBA
€O KOja Ke ce peryJupa KoJudrHaTa Ha BIPCKaHO TOPUBO BO MOTOPOT. [IpoMeHH ce cpekaBaar U Kaj MaruCTpajuTe
3a JIOBOJT Ha TOPUBO KOU ce M3pabOTEHH OJ1 apMUpaHa MIACTHKA HAMECTO Oakap Koj ¢ MoJIeKEH Ha KOpOo3uja Kora
€ BO JIOTIHP CO BaKOB BH/ HAa TOPHUEO.

Bo cymruHa cucteMoT 3a BIPCKyBamke Ha BTEYHET HA(TEH rac € aHaJOr'eH Ha OHOJ 3a BIPCKYBambEe Ha TCUHO
TOPHBO OJIHOCHO OCH3WH, INTO 3HAYH JIeKa € BO3MOXKHO CHCTEMOT 32 TE€YHO TOPUBO Ja Oujie IENOCHO 3aMEHET U
BOOIIIITO Aa He ce BrpagyBa. Cropes oBaa ctpareruja npousBogurenute ox Jyxna Kopeja, kako mro ce Hyundai,
Kia, Daewoo, 3a COINCTBEHHOT Ta3ap MPOM3BENYBAaT MOHOZOPUGHU ABTOMOOWIHN, OJHOCHO aBTOMOOWIN KOU
paboTaT UCKIy4YHUBO Ha BTEYHET Ha()TEH rac.
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Cauka 3. 3rojieMeHa MOKHOCT HA MOTOPOT BO HEKOH PEKUMH Ha
padora co BTeyHeT HaTeH rac, BO 0JHOC Ha OeH3uH [5]
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Bo npenHocTHTE Ha TEYHOTO BOPH3TYBamk-e MOXKAT J1a ce BOpOjaT: 3rojieMeHaTa Mpeu3HOCT BO OJTHOC HA OHUE
co BOpH3ryBame BO TacHa (aza, HeMame MoTpeda 3a NMPUKIYYyBame HAa CHUCTEMOT 3a JIaiekhe Ha MOTOpOT,
HE3aBHUCHOCT O] PUTHCOKOT BO PE3€PBOAPOT U Haj3HAUAjHATA MIPETHOCT, 3T0JIeMEeHa MOKHOCT Ha MOTOPOT TIOpaan
HaMaJIyBamke Ha TeMIleparypara Ha cMecara Ha BO3AyX U TOPHBO KOja c€ JIOJDKM Ha TOIUIMHATA MOTpeOHa 3a
eKCIaHm3ja M JIATeHTHATa TOIUTMHA MCKOPHCTEHA 3a (a3Ha IMpoMeHa Ha TopuBoTo. OBOj epeKT ce OINKyBa CO
3roJieMeHa MOKHOCT Ha MOTOPOT BO HEKOH PEXKUMHU Ha paboTa BO OJHOC HAa TEYHOTO TOPHBO IIITO € MPUKAKAHO Ha
ciuka 3.

OcBeH Toa CTapTyBameTO Ha MOTOPOT € BO3MOXKHO IPH MPaKTUYHO CEKOja TeMIIepaTypa, WITO ce JOJKH Ha
(akTOT AEeKa BTEUHETHOT HA()TEH rac UCIapyBa Ha MIOHUCKA TEMIIEpaTypa BO OJHOC HA OeH3MHOT. JlononHuTeHA
MPEIHOCT HA OBa € U OTCYCTBO Ha (opMHUpame Ha (GUIM O]l TEUHO FOPHBO BP3 CBEKHMUYKUTE KOj TO MOIpedyBa
(hopMHpameTO Ha UCKpaTa, KAaKO ¥ MOXKHO OpHILIEeHE Ha MacIeHUOT (MIIM Off SUIOBUTE Ha LIWIIMHIPUTE.

3.2 Cnopeada Ha ManuTe HA TEYHO U TACHO TOPUBO

3a ma MokeMe Jja JoHeceMe 3aKITydOlId 3a TOa Kako Ke ce MpoMeHaT OSH3WHCKHUTE Maly, HajIIpBHH Tpeda Ja TH
pasriieame GU3MIKUTE KapaKTEePHCTHKH Ha OBUE 2 TOPUBA.

Property Propane | Butane | Gasoline
Liquid density, kg/m’ 509 585 765
Calorific value, Ml/kg 46,34 45,56 44,04
Boiling point, °C -42 -0,5 30-210
Auto ignition temperature, °C 510 490 257
Flame temperature, °C 1980 1775 1720
Flame speed, m/s 0,4 0.4 0,35
Stoichiometric air/fuel, kg/kg 15,8 15,6 14,7
Lower flammability limit, vol.% 2,1 1,5 1.3
Upper flammability limit, vol.% 9,5 8.5 7.6
Octane number 111 103 95

Ciauxka 4. Hexkou KJIyYHH KaAPAKTEePUCTHKH HA 0€H3MHOT U
racHOTO FOPHUBO 32 oNpeieJiyBalbe HA ManuTe 32 BIPCKYBamwbe U
najewe Ha ropusoro [7]

On tabena Ha Ci. 4, MOXeMe Ja BOOYMME Pa3jMKH BO HEKOM OJi KapaKTEPUCTHKHUTE KOM C€ KIYYHH 32
OTIpe/ieNTyBake Ha Marara 3a BIPCKYBabE U NMaJekhe Ha TOPUBOTO. [la 3aroyHeMe o/ TyCTHHATA, TOTUTMHCKATa MOK
A CTEXHOMETPHUCKHOT KOC(UITMEHT Ha JABeTe ropuBa. OUHUTIEHAHO € JeKa MPU UCT PEeKUM Ha paboTa ke Omme
MoTpeOeH TOrojieM MPOTOK Ha BTEYHET HAPTEH rac OTKOJKY Ha OeH3uH. OBa 3HAuMW JIeKa JIOKOJIKY C€ KOPHCTAT
HCTUTE TPCKAJIKY 3a IBaTa BHIa TOPUBO (IIITO € CEeyIITe BO eKCIIepUMeHTaTHA (Da3a Kaj IecTara reHeparyja TacCHH
ypeau) ke Ouje MoTpeOHO MPCKAIKHUTE Ja OMIaT OTBOPEHHU MOJOJITO BpEME 3a Jia ja KOMIICH3UpaaT MOHHCKaTa
TOIUTMHCKA MOK (TI0 exmHMIa BorymeH) Ha THI' Bo omHOC Ha OeH3MH. 3a aJl He MOCTOjaT UCTPaKyBamba KOH Ce
JaBHO JIOCTAITHH BO BPCKa CO OJTHOCOT Ha KOS(UIIUEHTOT Ha BUILIOK HA BO31yX, MOKHOCTA U €(PUKACHOCTA, T1a 3aT0a
Ke TH aHaJu3hpaMe MOJATOIUTE KOU Ce JOCTAITHK 3a paboTa Ha TEYHO TOPHBO OJHOCHO OCH3MH W MaIUTe 3a
KOPEKIMja KOU aBTOMATCKU ' TeHepupaar copTBepuTe 3a yrnpaByBame Ha CHCTEMUTE 32 TACHO TOPHUBO.

On mamara 3a KOpeKIlja MOKeMe Ja 3aKJIyuuMe JIeKa Hpu Maau Onmoeapyeara Kaje ¢ noTpeOHa HUCKa
MOTPOIIyBaYKa HA TOPUBO JIBETE MAIK CE MOKJIOMYBAaaT, OJJHOCHO KOS(PHUIMEHTOT Ha BUIIOK HAa BOIYX € Haa | u
MOTOPOT pabOTH CO CHPOMAIITHA CMeca.
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Ims\RPM 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 | 5000 | 5500 | 6000 | 6500 | 7000 | 7500 | 8000
2 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0%
3 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0%
4 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0%
5 0% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5%
6 0% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5%
7 0% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5%
8 0% | 5% | 5% | 5% | 10% | 10% | 10% | 10% | 10% | 10% | 10% | 10% | 10% | 10% | 10%
9 0% | 5% | 5% | 5% | 10% | 109% | 10% | 10% | 10% | 10% | 10% | 10% | 10% | 10% | 10%
10 0% | 5% | 5% | 5% | 10% | 10% | 10% | 10% | 10% | 10% | 10% | 10% | 10% | 10% | 10%
1 0% | 5% | 5% | 5% | 10% | 109% | 10% | 12% | 12% | 12% | 12% | 12% | 10% | 10% | 10%
12 0% | 5% | 5% | 5% | 10% | 10% | 10% | 12% | 12% | 12% | 12% | 12% | 10% | 10% | 10%
13 0% | 5% | 5% | 5% | 10% | 10% | 10% | 12% | 12% | 12% | 12% | 12% | 10% | 10% | 10%
14 5% | 5% | 5% | 10% | 10% | 10% | 12% | 12% | 12% | 12% | 12% | 10% | 10% | 10%
15 0% | 5% | 5% | 5% | 10% | 109% | 10% | 12% | 12% | 12% | 12% | 12% | 10% | 10% | 10%
16 0% | 5% | 5% | 5% | 10% | 10% | 10% | 12% | 12% | 12% | 12% | 12% - 10% | 10%
17 0% | 5% | 5% | 5% | 10% | 109% | 10% | 12% | 12% | 12% | 12% | 12% | 10% | 10% | 10%
18 0% | 5% | 5% | 5% | 10% | 10% | 10% | 12% | 12% | 12% | 12% | 12% | 10% | 10% | 10%
19 0% | 5% | 5% | 5% | 10% | 10% | 10% | 12% | 12% | 12% | 12% | 12% | 10% | 10% | 10%
20 0% | 5% | 5% | 5% | 10% | 10% | 10% | 10% | 10% | 10% | 10% | 10% | 10% | 10% | 10%

Cauka 5. U3ruen Ha Mmana 3a kopekmuja [8]

Ilpu zonemu onmosapysara nompeoHo e 0a ce pazeue MAKCUMANHA MOKHOCH, 064 0uU 3HAUEN0 0eKa
00KOJIKy cmanyea 300p 3a 6en3un, 1amooa o6u usnecysan 0,86. O manara 3a KOpEeKIja ce 3a0eiexKyBa JeKa U
TOKpaj Beke Oorararta cMeca, 3a MOCTUTHYBAamkE Ha MAaKCHMaTHa MOKHOCT Ha TacCHO TOPHUBO MTOTPEOHO € cMecara Ja
ce 30oratu ymre moBeke. OBa ¢ 0coOEGHO U3pa3eHO CO 3roJIEeMYBamke Ha ONTOBAPYBAKETO W 3a4€CTCHOCTA HA
BpTeXXHUTE. J|OMOTHUTETHO, 0/1 KAPAKTEPUCTUKHUTE Ha TOPHUBATA, WIIA TIOTOYHO O] TEMIIEpaTypaTa Ha COTOPYBambETO
€ JaCHO JIeKa TaCHOTO TOPUBO CO3/[aBa MOBEKE a30THU OKCHIU ITOPAJIU IMOT0JIeMaTa TeMIIepaTypa Ha COTOpyBambe U
Toa Tpeba ca peryaupa co 300raTyBame Ha cMecaTa WM CO peUUpKyJalidja Ha W3IyBHUTE racoBu. [loHOBHTE
BO3MJIA CE€ ONPEMEHHU CO CEH30pH 3a JECTOHAIlMja KOM MOXKAT J1a MpaBaT MPOMEHHU Ha arojoT Ha MPETHAICHETO BO
3aBUCHOCT OJI U3MEPEHHUTE BPEJAHOCTH, OJHOCHO MAICHETO 3al0YHyBa MOONUCKY J0 HaJBOpEIIHATa KpajHa
oJ10’k0a, TOKOJIKY JeTeKTHpaar AeTOHAIIH]a.
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Canka 7. ONTHMAJIHH BPETHOCTH HA aroJioT Ha NpeTnajemheTo Ha
0OeH3MH M BTe4HeT Ha(TeH rac BO QyHKIHUja 01 3a4eCTEeHOCTa Ha
Bprexute [10]

4 3AKJIYYOK

Breunernot HadTeH rac ru moceayBa cuTe MOTPEOHW OCOOMHU 32 HETOBO MAaCOBHO KOPHUCTEHE: MOXKE Jia ce
NPOM3BE/IE BO TOJIEMH KOJMYHMHH 10 NMPHUCTAIHU IICHH, MOCEIyBa HUCKA TOKCHYHOCT HA W3JyBHUTE TacOBH,
CO3JIaBabETO Ha a30THUTE OKCHJIM M jarjepo]i MOHOKCH] MOXKE Jla ce HaMalli MPEKy COOJBETHO KOHCTPYHPAHH,
BeKe TOCTAIHU, TEXHUYKH PELICHHja a UMIIPECUOHHUPA U MajlaTa COApP KMHA Ha IIBPCTU YECTUYKU (0COOCHO BaXKHO
NpHU eKcIuioaranyja Bo ypoanu cpeaunan). OBa 3HaUM JieKa €KOJIOTHYHOCTA Ce MIOCTUTHYBA BO CAMHUOT MpOIleC Ha
COTOpYBame a HE CO €JEMEHTH 3a TPEeTHpame Ha M3AyBHHTE TacOBH BO H3/JIyBHOT CHCTEM, KOM YECTO CE M
HEWCIPaBHU, 3apail rojeMaTa JUCIPOTIOpIHja BO pECYPCUTE HA MOTOPOT M OBHE YPEIH.

Breunernor HadTeH rac e Oe3demeH BO eKcIUIoaTalfjaTa a W IeHaTa Ha HWH(PACTPyKTypara 3a HEroBO
KOPHUCTCEE € PEIATUBHO HUCKA.

3a kau, He MOCTOojaT jJaBHO OCTAITHA NCTPaKyBamka 3a ONTHMH3AIlHja Ha CHCTEMHTE 33 TaCHO TOPHBO TYKY TOa
ce BpIIX co cOPTBEP HA MPOU3BOUTEIIOT KOj 2eHEPUPA KOPEKYUCKA MANA 8P3 OCHOBA HA U3MeEPEHUne 8DeOHOCIU
00 Manama 3a 6npcKyearse Ha meuHno 2opueo. OBa He CEKOTAIIl 1aBa 33/I0BOJIMTENTHHN PE3YJTaTH, I1a 3aT0a CMETaMEe
JeKa ce MoTpeOHM MOJEeTaTHM HCTPaKyBamka Ha OBaa TeMa M HHMBHO MyOJHMKYyBame IITO K€ MM MOMOTHE Ha
CTETIHjaTCTUTE KOU CE€ 3aHMMAaBaaT CO MHCTATMPALE U O/IP)KYBAhE Ha TACHUTE YPEIH.

Oco0eHo € MOXKEITHO J]a Ce HaMpaBH UCYEKOp BO Mpou3BoAcTBO Ha MoTopu CBC kou ke paboTat UCKIyYHBO Ha
racHO TOPUBO CO IITO OW MOKEJIO J]a Ce UCKOPHUCTH HEroBaTa HajroJieMa MPEJHOCT - BUCOKHOT OKTaHCKH O0poj. OBa
01 3HaueIo 3rojieMeHa e(pUKACHOCT U MOKHOCT [P HaMalleHa MOTPOLIyBayKa Ha TOPUBO.

Hemocrarok Ha THI' e mocnmoxeHo cKIaaupame W paKyBame BO OJHOC Ha OCH3WHOT, OUCjKH € MoTpeOHO ma ce
CKJIaINpa U TPAHCMIOPTHPA MO/ MPUTUCOK 32 J1a OCTaHe BO TeYHA cocTojO0a. OBa 3HaUM NMpUMEHa Ha pe3epBOapH co
muTMHIpUYHa Gopma (TTOHEKOoTall, AypYU U BO OOJIHMK Ha PEe3epPBHO TPKAIO) KOM HE CEKOTAIll Ce BKIIOMYBAaT BO
JICTATHO UCTUIAHUPAHHUOT MPOCTOP BO aBTOMOOKMITHTE, KAKO H TMOJIHEHE Ha TOPUBO UCKITYYHBO CO COOJIBETHA OMTpeMa
KOja ja UMaaT caM0 OCH3MHCKHUTE CTaHHUIIH.
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INPUMEHA HA TAMETHMU BPOWIA 3A EHEPTETCKA E®OUKACHOCT

AIICTPAKT

[TameTHUTE MpEXH ¥ TaMETHUTE Opomsa (Smart meters) mocreneHo ce MMIUIEMEHTHPaaT BO TOMaKHHCTBATA.
Hekonky 3eMju MMaar 3alo4HaTo CTYIUMU HACOYCHM KOH BIIMjaHHjaTa KOW NMPOU3JIETYBaaT OJf BOBEIYBamETO Ha
oBHE TexHOJNIOTWH. EfHA 071 TIaBHUTE MPETHOCTH € TOBp3aHa CO eHepreTckara e(hUKacHOCT, 3a0esenana MpeKy
3roJjieMeHaTa CBECT Ha HaCeNICHHEeTO 3a noedukacHa notpourysauka. OBre NpuI0OUBKY IUPEKTHO TH YyBCTBYBaaT
MOTPOIIYBAYUTE MPEKY 3aINTEIaTa HA CMETKHUTE 32 CIICKTPUYHA SHEPTHja U UCTO TaKa OJ1 KOHIIECHOHEPUTE MPEKY
MUHUMHU3UpAakE Ha 3aryOuTe BO MPEHOCOT U AUCTPUOYyIMjaTa, CTAOMITHOCTA Ha CUCTEMOT U [TOMAJIO ONTEPETyBabhe
BO TEKOT Ha YaCOBHTE CO HajrojieMa MoTpolTyBadka. Bo mpBHOT e 01 0BOj TPy Ke Ouie o0jacHeT MPUHIIUTIOT Ha
paboTa Ha MaMeTHHUTE MPEXKU U OpPOMIIa U 30IUTO THE ce MOTpeOHH. Bo BTOPHOT nen ke Ounmar npe3eHTUpaHu J1Ba
MIPOEKTH KO ja IEMOHCTpUpAAaT MOTEHIIMjajTHaTa 3aIlTeIa Ha €HepTrHja MPeKy MaMeTHH Oporiia ¥ ITaMeTHH MPEXKH.
[IpBuoT mpoexT e u3BeneH Bo Kopeja, ¢pokycupajku ce Ha WHCTaNaldja Ha MAMETHU MEpadd U BIMjaHHETO Ha
ynorpebaTa Ha KopucHHYKA UHTEpdejcu. BropuoT e u3zsenex Bo I[lopryrammja, poxycupajku ce Ha KOHTpOJIaTa Ha
ONTOBAPYBAHETO BO KUBCATHUILTE CO JUCTPUOYHpaHA TCHEpAIIHja.

Kayunu 360poBu: mameTHn Opouiia, maMeTHH MpexH, noTporryBauka, SCADA.

APPLICATION OF SMART METERS FOR ENERGY EFFICIENCY
ABSTRACT

Smart grids and smart meters are gradually being implemented in the households. Several countries have
started studies aimed at the impacts arising from the introduction of these technologies. One of the main advantages
is related to energy efficiency, observed through the awareness of the population about more efficient consumption.
These benefits are felt directly by consumers through the savings on electricity bills and also by the concessionaires
through the minimization of losses in transmission and distribution, system stability and smaller load during peak
hours. The first part of this paper will be focused on explaining the principle on which smart grids and smart meters
operate and why is there a need for them. In the second part we will observe two projects that demonstrate the
potential energy savings through smart meters and smart grids. The first was performed in Korea, focusing on the
installation of smart meters and the impact of using user interfaces. The second was performed in Portugal, focusing
on the control of loads in a residence with distributed generation.

Key words: smart meters, smart grids, consumption, SCADA.

1  BOBE]

Bo MOMEHTOB MHOTY ce AMCKYTHpa 3a NMAaMETHHUTE MPEXH W HUBHO INPOIIMPYBambe KOH JOMaKHHCTBATa M
notpomryBaunre. [locrojar OpojHM NpPEAHOCTH BO HHBHATa yrmoTrpeda Mely KOM MOXE J1a ce CIIOMEHE U
KOHTHHYUPAHO CJIE/CHhe Ha MpekaTa Ha ceondaTeH HaunH, MOHUTOPUHT HA KBAJIUTETOT HA eNIEKTPHYHA SHEPTH)a,
WHTErpalmja rmomMery eIeKTPUIHUTE MPEKHU, MOKHOCT 32 BOBEAYyBamkhe Ha KOHIENT Ha IUCTpUOyHpaHa reHepamuja,
MHKpO MpeH UTH. Bo 0BOj Tpyn ke ce 00jacHH HUBHHOT HaYHMH HA paboTa U MpUMEHa.
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Ha rno6amHo HUBO, MOTOJEMHUOT JIEN OJ1 36MjUTE KOPHCTAT TPAAUIIUOHATTHH SIICKTPUYHU MPEXKH, BO MPOIIEC
IITO BKJIyYyBa 3aryOu 3a BpeMe Ha MPSHOCOT U JUCTPUOyIHjaTa. 3a MOBEKETO MOTPOIIyBayH, HaljiaTara ce CIyqyBa
MPEKy eNEKTPOMEXaHWYKH MeTap IITO ja 3alHilyBa BKYIHATA MOTPOIIYBauka BO BPEeMEHCKH mepuoj. Ilopaau
npoOJeMuTe Co OBa HalIakame, Pa3BUEH € aBTOMATCKH CHCTEM 332 MEpEH-e Ha IMOTPOIIyBayKaTa Ha €HEprwja,
MO3HAT Kako ABTOMAaTCKO MeTapcko untamke (AMR), kK0j e mpeTxoMHUK Ha TaMeTHUTe Mpexu. [lameTHaTta Mpexa
€ HOB KOHILENT Ha EJEKTPUYHH MPEXKH KOPHCTEJKH [IBOHACOYHM MAaTEKH, Kako 3a HamojyBame, Taka M 3a
KOMYHHKAaIldja CO IOAATOIHM, KOMIIjyTepcka 0e30eqHOCT W KOMITjyTepCKa HHTEJWUTCHIINja, WHTETPUPAJKH ja
reHepanujara, IpeHoCoT, AUCTPUOyHjaTa U MOTPOIIYBaYHTE 3a ]a ce MOCTUTHE Oe30eaHa, U3BOUINBA, CUTYpHA,
edrkacHa 1 opxIMBa Mpexka. OBaa HHMpACTPYKTypa T 0XpadpyBa MOTPOITYBAYHUTE Ja YISCTBYBaaT aKTHBHO BO
Mpexara, Ha IpuMep, IPeKy MporpaMu 3a 3aliTeaa Ha eHepruja U HOTOBOITAUIIH.

2 ITAMETHHU BPONJIA U ITAMETHUA MPE/KHN

MuiMoHM JONapu ce WHBECTHpPAaT OJ KOMITAHWU 3a €JIEKTPUYHA CHEprHja 3a Pa3BOj Ha MOTpeOHUTE
TEXHOJIOI'MH, MHCTAJIAIM]ja U [1eJaTa MHYPACTPYKTypa HEOMXO0/IHA 332 paboTa Ha MTaMETHH OPOMIIa M MaMETHH MPEXKH.
OcHoBa 3a IeJ0CHa WUMIUIEMEHTAIMja Ha OCHOBHHUTE KOHIICNITH HA MAaMETHH MPEKHU € CTaHAapAu3aiujara u
WHCTaNan@jara Ha MMaMETHUTE Opomjia 3a CHUTE TOTPOINIyBadyH, WM IMOBekeTo oa HUB. OBHEe Mepadyn HE ce
OTPaHHUYCHU CAMO Ha MEPCH-C U 3aIUIIyBahe HAa KOJHYUHATA HA TIOTPOIIICHA SIEKTPUYHA CHEPryja, TYKY MOXKe J1a
BKJIy4yBaaT MEpEmkE Ha MMOTPOIIYyBAYKaTa Ha BOJa U rac.

Enna on riaBHMTE NMPOMEHH € MOBp3aHa CO HAUYMHOT Ha Haruiata. BoBenyBameTo Ha maMeTHH Opowmiia
OBO3MOJXKYyBa MEpEH-€ BO MaJId WHTEPBAIM Ha BpPEME MMOKpPaj MOXKHOCTA 3a JIBOHACOYHA KOMYHHUKAIIMja ITOMEry
MOTPOLIyBaYUTE M TUCTPHOYTEpUTE, OBO3MOKYBajKH UM HA JIBETE J1a 3HAaT BO PEaHO BpeMe KOJIKY M KakKo ce
KOPHCTH eHeprujaTa. JIBOHacOYHATa KOMyHHKaIFja OBO3MOXKYBa JAICYMHCKO YIpaByBame co nmodapyBaykaTa Ha
eNIEKTpUYHa eHepruja. J{BoHacouHWTe maMeTHH Opomsia ce 0coOeHO MOTPEOHHU 3a Mepema Kaj alTepHAaTHBHUTE
W3BOPH Ha €HEPTHja, KaKo IITO Ce BETEp U CoJlapHa EHEepruja.

[lameTHuTe Opowmia maBaaT MHOTY MOBeke WHQOpMAIMH BO cropenada co TpagullMOHAIHUTE Opownia,
J03BOJTYBajKM MM Ha TMOTPOLIyBauuTe na Ouaar AoOpo WH(POpPMHpaHM 3a HHBHATa MOTPOIIYBadka, MPUTOA
MMOTTUKHYBAaKHW TH Ja OMJaT NOIITEINBH cO eHeprujara. OBaa KapakTepUCTHKA TO MPaBU JOHECYBAMETO OJUTYKH
HajeTHOCTaBHO W WHTYUTHUBHO, CO LITO C€ OBO3MO3KYBa MOJICCHO MOCTHTHYBamk € Ha Moe(UKacHa MOTPOLITYBAUKa.
[TonaTonure mameHy o MaMeTHU OpoMiIa MOXKaT Ja Oumar oOpabOoTeHH OJf KOHIICCHOHEPHUTE CO IS MOACT aJTHO
NpoydyBambe Ha ONTOBAPYBAKETO M MOJENHTE Ha MOTPOIIyBauka Ha CeKoj pernon. Hampemnata mepna
nappactpykrypa (AMI) ce cMera 3a KiIydyHa 3a HMMIUIEMCHTalMja HA TIAMETHH MpEXd. Bo oBaa miema,
OJTHECYBA-ETO Ha MOTPOILYBAYHTE € 3aCETHATO, 0COOEHO MPEKy yCBOjyBame Ha BapHjaOUIHHU TapU(H.
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Cauxa 1: ITameTHa Mpe:ka Bo Jy:kHa AMepuKa
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Enextponckute Opouia 3a cTpyja ce Beke eCeHIHjajleH 1eI BO CEKTOPOT 3a ENEeKTPUYHA CHEPTHja, CO LIIMPOKa
ynotpeba Bo Tpadocranuure, GadpUKUTE U MOToJIeMHTE PUPMH.

[IpunoGuBkuTEe 011 0BOj CHCTEM Ke OMAaT MOYYBCTBYBAHH U O PETyJIaTOPHUTE areHIIMU OMIIEjKH CHUCTEMHUTE
U paclopeIeHUTe CEH30pH Ke 'Y OJIECHAT PEeBU30PCKUTE MpolLecH, Ouejku Opousiata ke CHUMaaT U IIPeHecyBaat
royieMa KOJIMYMHA Ha OaTOIH 3a oTpouryBadkara. CHCTEMHUTE IITO KOPUCTAT €IEKTPOHCKH OpOMIIa WITH ITaMETHH
Opousia ce cMeTaaT 3a e(huKacHa alTepHATHBA BO IOTparara 1o no1o0py cTaHJapAu Ha HOTPOLIyBayKa Ha HEpruja,
co Apyru 300pOBH, ja 3r0JIEMyBaaT CBECTa Kaj MOTPOLIyBauyUTEe BO MOTpara Mo noedgukacHa noTpouryBayka.
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Canka 2: [Iamerna mpeska Bo EBpona u CeBepna AmMepuka

Cauxka 3: Tucnuej
Ha e/IHO MaMeTHO Opouno

JIpyra MOKHOCT IITO CE jaByBa € Jia C€ yCBOjaT MOceOHM TapudH, MPH MITO MOTPOIIyBaYMTE Ke TPOIIAT
NOMAJIKy 3a BpeM€ Ha BPBHHTE MEPHOIM, KaJe eJEeKTpHYHATa €Hepruja ¢ mockama. J[ogaTHO ce MojaByBa H
MOYHOCTA 32 CIPOBEIyBame Ha KOHICTITOT HA OJroBOp Ha mobapysaukara (demand-response). Ilpugobuska o
0Ba Ce TIOMAJTF CMETKH 3a TIOTPOIIYBAYHUTE HA IOJT POK.
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Hpyra BaxkHa npuaoOuUBKa oX yrnorpebara Ha MaMeTHU Opowia 3aeIHO CO KOHIENTHTE Ha JUCTpUOyHpaHa
reHepauuja u demand-response e HamanyBame Ha gedekTH Bo Mpexure. Ha mpumep, mnpobiem Bo
TpaHCPOPMATOPOT Ha AMCTpUOyHHjaTa MOXKe Na Ouae HaJMHMHAT O MOTPOLIYBaud KOW MMaaT alTepPHATHBHU
M3BOPH 32 U3BOPU CHEPTHUja KaKo IITO € BETep WU coyiapHa eHepruja. CUCTEMOT ke cTane mobe3oeneH o neeKTu
Ha OIpeMa WK OJ IpeonToBapyBame. Cenak, [ieJocCHaTa UMIUIEMEHTAIMja Ha HHTEJIUICHTHUTE CUCTEMH HeMa /1a
Ouje MHCTAHTHA, JypH M BO 3€MjH Kaje IITO Ce 3allOYHATH IUIAHOBH M MWIOT-TIpoeKTH. Biagara na Benuka
Bpuranuja nponenysa neka 10 2020 roauHa cuTe JOMaKWHCTBA K€ KOPUCTAT TAMETHU OpowmIa.

3 MUCJIEIbA HA ITIOTPOIIYBAYUTE

HemyMHHATE pe3ynTaTH OJ] aHKeTa CHpoBeAeHa Kaj morpomryBaum Bo 2015Ta mocoumne gexa 77% on
YUECHUIIMTE HE CE 3all03HACHY CO NMAMETHUTE MpexkH. [ TaBHATa 1161 Ha UCTPaKyBamkETO OUJIO Ja Ce MPOLICHH Jalind
YYEeCHUIIUTE BepyBaaT JeKa MOXaT Ja 3allTefaT €Heprdja BO HHUBHUTE IOMOBH W Jalld TOAETATHHATE U
WHTEPAKTUBHU MOAATOIM MTPE3CHTHPAHU OJ1 TTaMeTeH Opojad Ou momorHaie co toa. Oxomy 90% of yuecHUIuTe
BepyBaJIe JCKa MOXKAT J1a 3aIlITe/IaT CHePTHja BO HUBHUTE IOMOBH U Jieka 94% kakaje Jieka MPUCTAIoT 10 ETaTHH
MOJIATONM OJ1 TAMETEeH MeTap OM MOXell TO3UTHUBHO Jia BIlMjaec Ha €KOHOMUjaTa Ha eHeprujara. Mery riaBHHUTE
MTOJIaTOIIH IITO TY IIUTHPAJie YIECHUINTE Ce [IeHaTa Ha eJIeKTpUYHATa EHeprija U MOTPOITyBadKaTa o1 U3MUHATHTE
MECeIIH.

HctpakyBameTo UCTO Taka OTKPUIIO JeKa OKOILy 8% 0] yueCHULIUTE BEpyBaar JileKa HOBUTE METPU MOXKaT Aa
MMaaT HeTaTHBHO BJIMjaHUE, BO HAJTOJIEM JIeJI OJ pE3yJTaTHTE IITO CE€ OJHEeCyBaaT Ha TPOLIOLUTE 33 KYIyBambe U
MHCTAJIMPAke Ha 0Baa HOBA TEXHOJIOTHja.

4 IHTAMETHH BPOUJIA U TAMETHH MPEKH BO ITIPAKCA

4.1 A.BiaujaHue Ha KOPHCHHUYKHUTE MHTepdejcH BO eHepreTrckara e(pukacHocT

3royieMyBameTO Ha IieHaTa Ha (OCHITHITE TOPUBA BIIMjaclie IMPEKTHO BP3 T'eHepaTopuTe U CHaOIyBaunTe Ha
CHepruja, MpPEAU3BUKYBajKH OTPOMHHM €KOHOMcKHM 3aryow. Ilomarommrte of KopejckaTa eJIeKTpoeHepreTcka
koprnopanrja (KEIIKO) ykaxane nHa 3ary6m on 1,3 munmjapau amepukancku fgonapu Bo 2008 rogmna, Kako
pe3yNTaT Ha 3roJIeMyBambeTO Ha IIEHHTE Ha ropuBaTa. BoBeqyBameTo Ha KOHLENTOT Ha MAMETHO MEPEHE 3aeTHO
CO MHCTATUpame Ha MHTEpQEjCH 3a JIECHO MpETryieAyBame Ha MOJATOIM 332 KOPUCHUIUTE W AMHAMUYHH LICHH
CTaHyBaar roJIeMH COjy3HHIIM 3a IPOMOBHPAE Ha CBECTa 3a Moe(hKacHa M eKOHOMUYHA MOTPOIIyBayuka mema [1].

[Munor-npoekror Omn 3anouHat Bo centemBpu 2008 rojwHa, a UMILIEMEHTANMjaTa 3a TECTUPAmEe MoMery
nexemBpu 2008 u Gepyapu 2009 roauna. 77 BooHTepH Oniie n30paHu 3a HHCTANAIMja Ha cuctemure, 24 Bo Ceyn
u 53 Bo Ueonriy.

CucremoT OWi pa3BHEH Bp3 OCHOBAa Ha CTaHIAPJHHOT CHCTEM 3a yIpaByBame co eHeprujara (EMS), Bo
rmoTpara 1o UCKOPUCTYBambe Ha JIOCTallHATa MH(PPACTPYKTYpa, MUHUMHU3UPAJKU TH NMPUAPYXKHUTE Tpoiond. Bo
cucremor EMC, eneprerckara euKacHOCT ce KyJITHBHpA MMPEKY CaMO-yTpaByBambe, CO APYTH 300pOBH, CO TaBambe
JeTaaHu MH(OpMAaIMK 3a TEKOBHATA WJIM MHHATa MOTPOIIyBadyKa M WIHUTE NpEABUAYBama 0e3 Ja ce MOTIUpa
3a[I0JDKUTETHO Ha MpoMeHHuTe BO Tapudara. 3a paznuka, cucteMoT AMU mpean3BuKkyBa 3aiireqa Ha €HEpruja
npeky Bapujabuinau Tapudu. [maBHHOT (QoKyc Ha cTyaujata OWJI Ja Ce€ NPOICHH BIWjaHUETO HA JOMAIIHHUTE
KOPUCHUYKHU UHTEP(DE]jCH.

CrtpykTypara Ha CUCTEMOT MOXe J1a ce Buau Ha Crvka 4. buejku roneMHuoT Jel 01 JOMaKUHCTBAaTa KOPUCTAT
tdheponement, 6mito pemieHo na ce kopuctu Power Line Carrier (PLC) 3a mpeHoc Ha moaaToIy.

Kopucanukuor unrepdejc Tpeba ma Ounme eIHOCTABEH W MHTYHTUBEH, OJIECHYBajKH IO pa3doMpameTo Ha
npe3eHTHpanuTe nojarouu. IlogaTorure mTO ce OAHECYBaaT Ha MOTPOLIyBadKaTa Ha €HEpPruja BO OCHOBA Ce
NPETCTaBEeHH KaKo:

- TekoBHa KyMyJIaTHBHA IMOTPOITyBadKa Ha €HEPrHja M U3HOCOT IITO Tpeda /1a ce TUIaTu;
- Mece4Hu NPOICHKY;
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- Ilpoceuen hakTop HAa MOKHOCT M TEKOBHO NPOrPECUBHO HUBO;

- I'paduum Ha noTpouryBayKka co TEKOT Ha BPEMETO;

- TexoBHa v rOAMIIHA IOTPOLIYBAaUKa U IPETXOAHU CMETKH;

- IIpoceuna morpouryBauka Ha CIIMYHA TPYIa;

- Ewmmcuja Ha ITETHU racoB U MHPOPMAIINHY 32 KIMMATa;

- CoBeT# NOBP3aHH CO TOTPOIIYBAYKaTa HA EJICKTPUYHA EHEPTHja.

Tecrot Tpaen nBa Mecery. Bo nmpBHOT Mecer Omiie MHCTAIMPAaHU caMO Opowmiia 3a MpOBEpKa Ha IIemMara Ha
noTpoluryBauka. Bo Bropuot mecer Ouie 1oAaneHl KOPUCHUUKY UHTep(dejcH 3a J1a ce MPOLIEHH OJHECYBAmETO Ha
MOTPOLIYBaYNTe M BIMjAaHWETO Bp3 IOTPOIIyBadykaTa Ha eHepruja. PesynraTuTe mokaxane HamallyBambe Ha
noTpoluryBaukara Bo 48 ox 53-te pesuaeHuuu Bo YeoHrIly, CO IPOCEUHO HaMalyBame Ha IOTPOLIyBauyKaTa Ha
e"epruja ox 15,9%. Bo Ceymn, 22 on 24 nomakuHCTBa IpHjaBUiie HAMAIYBalkE Ha MIOTPOIIYBAaYKaTa, CO MPOCEIHO
HaMaJlyBam€ Ha NOTpoIIyBaukara ox 7,5%.

BPL Base Serial Packet (HDLC)

UDP Base ;2 . ek a
Ethernet Packet BPL Base BPL Base
Serial Packet Serial Packet,-========ssszus .
(HDLC) (HDLC) : Installedin
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Smart Meter Premise
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Canka 4: CTpyKTypa Ha CHCTEMOT

4.2 b.H/HTeJUreHTHA KOHTPOJIA HA TOBApPHUTE - OITOBOP HA ModapyBayKaTa

Supervisory Control and Data Acquisition (SCADA) e nnardopma koja BKIydyBa HEKOJIKY KOMIIOHCHTHU H €
MPUMEHETa BO CIEKTPHYHHOT CHUCTEM 32 CIIE/ICHE, YIpaByBambe M KOHTPOIUpPAE HA TOBAapHUTE, CO IITO UMa
0COOEHO BaXKHA YIIOTa BO OJIPXKYBambETO Ha 6e30¢JHOCTA U OJPHKIIMBOCTA Ha elleKTpuaHHuTe cuctemu [2]. CucteMoT
SCADA paboTu BO peajiHO BpeME M € OJrOBOPEH 3a YIpaByBamke CO TOBAPUTE BO BpEeME Ha HEJOCTATOK Ha
CHa0IyBame CO CHEPrHja, IITO € 0J1 KOPUCT KAKO Ha eJICKTPHYHATA MPEKa TaKa M Ha MOTPOIITYBavOT.
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Tpynot Ha ucrpaxyBauu Bo llopryramuja Bo 2010Ta [2] mokaxkyBa TulaH 3a TAMETEH JIOM, OBO3MOXKYBajKU
KOHTpOJIa Ha JIOMOT CO HErOBOTO ONTOBAPYBamke U AUCTpUOyHpaHa reHepanuja npeky nameren SCADA cucrem.

[Inardopmara 3a Tectupame e aen ox maboparopujaTta 3a uHTenUreHTHH eHeprercku cucremu (LASIE) koja
nMa OOHOBJIMBY M3BOPH Ha €HEpruja, Kako LITO ce TypOuHH Ha BeTep, (OTOBONTAMYHM MAHETH U TOPUBHU KEITUH
U MOXe Ja padOTH BO M30JIMPAH PEKUM WIM Ja € MOBP3aHa CO eNeKTpHYHa Mpeka. Pesynrature moOueHH BO
crynujara [2] ja HoKaxyBaaTr e(pUKaCHOCTa Ha CHCTEMOT KOj CEKOTaIll ja OJpKyBa MOTPOIyBayKaTa BO AehUHUPAHU
rpanuny. EnepreTckaTta epuKacHOCT € IJIaBHA LieJ Ha peakiyja Ha modapyBadykara MpeKy TEMEJIHO coOMpame Ha
MOJATOIIMTE 32 KOPUCHULIUTE. BO MOMEHTOB CHCTEMOT MOCTOjaHO ce HaArpaayBa co MOBeKe QyHKIUH.

CucteMOT TpeTcTaBeH Bo [2] KopuctH mporpamadbuduieH moruuku kontpoisep (PLC) 3a cpoBenyBame Ha
cucreMor SCADA. Bo uiHWHA, CIMYEH CUCTEM MOXE Jia C€ MHTErpHUpa BO MaMETHOTO OpPOWJIO, IITO TO MPaBH
(hMHAHCHUCKW W3BOUIMB 3a IMOBEKETO IMMOTpormyBayn. OBaa oJIMKa TJaBHO 3aBHUCH OJ HHTETpanHjaTa H
KOMYHHKaIldjaTa IoMer'y ypeauTe, OKpaj cTaHaapaM3alyjara Ha TOHeCeHUTe MpoTokod. OBaa TeMa e Bo (POKyCOT
Ha 00€MHHU CTyIWH MTO TH 3HaeMe Kako MHTepHer Ha Hemrarta (IoT).

5 INOTEHIHNJAJI

IMopaau 3roseMenaTa ynotpeda Ha MaMeTHH OpOWIa W MAMETHH MPEXH, C€ MM0jaByBaaT IMHUPOK CIEKTap Ha
MOYHOCTH M MMaaT TEHJCHIMja JIa Ce 3rOJIEMyBaaT W CO3pPEBaaT 3aeHO CO CICKTPUYHATA MPEXKa M Pa3BOjOT Ha
HOBATa TEXHOJIOTHja.

AMMU cucTeMOT € eleH oA Hajo3HATUTEe HAaBEICHW BO JOKYMEHTHTE M Pa3BUEHHTE IMPOEKTH, MeryToa
cucreMoT EMC Hocu u OpojHu puio0uBky. Bo HHMHA MOJKeE J1a Ce 0YeKYBa YCBOjyBakhe Ha HOB XUOPHUICH CUCTEM
BO KoMOWHanuja Ha TapudHHUTE Bapujadnn Ha cucteMoT AMMU co neramaute nogaror Ha cucteMor EMC komn
Oapaat mooOpu HIBOA HA eHepreTcKa epUKacHOCT.

KonmunHara, KBAIUTETOT U jJaCHOCTA Ha MH(GOPMALMHTE Ce KITyYHH 3a IUPEKTHO BIIMjaHUE BP3 OJHECYBAHETO
Ha MOTpONIyBauuTe. BakHa € M MOXKHOCTa Ja ce mpedapyBaaT MHHATHTE M TPOCEYHHUTE MOTPOLIYBAYKH H
Ipe/BUTyBamkbaTa 3a HHaTa HOTPOLIyBaYKa 3aCHOBAHH BP3 THE MOJATOIH. 32 OBHE IIEJIH, CHCTEMUTE CO BEIITaYKa
WHTEJIMTCHIMja Ce UCKIYYUTEHO KOPUCHU OHMJICjKH OBO3MOKYyBaaT (OpMHpame Ha MOJICITM Ha KOPUCHUIIM 32 /1
ce moOujaT MpenBHUIyBama Ha TIOTPOIIYBaYKAaTa.

Co oBaa aHanmM3a Ha OJHECYBAamETO CE M0jaByBaaT MoBeKe MOKHOCTH. Ha mpumep, ApacTHYHH IPOMEHU BO
[IeMHTE Ha MOTPOITyBayKa WIIM TIOCTOjaHaTa rojieMa IMoTPOIIyBadKa IITO HE Ce 0YeKyBaaT MOJXKe J1a YKaKyBaaT Ha
npo0JIeMHu co MOTPOLIYBavYOT, CO IITO CE OBO3MOXKYBA MHTEPAKIIMja CO UCTHOT 3a H3BECTYBAE 32 MOXKEH MPOOIIeM
LITO [TOCTOU BO MHCTaJalMjaTa Ha IOTPOLIYyBayoT.

Jpyr npobiieM mTO MOKeE 1a c€ MUHUMH3Hpa MPeKy yHoTpeda Ha MaMeTHH Opouiia € u3MaMa Ml KpaxxkOa Ha
eHepruja. AHa3ara Ha OJIHECYBAmhETO Ha OTPOIIYBAYNTE UCTO TaKa MOXKE JIa YKaKe Ha IMOTCHIMjaTHa KpaKoa.
[lamerHure Oponmna Moxar Aa Oupar HajaoOpHOT HauuH 3a O0pOa MPOTHB eHeprerckara M3MaMa OWAejKH 3a
pasiuKa o] TPaJUIMOHAIHU Mepadd, CeKoja MPOMEHa ja M3BECTYBaaT MHCTAHTHO M TEIIKO € JIa Ce MPUKPHjaT
MOJATOLIH.

6 3AKJIYUYOK

OBoj Tpyx ro 00jacHN KOHLENTOT Ha TAMETHO OPOMIIO U ITaMeTHa MPEXa, KaKO M IOBP3aHUTE KapaKTEPUCTUKU
W TIOTBPJICHUTE NPUIOOMBKY O] HEroBara UMIUIEMEHTalja. EHa o1 HajroJieMHUTe MPETHOCTH € KOPUCHUYKHOT
uHTEpdEjC MTO OBO3MOXKYBA JIECEH MPHCTAI U pa3Oupame Ha MOAAaTOLUTE 3a NOTpolryBadka. OBUE MOXKHOCTH T
MOTHBHUpaAT KOPUCHUIUTE 12 ©IMaaT MOT0JIEMO BHUMAaHHUE BO MOTPOIIYBavKaTa Ha eIEKTPUYHA CHEPTHja.

3a moo6po pazdupame Ha KOHIIENTHTE H OYEKYBAaHUTE PE3yNTaTH Oea MOCOYEHH /IBa IPOEKTH N3PA0OTEHH BO
pasnuuHU 3eMju U co pasnuueH ¢okyc. [IpBuoT paseuen Bo Kopeja, kaje MTO € MPETCTaBeH MUIOT-MPOCSKT 3a
HWHCTAIHPAhE TAMETHA MEpauu U MOTBPJyBakbe Ha BIIMjaHUETO HA YCBOjYBAHETO HA KOPUCHUYKH MHTEP(DE)C MITO
OBO3MOXYBa MPOBEPKA Ha IMOJATOIMTE 3a MOTPOIIyBaykaTa. Bo Bropara ce NMpUKaXKyBa MHTCIMICHTCH CHCTEM

SCEESD 2019 194



SCADA 3a xoHTpoJia Ha MOTPOILIyBadKaTa BO OKOJHMHA CO JUCTPpUOYyHpaHO CHaOIyBame, QOKycHpajku ce Ha
KOHIICTITOT Ha peakiiija Ha modapyBayKaTa U BJIMjaHUETO BP3 IMOTPOIIyBaYKaTa Ha CHEPIHja.

" Bo ABara CiIy4au € IMOTCHUUpPAaH HOTeHLIPIjaJ'IOT 34 3allTC/ia Ha CIICKTPUYIHA eHeerj a, 4 Toa MOKE€ JUPECKTHO
Ja CC MOBP3€ CO 3Tr0JIEMYBAKBLETO HA C(I)I/IKaCHOCTa Ha NOTpolIyBayKaTa U CBECTa Ha MOTPOITYBAYUTEC.
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