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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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MN3BPHIEH OJABOP

1.

Mapuena KiiekoBcka — nmpercenarelt

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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dakynTer 3a eNeKTPOTEXHUKA U HH(POpMaIMCcKu TexHoIoruu — Ckotje
- npod. a1-p I'ora LIBeTKOBCKHU — YieH

dakynTer 3a eNeKTPOTEXHUKA U HH(POpMaIMCcKu TexHonoruu — Ckotje
- mpod. a-p CHe:xkana UyHaeBa — 4jieH

dakynTeT 3a eNeKTPOTEXHUKA U HH(YOpMaIMCKH TexHOoIoruu — Ckomje
- mpod. a-p Anekcanapa KpkoJieBa — ujien

dakynTeT 3a eNeKTPOTEXHUKA U HH(POpMaIMCcKu TexHonoruu — Ckotje
- npo¢. a-p Aranac Hiames — 4jieH

@akynTeT 3a eNeKTPOTEXHNUKA U HHPOPMAICKH TexXHOoJoruu — Ckomje
- npod. 1-p Mupko TogopoBcKH — YiieH

@akynTeT 3a eNeKTPOTEXHMKA U HH(YOpMaAIMCKH TexHOIoTuu — CKomje
- BOH. po@d. A-p Aumurtap JuMUTPOB — YjieH

dakynTeT 3a eNeKTPOTEXHUKA U HH(OpMaIMCKu TexHonoruu — Ckomje
- pou. 1-p Coduja Huxososa Ilonesa — yien
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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

|
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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— “

|
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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

175 T
150 -
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o 100 B
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50 + 1
Heat source A, Heatsink A :
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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.

_______________________________________________________________________________________________________|
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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

|
SCEESD 2014 149



(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)
v = 10P 4 _

A +fu  xull +F =0 @)
ow 7 1 0P * _

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).

SCEESD 2014 24



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

_______________________________________________________________________________________________________|
SCEESD 20149 36



6

P

E— -

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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types of turbines depending on these two factors such as Pelton, Mo e '
cover, tied ridges 15 .20 24

Cross-Flow and Kaplan. Gravity produces a pressure (water —Foes.eondooes
N . rain >1250 mm yr. 14 18 21
pressure), and the greater altitude difference, the greater the
pressure to drive turbines, more pressure means moOre pPOWer — Jowoowercops  Coton Totaccoinallcicumstances
X . Good cover crops; Cereals, Rootcrops, Groundnuts, Coffee, Tea if well managed.
[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].
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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.
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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
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convert ) Duatput Buzsy Inguistic vitinties E i
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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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Wi i Network
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Based System.
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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:

SCEESD 20149 57



FORWARD PROPAGATION BACK PROPAGATION
ZI) = iy 4 plu dzlzl = gl&l _y

Al = ghi(zl) awl) = L gz 4mr
m

1
=1 — =21
db'™ = : E dZ

dzll = yl2irgzizl, Qm'(z[ﬂ)

Z12] = yl2lglad 4 pl2l

ql=l = gL:](lel) = (2B (for binary)

dwlt! = ldzmxr
m

1
[l — 11
db't = Ed’Z

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

SCEESD 20149 81



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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AXO KOPUCHHITUTE Ha SICKTPUYHUTE BO3MIIA CE TIOTTUKHAT Ja TH MOJTHAT CBOMTE BO3WJIa 110 9 4acoT HaBevep,
HaMECTO BO 6 YacoT MOIUIAJIHE IO 3aBPIIyBake Ha pabOTHOTO BpeMe, OM MOMOTHAJIO MPU CTAOMIU3UPAKE Ha
KpUBaTa Ha OINTOBApYBAHETO HA CICKTPOCHEPIETCKUOT CHUCTEM. EHOCTABHO pEIIeHHE 3a OBOj IMpoOJieM e
TaKaHApEUYECHOTO MAaMETHO MOJHEKke. Ha 0B0j HAYMH, MOJIHEHETO MOKE J1a OHIe OJIIIOKEHO 33 MEPUOJIOT O] IEHOT
KOTa BO Mpekarta OM MMaJio TIOMaJIo ONTOBapyBamke, a Toa Jia Oujie BO COMIACHOCT CO KOPUCHHUKOT Ha EIIEKTPUIHOTO

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

B03mi10. Kaj kopucHHUIIMTE MOXKE J1a ce TIPOMOBHpPA CO MapUYHU CPEACTBA WK APYT HAYMH HA TIOTTUKHYBAMbE Ja I'0
KOPHCTAT TAMETHOTO TOJTHCHC.

[Ipenu3BUKOT Kaj BaKBOTO TMOJTHEHE OM OWio noOuBamke Ha WH(OpMAIWja Ol BO3WIOTO 33 CTENEHOT Ha
HAIIOJHETOCT Ha Oarepujara. 3a Taa IeJI MOXKE J1a C€ Brpaju IIaMeTeH CHUCTEM KOj ja MOKa)KyBa MOMEHTaIHaTa
HAITOJTHETOCT Ha OaTepujaTa Ha BO3HIIOTO.

2.1 IlamMeTHHU mOJHAYM

EnexTpuuHnuTe aBTOMOOWMIM MOXE J1a UMaaT ToJieM YICNI BO TPOIICHETO HAa CIICKTPUYHA CHEpruja.
[NomHemeTo Ha ENCKTPUYHO BO3UIIO BO MIPUKITYYIOK MOXKe J1a 3adatu mypu 1 30% o1 cMeTKaTa 3a CTpyja Ha TUITHYHO
TOMakWHCTBO [3]. AKO MpEeMHOTY Jyre OJTydaT Jla TH HaIlOJIHAT CBOWTE aBTOMOOWIIM 3a BpeMe Ha BPBHOTO
ONTOBapYBamke, TOa K€ MPEeIU3BUKA J]a KOMIIAHWHTE Ha JUCTPUOYTHBHATA MpeXa TMOYHAT J]a KOPUCTAT CKaIlH
pEIICeHH]ja 3a 1a TH 33JI0BOJIAT MOTPeOUTe, TypH U Ja Ce TI0jaBat u ucnaau. [[aMeTHUTE MOTHAYM MOKAT Ja TO pelaT
0BOj TIpOOIIEM.

Co maMeTHOTO IOJIHEH-C HE caMO INTO Ke MOXaT Ja ce M30erHaT HEmoTPeOHUTE TPOIIOLHM, K& MOXKE U
MaKCUMAJTHO JIa € UICKOPUCTAT CTAHUIIUTE 3a MOJHEHE BO CIy4aj Ha OTPAaHUYCHU PE3ePBU HA MOK.

Cauka 4 Ilonnewe Ha 0aTepuuTe €O MAMETHH
MOJIHAYHU

Co maMeTHHTE TIOJTHAYM COTICTBEHUITNTE K& MOXAT Jla TH MPOrpaMHupaaT HUBHUTE aBTOMOOWIIH J1a C€ MOJTHAT
BO HOKHHUTE YacOBH, Kora mobOapyBaukaTa ¢ HUCKa. OBa € KOpHCHA omiyja OWjejKu KOMIAHUHTE CE MOBEKE ja
KOpHUCTAT TAaKTHKATA 3a HaIUIaKamke KaJIe IITO HaIuTakaaT MIOMAJIKy 3a €JICKTPUIHA SHEPTHja BO HOKHUTE YaCOBH, CO
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