DENT
FERENCE

Proceedings book

Ath_ 7t December 2018

Faculty of Electrical Engineering and Information Technologies,
University Ss.”Cyril and Methodius”, Skopje, Macedonia



CIP - Katanorunsauuja Bo nybnukauuja
HaumoHanHa n yHnBep3auteTcka oubnuoteka "Cs. KnumeHT Oxpuackun”, Ckonje

620.92:502.131.1(062)

STUDENT conference "Energy efficiency and sustainable development"
(2018) (6 ; Skopje)

Proceedings book [EnektpoHcku nssop] / Sixth student conference
"Energy efficiency and sustainable development" SCEESD, 4th-7th
December, 2018, Skopje. - Skopje : Faculty of electrical engineering and
information technologies, 2018

HauuH Ha npuctan (URL): https://skeeor.feit.ukim.edu.mk. - Tekct Bo PDF
dopmar, cogpxkm 301 cTp., unycTp. - Hacnos npesemeH of ekpaHoT. - Onmc Ha
n3BopoT Ha AeH 24.01.2019. - TekCT Ha Mak. 1 aHrn. jasuk. - PyCHOTUN KOH
TeKCToT. - bubnuorpacdwja koH Tpygosute

ISBN 978-9989-630-90-3

a) ExepreTcka edmkacHocT - Ogpxnue passoj - Cobupu
COBISS.MK-ID 109425930


https://skeeor.feit.ukim.edu.mk/

==

MEepso EVN CENEM

Z

z -
&

~
AMCHAM #ZZ TITAN

AAAAAAAA ~—” CEMENTARNICA USIJE INNOF2IT

i él ré
ArcelorMittal FEROINVEST makJ g

@WN) $nakovaK

> /\ % ,
ap/ 6 M= e
= LEKS (ﬁUXURY SKoPJE
ELECTRIC [ ©) APARTMENTS.com
— @/[l)l'/ ferm rentaly

\/




= SCEESD

- Student conference ’
' *’ Q “Energy efficiency and sustainable development”

Foreword

Student Conference “Energy Efficiency and
Sustainable Development”

SCEESD is a student conference concerning energy efficiency and sustainable development. The
basic idea of the conference is to enable exchange of ideas and opinions between students, professors
and companies which are involved in the field of power engineering which would contribute to the
efforts of solving the complex problems concerning energy efficiency and sustainable development.
The research work itself widens our opinions and knowledge about a certain problem which is of
exceptional importance for our modern society. SCEESD includes broad and important current research
areas such as renewable energy sources, their huge potential and possibilities as well as all problems
regarding their utilization, also all of the classical and innovative solutions for improving energy
efficiency. Students can work on modern topics as automation or smart grids which consist of
integration and regular utilization of electric vehicles leading to an increase of the sustainability and
reliability of power supply. Energy efficient materials and zero energy buildings have an enormous
potential which students can also explore in frames of the conference.

SCEESD is especially suitable for undergraduate and postgraduate students that would like to work
on a paper regarding topics which include energy efficiency and sustainable development in any matter,
academic members working in these fields of study as well as all companies which implement methods
that are in close relation to these topics.

Organizing committee,
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bunjana [TankoBa, Anrena Hajmocka
dakyinTer 3a eneKTpOTeXHUKa U HHPOpPMaLUCKH TexHoJoruu, Ckorje
'biljana_pankova@hotmail.com “anenajd@hotmail.com

MMOCTABYBAKE HA ®OTOBOJITAUNYEH TEHEPATOP BO JOMAKHHCTBA
CO PA3JIMYHA OPUEHTUPAHOCT HA IOKPUBOT

KYCA COAPKHNHA

Kako pe3ynTar Ha Op3uOT pa3Boj HA TEXHOJIOTUUTE, (DOTOBOJNTAMYHUTE CHCTEMHU CE TIOBEKE Ce
yrnoTpedyBaar BO IPOU3BOACTBOTO Ha enekTpuyHa eHepruja. Co MacoBHaTa ymorpeba Ha
q)OTOBOHTaI/I‘IHI/ITe CHUCTEMH L[oar'a 0 HaMallyBalb€ Ha HHMBHaTa L€HA U n0)106pyBaH,e Ha HHWBHaTa
e(pHUKaCHOCT.

Bo o0BOj Tpyn e TMpe3eHTUpaHO WHCTAIMPAKETO Ha (OTOBONTAWYEH CHCTEM BO
nomMakuHcTBaTa. MOTOBONTAMYHMOT CHCTEM KOJIITO Oellle UCIHUTYBaH € co MOKHOCT ox 5 KWp u e
MpHUKIydeH Ha WHBepTop co MokHocT 5 kW na AC crpanata. Bp3 6a3a Ha mocraBeHOcTa Ha
(OTOBONTAMYHUOT CUCTEM ce€ JIOOWBA PA3IMYHO KOJIMYECTBO HA MPOM3BENCHA ENIEKTPUYHA CHEprHja.
Pasrnenanu ce wernpu ciydau, Kora ()OTOBOJNTAMYHHOT CHUCTEM € MOCTaBeH Ha jyr, Ha 3amaji, Ha
HUCTOK M KoMOuHanuja ox 2,5 kW kon ucrok u 2,5 kW kon 3amaa. Bo cute ciiydan mocraBeHocTa Ha
(HOTOBOATAMYHUOT CHCTEM € Ioj aroi oxm 25°. PesymraTture om mHpecMETKHTEe co ymorpeba Ha
nporpamor PVSyst ce mpesenTupanu BO BHI Ha cooiBeTHH Tpadumm. JloOueHuTe pe3ynaraTu ce
CIIOpE/IEHH CO IpOoceyHaTa YacoBHA MOTPOIIYBadyKa Ha €NEKTPHYHA CEHEprhja Ha MAaKeJOHCKO
cemejcTBO. Bp3 6a3a Ha oBaa crmopenda, HAlIpaBEHU ce MPECMETKH KOJIKY €JIEeKTpUYIHA €HEepruja BO
TEKOT Ha €JICH JICH Ce MOBJIEKYBa O] eNIEKTPUIHATA MpeXa U KOJIIKY Ce Bpaka BO MpeXaTa Kako BUIIOK
MpOM3BE/icHa CIIEKTPUYHA CHepruja. AHajW3arta € HalpaBeHa 3a CUTEe JICHOBH O]l HeJenaTa
MOEANHEYHO.

IlenTa Ha OBOj TpyX € Ja ce NPETCTAaBH ONTHMAJHATA TOCTABEHOCT Ha (HOTOBONTAUYHUTE
reHepaTopd BO JOMakWHCTBaTa, Kako M rpyba mpecMerka 3a HHWBHATa ucriatiuBocT. Co HUBHA
yrmotrpeba 3a MPOW3BOJCTBO HA EIEKTPUYHA SHEprHja, ce MPUJOHECYBa 3a 3allTUTA Ha >KHBOTHATA
CpeIVHA U 3a 3rojieMyBam-e Ha EKOHOMCKHOT pa3Boj Ha PenmyOimka Makenonuja.

Knyuynu 300poBu: domosormauuen cucmem, OOMAKUHCMBA, NOCMABEHOCH, eNeKMPUUHA
enepauja

1 BOBE]

Edextute om rmobamHOTO 3aTOImTyBame, Kako M MacOBHaTa ymoTpeda Ha KOHBEHIIMOHATHUTE
W3BOPH Ha €HEPruja c¢ MOBEKe M MOBEKe MMaaT TOJIEMO BIIMjaHHE BP3 KMBOTHATA cpequHa. Co 1en aa
ce 3a4yBa JKMBOTHATa CPeMHA Ce COo3/1aBa M MmoTpedara 3a IMPOM3BOACTBO Ha EIEKTPHYHA SHEpTuja o
obHnoBnMBH M3BOpH Ha eHepruja [1]. TlosHaro e meka co ymorpeba Ha (OCHIHHTE TOpHBa BO
MIPOM3BOACTBOTO Ha €JIEKTPUYHA €Hepruja Bo aTMocdepara ce ucmymTa roaemo konmgaectso Ha COo,
KOCILTO MPUIOHECYBA BO 3roJIeMyBabe Ha 17100aaHoTO 3arorutyBame [2]. ConapHarta eHepruja e eqHa
OJ1 HajBeTyBaYKHTE OOHOBIIMBHM M3BOpU Ha eHepruja. [locnennuse 10 romuHu, conapHaTa eHepruja
3eMa CHJIGH 3aMaB Kako M3BOp Ha EIEKTPUYHA €Hepruja BO cBETOT. CBECHW 3a IMOCIEOULUTE OJ
r7100aTHOTO 3aTOIUTYBamke, EKOHOMCKH Pa3BHEHHTE 3€MjU TO MoTnumaine [lapuckror 10ropop co men
Jla ce 3rojieMH yroTrpebara Ha OOHOBJIMBUTE U3BOPHU Ha eHepruja [3].
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Crenejku rv OBHE CBETCKHM TPEHAOBU M BO HallaTa 3eMja ceé BOBEAYBaaT OAPEICHU M3MEHU BO
3aKOHOT 3a €HepreTHka, efHa O] HUB € W Nubepanu3auujaTa Ha mazapor Ha crpyjata. Co oBue
MIPOMEHN K& C€ OBO3MOXKM TOJeM Jel OJf JAOMakMHCTBaTa Ja MMaaT MOXHOCT Ja HMHCTalaupaaT
¢doToBONTAMYHM CUCTeMH Ha cBouTe noMoBU [4]. JlomMakuHCTBaTa MOXKAaT Ja ja KOPUCTAT
eNeKTpUYHATa EHEprrja co3/a/ieHa oJl OBUE (POTOBONTANYHH CHCTEMH 3a CONICTBEHH MOTPEOH MIIH MaK
BHIIOKOT TIPOM3BE/ICHA eJICKTPUYHA EHEprrja Ja IO BpakaaT BO MpeKara.

Bo 0B0j Tpyn e mpercraBeHa mocTaBeHOCTa Ha ()OTOBOJNITAMYHUTE T€HEPATOPH Ha MOKPUBOT HA
JOMaKHMHCTBaTa BO 3aBHCHOCT OJf OPUEHTUPAHOCTa HAa CAaMHOT CHCTEM, Kako H MpOQHIoT Ha
MOTPOIIyBayKa Ha €THO MPOCEYHO MAKETOHCKO CEME]CTBO.

2 IHOCTABEHOCT HA ®OTOBOJTANYHHUOT CUCTEM

[Ipon3BOACTBOTO Ha eNEKTpUYHA eHepruja o1 (OTOBOJITAWYHUTE CUCTEMH 3aBHCH OJi HUBHATA
nocraBeHoct [5]. McnuryBamara ce HamnpaBeHH 3a ()OTOBOJITAWYEH CUCTEM CO MOKHOCT ox 5 KWp,
MOBp3aH Ha WHBepTOp co MOKHOCT o1 5 KW. Co mern ia ce mpecMera OnTHMaiHaTa MOCTaBEHOCT Ha
q)OTOBO.]'ITaI/I‘IHI/ITe CHUCTEMH BO JlOMaI’(I/IHCTBaTa, AHAJIM3WpaHU C€ YCETHUPU ClIydau. Bo Hus
(hOTOBONTAMYHUOT CUCTEM € TIOCTaBEH MOJ aroi oa 25°. Bo mpBHOT ciiy4aj CHCTEMOT € MMOCTaBeH KOH
jyT, BO BTOPHUOT KOH HCTOK, BO TPETHOT KOH 3amaJ U YeTBPTHOT € KOMOMHAIM]ja O UCTOK U 3armal.
[IpecMeTkuTe ce JOOMEHU CO MOMOIII Ha IIporpamMoT PVsyst.

2.1 ToctaBeHocT HA (P OTOBOJITANYHHOT CHCTEM KOH jyT

IMocTaBeHocTa Ha (HOTOBONTAMYHUOT TEHEPATOP KOH jyr € IIEMAaTCKH NMPUKaKaH Ha ciiuka 1.
'ogumIHOTO MPOM3BOICTBO HA EIEKTPHYHA €HEeprHja O OBOj CHCTEM II0 MECEIH € NMPETCTaBeHO Ha
ciuka 2. BKkynHaTta npon3Be/ieHa eJIeKTpUYHa eHeprija Ha TOAMIIHO HUBO u3HecyBa 7,09 MWh.

& T T T T T T T T T T T
- I Lc : Collection Loss (PV-armay [0sses) 0.45 KVih&Wp/day

7+ Ls - System Loss (inverter. ...) 0.17 KWnAWpiay 4
I ¥1: Produced usetl energy (Inverter cutput) - 3.85 KWIVKVipiday

[

gy

Nerraliza

i Jan Fed Mar Apr May Jun Jud  Aug Sep Oct Nov Dec
C. 1. TlocTaBeHOCT KOH jyr Cn. 2. T'ogumiHo Ipon3BOICTBO Ha €ll. CHEepruja

2.2 TlocTraBeHOCT HA (DOTOBOJTAMYHUOT CHCTEM KOH HCTOK

[TocraBeHocta Ha (OTOBONTAMYHHOT TEHEPATOp KOH HCTOK € TNpHKakaHa Ha Cluka 3.
'omumIHOTO MPOM3BOICTBO HA EIEKTPHYHA €HEeprHja O OBOj CHCTEM II0 MECELH € IPETCTaBEeHO Ha
ciuka 4. BKynHaTta npou3Be/ieHa eJIeKTpUYHa eHeprija Ha TOAMIIIHO HUBO U3HecyBa 5,87 MWh.

g T T T T T T T T T T T

Lo : Collection Loss (PV-array losses) 0.37 KWh&Wp/day
Ls - System Loss (Inverter, ...) 0.15 KWnxWp/day -
Y7 Produced useful energy (Inverter cutput)  3.13 KWKWpiday
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Noemalizad

“Jan Fep Mar Apr May Jun  Ji Aug Sep Oct Nov Dec

Cn. 3. ITocraBeHOCT KOH HCTOK .
Cn. 4. ToauiiHo MPOU3BOJCTBO HA €11. CHEpruja




2.3 IlocraBeHOCT Ha (l)OTOBO.TITaI/I‘lHI/IOT CHUCTEM KOH 3almaja

ITocraBenocta Ha (OTOBONTAMYHMOT TIEHEpPATOp KOH 3amaj € IpUKaXkaHa Ha Ciuka 5.
'oauuHoOTO MPOM3BOACTBO HA EIEKTPUYHA €HEPruja Ol OBOj CUCTEM II0 MECELH € MPETCTaBeHO Ha
cika 6. BkynmHaTta npou3BeieHa eJIeKTpUYHa SHeprija Ha FOAMIIHO HUBO u3HecyBa 5,88 MWh.

g T T T T T T T T T T T
3 l Lc : Collection Loss (PV-array losses) 0.4 XWRKWpiday

7+ Ls : System Loss (Inverter, ...) 0.15 KWnAWpiday 4
| ¥1: Proguced usetul energy (Inverter cutput) 3.2 KWRKWpIgay

[ e

Enengy

Normalzad

0
Jan Feb Mar Apr May Jun XM Aug Sep Oct Nov Dec

Cn. 5. TlocTtaBeHOCT KOH 3aman Cn. 6. ['onuIiHO MPOU3BONICTBO HA €J1. CHEpruja

2.4 TloctaBeHocT HAa (POTOBOJITANYHHOT CHCTEM KAKO KOMOMHAIMja O HCTOK M 3anaj

ITocraBeHocra Ha (POTOBOJTAMYHMOT T'EHEPATOP Kako KoMmOuHanuja ox 2,5 kW kol 3aman u 2,5
kW KOH HCTOK € ImpHKa)kaHa Ha ciuka 7. [[0JUIIHOTO NMPOU3BOJCTBO Ha €IEKTPUYHA EHEPrUja Ol OBOj
CHCTEM I10 MECEId € MPETCTaBeHO Ha civka 8. BkymHaTa mpousBeleHa €lEeKTpUYHA €HEpruja Ha
TOIMIITHO HUBO M3HecyBa 5,82 MWh.

g T T T T T T T T T T T
3 . Lc : Collection Loss (PV-amray losses) 0.38 KWhAWpiday

7+ Ls - System Loss (Inverter. ...) 0.13 KWnAWp/day R
| ¥1- Proguced usetul energy (Invertercutpat) 321 KWHKWpIday

Eneigy [N Acay)

Necmalza

Jan Feo My Apr May Jun Jd  Aug Sep Oct Nov Dec

Cn. 8. T'opuiiHO pOU3BOJICTBO Ha €I1. eHepruja
Ca. 7. TloctaBeHOCT cO KOMOMHAIIM]a KOH UCTOK U
3aman

3 JOBUEHA MOKHOCT oa POTOBOJTANYHUOT CUCTEM BO
JOMAKHNHCTBATA

Co men ma ce mpecMera ONTHMAlHATa IIOCTAaBEHOCT Ha (DOTOBONTAMYHHOT CHCTEM BO
JOMaKMHCTBaTa 3€MEHM Ce IOJAaTOLM 3a YacOBHATa IOTPOLIyBadKa Ha €JIEKTPUYHA €Hepruja Ha
MPOCEYHO MAaKEIOHCKO cemejcTBO. OBHE MOZATOLM CE€ 3€MEHH BO BpEeME O €AHA TOAWHA.
IIpecmerkaTa e HampaBeHa 3a paOOTHHTE IEHOBH BO €AHA ceaMHuLA, caboTa M Hexena. YacoBHarta
MOTpPOILyBayKa Ha €JIEKTPUYHA EHEPruja 3a OBHE JIEHOBU € ycpenHaTa BO TEKOT Ha €lIeH Mecel]
MOEAWHEYHO, CO LN Ja Ouje MOoeTHOCTaBHO 3a MpecMeTKa. ['oAMIIHaTa MOTpOIIyBadyka HAa €IHO
MIPOCEYHO MAaKEIOHCKO ceMejcTBO u3HecyBa 8,34 MWh. Ananuzarta ce cocrou of criopenda momery
MpOCEeYHaTa YacOBHA MOTPOLIYBAadyKa Ha €IHO NPOCEYHO CEMEjCTBO M NPOU3BEIEHATA EICKTPUYHA
eHepruja on poroBonaTanyHUOT cucteM. O aHAJIM3aTa MPOU3JIETYBa KOJIKY €IeKTPHUYHA €Hepruja BO
TEKOT Ha €ZIeH JIEH CE 3eMa OJ MpeXa, a KOJKY Ce Bpaka Kako BHILIOK. 3eMeHaTa eJIeKTpUYHa eHepruja
ol Mpea ce oTKymyBa o 10 eBpo LeHTH, JozeKa MaK eHeprujaTa KojallTo ce Bpaka BO Mpexa ce
OTKynyBa 3a 4 eBpo nentu [6]. Ha aujarpamure npukakaHu MoAoy € MPECTaBeHa ITOCTABEHOCT Ha




q)OTOBOHTaI/I‘IHI/IOT CHUCTEM BO I[OMaI’(I/IHCTBaTa Ha MCCCYHO HHMBO BO TCKOT Ha €JHa IroJuHa, BO
3aBHUCHOCT O nosmmjaTa Ha (I)OTOBOJ'ITaI/I‘IHI/IOT cucteM. Bo Tabema 1 e IMPUKAXaHO KOJKY

CIICKTpHU4YHa eHepera BO TCKOT Ha €ACH MCCCIl CC€ 3€Ma, a4 KOJIKY C€ Bpaka BO MpEXKa BO IICpuoa o4
€ACH MCECCII BO ICHAPH.

3.1  JIOBUEHA MOKHOCT O] ®OTOBOJTAMYHUOT CUCTEM BO PABOTHHU
JEHOBU

Ha cnenuure rpadunm e nprukaxxaHa HCIUIATIMBOCTAa Ha (POTOBOJITAMYHUOT CUCTEM BO pabOTHH
JICHOBH TI0 Mecelr. Pe3ynraTute ce ycpeaHaTy 3a cuTe paOOTHH JIeHOBH (O[] TTOHECSITHUK IO METOK)
BO TEKOT Ha ejieH Mmecen. CBETJIO CHHATa JIMHHUja ja O3HAauyBa MOTPOIIyBayKaTa Ha EINEKTPUYHA
CHEpPruja COOJBETHO 3a CEKOj Mecell, IpBEHAaTa JIMHHMja ja O3HAaYyBa MpPOU3BENCHATa CICKTPUYHA
€HeprHja Mpou3Be/icHa KOra CHCTEMOT € MTOCTaBeH KOH jyr, CHBaTa JIMHUjA KOTa CHCTEMOT € TIOCTaBeH
KOH HCTOK, JKOJITaTa JIMHUja KOra CHCTEMOT € IMIOCTaBeH KOH 3amaj ¥ TEMHO CHHATa JIMHHja O3HaYyBa
MOCTaBEHOCT Ha CHCTEMOT CO KOMOHMHAIlMja MCTOK W 3amaj. JlereHmara e mcra 3a CUTE OCTaHATH
rpaduim. McToTo e HanmpaBeHo | 3a JACHOT caboTa U Helena OJICIHO.
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JTOBMEHA MOKHOCT OJI ®OTOBOJTAUYHHUOT CUCTEM BO CABOTUTE
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Ha taGenara mogony ce nmpuKakaHU pe3yATaTuTe AOOHMEHM O cUMynauujaTa. Moxe 1a ce BOOUH 3a

CeKoja MOCTaBEHOCT MOEAMHEYHO KOJIKY €IEeKTpUYHa E€HEepruja 3a KyIyBa Ol Mpexa, a KOJIKy ce
npozxaBa MeceuHo. Ha kpaj pesynrature ce cyMUpaHH Ha TOAUIIHO HUBO BO JCHAPU.




IMoctaBenoct  koH | [TocraBenoct  koH | [TocraBeHocT — koH | [TocTaBEHOCT — KOH
jyr UCTOK 3amajn 3amaJi ¥ ICTOK

Mecerr | KyneHa | mponmajieHa | KyleHa | MpoJajieHa | KylieHa | MpojajeHa | KylieHa | MpojajieHa
(men.) | (men.) (men.) | (men.) (men.) | (men.) (men.) | (men)

Jan. 2384 493 6227 1712 2560 155 2473 126

Des. 2085 548 7225 2106 2153 297 2087 279

Map. 2019 808 5844 1553 2145 455 2062 445

Armp. 1501 1186 7752 2334 1775 984 1645 935

Maj 1944 703 7013 2037 1953 478 1878 489

JyH. 1858 1133 7075 2030 1753 1020 1657 968

Jyn. 1845 1072 6644 1844 1808 874 1706 900

ABT. 2030 921 4969 1178 2014 649 1878 578

Cer. 1962 877 5044 1230 2030 645 1891 574

OkT. 2180 594 2891 378 2325 314 2191 259

Hoe. 2232 292 3525 635 2336 156 2271 75

Jex. 2257 478 2694 302 2454 212 2321 147

Bkymmo: | 24297 | 9105 66903 | 17339 25306 | 6239 24060 | 5775

4 3AKJIYYOK

Bo o0Boj Tpyn e mpercraBeHa TIOCTaBEHOCTa Ha (OTOBOITAUYHUTE TEHEPATOpH BO
nomakuHcTBaTa. Cropen OpojoT Ha COHYEBM JICHOBHM M KIMMAaTCKUTe YycioBH, PenyOmuka
MakenoHuja e TIOBOJIHA TEPUTOPHja 38 WHCTAJIUPame Ha (JOTOBOJITAMYHH CUCTEMH 32 TIPOU3BOJICTBO
Ha eJeKTpu4Ha eHepruja. IlpecmeraHute pesyiaratu ykaxkyBaatr naeka 3a 5 kW ¢doroBonranueH
CHCTEM MHBECTHIIM]jaTa u3HecyBa 4 640 eBpa, MOBpIIMHATA KOjaIITO Ke ja 3ad)aka oBOj cucteM ¢ 29
m?. O HCIIMTYBAaHATA TIOCTABEHOCT HA CHCTEMOT Pe3y/ITaTHTE MOKaXkaa JeKa Kora ()OTOBONTaHIHHOT
TEHEepaTop € IOCTaBeH KOH jyI HWMa HAajIIOBOJIHO TIPOM3BOACTBO Ha CIEKTpUYHA CHEpPrHja 3a
noMakuHcTBa. Of MONATOKOT JieKa TOJUIIHATA MOTPOIIyBavYKa Ha IMPOCEYHO MAKETOHCKO CEMEjCTBO
Ha enekTpuuHa enepruja e 8,34 MWh (46 000 men.) , ce moara m0 3aKJIy4OK J€Ka CO ITOCTABEHOCT Ha
(hoTOBONTAMYHHOT TeHEepaTop KoH jyr ce 3amreayBa 31 000 men rogummo. Co oBaa MOCTaBEHOCT HA
(HhOTOBOATAMYHUOT T€HEPATOP, BPaKkameTOo Ha HMHBECTHIMjaTa 3a cUCTeMOT ¢ 9 romuuu. On oBue
CUMYJAITH MOKE JIa 3aKITy4H Jieka (OTOBONTANYHHUTE CHCTEMH KaKO W3BOP Ha CIEKTPUYHA CHEPIHja
ce MHOTY TTOBOJTHM 32 KOPHCTEHE 32 CONCTBEHH MOTpedr BO MoMakmHCTBAaTa. CO MCKOPUCTYBAHETO
Ha COHYeBaTa €Hepryja 3a MPOW3BOJACTBO Ha EIEKTPUYHA €HEepruja, He caMoO INTO C€ 3ajaKHyBa
eKOHOMHjaTa Ha JpKaBaTa, TYKy U C€ HaMallyBa 3ara/lyBame Ha )KHBOTHATA CPEIHHA.

5 BJIAI'OJAPHOCT

bu cakane ma n3pasmume orpomHa 6marogapHocT 1o Gupmata MHTE6aK0 ¥ HEJ3SHHUOT CONICTBEHUK
r-nmuH Anexcanaap TomneBcku, Koj 0e3pe3epHo HH MOMOTHA BO pealin3anyjata Ha TPYAOT.
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PLACEMENT OF PHOTOVOLTAIC GENERATORS IN HOUSEHOLDS WITH
DIFFERENT ROOF ORIENTATION

ABSTRACT

Due to the rapid development of the technologies, photovoltaic systems are increasingly used in
the electrical energy production. The massive use of photovoltaic systems decreases their prices and
improves their efficiency.

This paper presents the cost-effectiveness of the photovoltaic systems in the households. The
photovoltaic system that is being tested has power of 20 kWp and is connected to an inverter with a
power of 10 kW on the AC side. Based on the placement of the photovoltaic system there is a
different amount of produced electrical energy. Four cases are considered: when the position of the
photovoltaic system is set to the south, west, east and a combination when power of 10 kWp is set to
the south and east. In all cases, the placement of the photovoltaic system is at an angle of 25°. The
calculations are made using the Samil Power Design software and the results are presented on graphs.
The results are compared with the average hourly electrical energy consumption of a Macedonian
family. According to this comparison, there are calculations about how much energy is withdrawn
from the electrical grid during the day and how much energy is returned to the electrical grid. The
calculations were made for every day of the week.

The aim of this paper is to present the cost-effectiveness of the photovoltaic systems in the
households and to increase their use. Their use contributes to environmental protection and increases
the economic development of our country.

Key words: photovoltaic system, households, placment, electricity
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EXPERIENCE OF USING A SOLAR COLLECTOR IN A HOUSEHOLD

ABSTRACT

The development of the technology in the last few decades has enabled us to use the solar energy
in many effective ways. Although it is not yet an economic competitor compared to conventional
energy sources, systems are still being installed thanks to the cost-effectiveness of using this type of
clean energy. The production of heat with solar collectors for obtaining hot sanitary water is one of
the most acceptable ways for the environment. In the Republic of Macedonia annually there are
approximately 280 sunny days, resulting in high cost of use of solar collectors in households.

In that way, this paper examines a case in which the experience of using a solar collector is
analyzed over a period before and afterits installation on a house in which a five-member family lives.
The main objective is to demonstrate the cost-effectiveness of this system by reducing energy
consumption and the time of investment recovery.

The obtained results help us to get a realistic assessment of the use of the above mentioned
system and the efficiency of using solar energy.

Key words: solar collector, household, energy efficiency

1 INTRODUCTION

The twenty-first century is forming into the perfect energy storm. Rising energy prices,
diminishing energy availability and security, and growing environmental concerns are quickly
changing the global energy panorama. Energy is one of the keys to modern life which is providing
the basis necessary for sustained economic development. Finding sufficient supplies of clean and
sustainable energy for the future is the global society’s most daunting challenge for the twenty-first
century. A renewable energy revolution is our hope for a sustainable future. Clearly, the future
belongs to clean energy sources and to those who prepare for it now.[1][2]

Solar energy is the energy that is produced by the sun in the form of heat and light. It is one of
the most renewable and readily available sources of energy on planet Earth. So far, the development
of technologies enables full utilization of the solar energy in two ways:

- By utilizing the heat created by solar radiation, using solar thermal collectors
- With direct conversion into electricity, using photovoltaic cells

In Macedonia, solar energy is used at a symbolic level for heating water in households. But, the
geographical position and climate in Macedonia offer a very good perspective on the use of solar
energy. The total annual solar radiation varies from a minimum of 1250 KWh / m? in the north to a
maximum of 1530 KWh / m2 in the southwest, leading to an average solar radiation of 1385 KWh /

m2.
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1.1 Solar collector

A solar collector is a device that collects and/or concentrates solar radiation from the sun. These
devices are primarily used for active solar heating and allow the heating of water for personal use.
Solar collectors are generally mounted of the roof and must be very sturdy as they are exposed to a
variety of different weather conditions. The use of these solar collectors provides an alternative for
traditional domestic water heating using a water heater, potentially reducing energy costs over time.

There are many different types of solar collectors, but all of them are constructed with the same basic
premise in mind. Some types of them are: flat-plate thermal solar collectors, evacuated-tube solar
collectors, solar-thermal bowl collectors, line focus collectors.[3]

Flat-plate thermal and evacuated-tube solar collectors are the most commonly used types in our
country. The vacuum-tube collectors can be used throughout the whole year and throughout the whole
day while flat-plate collectors have high efficiency during warm periods and the biggest amount of the
energy is produced in the middle of the day. The installation of vacuum-tube collectors is simpler than
the one of the flat-plat collectors which is complicated because of their big surface. On the other hand,
flat-plat collectors are much cheaper and their construction is much simpler than the one of the
vacuum-tube collectors. Also, they are more aesthetically acceptable and with the possibility of
integration into the facade. These are the main reasons why flat-plate collector was chosen to be
installed on the roof of this house.[4]

There are also, two types of systems for water heating: active and passive system. The difference
between these two types is that passive systems do not need pumps to aid water flow and the water
tank is placed above the level of the collector.[4]

Stainless Steel Tank

(potable hot water)

Heat Exchanger

SOUAR HEATEO WATER  “,
RETURNS TO TAWK

........

'
H |\
' =
'
'
'

.Y ! Solar Fluid

[ L (heated)

WATER

ouTuT

0
HoME SOLAR

COLD WATER INET

Figure 1. Active system for water heating Figure 2. Passive system for water heating

The type of solar collector we are analyzing in this paper is a flat-plate thermal solar collector
with passive system for water heating. As shown in the figure 3, flat-plate solar collector that is used
by this household consists of the following components:

Insulation

S

Figure 3. Components of a flat-plate solar collector

12




1. An absorber plate, treated with a selective surface coating to increase the fraction of
incoming radiation absorbed

A transparent cover, or glazing, which limits the radiation and convection heat losses

A layer of insulation, which reduces conduction losses

An enclosure (frame) to contain the different elements

Flow tubes through which the heat transfer fluid circulates

gl wn

2  WORKING PRINCIPLE OF FLAT-PLATE COLLECTORS

The solar collector we are analyzing is south oriented and it’s located on the roof surface of the
house. Additionaly, it consists of two panels with dimensions 2006x1005x85 and it weighs 33kg.

Figure 4. Flat-plate solar collector with water tank placed above

The absorber plate is the main element of the flat-plate collector. It covers the full aperture area of the
collector and is made out of metal material such as aluminum. The absorber plate is black, since dark
surfaces demonstrate a particularly high degree of sunlight absorption. The purposes of the absorber
plate are:

- To take up the maximum possible amount of solar irradiance, which means it has high
absorption (0.95)

- To lose a minimum amount of heat back to the surroundings. This loss mechanism is a
function of the emittance of the surface (0.05)

The transparent cover, or glazing is made of tempered low iron glass. Glass transmits most
radiation in the visible spectrum, but does not transmit much in the infrared region. This phenomenon
gives origin to the greenhouse effect inside the collector. Inside the collector the increase in
temperature is caused by incoming solar radiation, at the same time as outgoing thermal radiation is
blocked by the glass cover.

In flat-plate collectors, the sides and back surface of the absorber plate incorporate good
insulation made of rock wool to reduce conduction losses. The insulation thickness is 50 mm which is
enough to make this kind of heat loss insignificant.

The enclosure is the collector housing. Its main purposes are: to protect the absorber from the
weather, to secure the complete collector and to reduce back and side heat losses. The case must be
insulated to avoid loss of useful heat. The enclosure is made from aluminum.The pipes taking hot
fluid from a solar collector to a storage tank can reach temperatures to 90°C. Copper is the material
which is used for the pipes.
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The working principle of a flat-plate collector with passive system for water heating is shown on
figure 5.

The water tank has a volume of 200 | and is placed above the level of the collector. It consists of
a heat exchanger through which the heated fluid from the collector circulates and there is an electric
heater for heating the water in winter conditions or cloudy days. In winter, if the temperature goes
over -20 °C it is necessary to use Glycol/water mixture.

Hot Water Flow Thermosyphon
Hot Water System

Hot Water ’
Storage Tank ‘,,Q\:
fa N\
b\ /‘;" Solar

C old Water Return

y Flat Plate
Collector

Figure 5. Working principle of a flat-plate collector with Thermosyphon hot water system

The water heated by the sun rises naturally using convection through the solar collectors pipes and
enters the storage tank situated above. As the heated water enters the storage tank above, the cooler
water is forced out and flows down to the bottom of the collectors aided by gravity as cold water is
more dense than hot water. This cycle of hot water rising and cooler water falling is known as a
“thermosyphon flow” and continuously repeats unaided while the sun is shining.

3 RESULTS

The research we made on the analyzed collector is for the period before October 2016 (when
the collector was mounted) and after its installation. The results are shown through several graphs.

Periodically fullfilling the needs for hot water
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Figure 6. Periodically fullfilling the needs for hot water
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The solar heating system fullfills 90-100% of the needs for hot water in summer, 50-70% of the
needs in autumn and spring period while in the winter period 10-25%.

On figurre 7 is shown the comparison of financial means spent for electricity during a period of
4 years. The financial means spent in 2017 and 2018 are significantly lower than the ones before the
installation.

Comparison of financial means spent during a period of 4 years
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Figure 7. Comparison of financial means spent during a period of 4 year

On figure 8 we can clearly see that the means for electricity spent on an annual basis are
lowering each year.

Comparison of financial means spent on an annual basis
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Figure 8. Comparison of financial means spent on an annual basis

The difference of the electricity consumption before and after mounting the collector is clearly
shown on figure 9. In some parts of the graph it can be noticed that electricity consumption is lower
before setting up the collector on the roof. Also, the energy consumption after placing the collector
seem to just 10% lower according to the graph than in the year when there was no collector yet.
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This appears as a consequence of adding two more heaters in the household almost in the same time
when installing the collector. The heaters consume an average value of 1000 kWh each during the
heating season..

Consumption of electricity
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@ Before installation of collector W After installation of collector

Figure 9. Consumption of electricity

The practice showed that 1 m? of solar collector generates savings of about 750 kWh per year
or in our case 3000 kWh because we are examining a solar collector with an area of 4 m?2. If we
convert these numbers into money, we get the following results. If we calculate it at a price of 2,78
MKD which is a price for low tariff we are saving 8 340 MKD annually. Additionally, if we calculate
it at a price of 5,54 MKD which is a price for high tariff we are saving 16 620 MKD annually. We can
assume that average saving is 12 480 MKD annually.

Investment costs for this solar water heating system were 50 000 MKD. Since setting up the
collector (two years so far) there were no maintenance costs, but we do not exclude the possibility of
possible damages and additional repairing or maintenance costs. Most maintenance issues will be
dictated by environmental conditions such as the location of the installation and weather conditions.
After calculating the ratio of the collector price and the average saving we get the time of the
investment recovery which is 4 years. Since the life span of the collector is 25 years we can consider
that after the payback time the collector will work 21 years with profit equal to 262 080 MKD.

Also, we should know that the price of the electricity can grow higher each year, which means
that the investment recovery can happen in less than 4 years.

4 CONCLUSION

Solar energy is widely applied to household nowadays because of its advantages. Most
importantly, solar energy for water heating is renewable and environmental friendly, which means it's
not producing pollution like fossil fuels. As a clean and renewable energy source, it does not release
harmful gases like nitrogen oxide or carbon dioxide, which are the causes of global warming.

Solar thermosyphon hot water system is easy to be established in a house. In addition, solar
collectors can be easily installed on the rooftops and do not require any wires or cords. Because they
are installed on the rooftops, they will not occupy extra place at home, which is very convenient.

In other words, applying solar collectors can save a lot in the electricity bills for a household in a
long-term period and even gain some income as we proved with a real case in this paper.
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JAUCTPUBYUPAHU EHEPT'ETCKH U3BOPU — ®OTOBOJTANYHA
HEHTPAJIA UHCTAJIMUPAHA HA IIOKPUB HA CTOITAHCKH CYBJEKT

KYCA COAPKHNHA

JuctpubyrpanuTe eHepreTcki U3BOPHU JIOIUPAHH OJ] CTpaHaTa Ha MOTPOLIYBAYUTE JICHEC
U BO MHOTY Osmcka HWJIHWHA Ke npercraByBaar rojieéM NpeaAn3BHUK U MOXHOCT 3a MHBECTUTOPUTE U
KpajHHUTE MOTPOIIYBaYH O] €JJHA CTPpaHa U MPEXHHUTE ONepaTopH Of Jipyra cTpana. TexHonorujara Ha
JuctpubyrpaHuTe EHEPreTCKH U3BOPH Koja € JepUHUpaHa Kako MPOM3BOJCTBO Ha eHepruja “behind
the meter” u ckIaaMpameTO Ha €HEPrHja BO COOJBETHHU CKIaauiIHK (OATEPUCKHU) 3a AeT OJHOCHO 3a
CUTE MOTPEOU O €JCKTpUYHATA eHepruja Ha KoHCyMeHToT. TepmuHonorujata “behind the meter”
3Ha4YM U3BOP Ha EIEKTPUYHA CHEPTHja KOj FeHepaHo He € TIOBP3aH Ha JUCTPUOYTHBHATA MPEXa TYKY
¢ HagBop (mo3amu) Hea. Bo yciaoBu kora OaTepuuTe C€ CEYIITE CKalla OMIMja eIeH OI MPEOTHUTE
HAYMHY 3a TIOroJieMa 3acTaneHocT Ha J[ucTpuOyrpaHuTe eHEpreTCKH M3BOPU € ONTHMH3HPAmETO Ha
MOTpeOUTE Off €HEepPrHja 3a KOPHUCHUKOT OJHOCHO HWHCTAMpame Ha (POTOBONTAMYHA IIEHTpasa CO
roMaJia MOKHOCT O] TIOTpeOHaTa U CO TOa 33I0BOJIYBA-C Ha JIEI OJ1 MOTPEOUTE Ha KOPHCHUKOT, JIOJIeKa
OCTAHATHOT eI OM Ce 3aJI0BOJIYBaJl MPEKY MOCTOJHHOT TUCTpHOyTHBEH cucteM. [loBp3yBamero co
JTMCTPUOYTHBHUOT CHCTEM TEXHOJIOIIKA U aIMHHUCTPATHBHO € HEOMXOJHO HE caMo Mopaad (GakToT
IITO €BEHTYAIHUTE BUINOIM HAa EHEpPTUjaTa MPOU3BeAcHA BO (POTOBOJITANYHATA IICHTpalia ke MOXE Jia
Ce HacouaT Ha JApYyr KOPUCHHK TYKYy U IIOHATaMy CO BOBeayBameTo Ha ‘“‘Net metering” kako opma Ha
pa3MeHa Ha KyleHa eHeprija oj TUCTPUOYTUBHUOT CHCTEM M MPENaJICHUTE BUIIOIH Ha MPOU3BEICHA
eaepruja. Bo ycmoBu kora ‘“Net metering” ke ce BoBene BO HAHHOT JTHOEpaTu3vpaH Ia3ap Ha
eNeKTpUYHa €Heprija TOrall W 3rOJIEMYBAameTO Ha MOKHOCTAa M y4ecTBOTO Ha JluctpmOympannte
EHepreTCKU M3BOPH Ke Omie HajHOpMajIHa IojaBa.

EnHeprerckara nonuTuka v MpaBuUiiaTa Ha JUCTPUOYTUBHUOT OMEPaTOp K& MMAaT CHUITHO BIIMjaHHUC
Bp3 HHTErpanujaTa Ha Juctpubynpanute eHepreTcky n3Bopu. OBHe MpaBuiia Of €Ha CTpaHa Tpeda aa
T'¥ 3eMaT BO MPEJBH KOH(UTYpaIfjaTta i OrpaHHYyBamkaTa Ha MpeXarta, HO OJ1 Ipyra CTpaHa Mopa Ja
Ce BOCIIOCTaBU JICIICHTpaJM3MpaHa paMKa KaJe Ke ce TOCAHOCTABAT aJMHHUCTPATHBHUTE
(hOpMaTHOCTH 32 MPHUKITyYYBahe HA MPEKa HA OBUEC H3BOPH.

Co BOBeIyBamETO BO CHJIA HA HOBHOT 3aKOH 33 CHEPTeTHKA Ce 04EKYBa CPETyBamke Ha COCTOjONTe
BO oxHOC Ha JluctpuOynpanure eHeprercku n3BopH. OCoOEHO cO TOHECYBAMETO HA TON3aKOHCKHUTE
aKTH TOYHO Ke ce JeUHIpa METOMONoTHjaTa U HAYMHOT Ha (yHKIMOHUpame Ha Jluctpubynpanure
SHEepreTCKH U3BOPH M HUBHOTO ITOBP3YBambe CO OCTOJHUOT JUCTPUOYTHBEH CHCTEM a MPEKY HEro U co
OCTaHATUTE YYECHUIIM BO Ma3apoT Ha eNeKTPUYHA eHEepTHja.

Bo oBaa mpeseHTanmja Ke ce aHANIM3UPAAT JETOBH O OCHOBHHOT NMpoekT Ha doToBoiTaMYHA
LEHTpajla WHCTAJIMpaHa Ha MOKPHUB Ha CTOIAHCKH cy0jekT Bo CTpyMHIIa CO MHCTAJIMPaHa MOKHOCT OJ1
P =100 kW u HaunHOT Ha cHaOAyBame HA OBOj KOPHCHUK IIPEKY €IEKTPHUYHA €HEepruja Mpou3BeacHa
0]] OBaa LIEHTpaJja 1 eJIeKTpHUYHa eHepruja npe3eMeHa NpeKy AUCTPUOYTUBHUOT CUCTEM. 3eMajKu o BO
npeaBua (pakToT MTO MOTpedHaTa MOKHOCT Ha 0BOj moTpornyBay nzHecyBa 180 KW crenysa ieka opaa
LeHTpajia Ke 3aJ0BOIyBa CaMo JieJl O HOTpeOHaTa elNeKTpHuYHa eHepruja.
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Kayuynn 300poBH: (QOTOBONTAMYHM CHUCTEMH, COHUEBO 3pavcHe, CICKTPUYHA CHEpruja,
cHaOmyBame CO eJIeKTpHUYHa eHepTrja

1 COHYEBOTO 3PAYEILE U TEMIIEPATYPATA HA BO3AYXOT

Bo ®oroBontanyHKUTE HEHTPAIH CE BPIIHU AUPEKTHA TPaHCPOpMalMja Ha SHEeprujaTa Ha COHYEBOTO
3paycme BO CNEKTpUYHA eHepruja. 3a nma ce oreHaT nepdomancute Ha DOTOBONTAMYHA IEHTpasa
noTpeOHO € Jia ce TMO3HAaBaaT MOJATOLUTEe HAa COHYCBOTO 3paveke 3a JIOKaIMjaTa KaJue HcTara e
moctaBena. Cropen momaronute ox SOLARGIS,[1] JYTOUCTOYHUOT AEJ O]l Peny6iuka
Makenonuja, moceOHO pernoHoT Ha CTpymuIia H300MIIyBa CO rojieMa I'yCTHHA Ha €HEprja Ha COHUCBO
3padere, Koe Ha TOIUIITHO HUBO € MpukaxaHo Ha Crnuka 1

Cauka 1. Mana Ha npoceyHa Ir'yCTHHA Ha eHepruja Ha COHYEBO 3paveme Bo P. Makenonuja

JlokarmmjaTa kazae e usrpajgena MoroBoiTandHaTa IIEHTpajia Ha KpoBOT Ha cybjekToT EquacTBo A/
CrpymuIia e MoajIo’KHa Ha rojieMa COHYEBa paarjairja co MpoceyHa TOIUIIHA TYCTHHA Ha eHEprija
Ha COHYeBO 3pademe o 1590 KWh/m2. Ho, 3a oricTojHa v penn3Ha aHajan3a IOTPpeOH! ce YaCOBHU
MOJIATOIX U TOA 32 TIOBEKETOIUIIICH MEPUO]] U UCTO TaKa MOTPEOHM ce IMOJATOIH 3a TeMIlepaTypa Ha
BO3IIYXOT M Op3WHA Ha BETEPOT.

Bo Tabema 1 mpukaxaHu ce BPEIHOCTHTE HA PETATUBHUTE METCOPOJIOIIKHA TOJATONH JTOOHCHH
Bp3 OCHOBa Ha 16 TouIIIeH epro Ha Mepeme, kane Ho[kWh/m2] ru mpercraByBa CpenHute MeceuHH
BPCAHOCTH Ha TJIOOATHO COHYEBO 3padeih¢ Bp3 XOPHU3OHTAIHA MOBpImHA, Ta,sr[oC] Cpemnute
TemnepaTtypH, Ta,sr min[oC] MUHUMATHN CpeqHH TeMIiepaTypu 1 Ta,sr max[oC] MaKCUMaIHH CpeTHU
TeMIepaTypH.

Meceu/MNapametap |jan |f eb [mar |apr [may |jun [jul |aug |sep |okt |nov |dek
Ho[kWh/m2] 56| 73| 117| 145| 194| 205| 218| 193| 147| 106| 67| 46
Ta,sr[oC] -0,8| 2,1 6,2| 10,8| 15,7 20| 21,9| 21,3| 17,1| 11,4| 56| 1,2
Ta,sr min[oC] -46| -2,11 09| 48| 88| 11,8| 13,3| 13,1 99| 58| 14| -25
Ta,sr max[oC] 3,5 6,9| 11,5| 16,4( 21,7| 26,5 29| 28,7| 24,7| 18,4| 10,8 54

Ta6esa 1. PeraTuBHU MeTeOPOIOLIKY NMOKA3aTeH 32 nepuox ox 16 roxunu

bunejku Hue ro pasrienyBame kako pedepeHTeH mecenr OxtomBpu 2018 roamHa 1mO HaBemeHaTa
METOo/0JIor1ja BpeqHocTuTe 3a Mecers OKToMBpH ce npercraBeHu Bo Tadena 2. Ce pa3dupa nooneHure
BPEIHOCTH HE MOXKAT J]a Ce 3eMaT KaKo perep TyKy caMo KaKo MOAAaTOK KOj Ce CIopeyBa BO OHOC Ha
eIIHa METOJI0NIOTHja.
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Meceu/MapameTap |OkTomspm 18
Ta,sr[oC] 16,0
Ta,sr min[oC] 9,3
Ta,sr max[oC] 22,1
Ho[kWh/m2] H/a

Tabesaa 2. Metponomku noka3areau 3a Oxkromspu 2018

Merononormku cnopeayBajku ro Okromspu 2018 co 6a3ara Ha METEOPOIIONIKY MOKa3aTeny o 16
TOAMHU MOXE Jla 3aKIydyuMe JeKa CPEJAHWUTE BPEOHOCTH Ha TeMIlepaTypara ce Haj TpPOCEUYHUTE
BpEIHOCTHU 0]1 0a3ara.

YacoBHHUTE TOJATOLM 33 INIOOATHOTO U JU(PY3HOTO COHYEBO 3pavyeHe BP3 XOPH30HTAIHATA
HOBPILIKMHA, KAKO U YaCOBHUTE MOAATOLM 33 TEMIIepaTypaTa Ha BO3IYXOT U Op3MHATa Ha BETEPOT Ce
renepupanu co nporpamara METEONORM (Ver. 6.0)[2]. 3a nokarujaTa Bo CTpyMulia IprKaXkaHH ce
CYMHpPaHUTE BPEIHOCTH HA HEKOU MapaMeTpH IPU IeHEPUPAETO Ha YaCOBHHUTE IMONATOLM U TOA:
MECCYHUTE BPEAHOCTH HA MHTEH3UTETOT Ha IVI00AJHOTO M JAU(Y3HOTO COHYEBO 3paucmke Bp3
XOpH30HTaNIHATa MOBpIIMHA Ha Civka 2 M JIHEBHUTE BPEJAHOCTH HA MHTEH3UTETOT HA COHYEBOTO
3payer-e Bp3 XOpH30HTaIHA ToBpIivHa Ha Ciinka 3 JIHeBHHUTE BPEIHOCTH HA CpelHaTa, MUHMMAIHATa
M MaKCHMaJiHaTa TeMIiepaTypa Ha BO3MyXOT ce npukakanu Ha Ciuka 4.

(kWhsm?) (xwwn)
asa aso

300 o0

250 aso

so so

=, — B g

Ciauka2. MeceuyHu BPE€AHOCTH HAa HHTEH3UTETOT Ha IJI00AJTHO U Z[l/l(l)yZ}HO COHY€BO 3pav€h€ BP3 XOPU3OHT
Ha MOBpPIIMHA

T T T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov Dec

Cauka 3. I[HCBHPI BPEJIHOCTH HA HHTCH3UTETOT HA COHY€BO 3pave€ih€ BP3 XOPU30HTA/THA MOBPIIMHA
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EITELARARRY

T T T =r T T T T T T T T T T T T T T |\ ;

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Cauxa 4. /lHeBHM BpeJHOCTH HAa TeMIIepATypaTa Ha BO3AyX0T(CpPeHa, MAKCMMAJIHA 1 MMHUMAJIHA)

2 BUCHHA HA XOPU3OHTOT U TATEKU HA COHLETO

3a oapeyBameTo Ha PacTOjaHUETO ITOMEly PEIOBUTE Ha TPYHHUTE 07 HOTOBOJITAUYHN MOIYJIH,
OJTHOCHO 3a €IIMMHUHUPAhE WIM MHHUMU3UPAkhE Ha 3aCCHYBAmBETO HA MOMIYJIMTE, OJ1 ONTHO 3HAYCHE €
MO3HABaKETO HA aroJioT Ha BUCHHA Ha XOPU30HTOT W MpOMEHATa Ha arojoT Ha BucuHata Ha COHIIETO
Ha nokarpjata. Ha Cnuka 5 [Ipukakana e BUCHHATa Ha XOPU30HTOT KOja € KOMITJYTEePCKH MarpaHa
co momonI Ha codTBepcka anarka. Ha mcrara cimka ce NMpHKakaHW MPOMEHUTE HAa BUCHHATA HA
CoHIIETO 32 HEKOJKY KapaKTepUCTHYHH JICHOBH BO TojMHaTa. [IprToa Moxe Ja ce 3a0elexu JieKa
BHCHMHATa Ha XOPHU30HTOT MMa IMOBHCOK aroj T.€. ro IMOoKpuBa COHI_IeTO CaMO BO PAHUTEC YTPHUHCKHU U
JIOITHHTE TOTIJIaTHEBHH YacOBH. Bo THe mepHon MHTEH3UTETOT Ha COHYEBOTO 3pauckke ke Ouje Malo.

Canka 5. AroJj Ha BUCHHA HA XOPM30HTOT M MPOMeHA HA aro/ioT Ha BucuHaTa Ha CoHueTo.
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3 CHABAYBAIBE HA KJNIMEHTOT CO EJIEKTPUYHA EHEPI'UJA

Ha cnuka 1 e mpercraBen rpaduKoT Ha OCHOBHUTE napamerpu Ha Enuncro Ctpymuua, [pen
BKJIyuyBame Ha POTOBONITANYHATA [[EHTpaIa.

Edinstvo Consumption 2017
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Ciika 6. OCHOBHU IOKa3aTe/ I 32 MOTPOLIYBAYKA HA eJIeKTPUYHA eHepruja Ha EnquncTBO

Kaxo ocHoBHU mapamerpu ce AKTHBHaTa JHEBHa MOKHOCT, AKTHBHaTa HOKHa MOKHOCT M BpBHata
MOKHOCT 3a cekoj Mecel Bo rogunaara. Co ornen Ha ¢aktor mro doroBonranvHaTa neHrpaia padotu
HEMOJHM J[Ba Mecera ke T cropeayBaMe nogarornure 3a mecenn Okromspu 2017 u 2018 ronuHa BO
CITy4aeBHTE KOra 0BOj cyOjeKT paboTen mpe U 10 T0CTaByBambeTo Ha (DOTOBONTAMYHATA IIEHTpAIA.

On rpaduxor Ha Cnvka 6 €BUACHTHO € JieKa aKTUBHATa HOKHA MOKHOCT € 3aHeMapiiiBa BO
OIHOC Ha aKTWBHATA JHEBHA MOKHOCT OJHOCHO HajroJieMaTa IOTPOIIyBadKa Ha €HEPrHja € BO TEKOT
Ha JICHOT OJHOCHO OBOj CYOjeKT MpPBEHCTBEHO pabOTH BO MpBa cMeHa. 1l TokMy OBOj MOAATOK € MpB
MHIUKATOP JIeKa MOCTaBYBAkETO Ha KPOBOT Ha 0BOj cyOjekt Ha 100 KW ¢doroBonranuHa mentpana e
MPaBHJIHA OJTyKa.
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Consumed

from the Total

PV plants greed consumed

Date (kwh) (kWh) (kWh)
01/10/2018 342 468 810
02/10/2018 65 288 353
03/10/2018 346 497 843
04/10/2018 264 529 793
05/10/2018 200 654 854
06/10/2018 150 578 728
07/10/2018 - 70 70
08/10/2018 343 518 861
09/10/2018 353 545 898
10/10/2018 355 481 836
11/10/2018 - 87 87
12/10/2018 253 628 881
13/10/2018 246 446 692
14/10/2018 - 79 79
15/10/2018 298 514 812
16/10/2018 288 526 814
17/10/2018 294 526 820
18/10/2018 271 546 818
19/10/2018 260 561 821
20/10/2018 111 560 671
21/10/2018 - 91 91
22/10/2018 179 656 834
23/10/2018 154 563 717
24/10/2018 280 593 873
25/10/2018 311 529 840
26/10/2018 290 576 867
27/10/2018 238 473 711
28/10/2018 - 105 105
29/10/2018 139 783 922
30/10/2018 95 777 873
31/10/2018 246 641,6 887,55
Total 6.370 14.889 21.259

Tabena 3. OgHoc Ha MPoM3BeE/ieHA U MOTPOIIEHA eJIeKTPHYHA eHepruja Ha EquncTBo 32 Mecenr OKTOMBpHU

Bo Tabena 3 ce maneHn THEBHUTE BpeIHOCTH 3a Mecerl OKTOMBPH BO OJHOC Ha IMTOTPOIICHATA
W TIpoM3Be/IeHaTa eIeKTpUYHa eHepruja. [4]

Produced Vs Consumed electricity (kWh) AD Edinstvo

Cauxa 7. Cnopenda Ha mpou3BeeHa H MOTPOIIEHA e1eKTPUiHA eHepruja Ha EquncTBo Bo OKTOMBpH
2018
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Crnopenbata Ha TpoM3BEAEHA M IMOTPOLICHA EICKTPUYHA EHEepryja BO OJHOC Ha BKYITHO
MOTpoIIIeHaTa enekTpuuHa eHepruja Bo Okromepu 2018 e mpukaxkana Ha Cnuka 7 u 8. Bujaejku ce
paboTu 3a eceHCKH Mecell KOPEeKTHO € Aeka camo 30% ox BKymHO nmoTpeOHaTa eHepruja ce 1o0uBa of
¢doToBoNTANYHATA IICHTpAA.

Ha Cinnka 9 mpercraBeHO € IpeIBUICHOTO roUIIHO npor3BoacTBo 3a 100 KW dhoroBonTanyna
nenTpaia. [3]

Comparison Produced Vs. Consumed
October 2018 Edinstvo

6124;30%
H PV plants (kwh)

14248;70%

M Consumed from the greed
(kwh)

Ciinka 8. IIpoueHTyasieH BJIOI Ha MPOM3BeAEHA U MOTPOIIEHA eJIEKTPHYHA eHepruja

Energy yield per month
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Cuauka 9. IlpenBuieHo rOAMIIHO MPOU3BOACTBO

WuTepecHo € ma ce aHAIM3Mpa CHUTyalyjaTa BO CIIydaj KOra IOTpOIITYBadoT € CHaOAayBaH CO
eJIeKTpUYHA EHEePrHja JJOHECeHa CaMo MPEKy IUCTPHUOYTHBHUOT CHCTEM U KOTa HCTHOT € CHAaOIyBaH O
¢doToBONTAaMYHATA IIEHTpaJa W EIEKTPHUYHA EHeprHja JIOHECEHa MPEeKy IUCTPUOYTHBHUOT CHUCTEM
HCTOBPEMEHO.

Taoesia 4. OcHOBHM napamMeTpHu NMPHU cHa0ayBamwe Ha kopucHUK OkxtomBpH 2017 u OxTomBpu 2018

Consumed
Produced | electricity
electricity | from the Total
from PV [system kWh |consumed | Engaged
Month plants kWh kWh power kW
Oct-17 - 24.998 24.998 150
Oct-18 6.370 14.889 21.259 100

24




Comparison Oct 17 Vs. Oct 18
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Cauxa 10. Cnopenda Ha ocHoBHE napameTpn OxktomBpu 2017 co OxtomBpu 2018

On rpadukor Ha Ciuka 10 ce riega HamallyBameTO Ha BPBHATa MOKHOCT BO YCJIOBH KOra
pabotu (QoroBoNTanuyHaTa IeHTpasa. [loBeke oOa jacHO € Jieka BO JICTHUTE MeECEM Kora H
MIPOU3BOJICTBOTO K€ OMIE MOTroJIeMO JIOTUYHO CIIeAyBa JIeKa M BpBHATA MOKHOCT JOIOJIHUTETHO K ce
HaMaJli a CO TOa Ke Ce HaMaJld M TPOIIOKOT KOj I'0 IUIaka KOPHUCHUKOT 3a aHTaKUPame Ha BPBHA
MOKHOCT.

4 3AKJIYYOK

e JluctpubyupaHuTe €HEPreTCKH W3BOPH c€ Jel OJf  CHEeprercka WJHHWHA, a
(oToBoNTANYHUTE LIEHTPAIU HAjOP30 Ke ce pa3BUBAaT BO MOTJIe] HA HAMAITyBakhEeTO Ha
TpOIIOKOT Ha uHcTananuja mo KW u BO OmHOC Ha MOA0OpYBameTO HAa HHUBHUTE
nepdopmancu;

e Bo 01HOC Ha METEOPOIIONIKUTE YCIOBH BO MakeoHHja ©Ma MHOT'Y TIOTOJTHU YCIIOBH
3a u3rpaaoa Ha (pOTOBOJIITAMYHU [IEHTPAIIH;

e KoHmenTtor Ha KOMOWHHMpAHO CHAa0JyBame HAa KOPUCHUKOT CO TIPOW3BEICHA
CNICKTPUYHA CHepruja oJl (OTOBOJNTAMYHA IIEHTpalla M Tpe3eMeHa eJICKTPHUYHA
SHepruja o1 JUCTPUOYTHBHHOT CHCTEM JlaBa OJUTUYHHU PE3yJITaTH aKO CEe HalpaBu
OITUMU3AIN]a Ha TPOGUIOT Ha KOPUCHUKOT U HETOBHUTE TIOTPEOH;

5 KOPUCTEHA JIMTEPATYPA

[1] ITomatoum ox SOLARGIS
[2] Tomarorm ox mporpamara METEONORM (Ver. 6.0).

[3] U3Bagmouwm om OCHOBEH MPOEKT 3a WHCTAIHMpPare Ha (JOTOBOJTAMYHA LICHTpANa Ha MOKPHUB HA CTOMAHCKU
cy6jext Bo Ctpymuria

[4] Tlomaroum on mpakTHYHH Meperba Ha SICKTPUYHA CHEPrhja 3a Mecell OKTOMBH O (pOTOBONTAHIHATA
neHTpana Bo Ctpymmma
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DISTRIBUTED ENERGY RESOURCES -PHOTOVOLTAICS PLANT
INSTALLED ON THE ROOF OF ONE ECONOMIC ENTITY

ABSTRACT

Distributed energy resources located by the consumer today and in the near future will become a
big challenge and opportunity for the investors and the final consumers in one hand and network
operators in other,

Technology of distributed energy resources which is defined as production of energy “behind the
meter” and storing the energy in appropriate storage containers (batteries) as part or for all electricity
needs of the consumer.

Terminology “behind the meter” explain sources of power energy which general is not connect
with the distribution network, but its behind of it.

In this presentation we will analyse parts of basic project of plant installed on the roof of one
economic entity in Strumica which has power of P=100 KW.

In fact the economic entity has a need of 180 kW, follows that this plant will satisfied just a part
of needed energy.

In this presentation first will be analyse aspects of solar radiation and air temperature in
Macedonia, technical description about photovoltaic panels, connecting in strings and fields and
program simulation based of input parameters , with review of the first measured power and energy
immediately after PV plant start production.

Key words: photovoltaic systems, sun radiation, electricity, electrticity supply
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ANALYSIS OF THE PROFITABILITY OF SMALL PHOTOVOLTAIC
SYSTEMS

ABSTARCT

The exploitation of the energy coming from the sun, as a renewable energy source, allows reducing
of the CO2 emissions in the atmosphere and helps preserving the environment.

The photovoltaics are technology that use direct conversion of the sun energy into electrical
energy. The high efficiency and low price of the photovoltaic systems, allows developing a
decentralized production of electrical energy within the small consumers and households.

The production from small photovoltaic systems for one’s own needs is unlike the production in
the larger photovoltaic power plants.

The main goal of this paper is to show that by implementing decentralized production of electrical
energy, funds can be saved considerably, meaning that a part of the energy that is produced will be used
for own needs. The other part of the produced energy will be placed in the market for selling. The
consumption of the electrical energy from grid will be considerably reduced, if a battery is embedded
in these photovoltaic systems. One part of the produced energy could be saved and used when the
photovoltaic system is not producing electrical energy.

In this paper, a calculator for the cost-effectiveness of decentralized production of electrical energy
using photovoltaic systems is created. The parameters used for the calculation of the photovoltaic
system are: consumer’s need for electrical energy, the cost of the electrical energy, the investment costs
and the costs for maintenance of the photovoltaic system. This tool is simple and efficient to calculate
the best outcome from photovoltaic production, household demand and electricity price data.

Key words:

Photovoltaic systems, energy storage, electrical energy cost, return on investments

1 SMALL PHOTOVOLTAIC SYSTEMS

Throughtout the years the costs of photovoltac systems has been reduced, so the instalation of these
systems has become more attractive for the private investors.

Small photovoltaic systems can be installed on the rooftops of the houses or comercial buildings.
Moreover,for bigger systems they can be installed on the ground,where by combining more than one
photovoltaic panel, there is a possibility of installing a photovoltaic field.

The photovoltaic systems contain several parts including: photolvoltaic panels, invertor and a
battery (if applied). Also, there is a two-ways energy meter for measuring the energy the has been
exchanged with the grid [1].
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1.1 Producing electricity from photovoltaic systems

In the process of producing electricity there are several stages. The first stage of the electricity
production is based on the intensity of sunlight during the day. The electricity produced is DC so in
order for it to be usable, it has to be converted in AC via a DC/AC converter. This power can be used
for own consumption,or it can be injected to the grid. A possibility to store the energy is optional with
installation of a battery. In this case, the own consumption will increse, which will decrease the energy
consumed from the grid.

1.2 Costs for installation of photovoltaic systems

The costs for installing photovoltaic systems is diverse and the price can range depending on the
country where the system is installed. The prices of installed power of photovoltaics are decreasing, in
the recent years between 2015 and 2016 the cost has significantly decreased for approximately
10€ct/Wp instaled capacity around the world. Figurel shows the change of price in different
countries[2].
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Figurel. Prices of instaled photovoltaics

2 CALCULATOR FOR PHOTOVOLTAIC OUTCOME

The calculator for photovoltaic systems is created in Microsoft Excel (Figure 2). It can calculate
the break even point of the investment, also the financial as wall as technical outcome. The input
parametares are for photovoltaic production, household demand and market price of electricity in the
country. Using this parameters, the total production of the photovoltaics system and the total financial
gain over the years can be easily calculated.
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Figure2. Calculator for Photovoltaic outcome

Technical input data

The technical parametars (Figure 3a) that are used in the calculator are:

Installed power (kWp)
Battery capacity (KWh)

- Battery loading/unloading power(kW)
- Household demand per year (kWh)

This inputs are different for every user in corespondents with their demand.

2.1.2 Finance input data

The finance parametars (Figure 3b),that can be set acording to the user, are:

- Loan data, which incorporates the duration of the loan and the interest rate;

- Investment costs, including costs for photovoltaic system (€/kWp) and battery (€/kWh);
- Tax and fees, which include: VAT, grid fee (€ct/kWh) and other fees (€ct/kWh)

2

3 Technical data

4 PV

5 |power (KWp) | 5
6 Battery

T |battery capacity (kWh) 43
8 |max power for loading/unloading (kW) 2.
9 House Hold

10 house hold demand (KWh/vear) | 5,000

"

(@)

Figure 3. Input data

14

15 Finance

16 Loan

17 |interest rate 5%
18 |loan duration (months) 240
19 Investment

20 [PV costs (EKWp) € 1,600
21 |battery cost (EkWh) € 1,000
22 Monthly expensses

23 |costs for operation (£) £5
24 | other fees (ct’kWh) 2414
25 | zrid fee (ct/KWh) 4789
26 |VAT 20%
?
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2.2 Output data

2.2.1 Technical output data
The calculated output data inlude:

- Photovoltaic production (kwh) and photovoltaic full load hours per year (h)

- Available battery capacity (kwh) and full load hours of the battery(h)

- Energy consumed from the photovoltaics (kWh), energy feed in to the grid (kwh), energy
saved in the battery(kwh);

- Own consumption (%) and feed in the grid (%)

2.2.2 Financial output data
The financial output data incude the total installation costs of the photovoltaic system.

2.2.3 Monthly finance outcome for electricity
There are three scenarios for calculation of the electricity expences.

a) Base case scenario

The base case scenario is made of the consumption of electricity without installation of
photovoltaic system. The calculation uses household demand per year, devided by months.

b) During-loan scenario

This scenario includes electricity feed into the grid, electricity(energy), fees and taxes and monthly
loan installment.

c) After-loan scenario

This scenario includes electricity feed into the grid, electricity (energy) and fees and taxes.

2.2.4 Total outcome
This outcome is constructed by the years to break even.

3 DISPATCH STRATEGY FOR THE SYSTEM

On the Figure 4 is shown the dispatch strategy for the photovoltaic system. In order to maximise
the profit, the electricity produced from the photovoltacs system for own consumption of the household
is used first. In order to increase the own consumption when the photovoltaic systems is producing more
than the household demand the excess of electricity is stored in battery,considering the maximum
loading and unloading power. If the battery is full charged,the remaining electricity is feed in to the grid
and sold on the market. This is one of the most efficient ways to dispatch the smal photovoltaic

sytems[3].
Photovoltaic Grid
production

Household
demand

Battery

Figure 4. Dispatch strategy
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4

RESULTS
The data for the calculation, such as energy market price and photovoltaic production are used for

Austria[4,5].

4.1

Input data for the calculation

On Table 1 and Table 2 are given the parametars used in the calculation.

Table 1. Technical parametars used in the calculation

Installed photovoltaic power (KWp) 3
Battery capacity (kWh) 1
Maximum loading/unloading power (kW) 0.4

Table 2. Financial parametars used in the calculation

Interest rate (%) 5

Loan duration (months) 60
Photovoltaic installation costs (€/kWp) 1.600
Battery cost (€/kWh) 1.000

Other fees (€ct/kWh) 2.614

Grid fee (Ect/kWh) 4.789

VAT (%) 20

4.2 System outcome

Data for one particular day are used. On the Figure 5 is shown the outcome of the photovoltaic
system.
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Figure 5. Technical outcome of the system during two day period
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The data presented on Figure 5 includes the values of the photovoltaic production, household
demand, energy consumed from the photovoltaics, state of charge of the battery,feed in the grid and
energy bought from the grid. In conclusion,the household demand is the highest during the
evenings.This is a problem since the photovoltaic production is happening during the day when there is
sunlight. To overcome this problem, a battery is used to be charged during low household demand and
high photovoltaic production.The battery is discharged when there is no photovoltaic production.
Electricity price is varying during the day but during the night is smaller than during the day. This
means that it is better to sell the electricity from the photovoltaics during the day which is the result of
this calculation.

4.3 Financial Outcome
The results from the calculation for the monthly financial outcome are given in Table 3.

Table 3. Monthly financial outcome

Base case scenario bilance (€) -64.39
During-loan scenario bilance (€) -145.01
After-loan scenario bilance (€) -13.67

The result shows that during the loan payment, the household will lose 80.62€ per month but after
the loan has been totally payed,the household will gain 50.72€ per month. With this financial strategy,
the payback period will be 12.95 years.

5 CONCLUSION

In the last few decades,the photovoltaic technology has bocame more efficient and caused
decreasing of the cost of systems. In the recent years, the cost has significantly decreased for
approximately 10€ct/Wp for installed power around the world. This lead to greater photovoltaic
production and bigger installed capacity.

One of the reasons photovoltaics are becoming promising technology is because they are one of
the cleanest way to produce electricity. The photovoltaics have zero emissions of CO, and other
greenhouse gasses in the atmosfere during their work. Unlike the conventional energy sources,the
photovoltaics are sustainable way of producing energy beacuse the fuel can be used for many
generations in the future.

The dispatch system is created in order to maximaze the profit for the installation of photovoltaic
system. The household demand is the first to be covered and the excess of electricity is feed into the
grid. In order to increase the own consumption, a battery is installed.

It is important to prepare techno-economic analysis for profitability before installing the
photovoltaic systems. This program can create a quick and efficient calculation of input data for
photovoltaic production, household demand and electricity price and then calculate the payback period
for the investment. Another consideration in the analysis is the geographical location which creates a
variety in the prices for the photovoltaics production, because of the different price they have in different
countries.
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MUKPOMPEKHU — MOJAEJIUPAILE U OIITUMU3ALINJA

KYCA COAPKHNHA

IIpomeHaTa Ha EKOHOMCKUTE W IAa3apHUTE NPUIMKA BO EHEPreTCKHOT CEKTOp, 3aKOHCKAaTa
peryiaTuBa, HaMalyBameTO Ha EHEPreTCKUTEe Pe3epBH KaKo M 3ajaramero 3a IoAo0pyBame Ha
JKMBOTHAaTa CpelMHa JOBEAyBa JO IPOMEHU BO CUTE CEIMEHTH HA EIEKTPOECHEPIreTCKUOT CHCTEM.
MukpoMpekaTa € HOB KOHIIENT KOj IITO TH orndaka MPOM3BOACTBOTO W TOTPOIITyBadykara Ha
eJIeKTpUYHA eHepPTHUja BO TPaHMIIAa HA JIOKAIHATa AUCTpUOyTHBHA Mpeka. Bo 0BOj Tpyx ce pasrinenann
OCHOBHHTE KapaKTEPUCTHKU HA MUKPOMPEKUTE, KAKO U HAIPEIHOTO YIPAaBYBamwe U JUCIIEUYMHI Ha
mucniepsupannte npoussogan equHuM (II1E). Hcro Taka, HanpaBeHa € aHainn3a Ha MPUHIUIINTE Ha
yIpaByBame M BOJICHE HA MHKPOMPEKHUTE KOTa ce MPHUKITYYeHN Ha TUCTPUOYTHBHA MpEXa MM KOora
paboTaT BO OCTPOBCKH PEXUM Ha padoTa.

OBOj Tpya HCTO Taka T'H oldaka MOICIHPAKHETO W ONTUMHU3AMKjaTa HA MHKPOMPEKUTE, KOU
Kako HOB KOHIIENT BO JUCTPHOYTHMBHHTE MPEKH OBO3MOXYBaaT 3rolieMyBame Ha €Heprerckara
epUKaCHOCT M JOOMIKYyBamke Ha paboTaTa Ha JUCTPUOYTUBHHUOT CHCTEM ITOOJIMCKY IO OJPKIUBHOT
pa3Boj BO eHeprerckuot cexrop. Llenrta Ha OBOj TPy € Ja ce pasriieiaaT MOXKHOCTHTE 3a IPUMEHA Ha
MHKPOMPEKHTE 3a 00e30eayBamke Ha HAMOjyBamkhe HAa TOJEMH O0jeKTH, KaKBU INTO CE OOpa30BHUTE
HHCTUTYIUHM. MOJCTUPameTo U ONTHMH3AlIMjaTa ce HalpaBeHu co nporpamckuoT coprep HOMER
PRO, kane mro ce pasrieayBa mpuMep 3a YIWIHIITE KOS € TOBP3aHO Ha MUKPOMpPEXKA.

Kayunu 360poBu: Mukpompesicu, mooeruparbe, ONMUMU3Ayuja

1 BOBE]J

WuTepecor 3a mmpoka npumena Ha JIIE Bo mucTpuOyTHBHUTE MpEXH MMOTEKHYBa O TOTpedaTa
3a e(h)MKacCHO HMCKOPHCTYBAamE Ha PACHOIOKINBUTE PECYpPCcH, 0COOCHO Ha OOHOBIMBHUTE M3BOPH Ha
eaepruja (OUE), xako ¥ oIl MEpKHTE 32 MMOTTUKHYBAkE HA NCKOPUCTYBAKETO HA TIPOU3BOJCTBOTO O
OHUE. Cenak, HUBHAaTa WHTErpalyja BO TUCTPUOYTHBHUTE MPEKH € TMOBpP3aHA CO HU3A TEXHUUIKU
npoOiemMu, a eieH Ha4uH Ja Ce MPHUCTANN KOH HUBHOTO PELIABAIE € BOBEIYBAHETO HA HHOBATUBHU
KOHLIENTH, KaKO IITO c€ MUKpoMpexuTe. [IpakTuyHO, mpuMeHaTa Ha HOBUTE HAUYMHM HA YIIPABYBabe
Ha MUKPOMpPEXHTE 1 ONTHMHU3aLMjaTa Ha HUBHATa paboTa MPUAOHECYBa Aa C€ OJIECHU MHTErpauujaTa
Ha JI[1IE, HO mCTOBpeMeHO, OBO3MOXXYBa M HHU3a MPUIOOMBKH 32 BOACHETO M YIPAaBYBAaHmETO HA
IucTpuOyTHBHUTE cucTeMu. IIpuaoOuBkuTe 0 MUKpOMPEXKHUTE BKIydyBaaT U NOAOOPEHa CUTYPHOCT
BO paboraTa Ha AUCTPUOYTUBHHUTE CHCTEMH, BHCOKAa ONTHMU3ALMja HA PACIOIOKIMBUTE PECYPCH, a
MOCPEAHO M HaMajlyBame HA €EMHCHUUTE Ha IITETHU IaCOBH M HaMallyBame Ha HEraTUBHHUTE e(eKTh
BpP3 )KUBOTHATa CpelUHA.

MuKpOMpeKUTE IPETCTaByBaaT /el O HUCKOHAIIOHCKUTE TUCTPUOYTUBHU MPEXH, BOOOHYACHO
BKIIydyBaaT ompezeneH O0poj u3Boau, norpouryBaur, JAIIE u cucremu 3a ckiamupame €lIeKTpUYHA
eHepruja. EnHa on rinaBHMTE KapaKTEPUCTHKU € BHCOKOTO HMBO Ha aBTOMAaTH3allMja, MOXKHOCTA 32
yhnpaByBale€ M Ha INPOU3BOJHUTE EIMHUIM M HA OINTOBAPYBAWmETO, KaKO M IpHUMEHaTa Ha

33




MH)OPMAIUCKH H KOMYHUKAIIUCKH TEXHOJOTMM 3apaayd OCTBapyBame¢ Ha (YHKIUUTE Ha
OITUMU3AIM]A ¥ YIIPABYBAbE.

MuKkpoMpeKUTe MOXKaT Ja OugaT NPUKIyYeHH Ha JAUCTPUOyTUBHATA MpeXa WIH Ja
(YHKIIMOHUpAaT aBTOHOMHO, BO OCTPOBCKM pexuM Ha pabora. Kora Tue ce mnoBp3aHu Ha
IUCTpUOYTHBHATA MpeXa MOXKAT Jia Ipe3eMaar U J1a HHjeKTHpaaT MOKHOCT BO CHCTEMOT. Bo mocTtojan
OCTPOBCKH PEKHM Ha paboTa ce OHHUE MHKPOMPEKH ILITO CE HU3OJMPAHU O] CICKTPOCHEpPrercKaTa
MpeKa Ha KOITHO, OJJHOCHO IITO Ce U3rpajieHu Ha reorpadcku octpoBu. Ho, HCTO Taka BO OBOj pexuM
MOXKaT Ja OMAaT ¥ MHUKPOMPEXKHTE IITO MO MOTpeda WM TPH HapyLIyBame Ce MCKIydyBaaT OJl
IUCTpUOyTHBHATA Mpeka W (QYHKIHOHHpaaT caMocTojHo. OBaa MOXKHOCT 3a MPEMHHYBambe BO
OCTPOBCKH PE&XKHM Ha padoTa ja 3rojieMyBa CHTYPHOCTa BO CHAOAyBambETO CO CJIEKTPUYHA CHEpruja
Mopajd MOXKHOCTa 32 KOPHCTCH-C Ha CHCTEMHUTE 3a CKIIQJMpPame Ha CICKTPUYHA CHEprHja, Kako W
JITE. Ho, HajuyecTo BO OCTPOBCKU PEKHMM CE€ HAIOjyBaaT OHHME IOTPOIIyBayM Kaj KOM HE cMee Jia
JI0jIe 10 IPEKUH BO HAIIOjyBaETO, a C€ MCKIIyuyBaaT OHME Ka] KOU HAll0jyBambeTo HE € HEOITXOHO.

2 KAPAKTEPUCTUKU HA MUKPOMPEXHU

2.1 OcCHOBHM TeXHOJOIMH HA MPOU3BOACTBO BO MUKpoMpe:xuTe - J{ITE

Enna on riaBHUTE 1M HAa MHKPOMPEKUTE € OOCIMHYBamke Ha MNPUIOOUBKUTE O
KOHBEHITMOHAHOTO TPOU3BOJICTBO CO BHCOKa €(PUKACHOCT M HUCKM €MHCHU HA IITETHU TAaCOBU M
uckopucryBamero Ha OUE 3a mpon3BoicTBO Ha eleKTpuvHa eHepruja. Haj3acraneHu TEXHOIOTHH Ha
MPOM3BOICTBO Ha enekTpuuHa eHepruja Bo [AI1E ce korenepatusuu noctojku (KIII') Ha mpupoaeH rac
W OWoropuBa, €INCKTPUYHH IIEHTPAd Ha TEpMOCOJapHA M BETEpHA CHEPrHja, XUJAPOENEeKTPUYHH
ueHTpany, GoroBonranyan enekrpuyan nentpanu (PEL]) u ropuBHu kenwwu. MckopucTyBamero Ha
HEKOHW OJ1 OBME TEXHOJOI'HU BO JIaJiecHa MUKPOMPEXKa 3aBUCH OJ reorpadckara MO3UIMOHUPAHOCT Ha
TEepUTOpHjaTa Kaje IITO € MMIUIEMEHTUpaHa MUKpoMpexata, o jocranHocta Ha OUE, kako u on
TEXHUYKO — EKOHOMCKHTC BIHMjaHHWja 32 HHBHO HCKOPHCTyBame. BooOWYacHO WHCTaIMpaHaTa
mokHocT Ha JITIE e momery 50 MW u 100 MW, npercraByBaar e o AMCTPHOYTHBHATA MPEKA YUE
Haroucko HuBO € onx 0,4 mo 100 KV u He ce meHTpanM3upaHO IUIAHHPAHH Of OIEPATOPOT Ha
CHCTEMOT, HUTY C€ IIEHTPAIIHO AucIeunpand. [1]

2.2 Cucremu 3a ckjiagupame Ha ejekTpudyHa eHepruja (CCEE)

Ilokpaj akmeHTOT KOj e craBeH Ha HckopuctyBame Ha OHME, cé moBeke ce aHamm3mpa u
ucTpaxkyBa MoxkHocTa 3a npumena Ha CCEE, xou He ce AUPEKTHO BKIy4€HHU BO IPOHU3BOACTBOTO, HO
MMaat Ba)kKHa YJIora BO MUKPOMpPEXaTa U HEJ3SMHOTO QyHKIMOHNpame. CKIaAupamero Ha eIeKTpUIHa
GHEpruja € egHa O KIyYHUTE TEXHOJOTHH 3a Ja Ce M3rPajy €IEKTPOCHEPreTCKU CHCTEM IITO Ke
¢dbynaxmuonupa mpoBepanBo u curypHo. Co CCEE ce oBo3MOXyBa 3rojieMyBame Ha MOXKHOCTUTE 3a
nckopuctyBambe Ha OWME. HMcro Ttaka, ce OBO3MOXyBa W3paMHYBam€ Ha AdjarpaMoT Ha
OIITOBAPYBAHETO, HATOMECTYBAjKH 3a THEBHUTE U Ce30HCKH npomMeHn kaj OUE.

Cknagupamero Ha CHepruja Moxe Ja Oule HCKOPHUCTEHO 3a YIpaByBamke Ha CHUCTEMOT,
OBO3MOXKEHO IIPEKy CHCTEMHTE 3a YIpaByBame Ha EIEKTPOCHEPTETCKHUOT CUCTEM, OIHOCHO
MpPUMEHATa Ha LEHTPAIM3UPaH WIN ACLeHTpaIu3upaH npucran. Kopucremero Ha HEeHTpaIu3upaHuTe
CCEE o0e30enyBa nuHaAMH4YKa CTaOWIIHOCT W OJpKyBame Ha (pEKBEHIMjaTa IpH 3arydoa Ha
HAIOjyBamkeTO OJf CTpaHa Ha HAIOjHaTa TOYKA HAa MHUKpOMpeXara WM IpPU HapyLIyBame Kora
MepikaTa € Bo ocTpoBcku pexuM [2]. Co npumena Ha nertentpanusupanute CCEE ce Bpumu jokaiHo
yIpaByBame Koe MOXe 1qa Ouje m Bo corjacHocT co paborata Ha JIIIE, co mem 3romemyBame Ha
eduracHOCTa BO KOPHUCTEHETO Ha MPOM3BOJHUTE €IMHULIM M HaMalyBame Ha JiebajaHcuTe BO
MHUKpOMpEsKaTa.

VYmre Bo ¢aszata Ha npoekTupame Ha MukpoMpexutre u Ha CCEE ce Bpumm ananusa Ha cute
MPOMEHJIMBH TOBP3aHM CO pPaboTara W YNpaByBameTO CO IPOM3BOJICTBOTO, BKIYYYBJKM IO U
odekyBaHnor ynen Ha OWE, kako W cuTe NPOMEHIMBHM MOBP3aHM CO HMMJIEMEHTalujaTa Ha
mporpaMuTe 3a YyHpaByBame cO MoTpomryBaykaTta. I[lpuaoOuBkuTe 10OMEHH CO KOPUCTEHE Ha
CIMHUIM 3a CKJIaJupamke Ha EHepruja  BKIydyBaaT HaMmajlyBaleé Ha BpBHAaTa MOKHOCT Ha
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nuckoHanonckara (HH) Mpexa, momectyBame Ha epHoanTe Ha BpBHO onToBapyBame Bo HH mpexa,
unTerpupame Ha OUE Bo Mpexara, peryianyja Ha ¢peKBeHIHjaTa U KOHTPOJIa Ha HAIIOHOT.

3 CUCTEMMU 3A YIIPABYBAILE BO MUKPOMPEXKH

Cucremutre Ha YIOpaByBamke BO MHUKPOMPEXKHTE TH oOndakaaT MOTPOLIYBAYHTE, OIHOCHO
CETMEHTOT Ha TMOTpolIyBauka Ha enekrpuuHa eHepruja, JIIE kako mpomsBogen cerment, CCEE u
rmaBHaTa AucTpuOyTnBHa Mpexka. Co 1men moOuBame MOJATONM 33 MPOM3BOACTBOTO H
MOTpPOIlyBayKaTa Ha €IEKTPUYHA EHEepruja BO MHUKpOMpEXara ce KOPHUCTAT HAlpelHH CHUCTEMH 3a
Mepeme, OTHOCHO WHTEIMIeHTHU OpOomIia BrpaJieH! Kaj IOTPOLITYBAYHTE, MEPHU YpEIu MOCTABEHH BO
OJZICTHU ja3lld Ha Mpexarta M Bo janmure Kajae wmro ce npuxiydeHu [IIE. Ilpumenarta Ha
WHTEIMTEHTHH Oponiia OBO3MOXKYBa JTAJICUMHCKO HITU JIOKATHO OTYMTYBame Ha TOAATOLM BO PEATHO
BpeMe 3a MOTPOIIeHA I MTPOU3BEIcHa eHEpTHja, CIIPOBElyBakbe HA HEKOH CErMEHTH O] TIPOrpaMHTe
3a YIpPaBYBamkE CO ONTOBAPYBAaHKETO, OrpaHHYyBama BO IIOTPOLIyBaykaTta WTH. MepHUTE
WHCTPYMEHTH TOCTaBEHH BO HAIOJHHUTE ja3Nid IITO HEMaaT MOXKHOCT 32 JIAJICYMHCKO OTYHTYBAmE CE
MOBP3yBaaT Co ypeJH 3a KOMYHHUKaIHja, KOM TIOHATaMy BpIIAT IpeB3eMarme Ha MOJaTOIUTE U HUBHA
00paboTka.

VYpenute 3a KOHTpOJIa MPUMEHETH BO MUKPOMPEKUTE C€ KOHTpOJIepH Oa3upaHd Ha eHeprercka
eNeKTpOHrKa. HajHUCKOTO HMBO Ha KOHTpOJIA CE CIPOBEAYBa O]l MHUKPOKOHTPOJIEPU HapeueHU
sokanuu koHtpoiepu (JIK), Brpamenu kaj cexoja JITE, CCEE unu xaj norporrysauute. [1oBHCOKO
HHUBO Ha KoHTpona ox JIK ce merrpamaute koutponepu (LIK) co xom ce 06e30emyBa onpKyBame Ha
CTa0MITHOCTA M JIOBEpJIMBOCTa Ha paboraTa Ha MHKpoMpexara, yrnpaByBajku co JIK. LlenTpanaure
KOHTPOJIEPH C€ COCTOjaT Off JBa MOJAYJia, MOAYJ 3a YIpaByBame CO €HEpruja W MOIYN 3a
KoopAMHalMja Ha 3amtuTara. [lokpaj npumenara Ha JIK u 11K, xora cranyBa 300p 3a KOHIICIIT Ha
MYJITA-MHKPOMPEXHH CHCTEMU Ce TIPUMEHYBA | IieHTpalieH aBToHoMeH KoHTpoep (LIAK), co koj ce
ympaByBa co paborara Ha noeauaednnte [{K Ha Mukpompexara. [3]
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Cauxa 1. IIpuka3 Ha MUKpoMpe:ka co pacniopex Ha koHTpoJiepu, AIIE u CCEE

4 INPUMEP 3A MUKPOMPEXA

Bo nporpamckuor maker Ha HOMER PRO nampaBeHa e cumynaiyja 3a ONTHMH3aIja Ha
paboTtata Ha MHKpoMmpexa koja omdaka emHo yuwimmte. [Iporpamckmor maker HOMER PRO
NPETCTaByBa ONTHMHU3AIMCKH MOJEN KOj TH UCITUTYBa CHTE MOYXHH KOMOWHAIIMH OJ PACTIONIOKIIMBUTE
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TEXHOJIOTUU OJ] KOU CE COCTOM MHKpPOMpPEKAaTa, BOACJKM CMETKa 3a 00e30eqyBame Ha MOTPEOHOTO
HATIOjyBambe¢ Ha MOTPOIIYBAYHTE.

CuMmyrnanuuTe ce BpIIAT BO YEKOPH, KOM MOXaT Ja CEe W3BPIIYBaaT 3a CEKOja MUHYTa BO
TOJMHATa WM 32 CEKOj Yac. BO €[€H POK U ja CUMYnUpa paboTaTa Ha XMOpUAHA MUKPOMpEXa 3a Iiena
roIvHa CO BPEMEHCKH YEKOpH O]l eIHa MUHYTa A0 eAeH yac. Mcro Taka, OBOj MpOrpaMCKH MakeT
OBO3MOJKYBa M MPECMETKH Ha pa3iIMyYHU BHUJIOBHM Ha TPOLIOLH, KaKO U IMPUKAKyBamke Ha CTENEHOT Ha
MCKOPUCTEHOCT Ha IUCTPUOYHPAHUTE U3BOPU MHCTAIMPAHU BO MUKpOMpexara. [4]

[IpermocraBkara € jAeka YYMIHMINTETO C€ Haora BO pypaiHa o0JIacT, BO MCTOYHHOT el Ha
PenyOnuka Makenonuja. bujejku yumnumrero e 3aeJHHYKO 32 MOBEKE HACENIEHW MeCTa KOH Cce
OJIZIAJICYCHU O] TOrOJIEMUTE TPaZOBU, MOTPEOHO € Ja mMa 00e30eleHO JOMOJIHUTEIHA Pe3epBa.
Vuunumrero ondaka BKymHa nopumHa o1 940 m* u ce cocton ox 10 yuumEuIM, 4 ToaTeTH, KyjHa,
MPOCTOPHM 3a HACTABeH KaJap, Maja CIOpTCKa caja u Oubiauoreka. Bo yumnuinrero mocrojat u
KOMIT[jyTepH3upaHu YYWIHUIM. Bo cinydajor He ce pasrienyBaaT NOTpeOUTE 3a 3aTOIIIyBambe,
OJIHOCHO CE€ CMeTa Jieka THE ce 3aJJ0BOJICHH CO JIpyTd M3Bopu. EnexTpuuHaTa ompema Koja MITO ce
yrnorpeOyBa BO YUMJIMIITETO C€ COCTOU O] Ooijepu, PpUKUICPH, CIEKTPUYHH IIITOPETH, CHjaJIHIIH,
MPOEKTOPH, KOMITjyTEepH M CIM4YHO, co BKymHa MoknHocT on 43,7 kKW. Ha cnennara tabenma ce
MPHUKAXaHW MOKHOCTHTE 32 CEKOj OTPOIITyBay IMOSAHHEYHO.

Ta0esa 1. MoKHOCTH Ha OTPOLIYBAYH

IlorpomryBauu MokHoOCT

(W)
dnyopecrieHTHa 18
CBETHJIKA

Buaeo npoekrop 200
Kommjyrep 300
Opwxunep 1200
bonjep 2000
EnexTpuueH mmnopet 4000

[Ipen ma ce m3BpIIAT CHMYIIaIMHTE, C€ pa3pabOTyBa KOHIIENT 3a HAIOjyBare HA YUHIUIITETO
npeky maina (oroenektpuuna nentpana (PELL), a IOMOIHUTEIHO ce pasriieayBaaT MOTPEOUTE O
BoBenyBame Ha CCEE. ®oToBonTammmre ce MOCTaBeHW Ha IMOKPHUBOT, a CHCEMOT TH COAPXKH W
IPYTUTE HEONMXOAHHW eJeMEeHTH — MpeoOpazyBau u Oarepuja. OTKaKO KOLENTOT € IOCTaBEH, Ce
MOJIENHpa IEeTNOT CHCTEM.

Ha cnuka 2 e ganen nmpukas Ha MEKPOMpEKaTa Koja € IpIMeHEeTa BO yUIIIAIITETO.

AC DC a
_Grid Electric Load H1500
A bl o > |
:_' — @
s 11.13 kWh/d '
3.02 kW peak
Fron4.5 Converter
/.l Z -

Cinka 2. lllemaTcku NpuKa3 Ha MUKPOMpeKaTa pUMeHeTa BO YYUJIUIITETO
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Briesnute momaTolM KOM Cce KOPHCTAT 3a MOJICIHpame Ha Mpekara ce MOAaTOIMTEe 3a
MOTPOIIYBAYMTE M BPEMECHCKHOT pACIOpe] HAa HHUBHO KOPHCTEHE, MOAATONM 3a Mpexara H
TPOLIOIIMTE 33 CHaOIyBambe CO eleKTpuuHa eHepruja. [lokpaj Toa, mopamy u300potT Ha (HOTOBOITAUIIN
3a HalojyBamke BO MHUKPOMpEXKATa, MCTO TaKa Ce KOPUCTAT MOJATOIM 3a MPOCEYHOTO COHYEBO
3paucme Ha TepuTopujaTa Ha MakenoHHja, KOM CE JOCTAallHU 3a KOpUCTeme BO codrBepor. Bo
MOZICJIOT HWCTO Taka C€ BHECyBaaT TEXHMYKM momatouu 3a onpemara, omHocHo CCEE,
(oToOBONTAMIIMNTE, KOHBEHTOP M KOHTPOJEp, KOM MOXaT Ja ce wu3depar ox OubOIMoTekara
PacIONOKIINBA 32 KOPUCTEHE BO CAMHOT COPTBEPCKH MaKeT.

Kaxko pe3ynrat on npecMmerkute goduenu co mporpamckuor coprsep HOMER PRO, ce nobusa
CIIEIHUOT JHjarpaM Ha ONTOBapyBame BO TEKOT Ha 24 4yaca BO paOOTEH JieH, MPUKaXKaH Ha CIUKa 3.
Moxe ma ce 3abenexu jaeka Bo mepuogure ox 7h mo 9h m ox 13h mo 15h Bo yummuminrero ce
JIOCTUTHYBaaT MaKCUMAaJHA BPEIHOCTA Ha OITOBAPYBAaHETO, OWICJKM BO TO] TEPUOJ OJ JCHOT
paborar moroysieM Opoj MOTpoOIIyBauM (HAYTPO CBETHJIKUTE, BO PAHUTE IOIUIATHEBHU YacCOBH M
KyjHaTa BO K0ja ce MOATOTBYBA U CIY)KH XpaHarta). Bo HOKHUTE YacoBH MOXe Jia ce 3a0enexar HUCKU
BPEJHOCTH Ha ONTOBApYBaWmETO, OWACJKM BO TOj TMEPUOJl C€ BKIYYEHH IOTPOIIYBAYH CO Malld
MOKHOCTH, Kako mTo ce mreaauBute LED cBetunku.

40

-

S PR ..-I“I\IIII I I_I;I.l_l;l.l_l
o " o o ~ t

KW

~ ~

Cauka 3. /[HeBeH 1MjarpaM Ha oNTOBapyBame

Ha cnmka 4 nmpukaxaHo € MECEYHOTO MPOU3BOJICTBO Ha EINEKTPHUYHA €HEeprija BO TEKOT HA €/IHa
roguHa. [IpercraBeHO € HAIojyBameTo Ol MHKPOMpPEXKaTa HACIPOTH HAIIOjyBaEmHETO JOOMEHO Off
®EILL. Moxe na ce 3a0eaexy JeKa MaKCHMaJIHOTO IIPOU3BOJACTBO Ha eJIEKTpUYHA HEpruja € J00ueHo
o (oToBONTAMIIMTE BO TEKOT HA JIETHUOT MEPUOJI, BO MECELIUTE JYHH, JYIX U aBTyCT, 2 MUHUMAJIHO
MIPOM3BOICTBO UMa BO 3MMCKHOT IEPHOJ], BO MECEIIUTe HOEMBPH, JAEKeMBpHU U jaHyapu. OcTaHATHOT
JeNl Off ONTOBAaPYBAETO Ha YUMIIMIITETO KOj IITO HE MOXE Ja C€ 3aJ0BOJH CO INpOW3BelNeHaTa
COHYEBa eHepruja ce HAJOMOIHYBa O MpeXaTa.
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Cauxa 4. MecedeH qujarpaM Ha Npou3BOACTBO HA eHepruja

OnroBapyBameTo Ha YYWIMIITETO KO€ TPOIIM EHEprHja O MHUKpOMpe)kaTra ce HapeKyBa
MIPUMAapHO OINTOBapyBame OWJEjKu M omdaka CHTE IMOTPOIIYBAaYH, BO CEKOj MEPHOI OX JECHOT, He
3aBHUCHO [yl CTaHyBa 300p 3a TOJIEMH WJIM MajJH IMOTpouryBayn. MefyToa MOKpaj MPHUMapHOTO
ONITOBapyBame MOXKE /1a CE BOBEZE U CEKYHAAPHO (HENPUOPHUTETHO) onToBapyBamwe. CTaHyBa 300p 3a
MOTPOLIYBaYH KOM TPOIIAT EeKTPHYHA eHepruja 1mo (IIeKCHOMJIEH pacropesn, OJHOCHO HHUBHOTO
BKJIy4yBambe MOXKE Jla C€ OJUIOXKH BO APYT MEPHOJ O JACHOT, HIIH IaK Jia c€ KOPHCTAT CaMo JIeN O
MOTPOILYyBAaYUTE, a HE cuTe mnpeasuaeHu. OBOj BUI ONTOBApYBamkE€ € Ba)KeH 3apaau pabora Ha
MHUKpOMpEKaTa BO IEPHOAUTE KOra Taa € HCKIydeHa O] IUCTpUOyTHBHATa Mpexa M CO
PAIICONIOKIIMBHUTE PECYPCH HE MOXKE COOBETHO JIa OJIrOBOPU Ha ONTOBApyBameTo [5].

37




Bo wuctpaxyBamero ce H0OMEHM pe3ynTaTH 3a [Ba pPa3IMYHM HAUYMHM Ha HAIOjyBame Ha
YUHIIMIITETO0. EMHHOT HAa4YMH € Kora Toa € MOBP3aHO Ha MpeXka, a APYrHoT Kora He €, OMHOCHO Kora
HarnojyBamweTo ce nokpuBa o OELl u 6atepujarta 3a ckiaaupame Ha eHEpTyja.

Crnukata 5 TH COApPXKU PE3YNTATUTE O]l CUMYJIAIMUTE KOra YUUJIUINTETO € MPUKIYYCHO Ha
Mpexa. PesynraTure Kou ce mpuKa)XxaH Ha AUjarpaMoT Ce BO MEPUOOT 0f] 24 yaca BO Mecell MapT.

5 B omrozzpyzams
SOTOBONTILK

4 :
EIIUIOK SHEPTHjE

kW
o

_/ T —

Mzpr 28 Mapz 28 a2

o000 000
00:00 12:00 00:00

<p

Ciuka 5. Hpmca3 Ha pasrjielyBaHMOT CUCTEM 3a €I€H I€H BO MECEl MapT, KOra MUKpOMpekaTa €
NPUKJITYYeHA HA Mpeka

Ha oBoj rpaduuku nmpukas co cuHa 00ja € MPETCTABEHO ONTOBAPYBAHETO HA YUWIUIITETO, CO
KOJITA EJIEKTPUYHATa €Hepruja TMpou3BelneHa o] (OTOBOJTAUIUTE M CO 3€JieHa € BHIIOKOT Ha
eNeKTpUYHa eHepruja. Moxe aa ce 3a0eNexu Jieka BO TEKOT Ha IMOTOJIEMHUOT JeN Of] JCHOHOKHETO
Mpekarta TH 3aJ0BOJyBa NOTpeOuTe Ha omnrToBapyBamero. OJHOCHO, camMO Mal Jeln  Oj
OIITOBAPYBALETO Ha YUMIIHUINTETO ja KOPHUCTH elekTpudHarta eHepruja ox ®EIL] Bo mepuomor ox 10h
no 14h. Tlopamu oBa ce mojaByBaaT BMINOIM Ha €HEPrHja KOW Ce CKJIagupaaT BO OaTepUUTE H
MOHATAMY C€ KOpPHCTAT Kora Mpexara HeMa Jia MOXKe Jia TO TIOKPHE ONTOBAPYBAKETO Ha YUMIIMIITETO.
He ce npensuayBa npojax0a Ha eneKTpUIHA CHEPTHja Ha3al BO MpEKaTa.

Bo ciyuaj xora cucTeMOT He € NMPHUKIYYeH Ha Mpexa, 32 Jia ce MOKpUE ONTOBapyBAamETO Ha
VUWINIITETO Kako JOMOJHUTENHA pe3epBa ce KopuctaT (oToBonTanmurTe W Oatepujara 3a
CKJIaJIpar-c Ha eNeKTpuYHa eHepruja. Ho, J0KOJIKy BO CHCTEMOT MMa ONTOBapYBamke KOe HE MOXKE J1a
ce TMOKpHe, Torail 3a Jia ce HaJONOJHAT HEJOCTATOIMTE OJ EICKTPUYHA CHEpPrHja Ce BOBEAyBaat
MPHOPUTETHH U HEIPUOPUTETHU MOTPOITYBAYH MM C€ MHCTAIIMpA ITOMaJl Jqu3el arperat. Pesynrature
O]l HCTPAXKYBAETO KOU Ce JOOMBaaT KOra CHCTEMOT He € MPUKIYYeH Ha Mpeka BO MEepHoAoT of 24
Yaca 3a eJIeH JICH BO Mecell MapT ce MPUKAYKaHH Ha CIInKa 6.
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Canka 6. /I[HeBeH AMjarpaM Ha oNTOBapyBaibe 0e3 HANMOjyBaame 01 MpeKa
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Kako mro moxe nma ce 3a0enexd O CIMKara, MOBTOPHO CO CHHa 0o0ja € MpPeTCTaBeHO
ONTOBAPYBAKETO HA YUYMIHILITETO, CO XKOJITA € MPETCTaBeHA CHEprujaTa LITO Ce MPOHM3BEIAYyBa O
®EILl, co kapena e mpercraBeHa ymorpebaTa Ha OaTepujaTa M CO BHOJICTOBA € MPETCTaBEHO
MOJHEHETO Ha Oarepujata. Bo TEeKOT Ha HOKHMUTE YacCOBH ONTOBApYBAETO € Mallo, HEe mobapyBa
roJIeMO HAIojyBame U MOpau Toa MOXKe Ja ce 00e30enu co 6arepujata. Ho Bo mepuozgor ox 7h mo 9h
ONTOBAPYBAKETO IO TOCTUIHYBA CBOjOT MAKCUMYM H TTOTOJIEM JIe] C€ HamojyBa o ()OTOBOITAHUIIMTE,
a OCTaHATHOT JEN KOj IITO HE MOXKAT Ja IO IMOKPHjaT (OTOBOITAUIIUTE CE€ HAJIOMOIHYBa CO
Oarepujara.

Bo nepuonor ox 10h ma ce mo 14h, ontorapyBamero e mokpuero ox crpana Ha ®EI u moxe aa
ce 3a0enexu JeKka BO TOj NEPUOJA O JICHOT 3aloYHyBa MOJHEHE Ha Oatepujarta. Jlomeka mak BO
nepuonoT ox 14h mo 24h, xora Beke He MOKaT (POTOBONTAUIMTE Jia MPOM3BEIYBAaT EIEKTPUYHA
eHepruja, ONTOBapyBambETO KOe HeMa roJIeMH BPEIHOCTH BO OBOj MEPHOJ O JCHOHOKHETO MOXKE Ja
OuJie TIOKPUEHO O] cTpaHa Ha OaTepujara. Mcro Taka, MOXKe Ja ce 3a0€IeKHu U Jieka BO TOj MIEPUOT
3aIo4HaJI0 TOBTOPHO ITpa3Heme Ha OaTepujara.

Bo cumynanmmTe ce mpHMEHYBa YIpaByBamk€ Ha ITMKIYCOT Ha MONHEHE W TPa3HEHE Ha
Oarepunte. THe ce MOIHAT CEKOrail KOra MMa BHIIOK Ha CICKTPHUYHA €Hepruja BO cucTeMoT. Mcro
Taka, ce ONTUMHU3HMpa paboTaTa Ha MHUKpPOMpEXKaTa MPEKYy VYIpaByBamkhe HAa ONTOBAPYBAHKETO —
cexorai kora OEIl nmpou3Benysa, Taa ce KOPUCTH 3a Jia OKPHE JIE O] ONTOBapyBameTo. Bo nennor
CHCTEM C€ BOJM CMETKa W 32 TPOIIOLHUTE, OJHOCHO Ce KOPUCTAT M3BOPUTE IMOBP3aHU CO HajMalld
TPOIIIOIIH.

5 3AKJIYYOK

I'maBeH MOTHB 3a BOBCYBAK€ Ha KOHLECNTOT Ha MHKPOMPEKUTE CC HpI/I,ZIO6I/IBKI/ITe mITO CC
IIO6I/IBaaT o TEXHHUYKHU, CKOHOMCKHM W O acCIHCKT Ha XHWBOTHAaTa CpEIWMHA KOU T'M HyJaAT
MPOU3BOJICTBEHUTE TEXHOJIOTUU, CHCTEMUTE 3a CKIQJUpame Ha CIeKTPUYHA CEHepruja, Kako |
cucTeMHTE 3a ynpaByBame. Co HaMalnyBameTO Ha Ipe3eMeHaTa eJICKTPHYHA eHEepruja oJ] TiiaBHAaTa
SNEKTPUYHA MPEKa, MOXKE J]a c€ ONTUMU3UPA Pa3BOjOT HA JUCTPUOYTUBHTA MpPEKa M Jia CC OJUIOKH
nHBecTHpameTo. OHa IMITO € KIYYHO Ja C€ U3BJICUE O OBOj TPYJ € JieKa TPeKy Ho0po MpoeKTHpaHa 1
WCIUIAaHHpPaHa MHKPOMpPEXKa, TPaBHJIEH H300p HAa KOOpIWHAINHM]ja W YIPaBYBAKkE CO HEJ3UHHUTE
ENIEMEHTH, MOXE J]a ce MOCTUTHAT 3HAYajHH eeKTH, KaKo HaMallyBare Ha BPBHOTO OINTOBapyBambCe,
3rojieMyBame¢ Ha KBaJHUTETOT Ha CIIEKTPUYHA CHEpruja, Kako W JIOBEPIMBOCTABO HAIOjyBAmHETO HA
MOTPOIYBAYHTE.
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MICROGRID MODELING AND OPTIMIZATION

ABSTRACT

The paper presents Microgrid modeling and optimization using a suitable software package.
Various operation regimes shall be considered and simulated. The Microgrid shall include generating

units based on renewable energy sources and different types of consumers. The paper shall present
Microgrid operation in grid-connected and isolated mode.

Key words: microgrids, modeling, optimization
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COMPARISON OF OUTPUT POWER BETWEEN STATIC AND ROTATING
SOLAR PANEL

ABSTRACT

Solar energy is one of the most explored types of renewable energy. This type of energy by itself
probably isn’t enough to substitute fossil fuels and other conventional resources, but can be used instead
of most of modern home applications. How modern trends tend to design circuits and devices that
consume smaller amount of energy, solar panels are recognized as possible power sources for some of
them. Topics on solar panel are mostly based on how to obtain maximum energy out of limited surface
of the panel. On one hand, technology of producing panels need to advance, but on the other hand,
improving usage of day length and usage of angle of sunlight is important as well.

This paper offers insight on difference between energy obtained from static solar panel, and solar
panel that follows the sun during the day. This difference is shown through different amount of power.
For this example, appropriate measuring circuit is also designed. Although the measurement and
calculations are given for one solar panel only, with certain approximations, results can be appropriate
for solar plants also. In that case, changes in the amount of energy gained can be possible on the side of
motors moving the panels.

Key words: solar energy, solar panel, usage increase.

1 INTRODUCTION

In recent years, attention towards renewable energy such as wind and solar power has increased
dramatically. PV (photovoltaic) sources are used today in many applications such as battery charging,
lighting, home power supply, satellite power systems, water pumping, and many more. PV is becoming
more famous in the world of power generation because they have the advantages of free pollution, low
maintenance, and no noise and wear due to the absence of moving parts

2 WORKING PRINCIPLE

Solar panels are made up of many solar cells. Solar cells are mostly made of silicon, like
semiconductors. They are constructed with a positive layer and a negative layer, which together create
an electric field, just like in a battery.

2.1 Solar cell technology

The most important components of a PV cell are two layers of semiconductor material commonly
composed of silicon crystals [1]. On its own, crystallized silicon is not a very good conductor of
electricity, but when impurities are intentionally added, an electric current could be created. The bottom
layer of the solar cell is usually doped with boron (B), which bonds with the silicon to facilitate a
positive charge, while the top layer is doped with phosphorus (P), which bonds with the silicon to
facilitate a negative charge.The surface between the resulting "p-type™ and "n-type" semiconductors is
called the P-N junction. Electron movement at this surface produces an electric field that allows
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electrons to flow only from the p-type layer to the n-type layer. Solar cell’s working principle is based
on photoelectric effect [2].

anti-reflective
photon track coating

conductors

usuolly silicon)
p-layer
back contact
{positive conductor,

reflective layer

Figure 1. Cross section of solar cell [1]

When photons from sunlight hit the cell, the semiconductor material gets ionized and consequently
the atoms of the outermost layers break-free. Owing to the structure of the semiconductor, when the
electrons pass the P-N junction situated near the upper surface of the panel, the upper side of the panel
facing the sun forms negative voltage and the holes or the positive charges of the P-N junction stick to
the rear surface of the panel creating a positive voltage [3]. The rear and upper sides can be connected
via a circuit to extract electricity and voltage. A number of solar cells could be electrically connected
and mounted on a structure to be called a photovoltaic module.

2.2 Solar cell equivalent circuit

Equivalent circuit of a solar cell consists out of current source, two diodes and serial and parallel
resistance [4]. Circuit is constructed using LTspice [5] and is given in figure 3.

Rééombihétioh '
Current

:Diif;ftjsior:lf =
. Current

s R s e

Figure 2. Solar cell equivalent circuit

Current source represents a current generated by photons, that is, photogenerated current. This
current is shown as constant source to assumption that solar cell is constantly exposed to sunlight.

Two diodes shown in figure can often be replaced with one diode, depending on whether ideal or
real model of solar cell is discussed. One diode always represents a simple p-n junction, and it is
consequence of the technology and the working principle of the solar cell. Second diode is consequence
of additional recombination of carriers that occurs in the bottom of p-n junction, and it is dependent on
parameters of each solar cell for itself. In literature, two diode model is often explained with diffusion
current flowing through one diode, and recombination current flowing through another.

Serial resistance represents all resistance that oppose the carries during current flow. Most
important elements of this type of resistance are bulk resistance of the semiconductor, bulk resistance
of the electrodes and contact resistance between metal electrodes and semiconductor.
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Parallel resistance (also often described as shunt resistance) is resistance that is consequence of
solar cell materials. It comprises mostly of defects of crystal structure of semiconductor materials, and
of p-n junction edges characteristics.

2.3 Solar cell parameters

The main parameters that are used to characterize the performance of solar cells are the short-
circuit current (Isc), the open-circuit voltage (Voc), the fill factor (FF) and the efficiency [6]. These
parameters are determined from the IV curve of solar cell, shown in figure 2.

A g

Current —»

°
Voltage—» V, V.

Figure 3. Solar Cell 1-V curve [6]

The short-circuit current (Isc) is the current through the solar cell when the voltage across the solar
cell is zero. Is it product of the generation and collection of light-generated carriers. For an ideal solar
cell at most moderate resistive loss mechanisms, the short-circuit current and the light-generated current
are identical.

The open-circuit voltage (Voc) is the maximum voltage available from a solar cell, and this occurs
at zero current. The open-circuit voltage corresponds to the amount of forward bias on the solar cell due
to the bias of the solar cell junction with the light-generated current.

The short-circuit current and the open-circuit voltage are the maximum current and voltage
respectively from a solar cell. However, at both of these operating points, the power from the solar cell
is zero. The "fill factor", more commonly known as "FF", is a parameter which, together with Voc and
Isc, determines the maximum power from a solar cell. The FF is defined as the ratio of the maximum
power from the solar cell to the product of Voc and Isc. Graphically, the FF is a measure of the
"squareness" of the solar cell and is also the area of the largest rectangle which will fit in the IV curve,
while I, and Vi, respectively are current and voltage for maximum power.

Efficiency is defined as the ratio of energy output from the solar cell to input energy from the sun.
In addition to reflecting the performance of the solar cell itself, the efficiency depends on the spectrum
and intensity of the incident sunlight and the temperature of the solar cell.

2.4 Impact of angle of light

Sunlight is at its greatest intensity when it is incident directly upon a surface [7]. In these
conditions, solar panels generate more power than when the sun is incident at indirect angles. Hence,
the ideal angle for a solar panel is perpendicular to incoming sunlight. This angle varies based on the
time of day, time of year and location.

As the angle of the sunlight on a solar panel deviates from the perpendicular, the solar-panel power
output decreases. This is because the average intensity of the light incident on a flat surface area
decreases as the angle decreases from 90 degrees. The sun's maximum elevation in the sky changes
depending on latitude. As you get closer to the equator, the sun's maximum angle from the equatorial
horizon increases. For example, if you travel south in the Northern Hemisphere, the sun will reach an
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increasingly higher maximum point in the sky. Consequently, the optimum angle for a solar panel will
vary based on latitude. The sun also changes its path across the sky depending on the season. Its
maximum altitude is higher in the summer, lower in the winter. Because of this fluctuation, the optimum
tilt angle from the horizontal is equal to the latitude minus 15 degrees during the summer. In the winter,
the optimum tilt angle from the horizontal position is equal to the latitude plus 15 degrees.

3 DETERMINATION OF OBTAINED POWER

One of the main characteristic of solar panel is output power. To measure power obtained from the
solar panel, appropriate circuit should be designed first. Calculating power will be completed through
measuring both voltage and current generated by solar panel. Measuring these values can be done in
many ways.

To calculate improvement in power obtaining, two cases are examined. In both cases, power is
measured eight times per day using two identical panels. In first, panel is static and it doesn’t move
during the day. In second, panel is rotated four times during the day according to calculations for sun
movement. Calculations are made using Solar Position Calculator [8] made by University of Oregon,
for exact geographical position for the city of Nis, in Serbia.

Solar panel used in this paper is M60110 [9] shown in figure 3. It’s nominal maximum output
power is 0.4 W, nominal maximal output voltage is 8 V, and nominal maximum output current 50 mA.
It consists out of 10 smaller solar cells, and covers the surface area of 6600 mm? (110 mm x 60 mm).

Figure 4. M60110 solar panel

3.1 Measuring electrical characteristics

Voltage will be measured using microcontroller PIC16F877A [10], and shown using 16x2 LCD
display [11]. Selected microcontroller must have pins for analog inputs. In that way, generated analog
DC voltage will be converted to the digital signal, and measured. AD Converter of the selected
microcontroller has a resolution 10 bits, meaning that voltage range between logic “0” (0 V) and logic
“1” (5 V) will be divided in 2% — 1 = 1023 levels. Each level has a value of 5V/1023 = 4.89 mV. For
example, digital value of 415 respond to analog value of 415 * 4.89 mV = 2.029 V. With this attribute,
PIC16F877A can be used as a voltmeter. Display will be showing both digital and analog value of
generated voltage. Circuit for described operation is designed using Altium Designer 16 [12], and is
given in figure 5. Programming of microcontroller was done using Proton IDE [13]. On the other hand,
current will be measured using multimeter Pro ’sKit MT-1705 [14].
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Figure 5. Circuit for measuring voltage

3.2 Measuring characteristics of static and rotated panel

Both voltage and the current for three days for static panel are given in table 1, and for rotated
panel in table 2. Difference between output power for all three days is presented in figure 6.

Table 1: Characteristics of static solar panel

Wednesday, Thursday, Friday,
24.10.2018. 25.10.2018. 26.10.2018.
V[V] I [mA] V [V] I [mA] V [V] I [mA]

11:00 4.70 0.20 5.20 0.3 5.25 0.33
12:00 4.75 0.21 5.25 0.32 5.45 0.38
13:00 4.70 0.21 5.00 0.27 5.10 0.29
14:00 4.00 0.16 4.70 0.21 4.95 0.23
15:00 3.20 0.14 3.95 0.17 4.30 0.19
16:00 2.95 0.11 3.15 0.13 3.80 0.16
17:00 2.15 0.10 2.85 0.10 3.05 0.13
18:00 1.25 0.07 1.40 0.07 1.50 0.08

Table 2: Characteristics of rotated solar panel

Wednesday, Thursday, Friday,

24.10. 2018. 25.10. 2018. 26.10. 2018.

V [V] I [mA] V [V] I [mA] V [V] I [mA]

11:00 5.95 0.41 6.60 0.48 6.75 0.49
12:00 6.15 0.45 6.75 0.49 6.85 0.51
13:00 5.95 0.42 6.55 0.48 6.70 0.49
14:00 5.45 0.35 6.20 0.44 6.45 0.46
15:00 5.00 0.31 5.95 0.39 6.15 0.45
16:00 4.20 0.22 4.80 0.26 4.95 0.27
17:00 3.35 0.16 3.65 0.17 3.8 0.2
18:00 1.55 0.10 1.70 0.12 1.95 0.15
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Figure 6. Difference between obtained power

Very important aspect of rotating solar panels is how the rotation should be done. As mentioned
before, most efficient position of panels to the sunlight can be calculated. Therefore, system can be
designed so that motors work only couple of times per day. This is very important because motors are
also using energy to rotate. Energy used in rotation must be also taken in calculations for obtained
energy.

One of common designes with rotating solar panel include photoresistors. Voltage of
photoresistors is being compared using Arduino or some microcontroller, and depending on
comparison, servos rotate structure with panel in specific angle for specific amount. Since
photoresistors are analog circuits, and also they can be pretty easy deceived by clouds or shadows,
redundant rotations of motors can happen. This can lead to power loss, and in some critical cases to
situations where more energy is spent on motors than gained by rotating. Therefore, accurate
calculations and careful and limited usage of motor can, in majority of cases, obtain more energy.

4 CONCLUSION

Figure 6 leads to conclusion that output power gained from identical solar panel that was rotated
is greater than power from the static one. Considering that measuring was performed in late October,
difference in summer months will probably be greater. Since the covered surface is only 0.0066 m?
connecting more panels in series can deliver a lot more energy. Important aspect is also power usage of
motor rotating the panel.
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BATTERY OPTION ANALYSIS FOR SOLAR ENERGY STORAGE

ABSTRACT

The aim of this research is to enumerate the important parameters when choosing batteries for solar
energy storage. There are certain specifications that should be considered when evaluating solar battery
options, such as how long the solar battery will last or how much power it can provide. The first part of
the paper shows the most important parameters when choosing a battery, and the second part involves
comparison between lead-acid, li-ion, and saltwater batteries. The compared parameters are voltage,
current, cell temperature, maximum capacity, SOC, age, energy density, energy efficiency and cost. In
the analysis of the battery model this paper includes Simulink simulation to show how this parameters
change in a 1000h time period with various values of depth of discharge, discharge and charge current.
We hope that this paper’s results can be useful for both students and engineers.

1 INTRODUCTION

Solar power batteries refer to the batteries used in the battery bank of a solar power system.
Basically, this is your storage reservoir for any energy you create, but don't use. In other words, batteries
collect DC energy from your solar panels and store it for later use. By using a battery storage bank in
your solar system not only do you provide a constant level of power to your electrical loads, you can
also use your PV batteries to store energy in the day and use it at night or in times of rain or cloudy
weather. Batteries make your solar power use much more practical and convenient. With the cost of
solar panels dropping dramatically in the last few years, batteries have become the major cost of a solar
electrical system. Solar panels, and charge controllers have life expectancies of 25 years plus, your
batteries could last for only months if not treated correctly. Knowing how to care for your batteries can
mean the difference between your batteries lasting many years or just a few months, and to get optimal
performance from your system and maximum life out of your batteries, you must choose the size, type
and number of batteries you use carefully.

2 PARAMETERS

While choosing battery for solar storage you will come across some complicated specifications.
The most important ones to use during your evaluation are the battery’s capacity and power ratings,
depth of discharge (DoD), round-trip efficiency and solar battery life.

1. Capacity and power: Capacity is the total amount of electricity that a solar battery can store,
measured in Kilowatt-hours (kWh). While capacity tells you how big your battery is, it doesn’t
tell you how much electricity a battery can provide at a given moment. To get the full picture,
you also need to consider the battery’s power rating. Power rating is the amount of electricity
that a battery can deliver at one time, measured in kilowatts (kW). A battery with a high capacity
and a low power rating would deliver a low amount of electricity (enough to run a few crucial
appliances) for a long time. A battery with low capacity and a high power rating could run your
entire home, but only for a few hours.
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2. Depth of discharge (DoD): Most solar batteries need to retain some charge at all times due to
their chemical composition. If you use 100 percent of a battery’s charge, its useful life will be
significantly shortened. The depth of discharge (DoD) of a battery refers to the amount of a
battery’s capacity that has been used. Most manufacturers will specify a maximum DoD for
optimal performance. For example, if a 10 kWh battery has a DoD of 90 percent, you shouldn’t
use more than 9 kWh of the battery before recharging it. Generally speaking, a higher DoD
means you will be able to utilize more of your battery’s capacity.

3. Round-trip efficiency: A battery’s round-trip efficiency represents the amount of energy that
can be used as a percentage of the amount of energy that it took to store it. For example, if you
feed five kWh of electricity into your battery and can only get four kwh of useful electricity
back, the battery has 80 percent round-trip efficiency (4 kWh / 5 kWh = 80%). Generally
speaking, a higher round-trip efficiency means you will get more economic value out of your
battery.

4. Solar battery lifespan: The life span of solar battery is from 5 and 15 years, so it means you
will need to change it at least once to match the 25 to 30 years lifespan of the PV system. Proper
maintenance can increase lifespan. Solar batteries are impacted by temperature, so protecting
your battery from freezing or sweltering temperatures can increase its useful life. If the
temperature of the PV battery drops below -1 °C it will require more voltage to reach maximum
charge, but when the temperature passes 32 °C the battery will get overheated and will require
a reduction in charge. To solve this problem, many leading battery manufacturers, like Tesla,
provide temperature moderation as a feature. However, if the battery that you buy does not, you
will need to consider other solutions like earth-sheltered enclosures. Quality maintenance
efforts can definitely impact how long your solar battery will last.

3 LEAD-ACID BATTERIES

There are many types of lead acid batteries, but few a suitable for solar energy storage. Deep cycle
lead acid batteries are what is needed for solar storage. A deep cycle battery has been designed for deep
discharge and charge cycling. The lead plates in a deep cycle battery are thicker plates that have been
designed for many charge and discharge cycles. The most common types of Lead-Acid batteries are:

- Flooded Lead Acid Batteries: The conventional type of lead acid battery, flooded cells use
a liquid sulfuric acid electrolyte. They provide the lowest cost per amp hour of any lead-
acid battery type. These cells are also with the highest maintenance, requiring watering,
charge equalizing, and terminal cleaning. Sealed lead acid batteries are similar to flooded
lead acid but are just about maintenance free.

- Deep Cycle Lead Acid Batteries: Designed for deep cycling applications, these cells are
designed to be discharged to 50% of their capacity or more before recharging. This is in
stark contrast to the starter battery in your car which is designed to deliver a short, high
current burst. The plates are thicker allowing the batteries to deliver a steady current over
a long period of time. Lead antimony batteries are a type of deep cycle lead acid battery.
Common applications include electric golf carts, floor scrubbers, fork lifts, and older
electric vehicles. ® ©

The nominal cell voltage is relatively high at 2.05 V.

The positive active material is highly porous lead dioxide and PbO, Pb

the negative active material is finely divided lead. The p:’:t:“’e “Eg:""e
electrolyte is dilute agueous sulphuric acid which takes part P 4

in the discharge process. On discharge HSO4 ions migrate to separator
the negative electrode and produce H+ ions and lead sulfate.

At the positive electrode lead dioxide reacts with the

electrolyte to form lead sulfate crystals and water. Both Pb + PbO, + 2H,S0, = 2PbSO, + 2H,0
electrodes are discharged to lead sulfate which is a poor Figure 1 — Chemistry and principal
conductor and the electrolyte is progressively diluted as the components of a lead-acid battery

discharge proceeds (Fig. 1). On charge the reverse reactions
take place. As cells approach top-of-charge and the electrodes have been progressively converted back

49




to lead dioxide and lead, the specific gravity of the electrolyte rises as the sulfate concentration is
increased. Further charging will result in water loss as it is electrolyzed to hydrogen and oxygen but the
over-potential at which this occurs is sufficiently high for water loss to be manageable by controlling
the charging voltage. Lead acid batteries are very slow to charge so charge controllers employ charging
algorithms that help charge the batteries faster by employing higher voltages and currents. These higher
voltages and currents also help keep each cell on the battery equally charged which adds to the life of
the battery. But these higher voltages and currents must be kept to a minimum on a sealed battery
because above a certain voltage the electrolyte in the battery will begin to gasify. This limits the
controller's ability to enhance the charging of the battery.

Lead acid batteries are still used because of the low cost and their reliability. They are tolerant of
overcharging and have low internal impedance, also they can deliver very high currents. They are
available in wide range of sizes and capacities. On the other side they have some big disadvantages:
they are very heavy and bulky, they have typical Coulombic charge efficiency only 70% but can be as
high as 85% to 90% for special designs, possible danger of overheating during charging, they are not
suitable for fast charging, their typical cycle life is 300 to 500 cycles, and they must be stored in a
charged state once the electrolyte has been introduced to avoid deterioration of the active chemicals.

4 LITHIUM-ION BATTERIES

Li-ion batteries are one of the most popular batteries and are used in various applications from
electronics to energy storage. This battery model utilizes insertion reactions for both positive and
negative electrodes with Li ions as charge carriers.

Figure 2 shows the work principle of Li-lon batteries. During the charge process the cathode
releases Li ions to the anode and in the discharge process the anode supplies the cathode. Most Li-ions
batteries use carbon materials such as graphite and hard carbon as the anode active materials, also some
metal oxides such as lithium titanate (Li2Ti;s012) and niobium pentoxide (Nb2Os) can be used as active
materials.
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Figure 2 Li ion working principle

The features of Li-ion batteries are as follows: high single-cell voltage, high specific energy, high
energy efficiency and long life. Li-ion batteries have high single-cell voltages around 3—4 V, which is
due to the lower potentials of the anode active materials. The high specific energies are dependent on
the higher cell voltages, because a specific energy is the product of the cell voltage and the specific
capacity, where 3—4 V is an extraordinarily high cell voltage for secondary batteries. The specific
energies for Li-ion batteries are 1.5 times as large as that for nickel-metal hydride batteries, of which
the single-cell voltage is only 1.2 V, despite having specific capacities greater than those of Li-ion
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batteries. The high charge—discharge efficiencies, which are the product of the Coulombic (electric
current) and voltage efficiencies, are due to the simple cell reactions without any side reactions, and
high voltage efficiency, which is also attributed to the high single-cell voltage.

The long life character is attributed due to the
simple cell reactions without side reactions and
due to insertion reactions without any significant
morphological changes in the active materials
during normal charge—discharge cycles. This
situation is quite different from that of
conventional secondary batteries such as the lead—
acid battery, where the cell reaction involves
dissolution—deposition and represents complete
morphological changes during charge—discharge Pb-acid
cycles. Another significant feature of Li-ion 0 100 200 300 400 500 600
batteries is the use of an organic electrolyte, which Energy density (WhiL)
consists of aprotic polar organic solvents and a
lithium salt. The electrolyte enables the high Figure 3 — High specific energy of the Li-ion batteries
voltages involved with Li-ion batteries. However,
electrolyte combustibility causes safety issues. Therefore, it is a key technology for Li-ion batteries to
minimize the cause and effect of electrolyte combustibility without sacrificing performance. Another
great characteristic of the Li-lon batteries that they are small in size and are not heavy, but they are
more expensive than any other model of battery.
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To have a better view of the characteristics of Li-lon batteries in the next figure is shown 3.6v
47Ah LiNiO; battery. The results and the model are shown in figure 4 and 5. This simulation represents
100h simulation. At some part of the 100h period DOD (at the 20" hour jumps to 80% and returns to
normal (20%) at the 80" hour) and the discharge current (at 60" hour jumps to 4A and at the 80" h
comes back to 1A) values change.
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Flgure 4 — Results of the Simulink simulation
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Figure 3 — The Simulink madel used in the simulation

The following table shows the difference between li-ion and lead acid batteries.

Parameter Li-ion Lead-Acid
Energy Density (Wh/L) 250 80

Specific Energy (Wh/Kg) 150 30

Regular maintenance No Yes

Cycle life 1900 at 80 % DoD 1200 at 50 %
Typical state of charge 80% 50%

Temperature sensitivity

Degrades significantly after
45°C

Degrades significantly after
25°C

100% at 20 h rate 100% at 20 h rate
Efficiency 99% at 4 h rate 80% at 4 h rate
92% at 1 h rate 60% at 1 h rate
Voltage increments 3.7V 2V
Fast charging time 8-16h 2-4h
Size Small Big
Overheating No A big possibility
Initial cost 600 $/kWh 65 $/kWh
Recycling rates Low High

5 SALTWATER BATTERIES

Scientists at stanford university developed a manganese-hydrogen storage technique to
accommodate solar and wind-generated power. The new saltwater batteries are easy to produce as they
only require manganese sulfate (a type of salt), water, and simple electrodes for the necessary catalytic
reactions to take place. A renewable grid needs backup batteries that store excess power and redistribute
it when solar panels and wind turbines aren’t running. However, current battery solutions, lithium-ion
batteries included, are hard to build on a scale that fits the grid needs. The reasons for this range from
their short lifespan to safety concerns to financial constraints. Stanford university’s new saltwater
batteries solve all these issues. It’s low cost and safe because it runs on water and common salt. On top
of that, it has a long life cycle as it can charge and recharge for 10,000 cycles (over a decade of use)
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before it shows signs of decay. Although the prototype battery researchers tested generates only a small
amount of power (20 milliwatt hours), researchers think they can scale their system up to fit grid-scale
storage.

.

} \Ak‘b Synthetic Cotton Separator

Figure 6 — Exploded view of a saltwater battery

6 CONCLUSION

The benefits of a home battery can be considerable, especially if you have solar charger: you can
use more solar energy onsite, or save it to use as backup power in the event that the grid goes down. If
you have time-of-use (TOU) rates (you pay more per kWh for the electricity that you use during hours
of peak electricity demand) for your electricity or pay monthly demand charges, you can even save
money by using power from your battery when rates are high.

Home solar batteries are a new technology and their price is largely dependent on the materials
that they are made of and how much power they can give you. Installing a battery that can operate off-
grid typically also costs more than installing a battery designed to operate while connected to the grid.
Solar batteries range from $5,000 to $7,000+ and from $400 dollars per kilowatt hour (kwh) to
$750/kWh, these prices are only for the battery itself, not for the cost of installation or additional
necessary equipment. Batteries used in home energy storage typically are made with one of three
chemical compositions: lead acid, lithium ion, and saltwater. In most cases, lithium ion batteries are the
best option for a solar panel system, though other battery types can be more affordable. Lead acid
batteries are a tested technology that has been used in off-grid energy systems for decades. While they
have a relatively short life and lower DoD than other battery types, they are also one of the least
expensive options currently on the market in the home energy storage sector. For homeowners who
want to go off the grid and need to install lots of energy storage, lead acid can be a good option. Lithium
ion batteries are lighter and more compact than lead acid batteries. They also have a higher DoD and
longer lifespan when compared to lead acid batteries. However, lithium ion batteries are more
expensive than their lead acid counterparts. A newcomer in the home energy storage industry is the
saltwater battery. Unlike other home energy storage options, saltwater batteries don’t contain heavy
metals, relying instead on saltwater electrolytes. While batteries that use heavy metals, including lead
acid and lithium ion batteries, need to be disposed of with special processes, a saltwater battery can be
easily recycled. However, as a new technology, saltwater batteries are relatively untested.

Energy storage technology has been researched for decades, but solar batteries used in home solar-
plus-storage systems are relatively new to the market. While solar batteries can offer a significant
economic benefit for homeowners in certain situations, their price tag means they don’t make financial
sense for everybody. On the other hand, solar batteries can be useful in distributed production or
microgrids and may improve the livestyles of a great amount of people in the developing countries.
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BJIMJAHUE HA AT'OJIOT HA HAKJIOH U OPUEHTAIINJATA HA
®OTOBOJITAUYHTE ITAHEJIM BP3 IPOU3BEJAEHATA EJIEKTPUYHA
EHEPI'NJA O ®POTOBOJTANYHUTE CUCTEMHA

AIICTPAKT

Co Op3uOT EKOHOMCKH PACT U MOI00PYBAKETO HA JKUBOTHUTE CTAHAAP/IN, IMa 3HAUUTEITHO
3rojieMyBame Ha ynorpebaTa Ha €JIeKTpUYHA SHEPIrrja BO MHOT'Y Pa3BHCHU 3€MjU U 3€MjH BO Pa3Bo)j.
IMocTojaT MHOTY HEMTOCpETHI HEraTUBHU e(EKTH BP3 JKUBOTHATA CPEIMHA, KAKO ITO CE TOJIEMH
KOJIMYWHU Ha CTAKJICHUYKH I'aCOBHU 1 EMHUCHU Ha 3arajlyBadyku MaTC€puu O/ COrOpyBaAlkC HA (1)OCI/IJ'IHI/I
ropuBa. EHeprujata o1 0OHOBJIMBU U3BOPH MOXKE Jla UTPa CYIITHHCKA YJI0ra BO MCIIOJHYBaHETO Ha
KpajHaTa I1eJT 33 3aMeHa Ha The HeraTuBHM (pakTopu. MHcTananuure Ha GOTOBOATAMYHN CHCTEMH
3a3eMaaT 3HauajHO MECTO KaKo TEXHOJIOTHja 3a TOONBHAKE Ha €HEpTrHja 011 OOHOBIUBU N3BOPH
OWIejKu CHCTEMHTE HE UCITYIITAaT 3arayBavn U He 6apaat TOPHUBO.

Bo pypannute u oyrajgedeHuTe 00JIACTH KaJie ITO HOPMAaJTHOTO CHAOIyBambe CO eIeKTpHYHA
SHepruja MOXKe Jla He € JIECHO JOCTaITHO Ce KOPUCTAT CAMOCTOJHU (POTOBOJNTAMYHY cUCTeMH. Bo
MOJIEpHHTE YpOaHH TPaIOBH CO MHOT'Y KOMIIAKTHO U3TPajicHH BHCOKH 3TPaji, CE KOPHUCTH
WHTErpupaH (POTOBOITAUK KaKO COOJIBETHA alTepHATHBHA (OpMa 3a TOOMBAME HA ENEKTPUIHA
eHepruja.

IenTa Ha OBOj TPY[ € Jla ce OMpeIeNaT OpUCHTAIHja KaKo H aroJioT Ha HAKJIOH Ha CONIApHUTE
MaHEeNH TJIeaHO O TEXHUYKHU actekT. [lepdopmancuTe Ha POTOBONTAUYHUTE CHCTEMHU 3aBHCAT O]
HUBHATa OpUEHTAIMja U arojoT Ha HakioH. OBHe JBa MapaMeTpH BIIMjaaT Ha KOMUYMHATA HA
COHYEBaTa €HEepruja mITo ce arcopOrpa o MOBPIIMHATA HA (JOTOBONITANYHHUTE TaHenn. Bo 0Boj Tpyn
(hOTOBONTAMYHUTE TTAHEIU CE TIO3UIOHUPAHH BO TIpeieMHUPAHU arii. Bo oBUe Mo3UIMU ce Mepat
BPEHOCTHTE Ha CTPYjaTa, HAIIOHOT, MOKHOCTA U MHTEH3UTETOT Ha COHYEBOTO 3pavcihe, a Kako
pe3yaTaT Ha THE Mepeba Ce OJIpeayBa MMOCTABEHOCT Ha coapHuTe manenu. [1][2]

Knyunu 360poseu: conapHm MoIynM, aroil Ha HAaKJIOH, OpHEHTaluja, mephopMaHcH Ha
(hOTOBONTAMYHUTE CUCTEMHU.

1 BOBE]

Bo nayuyHaTa jaBHOCT, MEIyMHUTE, HEBIAAWHUTE OPTaHU3AINH U CII. CE MTOBEKE U C& TTOYECTO
ce 300pyBa 3a eHeprujara, 3a eHeprerckara euKacHOCT M 3a 4HCTaTa eKOJIOIIKa cpearHa. Toa e Taka
3aToa IITO eHeprujara Kako CHiia Koja o JBM)KM HAIIMOT >KUBOT M IO JUKTHPA HAIIHMOT Pa3Boj €
KIIy4eH pecypc 4me 00e30eayBame He € BOOIIIITO JIECHO, @ YHEe TPOLICHE CEKOjAHEBHO Ce 3r0JIeMyBa.

Bo oBoj Tpyn ke ru pasriesame (OTOBONTAMYHUTE CHCTEMHM KOHM ja KOPUCTAaT COHYeBaTa
€Hepruja OIHOCHO COHIIETO KaKO OOHOBIJIMB M3BOP 3a MPOM3BOACTBO Ha €IEKTPUYHA €HEPrHja.

I/ICTOPI/ICKI/ITC rnmogaTonu roBopart AC€ka TCPMUHOT (I)OTOBOJ'ITaI/IK € U3BCJICH OO I'PUYKUOT 360p
(1)0TOC IOTO 3HA4YW CBCTJIMHA W C¢AUWHHILATA 3a CJIICKTOMOTOpPHA CHJIa BOJIT, IITO HNPCAN3BHUKYBa
ABHUIKXCHC HA CIICKTPOHHU OJHOCHO HPOTCKYBAHC Ha Cprja. E,Z[I/IHHI_[aTa, nakK, BOJT, € UMCHYBaHa BO
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YecT Ha MTANWjaHCKHOT Qu3uuap, rpod Anecannpo Bonra, uzymutenor Ha Oatepujata. Co apyru
300pOBH, TOA CE€ ypeau KOM T'eHepHpaar eJIeKTpUYHA CHEPruja OJ] CBETJHMHA Kako pe3yiraT Ha
(doToBONTAMYHHOT eeKT. MaKCHMyMOT O]l CBOjOT Pa3Boj I'O JOCTUTHYBAaT BO MEICCETTUTE T'OANHH
01 MHHATHOT BEK KaKO IMOCIEIMIA HAa OTKPUBAIHETO HA IMOJYCIPOBOJAHMYKUTE CIEMEHTH, Tpe] ce
répMaHnuyMm CHJIMIUYM U TPaH3UCTOPOT. Bo MOCJICAHUTEC HCKOJKY ACIICHUHW BHUMAHUCTO € CBPTCHO
Bp3 3rojieMyBamke Ha e(pUKacHOCTa Ha (POTOBOJITAMIIMUTE CO 300raTyBame Ha CHUJIMKOHCKUTE
MaTepujaiu, 3rojieMyBambe Ha KOS(UIIMEHTOT Ha HCKOPUCTYBAake HO M BOCIHO HamajlyBame Ha
HUBHATA MPOM3BO/IHA [I€HA, TIPH IITO € TIOCTUTHAT 3HaYUTeNeH pa3Boj.[1][3]

2 ®OTOBOJTANYHU CUCTEMHU

I'maBen nmen Ha ¢oroBontanyHuoT cucreM ¢ OB momyn. @B monmynm e u3paboreH of
MIOJTyCITPOBOJHUYKH (CONApHU) KeMWHM KOM TeHepupaaT HAIlOH BO 3aBUCHOCT OJf HUBOTO Ha COHYEBO
3pademhe OJJHOCHO CE BPIIM KOHBEp3Wja Ha COHUEBATa €Hepruja Bo enekrtpuyHa.dDoroBonTanyHHUTE
KelIHH BO OCHOBA CE€ COCTOjaT O] CII0j TOMery JBa TEHKH cJI0ja OJ Pa3iMyYHH MOITYCIIPOBOTHHUYKH
MaTepujaiu Of THII ,,0° ((IO3UTUBEH) U THI ,,N“ (HEraTUBEH ), MPH ILTO MOJYCIPOBOAHHUIIUTE HAJUECTO
ce u3paborenu on cunuiuyM. [Ipu mapanenna/ceprucka Bpcka Ha moBeke MoAyiau ce noonsa OB Huza.
Ha uzne3 ox ®B Hu3a ce reHepupa eqHOHACOYHA €HEPrHja, KOja MPEeKy HHBEPTOpP ce TpanchopmMupa
BO Hau3MeHWYHa. Taka [oOHWeHaTra eNneKTpUYHa eHepruja ce KOPHCTU 3a HalojyBame Ha
COOJIBETHUTE MOTPONIyBauu. PasnnkyBaMe TMoBeKe BUJIOBH ()OTOBOJTAWYHH CUCTEMH M TOA 3aBHCH
OJ] TIOBP3YBamkETO Ha O0jEKTOT CO Mpekara, Kako M OJ OlpeMara Koja € BKydeHa BO IIeJIOKYITHHOT
npousBon. Taka wumame @B cucreMu NOBp3aHH KOH EIIEKTPOEHEPreTCKa MpEkKa Kako H
(hOTOBONTAMYHYN CHCTEMH 32 H3OJIMPAHHU MOTPOITYBAYH.

Kaj ®B cucremu Bp3aHu 3a Mpeka, €JIEKTPOEHEpPreTckaTa MpeXa MMa JBOjHA yJIora: Taa
MIPAKTHYHO IIPETCTaBYBa ,,[IMHOBCKA® OaTepHja MpeKy Koja Ce AUCTPHOyHpa BHIIOKOT IIPOM3BEICHA
CIIEKTPUYHA CHEPruja, a CIY)XM W KaKOo €Heprercka MOIIpIIKA 3a KOPUCHHUKOT BO YCJIOBH KOra €
HEZ0BOJTHA MJTH IIEIOCHO OTCYCTBYBA COHUEBATa pamdjanuja. Kaj oBue cucTeMu ce KOpUCTaT MPEKHH
WHBEPTOPH KOW T'0 MPETBOpaaT €IHOHACOYHHOT HaroH on B mMomynmn BO HaM3MEHWYEH HAIIOH Ha
rnmoTpebHaTa BPeIHOCT M (hpeKBeHIHja qeuHUpaHu co Mpekarta. McTo Taka, oBue cucreMu Tpeda jga
MMaaT NBOHACOYHU EJIEKTPHYHU Oponia KOM IO MepaT KOJIMYECTBOTO IOTPOINIEHA W TpemajeHa
SIICKTpUYHA CHEpTHja O] CTpaHa Ha KOPUCHUKOT. Ce MOTeHIHpa IeKa BO onpeMaTa Ha MPEIBUICHUTE
MpPEKHH CHCTEMH HE C€ BKITyUECHU OaTepHH.

ABTOHOMHHTE (DOTOBONTANYHHU CHCTEMH pabOTaT HE3aBHCHO O IPYT'H M3BOPH Ha €HEepruja u
Ce CHCTEMH IITO HE Ce TOBP3aHH CO CIIEKTPOAUCTPUOYyTUBHATA Mpexa, a ce coctaBeHu on: DB
MOIy/Ti, AaBTOHOMEH WHBepTOp W Oartepmu. Ce MOHTHpaaT HAjYecTO OHaMy KajJe IITO HeMa
MPHUKIYYOK 32 ENEKTPUYHA EHPTUja WM TIOBP3YBAETO CO EIEKTPO JUCTPUOYTHBHATA Mpexa ¢
MPEMHOTY CKAaIlo KaKo Ha TIPUMEP BO HEKOU PYPATHU CPEITUHH.

be3 pasnmka 3a xakoB T Ha ()OTOBONTAWYEH CHCTEM CTaHyBa 300p TOj Tpeba na Omue
MCIPOCKTUPAH HA TAKOB HAYMH IITO K I'M 33J[0BOJTyBa TEXHHUYKUTE aclieKTH. [4]

3 OIIPEJEJYBAIBE HA AI'OJIOT HA HAKJIOH U OPUEHTAIIMJATA HA ©B-
CUCTEM

3a ompenenyBambe Ha arojioT Ha HAKIOH M OpUEHTAIMjaTa Ha CONApHHUTE MOAYIH Ke ce
KopuCTH cOpTBEPCKHOT maker PVsyst.

3.1 Onwuc Ha npod.iemoT

3a 3a10BONTyBamEe Ha JEN OJ CIEKTPUYHMTE MOTPeON Ha €lHa 3rpaja Koja IITO ce Haofa BO
HCTOYHHUOT Aen Ha rpagoT Ckomje noTpedHo € 1a ce nmocTtaBu (JOTOBOJNTAMUEH CHCTEM CO HOMHHAJIHA
mokuocT o1 10 KWp moBp3an Ha Mpeska. Toa e BpBHaTa MOKHOCT IITO CHCTEMOT ja MPOM3BE/yBa MPU
HajnoOpu yCJIOBM, HAa IpPUMEpP BO MOIUIAAHEBHUTE 4YacoOBU BO HEKO] COHYEB JeH. 3rpaiara e
OpHeHTHpaHa KOH Jyr, U Hema BHCOKM OOjeKTH IUTO Ke ja 3aceHyBaaT. IlogarouuTe 3a mereoro,
COHYEBOTO 3paueme, TeMIlepaTypara, 00JayHOCTa U CII. 3a pasrieqyBaHaTa JOKaluja IporpaMor T
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reHepupa aBTOMATCKH Bp3 OCHOBA Ha JONTOTOJMIIHM Mepema KOM T'M IpeB3eMa of 0Oa3ara 3a
nogaroud. IIpu Toa kako (akTop ce 3eMa M CHE)XHaTa MOKPHBKA BO 3UMCKUOT TEPHOJ KOja MITO TO
3rojleMyBa OJOMBAHmETO HAa COHYEBHMTE 3palld IUTO pPE3ylATHpa CO MOrojleMo HPOM3BOACTBO Ha
eNIeKTpUYHA CHEprHja.

PasrnenyBaHHOT cHUCTeM ce cOCcTOM O] 3 HH3M Ha COJAPHUM MOAYNH, a CEeKoja Hu3a coApxku 13
MOJYJH BO cepuja. Moaynute ce moBp3anu Ha exer 10 KW naBepTop. CHCTEMOT € MpHKakaH Ha C1.2

T Tilt 30° Azimuth 0°

/’ Wigst * East

South
Cn. 3 Aeon Ha HaKIOH U a3UMym

June 21

Sun's Path
n the Sky

West

West

Ci. 1 ®oToBoJTAHYEH CHCTEM Ca. 2 IIaT Ha coHLeTO

[pen na 3amouHeMe co cuMyJaljaTa Majio o0jacCHyBambe 3a TEPMUHHUTE MITO KE Ce KOPHCTAT. A3UMYT
¢ opueHranujata Ha PB-cucrem. bunejku ®B- cucrem ce Haora BO CEBEPHHUOT JIeNl HA 3eMjHHATA
MOJTYTOIIKA 32 Jia TieflaMe KOH COHIIETO HUe Tpeba Ja rieaame KoH Jyr ¢i1.3, ma Kako pe3yiaTaT Ha Toa
kako pedepenten azumyt 0° ce 3ema opueHTanuja npema Jyr cil. Asumyt ox -90°, e opueHTanyja Ha
®B- cucrem npema Mcrok moaeka 90° e opuenrarmja npema 3amnan. [5]

3.2 Cumyaaumja

Co men nma ce ompeAeny HAJIIOBOIHATA OPHEHTAIMja W aroyl Ha HAKIOH, KOPHUCTEKH TO
TOPEHABEICHUOT CO(TBEPCKHM MaKeT Ke ce M3BpIIAT HU3a O] CHUMyJAalWH MPU IITO a3MMYTOT Ha
(oToBONTAMYHHOT cHucTeM ke ce MeHyBa ox -90° mo +90° co uekop 15° w mpuToa 3a cekoja
OpHeHTalMja ke T0 MEeHyBaMe arojioT Ha HaKkJIOH Ha Moxyiute o 0° mo 90° mcro Taka co gekop 15°.
IIpu Toa KOHGUrypamMjaTa Ha CHCTEMOT OCTaHyBa HempoMeHera.. Kako pe3yaTar om cekoja
cUMylanuja Jo0OMBaMe JBE BPEIHOCTH TMpBaTa € TOMHMIIHOTO MPOU3BEICHO KOJIUYECTBO Ha
eleKTprYHa eHepruja u3paseHa Bo KWh/roaumso a BTOpata BpeqHOCT € CHEHU(DUYHOTO TOAUIIHO
MPOU3BEACHO KOJIMYECTBO Ha €leKTpuuHa eHepruja muspazeno Bo KWh/KWp/roaumHo koe mro Hu
kaxyBa Koinky KWh uu naBa 1 KWp uncranmpana mokHocT rogumiHo. [Ipu Toa 0BOj aktop 3aBucu
O/ COHYEBOTO 3payee IITO IMafa Ha MOMAYINTE, TEXHUYKUTE KAPAKTEPUCTHKM HA MOMIYJIHTE
BKJIy4yBajK T OCETIMBOCTa Ha BHCOKH TEMIIEpPATypH W HUCKa COHYEBA OCBETJICHOCT KaKO U Of
CHCTEeMCKHTE 3aryou. Pesynrature oJf CHMynalMuTe ce NpHKakaHW Bo Tabena | Ha HapemHarta
crpana. Kako mro Moxe na ce BUOM O AOOHMEHUTE PE3yNTaTH HajIOBOJIHATA OpHUEHTallWja Ha
¢doroBonTanyHNOT cucteM € KoH Jyr (asumyt 0°) co arom Ha HakioH ox 30° mpu IUTO TOAWIIHO
MPOU3BEICHO KOJIMYECTBO Ha eleKkTpryHa eHepruja e 15 587 kWh/roauiiso, noaeka crennpuyHoro
TOJMIIIHO TPOM3BEACHO KOIMUYECTBO enekTpuuHa eHepruja e 1508 KWh/KWp/ropumro. On TeXHHYKHA
TJeaH aclekT 3a OBHME MpOCTOpu crheruduyao mpousBoactBo ox 1508 kKWh/kKWp/rogumHo e
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npwimaHO a00po, mro 3Haun 1 KWp wuHcTamupana mokHoct Hu naBa 1508 kWh/rogumino.
HajuenoBonna opuenrtanuja ¢ kon Hcotk (asumyt -90°) co aron Ha HaxioH ox 90° Taka mTo
TOIMIIHO TPOM3BEACHO KOJIMYECTBO Ha eilekTpuuHa eHepruja ¢ 6 588 kWh/roaumno, noxeka
crien()UIHOTO TOAMIIHO TIPOU3BEICHO KOINYECTBO enekTpudHa eHepruja ¢ 637 KWh/kWp/roaumiso.
JIoOMEHOTO KOJMYECTBO Ha CIEKTPHUYHA SHEpruja MpH BaKBa MOCTABEHOCT € 3HAYMTEIHO MOMAJIO BO
OJIHOC Ha TPETXOAHUOT Cy4aj.[5]

Aron
Ha 0° 15° 30° 45° 60° 75° 90°
HaKJIOH
Asnmyt
-90° 13366/ 13111/ 12167/ 10857/ 9407/ 7924/ 6588/
1293 1269 1177 1051 910 767 637
750 13366/ 13592/ 12937/ 11842/ 10462/ 8940/ 7273/
1293 1315 1252 1146 1012 865 704
-60° 13366/ 14042/ 13769/ 12766/ 11408/ 9784/ 7997/
1293 1359 1332 1235 1104 947 774
_45° 13366/ 14430/ 14469/ 13643/ 12375/ 10694/ 8690/
1293 1396 1400 1320 1197 1035 841
30° 13366/ 14738/ 15064/ 14440/ 13155/ 11422/ 9256/
1293 1426 1458 1397 1273 1105 896
15° 13366/ 14942/ 15478/ 14966/ 13668/ 11854/ 9577/
1293 1446 1498 1448 1323 1147 927
0° 13366/ 15015/ 15086/ 13754/ 11907/ 9605/
1293 1453 1460 1331 1152 929
15° 13366/ 14934/ 15444/ 14897/ 13621/ 11803/ 9515/
1293 1445 1494 1441 1318 1142 921
30° 13366 14740/ 15030/ 14379/ 13083/ 11341/ 9195/
/1293 1426 1454 1391 1266 1097 890
45° 13366/ 14443/ 14458/ 13615/ 12309/ 10657/ 8677/
1293 1397 1399 1317 1191 1031 840
60° 13366/ 14061/ 13740/ 12725/ 11345/ 9730/ 7984/
1293 1361 1329 1231 1098 941 772
750 13366/ 13606/ 12971/ 11777/ 10406/ 8883/ 7220/
1293 1316 1255 1140 1007 860 699
90° 13366/ 13123/ 12142/ 10826/ 9400/ 7940/ 8315/
1293 1270 1175 1047 910 768 805

Ta6ena 1 ToaMuHO MPOU3BOACTBO H CHIeHHU(PHIHO rOIMIIHO MPOM3BOICTBO HA eJeKTPHIIHA eHepruja
(kWh/ropnmmo, kWh/kWp/roauuiso)
Toa e Taka Omaejkn KoJKy moBeke ro porupame OB-crucrem Bo mpasel pa3iudeH of Jyr KomnyuHaTa
Ha COHYEBA CBETJIMHA LITO Nafa Ha aKTUBHATA MTOBPIIMHA HA MOIYJIMUTE € IOMaJIa 1a Taka [PH a3uMyT
-90° Taa e HajMaja MTO PE3yATHpPA CO TOMAJO MPOU3BOJACTBO HA eleKTpuduHa eHepruja. Ox mpyra
cTpaHa OmTeH (akTop € U MeryceOHOTO 3aceHyBamhe Ha HU3UTH, OJHOCHO 3aryOuTe Ha €Hepruja IMiTo
HACTaHyBaaT IIPH 3aCEHYBambE A TaKa IPHU IOJIEMH arjy Ha HAKJIOH 3aCEHyBameTo € Hajronemo. Bo
HaIVOB CiTy4daj pu aroi Ha HakiioH 90° mmame HajroneMo 3aceHyBame. Ha 3aryOute oz 3aceHyBame
MIOKPaj arojoT Ha HAKJIOH BJIMjae U PacTOjaHUETO MOMeTy ITOYETOKOT Ha eJHaTa HU3a U MIOYETOKOT Ha
npyrata Huza (pitch) xoe mrTo Bo Hammor ciydaj € 4m . Konmky e Toa momaiio 3aceHyBameTo €
noronemo. ['paduukara 3aBUCHOCT Ha CHEUU(PUYHOTO TOAMIIHO MPOM3BENEHO KOJIWYECTBO Ha
eJIEKTPUYHA SHEPrHja BO 3aBUCHOCT OJ1 a3UMYTOT U arojloT Ha HAKJIOH € JjajieHa Ha CISTHUOT rpaduk.
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CneunpUUYHOTO roAMILHO NPOM3BEAEHO KOMYECTBO Ha eNeKTPUUHA eHeprija

{kwh/kWp/froauwo)

1600
1400
1200
1000
800
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0 15 30 45 60 75 90

AT0A Ha HaroH (°)
AsnmyT -90° AsnmyT -45° AsumyT 0° AsumyT 45° AsumyT 90°

I'padux 1I'paduuka 3aBHCHOCT HA CTIENH(PUUHOTO TOMIIHO MPON3BEIEHO KOJIMYECTBO HA eJIeKTPUYHA
€HepPruja BO 3aBHCHOCT 0/1 3UMYTOT M aroJoT Ha HAKJIOH

3.3 KoHneuHo pemeHue

Kako mro mMoxe Jia ce BHIU O] TOPEAOOHECHUTE Pe3yNTaTH HAjIIOBOJIHATA IMOCTABEHOCT Ha
($hoToBOATAMYHUOT cUCTeM ¢ mpu a3uMyT ox 0° m aron Ha HakiaoH 30°. [Ipu BakBaTa MOCTaBEHOCT
MECEYHOTO TPOM3BENICHO KOIUYECTBO Ha €JEKTPUYHA EHEpruja € JazeHo Bo Tabena 2, nojeka
JHEBHOTO CHENU(DUIHO MPOM3BENEHO KOJIMYECTBO HA ENEKTPUIIHA CHEprHja Kako M 3aryouTe ce
MIpUKaKaH! Ha Tpaduk 2.

|'|p0M3Be.D.eHa Normalized productions (per installed kWp): Nominal power 10.34 kWp
€/1EKTPUYHA eHepera T T T T T T T T T
| Lc : Collection Loss (PV-amay losses) 0.65 kWh/kWpiday
( kWh) . Ls: System Loss (inverter, ) 0.13 KWhKWp/day
n YT : Produced useful energy (inverter output) 4.13 KWh/k\Wpiday m
JaHyapu 958 i
deBpyapu 1037 -
MapTt 1402
Anpwn 1329 z
Maj 1553
JyHun 1660 z
Jynm 1755 5
ABryct 1671
Centemspmu 1415
OKTOoMmBpYU 1211
Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec
Hoemspu 867 I'padux 2 IHeBHO crienu(phMaHO NPOU3BEIEHO
[lekemspu 728 KOJINY€ECTBO HA eJIeKTPUIHA eHEePruja u 3aryon
FrognuwHo 15587

Tabesna 2 MeceuHo npon3BeIeHO
KOJINYECTBO HA eJIEKTPUYHA eHepruja
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Moxke na ce 3a0enexu JeKa HajrojIeMo MPOU3BOJCTBO Ha CIEKTPUYHA €HEeprija MMaMe BO JICTHHTE
MeceIM KOra JICHOT € HajroJeMO MOTOYHO BO MECEIl jyJIH, J0JeKa HajMalo MPOU3BOJICTBO BO 3UMHETE
Mecelld OTHOCHO BO JeKeMBpU. Bo janyapu u ¢QeBpyapu uMMamMe 3rojeMeHO MPOM3BOACTBO Ha
eJICKTPUYHA CHEpruja Mopajy BIMjaHUETO HA CHEXKHATA MPEKPUBKA IITO TO 3r0JIEMyBa OJAOMBAETO
Ha COHYEBOTO 3paycke. 3a HajJIoIl JIeH ce cMera 22 JeKEeMBpH, Kora COHIIETO TIOMHHYBa HajMala
nmaTeka J0JieKa HajImoBOJIEH JieH € 22 jyHH KaJie COHIIETO IOMHUHYBA HajrojieMa mareka. Toa Moxe Ja
Ce BOOYM M O]l CICTHHOT JMjarpaM Ha 3aceHyBambe KOj INTO HU TM KakyBa 3aryOuTe mopaau
3aCeHBabE HA MOJIYJIUTE.

whaticors] ¢ lsosh sclings curves

iffuse: 0,030 ' g

1t
d. e
a: 0.371 may - 23 y

I'padux 3 Uco nujarpam Ha 3acenyBambe npu a3uMyT 0° 1 aros Ha HakioH 30° (;ieBo) u mpu azumyT -90°
M aroJi Ha HaKJIoH 90° (1ecHo)

o pesrnenyBame rpadukor yeBo. Ha Xxopu3oHTamHaTa ocka € MPUKaXKaH a3MMYyTOT, BO HAIUOT
ciydaj e 0°, Ha BeTpUKaJ HATa OCKa BHCHHATa Ha coHIleTo. JKonTara MOBpIIMHA € CBETJIMHATA Ha
COHIIETO, O] WTPEBAmE JI0 3ao0rame MPH TOa O Taa CBETIMHA HAa MOAYJIHTE Tara JeI0T IOMeEry
IaBuTe JTMHUH. JInauuTe o 1 10 7 ce mpuKakaHUTe Mecelld. buaejkun Hema OKOITHHU 00jeKTH MTO Ke
ro 3aceHyBaat cucreMoT 40% 3aryou Hemame. On camMuoT rpaduk ce Iiiena jJeka CUCTEMOT € A00po
HCTIPOCKTHPAaH OWJIEjKK BO HajIomuoT aeH 22 aekemBpu, 20% 3arydu o 3aceHyBame IMaMe camMo O]
7-8 gacor u ox 16-17 gacor. OcBeH 3a 0BOj MeCeI] IPYTH ITOMaJIH 3aryOou OJ 3aCEHYBamke UMaMe U BO
MeCelHTe jaHyapu,HOEMBpH, (eBpyapu, OKTOMBpPH, IOJEKa BO OCTaHATHTE MECENH 3aryom of
3aceHyBambe Hemame. Camo 3a cropenda OJ JIeCHATa CTpaHa € TPUKaKaH HCO JUjarpaMoT Ha
3aceHyBame 3a HajlomaTa IMOCTaBEHOCT OJ Kaje IITO ce riena Aeka AYpW W BO HajaoOpHOT IeH
COHYEBO 3paucke 0e3 3acHyBame Ha MoaynuTe mara camo ox 7:30 wacor Hayrpo nmo 12 gacor
MoTIaiHe, a BO HajmomuoT feH camo of 10 go 12 gacor. [lopaan TakBaTa MOCTaBEHOCT HA CUCTEMOT
mocne 129 moruiagHe 0 3ajANCOHIIE Ha MOAYJINTE He Tafa COHYeBa CBETNIMHA, 4 TOa € MpUYrMHaTa

nopaJii Koja Crenu(puaHOTO TOAUIIHO IIPOM3BOJICTBO Ha €JIEKTPHYHA €HEPrHja € MHOTY Maio. [5]

4 3AKJIYYOK

VYnorpebata Ha (HOTOBONTAMYHHUTE CHCTEMU KOHM T'O KOPHUCTAT COHYEBOTO 3pauerhe OJHOCHO
COHIIETO KaKO OOHOBJIMB M3BOpP HA €HEPrHja BO CBETCKHM PaMKH BO MOCIEIHHUTE ACKAIN € IPACTHIHO
sronemeHa. Toa e Taka 3aToa ITO NMpU paboTerke Ha POTOBONTANIHUTE CUCTEMH HEMa COrOpYBambe Ha
(hocuTHM TOpHBa Ma Kako pe3ynTaT ce m30erHyBa e(eKToT Ha cTakiieHa rpamuHa. Co W3BeleHHTe
CHMYJIallii BO CO(PTBEpCKHOT makeT PVSyst moxe nma ce coriiena Kom ce (haKTOpu BeryBaaT BO
npoekTHpamero Ha efeH @B cucreM , U 0o KakBa BaKHOCT 3a NMPOM3BE/ICHATA SIEKTPUYHA CHEPTHja €
NpaBUJIHO Jla C€ ONpeNeNd OpueHTalMjaTa (a3suMyTOT) Kako W arojoT Ha HakKJIOH Ha
(OTOBONTAMYHHUTE MOTYJIH.
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TECHNICAL AND ECONOMIC ASPECTS OF PHOTOVOLTAIC PANELS
DEPENDING ON THE TILT ANGLE AND THEIR ORIENTATIONMUA

ABSTRACT

With rapid economic growth and improvement in living standards, there has been a marked
increase in energy use for many developed and developing countries. There are many immediate
adverse effects on the environment such as large amount of greenhouse gases and pollutants
emissions from the burning of fossil fuels. Renewable energy can play an essential role in meeting the
ultimate goal of replacing certain parts of those negative effects. One of the promising applications of
renewable energy technology is the installation of photovoltaic (PV) systems that generate power
without emitting pollutants and requiring no fuel.

Conventionally, stand-alone PV systems have been used in rural and remote areas where
normal electricity supply may not be readily accessible. In modern urban cities with many compactly
built high-rise blocks, the concept of building integrated photovoltaics (BIPV) would be an
appropriate alternative form to receive electrical energy.

The goal of this study is to determine the orientations and tilt angles of solar panels depending
on the technical and economic aspects. Performance of photovoltaic (PV) solar module is affected by
its orientation and its tilt angle with horizontal plane. These two parameters change the amount of
solar energy received by the surface of the PV module. In this study the rotational solar module is
positioned in the predefined angles. In these positions the values of current, voltage, power and solar
radiation intensity are measured, and as a result of that the orientations and tilt angles of solar panels
is determined. [1][2]

Key words: solar modules, angle, orientation, performances of photovoltaic systems
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AN3AJH HA IIEPKHA 3A TUJAJTHU TYPBUHU UHCIIMPUPAH O/
IHEPKUTE HA I'PBABUOT KUT

KYCA COAPKHNHA

Bo 0B0j TpyX ce mpe3eHTUPaHU Pe3yaTaTH Ol UCTpakyBamarta Bo CTyanja Koja nmalle 3a Lei J1a
Hajjie HAYMHM 32 TOoJ00pyBame Ha epUKACHOCTa HAa THUJAHHUTE TypOWHU. 3roiieMeHa e(hUKacHOCT
MOXE Jla Ce IOCTUTHE CO TOA0OpYBamke Ha XHJPOJAMHAMHYKUTE TephopMaHCH CO NMpUMEHa Ha
TyOepKy/IH Ha MPETHUOT pad Ha MEepKUTE Ha THAATHATA TypOWHA, a KOU ¢ WHCITUPUPAHH O] TEPKUTE
Ha rpbaBuOT KUT. TuaamHUTE TYpOMHH CE BO OCHOBA XUJIPO TYpOWHU KO PaboTaT MpH MPUPOJHUTE
IpoLeCcH Ha IUIMMa M OCeKa Ha MCKOPHUCTYBAmhe Ha EHEeprujata Ha BOaTa BO MOPHEATA U OKEAHUTE 3a
SHEepreTCKH 1M, OTHOCHO IIPON3BOJICTBO Ha EJIEKTPUYHA CHEPTHja.

Hajopeo cryaujata ce pokycHpa Ha TU3ajHOT U ONTHMHU3AlMjaTa Ha TYOSPKYJIUTE HA MPEAHUOT
pab 3a creruduyeH AeN Ha MepKaTa Ha THIATHATA TypOWHA, CO KOPUCTEHE HyMEPUYKH METOIM, 3a
noOvBamke ONMTHMANICH AW3ajH 3a JeNoT oa mepkata. OBOj ONTHUMAJCH AW3ajH T0TOAa CE MPUMEHYBa
KaKo IepKa Ha penpe3eHTAaTHBHA TuAaiaHa TypOuHa. OBaa penpesentaTuBHa 3D mepka mokakyBa
3HaYajHU MPUI0OMBKH. EXNIEpUMEHTAITHITE MepEha, JOMOIHUTETHO, CE BATMIUPAHU U JIOTIOIHETH CO
HYMEPUYKH CHMYJIAIlMK KOPUCTEjKkU coTBep 3a jJeTallHa aHalM3a Ha MpoTokoT. [ToToa co momorr Ha
CeT Ha MOJIENIA Ha TYpOWHHU CO pa3IMdHU paOHU MPOQUIH, CIIPOBEACHA € CepHja Ha TeCTUpamba 3a Ja
ce OICHW HUBHATa eQHUKACHOCT, KaBUTAIlWja, MOJMBOJMHA OydyaBa M JICTAJHH KApPAKTCPHCTHKH Ha
MPOTOKOT. Bp3 06a3za Ha oBHE EKCIEPHMEHTH Ce MOTBPAYBa JeKa TyOepKyJiuTe Ha MPEAHHOT pad
MOXKaT J1a: TO MOA00paT XUAPOAMHAMUIKUOT ITepdopMaHC BO PErHOHOT Ha HUCKHOT TSR 06e3 ma ce
HaMaJli MaKCUMAITHUOT KOe()HIIMEHT Ha MOKHOCT, TO OTpaHHWYaT Pa3BOjOT Ha KaBUTAIH]ja, KaKo U J1a
ro yOiraykaT HUBOTO Ha TTOABOAHA OydaBa.

Kayuynu 360poBu: THaaHa TypOMHA, I¥3ajH HA TIEpKa, TyOepKyIIM Ha MPEIEeHUOT pad

1 BOBE]J

Pa3Bojor Ha MomepHaTa TEXHOJOTHja Ce€ TeMelN Ha KOHTHHYHPAHOTO M3ydyBame Ha Majkara
[Tpupona. Heomamua TyOepkynauTe Ha MpeIHHOT pad HA MEpKUTEe Ha TPOABHOT KUT IO MPUBIIEKOA
BHUMAHHETO Ha HCTpaXXyBauuTe OJf oOOJacTa Ha THIAJHATA M BETepHaTa ecHepruja. MHoOry
UCTPAXYBAuK! CTYIUH, HyMEPUYKN M EKCIEPHMEHTAIHH, TO MCIUTYBaaT BIMjaHUETO Ha IPHMEHATA
Ha TyOepKy/IuTe Ha MPEJHUOT pad Ha BEHTHJIATOPH, BETEpHU TypOuHH, KopMmiIa UTH. [Ipensuaenure
CIydyBama U TEXHUYKU HaOJbyIyBamba c€ MOTUB OBaa CTyHja Jia MCTPaku M pa3BHe OMOMUMETHYKH
KOHIIENIT CO IeN Jia To Moxo0pu XUAPOIMHAMHYKHOT nepdopmaHc Ha TuaaiHuTe TypOuHu. Mako
IOCTOM TaKOB TIOTEHIIMjall O/ KOj THIATHATa TypOMHa O mMana OeHeuT, cellak MMa OTPaHUYEHO
KOJIMYECTBO HCTPa)KyBame 3a BakBaTa arumkanuja. OBa Ke M3HYOW JIONOJTHUTEIHO HCTPaKyBame,
0COOEHO eKCIIEpMMEHTAHO, 32 Jla Ce IOMOTHEe Ja ce pa3depar (HU3MUYKHTE KapaKTEPUCTHKU Ha
TyOepKyJIUTE Ha IPEJHUOT pad U Janu THE MOXKAT Jia o Mogo0paT rneppopMaHcoT Ha TypOUHaTa.
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2 JU3AJH HA TYBEPKYJIU U OITUMU3ALINJA

2.1  Onwuc Ha og0paHaTa THAAIHA TYypOUHA

Osgaa cryauja ce 6a3upa Ha MPETXOAHO UCTPaXKyBame, BO KOE THIAIHATA TypOUHA € M3ajHUpaHa
Bp3 0CHOBa Ha npecekoT Ha S814 mpodwuior ox cepujata NREL, kako miro e nokaxkano Ha Cnuka 1

[5]

Canxka 1. Ilpeceyen mpo¢u na S814

2.2 Juzaju Ha Ty0epKyJau

[Iperxomnute crymuu ce Oa3upaar Ha ONTUMH3AlMjaTa Ha CHHYCOMJAIHUTE MPOQHIN HA
Tybepkynu aeduHupann co pasnuunn mapamerpu [1]. Cemak, MOMeHTajHaTa JjMTepaTypa He
MMOKa)kyBa HEKOja KOPHCHA aIulMKalidja Ha TyOepKyJuTe Ha NpeAHHOT pabd Ha nebena Qonuja Ha
THAaaHa TypOrHa Kako mro € S814, koja e uCKopHcTeHa BO oBaa cryauja [2]. 3aroa, Bo komOuHamja
CO MCKYCTBOTO O] MPETXOJHUTE CTY/AUH, CHHycOHIaaHaTa (opma Ha TyOepKyJIuTe € on0paHa Kako
OCHOBEH OOJIMK 3a CIIPOBEIyBare¢ Ha MPOIECOT HAa HyMEpUYKa ONTUMH3alja. VCTpaxkyBamero 3a
ONTUMU3AIMja HA TYyOSpKYJINTE € WHHUIMPAHO CO CHUCTEMAaTCKO MEHYBamhe Ha JIBE IMPOMEHIIMBH,
Bucunara (H) u momkwuuara (W) Ha oBue mcmakHatvuu. JleHHNIMja Ha OBHE TIApaMeTPH € JajieHa
Ha Ciuka 2. [Ipoduiior Ha npenHuor pad ce geduHMpa co paBeHKaTa

H 2n H
h=—cos[—s—n]+—. (1)
2 w 2
kaze h(mm) e coonBerHaTa BUCHHA Ha MPOQUIOT Ha IPEIHUOT pad.

| | p \

[ AomuukHa, W

'
BUCHUHA, H K
Cnnka 2. Jlepununmja na 2D ¢oauja co cunyconianHa Tydepkyia

2.3 MertopgoJioruja 3a onTUMHU3aNNja

Hymepuuka ontummsanuja Ha TyOepkynuTe Ha mpemaHuor pad 3a 2D domuja e ximydor 3a
n3Haorame onTHManeH nu3ajH. Co mpoMeHa Ha MPOMEHIIMBUTE, CE€ HAIPaBeHH MOJIEIHTE, a II0T0a Ce
olLleHeTH BO mHTerpupana cpenuHa Ha ANSYS-paborHa okonmHa, koja BkiyayBa ANSYS-onpemxyBad
Ha au3ajH kako reomerpucku reaepatop u ANSYS-CFX kako CFD ko 3a oriena Ha nepdopMaHCHTE.

2.4 OnTuMmaneH 1u3ajH Ha TyOepky./u 3a S814

bazupano Ha ctyamjata 3a ontuMuzanuja Ha 2D nmemot Ha donujata, cunyconmanaa gopma Ha
npo¢un Ha TyOepkyia Ha npexHuot pad co BucuHa 0.1C m momxuHa 0.5C ce mokaxkyBa kako modap
KOMIIPOMHC 33 ONTUMAJICH JAN3ajH U OJPKJIMBAa KOMIIOHEHTAa Ha W3IMTHYBAmkE HA XUIAPOJHMHAMIYKATA
CHJIa 3a pa3IMYHM y/IapHU ariii 3a CMETKa Ha MaJio HaMalyBame Ha MakcuMmainHoto Cr, pepuHUpaHO
CO CJIEZIHOTO PaBEHCTBO
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kange Lift e kommoHeHTaTta Koja AeiyBa Bp3 (onujara Koja € MpONOPLUOHATHA Ha BIE3HUOT
MPOTOK, P € TYCTHHATA Ha BojaTa, I/ e Op3uHa Ha npuiIuBOT, A € peepeHTHa NOBPIIMHA Ha (oynjaTa
ennaksa Ha C (wupuna)*W (momkuHa).

3 NPUMEHA HA PENNPESEHTATHUBHA INEPKA O TYPBUHA

[lo cmpoBenyBame Ha HyMepuYKa ONTHUMH3alMja Ha TyOepKyluTe Ha MpeaHuorT pad 3a 2D
donmja, cnenHa 3a1avya Ha UCTPaKYBAaWETO € J1a ce NMPHMEHH ONTHMH3HMpaHaTta TyOepkyna Ha 3D
pelipe3eHTaTHBHA MIepKa Ha TUAajiHa TypOuHa 3a Jia ce pabepe BIMjaHUETO Ha TepKaTa Ha TUAAJHATa
Typbuna [6]. PeripesenerarnBuara 3D mepka e 6asupaHa Ha repkaTa Ha THAAIHATa TYpOMHA KOja MMa
HCTa MIMPHHA M KOHCTaHTeH HakioH. Co MeHyBame Ha yaapuute ariau (AOAS), mephopmaHcuTe Ha
na 3D mepkara ce ciMuHM cO THAATHA TypOuHa Koja pabotu co mpomernuBu TSRS (tip speed ratios).
Criopesi ONTUMH3UPAHUOT JM3ajH Ha TyOepKyiM, BUCHHATa Ha TyOepkynara e¢ 10% oj jokamHaTa
HMIMPHHA, J0JeKa 8 TyOepKynu OM MOoKele Jia ce pacrmopenaT Mo JoibkuHaTta co mupourHa 50% ox
pedepenTHara mmpuHa mro cooasectByBa Ha 0.7R o nepkaTta Ha TypOHHAaTA.

3.1 ExcnepuMeHTAJHO HCIUTYBAaH-€ HA MEPKUTE CO ONTUMHU3UPAHN TYOEPKY.JIN

3D TypOuHCKaTa IepKa € TeCTHpaHa BO KaBMTALMCKKM TyHeEN EMepcoH, Koj mpercraByBa BOJIEH
KaHaJl CO CpelHa roJieMHHA HAMEHET 3a TeCTHUpame Ha MEPKH, 3a eBajyaldja Ha nepdopMaHcH U
Meperbe Ha TpoTok. OIeHeTH ce pa3invHi KOMOHHAIIMK Ha MPOMHIN CO pa3jinyHa MOKPHEHOCT CO
Ty6epkynu (Crnuka 3).

UL

(o]

Cinka 3. Tectupanu 3D Moaesi co 3aMeHJIUBH NPEIHHU /1€T0BH

.
N

Bp3 06a3za Ha MepemaTa Ha KOMIIOHEHTHUTE Ha HW3AWUTHYBAmbE M 3aJp)KyBarmbe, CIOpenouTe Ha
COOIHOCHUTE Ha M3IWTHYBame CIpeMa 3aJp)KyBame, ce mobmusa aeka dommjara “0001”, guja 1/4 ox
MpeqTHNOT pad e MOKpHeHa co TyOepKyJH, CeBKYIHO IMOKaxyBa momo0pu nepdopmancu. OBa Moxe
jacHo nma ce Buau Ha Cimka 4 kane ¢onujara “0001” mokaxkyBa mo3uTHBHO Biujanue ox 0° mo 26°
AOA, co mogobpyBame ox noseke ox 10% mpyu MaKCHMAHHOT COOTHOC M3ANTHYBAE-3a/IpKyBarbe
mipu 5° AOA, ciopeneno co pedepentHata domuja “0000”.

T4

. cnopegba mery 0001 u 0000
cnopegba mefy 1111 1 0000

>
- 4

MHKpPEMEHT/ LekpeMENT BO CL-cD

in

R B R e

R
-] 10 15 n 2% w k-] L

yAapeH aron ADA (Deg)

Ciuka 4. Criopen6a Ha penatuBHuTE cTanku Ha pact 3a C/Cp 3a dommja “1111” (co TyOepKy/IH HOIIK HETHOT
npeneH pad) u pomuja “0001” (co MUHIMATHA TOKPHEHOCT HA MPETHUOT pad co TyOepKyIH-OKOIY BPBOT)
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Haxo donujara “1111” mokaxyBa Hajroiema cranka Ha nopact npu 16° AOA, gomnujata “0001”
MOXe€ Jla IOHYAM MOroJIeM MOTEHIIH]al 3a Mo00pyBame Ha nepopMaHCcoT Ha THAAIHA TypOHHA Koja
pabotu mpu mMpoK crekrap Ha TSRS.3a Bpeme Ha BH3yelu3aldjata HA MPOTOKOT, HAjBOOWINBATA
pasnuka Mmery nmporokor okony gonujara “0000” u donujara “1111” e mojaBaTta Ha MHOTY CHIIHA
BPTJIOXKHA KaBUTalMja co3faneHa on Qommjara “0000” 3a pasmuka on donumjata “11117 koja u
BOOIIIITO JIa HE CO3/]aBa KaBHUTAllMja Mopaand ePekToT Ha TyOepKyauTe Ha mpeaHuoT pad. CIMKOBHUT
MpUKa3 Ha BAaKOB KABHTAIMCKU BPTJIOr KOj ce jaByBa 0J BpBOT Ha Qommjara “0000” co aujamerap
okonry 10mm e npukaxan Ha Crnuka 5. Co KOpUCTEeH€ Ha TUIIMYEH U3pa3 3a KaBUTAIUCKK PaHKHHOB
BPTJIOT, OAHOCOT Mery JHMjaMeTapoT Ha KaBUTALUCKHOT BPTJIOT HAa BPBOT, Oc, M HEromara
uupkynanuja, I', ce nagenu co PaBenkara 3.

_0,5pI?
" 4m2a?’

Poo — Py (3)
KaJle Poo € IPUTHUCOKOT BO TIOJIETO HA OfpelieHa JaJieuhHa, a P, € MPUTHUCOKOT Ha 3acHUTeHaTa
rapea Ha BoJaTa.

Crnopen PaBenka 3, KOJKy € MorojeM JujaMeTapoT, TOJIKY € MOrojeMo BpTiuBOTO mone. Co
OrJie/l Ha Toa JieKa JBeTe ()OJUK Ce TECTHPAaHH MO/l UCTH YCIIOBH, MOroJieMara BPTJIOKHA KaBUTAIH]ja
IITO Ke Ce jaBU Kaj peepeHTHaTa oiuja ke OMIe OArOBpHA 3a MOrojieM 3 JUMEH3HOHAICH eDeKT U
OTTYKa TIOroJiemMa 3ary0a Kaj KOMIIOHEHTAaTa Ha U3JMTHyBame, nojeka Gomujara “1111” co TydoepKynu
Ha TpeJHUOT pab ke ro 3aapxu 2D mpoToKOT co HaMaTyBame Ha epeKTOT Ha KpajoT U Ha TOj HA4WH
ke 00e30e/11 MOMOBOTHY KapaKTEPUCTHKHM HA KOMIIOHEHTATa Ha M3IUTHYBAHE ITPH UCTUTE YCIIOBH.

Cauxa 5. KapuTauucky BpT/Ior Ha BPBOT NPH Ha0/byAyBamwe Ha (ouja co paMeH npeaeH pad

3.2 Hymepuuka cumyJiainuja Ha epKaTa co ONTUMHU3HPAHU TYOepPKYJIH

[To ekcrmeprMEHTATHOTO HCTpaxKyBame, cripoBeneHn ce CFD cumynanuu 3a na ce obe3denar
JOTIOTHUTENTHU JIETalli 3a TI0JIETO Ha MPOTOKOT M €O Toa Aa ce pa3depe edeKToT Ha TyOepKymuTe.
CumynanuuTe ce cpoBeneHu co nporpamor Star-CCM+ 3a na ce pemat Hapje-CTokcoBHTE paBeHKH
co Detached Eddy Simulation (DES) momenun co 1men aga ce 3eMaT MPEABHA BPTJIOTOT H
MMOeTHOCTAaBEHOTO TpecMmeryBame. JlomeHor Ha CFD cumynanujata € JUMEH3WOHHpPAH COTJIACHO
eKCIepuMEeHTaHaTa okonuHa. CuMmynanyjata COOOBECTBYBa CO INOJATOLUTE O EKCIEPHUMEHTOT.
CriopenbaTta Ha pa3nBOjHHUTE MaTekud Ha MpoTokoT mpensuaeHn co CFD mpu AOA=16° 3a dommja
“0000” u dommja “1111” ce mokakann Ha Crmka 6. JacHO MOXe /a ce BUIM JeKa MOBPIIMHATA HA
pedepenTHata donuja e Bo popma Ha ToreM o0NaK, AoAeKa Kaj (ommjaTta co TyOEpKyIH € BHJINB
eeKToT Ha TyOepKynuTe Ha NpeAHHOT pad. BomyMeHOT Ha pa3fBOjHUTE MATEKH € MHOTY IOMal
OTKOJIKY OHOj Kaj ¢omujaTta “0000”. [lonaTamorHaTa [eMOHCTpallja Ha aKTUBHOCTA HA BPTJIOTOT Ha
noBpiiuHaTa Ha ¢onujata Ha Cnuka 7 TOKayBa JAeKa pacipeznenOaTa Ha BEKTOPCKOTO IIOJiE Ha
BPTJIO3UTE, YKa)KyBa Ha Hap BPTJIO3M CO CIPOTHBHHM HACOKM Ha BPTEHE KOM CE€ CO3MAICHU Of
TyOepKyauTe 0 JobKuHa Ha (onujata. Co HCOMTYBamke Ha JETAINTE 3a paclpenendara Ha oBa Moje
Ha BpBOT Ha ¢oiujaTa, ce OTKpHBAa 00jaCHYBAaHETO 30IITO TYOEpPKYJIWTE Ha MPENHUOT pad mmaaT
nonobap mnepdopmaHc. CHpPOTHBHO POTHPAUYKUTE BPTIO3H, CO3MAJEHH OJ TYOEpKYyJIHTE, CE BO
HWHTEpaKIMja CO BPTJIONOT Pa3BHEH Ha BPBOT CIPEUyBajKM IO Ja C€ pallupyd Ha NOBpLIMHATA Ha
¢onmjata. Kako mro e mokaxano Ha Ciuka 8, BpTJiIOr co3fiaieH o TyOepKyna OJIHMCKy 10 BPBOT, KOj
“Ma TIO3UTHMBHA HACOKA, MO IOJKKHA Ha pactojaHuero of Z=0.525 no 0.56 ro moHWITYBa CHITHHOT
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HEraTUBCH BPTJIOr HAa BPBOT. Kako pe3ydaTaT Ha OBa, LITCTHUOT C(I)CKT Ol BpTJIOT'OT Ha BpPBOT KOj ou
ounn OATOBOPCH 3a 3ar’ Y6I/ITC BO Hep(bOpMaHCI/ITe € 3HAYUTCIIHO HaMaJICH.
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Ty Mageands 0
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Cauka 6. Cniope6a Ha pa3eJTHUTE NATEKH HA NPoToKoT Ha ABe domu (VX=0m/s; AOA=16°)

cinvli] (/%)

0.0

|

Cuanka 7. Cniope6a Ha pacnpee6aTa Ha 10JIeTO 1O A0KMHA Ha ABe ¢ouu

Cinka 8. Criopea6a Ha pacnpeaeéaTa Ha 10J1€TO Kaj 1Be G oJuu

4 EKCIHEPUMEHTAJIHO UCTPAXKYBAIE HA TYBEPKYJIUTE HA HNPEJHUOT
PAB ITIPEKY IPUMEHA HA TUJAJIHA TYPBHHA

HoBepbara cTekHaTa Bp3 OCHOBA Ha pe3yJTaTUTE NOOMEHM Of NMpUMEHaTa Ha TyOepKyJIuTe Ha
¢onmjata ¥ penpe3eHTaTHBHaTa TypOMHCKAa II€pKa, MPETCTaByBa MOTHB 3a [OHATaMOIIHO
UCTpaXXyBame Ha TOA JajH OBOj OMOMHUMETHYKHM KOHLENT MOXe Aa Ouze edukacer 3a nopoOpyBame
Ha XUAPOAWHAMUYKHOT repopMaHC Ha HEKO] OX AaKTYEIHUTE MOAEIM HA THAAJTHH TYpOHHH.
Tectupamero BkIydyBa: 1. TecT 3a mepdopmaHc Ha OTBOpeHa Boja, 2. TecT 3a HaOJbyqyBame Ha
KaBHTalMja, 3. TECT 3a Mepeme Ha OydaBa U 4. TecT 3a IETAJHO Mepeme Ha MPOTOKOT. CUTE TECTOBU
ce CIPOBEJCHHU CO OIPEMa 3a TECTUPAH-E€ BEpHA Ha OPUTHHAJICH MOJEIL.
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4.1 Tecrt HAa XMAPOAUHAMHUYKHU Nep(POPMAHC HA OTBOPEHA BO/a

TunmunaTa pasnuka Bo nepdopmancute Moxe aa ce Buau Ha Cruka 9. ['opaute 1Ba rpaduka ru
NpUKaKyBaaT koeuuueHture Ha MokHOCT (Cp) u koedurnmentute Ha ynap (Ct/10), a nomHure aBa
rpaduka ja mokaxyBaar cropenbara Mery pasziudHd TpoduiId Ha TyOepKynu u pedepeHTHaTa
TypbuHa. Moxe na ce BHOM JAcka TyOepKyluTe Ha MpeaHuoT pad MoxkaT Aa ro momodpat
nepdopmaHcoT Ha TypOuHaTa BOo permoHor Ha Huckuor TSR (0.5 mo 2.5), xame TypOunarta e
MOJUTOXHA Ha 3amupame. [log oBue ycnoBu, TypOMHA cO TyOepKynM Ha TPEAHHOT pad MOXKe na
reHepupa MmorojeMa Cuia, ITo Moke Ja ce Buau 1 kaj Cp u kaj Ct/10. Moske 1a ce MOoCTUrHE OKOIY
40% morosieM MOMEHT OJylarogapeHue Ha Tyoepkyaute. Cenak, co mopacToT Ha TSR, BpemHOCTUTE Ha
Cp na typounure Ref u Sin_2 mocturmysaatr makcumanua BpemHocT 0.43 mpu TSR=3.5, momeka
TypOuHaTa Sin_8 J0CTUTHYBa MaKCHMYM CO MaJio 3a0lHyBame npu T SR=4. Ha moBHCOKHOT Kpaj Ha
TSR, typounute Sin_2 u Sin_8 moxar na renepupaat 15 mo 20% mnorosem MoMeHT u okoiny 4%
1oMaJ yziap MpH IITO BIUjaHUETO Tpeau3BuKano o Sin_8 e moouurieano o ona Ha Sin_2 [7].

cnopepba Ha nepd)opmaucu (Haknon=0°, 2m’s)
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4.2 Tect 3a Ha0/byIyBalb€ HA KABUTALIMja

Bo onmHoc Ha kaBUTanMjaTa Ha TIepKaTa, 3a0ejeKaHu ce ABa BUJa Ha MAaTeKH Ha KaBHTaIja. Toa
ce: KaBUTaIlja mopay BPTIOTOT OJf BPBOT M KaBHTanuja Bo opMa Ha MarjiuB 0OJIaK Ha 3aHATa WITH
mpefHaTa CTpaHa Ha repkara BO 3aBUCHOCT on TSR. Jlomeka KaBUTAMCKUOT oOJIaKk BiMjae Ha
edukacHOCTa Ha TypOWHATa, KaBUTAIMjaTa IpPEIU3BHKaHA OJ BPTIOrOT HAa BPBOT HEMa TOJIEMO
Biujanue. O apyra crpaHa, TyOepKyJIuTe Ha IPEJHUOT pad MOXKE Ja MPEIU3BUKAAT MOpaH IMTOYETOK
Ha KaBHTalldjaTa OJ BPBOT BO cropeada co pedepeHTHaTa TypOWHAa co pameH pad. JaumHara Ha
KaBUTaNMjaTa Ol BPBOT € CIMYHA 33 Pa3NWYHATE Mpodmim Ha mpeqHuoT pad. Cemak, pa3BojoT Ha
MarJiiBUOT OOJNIaK HaJa TyOepKyIWTE € OTrpaHWuYeH Ha MOIpadjeTo Ha TyOepKyJauTe, Kako IITO €
nmokakano Ha Ciuka 10. OBa pe3ynrupa co HamasieH o0eM Ha KaBHTaIlfja U MPWINIHO Han3MEeHUIHA
KaBUTal{ja MITO € COPOTHBHO Ha TOJIEMHOT O0EM W IIOCTOjaHOTO TMOjaByBame HA KABUTAIMOHHOT
o0JraK Koj ce jaByBa Kaj pepepeHTHaTa TypOUHA.
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Cumnka 10. /letanna ciopenda Ha naTeKaTa Ha KaBpuTandja (Hakion =+8°; V=3m/s; TSR=6;
Cav0.75r=1.3)

4.3 Tect 3a Mepeme Ha OyuaBa

3aeHO CO TECTOT 3a HaOJby/IyBame Ha KaBUTAllMjaTa, Ce MEPH U HMBOTO Ha CO3Ja/IeHa MO/IBO/IHA
OyuaBa. Tpute TypOMHHM MOKa)KyBaaT CKOpO MCTH HHBOA Ha OydaBa ce JIO0 MojaBaTa Ha KaBHTAIlHja.
Toa Moxe nma ce Buam Ha ropuute Tpu rpaduka Ha Camka 11 (TSR<=2). IIItom ce mojaByBa
KaBHTallMjaTa HHBOATa Ha Ha OydyaBa Ha TypOuHHTE cOo TyOepkymu (3<=TSR<=5) renepamno ce
ITOBHUCOKH OJI OHME Ha pedepeHTHaTa TypOHHA. 3a MOCAEAHUOT YCIOB BO KOj CUTE TPHU TYpPOMHH Ce
MOJUTOXHH Ha KaBuTarucku obnak (Cinukall, TSR=6), HuBoro Ha OyuaBa Ha pedepeHTHAaTa TypOHHA
BO noBHCOKHOT (hpexdenten omcer ox 3 KHz ma Harope, € morojsieMo OTKOJIKY HUBOTO Ha Oy4aBa Kaj
TypOuHUTE cO TyOepKynu. [IprnunHa 3a oBa € Toa MITO KABUTAIIMCKAOT O0JIaK Ha TIpelHaTa CTpaHa Kaj
pedbepenTHara TypOMHA MMa IMOrojeM 0OeM W BOIYMEH O OHOj Kaj Typbmuute Sin2 m Sin8. Ha
Cnuka 10 jecHO MOXKe Ja ce BHU/M JIeKa KaBUTAIIMCKHOT 00JaK Ha MpeaHaTa CTpaHa CO3MAJCH O]
pedepenTHata TypOMHa WMa HajroneM obeMm, JlolleKa CO 3rolieMyBambe Ha OpojoT Ha TyOepKyiu,
00eMOT Ha KaBHTAIMja MOCTEIEHO ce HaMalyBa.
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Cauka 11. KomnapatuBuu HHBOAa Ha OyuaBa u3mepenu Bo omncer o 1Hz (maxion =8°, V=3m/s)
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4.4 Tect 3a 1eTaJIHO Mepem€ HA MPOTOKOT

ITo uctpaxyBame Ha eeKTOT Ha TyOepKyIUTE Ha MPEIHHOT pad 3a pa3nuuHH HepHopMaHCHU
KapaKTePUCTHKKA Ha IEPKUTE HA TUAAIHATa TypOMHA, 3a0elieKaHH Ce 3HAYUTEIHU PA3JIUKH IITO
OapaaT JOMOMHUTEIHO HCTpaxKyBame. HajocHOBHMUTE W BepojaTHO HajeeKTUBHHUTE OOjacHyBamba
MOXKaT J]a Ce HalpaBaT CO CIIPOBEIyBarbe Ha JCTATHO UCTPAXKYBakE HA MPOTOKOT BO OKOJIMHATA Ha
TYpOMHCKUTE MEPKH M 3aBeTpuHATa Ha TypOuMHMTE. Bp3 0a3a Ha pe3yiraTuTe O] MEpEHhETO Ha
MPECEeKOT Ha MepKaTa BO YCIOBH Ha MHUPYBame € YTBPJCHO JIeKa, CHUTE TECTUPAHU TYPOMHCKH TEPKU
CTpajaaT Ol CEpPUO3HO OJBOjyBal€ HAa IMPOTOKOT, MO/eKa TYpOMHCKUTE MEPKH CO TYOepKyJH
yCIeBaaT Jia TO OJIpXKaT MPOTOKOT Ja Oujie OBEKe MPUIBPCTEH J0 HUBHHUTE MOBPIIUHUA BO OIPEACHH
no3unuu. OBa u 00e30enyBa Ha TypOWHATA JOMONHUTENEH modeTeH MoMmeHT. Ox apyra crpana,
CTPyKTypaTa Ha TPOTOKOT H3MEpeHa Ha H3IIe30T O TypOMHATa OTKpHBa JeKa TYpOMHHUTE CO
TyOCpKYJIM MOXKAaT Jia MPeAn3BUKAaT MOBUCOK (DakTOp Ha HMHAYKIIHja, HITO PE3yJITHPa CO MOMan
Op3uHM BO moiieTo omdareHo co mnepkure. OBoj edekT ¢ moBp3aH co OpPOjoT HA TYOEpKYIH, IITO
pe3ynTHpa CO MorojeMn KoehuImeHT: Ha MOKHOCT (2.2% 3a Sin2 u 4.3% 3a Sin8), kako u moroixeMu
koepunuentr Ha ynap (4.6% 3a Sin2 u 7.7% 3a Sin8) npu ontumanen TSR (TSR=4 u V=3m/s).
Mepemara HCTO Taka MOKaXKyBaar Jieka Co IIOMOIIl Ha TyOepKy/uTe cinabee BPTIOroT oJ BPBOT U JieKa
HeroBaTa aKCHjaJiHa MaTeka ce KpaTu npu ontuManHau padotau ycinosu (TSR=4 u V=3m/s). Ona ¢
JIOTIOTHUATENTHA MTOTBP/IA 32 HAMAJICHUTe 3 TUMEH3UOHAIHU eeKTH.

5 3AKJIIYYOK

Mo cripoBenyBame Ha ceornaTHa HA3a HA EKCIIEPUMEHTAIHN UCIIHTYBamka 32 KOMIUIETEH MOJIEI
Ha TypOHMHA co U 0e3 TyOepKy/Iu Ha MPEIHUOT pad, Ce UCIMTAHU KOMIAPATUBHUTE XUAPOIAHAMUUKH
epukacHOCTH BKIy4yBajkn TW TeppOpMaHCHTE Ha KaBHTalMjaTa W mojaBojaHaTa OydaBa. OBue
WCIHTYBamka Ce MOIAPKAHU CO ceon(aTHH aHAIM3HW HAa MPOTOKOT 3a TOHATAMOIIHO HCTPAXYBamkhe U
OTKpHBame Ha epeKTHTE OJ TYOepKyJWTe Ha TUAAIHUTE TypOuHU. McrnuTyBamaTa CIIpOBE/IEHH BO
OBOj TPYJ TH JIOKa)XXyBaaT KOPHCHUTE e(PEKTH Ha pasIMyHHUTE XHJIPOIUHAMHYKHU IMepdOopMaHCH Ha
TypOMHHTE CO TYOSPKY/IM Ha IPEAHUOT pad, INIaBHO CO MOA0OpeHH meppopMaHcH mpu HUCKUA TSRS
0e3 /1a ce BiMjae BP3 MAaKCUMAIHUOT (PAKTOP HAa MOKHOCT, OI'paHHUYEH Pa3Boj Ha KaBUTAIlM]ja U OTTyKa
HamaJjieHO HUBO Ha OydaBa. Bp3 0aza Ha memMoHcTpalgjaTa co 0BOj MOJIET, OBOj OMOHUCKH KOHITENT €
MOJITOTBEH 32 CIICHUTE BUCTHHCKH MOPCKHU aTUTHKAIIHH.
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HUMPBACK WHALE INSPIRED DESIGN FOR TIDAL TURBINE BLADES

ABSTRACT

This study is to further improve the hydrodynamic performance of tidal turbines by applying
leading-edge tubercles to the blades inspired by the humpback whales.

The study first focused on the design and optimisation of the leading edge tubercles for a specific
tidal turbine blade section by using numerical methods to propose an “optimum” design for the blade
section. This optimum design was then applied onto a representative tidal turbine blade. This
representative 3D blade demonstrated significant benefits especially after stall. The experimental
measurements were further validated and complimented by numerical simulations using commercial
CFD software for the detailed flow analysis.

Following that, a set of tidal turbine models with different leading-edge profiles was
manufactured and series of model test campaigns were conducted in the cavitation tunnel to evaluate
their efficiency, cavitation, underwater noise, and detailed flow characteristics. Based on these
experimental investigations it was confirmed that the leading edge tubercles can improve: the
hydrodynamic performance in the low Tip Speed Ratio (TSR) region without lowering the maximum
power coefficient, constrain the cavitation development to within the troughs of the tubercles, and
hence mitigating the underwater noise levels.

Key words: tidal turbine, blade design, leading-edge tubercles
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DESIGNING OF POWER PLANTS FROM RES

1 SHORT INTRODUCTION

In the text below, briefly describes the operation of the photovoltaic system, in the way it
worked as a whole, why it serves and how its individual parts work in order to achieve the set
goal.

First, a brief and general overview of the operation of the solar energy and their
importance in the process of providing electricity is given in order to further penetrate into
some more specific areas that cover the operation of the distribution system itself.

Different criteria are presented according to which the photovoltaic panels are divided and
some of their general characteristics.

It describes in detail every special part of the photovoltaic power plant and its function, in
order to finally give a general conclusion to the overall work of the plant as a whole and its
main purpose.

2 POTENTIAL OF SOLAR RADIATION IN MACEDONIA.

The term "solar radiation" usually mean the power (intensity) of the solar radiation that
reaches the earth's surface. The solar energy is practically inexhaustible and it is a source of
almost all, whether renewable or classical sources of energy.

Solar radiation is a set of electromagnetic waves with a wide range of wavelengths from
which the wavelengths of visible light are the most advanced. The power that the sun radiates
in the entire space The energy that the Earth's surface per year receives from the sun is about
4*10”"24 ], and it is 15,000 times the total annual world energy consumption of all primary
sources. The energy potential of non-renewable fossil fuels is estimated to be around 4 * 10 »
23 J, which is adequate for the energy of approximately twenty days of radiation 3.8 10 * 26
W, from which the intensity obtained on the earth surface is approximately 1.7 10 ~ 17 W.

The intensity of solar radiation is not evenly distributed over the surface of the globe and
is greatest in the equatorial belt. It depends on the period of the year, due to the change in the
distance of the country from the sun.

3 SOLAR ENERGY

Solar energy systems in buildings include systems that capture heat (such as solar water
heating systems and passive heating), and systems that convert solar energy into electricity.
The latter is done primarily through photovoltaic (PV) systems. PV technology has seen
dramatic improvements—and cost reductions—since its first applications in the space
program in the 1960's. While the technology is still not inexpensive, from 2006 to 2010,
installed costs of PV systems have dropped 30—40%. This drop—combined with higher energy
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costs, government and/or utility

incentives, and time-of-use electric
rates—have made PV cost-effective in a v \m
growing number of applications. NN

The heart of PV technology is in the S W\

semi-conductors (mostly silicon-based) A
used in the PV modules themselves. nmind
The modules convert sunlight to direct '

current (DC) energy; the DC energy is ol
typically then converted to alternating
current (AC) energy via inverters. From
the inverters, energy is typically fed into

a building's electric system or exported to Photo 1.Single schematic showing the to
the Utlllty grld main components of pv system

D DiscounseT

in components of a PY system and how [tis typically incorporated into 8

The amount of electricity that a PV system generates depends upon the amount of sun
received and many other installation parameters (tilt, orientation, shading, etc.). A simple and
accurate tool for predicting generation is PVWatts, developed by NREL.

As PV collectors need direct sun, they are often mounted on roofs. While not extremely
heavy, structural factors must be taken into account in planning a roof-top installation.
Designers need to be aware of mounting requirements, ballast, and wind loads. Any roof
penetrations (for mounting or electrical) need to be planned for and detailed properly. Panels
should face south (in the northern hemisphere) and shade (from trees, other buildings, roof-
top equipment, etc.) should be minimized. In some cases, PV collectors can be incorporated
as part of the roof or building envelope; see the Building-Integrated Photovoltaics page for
more information.

While most PV collectors are mounted in stationary positions, some free-standing arrays
use devices to track the path of the sun across the sky. This can increase electricity generation
substantially (20% or more), but it also adds cost and complexity to the system. PV modules
themselves are very durable and have no moving parts; most warrantees are 20—-30 years.
Inverters are usually shorter-lived; these warrantees are typically 5-10 years.

4 SOLAR PV
TECHNOLOGY

Modules are either
mounted on fixed angle
frames or on suntracking
frames. Fixed frames are
simpler to install, cheaper,
and require less
maintenance. However,
tracking  systems can
increase yield by up to 45

percent. Tracking,
particularly for areas with a Poto e Rl Grlowo _
high direct/diffuse Photo 2. PV system in Los Angeles

irradiation ratio, also enables a smoother power output

This section discusses module technologies, mounting systems, inverters and methods
of quantifying plant performance. It provides an overview of current commercially available
technologies used in utility-scale solar PV projects. The purpose is to provide a framework of
understanding for developers and investors before they commit to a specific technology. PV
cell technologies are broadly categorised as either crystalline or thin-film. Crystalline silicon
(c-Si) cells provide high efficiency modules. They are sub-divided into mono-crystalline silicon
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(mono-c-Si) or multi-crystalline silicon (multi-c-Si). Mono-c-Si cells are generally the most
efficient, but are also more costly than multi-c-Si. Thin-film cells provide a cheaper alternative,
but are less efficient.6 There are three main types of thin-film cells: Cadmium Telluride (CdTe),
Copper Indium (Gallium) Di-Selenide (CIGS/CIS), and Amorphous Silicon (a-Si). The
performance of a PV module will decrease over time due to a process known as degradation.
The degradation rate depends on the environmental conditions and the technology of the
module. Modules are either mounted on fixed-angle frames or on suntracking frames. Fixed
frames are simpler to install, cheaper and require less maintenance. However, tracking
systems can increase yield by up to 45 percent. Tracking, particularly for areas with a high
direct/diffuse irradiation ratio also enables a smoother power output. Inverters convert direct
current (DC) electricity generated by the PV modules into AC electricity, ideally conforming to
the local grid requirements. They are arranged either in string or central configurations. Central
configuration inverters are considered to be more suitable for multi-MW plants. String inverters
enable individual string Maximum Power Point Tracking (MPPT)7 and require less specialised
maintenance skills. String configurations offer more design flexibility. PV modules and
inverters are all subject to certification, predominantly by the International Electrotechnical
Commission (IEC). New standards are currently under development for evaluating PV module
components and materials. The performance ratio (PR) of a well-designed PV power plant will
typically be in the region of 77 percent to 86 percent (with an annual average PR of 82
percent), degrading over the lifetime of the plant. In general, good quality PV modules may be
expected to have a useful life of 25 to 30 years.

5 OVERVIEW OF GROUND MOUNTED PV POWER PLANT

Figure 2 gives an overview of a megawatt-scale gridconnected solar PV power plant. The
main components include: « Solar PV modules: These convert solar radiation directly into
electricity through the photovoltaic effect in a silent and clean process that requires no moving
parts. The PV effect is a semiconductor effect whereby solar radiation falling onto the
semiconductor PV cells generates "o s e ersenrmronernane
electron movement.

The output from a solar PV
cell is DC electricity. A PV power
plant contains many cells =S
connected together in modules and Z ; e
many modules connected together in
strings8 to produce the required |
DC power output. e ogic s

* Inverters: These are
required to convert the DC
electricity to alternating current
(AC) for connection to the utility
grid. Many modules in series strings and parallel strings are connected to the inverters.

* Module mounting (or tracking) systems: These allow PV modules to be securely
attached to the ground at a fixed tilt angle, or on sun-tracking frames.

 Step-up transformers: The output from the inverters generally requires a further step-
up in voltage to reach the AC grid voltage level. The step-up transformer takes the output from
the inverters to the required grid voltage (for example 25kV, 33kV, 38kV, or 110kV, depending
on the grid connection point and country standards)

* The grid connection interface:

Photo 3.0Overview of Solar Power Plant
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This is where the electricity is exported

into the grid network.
The substation will also have the required i :j_—] ; l;]
grid interface FWW_;’_“JA
switchgear such as circuit breakers (CBs) Cromrngn %_ |
and disconnects AR b
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6 SOLAR PV MODULES to Grid

This section describes commercially available technology options for solar PV modules,
discusses module certification and describes how solar PV module performance can degrade
over time.

Each material has unique characteristics that impact the cell performance, manufacturing
method and cost. PV cells may be based on either silicon wafers (manufactured by cutting
wafers from a solid ingot block of silicon) or “thin-film” technologies for which a thin layer of a
semiconductor material is deposited on low-cost substrates. PV cells can further be
characterised according to the long-range structure of the semiconductor material, “mono-
crystalline,” “multi-crystalline” (also known as “poly-crystalline”) or less-ordered “amorphous”
material. Figure 3 shows the most commonly used PV technologies: * Crystalline Silicon (c-
Si): Modules are made from cells of either mono-crystalline or multi-crystalline silicon. Mono-
c-Si cells are generally the most efficient, but are also more costly than multi-c-Si. * Thin-film:
Modules are made with a thin-film deposition of a semiconductor onto a substrate. This class
includes semiconductors made from: « Amorphous Silicon (a-Si). * Cadmium Telluride (CdTe).
* Copper Indium Selenide (CIS). « Copper Indium (Gallium) Di-Selenide (CIGS/CIS). -
Heterojunction with intrinsic thin-film layer (HIT): Modules are composed of a mono-thin c-Si
wafer surrounded by ultra-thin a-Si layers. Due to reduced manufacturing costs and maturity
of the technology, wafer-based crystalline modules are expected to maintain a market share
of up to 80 percent until at least 2017.10 Thin-film (17 percent) and high efficiency (3 percent)
modules are expected to me up the remaining 20 percent.
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7 MODULE EFFICIENCY

Tabel 1. Characteristics of some PV Technology

Classes

Table 1: Characteristics of some PV Technology Classes

Technology
Category

Current commercial efficiency

(Approx)

Temperature co-efficient for

power® (Typical)

8 MODULE TECHN'OLOGY DEVELOPMENTS

Heterojunction Copper Indium
with intrinsic Gallium Di-
Crystalline Silicon | Thin-film Layer | Amorphous Silicon | Cadmium Telluride Selenide
=5 HIT a-5i CdTe ClGS or CIS
13%-21% 18%-20% B%-0% 8%-16% B%-14%
-0.45%/oC 0.20%/°C -0.21%/C -025%/°C -0.35%/C

Solar PV module technology is developing rapidly. While a wide variety of different technical
approaches are being explored, the effects of these approaches are focused on either improving module
efficiency or reducing manufacturing costs.

Tabel 2. PV module Standards

Table 2: PV Module Standards

Test
IEC &g

IEC 61646

EN/IEC &1730

|EC Bo364-g4-41

IEC &17c

IEC &1853-1

|IEC 62804
(pending issue)

Conformité
Européenne (EC)

UL17o3

Description
Crystalline silicon (c-5i) terrestrial PV modules - Design
qualification and type approwval

Thin-film terrestrial PV modules - Design qualification and
type approval

PV module safety qualification

Protection against electric shock

Resistance to salt mist and corrasion

Photovoltaic Module Performance Testing and Energy
Rating

System veltage durability test for c-5i modules

The certified product confarms to the European Union (EU)
health, safety and environmental reguirements.

Comply with the National Electric Code, Occupational
Safety and Health Administration and the Mational Fire
Prevention Association. The modules perform to at least
qo% of the manufacturer's nominal power.
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Comment

Includes tests for thermal cycling, humidity and freezing,
mechanical stress and twist and hail resistance. The
standard certification uses a 2, 400Pa pressure.

Modules in heavy snow locations may be tested under
more stringent 5 400Pa conditions.

Very similar to the IEC &g certification, but an additional
test specifically considers the additional degradation of
thin-film modules.

Part z of the certification defines three different Application
Classes:

1) Safety Class O - Restricted access applications.

2) Safety Class Il - General applications.

3) Safety Clasz Ill - Low voltage (LV) applications.

Module safety assessed based on:

1) Durability.

2) High dielectric strength.

3) Mechanical stability.

4) Insulation thickness and distances.

Required for modules being installed near the coast or for
maritime applications.

Describes the requirements for evaluating PV module
performance in terms of power rating owver a range of
irradiances and temperatures.

Describes the test procedure and conditions for conducting
a PID test. The PV module will be deemed to be PID
resistant if power loss is less than 5% following testing.

Mandatory in the European Economic Area.

Underwriters Laboratories Inc. (UL) is an independent US.
based product safety testing certification company which is
a Mationally Recognised Testing Laboratory (NRTL).
Certification by an MRTL is mandatory in the U.S.
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ELECTRICITY GENERATION USING THE ORGANIC RANKINE CYCLE
IN GEOTHERMAL ENERGY SOURCES

ABSTRACT

The purpose of this paper is to analyze the Organic Rankine Cycle and its use in the exploitation
of geothermal energy sources. Geothermal energy sources are rarely found in the superheated state
and are much more common in the liquid state. Therefore, air cycles and the conventional Rankine
cycle have very poor performances. In contrast, the Organic Rankine Cycle has a number of
advantages for generating electricity from low-temperature heat sources, mainly due to its utilization
of an organic working fluid with a low boiling point. This analysis is consisted of the theoretical basis
of the Organic Rankine Cycle and a short overview of some of its common uses, including its
application in geothermal energy sources. Several advantages, as well as disadvantages, of the
Organic Rankine Cycle are listed and explained. In addition, this paper encompasses a description of
the methods and criteria for fluid selection, which is an important aspect of any ORC plant, since it
depends on the energy source and greatly affects the cycle performance. Furthermore, a number of
examples of geothermal ORC plants and are given and compared. The paper concludes that where
conventional cycles fail, ORC technologies provide technically and economically viable solutions for
generating electricity from limited energy sources.

Key words: ORC, geothermal, electricity, organic, energy

1 INTRODUCTION

Nowadays, power generation from heat sources is largely based on gas and steam cycles.
However, there is an abundance of limited heat sources that cannot be exploited using these
conventional cycles. In these cases, the Organic Rankine Cycle (ORC) is a more attractive alternative,
since it uses an organic working fluid, characterized by a high molecular mass and low boiling point.

Generating electricity from a geothermal fluid can occur in one of two ways. The vapor fraction
of the fluid is directly fed into an expander, or the fluid’s heat is transferred to a secondary fluid
circulating in a closed cycle. Since geothermal fluids are most commonly found in the liquid state, as
opposed to the vapor state, they are inadequate for direct use or use in conventional Rankine cycles.

Therefore, the Organic Rankine Cycle offers a number of advantages in exploiting geothermal
energy sources, although its applications are far more diverse.
2 THEORETICAL BASIS OF THE ORGANIC RANKINE CYCLE

The Organic Rankine cycle is based on the same working principle as the traditional Rankine
cycle. It is a thermodynamic cycle used to convert heat into mechanical energy, which is ultimately
converted into electrical energy.

Heat is introduced externally through a heat exchanger, where the working fluid is evaporated
and possibly superheated (4-5-6-1), as seen in the T-s diagram in Figure 1. Then, the fluid is fed into

78




an expander (1-2), where its thermal energy is converted into mechanical. Here, the working fluid
undergoes a phase change. The power of the cycle depends on the enthalpy drop, i.e. the amount of
heat that was successfully converted into mechanical energy. Following the phase change, the fluid is
condensed in a condenser (2-3), after which it is led to a pump (3-4) to increase its pressure, before
continuing towards the heat exchanger.

T(Q)

s (IJ/keK)
Figure 1. Organic Rankine cycle in a T-s diagram

Traditional Rankine cycles use water as the working fluid of choice. However, in the
exploitation of limited heat sources, where sometimes the temperature is not high enough to even
vaporize the water, there is a need for an alternative choice of working fluid.

The Organic Rankine cycle replaces water with an organic fluid, with a much lower boiling point
and a higher molecular mass than water. This is crucial for harnessing the heat from low temperature
sources. Therefore, the essential distinction between the traditional and the Organic Rankine cycle is
the working fluid in question.

Figure 2 depicts an ORC plant, which is consisted of three heat exchangers, expander, electrical
generator, regenerator, condenser and pump. In ORC plants, it is sometimes attractive to install a
regenerator in order to increase the cycle’s efficiency by providing regenerative heating of the
working fluid and at the same time decreasing the condenser load.

[ - | EXPANDER
GEOTHERMAL FLUID

’ (7)) ELECTRIC
SUPERHEATER GENERATOR

o

2
7
EVAPORATOR CONDENSER

-

PREHEATER

INAANAA
[
?L

[l
GEOTHERMAL FLUID

ORC

= REGENERATOR /l
4\

PUMP
Figure 2. Layout of an ORC plant

3 COMMON APPLICATIONS OF THE ORGANIC RANKINE CYCLE

The Organic Rankine Cycle is quite versatile and has a wide range of applications, especially in
situations where water as a working fluid is not a viable choice. As of December 31%, 2016, it is
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estimated that ORC technology makes up for a total of 2.7 GW of the world’s installed capacity,
accounted for by 1754 ORC units [1].

ORC power generation has the largest potential in three sectors. The electricity and heat
generation sector produces a significant amount of waste heat that can be utilized with an ORC unit.
Furthermore, the industrial and transportation sectors have considerably high energy consumption
levels, however the former has lower levels of waste heat than the latter.

3.1 Waste heat recovery

ORC plants are quite common in recovering waste heat. They can be applied in multiple
scenarios, including industrial processes, exhausts from furnaces or vehicles, inter-cooling of
compressors, power plant condensers and production processes (steel, glass, cement).

3.2 Solar thermal power

As an alternative to photovoltaic cells, concentrated solar power plants produce electricity using
the Organic Rankine Cycle. The parabolic solar collectors reflect the sunlight and heat up pipes that
contain thermal oil. The heat absorbed in the thermal oil is later introduced to the organic fluid
through a heat exchanger.

3.3 Biomass power plants

Power plants that use biomass as fuel often have high investment costs regarding the boiler due
to high working pressures of water. Applying ORC technology in these plants eliminates the need for
such high pressures and lowers the investment costs.

This application of the Organic Rankine Cycle most commonly includes an intermediate cycle
with thermal oil, so that the oil transfers the heat from the fuel combustion to the organic fluid in the
power cycle.

3.4 Geothermal power plants

Geothermal power plants produce 73% of the electricity generated with ORC technologies [2].
Geothermal energy sources are characterized by their diversity and their reliability for electricity
generation. When the geothermal field in question is vapor dominated, then it is practical to use a
direct cycle. However, liquid dominated fields are much more common, so binary cycles, and ORC
specifically, are predominant in generating electricity from these sources.

Since every geothermal reservoir has different chemical and thermal conditions, geothermal
fluids are not uniform. Consequentially, to ensure the plant’s stable operation, thorough analysis of
the geothermal reservoir must be performed.This results in a diverse range of ORC plants, using
different pressures, temperatures, equipment and working fluids to maximize the plant’s efficiency.

4 ADVANTAGES AND DISADVANTAGES OF THE ORGANIC RANKINE CYCLE

The Organic Rankine cycle is a binary cycle, which means that the geothermal fluid does not
come in direct contact with the plant’s equipment, such as the expander, condenser and pump,
lowering the risks of corrosion. However, the main advantage of ORC technology comes from the
utilization of an organic working fluid which has three main qualities:

- Low boiling point;
- High molecular mass;
- ‘Leaning’ saturation curve.

Evaporating at lower temperatures than water allows for use in low to medium temperature
sources, while high molecular mass ensures lower enthalpy drops, thus simplyfing the design of the
expander. Furthermore, the shape of the organic fluid’s saturation curve makes possible for the
expansion to occur in dry conditions, decreasing the possibility of corrosion in the expander and
allowing for a cycle without superheater [3].
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Compared to classical air or water cycles, the Organic Rankine Cycle performs much better in
limited heat sources. Air or gas cycles have negative efficiency in sources with temperature lower
than 250°C, while at 450°C the cycle efficiency barely reaches 8%. Water cycles make up for some of
the air cycle’s shortcomings, however, the application of a water cycle warrants the use of a steam
turbine with multiple stages, complex plant design and wet expansion, which increases the costs of the
plant [4]. For these reasons, water cycles are inadequate for application in low temperature sources,
such as geothermal sources.

While the Organic Rankine cycle provides a viable solution for the exploitation of geothermal
sources, there are some disadvantages that must be taken into consideration.

Every geothermal reservoir has different properties, such as thermophysical and chemical
qualities of the geothermal fluid and avalability and quantity of the fluid. Detailed examinations of the
reservoir must be performed in order to obtain crucial information needed to evaluate whether and in
what way the heat source can be exploited. Thanks to the non-uniform nature of geothermal
reservoirs, each reservoir requires different ORC design, from the duration of the pant’s operation to
the selection of working fluid and cycle parameters. Due to these circumstances, it can be concluded
that ORC plants have high investment costs.

Moreover, the organic working fluids are often flammable or toxic and consequentially the costs
are even further increased due to the need for additional safety equipment.

The fluids’ high molecular mass results in relatively high electricity consumption of the pump,
while the characteristically large amount of heat disposed of through the condenser demands
additional electricity consumption for the ventilators used for cooling. These two factors significantly
impact the cycle efficiency.

5 WORKING FLUID SELECTION
There are three important parameters to define when designing an ORC plant [5]:

- Working fluid,;
- Condensation temperature;
- Turbine technology.

The type of working fluid selected for the given plant impacts the complete thermodynamical
cycle, cycle efficiency, cost of the equipment, safety measures, etc. Since the choice of working fluid
plays an important role in the plant design, there are a number of important criteria that should be
fulfilled.

Starting from the thermophysical properties of the fluid, lower critical pressures are preferred.
Thermal stability in the given temperature range is another important aspect, since organic fluids are
more prone to chemical decomposition at higher temperatures of the heat source. Good heat transfer
of the working fluid decreases the surfaces of the heat exchangers, therefore reducing the cost.
Moreover, to minimize the power consumption of the pump, fluids with lower viscosity should be
used.

Working fluids with boiling temperatures between 0°C and 100°C and critical temperatures
lower than 200°C are easier to handle than others. The critical temperature also plays an important
role in the enthalpy drop in the expander. To ensure higher power output of the cycle, higher enthalpy
drops are required.

Additionally, the working fluid should have an isentropic or positive saturation curve. Fluids
with negative saturation curves have ‘wet’expansions, leading to the formation of droplets at the end
of the expansion [6].

81




a). b). c). T

s s S

Figure 3. T-s diagrams of fluids with different saturation curves:a). wet, b). isentropic and c). dry

To avoid the implementation of added safety measures, the fluid of choice should be non-
flammable and non-toxic. Although it is possible to operate with flammable and toxic fluids, it is not
recommended since it further increases the cost of the plant.

Lastly, to determine whether the fluid is environmentally acceptable, two indices are used.
Global Warming Potential (GWP) is an index that shows the relationship between the amount of heat
retained due to a certain amount of the fluid in question and the heat retained due to the same amount
of carbon dioxide. On the other hand, Ozone Depletion Potential (ODP) is an index that shows the
relationship between the global loss of ozone due to different substances and the global loss of ozone
due to the specific working fluid in question.

A number of working fluid types are available for use in ORC pants: CFC, HCFC, HFC, FC, HC
and HFO. From a technical point of view, all of these groups are acceptable. However, CFCs and
HCFCs are banned due to their high ODP, while HFCs are phased out due their GWP [7].

Table 1. Classification and qualities of some relevant organic working fluids

_ _ Chemical Critical Critical ODP GWP
Organic fluid class temperature pressure P (relative to (relative to
T. [°C] [bar] R11) COy)
R123 HCFC 184 36.6 0.02 77

R125 HFC 66 36.2 0 3500
R134a HCF 101 40.6 0 1430
R143a HCF 72.7 37.6 0 4470
R152a HCF 113 45.2 0 124
R227ea HCF 103 30 0 3220
R245fa HCF 154 36.4 0 1030

R600 HC 152 38 0 =20

6 ORC APPLICATION IN GEOTHERMAL POWER PLANTS

Different types of binary cycles can be applied to geothermal power plants, generally divided
into four categories: subcritical, supercritical, bottoming and combined cycles.

Subcritical systems are consisted of one or multiple pressure levels. In systems where there is
only one pressure level, the organic fluid accepts the heat from the geothermal fluid and proceeds to
expand in a turbine. In a double pressure level system, which is a quite common configuration, the
organic fluid is fed into two turbines, or in one double pressure turbine at two different pressures.
Triple pressure level configurations are also possible.

In supercritical systems, the organic fluid is in the supercritical state at the inlet of the turbine.
These cycles are adequate for achieving lower reinjection temperatures.
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Bottoming cycles and combined cycles are used in geothermal sources, where a sufficient portion
of the geothermal fluid is steam. In these cases, the fluid is separated, so that the gas phase is fed into
a steam turbine, while the liquid phase is used in heat exchangers to vaporize a secondary organic
fluid. These cycles are mainly meant to exploit higher enthalpy sources.

6.1 Commercial geothermal power plants using ORC technology

Currently, the field of ORC technology is dominated by two prominent companies — Ormat and
Turboden, while the company Exergy seems to be on the rise [8]. There are multiple examples of
successful geothermal ORC plants exploiting heat sources with different levels of enthalpy and
utilizing a variety of configurations.

6.1.1 Pamukodren Geothermal ORC Plant in Turkey

This 112.5 MW power plant was designed and constructed by Atlas Copco in consortium with
Exergy (process specialist) and SPIG (air-cooled condenser specialist). The plant makes use of a
single-pressure configuration and n-butane as the organic working fluid of choice [9]. Multiple
modules are incorporated in the plant, each one having a 22.5 MW net electric power output capacity
[10].

6.1.2 Turboden geothermal power plants in Bavaria

Although Turboden’s main acitivities are associated with ORC biomass applications, the
company has multiple successful geothermal projects, such as the three 5 MW geothermal power
plants in Bavaria. These plants utilize the double pressure level principle, significantly improving the
cycle performance. Each plant uses R245fa as working fluid and air cooled condensers [11].

6.1.3 McGinness Hills Complex in the USA

The McGuiness Hills power plant is one of Ormat’s highest achievements. It is consisted of three
ORC modules, whose combined gross power outputs amount to 44 MW. The geothermal fluid enters
the cycle with 165°C, after which it is reinjected at 70°C [12]. This plant’s efficiency is 10%, with the
well pumps representing the largest portion of auxiliary power consumption.

7 CONCLUSION

In conclusion, the Organic Rankine cycle employs organic working fluids, whose properties
allow for the cycle to exploit low to medium heat sources with much higher performances than the
traditional air or water cycles. Geothermal power plants represent the largest portion of ORC
applications.

Geothermal heat sources can be successfully exploited by ORC plants because of the numerous
advantages that come with the use of an organic fluid, including lower boiling points and ‘dry’
expansion. However, due to the organic fluid’s physical properties, the pump consumes a large
amount of the generated electricity, therefore significantly lowering the cycle’s efficiency. To
maximize the cycle’s efficiency, a fluid selection process must be conducted for each geothermal
source separately. The selection depends on a number of factors, such as the thermophysical
properties of the working fluid and its environmental impacts. Aside from the working fluid, the
performance of geothermal ORC plants also depends on the configuration applied to the plant. It is
evident from the listed that geothermal ORC plants can have a variety of configurations and power
output capacities.
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RENEWABLE ENERGY SOURCES IN SLOVENIA: DETERMINING
POSSIBLE DEVELOPMENT TREND UNTIL 2020 WITH GEOMETRIC
BROWNIAN MOTION

ABSTRACT

Renewable energy sources (RES) in Slovenia present an increasing share of energy each year.
They also present environmental and economic importance in the country. Renewable energy has
become an important sector in a global aspect and it is undoubtable that in order to achieve energy
sustainability, we will need to use sustainable energy in the future to preserve our planet on a global
scale. This paper presents the statistical data from Eurostat, where the statistics of renewable sources
in Slovenia are analyzed from 2004 to 2016. On the basis of this data, simulations (in MatLab by
MathWorks) for all renewable energy carriers in Slovenia are conducted by using a stochastic process
of geometric Brownian motion (GBM) for the time period 2017-2020. This article tends to determine
if Slovenia will achieve target objectives of European directive for renewable energy sources until
2020 and elaborate the scenarios that were given on the basis of the original data.

Keywords: Renewable energy sources, GBM, Slovenia.

1 INTRODUCTION

Renewable energy in Slovenia plays an important role, especially in our times, when it is
essential to reduce greenhouse gases and the usage of fossil fuels. The European Union (EU) is taking
huge measures to battle this problems by promoting renewable energy through an overall policy. As a
part of the EU, Slovenia is bounded to the 2020 Energy Strategy with Directive 2009/EC/28 [1] and is
determined to fulfill the objectives of the EU. In this respect, it is important to estimate the usage of
RES in all terms; for generating electricity, transport and for heating and cooling. The goal of the
project is to determine, if Slovenia will reach the EU's target objectives until 2020 and the asessment
of the possible direction (outcome) in which Slovenia is headed (in terms of the given scenario).

2 LEGAL GROUNDS FOR DEVELOPMENT OF RENEWABLE ENERGY SOURCES

Regulation, responsible for the development of renewable energy sources in the European Union
and Slovenia is Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009
(Directive). This Directive promotes the usage of RES, the increase of technological improvements
and serves for establishing a sustainable competitive energy policy and economic growth through
innovation and incentives. The Directive with an accordance to 2020 Energy Strategy sets achievable
objectives until 2020: reducing carbon dioxide (CO2) emissions by 20 %, achieving energy savings of
20 % or more, a 20 % target goal for the overall share of renewable energy sources and a 10 % target
goal for energy from renewables in transport [1]. By adopting National Renewable Energy Action
Plan (NREAP) [2], Slovenia has obliged that the national overall target for the share of energy from
renewable sources in gross final consumption of energy in 2020 will be 25 % and the national overall
target for the share of renewables in transport will be 10 %.
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3

STATISTICS OF RENEWABLE ENERGY SOURCES IN SLOVENIA

This paper uses data from a statistical report from Eurostat and it covers chronological data
regarding renewable energy sources (its carriers) in kilotonne of oil equivalent (ktoe) and share (in %)
from the time period 2004-2016. The measurement unit, representing energy in the data is ktoe,
conversion into MWh is:

1 [ktoe] = 11.630 [MWh]

Eurostat divides renewable energy sources into three branches: renewable electricity, renewables
in transport and renewables for heating and cooling. Sources regarded as renewable electricity include
solar energy (includes solar photovoltaics and solar thermal generation), wind energy, hydro energy,
as well as solid biofuels and other renewables (gaseous and liquid biofuels, renewable municipal
waste and geothermal energy). Sources accounted for being renewables in transport are renewable
electricity in rail transport (ren. e. in rail transport in Table 2), renewable electricity in all other
transport modes (ren. e. — all other modes in Table 2) and compliant biofuels. Renewables in heating
and cooling (RES — H&C) include final energy consumption (includes all elements of "final
consumption of energy" other than electricity and for other purposes than transport) and derived heat.
The statistical data of RES in the years 2004-2016 are presented in Table 1, Table 2, Table 3, Table 4
and Picture 1.

Table 1. Renewable electricity in Slovenia in the years 2004-2016 (Source: Eurostat)

M)

\ Renewable electricity in the years 2004-2010 in ktoe
2004 2005 2006 2007 2008 2009 2010
All sources — Electricity | 1.248,1 1.271,9 1.3034 | 1.31372 1.272,6 1.147,4 1.215,4
Hydro energy 354,9 354,7 358,5 353,9 356,4 370,8 371,6
Wind energy 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Solar energy 0,0 0,0 0,0 0,0 0,1 0,3 1,1
Solid biofuels 7,8 7,0 6,5 5,6 10,0 10,3 10,3
All other renewables 2,6 2,8 3,0 4,1 4,8 5,9 8,4
RES — Electricity 29,27% | 28,65% | 28,23% | 27,70% | 29,96 % | 33,76 % | 32,20 %
Renewable electricity in the years 2011-2016 in ktoe
2011 2012 2013 2014 2015 2016
All sources — Electricity | 1.250,5 1.247,5 1.248,4 1.239,9 1.269,9 1.293,6
Hydro energy 360,9 357,7 371,9 376,4 368,8 367,3
Wind energy 0,0 0,0 0,3 0,5 0,5 0,6
Solar energy 5,6 14,0 18,5 22,1 23,6 23,0
Solid biofuels 10,8 9,8 10,2 10,7 11,3 11,7
All other renewables 10,9 13,2 12,1 11,2 11,4 12,2
RES — Electricity 31,04% | 31,63% | 33,09% | 33,94% | 32,73% | 32,06 %
Table 2. Renewables in transport in Slovenia in the years 2004-2016 (Source: Eurostat)
\ Renewables in transport in the years 2004-2010 in ktoe
2004 2005 2006 2007 2008 2009 2010
All sources — Transport | 1.354,6 1.442,6 1.522,7 1.726,2 2.032,9 1.712,1 1.770,5
Ren. e. in rail transport 4,5 4,7 4,7 4,6 4,6 3,5 4,2
Ren. e — all other modes 0,3 0,3 0,3 0,2 0,2 0,2 0,2
Compliant biofuels 0,0 0,0 4,1 13,8 24,6 29,7 44,6
RES — Transport 0,35 % 0,35 % 0,60 % 1,08 % 1,44 % 1,95 % 2,77 %
Renewables in transport in the years 2011-2016 in ktoe
2011 2012 2013 2014 2015 2016
All sources — Transport | 1.874,2 1.890,7 1.796,7 1.782,6 1.765,6 1.875,8
Ren. e. in rail transport 4,6 4,2 3,9 3,6 4,1 4,7
Ren. e — all other modes 0,2 0,2 0,2 0,1 0,2 0,2
Compliant biofuels 35,0 51,0 58,0 42,4 29,1 18,2
RES — Transport 2,12 % 2,93 % 3,46 % 2,58 % 1,89 % 1,23 %
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Table 3. Renewables in heating and cooling in Slovenia in the years 2004-2016 (Source: Eurostat)

Renewables in heating and cooling in the years 2004-2010 in ktoe
2004 2005 2006 2007 2008 2009 2010
All sources — H&C 2.391,2 | 23699 | 23144 | 2.0444 | 2.149,0 2.158,3 2.265,0
Final energy consumption | 430,0 439,6 420,4 407,2 401,0 570,5 619,1
Derived heat 9,7 9,4 9,0 9,8 12,4 18,7 23,0
RES — H&C 18,39% | 18,95% | 1855% | 20,40% | 19,24% | 27,30% | 28,35%
Renewables in heating and cooling in the years 2011-2016 in ktoe
2011 2012 2013 2014 2015 2016
Al sources — H&C 2.094,9 | 1.969,6 1.946,3 1.772,3 1.841,0 1904,6
Final energy consumption | 608,7 595,6 626,0 561,4 592,5 612,3
Derived heat 24,8 29,6 29,6 28,3 34,7 35,4
RES -H&C 30,24% | 31,74% | 33,69% | 33,27 % | 34,07% | 34,01 %

Table 4. Gross final consumption of RES (GFC-RES), gross final consumption of energy (GFCE) and
share of RES in Slovenia in the years 2004-2016 (Source: Eurostat)

2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016

GFC-

REox 1.076

810 | 818 | 807 | 799 | 824 |1.010| 1.083 | 1.061 | 1.075| 1.131 | 1.057 1.086

GFCE* 4.877 | 5.074

4.994 | 5.084 | 5.141 | 5.084 | 5.454 | 5.018 | 5.251 | 5.220 | 5.108 | 4.991 | 4.795
RES

[%] 16,22 | 16,10 | 15,69 | 15,72 | 15,11 | 20,13 | 20,62 | 20,34 | 21,05 | 22,65 | 22,04 | 22,07 | 21,39

*Values of GFC-RES and GFCE are in ktoe.

These tables present statistics of renewable energy sources in Slovenia in the years 2004-2016.
The biggest renewable source for electricity generation (Table 1) is hydro energy, solar energy
follows second, the rest are negligable. Compliant biofuels are the biggest source as renewable
aggregate for transport (Table 2), the rest are almost non-existent. Final energy consumption presents
the largest share in heating and cooling (Table 3). In 2015, 94 % of all renewables in heating and
cooling were comprized of this source, while the remaining 6 % goes to derived heat. There was a
considerable increase in the gross final consumption of energy from renewable energy sources (Table
4 and Picture 1) from 2008 to 2009. In the time period 2004-2016, the maximum value was reached in
2013 (1.131 ktoe). The gross final consumption of energy from all sources (Table 2) was rising until
2008 and then fell overall until 2014. Share of renewable energy sources in Slovenia (Table 2) rose
from 16,15 % in 2004 to 21,39 % in 2016.
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Picture 1. Renewable energy sources in Slovenia in the years 2004-2016
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4 MODELLING THE STRUCTURE OF RENEWABLE ENERGY SOURCES WITH
GEOMETRIC BROWNIAN MOTION

The simulation process, with intention to simulate data (acquired from Eurostat) for the time
period 2017-2020, is conducted with geometric Brownian motion (GBM). A GBM process was
chosen for this process, because it is often used to model financial processes (stock prices) and
population growth which are both subject to random noise. The process with these simulations is quite
similar to those processes. A geometric Brownian motion X; is the solution of a stochastic differential
equation (SDE) with diffusion coefficients and drift [3]. A stochastic process (with continuous
variables in time) may be described by SDE with a typical form:

dX, = wWX@dt + oX(@)dw,; X,=¢ (2)

where: p(t) — drift coefficient, o(t) — diffusion coefficient, W — Wiener process, € — random
variable and Xo — initial value.

K(t) and o(t) are both f(t), although in these models, the coefficients are presented as constants (u
and o). In probability theory, a stochastic process implies that the movement or value of random
variables behaves randomly or erraticly (stochasticly) over time. The erratic behavior is therefore
subject to random noise. In probability theory, variance var(W) measures how far a set of random
values are scattered (spread) from their mean values [4]. Simplified:

var(W)=c?t;  for some positive constant ¢ (3)

where: var(W) — variance, ¢ — volatility and t — time. In a differential form, Brownian Motion
with drift can be written as:

dX, = pdt+odW;; X =0 (4)

where W = {W;: t €[0,0)} is a standard Brownian motion and geometric Brownian motion is the
expotential of this process:

62
- 5 |t+oW;
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where | — drift parameter and o — volatility parameter. With the use of Ito's calculus, the
equation (5) is derived as an analitical solution from a differential equation (4). Because Xo = 1, the
process starts at 1, by changing this to {XoX: : t €[0,%0)}, GBM starts at Xo.

. 1 E[0, %) ®)

Since the data is subject to random noise, for its only known parameter (deterministic part) is the
basis of historical data (from 2004 to 2016), the simulation is based purely on mathematical basis. All
other parameters that would require immense information in fields of economics, law and politics are
not considered in this process. As GBM requires a large amount of time steps, the period of 4 years
(2017-2020) is divided into days (1460 days), also 1000 simulations for each energy carrier are
performed for more accurate results. For the purpose of the numerical simulation, an iterative
equation is used:

Xio; = X; + X;(uAt + oRAY)  [ktoe] (6)

where: X;,, — value at time step i+1 [ktoe], X; — value at time step i [ktoe], u - drift parameter
(determines the asymptotic behavior of GBM), ¢ — volatility parameter (degree of variation over time)
and R; — random Gaussian distribution value [5].

Last, two important parameters for the simulation are volatility parameter o and drift parameter
. To calculate the drift and volatility, estimations of the expected values and variations of the data
In(Si+1/Si) have to be computed, where S; is amount of energy per year in units (ktoe), whereas i is a
period of time (year). The expected values and variations, based on a 13 year time period (n = 13) are
calculated with the following formulas:

i=n-1

— 1 Si+1
= 7
v n—llZln(Si) "
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and

i=i-1

st 3 ) )

i=1

where: U — expected value and S? — expected variation. As drift and volatility are to be set in
days, it is set At = 365 days. Thus:

2

drift=nu=U+ > ©)
and
volatility =6 =S (10)

) SIMULATION OF THE STRUCTURE OF RENEWABLE ENERGY SOURCES

Values of each type of renewable source and values from the total sum in each branch (total -
electricity, total — transport and total — H&C) are simulated from 2017 to 2020 on a daily basis,
although the mean values are presented on a yearly basis (Table 5). The drift and volatility parameters
are assessed (Table 5), but due to unreasonable values (that would distort the final results completely)
from some renewable energy cariers (solar energy, other renewables, compliant biofuels and derived
heat), those values contain the same values as in 2016 and continue to be the same until 2020
(assumed that they stagnate).

As seen from Table 5, hydro energy will stay a relatively stable renewable energy source in
Slovenia, the amount of wind energy will see an increase until the year 2020 but will remain
negligable in gross final consumption of RES. As the results from simulations of solar energy and
other renewables were distorted due to u and ¢ (Table 5), the values are the same as in 2016 (Table
1). Concerning renewables in transport, there is no increase in neither renewable source in transport.
And it was simulated that only final energy consumption will increase tremendously in the years
2017-2020 (from 612,3 ktoe in 2016 to 863,4 ktoe in 2020).

Table 5: Simulation of the structure of renewable energy sources in the years 2017-2020

Drift u Volatility ¢ 2016 2017 2018 2019 2020
Total — Electricity 0,0032 0,0398 1.293,6 | 1296,7 | 1302,0 | 1303,9 | 1307,3
Hydro energy 0,0039 0,0208 367,3 368,6 369,2 370,5 371,6
Wind energy 0,1972 0,1006 0,6 0,8 1,2 1,7 2,5
Solar energy 1,2469 0,6334 23,0 23,0 23,0 23,0 23,0
Solid biofuels 0,0552 0,1456 11,7 13,4 15,7 18,6 21,7
All other renewables 0,1545 0,1428 12,2 12,2 12,2 12,2 12,2
RES-Electricity 32,06% | 32,24% | 32,36 % | 32,67 % | 32,97 %
Total — Transport 0,0313 0,0851 1.875,8 | 1984,1 | 2098,8 | 2204,6 | 2312,2
Ren. e. in rail transport 0,0048 0,1178 4,7 4,8 4,8 4,9 4,9
Ren. e — all other modes 0,0307 0,2272 0,2 0,2 0,3 0,3 0,4
Compliant biofuels 0,4454 0,4538 18,2 18,2 18,2 18,2 18,2
RES-Transport 1,23% 1,17 % 1,11% 1,06 % 1,02 %
Total — Heating and cooling | -0,0206 0,0563 1904,6 | 1861,1 | 18158 | 1772,3 | 17329
Final energy consumption 0,0422 0,1142 612,3 669,5 726,5 787,4 863,4
Derived heat 0,1354 0,1389 35,4 35,4 35,4 35,4 35,4
RES-Heating and cooling 34,019% | 37,88% | 41,96 % | 46,43% | 51,87 %
Table 6: Gross final consumption of RES (GFC-RES), gross final consumption of energy (GFCE) and
share of RES in the years 2017-2020
2017 2018 2019 2020
GFC-RES 1146,1 1206,5 1272,2 1353,3
GFCE 5141,9 5216,6 5280,8 5352,39
RES [%0] 22,29 % 23,13 % 24,09 % 25,28 %
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As seen from Table 6 and Picture 2., RES in Slovenia will continue to rise steadily in the years
2017-2020 and so will the gross final consumption of energy. Renewables in heating and cooling will
respresent the largest portion of RES in Slovenia, renewable electricity will follow second and
renewables in transport will represent a negligable share in gross final consumption of RES in
Slovenia. Share of RES will slowly rise in the same time period, reaching 25,28 % in 2020.
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Picture 2. Renewable energy sources in the years 2016-2020

6 CONCLUSSION

This article was investigating possible development scenario for renewable energy sources in
Slovenia. The derived sequences should be treated only as a possible scenario for the development of
RES in Slovenia. With GBM simulations, we predicted that Slovenia will reach the 2020 target goal
partially. Slovenia's objective goal for renewable energy sources was a 25 % target goal for the overall
share of RES which, according to simulations, Slovenia will achieve (in 2020; overall share of RES:
25,28 %). Still, Slovenia will fail to reach a 10 % target goal for energy from renewables in transport.
According to simulations, the share of renewables in transport will only be 1,02 % in 2020. Slovenia's
progress with renewable energy sources will not be enough to reach all of the objectives, that were set
to be achieved until 2020. Nevertheless, this simulation is just one scenario for the development of
RES, where it must be pointed out, that it is based only on the basis of previous historical data. For
assessing the development of renewable energy sources, there are many parameters that have to be
taken into account. The parameters are often unpredictable (and were therefore not considered in this
research) because of changes in the legislation, politics and economics. Because the prediction of the
direction of renewable energy sources is very stochastic, by only changing few assumptions, we may
obtain different results. Even with a mathematically assessed risk and standard deviation, there is still
uncertainty if the development (trend) is correct. Regardless of the results, the development of
renewable energy sources is rising in Slovenia. The presented methodology of modelling such
development processes seems to be a good analytical tool, surely requiring further research.
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TEXHOJIOT'UHU U AIIVIMKALIMU 3A KOHBEP3UJA
HA EHEPTUJA O BUOMACA

KYCA COAPKHNHA

OOHONMBHUTE U3BOPH HA €HEPrHja U TEXHOJIOTHH CE€ CMeTaaT 3a YHCTH M3BOPH Ha €Hepruja, a
OITUMAIHOTO KOPUCTEH-€ Ha OBHE PECYpCH I'M MHHMMAa3Wpa BjMjaHHjaTa BpP3 KMBOTHATa CPEIMHA,
MMpou3BE€aAyBa MHHHUMYM CCKYHAApEH OTIaa U C€ OJp)XyBa Bp3 OHOBAa Ha CEralilHUTE W HWIHUTC
€KOHOMCKH M COIM]aJIHU OMINTECTBEeHH HOTpeOH. [TocTojaT pa3inyHu TEXHOIOTHUH 33 IIPOU3BOJCTBO HA
COBPEMEHH €HEPreTCKM HOCauu — CTPYja, rac, TSUHH roprBa oj] OuomMaca, Koja MOXKe Jia C€ KOPUCTH BO
nomakurctBata (~ 10 kW), xomynamuute (~ 100kW) wmu unmycrpujata (~ MW). Pasmuununte
TEXHOJIOTUY UMaaT TeHJIeHIIM]a qa OuaaT Kiacu(uimpaHy BO MOIJIe ] Ha IPOIIECOT Ha KOHBEP3Hja IITO
T'0 KOPUCTAT, WK Mpou3BeeHnoT nporec. OBoj Tpy/ JaBa ceorndateH mperiies Ha TIaBHUTE BUIOBU
Ha OOHOBJIMBA €Hepruja o1 Onomacara (OnoeHeprujara). Meryroa, KOHIIEITOT Ha OOHOBJIMBA CHEPruja
MOpa BHHMATEITHO Jla C€ BOCIIOCTaBH, OCOOEHO BO ciy4yaj Ha Owomaca. Tpymor ja aHamm3upa
OJIPKITMBOCTA HA OMOMacaTa, Criope/lyBajky pa3iuyHU METO/IN 33 CHEPTeTCKU UMITIMKAIINY, KaKo IITO
ce coropyBame, racudukaiuja, aHacpoOHa IUrecTHja W TEYHH OHMOrOpHMBa; W C€ IUCKYTHpa 3a
morpedaTa OJ CTaTUCTHUKM HHGOpPMAIMM, CO INTO KE CE€ OBO3MOXKHM H3pa0OTKa Ha ClieHapuja
peNeBaHTHU 3a IENINTe Ha OOHOBIMBUTE M3BOPH Ha eHepryja Bo Penybnmka Makemonmuja.

1 BOBE]J

Eneprujara on 6uomaca ce moOvBa MmpeKy cOropyBame MM 00paboTKa Ha OPraHCKH MaTepuu
KOU TIOTEKHYBAaT OJl PaCTeHHUja, BKIYdyBajKi TH M aJITUTE, ApBaTa U KUTHATE KyITypH. Bo cymTHHa,
OunoeHeprujata e cobnpame 1 CKIaJupamke Ha EHeprujaTa oJ] COHIIETO MpeKy (oTocuHTe3a. EHeprujaTa
on buomaca WM OMOeHeprrjaTa € KOHBep3nja Ha OnoMaca BO KOpUCHH (OPMH Ha eHeprija KaKo IITO
ce TOIUIMHA, EJeKTPUYHA EHepruja M TEYHH TopHuBa. bmomacata Koja CIy)KH 3a CO3laBambe Ha
OnoeHepruja, moara TUPEKTHO Off 3eMjaTa BO (opMa Ha €HEPreTCKH KYJITYpH, WIH OJf OCTATOLH
reHepHpaHu IPH MpepadoTKa Ha KYJITYPH 32 XpaHa WM IPYTH MPOU3BOIM KaKo IITO Ce MyJIa ¥ XapTHja
oJl IpBeHaTa uHAycTpuja. pyr BaskeH n3BOp ce MOCT- MOTPOIIYBAYKUTE OCTATOLN WU IIENETH KOH Ce
KOpPHUCTAT BO TPAHCIIOPTOT, U YUCTaTa (hpakLija o KOMyHaIHHOT uBpcT oTnal. Cenak Tpeba aa ce 3Hae
JIeKa He menaTa 0uoMaca ITUPEKTHO e KOPHCTH 3a MPOMU3BOJCTBO Ha OMOEHEprHja, TyKy MOXKe Ja ce
MIPETBOPH BO CPEIHO €HEPreTCKU MPEBO3HUIM HapedeHH OmoroprmBa. OBa BKIydyBa jariieH (IBPCTO
TOPHBO CO BUCOKA €HEpreTcKa I'yCTHHA), WiH rac (Koj ce mo0uBa Mpu racudukanyjaTa Ha OuoMacara,
3a KOj Ipoiiec ke 300pyBaM IMOJIOIHA).

ToxkMy moBp3yBajku ce Ha OBaa TeMa 3a HOBHM TEXHOJOIMU W aIUIMKalll{, BPEAHO € Ja ce
KOMEHTHpa yjorara Ha OMomacaTa BO WIHWTE MOAEPHM IIAHOBH 3a IPOU3BOJACTBO HA EJIEKTPUYHA
eHepruja. MopepHu3upaHaTa €Hepruja o Ouomaca € NPOEKTUpaHa Jla urpa TIJlaBHA Yiora BO
rio0anHoTO cHabnyBame co eHepruja. IIpeqnocra Ha GmomacaTta € BO Toa LITO HE € YHpaByBaHa OJ
(ocrIIHUTE TOpHBa, KOW BOETHO CE U IJ1aBHA 3aKaHA 33 )KUBOTHATA CPEJHA IPY HUBHOTO COTOPYBAGE.
Jarneponnara HeyTpajgHOCT Ha OMomacara (Kora ce MpPOW3BEAYBa OIPKIMBO), KAKO U pelaTHBHATA
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pamHOMepHa reorpadcka AUCTpUOyNHja BO KOMOMHALIMja CO OUEKYBaHHUOT PacT Ha obapyBavkara Ha
SHEprHuja, ja mpaBaT OMoMacarta BETYBa4KH M3BOP 3a MPOU3BOJICTBO HA eHepruja Bo 21 Bek.

2 TEXHOJIOTUHA U AIIVIMKALIUA

[TocrojaT moBeke KOMOMHAIIMY HA TEXHOJOIHH 332 TEHEPUPAHE MOJICPHU OOJIUIM Ha CHEpruja
on Owomaca — rac, eJeKTpUYHAa €HEprHja, TEYHH TOPHBA, KOM HCTHTE MOXE Ja Ce KOPHUCTAT BO
JOMaKHHCTBATa, KOMYHAJIMUTE U HHAYCTpHjaTa. PasmMyHNUTE TEXHONOTHH CE KIIACH(PHUIUPAAT BO TPYIIH
COOZIBETHO Ha TPOIIECOT Ha KOHBEP3Hja IITO IO KOPUCTAT, WK MPOU3BeNeHUOoT mporec. Criopes Toa,
BO OBOj TPy ke OugaT 00pabOTEHU TEXHOJIOTUU KOU C€ HAajKOPUCTEHU, BOGIAHO U OCTBAPJIMBU HA TJIOTO
Ha PenyOiinka MakenoHuja, a OBJie criaraaT COropyBameTo, racudukanyjata, anaepoOHaTa JUrecTyja
Y TEYHUTE OMOropHBa.

2.1 CoropyBame

JMpekTHOTO coropyBame € HajuecTa TEXHUKAa 3a JoOMBame Ha eHepruja on Ouomaca 3a
MPOM3BOJICTBO HA TOTUIMHA U €JIEKTPUYHA eHepruja. Bo pernoHuTe co mocTy/eHa KinMa, CHCTEMUTE 32
rpeeme CO MOrOH Ha OraH ce IMUPOKO PACHpPOCTPAHETH W TOCIEAHUTE HCTPaKyBarmba JIOBENOA [0
MpHMEHa Ha TOJO00PEHH CHUCTEMH 3a Tpeemhe KOM Ce aBTOMATH3MPaHU, UMAaaT KaTaIUTHYKO T'acHO
YHCTEHE M KOPHUCTAT CTaHAapAn3upano ropuso (nenern). KoedpunueHToT Ha ehukacHOCT BO criopenda
CO OTBOPEHUTE KaMUHH € JAJIEKy MOHATIPECH, co Toa mTo edukacHocTa € Hax 70% co 3HAYUTETHO
HaMalleHa eMHCHja Ha IITETHU atMocepcku racoBu. [IprMeHa Ha Tpeeme o1l OnoMaca e yecra 1mojana
BO CKaHJMHABCKUTE 3eMju, ABctpuja, ['epmanuja u 3emjute on Mcrouna EBpora, a aktyeneH TpeHa
CTaHyBa M Kaj Hac. JJoMMHaHTHA TEXHOJIOIHMja KOja criara BO TEXHOJIOTH]ja Ha COrOPYBame BO CBETOT
JIeHEeC 3a MPOU3BOJICTBO HA EIEKTPUYHA eHepruja o OrMomaca Ha cKalia HaJ eeH MeraBar, € PaHkuH -
nuKITycoT Ha mapea. OBOj MUKITYC c€ COCTOM O] IMPEKTHO COropyBame Ha OrMomacaTta BO KOTEIN 3a Ja
ce MOJUTHE Mapea Koja MoToa ce MPOIIMpyBa HU3 TypOWHA. PaHKWH IMUKITYCOT € 3penia TeXHOJOrHja
BOBEJICHA BO KOMEpIIMjaTHa YIIOTpeOa MpeI OKOMY CTO TOAWHU. THITHYHUOT KalalluTeT Ha eIEKTPaHUTE
Ha 6uomaca ce aBmxu okoiny 1 mo 50 MWe, co mpocek okoiy 20 MWe. EdukacHocTa Ha KOHBEp3Hja
Ha C€HeprujaTa € pEeIaTHMBHO HHCKa, 15-25% mopamum Manara ToleMHHA Ha TypOWHHWTE, HaKo
TEXHOJIOTMUTE U TIPOLIECUTE 32 3TOJIeMyBamk¢ Ha OBaa eprKacHOCT MOCTOjaHo ce pa3BuBaat. GadpukuTe
3a IMUKITyC Ha Tapea HajuecTo ce HAaoraaT BO MHAYCTPUCKH JIOKAIHUTETH, KaJIe BUIOKOT TOIUIMHA OJf
napHaTa TypOuHa ce 0OHOBYBa M c€ KOPHCTH 3a 3aJI0BOJYBame¢ Ha IMOTPEOUTE 32 TOTUTMHCKA SHEprHja
BO MHJIYCTPUCKHTE TIpoIlecH. BakBuTe KOMOWHHUpAHN CHCTEMH 3a TOIUIMHA M €HEepruja, o0e3demyBaar
MOroJIEMH HHBOA Ha €HEPreTCKH YCIYTH Ha eIMHUIA OMoMaca OJi CHCTEMHUTE KO CaMoO reHepupaar
€HeprHuja, ma CIope]] Toa MapHUTe TYPOMHHU KoM paboTaTt Ha OmomMaca MOXKarT J1a IOCTUTHAT €PUKACHOCT
u 1o 80% moronema o OOUYHUTE TypOUHHU.

Cropen momatonmTe OJf TIporpamaTa 3a pa3Boj Ha eHeprermkara Bo PM mo 2016 roamna,
OuomacaTta 3a COropyBame € 3HayaeH EHEpPreHT KOM TI'M 33J0BONyBa IOTPEOMTE O CeHepruja BO
Makenonuja co 3actaneHoct ox 10,9% Bo morpomyBaukaTa Ha (uHanHa eHepryja Bo 2011 ronuna.
Bruomacara e HajuecTo KopHCTeHa BO IOMakuHCTBata co okony 30-33% on BKymHHTE HOTpedU Of
erepruja. Haj3acramena cypoBruHa o BKylTHaTa OmoMaca Koja ce KOPUCTH 3a €HEPreTCKH oTpedH e
npBoTo. Bo PM ce KopuCTH 1 J1en 011 TpaHKHUTE 0/] BUHOBA JI03a, OPU30BH JIYIIIH U T'PAHKH OJf OBOIITHH
JpBja 3a eHepreTcku menu. Vcro Taka rosem e of claMaTa IJIaBHO ce KOPUCTH 3a I'yOpuBa, CTOYHA
XpaHa | 3a JI00MBam-e IeTyI03a, ITO ja IIpaBH HEeJOCTAIHa 3a eHepreTcku nenu. [lorporryBaukara Ha
Oromaca 3a coropyBame Bo 2016 roguaa nzHecyBaia 228 ktoe (2652 GWh), o kou moTpeGHH ce caMo
226 ktoe (2628 GWh).

2.2 Tacudpukanuja

CoropeHHnoT rac Moe Jia ce Ipou3BeyBa 01 OnoMaca MpeKy TEPMOXEMHUCKH MTPOIEC CO MHOTY
BHCOKa Temmeparypa. TepMHHOT racuukanyja 4ecTo ce OJHecyBa Ha BaKBaTa TEPMOXEMHCKA
IOoCTaIKa co MPOM3BOJICTBEH Tac, HAPEUEH Tac-TPOU3BOIUTEI, U BKIy41yBa ropeme Ha OnoMacara 0e3
JIOBOJTHO KOJIMYECTBO BO3/IYX 3a IENIOCHO COTOPYBamke, HO CO 33/I0BOJIEHa KOJIMYWHA 32 MTPETBOPA-E Ha
BpcTara OmoMaca BO TaCOBHTO TOpPWBO. 1'acoT- MPOM3BOAWTEN CE€ COCTOM TIIABHO O] jariiepoj
MOHOKCHJI, BOJIOPO/I, jarJIiepo/ TUOKCHUI U a30T, U UMa TOILTMHCKA BpemHocT oA 4 no 6 MJ/Nm3, unu
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10-15% on BpemHocTa Ha TpeemETO Ha MpUpPOAHMOT rac. llpenBuaeHarta ynotpeba Ha racoT U
KapaKTEPUCTUKUTE Ha OJNpe/eHara Ouomaca (TOJCMHHA, COIpP)KWHA, Biara, UTH) TH OIpEAyBaatr
JIN3aJHEPCKUTE M ONEPATUBHUTE KapaKTEPUCTUKUA HAa racu(UKaTOpOT U NpUApYXKHaTa ompema. [lo
COOJIBETEH TpeTMaH, JOOMEHHUTE TacOBU MOKE /1a CE M3TrOopaT AUPEKTHO, 32 TOTBEH-E MM CHAOIyBambe
CO TOILJIMHA, UM MOJXKE JIa C€ KOPUCTAT BO CEKYHIApHHU ypelIu 3a KOHBEP3Hja KaKo IITO CE BHATPEIIHU
MOTOpPHY CO COTOPYBaH€¢ WJIM TACHU TYpOWHU 3a MPOU3BOACTBO Ha eJEKTpUYHa eHepruja. Cucremure
KOM IIITO C€ KOPHCTAT ce Ha ckayia o1 5-100 kW (Manu u cpenHu), Kou ce TOroJHH 3a CHaOyBame CO
CHEpPruja Ha €IHO CEMEJCTBO WJIM 3a¢IHHUIA, JO TOJIEMH MPEKH IOBP3aHU CO IIOCTPOjKU 3a
MIPOU3BOJICTBO HA ICKTPUYHA SHEPTHja KOM TPOIIAT IMOBEKE O HEKOJIKY CTOTHIIM KHJIOTPAMH JPBO OJI
Ouomaca Ha 4ac 3a mpou3BoicTBo o1 10-100 MW enekTpudHa eHepruja Ha 4Jac.

Ha cpenHo HUBO MPOU3BEIUTENOT- rac o racuuKaiyjata Ha OnoMacata MOXe Jla Ce KOPUCTH
BO MOIM(DUIIMPAHA MOTOPH CO BHATPEIIIHO COrOpYBambe (JAM3e7 MOTOPH ), KaJIe IIITO MOXKE JIa CE 3aMEHH
70-80% 01 KOHBEHITMOHAIIHOTO FOPUBO Koe ro 0apa MmoTopot. OBHe oMasu racu(ukaTopu 3a Onomaca
3a€JHO CO MOTOPHUTE 3a BHATPEIIIHO COrOpPYyBame co au3ei/rac, padorat Bo omcer ox 100-200 kWe co
edukacHoCT Ha pemocien o 15-25% u ce komepumjanHo nocramau. Cemak Tpeda 1a ce 3eMe BO
npeaBua A€Ka nMaaT pEIaTUBHO BUCOKU TPOIIOLHU 3a OAPKYBAKE U YNCTCH:C. HajFOHeMI/IOT TEXHUYKHU
MPEAN3BHK 332 CUCTEMUTE 32 racu(uKalrja Ha eleKTpUYHa eHeprija Ha CHUTE HUBOA, IPOJIOJDKYBaA Ja
OuJie COOIBETHO YUCTEHE CO 1€ MOJONTOTPACH )KUBOTEH BEK Ha OBUE CHCTEMH, KAKO M MOeYUKACHO
pa60TeH,e. BaKBI/IOT, € CKOHOMHUYCH M MMa MHUHUMAJIHHW TOKCUYHH HYC-TIPOM3BOAHN W €MHCHU BO
BO3JIyXOT.

Pa3BojoT Ha OCHOBHHMTE MpaBIM Ha IMPEHOCHATa MpeXa Ha TpHpoJeH rac Bo PM e Bo
COTJIACHOCT CO OYEKyBaHAaTa MOTPOIIYBavKa CO OJ[peieHH JienoBu o 3eMjaTa. Co Ien yCIenHo aa ce
HMMIUIEMEHTHpA MPOIECOT Ha racuuKaiuja, MpBHOT HHBECTUIIMOHEH 3a(aTt € 3aTBOpamke Ha TACHHOT
npcreH Bo Ckorije, co Iell KOPUCTEHhEe Ha Tac BO JY’KHUOT M 3alaJHUAOT JieJ Ha rpagoT (Ieproja Ha
peanuzanyja: 2013 roguna). M3rpandata Ha HAIIMOHAJIHUOT TACOBOJIEH CHCTEH CE pealiu3upa BO TPHU
(ha3u: n3rpamba Ha IETHUITM KOU ke He moBp3aT co Penmyommka I'prmja (2015) u Perryonuka byrapuja
(pox Ha pamm3arja g0 2023 roguHa). BrryayBamero Ha MakenoHH]ja BO HOB M3BOP Ha CHaOAyBame
CO TOIUTMHCKA M €JICKTPUYHA CHEPTHja € O KPYITHjaTHO 3HAUCH:C.

2.3 AmnaepoOHa qurectuja (Bapeme)

CoropeHmoT rac UCTO Taka MOXKe Jla ce IPOM3BEAYyBa 0 OnoMaca ImpeKy OMOJIOIIKH POoIeC Ha
HHCKa TeMIlepaTypa, HapeueH! aHaepoOHu (6e3 BO3ayx) mpolecd. broracor mpoaykT € BooOnIaeHo
VM€ 3a Tac MPOU3BEIEH WM BO CHENHjaTN3nPaHN aHaepOOHU TUTECTOPH W BO JACTIOHHH CO 3adakame
Ha IIPUPOIHO Mpou3BeaeH MeTaH. bruoracot e Tunmano okory 60% mertan u 40% jeriepos qUOKCHT CO
TOIUTHHCKA BPETHOCT Of OKOIy 55% o mpupomHuot rac. Pedncu cekoja GmoMaca OCBEH JIMTHHHOT
(rMaBHA KOMITOHEHTA Ha JAPBOTO), MOKE JIa € KOHBEPTUPA BO OMOTac; J)KUBOTHHCKU WK YOBEUKH OTIA,
OTHAJIONU O] OTHAJHA BOJAA, OCTATOIH OJ KYITYPH, HYC-TIPOM3BOJAU 33 HHAYCTpPHCKa 0OpaboTKa Ha
jariiepon M NIeNoHuja, CUTe MaTepHjaIH Ce MUPOKO KOPUCTEHH. AHAepOOHUTE AUTECTOPH OOMYHO ce
COCTOjaT OJ] BJie3, KaJie MTO OPraHCKUTE OTMAIONU M JAPYTH OCTATOIM CE TMOJHAT BO PE3epBOapoT 3a
Bapeme, BO KOj ICTHOT OOMYHO OMoMacara ce 3arpeBa 3a Jia ce 3roJIeMH Hej3MHaTa CTalka Ha paciarame
U JIETyMHO Ce KOHBEpTHpa 0] OakTepuuTe BO OMorac; U u3ie3 Kaje bmomacara o OakTepuuTe KOU To
BpIIIENIe MPOIECOT M HEBAPEHHOT MaTephjaj KOj OCTaHyBa KaKO THHa W MOXe Ja Ouie ocTpaHer.
[IpomsBeneHnOT rac moHaTaMy MOXKE JIa C€ U3TOpH 3a Jja 00e30epu eHepruja u TorInHa. Bapemero nma
HUCKa BKYyIIHa eneKTpu4Ha epukacHocT (mpubmmxuao 10-15% u cunHO 3aBHCH Of CypOBHHATA), U €
0COOCHO MOTOJICH 3a BIaXkHa Oromaca. [laToreHute 0cTaTonu BO OTMAIOT C€ OCTPAHYBAaT O]l TOILTUTE
TEMITEpPaTypH BO PE3epPBOAPOT 3a Bapeme. BakBOTO aHaepoOHO Bapeme Ha OuomacaTa € MOIIHE
YCIIEIIHO U IPUMEHETO BO MHOT'Y 3€MjH.

2.4 Teunu Ouoropusa

Buoropusara ce npon3BeayBaaT BO IPOLIECH KOU ja IPETBOpaaT OMomMacaTa BO HOBEKE KOPUCHU
¢opmu Ha eHepruja. Octon 0coOeH MHTEpEC 3a MPETBOpamE Ha IBPCTa OMoMaca BO TEYHOCTH KOM
nMaatr MOTEHLHWjall ]a TW 3aMeHaT Ha(TEeHUTE TOpUBa IUTO CE KOPHCTAT BO TPAHCIIOPTHHOT CEKTOP.
Cenak BakBUTE OMOroprBa BO HaIllaTa JICHEIIHA HHPPACTPYKTYpa 3a TOPUBO U MOTOpHATA TEXHOJIOTH]a,
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ce ToKaXkaa Kako HeTpuBHjamHu. CaMo MacloJajHUTe pacTeHUja U ApBa KOM JaBaaT COjHO, MAJIMUHO
Maclio, ceMe OJ1 perika M COeANHEHH]a CIMYHHI Ha HAaTEHUTE JepUBATU Ha jarieBOJOPOH, IPEKy Ao0pa
npepaboTKa ce KOpUCTaT BO 3aMeHa Ha nu3en. OBoj Iu3e HajMHOTY ce KOPHCTH BO EBporia 1 BO moMat
nen Bo CAJl, Ho OGapa 3HaUMTENTHU CYOBCHIIUN.

Hpyro cemejcTBO Ha HaTEHH TEYHHM TOpUBA INTO CE MPOM3BENyBaaT oOf racuuimpana
Ouomaca, e Kilacata Ha CHHTETU3UpaHu jarieBogopoau HapeueHu Fischer — Tropsch (F-T) Teunoctn.
[Iporecot ru cuHTEeTH3Mpa jariaeBogopoanute ropusa (keposun C10-C12 jarneBomopoan) win C3-C4
(LPG) jarneBomoopau oOJ jaryiepoJ; MOHOKCHJI W BOJOPOACH Tac IMPEKy JKeIe30 WM KOOaITHU
katamu3atopu. F-T TeyHOCTH MOKe 11 ce KOpPHUCTAT Kako jau3en 0e3 cyndyp WiM MOMEIIaH CO
MOCTOJHUOT JIM3€ 3a Jla TH HaMaJld eMUCHUHUTE, CO LITO 0BOa OMOTOPHUBO € BO MPEIHOCT BO KMBOTHATA
CpeIrHa, U HCTOTO C€ KOPUCTHU KaKO MOYHUCTO FOPHUBO.

Jpyru anTepHaTHBHU OMOTrOpvBa Ha roprBa Oa3WpaHu Ha HadTa Ce aJIKOXOJHU MPU3BEICHHU O
Oromaca, IITO MOYXe Jia TH 3aMeHN OSH3MHOT U Kepo3WHOT. HajMHOT'Y pou3BeieH IeHeC € eTaHOIO0T
on (epMeHTalMjaTa Ha Ouomacata. Bo UWHAyCTpHjaIM3UpaHUTE 3€MjU €TAHOJIOT  HAJYeCTO Ce
MPOM3BEIYBa O KYJITYPH KaKo IITO Ce IMIEHKa U mekepHa Tpcka. Cemak BAKBOTO TOPHBO MOYKE J1a TPITH
MpoMeHa Ha IieHa (IOKadyBambibhe) BO 3aBHCHOCT OJl IIEHWTE Ha CTOKUTE BO OJHOC HA Ma3apoT Ha
ropuBaTa. J[Be Ipyru MOTEHIUjaJIHM TPAHCIIOPTHU OHOrOpMBa CE€ METAHON M BOIOPOA. Tue ce
MPOM3BEyBaat NMpeKy racuukaiyja Ha OomMacaTa ¥ MOKe Jia C€ KOPUCTAT BO UHUTE TOPUBHU KEJIUU.
CoinyniMja 3a HpPOM3BOJCTBO HAa OMOrOpPHBOTO KOE BOCIHO K& OMIEe M MCILIATIUMBO M e()UKACHO 3a
MPOU3BOJICTBO HA €TAHOJ, € EH3UMCKA XHUJIPOJIM3a Ha JIMTHOIIETYJIO3Ha OHMoMaca (JpBo, cliama, TPEBH).

3 BJIMJAHUJA BP3 )KUBOTHATA CPEJAUHA U ITPUTOBUBKHN

OnmTo 3eMeHo, OOHOBIMBHTE HW3BOPM HA CHEpPTHja ce CMeraaT 3a 3elieHM 3aToa IITO
MPEAN3BUKYBaaT Majo TPOIICHE O] peCypcuTe Ha 3eMjaTa, MMaaT KOPUCHH BIIMjaHUja Bp3 KUBOTHATA
CpelrMHa W TPEAM3BHKYBaaT 3aHEMapiMBH EMHCHHM 3a BpeMe Ha IMPOM3BOJCTBO Ha CIIEKTPUYHA
eHepruja. buoMacara Bo IpHHIAIT € OOHOBIMBA K MOXKE JIa NMa MTO3UTHBHHU BJIMjaHH]ja Bp3 )KUBOTHATA
CpelMHa aKo CO Hea ce ynpaByBa INMpaBWiIHO. Jlojeka MOJEpPHHU3UPAHUTE CUCTEMH 3a OMOCHepruja
OBO3MOXKYBaaT TOIUIMHA M €HEPrHja Koja MOXKE Jla Ce TPAHCIIOPTUPA U CKIIQJIMPa, UCTO TaKka MOXKAT Ja
MMaaT W HETaTHBHO EKOJIONIKO BJIMjaHHE MOBP3aHO CO PACTEHETO Ha OWomacaTa M KOHBEp3HWja Ha
eHeprujata. Biamjanuero Bp3 )KMBOTHATA CPEIHA MOpA J1a Ce TJIe/Ia O] IIOBEKE aCTIEKTH KaKO JIOKAITHO,
pErHMOoHATHO W TI00aTHO HHUBO, 03 MPHUTOA BOCIOCTAaBEH OWOeHepreTcku cucteM. Ha mpumep, Ha
JIOKAJHO WM PETHOHATHO HWBO, PENATHBHUTE BIMjaHWja HA MPOW3BOJCTBO HA OWOCHEPreTCKH
CYpOBHHH Ke 3aBHCAT HE caMO O]l T0a KaKo ce MpOoM3BeqyBa Omomacara, TyKy M OJf OHa INTO OW ce
CITyYHIIO JTOKOJIKY TIOCTOjaT HEMPAaBHIHOCTH MPU MPOIECOT Ha Mpou3BoAcTBO. [Ipeky anamumsurte 3a
aHal3a Ha )KUBOTHHUOT IIUKIIYC C€ OTKPH JIeKa TaMy KaJIe IITO Ce UCIONUpaat (POCHITHUTE CHEPTeTCKU
CHCTeMH o]l Oromaca, ke IMa HaMaJTyBarke Ha BIIMJaHUETO BP3 II00aHaTa KIMMa MPEeKy HaMalTyBambe
Ha BKYITHUTE EMHCUU Ha CTAKJICHHYKU TacOBH, HO 3a Jipyru BumoBu Ha emucuu kako NOX, SOz, N0,
CIIMKaTa € TOMAalIKy jacHa M € CHJIHO 3aBHCHA OJ M3BOPOT Ha OMoMacarta, TEXHHUYKUTE JeTald 3a
MPOIIECOT Ha KOHBEP3Hja, KAKO H UCKOPUCTYBAahE¢ Ha (JOCUIHOTO FOPHBO.

4 JAKUIIYYOK

Bromacara e eneH on 0OHOBIHMBUTE H3BOPH HA €HEPIHja IITO MOXKE Aa Aaje TOJIEM IIPHIOHEC BO
CHabyBamEeTO CO EHeprrja BO CBETOT. JlocTamHOCTa Ha 3EMJHINTETO 3a MPOM3BOICTBO Ha OroMaca He
Tpeba ma Ouae orpanmueHo (bottleneck), mox ycimoB nma ce xomMOuWHHpa CO MOAEpHHU3AIMjaTa HA
KOHBEHIMOHAJIHOTO 3€MjOJIEJICKO ITPOM3BOACTBO. HeoaMHeHuTEe NIPOLIEHKH IOKAXyBaaT JieKa IypH
1 ako O6u Owmte koprcteHu noBpmuHU o1 400-700 MUITOHYN XEKTapH 3a MPOM3BOCTBO HAa OMOEHepTrija
BO CJIEJHHOT NOJIOBMHA BEK, MOXKE JIa CE HAIlpaBU MPOLEHKA U JI03BOJIA 33 KOPUCTEHE U IPOU3BOACTBO
Ha Omomaca, 0e3 Ja ce OLITeTH MPAaBOTO Ha KOPHCTEHE Ha COCEAHOTO 3E€MJHUILUTE M 3a4yByBame Ha
npupoaara. Criopes NpeTxoJHO CIIOMEHATOTO, LEIHOT MPOLEC 3a IPOM3BOCTBO, a IPUTOA U IOrojeMa
npuaoOMBKa 071 OMoMacaTa, MOXKE Jla Ce OCTBApH IIPEKy MOo100pyBambe Ha 36MjOAEICKUTE PAKTUKH U
HUCKOPHCTYBal€ Ha HEMPOAYKTHBHOTO 3emjuiire. Mcrouna EBpoma mma roieM HOTEHHOMjAn 3a
mpou3BoACTBO Ha Omomaca. dopmure Ha Omomaca o7 KOM MOXE Ja C€ MpOHM3BENE EHEpruja ce
Pa3HOBUIHU U ONTHMAJIHU PECYPCH, TEXHOJIOTH U CUCTEMH OOJIMKYBAaHHM IO JIOKAJTHU YCJIOBH, (PU3MUKU
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M COIMOCKOHOMCKH (akropu. [loBeKeromumHuTe KyJATYpH MOXKAT Ja IOHYJaT NOSBTUHH U
MONPOAYKTUBHU CHUCTEMHU 3a MPOM3BOJICTBO Ha OMOMAaca CO HHCKU WJIM TO3MUTUBHH BIMjaHWja Bp3
’KMBOTHAaTa cpenrHa. TeXHHYKOTO NOA00pYBamkhe M ONTUMHU3UPAHUTE POU3BOICTBEHU CHCTEMHU MOXKAT
Jla TH CBeJaT TPOUIOLUTE 3a OroMaca OJMCKy 10 oHue co (ocuinnute ropusa. KiryqHoro mparame 3a
OuoeHepruja € JieKka HeroBaTa ynorpeba Mopa Jia ce MOJCPHHU3HUpa 33 J1a C€ BKJIOMH BO OJPKJIMBHOT
pa3Boj. Konsep3ujata Ha OnoMaca Ha eHepreTCKH MPOAYKTH KaKo elIeKTPHYHA SHEpTrHja ¥ TPAHCIOPTHU
ropuBa, ¥ JiaBa Ha OrMomacaTa KOMeplHjajaHa BPeIHOCT U 00e30emyBa MPUxo/] 3a JOKAJTHUTE PypaHU
exonomuu. Co men jga ce JojAe OO BaKOB CTEMEH, HEOMXOJHO € Jia Ce W3rpajud COOJBETHA
UH(pacTPyKTypa, KaKo U Ma3apu 3a Ouomaca, la ce BOBEIAT KIyYHH TEXHOJOIMHU 32 KOHBEp3Wja Ha
ucrara kako IGCC- texHonorujata, HalpeIHUTE CHCTEMHU 3a MPOM3BOACTBO HA TOPHUBO 338 METAHOI,
BOJIOPOJT M €TAaHOJ Jia C& IEMOHCTPHPAAT KaKO TaKBH M MCTUTE Ja C& KOMEpIMjain3upaar, a BAKBOTO
MCKYCTBO CE CTEKHYBa IPEKy CaMOTO MPOM3BOICTBO HA OMOMAacaTa U ITOHATAMOIIHOTO YIIPAaByBake CO
ucrata. Mako akryenHaTa yjora Ha OMOeHeprujaTa Ke 3aBUCH OJ1 HEj3MHATa KOHKYPEHTHOCT HaCIIPOTH
(OCHIITHUTE TOPUBA U 36M]jO/ICNICKUTE MOJUTHKH, CE YMHU JIOCTA PEajTHO JIa CE OUEKyBa JIeKa CeraliHHuoT
MpHUJIOHEC Ha OMOeHEpruja Ke ce 3rojieMU 3a BpeMe Ha TeKOBHHUOT Bek.

Tpynot ru 06pabopyBa arIMKAIMUTE U TEXHOJIOTHUTE Ha OMoMacara, Co Il IPOAYKTUBHO U
ONTUMHU3HUPAHO IPOU3BOACTBO Ha OuoeHepruja u OuoropuBa. lacudukaiujaTa, COroOpyBamero,
aHaepoOHOTO Bapeme U MPOIIECOT 3a T0OMBamke Ha TEUHH rOprBa oJ] Ouomaca, ce Jien o1 GpopMuTe 3a
HCKOPUTYBame Ha OnoMacaTa BO Ipasel] Ha 0OHOBJIMB U3BOP HA CHEPrHja, KOj UCTO TaKa € eKOHOMHUYEH,
OJIPKITUB ¥ PalliOHAJICH.
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BIOMASS ENERGY CONVERSION - TECHNOLOGY AND APPLICATION

ABSTRACT

Renewable energy sources and technologies are considered as clean sources of energy, and optimal
use of these resources minimize environmental impacts, produce minimum secondary wastes and are
sustainable based on current and future economic and social societal needs. There are a variety of
technologies for generating modern energy carriers — electricity, gas, and liquid fuels -- from biomass,
which can be used at the household (~10 kW), community (~100kW), or industrial (~ MW) scale. The
different technologies tend to be classed in terms of either the conversion process they use, or the
product produced. This article provides a comprehensive overview of the principal types of renewable
energy, i.e. energy of biomass (bio-energy). However, the concept of renewable energy must be
carefully established, particularly in the case of biomass. The paper analyses the sustainability of
biomass, comparing different methods of energy generation such as combustion, gasification, anaerobic
digestion, and liquid bio-fuels; and discusses the need for statistical information, which will allow the
elaboration of scenarios relevant to renewable energy targets in Republic of Macedonia.
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BIOGAS POWERPLANTS IN MACEDONIA - POTENTIAL,
CHARACTERISTICS AND PRODUCTION OF ELECRTICAL POWER

BRIEF DESCRIPTION

Encouraging the use of renewable energy is a strategic goal of the EU, as it is in line with the
Strategy for Sustainable Development and provides for the achievement of the objectives of the Kyoto
Protocol, in the sense of reduction of greenhouse gas emissions and protection of the environment.
Therefore, given the fact there is an increasing concern about too much release of greenhouse gases
into the atmosphere and their impact on reducing ozone, human health and the global warming,
scientists started using the well-known technologies for production of biogas from waste. Through
processes of anaerobic fermentation of biodegradable waste, biogas is being produced, which contains
methane as an energy resource, then carbon dioxide, and less hydrogen, oxygen, ammonia and more.
Different technologies have already been established in the world utilizing biomass as a renewable
energy source for obtaining electricity and thermal energy, as well as fuel for vehicles. This paper will
focus on production of biogas as well as its use, on the territory of Republic of Macedonia.

Key words: Biogas; Clean energy; Biodegradable waste; Anaerobic fermentation;

1 INTRODUCTION

In the past few decades, every country in the world is getting more affected by the negative
consequences of continuous use of fossil fuels. Coal, oil and natural gas are an energy sources that
control the global economy, their sources are located on politically unstable locations and most
importantly they are the number one cause of the global warming. Global energy-related CO2
emissions grew by 1.4% in 2017, reaching a historic high of 32.5 gigatonnes, a resumption of growth
after three years of global emissions remaining flat [1]. At this point of civilization, the demand of
electrical power is increasing more every day with no intention of decreasing in the future. The U.S.
Energy Information Administration predicts that world energy consumption will grow by 28%
between 2015 and 2040 [2]. This being said, the necessity to invest and innovate in the highly
potential renewable sources of electrical energy is increasing.

In reflection of the facts stated above, power plants based on biogas are promising better future
regarding energy efficient and environmentally beneficial production of electrical energy. Biogas
power plants use a methane-rich biogas produced from versatile sources of waste matter, such as
animal manure, barley straw, corn silage. The Republic of Macedonia contains a significant amount of
these types of waste therefore has a major prerequisite for the economic use, as well as the production
of electricity and heat out of them. To exploit this potential, in 2007 the Government of the Republic
of Macedonia introduced feed-in tariffs for renewable energy plant operators. Operators producing
electricity from renewable energy sources have priority in selling their electricity to the grid [3].
Although, the tariff for electrical energy obtained from biogas is three times higher in comparison to
the tariff of electrical energy obtained from conventional sources, it contributes with only 0.46% of
the total installed energy capacity in the Republic of Macedonia.
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The production of both biogas and electrical energy as well as the potential and construction
characteristics of the two installed biogas power plants in Republic of Macedonia are reviewed in this

paper.

2 CHARACTERISTCS AND PRODUCTION OF BIOGAS

Biogas is created when organic material breaks into an oxygen-free environment in the presence
of microorganisms. The process of the decay is called anaerobic digestion and naturally occurs in
many environments with limited presence of oxygen. This natural process can be used in biogas
plants where organic material is used. Basic part of the plant is some kind of closed chamber or air
tight enclosed container called digester in which the reaction of digestion takes place. The ultimate
product of the decay is a gas that can burn, called biogas and an organic residue in the digester
containing mineral substances and is suitable to be used for fertilization as liquid or solid biological
pesticide.
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Figure 1 Biogas production scheme [4]

2.1.CHARACTERISTICS OF BIOGAS

Biogas is predominantly composed of methane (chemical formula: CH,), which contains the
combustion energy. Biogas, depending on the conditions at the time creation, contains from 45% to
85% methane and 15% to 45% carbon dioxide (chemical formula: CO,). Biogas also contains small
amounts of sulfur hydrogen, ammonia and nitrogen. Biogas often contains water vapor (H:O).
Quantity of the biogas is usually expressed in cubic meters (m®), which represents an amount of
biogas per 0°C and atmospheric pressure (1 bar). Biogas can be purified from others ingredients till
the only compound that remains is methane.

2.2.PROCESS OF OBTAINING BIOGAS

In the process of obtaining biogas many different microorganisms participate in related complex
processes. Bacteria cause decay of complex organic compounds of which is composed of waste
matter, such as carbohydrates, fats and proteins to the final product - biogas (= methane + carbon
dioxide and else).

The process of obtaining biogas can be split into three main steps.

- Inthe first step (hydrolysis), microorganisms (bacteria), helped by enzymes, are decomposing
complex organic compounds of simpler compounds, such as sugars and amino acids.

- Inthe second step (fermentation), few alcohols fatty acids and hydrogen gas are formed.

- In the final step, one group of microorganisms that are looking for very specific conditions in
the middle, called methanogen bacteria, are producing methane.
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3 BIOGAS PRODUCTION IN MACEDONIA
3.1.ZK PELAGONIJA - LOGOVARDI

The biogas power plant near the Logovardi village is located near a dairy farm ZK Pelagonija
near the city of Bitola, R. Macedonia. This farm has 3000 heads of cattle. This power plant uses 165
tons of corn silage a day. Besides the waste from the farm, this power plant also produces corn silage
which is a chopped mixture of every part of the corn crop. It is then transported to a pile and stored to
be used throughout the year. The result material fermented in the digesters is made up of 50% cow
waste and 50% corn silage.

The biogas plant was planned for 4 digesters; the 5" being added 5 months after the power plant
was built. Its purpose is to provide more volume for the biogas. The digesters are divided in two lines
A and B — two digesters per line. The first one is smaller and it is called the primary digester. It is 26
m in diameter and 6 m in height. Here is where the fermentation begins. The second one is called the
secondary digester and its 28 m in diameter and 6 m in height. The 5th digester is also a secondary
digester 30 m in diameter and 8 m in height. The secondary digesters are where the fine fermentation
begins. They are filled 83% of their capacity, the last meter being left so the produced biogas can
accumulate and go into the pipeline system.

Figure 2 Biogas powerplant in Logovardi, Bitola

The digesters are all covered with a membrane which provides pressure to the biogas so it can
travel to the pipeline system. The pressure results in no more than 1bar. There are 4 WANGEN screw
pumps to pump the liquid from each digester in every direction.

Each digester has 4 mixers. Two of them are tangential and two are vertical, which provides
mixture of the slurry inside in every direction. It’s very important to have homogenous slurry, so there
won’t be any clogging inside the pipeline system.

After 6 weeks, after the fermentation process is over, the remains of the fermentation are
transported into a collecting pit. It has two separators which separate the remains into liquid and solid
material. The liquid part is transferred into three reserves two of which are 32 m in diameter and 8 m
in height and one is 32 m in diameter and 6 m in height. The solid material falls outside of the
reservoirs.

The power plant has three generators, each of which produce 1 MW of electrical energy. The
biogas travels through the pipeline system from the digesters to a filter station that purifies the gas.
The gas then is transported to the containers that hold the internal combustion engine (ICE) and the
generator. The safety system of the generators applies 6 safety precautions: voltage drop or voltage
increase, current drop or current increase, frequency drop or frequency increase. If the generator
sensor detects abnormality in one of these parameters, it shuts down the motor immediately. The
generator usual working point in the P-Q diagram is active energy. Its cos¢ = 0.99. It rarely works in
the reactive quadrant, only when the power line load needs to be lowered. The ICEs are made from
Jenbacher Austria.
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The ICEs are made out of 20 cylinders with a working temperature of 600 °C. The heat that is a
side effect of the activity of the motor is used to warm up the digesters. There is a heat exchange
system applied to the ICEs, filled with antifreeze. This fluid is the medium that transfers the heat from
the ICEs to the digesters. The heated fluid heats up the digesters, it comes back cooled and cools the
ICEs and the same process repeats.

There are cases where the produced biogas cannot be used and the membrane of the digesters can
crack. Because of this, the biogas is either released in the atmosphere or burned with the help of two
torches. This way the power plant is protected from mechanical damage.

3.2. VEZESHARRI - ELEKTROSHARRI

The biogas plant Elektrosharri is located near the city of Tetovo, in a village named Trebosh. It is
a part of a huge farm for egg production called VezeSharri. This farm has 120000 chickens. The daily
use of waste is around 40 to 60 tons of material, including: chicken manure, fennel fertilizer, silage
from corn (with and without grains), straw, communes from wineries, and barley residue from
breweries. Also, every day, with a tank, about 100,000m* of whey and garbage from pig farms are
carried in liquid form.

Figure 3 Biogas powerplant in Trebosh, Tetovo

The biogas plant has eight digesters. Two of them are smaller, with dimensions h=3m and
d=13m, while the remaining six are larger, with dimensions h=6m and d=18m. The digesters are
being maintained on a temperature around 50 °C which allows the fermentation process to be faster.
Every digester has its own mixer, with two paddles whose length is around 3-4m. The mixing process
must run continuously in order to achieve smooth slurry. The slurry is being pumped into a pipe
system in which every digester is connected. The total line of pipelines that connects the digesters to
one another as well as 3 additional pumps for the movement of the material are being located
underground, so they could be easily accessed. The first pump carries a liquid which makes the
movement of the dry matter much easier to enter any of the digesters. The second pump is used to
carry the slurry from one into another digester, while the third pump is used to carry the used matter
into the separator.

The processed matter, after the 15 days fermentation, is brought in a machine called separator,
where the dry solid part is separated from the liquid. The dry matter is being dried using the motors
exhaust system. In this way, bio fertilizer is being produced, which can be used for improving growth
and productiveness of plants. The liquid part cannot be disposed in the sewage system, and for that
reason it’s being cleansed to the point of distilled water. The heat which is being released throughout
the whole process is used for heating nearby greenhouses or in winter for heating the offices of
Elektrosharri. If the bag for collecting biogas is full, but there is no power thus the generator cannot
produce energy, the biogas is being burned using a torch.

The plant owns one active, and plans on adding additional second generator in the near future.
Both generators are from the Jemnbacher Austrian company and their rated output is 1 MW. The
generator is powered by an internal combustion engine. The engine contains 16 cylinders and the
methane produced in the digesters is delivered using pipeline system. The produced electrical energy
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from the generator is then delivered to the substation of the plant. The transformer is of a dry type
designed for low and medium voltages. The output voltage from the generator is delivered through the
transformer to a 10kV electrical grid.

The secondary generator has the same parameters as the first one and serves to generate
electricity in periods when there is a shortage of power from the network. In those moments, the plant
is in need of energy as well as in need to dispose the produced gas. For this purpose, the methane is
fed to the second generator and the plant is powered by itself. With this being done, there is no
aimlessly burning of the gas and the plant does not remain without power.

In 2017, this plant has produced 8.3 GWh of electricity which is 0.3 GWh more than the nominal
energy produced for which it is designed.

4 CONCLUSION

The instalation of the powerplants in Logovardi and Trebosh is a great start in approaching the
issues of extensive GHG emmision in the country, as well as efficently converting biowaste into
electrical energy thus resolving its disposal. As a renewable type of powerplant, it also includes
production of biofertilizer and heat, making it nearly 100% efficient. Highiest standards of automation
and the newest technology are implemented, ranking the powerplants as two of the best in the region.
Overcoming the challenges in production of energy from biogas in R. of Macedonia requires higher
environmental, social and economic consciousness as well as higher investment and support from the
government. The urgency of these issues, requires a fast achievment of these goals and diverting the
reliability from conventional to renewable energy sources, in order to obtain a cleaner environment
for the next generations.
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AHAJIM3A HA MO KHOCTHUTE 3A KOPUCTEIBE HA OTITA/THA
PACTUTEJIHA MACA 3A EHEPI'ETCKHA LHEJIN

KYCA COAPKHNHA

LenTa Ha MCTpPaKyBameToO € Jia Ce MCIIMTAaT CBOjCTBATA HA JIO30BUTE 3EMjOJICIICKH OCTATOIIH,
BaXXHU 3a HUBHO CHEPI'CTCKO MCKOPUCTYBAKLC M Jla C€ OLICHM MOXHOCTAa 3a MEHIakb€ Ha IMPAavYKu U
JIPBEHU TeENEeTH 3a COrOpyBame BO MAapHU M BPEIOBOMHU KOTIHM. Jlpyra mem e ga ce HampaBat
AJICKBATHNU IIOATOTOBKMU 3a TIIpaKTHU4YHa IIPOICHKAa Ha e(iJeKTI/IBHOCTa Ha KOTJIWTEC, NIpPpHUMapHO
JU3ajHUPAHHU Jla KOPUCTAT APBEHH MEJIETH, Kora ke Oujat ynorpeOyBaHH CO KOPUTEHE Ha TOPHUBO O]
MEIIIaH! TIeJICTH U JIO30BH I'paHKU. EKcriepuMeHTaHO JOOMEHUTE CBOjCTBA HAa OMoMacaTa, Kako IITO
ce CO/Ip’)KMHA Ha BJIara, eHeprercka BpeJHOCT, IPUOIIKHA aHaJIi3a, BETyMEHCKa I'YCTHHA, COCTaB Ha
TernenTa ¥ CBOjCTBA Ha TOIMEH-E, Ce CIIOPEJSHH CO CBOjCTBaTa HA JIPBEHUTE IENETH MPOU3BENECHU
criopen EY crangapnure.

M3BpiieHo e McnuTyBame Npu paboTa CO MEMIAHO TOPHUBO OJ JPBEHM IIENETH M MOATOTBEHU
OCTaTOIIM O] KPOCH-E Ha BUHOBA JI03a. [Ipy Toa, MOCTOjaT HEKOJIKY TEXHUYKH NMPEAN3BUIM KO IITO
Tpeba /1a ce 3a10BOJIAT 32 TECTHPAETO BO KOHBEHIIMOHAIHY KOTJIH 32 IeJIeTH /1a Ouzie BO3MOXKHO. Bo
OBaa CMMCJIA, ICKOPHCTYBAmETO Ha JIO30BUTE OCTATOIM M APYTH BHUAOBH OMOMaca O PAaCTUTEITHO
MOTEKJIO MOXKE /1a IPETCTaByBa 3HAYNTENEH M3BOP Ha TOPUBO 0J] OMomaca BO MozpadjaTa BO OIM3KMHA
Ha HacaJUTe W MOXKE /1a ja HaMaJld II€HATa 3a TPeeke BO KOMEpIHjaTHUTEe, jABHUTE W CTAaHOEHUTE
o0jextu. JlOMOTHUTETHO, MOXKE Ja CE COrjiefa €KOJOMIKHOT acHeKT O]l eHeprerckara ymorpeba Ha
PaCTHTETHUTE OCTATOIH, a TOA € J1a ce M30erHe HUBHO ANPEKTHO COrOpyBamhe HAa OTBOPEHH ITOJIHIbA,
CO MTO MPOOIEMOT Ha HUBHO TPETUPAhe OM e IIPETBOPIUT BO CHEPTreTCKa JOOMBKA.

Kayuynu 3060poBu: Ouomaca 00 3emjodeicmeo, 10308U Npauky, OOHOBIUBA eHepaujd,
cocopysarbe, KOmei, eMucuja Ha Wmemuu 2acogu.

1 BOBE]

[MepcriexkTrBaTa, MPOOIEMHUTE TTOBP3aHH CO KOPUCTEHHETO Ha OOHOBIMBH E€HEPreTCKH PeCcypcH,
Kako M Pa3BOjOT M TEHACHIMjaTa 3a IPETBOPAkE HAa CEraulHuTe eHeprercku cucremu Bo 100%
OOHOBJIHMBH, C€ TUCKyTUpaHu BO [1]. ['1aBeH 3akiIydok € eKa BaKOB Pa3Boj € BO3MO)keH. buomacara e
MIOKENIeH M BETYBayKW M3BOp Ha €HEprvja Mopaad Hej3uHaTa HUCKa, OJMMCKY A0 HeyTpallHa eMHCHja
Ha CTAaKJICHWYKU TacOBU M TOTEHIHWjasTHA OJP>KIMBOCT, aKO NPABHIIHO CE YIpaByBa €KOHOMCKOTO,
eKOJIOMKOTO W COLMjalTHOTO BiMjaHHE. EHEPreTcKoTo WCKOpUCTyBamke Ha OuomacaTa, Kako
eIMHCTBEHO OOHOBJIMBO FOPUBO KO€ € 0a3upaHo Ha jariepo], CeKoj JIeH CTaHyBa ce IMOBAXHO.

Eneprujara og 6uomaca Bo paznuuHu (popmu yuectByBa co okony 14-15% on morpouryBadkaTa
Ha mpuMmapHa eHepruja Bo cBeror [2]. Taa npumonecyBa co moBeke on 10% BO CHaOmyBameTo CO
pUMapHa eHepruja Bo ApkaBu Kako mTo ce IlIBencka u Acrpuja u okony 4% Bo CAJl. Eneprujata
o broMaca e 0co0eHO Ba)kHa 3a JPXKaBHUTE BO Pa3Boj, yUeCTBYBajku co peurcu 40% ox nmpumapHaTta
norpomryBadka Ha eHepruja [2]. Iloromem nen ox Toa ormara Ha HHCKOSG()UKACHO M BHCOKO-
3araJyBauko COrOpyBame€ BO ypeIOH 3a JIOKAIHO rpeewme U rorBeme [4]. [locnenuuBe roamHu mma
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3rojieMyBambe¢ Ha WHTEPECOT 3a ymoTrpeda Ha OTmajHa OnoMaca BO KOMOWHAIMja CO jarjeH, BO
MOCTPOJKUTE KOM KOPHCTAT KOTJIM Ha jarjieH, Kako M KoMOMHanyja Ha Onomaca u IpBeHH menetu. Bo
HUCTO BpeMEe KMa IMpOIIMPYBamkbe Ha Ma3apoT CO JPBEHH MeEJIeTH BO MHOTY EBPOIICKH JpIKaBH.
Bkynnara notpouryBauka Ha nenet Bo 2011 ron. 6una okony 14,4 Munnonu Tonu, a okony 80% of
TOa KoJMuecTBO Omito motporieHo Bo Espoma [5]. CoropyBamero Ha OrMomaca ¥ Ha KOMOHHAIIMH O]
Oromaca M JIpyrd TOPUBHHM MAaTEpPUU O]l TJIeMHA TOYKA HA JOCTAITHUTE TEXHOJOTHH, a BO MOrJe] Ha
dopmuTe Ha 3araayBame M MEPKHUTE 3a HaMalyBame Ha €MHCHjaTa, Ce aHalIu3upaHud Bo [6].
3eMjoeICKUOT CekTop 00e30enyBa pa3jMuHU BHJIOBH BereTaTMBHa OMOMaca KOW IITO MOXaT Jia
Oougatr ynotpeOeHH BO eHeprerckd Iiein. buomacara Moke qa Ouje KaTeropusupaHa Ha Pa3inuHH
HAYWHH, HO €[€H €IHOCTBEH METOJA T'h AeUHHpa CICTHHBE OCHOBHU BHJIOBU: JIPBEHU pacTEHH]a,
TPEeBHH pacTeHH]ja, BOJHU pacTeHuja u ryopusa [7].

OxrnenyBamero Ha Tpo3je € BOOOMYACHO HAceKajJe BO CBETOT. 3E€MJOJEICKOTO Iojpayje
mpexpreHo co jo3ja Bo 2008 rox. m3HecyBajgo CKOpo 8 MuiMoHM XekTapu Hu3 cBeToT [8]. OBaa
KyJTypa 0apa COOIBETHO CIpaByBaibe, BKIYYHTEIHO U TPAJUHAPCTBO KOE TEHEepHUpa 3HAYUTEICH
M3HOC Ha octaTouu. JIOKOJIKyY ce M3HajIaT HeKoM e(eKTUBHH HAYMHU HA HCKOPHUCTYBAHE Ha JIO30BUTE
OCTaTOIH, TOTall MPOOJIEMOT HAa HUBHO OTCTPaHyBamhe OU Ce MPETBOPUII BO SHEpreTcKa Mpuao0uBKa.
Togumao okony 1-3 t/ha on octarormte 0/ 3eMjO/ICTHETO NPETCTABYBAAT JI030BH OCTATOIM, KOUIITO
3aBHCAT OJ1 BUJIOT Ha JIO30BUTE HACA/IM, CTAPOCTa, HAYMHOT Ha Oeperme, KOHPHUTrypalHjaTa Ha TEPEHOT
uTH. [2]. OBHe ocTaTolU CEe YeCTO COrOpPYBaHU JAMPEKTHO HA TONUbATa (TPAIUIIMOHATICH METOI BO
MHOTY PETHOHH), HO U Ce YImoTpeOyBaHH KaKo TOPHUBO MJIM KaKO OPTaHCKO 'yOpuBO. 3aTo0a, eIeH Of
HAjBAXHUTE EKOJIOMIKKM aCIEeKTH O] yroTpedaTra Ha 3eMjOICIICKHOTE OCTATOLM KaKO TOPHBO € Ja ce
n30er{e HUBHO COrOpyBame Ha OTBOPEHH TONKba. HeomaMHa ce pa3BreHn KOMOAjHH 3a 3eM jOJICIICKH
OCTaTOIIH, IITO MOKAT ePEKTHBHO J1a TH coOepaT TpaHKHTE 3a MOHATaMoITHa 06padorka [9].

BruomacaTta mpuoHecyBa co 3HauajHa cTamka BO EHEPreTcKUoT Owmianc Bo P. Makenonwja.
HcrpakyBamaTa 3a JocTamHa OmoMaca Kako €HEpPreTCKH W3BOp nmatupaaTr onx panute S0-TH Kako
mpeAMeT Ha HWHTepec BO pasnuuaum TpymoBu [11-14]. BxymHaTa mOpakTHYHA JOCTAIHOCT Ha
BereraTMBHATa OMOMaca O] IlyMapCTBOTO, MPpepadoTKaTa Ha APBO U 3eMjoaeIcTBOTO € okony 120 000
t/rom., mro e 20% ox TeopeTcku gocramHaTa BereratuBHa Owomaca [13]. IlporeHeraTa mpakTHYHA
JOCTAITHOCT Ha JI030BH Tpauku € okony 50 000 t/rox. u e KOHIEHTpHpaHa BO HEKOJIKY PErHOHH.

OcCHOBHHUTE CBOjCcTBa Ha OMOMacaTa Ba)KHH OJ] CHEPTeTCKH acIleKT ce: COAp)KMHA Ha BIara,
eHeprerckata BpeIHOCT, TEXHUUKA aHaJIN3a, OJHOCHO COAPKMHA Ha (PUKCEH jarJepoJ]l M MCIApIHBU
MaTepuu, MHUHepalHa Maca, COIPKUHA Ha aJKaJlHH MaTepHjaid U OJHOCOT Ha IeNys103a U JIUTHUH [7].
JlozoBute octarouu coapxar 34,1% nenynosa, 19% xemunenynosa u 27,1% auraus Ha 6aza Ha cyBa
Maca, Of IITO MOXKE /Ia C€ 3aKITy4dH JIeKa IMoceayBaaT 3Ha4aeH eHepreTcku moreHnujair. CBojcTBaTa Ha
Ouomacarta KOM IITO Ce Ba)KHH 3a MPOLIECOT Ha COrOpyBame ce aHaIu3upaHu Bo [4], co Harmacok Ha
IIPOMEHJIMBOCTA Ha OJPEACHH KOMIOHEHTH BO COCTABOT Ha OMoMacaTa, 0cOOEHO HEOPraHCKUTE KOU
IITO c€ BaXHU 3a NMpOOJIEMHTE HA CO3/1aBam-¢ HAclHard Ha TOBPIIMHATE W EMHCHH Ha YECTHUIIH.
[porenkaTa Ha TEXHUYKUTE M €KOJOIIKATE MeppOpPMaHCH HAa KOTJIM Ha IEJETH CO Masl KaamuTeT,
KOM LITO KOPUCTAT Pa3IMYHH NETCeTU3UPAHU FOpHBa 01 OHoMaca € el Ha HCTPaXKyBameTo Bo [16].

Ilenta Ha OBa MCTpaKyBame € Jla C€ MCIUTAaT CBOJjCTBATa Ha JIO30BHTE OCTAaTOLM, BAYKHHU 32
HUBHO €HEPreTCKO HCKOPHCTYBAE U Ja CE OL[EHN MOXKHOCTA 32 MEIIAhe Ha MIPAavKy U IPBEHH METIeTH
3a COropyBame BO IMApPHU U BOJIOTPEjHU KOTIIHW. Jlpyra men e Ja ce HampaBaT aJeKBaTHU MTOATOTOBKH
3a MpaKTHYHA MPOLCHKA Ha e()eKTHBHOCTA HA KOTJIUTE, NPUMAPHO JH3ajHUPAHU Ja KOPHCTAT IPBEHU
TIEJIETH, Kora Ke OMaaT yrmoTpedyBaHU CO KOPUCTEH-€ Ha CMeca OJf TIeJIETH U JI030BU MPAYKH.

2 METOJOJIOI'NJA HA UCTPAXKYBAIBETO

MCTOI[OJ'IOFI/IjaTa Ha TPyAOT €€ COCTOU O CIICAHUTC OCHOBHU YCKOPH:

- Ilpouenypa 3a 3eMarbe Ha IPUMEPOLIH O OMOMacaTa 3a J1ab0paTOPUCKH UCTPAKYBAbA;

- JlabopaTopHCKM MCTpaXkKyBarba U aHAIIM3W BO IOIJIE/ HA €HEPreTcKa BPEJHOCT, COAPIKMHA Ha
BJlara W TIIeres, COJAPXKMHA Ha €JIEMEHTH IOBP3aHH CO COrOpYBameTo W emmcuute [17],
HaIrpaBeHo BO coryacHoct co [17, 18];

- Cropezba Ha pe3yaTaTHTE BO BPCKa CO COCTABOT Ha OroMacaTta co HaoIH O] JJUTepaTypa, u
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- IloaroroBka Ha ImocTamkaTta 3a TECTUPAILC HA pa6OTeH>CTO Ha KOTJIHUTE 3a Oromaca.

[MpumeponuTe 0/ MpaykH 3a J1adapaTOPUCKU TECTUPAA Ce 3eMEHH BO COTJIACHOCT CO MOCTaNKaTa
nporumana Bo [20]. OBOj HOKyMEHT neduHHpa CHCTEMATCKH METOJ 33 3eMarbe MPHMEPOIH O]
Ouomaca Kako TOpMBHA MaTepHja Of MOTOJIEMH 3aluXu Ha Ouomaca, co mro (1) ce m3bernyBaar
CHCTEMATCKH Tpelikd u (2) ce munummsupaar cinydajuute rpemku [20]. Co orien Ha ¢akTor aeka
00jeKTHTE MPEIBHUICHU 33 TECTUPAIE CE MOCTPOJKU 32 jaBHO I'PECHE M MHIYCTPUCKH CHEPreTCKH
MOCTPOjKH, BaXKHO € JIeKa JOKYMEHTOT COIpPKK 0e30€THOCHU MEPKH M YIIAaTCTBA 3a MPETIa3nuBOCT,
HACOKHM 3a 3€MalbCe IPpUMEPOLIM, HUBHA IMOATOTOBKA U TPETHUPAKC, KOJIMYECTBO, MUHUMAJIHU JUMCH3UN
HAa MHIUBHAYyaJeH NPUMEPOK, UHCTPYKLHU 34 U3BELYBAUUTE HA TECTUPAELETO, LIEMa HA 3€Mambe Ha
MPUMEPOLIM U HACOKHU 3a MOJAr0TOBKA Ha M3BelTaj of Tectupamero [20]. [Ipumeponute o/ 1030BUTE
npadyku o THKBEIIKMOT PErHoH ce TeCTUpaHHu 3a OpojHu mapamerpu [17]: emeprercka BpemHOCT,
CO/Ip)KMHA Ha BJIara, BOJIYMEHCKa T'yCTHHA, COCTaB M CBOjCTBA Ha IICMEN, COAPXKUHA Ha COrOpJIMBU
KOMITIOHCHTHU; OKCUAW Ha pa3jiIMiUHU MCTallu U COAPKMWHA Ha APYTrW MATCpHUU IIOBP3aHU CO CMHUCHUTE
BO BO3yXOT. Pe3y/ITaTOT HA CEranHOTO NCTPAKYBAME € CIIOPEIEH CO CIMYHU ciay4an [8,9,16].

Cranmapaure 3a KBaJUTET Ha MEJICTUTE BO EBPOICKHTE OPKaBU Ce H3JIOKeHH Bo [21].
VYcBoeHara mocramnka 3a TeCTHpame Ha paboTaTa Ha KOTIM € BO COTJIACHOCT CO METOAOJIOTHjaTa
objacuera Bo [22,23], momeka IIeMaTCKH TPUKa3 Ha WHCTanaipjara e gageH Ha cir. 1. ITocramkara e
3acHOBaHa Bp3 M3padOTKa Ha MaTepHjalieH U eHepreTcKH OallaHc, CO e Jia ce OMpe/eNi CTEMEeHOT Ha
KOPUCHOCT, OJJHOCHO e(pHKacHOCTa Ha KoTelicKaTa rmoctpojka. [locramnkara Mmoxe a 6uje yrmorpedeHa
3a TeCTHpame Ha KOTeJd Ha Ouomaca co gepuHupame Ha [21]: 1) rpanuma Ha ompemara INTO Ce
TecTHpa, 2) 3eMambe MPUMEPOK O] TOPUBOTO, aHAM3UPAKHE U MEPEHE Ha MOTPOIIyBayKa Ha TOPHUBO,
3) 3emame Ha PUMEPOK OJI TeTlell, AHATM3UPAHE U MEPEHE Ha KOJTHMYECTBOTO MEMe.

[oBekero o cHcTEeMUTE 3a COropyBame Ha OMOMaca BO BPEJIOBOJHU KOTIH, CO MOKHOCT IO
Hekonky wijaau KW, cekako nMaaT pa3iHyHA KOMIIOHEHTH MOTPEOHH 3a IEIHOT CHCTeM Jia paboTH
MPaBUIHO, KOH INTO C€ MOKa)KaHW IeMaTCKH Ha Cil. 1, BKIydyBajKu T'M OCHOBHHUTE IIPaMETpH KOU ce
cinenatr. TecToBHUTE ce CIIPOBECHHU CO PA3IMYHNA MAacEHH OIHOCH IeJIeTH/II030BH MPAdKy IMOYHYBajKH
CO TIPOIICHTYaJICH oaHOC 011 5:95, ma ce mo 30:70.

Gas analyser

0,0t @
®
! wa tM\n_ tMout -

— ®/ b

Fuel load,
air supply

@/y’i}’ @ ash 3

'

e

Cauka 1: [1aBHH KOMIIOHEHTH HAa BPeJIOBOJeH KoTeJl Ha fuomaca: 1 — Ckiian 3a Guomaca (nmeseru); 2 — Cucrem 3a
cHa0ayBame co ropuso; 3 — Koren; 4 — CHa0ayBame Ha Boaa; S — Tomuia Boga Bo rpejuuor cucrem; 6 — Kanan 3a
M3J1e3HH FACOBH /10 HUKJIOHOT; 7 — I{uKJIOH 32 oBojyBame Ha nenen; 8 — Caja 3a ckiaaaupame Ha nenen; 9 — Kanan 3a
uzJie3nu racosu; 10 — Bentuaarop 3a uziesnu racosu; 11 — Opak Vw— npoTok Ha Boja; tw,in — TeMmeparypa Ha
HalojHa BoAa; twout - TeMIepaTypa Ha BpeJiaTa BoJa; ty — TemnepaTypa Ha U3JIe3HUTE IraCOBH

3 INIOYETHMU PE3YJITATH

3.1 CocrasB Ha OMomacara

U3mepeHuTe TEXHMYKM M XEMHUCKH KapaKTEpUCTHKM Ha OunomacaTta - JIO30BM MPAaYKd Of
THKBEIIKHOT PErHoH ce IpuKakaHu Bo Tabd. 1 [17,24]. PesyaraTure on aHaaM3aTa Ha MPAYKUTE CE
CIIOPEICHH CO pe3yiITaTH O WCIMTYBamka Ha CTAaHIAPAHU JIO30BU NPAYKH OJ Pa3IMYHU PETHOHU BO
Uranuja [9] u npuroa ce 3abenexanu caMo Maiu pa3iukd. CocTaBOT Ha MeEMenTa, KOj € BaKeH 3a
n300p Ha CHCTEMOT Ha COTOpyBame€, Ce€ KapaKTepusnpa co rmoroiema 3acramneroct va Ca0, MgO0, Si0,
u Mauna 3acranenoct Ha Al,03, Fe, 03, Na,0 u hocdopHuTe OKCHIH.
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Tabena 1: Kpajun anajmsu 3a J1030BUTE NPAYKH

[Tapamerap Bpennocr
Eneprercka BpeqHOCT 16010 kJ/kg, 14250 kJ/kg
CoapxuHa Ha BlIara 11.4% (Bo ampwn)
Jarnepon 46,3% cyBa OecrierniesTHa Maca
Bomopon 6,9% cyBa OecrienennHa Maca
Kucnopon <46.0% cysa OecrienienHa maca
Cyndyp 498 mg/kg, oxomny 0,05% cyBa GecrerneniHa Maca
A3sor 0,7% cyBa OecrienenHa Maca
ITenen 0.3% cyBa OecrieniennHa Maca

Bo moBekeTo eBpoICKH JIpyKaBU MOCTOjaT MaJIKy WIIH HUETHO HAMMIIAHO MTPABUJIO, CIICIIHjATHO 32
MeJIeTH, BO BpCKa CO CTaHIapAuTe 3a KBaiuTeT Ha menerute [21]. Uecro, menerurte momiexar moju
MHOTY OINIITH perynaTuBu 3a Onomaca. Hekom npxkaBu kako Ascrpwja, llIBercka, ['epmanuja u
Uranuja uMaaT craHaapy CrielijaHO 3a TOpUBa OJ1 KOMIIAaKTHA OMoMaca, BKITy4yBajKu TH MEIETHTE
u Opukernte. Hekon oJ HajBayKHUTE CBOjCTBA HA TMEJIETUTE MPONHUIIAHKN BO CTAHAAPIUTE HA HEKOH O]
EBPOIICKUTE APKABH, Ce AajeHu Bo [21,24].

3.2 Eneprerckara BpeIHOCT, COAP:KHHA HA BJIara, nemnej U CBOjCTBA HA TONeEHe

N3Mmepenara eHeprercka BpeqHOCT Ha joBosuTe mpauku € 16 010 kJ/kg Ha cysa maca. bunejku
COJpKMHATa Ha Bjarara Bo mpaukute ¢ 11,4%, eHeprerckara BpeIHOCT BO JOCTaBHa cocTojoa ¢ 14
250 kJ/kg. OBue BpemHOCTH Ce MallKy MOHWUCKH WJIM €THAKBH CIIOPENOEHO CO APYTUTE TOPHBA OJ
OroMaca WM OPHKETH O[] CYIIEHO APBO CO CIMYHA COApKMHA Ha Biara [4]. EHeprerckaTa BpemHOCT
Ha renerute ¢ HopMaiaHo Han 16,9 MJ/kg [21,24]. Pasnukata momery eHeprerckara BPEOHOCT Ha
MEeNeTUTEe W Ha TMpavyKUTe MMIUIMIFpA Ha MoTpeda 3a pa3liuveH OJHOC Ha TOPUBO M BO3IYX BO
criopenba co meneTy. 3aTtoa qUpPEeKTHATa yrmoTpeda Ha 6romaca BO KOTIUTE TU3ajHUPAHU 3a TIEJICTH ©
€IMHCTBEHO BO3MOXKHA KaKO cMeca BO ojpesieH oxHoc co menern. CMecaTa Ha ropuBata Mopa Ja
Ouje XOMOreHa M HEOIXOJHO € Jla C€ IMOJECH MPOTOKOT Ha BO3JYX CIIOPE] OJHOCOT Ha cMecaTa.
Cwmecu ox 10%, 20% u 30% Owmite mpemIoKeH: MOpaHo 3a Ja Ce Hajle MaKCHUMAallHU M ONTHMAJHU
pabotaH onHOCH. TeXHWYKH MPEeIU3BHK € Ja Ce Hajle CHCTEM KOj K€ OCHTypa XOMOTeHa cMeca 3a
BpeMe Ha paboTa, Koja € BayKHa 3a TOPUBO U BO3AYX OJHOCOT Jia OWJie Of[pelleH 3a JajieHaTa cMmeca.
BonyMeHcKaTa TyCTHHA Ha IPAYKHTE HCEYEHH CO JOIKMHA Ha HOPMAIIHH TeneTy u3Hecysa 171 kg/m®
¥ Taa ¢ MHOTY IIOHHCKa OJ TYCTHHATA Ha HOPMaJdHH TIIeNeTH Koja e oxomy 600 kg/m?.
JlabopatopuckuTe aHAIM3U TIOKAXKYBaaT Jieka pellaTHBHATA BJIAXKHOCT Ha JIO30BaTa OTHaJHA Oromaca
Bapupa ox npubmmkHo 40% HEnocpeaHo 1Mo cedemeTo, 10 5-6% BO TEKOT Ha JIETOTO, HO MOXHO € Ja
omu jgo 10-12%, no cinemHara 3uMa, MITO € COOABETHO Ha 3akiaydorure on [9]. Bo omHoc Ha
CKJIaJIUPAhETO, W300POT HAa OTBOPCHH MPUPOMHH CKIAJUINTA MPEKPUEHW CO HACTPCIIHHIIM, JIaBa
no0py pe3ynTaTH, hako mo 7-8 mecenu OmoMacaTta € MalKy nerpaaupana. Ha cim. 3 e mpukakaHa
MPOMEHa Ha COIpPKMHATA Ha BJIara BO JIO30BUTE MPAYKH BO TEKOT Ha roxuHara [9].

W3mepenara conp:xuHa Ha Ienen Bo mpadkure € 3% , MTo € MajKy IOBUCOKa BO cropexda co
conp)KMHATA Ha TIeMeN BO mejeTute Koja e momery 0,75-1,5%, 3a kateropuu Al u A2 [19]. OBa 3Ha4n
JieKa TIOBeKe IIerell Ke ce reHepHupa Mpy KOPUCTEHE CaMO Ha JI030BU MPayvKy WINM cMeca OJl MEJIETH U
MPAayKH, OTKOJIKY BO CIy4ajoT Kora Ke c€ KOpPHUCTaT caMoO IeJeTd. AKO Y4ecTBOTO Ha MpPayKd BO
cmecata e nomano on 30%, conpuHata Ha mnemen ke mopacHe 3a 1-1,5%. Osa e npudarimso 3a
HOpPMajiHa TIOCTpOjKa M He Ou Tpedasio Ja NPEAM3BHKYBA JOMOJHUTEIHU WHBECTULMOHH H
OllEpaTHUBHM TPOILLIOLH, OCBEH 32 OTCTPaHyBamb€ Ha IEMeNTa.
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Ciauka 2: TexkoT HAa IPOMEHA HA COAPKUHATA HA BJIAra BO JIO30BUTE NMPAYKH BO TEKOT HA rOAMHATA

TecroBuTe 3a TONCHE Ha MEMeTa OKaKyBaaT IoYeTHa TeMiieparypa Ha Tonewme 1290 °C, koja e
HOpMaJTHa 3a Pa3InYHU ropuBa oj 6romaca. TemmepaTypara Ha BTeuHyBame o1 1494 °C, e moBucoka
ol BooOWYaeHaTa, IITO 3HA4YU Jeka He OM Tpedaysio Ja ce I0jaBaT CEPHO3HU MPOOJIEMH CO
CHHTEpYBambE Ha TeleNTa BO 30HaTa 33 COrOPYBamke MIIM Ha TOIUIMHOW3MEHYBAYKUTE MOBPITUHH.

3.3 [EjeMeHTH MOBP3aHHU €O COTOPYBAaH-E€TO

Conpyxuna Ha jarmepor (46% cysa Oecrenenta mMaca) u Bomopos (6,9% cyBa becrienensa maca)
BO IPayYKHUTe € MPHJIMYHO BHCOKA, KOja € HOpMaJiHa 3a IIyMH M ciinuHa Ouomaca. Coap)kuHaTa Ha
kuciopop e nmomana ox 46.3% cyBa OecrenenHa Maca, K0ja € CKOpO IETHOT TPEOCTaHAT COCTaB H
BooOHMYaeHa BPEMHOCT 3a O0BOj THI Ha O6uomaca. Comp:kuHaTa Ha cyadyp UMa BIIMjaHHUE O OJPEICH
CTETICH Ha COTOPYBAETO U IENIOCHO Ha TOIUTMHCKHTE eekTh Ha mpoiiecot. Kako u 1a e, BIUjaHueTo
Ha cyndypoT HA EMUCHHTE BO BO3JYXOT, 3a€IHO CO a30TOT € MHOTY IMOBa)KHO OTKOJKY HETOBHOT
MPHUIOHEC 3a TOILIMHCKATa BPEIHOCT. M3MepeHoTo kojuuecTBO Ha cyiadyp ¢ 498 Mr/kr on cyeata
Mmaca (oxomy 0,05%), xoja e okomy mpocekot 3a apso (0,01-0,1%). Bpeanocta Ha azortot € 0,7% ox
cyBaTa Maca, 4vja BPEIHOCT € OKOJy IMpoceKkoT 3a nenery, 0,1-1%. Kako u na e, conpxrHarta Ha a3oT
u cynyp e momMaa oJi HUBHaTa MpoceyHa COPKIHA BO Ma3yToT.

3.4 Oxcuam HA MeTAJIM U IPYTH eJIeMeHTH NOBP3aHH CO eMHCHUTE

CompyxuHaTa Ha OKCHAWTE Of pasiuyHM MeTamu kako mTo ce: SiOz, AlOs; CaO, Fe0s K0,
MgO, NaxO, P;0s, P20s, P4Og, PsOs, okcuau Ha Mn u Ti (TiO2), ¢ MHOry BaxkHa WH(pOpMaIuja
MOBp3aHa Co paboTeme Ha CHUCTEMOT 3a coropyBame. OBHE OKCHIM MOXKAT Jla KMaaT CBOjCTBA KOU CE
MOBP3aHu co cuHTepyBamero. Conpxkunara Ha Si0,, 1420 mg/kg cyBa mMaca e HrcKa BO criopeada co
Hopmanaute BpenHoct, 200-10 000 mg/kg. Conprxunara ua Al, 03, 40 mg/kg cyBa mMaca e HECKa BO
criopenda co ormaaao apso, 1000-10 000 mg/kg. Coapxunara vHa Ca0, 7 600 mg/kg cysa maca e BO
paHroT Ha BoobuuaeHu BpemHoctd, 2000-8000 mg/kg. Coapkunara Ha Fe, 03, 90 mg/kg cyBa maca e
HHCKa BO cropeada co BpemHocTuTe 3a ormamHo apo, 1000-6000 mg/kg. Conxpxunata Ha MgO,
2150 mg/kg cyBa Maca ¢ MaJIKy MOBHCOKa BO cropeada co HOPMaJHUTE BPEIHOCTH KOH C€ TOoMery
400-2000 mg/kg. Conpxunata Ha Na2O, 97 mg/kg cyBa mMaca ¢ HHCKa BO criopeada cO HOPMaJIHUTE
Bpennoctron 75-300 mg/kg. Bo Bpcka co coapskunara Ha P,Os u Ha ocranatute P okcuan (940
mg/Kg cyBa maca) e penaTHBHO HUCKa. VICT e cirydajot co compxkunata Ha T102 (2 mg/kg cysa mac),
HO BpemHocta ¢ Hucka. Co CyMHpame Ha COAPKUHHTE HAa OKCHIHMTE OJ PasiuyHH METaiH, UMa
NPUWIMYHO MaJld IAHCH 32 CHHTEPYBalEe W MPOOJIEMH IMPU YIPaByBame CO TEMeNTa OJ JIO30BUTE
npavku. Bo Bpcka co eJIeMEHTUTE KOM IITO CE MOBP3aHH CO EMHCHHUTE BO BO3YXOT, MTOKPaj Cyadyp,
IpeaMeT Ha aHaJIM3HM Ce XJIOp M OKOJy JIBAeCEeTHHA Pa3IMyYHM TEIIKH Metand. HajBakHu o1 oBue ce
11 HajoTPOBHH €IEMEHTH KOU IITO ce coapkaHu Bo EY perynarusute 3a coropyBame Ha otma: AsS,
Cd, Co, Cr, Cu, Hg, Mn, Ni, Pb, V. CompxuHaTta Ha MOBEKETO OJf HMB € HHCKa BO cropeada co
HOpMasiHUTE BpenaHocTH [21,25].
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3.5 EduxacHocT 1 3aBpIIHI KOMEHTapH

Tectupame Ha COTOPYBamETO € HampaBeHo co pasinuunu cmecu on 10%, 20% u 30% co uen na ce
HAaj/Ie cMeca CO ONTHMAJIHO KOJIWYECTO Ha JI030BU TPAHKU 3a Ja Ouje mpenopadaHa. MUHUMaIEH TecT
Mepuo/ 3a cekoja cMeca Oelle JBa jJeHa, TOPHITHUKOT M KOTENOT Oea HaATJIeAyBaHU U YHCTEHHU IOCIe
cekoj TecT. KoamuecTBOTO Ha cafyl U IMenen BO KOTEIOT U BO TOPHITHUKOT Ce PETUCTPUPAHH 33 CEKOja
cmeca. OnroBapyBameTO Ha KOTENIOT 32 BpeMe Ha TecToT Oeme MeHyBaHo nomery 100% 1 HopMastHO
MPAaKTUYHO ONTOBapyBame. [lapaMerpute COOMBETHN Ha TECT MOCTANKaTa MOArOTBEHH BO COTJIACHOCT
co [22], 6ea majaBenu 3a BpeMe Ha TecTHpameTo. CpeaHa BPEAHOCT Ha epHUKACHOCTA HA KOTIUTE
HACTIPOTH COOIHOCOT Ha cMecaTa U KalaluTeTOT Ha KOTENIOT, Ce MPUKaKaHHU BO CIIHKA 3.
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Caunka 3: EpukacHocTa Ha KOTEJOT HACHPOTH MEIIABHHATA HA CMeCcaTa U KalaluTeToT Ha KOTeJIOT

Bo omHOC Ha cripoBenieHUTE aHANN3H e()EKTHBHOTO COTOPYBAME Ha JIO30BUTE MPAYKH CO JIPBEHH
IEJIETH € BEeTyBayKo, OMICjkr KOMOMHHpPA PEIaTHBHO BUCOKA €PUKACHOCT CO pa3yMHa TPaHCIOPTHA
OJIaJICUYEHOCT Ha OcTaToluTe 0/ OnoMacara. TeXHUUIKY MPEAU3BHIIU CE Ja ce ePHHUPA ONTUMAITHHOT
OJIHOC TIOMery IEeJEeTUTE W MPAadyKUTe W Jla Ce JIOCTHTHE XOMOreHa cMeca 3a BpeMe Ha paboraTta Ha
moctpojkara. [loueTHuTe pe3ynTaTi MOKaKyBaat JieKka He O Tpebao 1a nMa 3HadajHu IpodjIeMu co
EMUCHHUTE BO BO3JYXOT TPU YIOTpeOyBame Ha JI030BM MPAYKH KaKO JOMOJHHUTEIHO TOPUBO BO
KOTJIWTE 32 TENETH, MOJ] YCIIOB MPOIIECOT Ha COrOPYBALE Jia € MO KOHTPOJIa U TOPUBHATA cMeca Jia €
xomoreHa. [Topaju cocTaBOT Ha MpavKuTe, Ke ce reHepupa MaJIKy IMOBeKe Ierel, HO He ce OueKyBaaT
npoOieMu CO CHHTEpYBame¢ Ha TICMeNTa BO JIEJIOBH HAa TOPWJIHUKOT W Ha Korenor. Cenak,
COTOPYBamETO Ha OMoMaca € 4ecTO ITOBP3aHO CO M0jaBa Ha JIOKAJIHO 3araJyBadyku (GopMaIiy Mopan:
1) HEKOMILJIETHO COropyBame Koe ITo JjoBenyBa a0 emucun Ha CO, caf W MONUIMKINYHA
apomatianu xuapokapbonatu (ITAX), ocobeHo 3a BpeMe Ha MOATOTBUTENHUTE (Da3h HA COTOPYBaHmE
(ma mpumep, maneme); 2) momytaHTH Kako NOx u CyOMHUKPOHCKH YECTHIN KOU ce (DOPMUPAHH KaKo
pe3yaTat Ha MPHCYCTBOTO Ha MaTepuu Bo ropuBoto kako mro ce N, K, Cl, Ca, Na, Mg, P u S.

4 JAKUIIYYOK

Kopucremero Ha oTmagau MaTepuu OJ J103aPCTBOTO MOXKE Ja MPETCTaByBa 3HAUNTEIICH U3BOP Ha
ropuBo on Omomaca BO BHMHCKUTE DPErMOHM, INTO MOXE Ja ja HaMaJd LEHAaTa 3a TIPECHe BO
KOMEpLHMjalHU, jaBHU UM CTaMOEHM 3rpaiu. [JaBeH 3akiydoK O] CIpOBEICHATa aHalIM3a € JIeKa €
W3BOUIMBA yNoTpedaTa Ha JIO30BU NMPAvYKH BO KOMOMHAaNHWja CO APBEHM IEJETH BO KOTJIM 32 IEJNETH.
TexHuukn npenu3BuLM 3a epukKacHa paboTa Ha KOTEICKHTE MOCTPOjku ce: 1) ma ce mepuHHpa
ONTHMAJIEH OJHOC Mery MeJIeTHUTEe M Npadkure, 2) na ce obe3denu cooaBeTHa cMeca 3a Ja oune
TOpPHUBOTO XOMOI'€HO, 3) 1a ce Hajae (QJIeKCHOMIIEH CUCTEM 3a PEeryJialyja Ha MPOoLEecoT Ha COTOPYBamkE
LITO K& OBO3MOXHM MAaKCUMallHa epUKACHOCT Ha COroOpyBameTO co MUHUMaIIHa emuchja Ha CO.

CHOpCIL aHalin3aTa, oA MPETIIOCTaBKa ACKa IPOLECOT Ha COropyBame € COCEMaA KOHTPOJIUPAH,
Maja € BepOjaTHOCTa Ja c¢ jaBaT JOINOJTHUTCIITHA Hp06HeMI/I BO OJHOC Ha CMI/ICI/IjaTa BO BO3AYXOT KOra
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ce yHOTpe6yBaaT JIO30BU IIPAYKU KaKO KOMIINIEMCHTAPHO TOPHMBO BO KOTJIUTC 3a IICIICTH. OI[
CKOJIOIIKAa IJICAHA TOYKa, BAXKCH ACIICKT Ha yHOTpe6aTa Ha OCTaToUX OJ BMHOBA JI03a KaKO IropuBo, €
Ja ce n30erae HUBHO TOpCeH€¢ HAa OTBOPCHO IT0JIC.
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ANALYSIS OF THE POSSIBILITIES FOR UTILIZATION OF WASTE
VEGETATIVE BIOMASS FOR ENERGY PURPOSES

ABSTRACT

The objective of the present work is to examine the properties of vineyard pruning residues
important for their energy utilisation, as well as and to assess the possibility for mixing twigs and
wood pellets for combustion in steam and hot water boilers. Another goal is to make adequate
preparations for practical evaluation of the effectiveness of boilers, primarily designed to use wood
pellets, when operated with a blend of pellets and vineyard twigs.

The experimentally obtained biomass properties, such as the moisture content, calorific value,
bulk density, ultimate analysis, ash composition and melting properties, are compared with the
properties of wood pellets produced according to the EU standards. A performance test procedure for
boilers that will use fuel blend of wood pellets and wine twigs is adopted and initial tests conducted.

Although there are some technical challenges, the use of fuel blend of wood pellets and prepared
agriculture residues, such as wine twigs, in conventional pellet fuelled boilers, should be possible. In
that sense, the recovery of vineyard pruning residues and other biomass waste may represent a
substantial source of biomass fuel in regions close to the agricultural plantations, which may reduce
the costs for heating in commercial, public and residential objects. Therefore, one of the most
important environmental aspects of using pruning residues as fuel is to avoid their open burning on
the fields, which would convert a disposal problem into a collateral energy generation.
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MOXHOCTH 3A HCKOPUCTYBAIBE HA TIOTEHLHUJAJIUTE HA
JAPBOIIPEPABOTYBAYUKUTE KAITAHUTETHU HA MAKEJIOHHUJA

KYCA COAPKHNHA

Bruomacata kako Jen Ha eHeprerckuor Ounanc Ha PenyOnmuka MakenoHwja BO TEKOT Ha
MOCJEIHNTE TPUECETHHA TOJWHHU YYEeCTByBa cO Maj mpoueHT ox camo 8-10%. Ce HamerHyBa
MPAIIakeTo Jajii € IIOCBETEHO JIOBOJIHO BHUMAaHUE Ha OBOj PECYPC, T.€. JAalli TOCTOjaT MOXKHOCTH 32
HEroBO JI0OPO HCKOPUCTYBALE U 3roJieMyBambe. 3a MPOIEHKa Ha MOTEHIINjaIOT Ha TOCTOJHUTE U3BOPH
Ha OTmajHa OWomaca ce KOpHCTaT Pa3HW METOJOJIOTHH, THUIIOBH Ha TPUOJIMKYBamka, I10jJOBHU
MPETIOCTaBKK ¥ mojaToru. Bo oBoj Tpyn ke ce Gokycupame Ha cypoBHHATA JIOOMEHA OJl JPBHATA
uHaycrpuja. ViMeHo, KomkaB jen on mpepaboTeHaTa JApBHA Maca BO MAaKeIOHCKUTE IHIIAHH
MpeMUHYyBa BO JIPBHHU OTHAJONM, OAHOCHO € MOTEHI[MjalHa CypOBHHA 3a M3pabOTKa Ha TMEIeTH U
KOJIKABO KOJTHYECTBO CHEPIHja 3a CHAOMyBarbe HA MOTPOLIYBAYHTE MOXE Aa ce 100me o ncrara. Ke
ce OCBpHEME Ha TEXHOJIOTHjaTa 3a MPOU3BOJCTBO Ha IMEIIETH KOja € OpraHu3upaHa Bo Tpu ¢asw;
CKJIaparme Ha CypOBHHATA, TPOM3BOJICTBO Ha TeENETH, CKIaJupame Ha neneT. Llenta Ha oBoj Tpya
€ Jla HalpaBUME aHaIM3a Ha HCKOPUCTEHUOT IOTEHIMjal ITOOWEH OX ApBOIpepadoTyBadkaTa
WHIyCTpHja BO MakemoHuja, IpeTBopeH Bo mobmeHa eHepruja. Co Toa Ke MOXKEME Ja HaIlpaBHME
criopenba CO MOMEHTAHUTE CHEPreTCKU KalaluTeTH Ha MakeloHHja W Jla MpHKaXeMe KOJIKY
MOTpOIIyBaYyl OW MoOXxene na Ommar cHaOIeHW CO MOTEHIHWjaTHUTE CYPOBHHH JOOWEHH Off
IpBONpepabOTyBAYKUTE KAITAIIUTETH BO AP)KaBata.

Kayunn 3060poBM: Ouoenepeuja, Ouomaca, neremu, NOmMeHyujai, OpeHa  maca,
opsonpepabomysarve.

1 BOBE]J

buomacaTa e 3HadaeH W3BOp HA €HEPrHja 3a IOTOJIEMHOT AEN O HaceleHuero Bo ceror. Co
MOPacTOT Ha HACEIEHHETO, BO MIHMHA Ce 0YEKyBa KOPUCTEHETO Ha OMmomacara ja ce 3roieMu. Bo
MTOBEKETO 3eMjU BO Pa3BOj €HEprujara o1 OrmomMaca uMa 3HadajHO MECTO BO HAIIMOHAIHATA eHepreTcKa
nomutuka. IIpex ce, Tpeba ma ce coriemaaT MOXHOCTHUTE 3a EHEPreTCKO HCKOPUCTYBame Ha
MOEIMHEYHUTE CYpOBUHHM, 32 Ha Kpaj Ja ce MCTPaKM MOMEHTAJIHATa CHTyaldja BO MakenoHuja u
MO>KHOCTHTE 32 HUBHO HCKOPHCTYBAbE.

Bo Omnomaca kako m3BopH 3a 10OMBame €HEepruja craraar: pacTeHHja BO BHJl Ha TPEBa U NIPBja,
3€M]jOJIEJICKH NPeXpaHOeH! M JOOMTOYHHU PAaCTEHH]ja, OTIIAJOLUU U OCTATOLH O] 3€MjO/ICIICKH TIOCEBH,
WHJIyCTPHCKH pACTEHHja, OTMAJOLUM M OCTaTOIM Of JpBja, BOJHH pacTeHHja M JPYTH OTHAJHH
MaTepuH, Kako ¥ HEKOM MAaTepHH O KOMYHAIHHOT oTnaj. buoenepruja ce nmobuBa M o OTHAIHHUTE
MaTepuH OJ] JIy'€TO U O )KUBOTHHTE.

Hako ocHOBHM CypOBMHU 32 JOOHMBambe OMoMaca ce OCTaTOLUTE O LIyMHUTE, OJ 3€MjOJEIICTBOTO
U OZl HACeJIeHUTE MecTa, Taa MOXKe Jja ce JoOHMe M O pacTeHHja HAMEHETH MCKIIyYUBO 32 J00HBambe
€Hepruja, T.H. €HEepreTCKU MoceBU. EHepreTckuTe moceBu ce reHEeTHYKH MOAM(UIIMpPAHH pacTeHH]ja
LITO Ce OATJIEAyBaaT Ha OrPaHUYEHH MOBPIIMHH, TOCEOHO HAMEHETH 3a HUB.
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[ToTouHO KaxkaHO, ce pabOTH 3a TPH CEKTOPH, O KOH CEKOj € CO CBOM IMOCEOHU KapaKTEPUCTUKU
Y MOYKHOCTH 32 Pa3Boj, OHOCHO:

- Illymapcrso;
- 3eMjonenue U CTOYAPCTRO;
- KomyHaneH u MHIyCTPUCKH OTIIA/.

Bo oBoj Tpyn ke ce (okycupame Ha CypoBHMHATa JoOMEHa OX JApBHATa MHAyCTpHja. MIMeHo,
KOJIKaB JieJd Of mpepaboTeHara ApBHA Maca BO MAaKEIOHCKHTE MHWJIAHM TPEMHHYBA BO JIPBHU
OTIMAJIONHM, OJHOCHO € IMOTEHIMjajlHa CypOBHMHA 3a M3pa0OTKa Ha MEJIeTH U KOJKABO KOJIUYECTBO
CHEpruja 3a CHaOlyBame Ha MOTPOIIYBAYUTE MOXKE Jla C€ JOOHE O] UCTaTa.

2  MAKCHUMAJIHO KBAHTUTATUBHO MCKOPUCTYBAILE HA NMUJIAHCKUTE
TPYNLU

dakTopuTe KOW BiHMjaaT BP3 MaKCUMalTHOTO KBaHTHUTATHBHO HCKOPHUCTYBAHE Ha IMUIAHCKHUTE
TPYNIH MOXe Ja OWJaT o]l TEXHONOIIKa W eKOHOMcKa mpupona. Ke ru pasriemame oHUE O]
TEXHOJIONIKA MTPUPOJa KOM OMTHO BIIMjaaT BP3 HCKOPHCTYBAKETO HA JpBHATA Maca. TyKa craraar:

- JleOenuHa Ha JIMCTOT Ol IUJIATA,

- Jlujamerap (nebGenmHa Ha TPYMEIOT);

- JomxuHa u 3aKpUBEHOCT HA TPYIIELOT;

- Henpasuien u300p Ha TPYIIIH 10 JrjaMeTap;

- Tounoct Ha Mepemwe Ha 3adaTHUHATA HA TPYIIIUTE;
- HemnpaBuiHo cMecTyBambe Ha TPYILUTE BP3 KOJIMUKATA O IPUMApHATA MAILIMHA;
- bpoj Ha pe3oBy;

- IIupounna Ha pe3o0T;

- HauuH Ha pexemne;

- Hanmep Ha cobupame;

- Crenen Ha 00pabOTKa Ha peXKEHATa rpara;

- HckopucryBame Ha KPYITHUOT OTIAJIOK;

- BrnaxxHOCT Ha JpBOTO;

- KoHmenmwuja Ha MAIaHCKaTa TEXHOJIOTH]A.

3 TEXHOJIOT'UM 3A IIPEPABOTKA HA BUOMACA BO MATEPUJAJIU 3A I'PEEILE

3.1 pBeHu mejeTu

3.1.1 /IpBeHM mejieTH — ONIITH KAPAKTEPUCTHKH

[Ipon3BoACTBOTO Ha TeEJeTH 3alovYHyBa BO cpeauHaTa Ha 70-mecetnte TOAWHM Ha XX BEK, BO
CeBepHa AMepuKa, Bo Iieproj] Ha HadTeHa Kpu3a. Bo EBpona mpon3BoaCTBOTO Ha MEIETH OTIOYHATIO
Bo panute 80-TM roguHM M Toa HajupBo Bo llIBencka, 3apany BHcoKaTa meHa Ha HadTaTra, a MmoToa
3apajy HamallyBam€ Ha 3araJicHoCTa Ha BO3AYXOT M JKMBOTHAaTa CpeAWHA Off KOPUCTEHETO Ha
jarIIeHoT U APYTH (POCHITHU TOpUBA.

[lenetute mpercraByBaaT NPOM3BOAM O APBEH OTHNAAOK (MWJIEBMHA WIM KPYIEH OTHAalOK),
MO3HATH YIITE W TIOJ HMMETO ,,bio-energent™. [lemernre ce WCTO Taka, MO3HATH M Kako ,,JIPBEH
rpaHynat® ¥ mpumnaraar Bo rpynara Ha 6uoeHepruja, ouznejku ce 100% exkonomky YucTH MPOU3BOAH.

OO6nukor winu ¢dopMaTa Ha TENETUTE € JOoJrHaBecTa (MIJIWHAPUYHA) CO TpedHHuK o 6,0 mm
8,0 mm u gomxkuHa o 10 mm mo 38 mm. Kako Bux Ha ropuBO, THE C€ KOPUCTAT BO MHAYCTpHjaTa,
Kako M BO JoMakuHCTBaTa. WHAycTpuckuTe menern ce co aujamerap ox 8,0 Mm, a oHHE 3a
JIOMaKWHCTBATa UMaaT aujaMerap of 6,0 mm.

Opn nmeH Ha JieH TeJeTUTe CE MOBeKe ce KOpucTar Bo cepara Ha xuBeewmeTo. [Ipen moBeke of
JIBaeCeT TOJIMHU OTIIOYHYBa HUBHHOT Pa3BOEH BEK, CO m30MBame Ha HadTeHata kpusa. Mcro Taxa,
HUBHATa NPUMEHa MPOM3JIETyBa M Of PacTOT Ha IleHaTa Ha HaTaTa, 3aUyByBame Ha YKMBOTHATA
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CpenuHa, riI00aTHOTO 3aTOIUTYyBamke, eHeprerckata 0e30eJHOCT, ce CHIHU (DakTopu 3a Ja OTHOYHE
peBomyIHjaTa BO MPOU3BOJICTBOTO.

Hekou nmoBakH1 0COOMHM KapaKTEPUCTUYHU 32 OUO-TICTICTUTE CE:

- ®dopma Ha eKOJIOIIKO T'OPHBO;

- He compkat XeMHCKHU 10AATOLH;

- KommnakrHa, nmmmHapuuHa Gopma; 3apajy JUTHUHOT BO IPBOTO KOj CIYKU KaKoO CPEACTBO 32
Bp3yBambe U HY/IM TPAjHOCT M MTOCTOjaHOCT Ha IMENCTUTE;

- Jlecna manumyanuja 6e3 mpomeHa Ha opmara Ha MeJIeTHTE;

- Ilpm coropyBame CKOpO U HE MPOU3BEAYBaaT KPeo30T (KPEo30TOT MPEIU3BUKYBA MOXKAp BO
MEYKUTE U KAMHHHTE);

- Mano konuuecTBo Ha nernen (okony 1%);

- Eneprercka Bpeanoct 4,7 1o 5,5 kWh/kg nnu 18 MJ/kg neneru;

- Texuna Ha | m® neneru usnecysa 640 Kg;

- Hckopucrenoct Ha ToruimHcKa eHepruja 90% (jarnen u apso g0 70%);

- besbeanoct npu ynorpebda.

Kako ¢opMa Ha TOpHBO, KOJTMYECTBO O] €/ICH TOH TEJISTH MOXKE J1a C€ EKBUBAJICHTHPA CO'
1t menern = 5001 Macy0 3a TOXKEHE

=450 kg nmporian — OyTaH rac

= 600 m® npupozeH rac

= 4 800 kWh — enexrpuuna eHepruja

Wood chip delivery Wood chip storage

GEg m §

Camnka 1. Hpouec Ha MPOU3BOACTBO HA APBECHHU MEJETH

3.1.2 KBanuTeT Ha APBEHM NeJIeTH

Bo TexHonmormjaTa Ha MPOM3BOACTBOTO C€ MO3HATH JBa THINA HA IIEIETH W TOA: IEIeTH
»premium® u nener ,,standard®.

[leneture ,,premium‘ Bo criopenda co nenerure ,,standard ce co cBerna 0oja, ce u3paboTyBaaT
0e3 J0JaTOK Ha KOpa M MMaat IorojieMa KaJopu4yHa BPEAHOCT o menerure ,standard”. Hcro taka
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COJp)KMHATA HA TIEMeN Kaj, ,,premium,, meierure ¢ nomana ox 1,0% Bo cmopenda co ,,standard™
neneruTe, 4yrja Bpeauoct e 10 2,0%.

dakTopH KOM BiIMjaaT BP3 KBAJIUTETOT Ha TEJIETUTE CE:

- Jlumensuu (noipkuHA, NeOSTUHA);
- BuaxHocT;

- T'ycruna;

- MexaHuyka IBPCTUHA;

- ConpxuHa Ha rienesn,

- Eneprercka eukacHoCT.

HajkBanurerHuTe meneTy MOTEKHYBaaT Of jaApoTO Ha JAPBOTO, CO MHOTY Mall JeJd Ha Kopa,
Oujejku KopaTa CoJp KM HajMHOTY BJlara W IpalidHa, TaKaliTo UMa MoMaa KaJOpuYHa BPEITHOCT O]
jaapoTo Ha JIPBOTO.

On npBHHTE BWJIOBHM 32 TakBa HamMeHa HAjMHOTY ce KopucraT rabepor u Oykara. [lenerute
MPOU3BEIICHU OJI TUE JIPBHHU BHUOBH, TOpaT YMEPEHO M IITO € HAJBAXKHO, (JOPMHpAAT xap Koja Tpae
J0CTa JIONTO BPEMeE.

3.1.3 TexHoJornja 3a Mpou3BOJACTBO HA APBEHH NeJIETH

Bbpukerure w meneruTe, mMopagu HUBHUOT OOJMMK W TUMEH3HHTE, CE€ OCOOEHO TOTOAHH 32
pakyBame. Moxe ga ce KOpHUCTaT Kako TOPHBO 3a AMPEKTHO COrOpyBame BO JIOMAITHUTE U BO
TOJIEMUTE MHAYCTPUCKH KOTJIA, & BO MM KOJMYECTBA M BO JOMAITHUTE Meukd. VMIMaaT 3HAUUTETHO
IOMaJl BOJIYMEH BO OJHOC Ha OTHajHata OuoMaca W, CIIOpeI TOa, MMaaT M MHOTY ITOBHCOKA
cenudurYHa eHepruja Mo eJUHUIA BOJTYMEH, IITO 3HAYHM JieKa ce TTOKOMITAKTEeH M3BOp Ha €Hepruja.
Tue ce momoroHu 3a TPAHCHOPT U 3a CKIATUpPamke BO OHOC HAa MPUPOAHATa bromaca.

TexHonmorujara 3a MPOU3BOJICTBO Ha TIENIETH € OpraHU3MpaHa Bo TpH a3y U Toa:

- Ckiagupame Ha CypOBHHATA;
- IIpou3BOACTBO Ha MENETH;
- Ckiagupame Ha TeIeTH.

Cknajimpamero Ha CypOBHMHATa Ce OJ[BUBA BO HMHTErpajlieH CKJIaJ, BO KOj c€ CKIaJupaar
TPYIIM OJ] TpeTa Kiaca (HajHUCKA) Ha KBAJHUTET MJIM CYpOBHHA KaKO JIPBO 3a IMpepadoTKa.

TexHomorujata Ha TPOU3BOJACTBO Ha TIEJETH OTIMOYHYBAa CO MPHEM Ha CypOBUHATA,
CKJIaJIparme Ha CYpOBHHATA, JPOOCHE M MENCHe, CyIIeHhe Ha CYpOBHHATA, U3pabOTKa HA TENETH U
CKJIaJIUparhC Ha MEIeTH.

NMPUEM HA I]:> CHAAOWMPAHGE HA
Il::: CYPOBMHATA CYPOBMHATA

JPOBEHE U

MEJIEHE

CYLUEHE HA

CYPOBMHATA

M3PABOTKA HA E roTtoB

MESETH MPOU3BO/,

CKNAOMPAHE

HA TIEJIETH

Cimka 1. Oorpam Ha TeXHOJIOMIKATA MOCTAINKA 32 MPOM3BOACTBO HA MeJIeTH
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CypoBuHaTa ce npobu Ipu MTO ce 100MBaaT CeuKH, YHHBEP3aIHO MO3HATH Kako yurc. [locne
IpoOuiikaTa 3a MPUMapHO JpoOeHme € MOCTaBeHO BHOPAIMOHO CHTO 3a JOJATHO IpecejyBambe Ha
ceukata. [lo oTcTpaHyBame Ha KpyIMHUTE Napydmba, MATEpPHjajoT CO IOMOII Ha eleBaTop ce
TPaHCIOPTHPA A0 CHIJIOC CO TOJieM KamamuTeT. Bo MOTHHMOT Aen Ha CHIIOCOT € TMOCTaBEeH IO3MpEH
TPaHCIOPTEP CO KOj ce A03Upa MaTepHjall Bp3 JCHTOBUIHUOT TPAHCIIOPTEP KOJIITO ja TPaHCIOPTUPA
ceykaTa o]l CHJIOCOT JI0 MIIMHOT 32 MeNewhe Ha ceukarta. [lociae MIIMHOT MaTepujalioT ce TpaHCcIiopTHpa
70 CYIIWJIMIATa Kajie CO MMOMOII Ha TOIMOJ BO3AYX MaTepHjalioT ce CYIIH J0 MOTPeOHUOT CTEeNeH Ha
BJIQXKHOCT. VICYHNIEHMOT M WCHTHET MaTepHjaj ce CKJIaJupa MOBTOPHO BO CHIIOC BO KOJIITO CO
nmoceOHU MEIIAJKK Cce BPLIM XOMOTeHH3aluja Ha cmecata. OJ CHIIOCOT MaTepujaioT ce J03upa U
TpaHCIOpPTUpa A0 MpecaTa 3a meneTd. JloOMeHWTe TeleTH ce TPaHCIOPTHUpaaT cO IOMOII Ha
TpPaHCIOPTEp M BO HCTO BpeMe ce JiaJaT BO JaIMIHUK 3a menerd. [lo nagemero, menerure ce
mpocejyBaar 3a Jia ce OTCTpaHaT JpBHATA MpalllHA U CHTHUTE YECTHUYKH O] IpBO. ['OTOBHTE MeneTu
ce CKJIaIpaaT BO CHIIOC 3a TIeJIETH, ITOJ] KOj € CMECTEHa Bara W ypeJ 3a NaKyBarbe Ha IeIeTHTE.

Io 3aBpiTyBame Ha TEXHOJOTH]jaTa HAa MPOM3BOJACTBO, CIEAYBA MOCTATIKATA 32 TIAKYBAHe Ha
nenerure. HajuecTw HAuMHKM 32 HUBHO I1aKyBame CE. MAKyBame BO IUIACTHYHHM Bpekd ox 15
KHIIOTPaMH WM MAKyBake BO BPEKU O] eleH TOH. 3a CKJIaJNpame Ha eIeH TOH TeeTH MoTpedeH e
npoctop ox 1,5 m?,

4 AHAJIM3A HA UCKOPUCTEHHMOT INOTEHLUJAJI ITPETBOPEH BO JTOBUEHA
EHEPITJA

JpBonpepaboTyBaYKHOT KananuTeT Ha PenmyOnuka MakeaoHuja BO MOMEHTOT ce ABMkH o1 20
1o 25 axtuBHH THiaaHd. CeBKYITHHOT TOJUIIEH MPOU3BOJICH KAlalUTeT Ha MIJIaHUTE 32 mpepadoTka
Ha NAJIAHCKH TPYIIHM M3HecyBa npocedyro 5000 m® mo numana. OJ TOj KamaluTeT, KBAHTHTATHBHOTO
HMCKOPUCTYBame Ha JpBHATa Maca € paclipeleneHo Ha cieqHuoT HauuH: 48% o1 ceBKymHaTa Maca
ornara Ha pexxeHa rpara, 43% oau Bo oTmanory U 9% oau Bo 3aryOu mopajau HajMep Ha coOMpame
(Bmara).

Pexxenata rpara ce moOuBa Taka INTO TPYNIUTE Ce OMYAT HAMEHCKH CIOpEN OIHATpEN
MOCTaBeHATa JIMCIIO3UIINja 32 PEXEHEe BO OJHOC Ha jacOenuHarta. 110 pexemero Ha TPYIIHTE Ce
JOOMBAaaT MUJIAHCKH COPTHMEHTH, HO CE€ CO3/1aBa M M3BECHO KOJIMYECTBO HA KPYIEH U CUTEH OTTIAJIOK
(mperxomno criomentatute 43%). Ox BKymHHOT oTmanok, 90% ornara Ha kpyneH ortnagok u 10%
oTnara Ha CHTEH OTHaJoK. KpymHUOT OTIaJI0K T0 COYMHYBAAT KamamuTe, OAPE30IUTE U U3PE30IUTE
OJ] HATIPEYHOTO U HAJIOIKHOTO PEXEHE MPH KPAaTeHhe W OKpajuyBamke Ha rparata. VcTo Taka KpymHH
oTnajony ce hopMupaar u npu GOpMaTUIUPAKHETO Ha TPYMIIUTE HA YenaTa, BO GopMa Ha TPKAJIECTH
onpesonr. CHTHHOT OTHAJOK TO COYMHYBA IMHJICBHHATA JOOWEHA NMPH PEKCHETO U CEUCHETO Ha

TPYIIIUTE.

Cauxa 2. Pe30Bu kaj Tpynen 100MeHd €0 NpU3MHUPaIbe
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ﬂpBeHHOT OTHajgoK uin ,,JpBCH OCTaTOK" nperCTaByBa OIJINYCH HOTCHHHﬁUI KakKoO NOBpPCTO
TOpUBO 3a TCXHOJIOIIKO IMPOU3BOJCTBO HA BOJICHA IIapa WJIM TOIlJIa BOAQ, KOja Ke ce KOpUCTU KaKO
MCINYM IPHU NApCHETO U CYHICHCTO Ha OnueHuTe COPTUMCHTHU.

bunanc
I'pafa u 1pyru npousBoau 48%
Kpyren otnamok 38%
CuTeH OTIIa0K 506
Hammep Ha coOuparbe 9%
Brymio 100%

Tabena. 1 KBaHTUTATMBHO NCKOPUCTYBam-€ HA I[PBHATA Maca Ha Oyka

[IpuKakaHO KOMHMYMHCKH, O BKYIHHOT MPOM3BOJAEH KamamuTeT Ha mmmaHata (5000 md),
2400 m® ce pexana rpara, momeka 2150 m® e BKYNHHOT OTNAJOK, a OCTAHATHOT JeN KOj ce I'you
nopajyd HaaMepoT Ha coOupame, He ¢urypupa Hukane. KonkperHo, cnenuduyHata TeXWHa Ha
6ykaTa m3Hecysa 0,7 t/m°. McraTa mOMHOXeHA cO BKYMHHOT oTnafok ox 2150 m® raBa xommunna ox
1680 t. KpymHHOT 1 CHTHHOT OTIIAaI0K JOOMEHU MPH MIUTaHCKa 00paboTKa Ha TPYMIA UMa CONPKUHA
Ha BJIara Bo u3Hoc of okony 40%. 3a moOuBame Ha KBAJIMTETHH TI€JIETH, MOTPEOHO € BiaraTa Jia ce
Hamau Ha 8-10%, 11ITO TOBEIYBa J0 3rojeMyBame Ha clielu(prIHaTa Maca Ha CypOBHHATa, OHOCHO
konmryecTBOTO o7 1680 t ormazok ce ceexyBa Ha 1120 t cyBa cypoBHHA 3a TeneTH (KOJIUIECTBOTO Ha
BJIaXKHa CYpOBHHa ce jaeiau co ¢akrop 1,5-1,7 3a na ce qo0re KOJUYECTBOTO HA CyBa CypoBHHA). Toa
3Ha4yM JieKa Of] BKYIHUOT IIPOM3BOJICH KamaluTeT Ha 25 nuiaHu ce Ao0uBa rOAMIIHA CypOBHMHA 3a
MIPOM3BOACTBO Ha menerd o Oyka oz 28 000 t/god.

5000 m3 * 48 % = 2400 m3 — Pexena rpara
5000 m3 * 38 % = 2150 m3 — BkyneH oTnaok

BxytieH mpon3BojieH KamanyuTeT Ha MJIaHuTe BO MakenoHuja:

(2150 m* » 0.7 -5) ‘
15 * 25 MWJIaHU = ZSOOOW

Homnara TorummHCcka Mok Ha Oykara m3HecyBa mpocedno 17000 kJ/kg. 3a ma ce moOue
MOTEHIIMjaTHaTa BKYITHA €Hepruja JoO0MeHa Ol Toa KOJIMYECTBO Ha CYpOBHHH, HCTOTO CE MHOXKH CO
TOIUTHHCKATa MOK, TI0 TITO ce nobuBa eHepruja ox 588x109 kJ, omrocHo 163 GWh.

28000 —— x 17000 = 476 « 10° kJ
god kg

OpmHOCHO, M3pa3eHo BO Mpou3BeaeHa eHepuja 1o GWh,

476%10° )k

( 3600) L= 132%}5

Jlokonky ce 3eMe Jieka MmpoceyHaTa MOTPOIIyBadKka Ha eMHO JoMakuHCTBO n3HecyBa 6000 kWh
TOJMIITHO, MOXE Jia C€ BUIM JIeKa BKYITHHOT IOTEHIIMjaJIeH MPOU3BOJIEH KalallTeT Ha MUJIAHUTE €
JIOBOJIEH 3a cHaOmyBame Ha okonmy 22 000 momakuHctBa. Ce mompa3Ompa JieKa IMOTEHIUjaTHHOT
MPOU3BOJICH KaNalUTET Ha MUJIAHUTE CE PA3IUKyBa O]l PEaTHUOT.

5 3AKJIYYOK

Hako Omomacara Kako Jiell Ha €Heprerckuor Omnanc Ha PemyOnmka MakemoHMja BO TEKOT Ha
MOCTIEIHUTE TPUECETHHA TOAMHHU YY4ECTBYBa CO MaJl MPOLEHT of camo §-10%, Moxe Ja ce BUIu Jeka
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CypoBHHATa JO0OWMEHA O] ApBHATAa WHAYCTpHja MMa IMOTEHIWjan aa cHabau co eHepruja Hanm 20 000
nomakuHcTBa. Ce pa30upa Jieka MOTEHIMjaTHHOT TPOU3BO/ICH KAIAIIUTET Ha MUJIAHUTE Ce pa3inKyBa
ox peannuot. Toa e 3aToa IUTO MHJIAHUTE CE PACIOPEICHHU MO IiejaTa TEPUTOpUja Ha Op)KaBaTa, U
HUTY €IHa HE MOXKE Jia IO JIOCTUTHE CBOJOT MOTEHIWjal. PerieHue 3a Toa OM OWUIIO JTOKOJKY
MUJICBUHATA U CUTHHOT OTIAJ0K O] TIOBEKe 00JIacTH, Ce rPyMUpaaT U HOCAT BO HajOJIHMCKATA MUJIaHA.
[lo nampaBeHaTa aHaiuM3a Ha WCKOPUCTCHUOT IIOTEHIMjal JOOMEH Ol JAPBONpepadoTyBadkata
uHAycTpuja BOo MakenoHHWja, MPETBOPEH BO A0OMEHa cHepryja YTBpAMBME JeKa TOj H3HECYBa
npubmmwkao 130 GWh.  IIpoektupanoro mpoceuHo roauinHo npousBoactBo Ha XEII ,,Kosjak™
usnecyBa 150 GWh. Haxko eneprujara qodreHa co ymorpeda Ha OTIAI0KOT OJ] IPBHATA HHIYCTPHja €
nomaja, cermak € CIOpeJTMBa CO IPOU3BOJCTBOTO HA CamoO €IHA XHUIPOLEHTpaja Bo PemyOmuka
Makenonuja. Kako 100% uucto u eHeprercku ehuKacHO TOPHBO, MEJIETUTE CE HAYMH Ha TPECHE Ha
KOj Tpeba J1a My Ce MOCBETH MOrojieMO BHUMaHHE.

6 KOPUCTEHA JIMTEPATYPA
[1] H-p Cmae APMEHCKWU, [I-p Jdome TAIIIEBCKU, [d-p Jbyomma KAPAKAIIEBA ,Apuxemu u
nenemu‘

[2] Kwupun Ilonoecku, CrnaBe Apmencku, Emena IlomoBcka, ,.Erepeuja 00 6uomaca 6o Makedonuja®,
Arenuyja 3a eHepreruka Bo Makenonuja, Cxomje, 2010.

[3] Bpanko Pabauyucku, ,,TexHUUKO-mMexHOIOWKA U eKOHOMCKA AHAAU3A 34 NOOU2Are HA KAnayumem 00
NPUMAPHUOM KOMIIEKC 3d NPOU3800U 00 MACUBHO OPBO*.
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POSSIBILITIES FOR USING WOODEN WASTE MATERIALS FROM
SAWMILL COMPANIES IN THE REPUBLIC OF MACEDONIA FOR
PELLET PRODUCTION

ABSTRACT

The biomass as part of the energy balance of the Republic of Macedonia over the last thirty years
participates with a small percentage of only 8-10%. The question whether sufficient attention has been
paid to this resource arises, i.e. whether there are opportunities for its better use and development.
Various methodologies, types of approach, assumptions and data are used to assess the potential of
existing waste biomass sources. In this paper we will focus on the raw materials obtained from the
wood industry. Namely, what quantity of the processed timber in the Macedonian sawmills goes into
wood waste, that is, it is a potential raw material for making pellets and how much energy for
supplying consumers can be obtained from it. We will focus on the technology of pellet production
that is organized in three phases; storage of raw materials, pellet production, storage of pellets. The
aim of this paper is to analyze the utilized potential obtained from the wood processing industry in
Macedonia, transformed into energy. By doing this, we will be able to compare the current energy
capacities of Macedonia and show the number of consumers that could be supplied with the potential
raw materials obtained from the wood processing capacities in the country.
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CHOOSING TECHNOLOGY AND OPTIMAL BATTERY MANAGEMENT SYSTEM

ABSTRACT

Using batteries for energy storage is accepted as one of the most important and efficient ways of
stabilizing electrical grids.

In this paper the battery technologies that are presented are: Lead acid, Nickel Iron, Nickel
Cadmium, Lithium Iron Phosphate, Lithium Cobalt Oxide and Lithium Titanate. The specifications of
the batteries that are reviewed for each battery technologies are: chemistry, voltage, energy/weight,
energy/size, life expectancy, cost per kWh storage, depth of discharge, round trip efficiency. Battery
energy storage systems require Battery Management System (BMS). In order to have a high
performance battery system, the battery cells should be continuously balanced to maintain the
variation between the cells as small as possible. Two methodologies that are reviewed for each
battery technologies for cell balancing are passive and active BMS. In the paper two different
methodologies for cell balancing (passive and active BMS) for each battery technologyare presented.

The aim of this paper is presenting the optimal battery management system (BMS) and choosing
the best battery technology for energy storage. Increasing their use contributes to environmental
protection. The increasement of their use will contribute in the protectionof the environment in the
future.

Key words: battery technologies, battery management system, cell balancing

1 INTRODUCTION

Over the years there is a rapid increase in energy consumption. The renewable resources such as
solar and wind are difficult to control. The need for energy storage is becoming increasingly
important as more generating capacity uses renewable energy sources. Electrochemical energy storage
in batteries is attractive because it is compact, easy to deploy, economical and provides virtually
instant response both to input from the battery and output from the network to the battery. There are a
range of battery chemistries that can be used and that can offer a reliable, cost-effective solution
which can be adapted for different types of energy storage applications [1].

Electrochemical energy storage devices offer the flexibility in capacity, distributed storage and rapid
response. This energy required to obtain application demands over a much wider range of functions
than many other types of storage. There is a long history of integrating batteries into grid applications.
Battery energy storage systems (BESSs) currently account for only a small portion of energy storage
within the grids. BESSs require a battery management system (BMS) to monitor and maintain safe,
optimal operation of each battery pack and a system supervisory control (SSC) to monitor the full
system [2]. BMS is an electronic device that monitors and controls the charging and discharging of
batteries.

BMS is checking the key parameters during charging and discharging such as voltages, currents, the
battery internal temperature, state of charge (SoC), state of health (SoH) [2].It is also protecting the
cells, controlling the charge/discharge procedure, monitoring, storing historical data and most
importantly — cell balancing.
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Firstly the paper will give an overview of the various battery technologiesand their specifics, i.e.
advantages and disadvantages.

2 REVIEW OF BATTERY TECHNOLOGIES

Depending on the chemistry, there are many battery types. In this paper are reviewed several
types of battery chemistry such as: Lead acid, Nickel Iron, Nickel Cadmium, Lithium Iron Phosphate,
Lithium Cobalt Oxide and Lithium Titanate. Some of the batteries specifications are presented in the
table 1 further down the text for each of the battery chemistry: nominal cell voltage, specific energy,
energy density and life expectancy.

Lead-acid batteries require low maintenance. Typical applications are back-up for emergency power
[3].

Moreover, Nickel-iron (NiFe) batteries are resilient to overdischarge and overcharge, and resistant to
vibrations and high temperatures. For this reason, they are mainly used in mines, railroad signaling,
and trucks/forklifts [4].

Nickel Cadmium (NiCd) was the first type of Ni-based battery that has been introduced to the market.
It is highly durable, and can reach more than 1 000 cycles with proper maintenance. In addition, it can
be charged fast, performs well in low temperatures, and has among the lower costs per cycle. This has
made it the technology of choice for many years in the aviation industry, and it has also been used for
stabilising wind energy systems [4].

Furthermore, the main advantages of the Lithium Iron Phosphate batteries are long cycle life, good
thermal stability, high tolerance to full charge conditions, lower stress if kept at high voltage for long
periods, and high current rating. This makes them useful in applications that need high load currents
and endurance, e.g. as a starter battery in vehicles, replacing lead-acid batteries [5].

The main disadvantages of Li-cobalt cells are their relatively short life-span, limited specific power
capabilities, and low thermal stability, which causes overheating when the cell is charged at a current
higher than its capacity [5].

Li-titanate has good performance at extreme temperatures, and does not form a solid electrolyte
interface (SEI) film or lithium plating when charging in low temperatures, or fast charging. Typical
applications are electric powertrains and uninterruptible power supplies (UPS). The main
disadvantage of the system is its high cost, as well as its low specific energy density of 50 Wh/kg [5].

Table 1. Types of batteries depending on their chemistry

Battery Lead Nickel- | Nickel- Lithiumlron Lithium Lithium Titanate

Chemistry acid Iron Cadmium | Phosphate Cabalt Oxide | (LisTisO12)
(NiFe) (NiCd) (LiFePOy)

Nominal cell

voltage [V 2 1,2 1,2 3,2 3,6 2,4

per cell]

Energy

density 60-75 125 100 333 560 177

[Wh/L]

Specific

energy 30-50 50 45 - 80 90-120 150 — 200 50

[Whkg]

Life

expectancy 15 20 20 7 10 25

[years]

Charge/

discharge 2000 2000 2000 2000 1000 30000

cycles
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3 BATTERY MANAGEMENT SYSTEM

BESSs require a BMS to monitor and maintain safe, optimal operation of each battery pack and
also a system supervisory control (SSC) to monitor the full system. Batteries are dynamic in nature,
constantly operating outside the equilibrium state during cycling [6].

However, by utilizing physics-based models, the BMS can accurately estimate many internal
variables that allow it to gain a thorough understanding of battery state of charge (SOC) and state of
health (SOH). A BESS will incorporate a BMS that is responsible for managing the operations of the
battery. The BMS is responsible for: safe operations (thermal management, operating between safe
current and voltage limits, shutdown on detection of fault, etc.), state estimation (SOC determination),
parameter estimation (SOH determination), time remaining (tr) (depending on the applied load
profile), and other miscellaneous functions. In addition, for Li-ion and other closed-cell systems, the
BMS must also perform intercell charge balancing [7].

Battery State of Health (SOH) describes the battery performance at the present time compared with
the performance at ideal conditions (when the battery was new). It is a measurement that reflects the
battery performance and health status. In theory, by measuring the battery capacity through charge
and discharge working periods with the referenced method at certain temperature, the battery SOH
can be calculated [8]. State of Charge is used to describe its remaining capacity and is an important
parameter, which reflects the battery performance, so accurate estimation of the SOC can not only
protect battery, prevent overdischarge, and improve the battery life but also allow the application to
make rational control strategies to save energy [9].

Cell balancing is an important part of any Battery Management System. There are not two cells thar
are exactly the same. Even cells manufactured under the same conditions and coming from the same
groupe can have minor changes due to their electrochemical nature. The differences among cells tend
to increase with normal cycling and aging, leading to an unbalanced SOC of the cells. If the cells are
in series, they share the same current. This means that the cell with higher SOC will reach its
maximum terminal voltage before the others can reach full charge. On the other way, the cell with
lowest SOC will reach its minimum voltage on discharge before the other ones can deliver its full
capacity. The two methods for cell balancing are passive and active [10]. An overview of different
cell balancing methods can be found in Figure 1.

Fixed shunt
resistor

Passive
Switched
shunt resistor

Cell
balancing Capacitor

Transformer /

Active
Inductor

Converter

Figure 1. Cell balancing methods

4 ACTIVE AND PASSIVE CELL BALANCING

The passive balancing methods are based on removing the excess charge from the fully
charged cells through passive element , such as resistor, until the charge matches those of the lower
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cells in the pack. The active cell balancing methods remove charge from higher energy cells and
deliver it to lower energy cells [11].

The passive balancing methods can be categorized into two sub-categories: fixed shunt resistor and
switched shunt resistor. The fixed shunt method can be used for Lead-acid and Nickel based batteries
because they can be brought into overcharge conditions without cell damage. The features of this
method are simplicity and low cost. The second method, switched shunt resistor, can work in two
modes: continous and detecting mode. This method is more efficientthan the fixed resistor method
and can be used for the Li-lon batteries. The main disadvantages in passive balancing method is that
the excess energy from the higher cells is dissipated as heat and at high balancing currents, the heat
may affect the cells [12]. Generally passive balancing is implemented while charging only.

Different methods are used for active cell balancing according to the active element that is used
for enery storage: capacitor, inductor or converter.The energy transfer can be from one cell to the
whole battery, from the whole battery to one cell, or from cell to cell. The shuttling capacitors cell
balancing method uses capacitors as external energy storage. This method is efficient, but the
disadvantages are the relatively long balancing time and high cost compared to the passive balancing
method. However, the shuttling capacitors can be optimized using a double-tiered switched
capacitorto decrease the balancing time.Another energy conversion cell balancing method using
inductors is used to move energy from one cell to another. The high balancing current provides a
shorter balancing time. This method can be used for high power applications [13]. Active balancing
methods can provide higher efficiency than passive balancing method and can be used for many
battery technologies such as: Lead Acid, Nickel based and Lithium based battery tecnologies.

5 COMPARISON OF BATTERY TECHNOLOGIES AND BATTERY DEPTH OF
DISCHARGE

In order to choose the best technology and optimal BMS there are several characteristics that
need to be reviewed, they are presented in the Table 2. The table is divided acording to the type of cell
balancing. The fist characteristic is the battery chemistry, the dependens of the battery chemestry is
presented in the Table 1. The second characteristic is the charge/discharge cycles. A charge cycle is
the process of charging a rechargeable battery and discharging it as required into a load. The term is
typically used to specify a battery's expected life, as the number of charge cycles affects life more
than the mere passage of time. The third characteristic is the round trip efficincy. Energy storage
typically consumes electricity and saves it in some manner, then hands it back to the grid. The ratio of
energy put in (in MWh) to energy retrieved from storage (in MWHh) is the round trip efficiency (also
called AC/AC efficiency), expressed in percents (%). The fouth characteristic id the cost per kWh. In
addition to choose the best battery technology nad the optimal BMS the cost pre kWh is one of the
crutial factors [14]. The best technology and optimal BMS needs to be with good characterists and
also to be cheap. The parametars reviewed in the table 2 presents that the best technology and optimal
BMS is the battery with battery chemistry of Lithium Titanate (LisTisO12).

Table 2. Characteristics for choosing technology and optimal BMS

Passive cell balancing Active cell balancing
Battery Lead Nickel- | Nickel- Lithiumlron Lithium Lithium Titanate
Chemistry acid Iron Cadmium | Phosphate Cobalt Oxide | (LisTisO12)
(NiFe) (NiCd) (LiFePOy)
Charge/
discharge 2000 2000 2000 2000 1000 30000
cycles
Round trip
efficiency 85 60 70-90 89 97 96
[%]
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Cost [$ per | 200-500 500 350 340-590 / 500-850
kwh]
Cost  [cents 25 25 17,5 29,5 / 0,3
per cycles]

Depth of discharge (DoD) of battery indicates the percentage of the battery that has been
discharged relative to the overall capacity of the battery. When a battery has discharged its full energy
capacity, the Depth of Discharge, or DoD, is 100%. When it is anything less than that, the depth of
dischargeis the ratio of the energy that would have been discharged by the battery to reach its present
state of discharge from a state of full charge, divided by its energy capacity. When the battery is fully
charged, its DoD is 0%.The State Of Charge (SoC) of a battery is the opposite concept — it is equal to
100% when the DoD is 0%, and 0% when the DoD is 100%.The life span of many types of batteries
(lithium-ion batteries, lead-acid batteries or nickel-iron batteries) depends heavily upon the number of
charge/discharge cycles they undergo. The deeper the DoD per cycle, the shorter the life span. In
Figure 2 is presented the dependance of the number of cycles from DoD. As cycle life is influenced
by depth of discharge, lead acid batteries must be limited to 30% DoD to get comparable life to a

lithium-ion that is at 75% depth of discharge. Lead acid battery must be larger in capacity than lithium
based batteries [15].

......

Capacity %

100% DOD 80% DOD 50% DOD

0 100 200 300 400 500 600 700 800 900 1000 1100 1200
Cycle Life
Figure 2. Depth of discharge (DoD) versus Cycle life

6 CONCLUSION

First of all it can be summarized that active cell balancing is more efficient than passive cell
balancing because of the heat losses in the passive elements.Passive cell balancing is generally used
in cell balaning during charging, while active cell balancing can be used in both charging and
discharging. Active cell balancing methods can be implemented with lithium based batteries.

For optimal battery management system, active cell balancing method can be implemented in lithium
titanate battery technologies. These battery technologies have high cost, 500-850 $ per kWh, however,
as presented before they have 30000 charge/discharge cycles and higher life expectancy in
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comparison to other battery technologies. Because of the high number of charge/discharge cycles,
lithium titanate battery technologies have very low cost per cycles of 0.3 cents per cycles.
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POWER FACTOR CORRECTION - AN OVERLOOKED BUT POWERFUL
TOOL FOR INCREASING ENERGY EFFICIENCY

ABSTRACT

In a context of increasing energy demands, higher energy costs, dwindling resources and growing
concerns about climate changes, power factor correction appears to be one of the easiest and most
effective means to improve energy efficiency. However, most users are not well informed about the
possibilities that the power factor correction offers, therefore not enough attention is drawn to the
perspectives of these systems and their advantages are not fully exploited.

This paper shortly presents the concept of power factor correction (PFC). The different solutions
where PFC systems can be installed are discussed. Some possible means of determination of the
required capacitor rating are given. The electric energy parameters of an electric drive with an installed
PFC system are analyzed using the software tool Metrel Power View. Additional examples are used in
order to bring out the advantages of these systems, as well as their indirect, positive influence on the
environment. Furthermore, the built and performance characteristics of PFC systems are mentioned,
including the parameters which affect their utilization and life span. Therefore, harmonics are also
stressed in this paper, as well as installation of PFC systems in networks with harmonics.

Keywords: power factor, reactive power compensation, energy efficiency, power quality

1 INTRODUCTION

Power factor correction (PFC) systems make a major contribution to achieving energy efficiency
and reducing CO2 emissions, and are thus an indispensable component of modern electrical
installations. At present-day electrical power tariffs, any investment in a PFC system usually pays for
itself within one to three years, or even less. After that time the PFC system offers an improved energy
balance and added company profitability, month after month. It is therefore a particularly lucrative
investment when the system has a long service life; the longer it continues to operate, the greater is the
return for the user.

The pollution of our public supply networks with harmonics continues to increase steadily. A major
reason for this is the large number of switched-mode power supply units in computers, televisions,
electronic ballast and similar devices. Moreover, the renewable energy production such as photovoltaics
and wind energy contribute significantly to that. Therefore, it is of great importance to have a PFC
system designed to work in challenging environments and well-equipped to assess specific situations.
Also, a greater robustness is an additional bonus to any PFC system.

2 FUNDAMENTALS OF POWER FACTOR

Most loads in modern electrical distribution systems are inductive, therefore, need a magnetic field
to operate. Power factor is the ratio of working power to apparent power. It measures how effectively
electrical power is being used. A high power factor signals efficient utilization of electrical power, while
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a low power factor indicates poor utilization of electrical power, or in other words, that the electrical
energy that is being payed for is not fully utilized.

cosp = S 1)

The reactive current circulating between the utility company’s generator and the consumer
converts electrical energy into heat in the power distribution system, and so is an additional load on
generators, transformers, cabling and switchgear. Energy losses and voltage drops are incurred. If there
is a high proportion of reactive current, the installed conductor cross sections can not be fully utilized
for transmitting useful power, or must be appropriately over-dimensioned. From the utility company’s
standpoint, a poor power factor increases the investment and maintenance costs for the power
distribution system, and these additional costs are passed on to those responsible, i.e. those power
consumers with poor power factors. A meter for reactive energy is therefore installed in addition to the
one for active energy.

3 TECHNICAL ADVANTAGES OF POWER FACTOR CORRECTION

By correcting the power factor of an installation supplying locally the necessary reactive power, at
the same level of required output power, it is possible to reduce the current value and consequently the
total power absorbed on the load side; this implies numerous advantages, among which a better
utilization of electrical machines (generators and transformers) and of electrical lines (transmission and
distribution lines). In the case of sinusoidal waveforms, the reactive power necessary to pass from one
power factor cos¢; to a power factor cos¢, is given by the relation (valid for both three-phase as well
as single-phase systems):

Q.=Q,—Q,=P(tgp, — tgy,) 2
Where:

P is the active power; Q, , @;and Q,, ¢, are the reactive power and phase displacement angle before
and after power factor correction respectively; Q. is the reactive power for power factor correction

Picture 1. Visualization of PFC

3.1 Better utilization of electrical machines

Generators and transformers are sized according to the apparent power S. At the same active power
P, the smaller the reactive power Q to be delivered, the smaller the apparent power. Thus, by improving
the power factor of the installation, these machines can be sized for a lower apparent power, but still
deliver the same active power.

3.2 Better utilization of electrical lines

Power factor correction allows to obtain advantages also for cable sizing. In fact, as previously
said, at the same output power, by increasing the power factor the current diminishes. This reduction in
current can be such as to allow the choice of conductors with lower cross sectional area.

3.3 Reduction of power losses

The power losses of an electric conductor depend on the resistance of the conductor itself and on
the square of the current flowing through it; since, with the same value of transmitted active power, the
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higher the power factor, the lower the current, it follows that when the power factor rises, the losses in
the conductor on the supply side of the point where the power factor correction has been carried out
will decrease.

3.4 Reduction of voltage drop
The drop of the line-to-line voltage in a three-phase line can be expressed as follows:

AU = 3I(Rcos + Xsing) = P(R + Xtge)/U ?3)

As it can be noticed, the smaller the phase displacement angle ¢ between voltage and current (with
the same active component of the load current and therefore with the same active power) the smaller
the voltage variation; moreover, this variation is minimum if there is no reactive power absorption.

4 CORRECTION METHODS

4.1 Individual power factor correction

In the simplest case, an appropriately sized capacitor is installed in parallel with each individual
inductive consumer. This completely eliminates the additional load on the cabling, including the cable
feeding the compensated consumer. The disadvantage of this method, however, is that the capacitor is
only utilized during the time that its associated consumer is in operation. Additionally, it is not always
easy to install the capacitors directly adjacent to the machines that they compensate (space constraints,
installation costs).

This kind of PFC is used to compensate the no-load reactive power of transformers, for drives in
continuous operation and drives with long power supply cables or cables whose cross section allows no
margin for error. The advantages of this type of PFC are complete elimination of reactive power from
the internal power distribution system low costs per kvar. However, the PFC system is distributed
throughout the entire facility, it has high installation costs and a larger overall capacitor power rating is
required.

4.2  Group power factor correction

Electrical machines that are always switched on at the same time can be combined as a group and
have a joint correction capacitor. An appropriately sized unit is therefore installed instead of several
smaller individual capacitors. This configuration is mostly used in the case of several inductive
consumers provided that they are always operated together. It is more cost-effective compared to
individual PFC but the group of consumers must always be operated at the same time.

4.3 Central power factor correction

The PFC capacitance is installed at a central point, for example, at the main low voltage distribution
board. This system covers the total reactive power demand. The capacitance is divided into several
sections which are automatically switched in and out of service by automatic reactive power control
relays and contactors to suit load conditions. This method is used today in most instances. A centrally
located PFC system is easy to monitor. Modern reactive power control relays enable the contactor status,
cos @, active and reactive currents and the harmonics present in the power distribution system to be
monitored continuously. Usually the overall capacitance installed is less, since the coincidence factor
for the entire industrial operation can be taken into account when designing the system. This installed
capacitance is also better utilized. It does not, however, eliminate the reactive current circulating within
the user’s internal power distribution system, but if adequate conductor cross sections are installed, this
is no disadvantage.

4.4 Hybrid power factor correction

Economic considerations often show that it is advantageous to combine the three methods
described above.
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5 DETERMINATION OF REQUIRED CAPACITOR RATING

In general, it can be assumed that if a PFC system is correctly dimensioned, the entire costs for
reactive energy can be saved. Therefore, the determination of required capacitor rating is one of the
most important aspects when PFC is applied.

To carry out distributed or group power factor correction, it is necessary to calculate the cos¢ of
the single load or of the group of loads (factory areas); this can be carried out as follows:

» directly, through direct measuring by means of a powerfactor meter;

« indirectly, through the reading of the active and reactive energy meters;

The power-factor meter is a measuring instrument able to display the power factor cos¢ according
to which the load is absorbing energy. The reading of the instrument shall be carried out in different
moments of the load cycle, so that an average power factor value can be obtained. If the readings of the
active and reactive energy absorbed by the load or by the whole of the loads constituting the factory
areas during a work cycle are available, the average power factor can be calculated as follows:

cos@ = cos(tg™?! (M)) 4
Epr—Epi

where:

* Eor and Ey; are the values of active and reactive energy read at the beginning of the work cycle;

* Eps and Ep; are the values of active and reactive energy read at the end of the work cycle;

To carry out a centralized power factor correction, the average monthly power factor can be
obtained as previously illustrated or directly from the bills of the power supply authority.

Once the power factor of the installation and the power factor to be obtained are known, it is
possible to calculate the reactive power of the capacitor bank necessary to improve the power factor.

Picture 2. Phasor diagram

Indicating by:
e P —installed active power
e (, - the phase displacement angle before PFC

e (¢, - the phase displacement angle after PFC
The power of the capacitor bank is:

Q. = (tgp, —tgp,)P = KP (5)

There are many possible applications for capacitors some of which include:
e PFC of discharge lamps

¢ Individual PFC for transformers

e Individual PFC for motors

6 POWER FACTOR CORRECTION SYSTEMS

In this paper we are focused only on banks of static capacitors as one of the main means of reactive
power generation. Therefore, a PFC system consists of:
e Reactive power control relay
¢ Banks of capacitors switched in and out by contactors or solid-state switches
e Filter reactors, if needed
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e Audiofrequency suppression circuits, if needed

e Group overcurrent protection

e Athermostatically controlled cooling fan, if filter reactors are installed

The components can either be assembled on a mounting plate or, if a modular system capable of
being extended at a later date is called for, in a control cabinet. PFC systems are installed in power
distribution networks where the reactive power demand fluctuates constantly. The capacitor power
rating is divided into several sections that can be switched in and out by an automatic reactive power
control relay via contactors or steady-state switches to suit load conditions. A centralized PFC system
is easy to monitor. State-of-the-art reactive power control relays enable switch status, cos ¢, active
current, reactor current and the harmonics present in the network to be monitored continuously. Usually
the total capacitor power rating can be less than with individual power factor correction since the
coincidence factor can be taken into account when designing the complete industrial facility. Optimum
use is thus made of the installed capacitor power rating.

6.1 Power capacitors

Most power capacitors nowadays are manufactured with a self-healing dielectric. If this is
punctured due to overload conditions (e.g. overvoltage), the capacitor element effectively repairs itself.
As an additional protective measure, every capacitor has a reliable internal safety device which responds
to excessive pressure.

Three key factors are important in the operation of power capacitors in power distribution systems:

e Rugged construction
e Long life expectancy
e Safety under overload conditions

Power capacitors are components with a very high power density, nowadays a reactive power of
some 16 kvar being accommodated in a volume of one litre. This is achieved by attaining a very low
dissipation factor and a high degree of utilization of the dielectric. To achieve a long service life despite
this high energy density, partial discharges (i.e. negligible electrical discharges within the dielectric
material) must be suppressed.

Overvoltage, overheating and harmonics shorten the life expectancy of a capacitor. Only extreme
cleanliness in the production process and maximum purity of the materials used prevent a worsening of
the loss factor and thus a reduction in dielectric strength and current-carrying capacity. Voltage
endurance tests under very severe test conditions (1.5 x rated voltage, 60 °C ambient temperature, high
harmonic distortion) are regularly carried out on capacitors from the production line. The loss of
capacitance is far less than 1%, the failure rate is infinitesimal and the dissipation factors remain stable
at a very low level.

7 HARMONICS

Technological development in the industrial and household field has led to the spread of electronic
equipment which, due to their operating principle, absorb a non-sinusoidal current (non-linear load).
Such current causes on the supply side of the network a voltage drop of non-sinusoidal type with the
consequence that also the linear loads are supplied by a distorted voltage. The harmonics are the
components of a distorted waveform and their use allows to analyze any non-sinusoidal periodic
waveform by decomposing it into several sinusoidal components using Fourier analysis. One of these
waveforms has the supply frequency while the other waveforms, also known as harmonics, have
frequencies that are integral multiples of the basic oscillation and are denoted by the ordinal number
‘n’.

The presence of harmonics in the electrical network may be the cause of malfunctioning of the
equipment, such as in the case of overloading of the neutral conductor, of increase of losses in the
transformers, of disturbances in the torque of motors, etc. In particular, harmonics are the phenomenon
which most heavily affect power factor correction capacitors.

Capacitive reactance is inversely proportional to frequency, therefore the impedance offered to the
voltage harmonics decreases as the harmonic order increases. This means that, if supplied by a distorted
voltage, the capacitors can draw a current of such intensity that it could seriously damage them.
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I, = V3wC/(UZ + X5 (nU,)?) (6)

From this relation it is evident that the current absorbed in the presence of voltage harmonics is
higher than the current to be considered in case of their absence.

7.1 Effects of PFC on networks with harmonics

A PFC system with no detuning forms an oscillatory circuit with reactive line impedances. The
resonant frequency is determined as follows:

1
fr= 2nwVLC (7)

When the capacitor stages of the correction system are switched in, the network resonant frequency
changes considerably and is repeatedly close to the frequency of a network harmonic. If the natural
resonance of this oscillatory circuit is near to a network harmonic that is present, it is to be expected
that resonance will increase the harmonic voltages.
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Picture 3. Amplification factor for harmonic voltages in PFC system without detuning in the low voltage
network

When resonance occurs, the network r.m.s. voltage only increases slightly, but the r.m.s. value
of the capacitor current increases considerably. For this reason a high current-carrying capacity is one
of the most important quality characteristics for a capacitor.

Capacitor banks can be used combined with inductors in order to limit the effects of the harmonics
on a network. Actually, the combination capacitor-inductor constitutes a filter for harmonics.

8 ANALYSIS USING METREL POWER VIEW

In order to visualize the benefits of power factor correction, the electric energy parameters of an
electric drive with an installed PFC system are analyzed using the software tool Metrel Power View.
Two scenarious were observed, one with PFC system conneceted in the network of the electric drive,
and another one with a disconnected PFC system. Afterwards, the results from the two measurements
were compared in order to stress the positive influence of the PFC system regarding the consumed
energy and the power drawn from the electric drive.

Details about the measurements:

e The measurement with included PFC system was made on 21.1.2015 and lasted 8h (from
14:54:30-22:54:30h); The measurement without PFC system was made on 28.11.2014 and
lasted 16h (from 16:16:30-08:16:30h).

e Both measurements include 5761 intervals (every 5s for the one with PFC system; every 10s
for the one without PFC system)

e The nominal voltage for both cases was 230V with dip and swell thresholds 90% (207V) and
110%(253V ) respectively

The first observation is regarding the levels of the phase voltages for both cases. The results are
graphically shown on the following figures:
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Picture 4. Phase voltages with included PFC
The average values of the voltages per phase are: U1=223.7915V; U2=223.3978V; U3=223.6024V
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Picture 5. Phase voltages without PFC

The average values of the voltages per phase are: U1=221.2315V; U2=221.0045V; U3=221.0894V
Seconly, we observe the required reactive and apparent power for both cases:

Picture 6. Total apparent power with PFC
Average values of the total apparent power with PFC is: S=248.0059kVA

1516.00:00 21.1.201% 18:00:00 21.7.2015 20:00:00 21.1.201522:00:00

Picture 7. Total reactive power with PFC
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Average value of the total reactive power with PFC is: Q=129.4242kVAr

4-11-28 18:00:00 2094-11-28 27.00:00 2014-11-20 00:00:00 2014-11-29 02:00:00 2014-11-28 06,0000

Picture 8. Total apparent power without PFC

Average value of the total apparent power without PFC is: S=467.2928kVA

4-11-28 18:00/00 2014-11-2821/00:00 2014-11-29 00.00:00

Picture 9. Total reactive power without PFC

Average value of the total reactive power without PFC is: Q=253.5621kVAr

The last observation is made upon the values of the power factor:
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Picture 10. PF with PFC

The avarage value for the PF in this scenario is 0.85.
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Picture 11. PF without PFC
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The avarage value for the PF in this scenario is 0.79.

From the measurements we can deduce that not only does the power factor improve, but the amount
of reactive and apparent power that the electric drive needs is almost double without PFC.

9 CONCLUSION

Improving the power factor means taking the necessary steps to increase the power factor in a
defined section of the installation by locally delivering the necessary reactive power so that the value
of the current and consequently of the power flowing through the upstream network can be reduced, at
the same required output power. In this way, the lines, the generators and the transformers can be sized
for a lower apparent power. From a strictly technical point of view, a suitably sized installation can
operate properly also in case of a low power factor; for this reason there aren’t standards prescribing
the precise value of power factor that an electrical installation should have. However, improving the
power factor is a solution which allows technical and economic advantages; in fact, managing an
installation with a low cos¢ implies an increase of costs for the power supply authority, who
consequently applies a tariff structure which penalizes the withdrawal of energy with low power factors.
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ENERGY EFFICIENT MOTORS

ABSTRACT

Over half of all electrical energy consumed in the Electrical Energy System (EES) is used by
electric motors. Improving the efficiency of electric motors and the equipment they drive can save
energy, reduce operating costs, and improve our productivity. About ninety percent of all the electric
motors in the world are induction motors, and therefore the improvement of energy efficiency is focused
on them.

Energy efficiency should be a major consideration when you purchase or rewind a motor. The
annual energy cost of running a motor is usually many times greater than its initial purchase price. For
example, even at the relatively low energy rate of $0.04/kWh, a typical 20-horsepower (hp)
continuously running motor uses almost $6,000 worth of electricity annually, about six times its initial
purchase price.

Motor efficiency is the ratio of mechanical output power to the electrical input power, usually
expressed as a percentage. Considerable variation exists between the performance of standard and
energy-efficient motors. Improved design, materials, and manufacturing technigues enable energy-
efficient motors to accomplish more work per unit of electricity consumed.

Energy-efficient motors offer other benefits. Because they are constructed with improved
manufacturing techniques and superior materials, energy-efficient motors usually have higher service
factors, longer insulation and bearing lives, lower waste heat output, and less vibration, all of which
increase reliability. Most motor manufacturers offer longer warranties for their most efficient models.

Key words: Induction Motor, Mathematical Model, Losses calculation, Efficiency model..
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1 CALCULATION OF LOSSES

The difference between the input electric power and mechanical output power is defined as power
losses. The power losses in present in induction motors can be divided in few groups such as:

1. Core power losses (constant loss)

2. Copper power losses (R*1? loss, Variable loss)

3. Friction and windage power losses (Mechanical losses)
4. Stray power losses

Core losses are constant losses, i.e. they will not change when the load is changing. The core power
losses of motor are directly proportional to supply voltage. The core power losses of an induction motor
depend upon the frequency and the maximum flux density when the volume and thickness of the core
lamination are given. The core power losses can be reduced by reducing the supply voltage. The core
power losses are consisted of two components which are as follows.

Eddy current loss is occurring due to flow of circulating current in the motor core, this circulating
current can be limited by laminating the motor core, the eddy current loss is occurring in the form of
heat.

Hysteresis loss is occurring due to the magnetic property of the core material, due to the saturation of
the material hysteresis loss occurs in the form of heat. For reducing the core loss we can adjust supply
frequency, flux density and supply voltage, core loss occur due to flow of I_w (core loss current)
through the R_0 (core loss resistance),the no load current of the motor is combination of the I_w+I_p

Copper loss varies as a function of load current. Whenever load is applied to the motor copper loss also
will change. In squirrel cage induction motor normally turns ratio is taken as 1, because due to short
circuit on the rotor side rotor number of turns will replicate stator number of turns, so in squirrel cage
induction motor stator and rotor currents are considered as equal in magnitude. Due to this stator and
rotor copper loss will be same in magnitude. Copper Loss contain two components they are,

Stator copper loss is directly proportional to the supply or stator current of motor; this stator current
can be measured directly at stator side so calculation of this loss is easier. When load is increasing load
current also will increase so this copper loss also will increase.

Poys = R * Izs €

S

|
600 1000 1 2000 2500

stator cu loss{Watts|

;;".'VW “l

Rotor copper loss is directly proportional to the rotor current. Measurement of rotor current is not so
easy as stator current measurement. The easiest way to measure rotor current is turns ratio. Rotor copper
loss can be calculated by measuring the slip value, since rotor loss is proportional to slip speed. When
slip value is low, rotor copper loss will be less. One way to reduce rotor copper loss is by controlling
the speed of induction motor.

&00
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Figure 1. Stator copper loss
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Figure 2. Rotor copper loss
Poyr = R+ I%, )
Total copper loss:
Poy =R, *I*, + Ry + I% ©)
Where: Is-stator current, I-rotor current, Rs-stator resistance, Ry-rotor resistance.

Here stator and rotor copper losses are calculated for per phase value of current. For total copper loss,
it is necessary to multiply with no of phases. Stator copper loss is shown in the Fig8 and rotor copper
loss is shown in the for variations in the load. Total copper loss is the addition of stator and rotor copper
loss.
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Figure 3. Total copper loss

Friction and Windage losses are mechanical losses present in the motor, friction loss occurs due to the
friction in motor parts like bearings. Windage loss occurs due to the wind opposition for motor rotation.
According to IEEE standard friction loss will be 1% of output power for 5SHP motor. This standard
value varies based on the motor power rating.
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Figure 4. Friction and Windage
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1.1 Development of efficiency model

Performance of induction motor can be analyzed by calculating the efficiency of the motor knowing the
input and output of the motor. But when one of these parameters is unknown, by calculating losses
unknown can be inferred. In this work input power to the motor is unknown since Power factor of the
motor is not known, so by calculating output power and losses, input power is calculated. Efficiency
can be calculated by using the formula.

Outputpower

Efficiency =

4
outputpower +losses ( )

Efficiency of the motor varies as load varies, when the applied load is low, efficiency of the motor
becomes less. As load increases, efficiency also will start to increase.

Efficiency{"}

il :'||III I||i|| ":Ill 1|i| ".I il
Sampling Instants

Figure 5. Efficiency in open loop

1.2 Methods for efficiency improvement

Beside from the manufacturing efficiency improvement approach, the efficiency can be also improved
by application of two control methods, such as:

1. Conventional method using PID.

2. Fuzzy optimization technique.

Conventional method using PID

Normally the efficiency by using this method can be improved by implementing two different
approaches,

1. Power factor improvement method (for low load condition)
2. Constant speed control method (for higher load condition)

At the low load condition, the major part of the loss is core loss, the core loss of the motor can be
reduced by reducing the magnetizing current of the motor. Cause for core loss is magnetic saturation of
the motor windings. If the supply voltage to the motor is reduced at low load condition, the reactive
current taken by the motor will be reduced and real current will be increased in order to make apparent
current remains same and the power factor also increases. But voltage should not be reduced below
certain limit.
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Fuzzy optimization technique

Fuzzy controller is acting in supervisory mode for providing set point to control the direct axis
current. The fuzzy logic is an aggregation of rules, based on the input state variables condition with a
corresponding desired output. According to the optimization principle, two input variables are
considered torque current component Ids and its integral square variation. The output of the fuzzy
controller is the no load 10, which is calculated to minimize iron losses

2. ANALYZING MOTOR EFFICIENCY OPPORTUNITIES

2.1. Calculating Annual Energy and Demand Savings

To determine the annual cost savings from the purchase of a premium efficiency motor, first you need
to determine the annual energy consumption and demand savings. Premium efficiency motors require
fewer input kilowatts to provide the same horsepower output as a standard efficiency motor. The
difference in efficiency between the premium efficiency motor and a comparable standard efficient
motor determines the demand or kW reduction. For two similar motors operating at the same load but
having different efficiencies, you can use Equation 1 to calculate the reduction in input kilowatts. With
the reduction in input power known, annual energy savings can be calculated as shown in Equation 6.
Equations 5 and 6 apply to motors operating at a specified constant load.

)

KWsavep = HP X [LOAD%/100] x 0.7457 X ( 100 100 )

NsTD NPREM

Where: kWsaveo =Savings from efficiency improvement in kW, hp = Nameplate rated horsepower,
Load =Output power as a % of rated power, nstp = Efficiency of a standard motor as operated in %,
nerem = Efficiency of premium efficiency motor as operated in %.

KWhsavinegs = KWgrepucrion X HOURS (6)

Where: kWhsavines =Annual electric energy saved in kWh, kWsavep =Savings from efficiency
improvements in kW, Hour s = Annual operating hour

For varying loads, you can apply the energy savings equation to each portion of the duty cycle
where the load is relatively constant for an appreciable period of time.Total energy savings are then the
sum of the savings for each load period. The equations are not applicable to motors operating with
pulsating loads or to loads that cycle at rapid intervals. You can use demand savings and annual energy
savings, along with utility rate schedule information, to estimate your annual reduction in operating
costs. This general calculation of total annual cost savings is shown in Equation 7. Apply seasonal
demand charges appropriately and always examine declining block rate schedules to ensure that savings
are based on marginal energy costs.

SAVINGS = (KWsaygp X 12 X RATEp) + (KWhgayve X RATEE) )

Where: Savings = Total annual dollar savings, kWsavep =Savings from efficiency improvements in kW,
Ratep =Monthly demand charge in $/kW/mo, kWhsavines =Annual electric energy saved in kWh, Rateg
=Tailblock energy charge in dollars per kwWh

2.2. Assessing Economic Feasibility

Because of better design and low-loss/high-quality materials, premium efficiency motors typically cost
15% to 30% more than their energy efficient counterparts. In many situations (e.g., new motor
purchases, repairs, or motor replacement) you quickly recover this price premium through energy cost
savings. To determine economic feasibility, examine the total annual energy savings in relation to the
full or incremental cost of purchasing and installing the premium efficiency motor. Most industrial plant
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managers base their energy efficient equipment purchase decisions on a simple payback analysis, and
they require that investments be recovered through energy savings within 1 to 3 years. The simple
payback is defined as the period of time required for the savings from an investment to equal the initial
or incremental cost of the investment. For initial motor purchases or replacement of burned-out and
non-rewindable motors, the simple payback period for the investment in a new premium efficiency
motor is the incremental cost for the premium efficiency motor (less any available utility rebate) divided
by the total annual cost savings. No installation costs are assessed as either the premium efficiency or
energy efficient motor must be installed. This calculation is shown in Equation 8.

__ ACOST—-REBATE

SPB (8)
SAVINGS

Where: SPB = Simple payback in years, A Cost =Price premium for premium motor compared to an
energy efficient motor, Rebate =Utility rebate for premium efficient motor, Savings = Total annual
dollar savings

For the motor repair/replace decision, the simple payback is the total cost of the new premium efficient
motor minus the repair cost and any utility incentive (if available), divided by the total annual electrical
energy and demand reduction cost savings. Motor removal and installation costs are not considered as
the failed motor must be removed and a replacement spare or premium efficient motor installed. For
replacement of in-service or operating motors, the simple payback is the ratio of the full cost of
purchasing and installing a new premium efficiency motor relative to the value of the total annual
electrical savings. Base or “bare” motor installation costs must include an overhead and profit multiplier
when outside contractors are used. A labor cost adjustment should be applied to motors with restricted
access or special handling requirements. The simple payback given replacement of an operable motor
is given in Equation 9.

(COST+COSTysT—REBATE) (9)
SAVINGS

Where: SPB = Simple payback in years, Cost = New motor cost, Costinst = Installation cost, Rebate
=Utility rebate for premium efficiency motor, Savings = Total annual cost savings

SPB =

2.3. Example

The following analysis for purchasing a new 250-hp TEFC motor operating at 75% of full rated load
illustrates how to use Equations 1 through 4. The analysis determines the cost effectiveness of
purchasing a new premium efficiency motor having a 3/4-load efficiency of 96.2% (nerem = 96.2%)
instead of an energy efficient motor (nee = 95.5%). The motor is expected to be in operation for 8,000
hours per year. Electrical energy is purchased at a rate of $0.08/ kWh with a demand charge of
$8.00/kW/month.

Kilowatts saved (Equation 6): KWgepucTion = 250 X 0.75 x 0.7457 x (100/95.5 —100/96.2) = 1.06 kW

This is the amount of power conserved by the premium efficiency motor during each hour of use.
Multiply this by the number of operating hours at the indicated load to obtain annual energy savings.

Energy saved (from Equation 7): KWhsavings = 1.06 x 8,000 = 8,480 kWh/year

Assuming utility energy and demand charges of $0.08/kWh and $8.00/kwW/month (from Equation 8):
Cost Savings = (1.06 KW x 12 mo x $8.00/ KW-mo) + (8,480 kWh/year x $0.08/kWh) = $780/year

In this example, installing a premium efficient motor reduces the utility bill by $780 per year. The
simple payback for the incremental cost associated with a premium efficiency motor purchase is the
ratio of the price premium or incremental cost to total annual cost savings. Generally, premium
efficiency motors might cost up to 15% to 30% more than a motor of an energy efficient design.

Assuming a price premium of $2,500 and no utility incentive, the simple payback on investment is as
follows (from Equation 4): SPB = ($2,500 — 0) / $780 = 3.2 years

The additional investment required to purchase a premium efficiency motor is recovered within 3.2
years. Premium efficiency motors often pay for themselves rapidly through reduced energy
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consumption and operating costs. After this initial payback period, annual savings will continue to be
reflected in lower operating costs, and they will add to a company’s total profits. Although the energy
and cost savings associated with purchasing a premium efficiency motor can be impressive in many
applications, selecting the premium efficiency unit is not always cost effective. Motors that are lightly
loaded or infrequently used— such as motors driving control valves—may not consume enough
electricity to allow the premium efficiency model to produce significant energy and cost savings. For a
motor operating under a constant load, the electricity savings associated with an efficiency improvement
are directly proportional to annual hours of operation. Special and definite purpose motors may carry a
substantial price premium or may not be available in premium efficiency models.

3. CONCLUSION

The efficiency model of the induction motor is developed by modeling the induction motor using
vector model. From the developed induction motor model, output parameters (current, flux linkage,
speed and torque) are obtained. By using those output parameters various losses of induction motor are
calculated. In that Core loss is calculated using maximum flux density from flux linkage and copper
loss from output current. The output power and calculated losses of the motor gives the Input power
thereby efficiency of the induction motor is calculated at lower load conditions. Using conventional and
Fuzzy optimization techniques efficiency is improved by minimizing losses. From the simulation results
it is proved that in the efficiency maximization, fuzzy controller has better performance than
conventional controller.
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NCIIUTYBAIBE HA EHEPTETCKATA E®OUKACHOCT HA
KAHIEJAPUCKU OBJEKT CO IIOMOIII HA TEPMOBU3NCKA KAMEPA

KYCA COAPKUHA

Tpynor e pabGoreH Bp3 OCHOBAa Ha pPEe3yATAaTH NOOMEHU O]l €KCIIEPUMEHTAIHN MEpera BPIICHH
HCTOBPEMEHO CO TPH PAa3UYHU MOJIEM Ha TEPMOBHU3UCKH Kamepuoji kommnanujata FLIR u Toa:
kamepute BrpajgeHun Bo MoOiHuTe TenedoHun CAT S60 m CAT S6lu momenor Ha camocTojHA
tepmoBu3ucka kamepa FLIR VUE PRO.

W3BpiiieHn ce TpH ceprH 0/ MOCIEAOBATEIHA MepPEha BO KaHIENapUCKUTE IIPOCTOPUH BO 3rpajarta
Ha HEOKOM BO TEKOT €/1eH JIeH; MPBOTO BO PAaHUTE YTPUHCKH YacoBU okoiry 7:00, BTOpOTO HaILIagHE
okoiy 14;00, a Tperoro HaBeuep okomy 21:30.

emuure 06jexTH ce: (acamaTta (ceBepHa U jy»KHA), IIPO3OPIH HA jy’KHATA CTpaHa co U 6e3 Kinma
¢domnuja,ceBepeH mposoperr 0e3 kiuMa doiuja. [TokpajMepemara 3a MOCOUeHUTE 00jeKTH, Ce BKPCTyBaaT
1 KOMIIapaIynTe3a:

- TEXHUYKHTE KAPAKTEPUCTUKU Ha PA3IMYHUTE MOJIEITU KaMepH,

- HAJBOPCIIHUTE U BHATPEIIHUTE TEMITEPATYPH Ha BO3JYXOT BO TEKOT Ha €JICH JICH;

- (bacanara (ceBepHa U jy)KHa), BO TEKOT Ha JICHOT;

- TIPO30pIH Ha jy’KHATa CTpaHa co u 0e3 KimmMa (hoirja, BO pOK O] eIeH JIeH;

- mpo3opiu 6e3 kuMa ¢oJrja U30KEeHHN Ha CEBPHA U jy’KHA CTpaHa, BO POK OJI €/IE€H JIeH;

- (acanara, cimkana co mogenotr CAT S60, Bo ofiHOC ceBep | jyT, jyIu BO OTHOC HA OKTOMBPH;

CrnopeBenieHUTE Meperba Ce HAaIpaBeHH BO YCIOBH KOT'a HEMa JIOMIOIHUTENHO JIA/ICHE U TPeekhe,
1 ce 3abenexyBa JieKka HajroJIeMo eBJIMjaHUeTO Ha IIOCTaBEHOCTa Ha 00jeKTOT BO OJTHOC HA CTPaHHUTE Ha
cetoT. Kitmma ¢honmunTe Kako TONOTHUTENEH N30JallMCKU CII0j Ha TIPO30PHTE, ITOroJieMa yiora urpaat
BO JICTHHOT U 3UMCKHOT NIEPHOJ, a T0Oa HAMETHYBA U/I€ja 3a MIOBTOPYBAME HAa EKCIIEPUMEHTOT BO OBHE
MIePHOIH O] TOANHATA.

Kiyunu 300poBu: mepmosusuja, enepeemcka epurkacHocm, cog)meepcku aramki, mepmaina
ananusa

1 BOBE]

Co pa3B0ojoT Ha TEXHOJIOTHHUTE, MH)KEHEPHUTE CE IMOBEKE Ce CTPEMaT KOH OTKPHBAKE HOBH Ypeau U
HAYMHM 32 JeTeKLrja 1 pellaBame Ha npodneMu. [lpumep 3a Toa ce TEpMOBU3UCKHUTE KaMEPH, KO ILTO
OBO3MOXXYBaaT OJeCHeTa M mHojoOpeHa TepMmaiHa aHanu3a. HuBHaTa ymorpeba ce mpommpyBa Ol
TEepMHUUKa JIeTeKLKja Ha TpolieMu Npu TpaHcdep Ha CTpyja, BOAOBH, UCIIUTYBambE HA UCIPABHOCT HA
MAIIWHH, KAaKO U OTKPUBAE HA MPOOJIEMHU BO JOMOBHUTE, IPOTOK HA BOJA U CIIMYHO.
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OBoj Tpya omdakaTepMUCKa aHATM3ALITO CE CIIPOBEIyBa MPEKYy SKCIIEPUMEHTAIHU Mepemha,
TEPMOBH3HCKM CHUMKH H TepMomeTpu. OmdareHn ce pa3iuKUTe Ha TeMieparypara Mery
BHATPEIIHOCTA HA 3rpajara U OKOJIIMHATA, BO TEKOT Ha €JCH JICH, BO Pa3JIMYHU IEPUOAHN, HA PA3ITUIHO
OCOHYCHH CTPaHU 0J] 00jeKTOT. 3a Taa IIeJl MepemaTa ce MOBTOPYBaaT BO TPH TJIaBHH ITEPHOIH O ICHOT:
HAyTpO, HaIJIaJHE U HaBedep, CEKOj TEPMHUH €AEH Of IPYr OABOCHH CO TOYHO OMpEAENeH MHTEPBal.
AHanu3aTa ra 3emMa IpeBU pe3yITaTUTE Ol MEpEmhaTa OHAIBOP M OJJBHATPE HA UCT AN Off OOBHBKATa
Ha o00jekToT. MepemaTa ce MmpaBaT CO TPH pa3IMYHU TEPMOBU3HMCKH YPEIU,CO IITO IIOKPa]
HCIUTYBamaTa Ha eHeprerckara epukacHocT Ha 3rpagata Ha HEOKOM, oBoj Tpyn omdaka u
KOMITapalnyja Ha pa3IMyHUTE MOJIETM Ha TEPMOBU3UCKHU KaMepH, (nBata moowinnu ypenu, CAT S60 u
CAT S61, co TepmoBu3ucka kamepa o komnanujata FLIR u npodecronannara repMoBu3rcka kamMepa
FLIR VUE). 3a ananu3a Ha ¢ortorpadunte ce kopuctu codpraepckata anarka Flir Tools, 3a koja mocton
OCHOBHa, OpuIIMjasiHa OecriaTHa Bep3uja.

1.1 Komnapauuu o1 cCipoBeieHUTe Mepemha

1.1.1 Komnapauuja Ha TEXHUUYKUTE KAPAKTEPUCTUKH HA TEPMOBU3UCKHUTE KaMepH

Bo nponomxenne Bo Tabena 1 ke Ouaar qajgeHN HEKOM OCHOBHM TEXHMYKH KapaKTEPUCTHUKH 3a
TpPHUTE KOPUCTECHU KaMEpH.

CAT S60[1] CAT S61 [2] FLIR VUE PRO [3]
KApaKTePUCTHKHU Ha 1920x1080, 1080HD, 3800x2160, 4K HeMa
00M4Ha Kamepa 13MP 16MP
pe3oJiynuja Ha 240x320 480x640 640x512
TePpMUYKa Kamepa
OICer KOj KamepaTa HI30K: -10°C no 400°C HI30K: -40°C o 550°C
ro AeTeKTpupa Bucok: -10°C no 140°C BHCOK: -25°C mo 135°C
MOKHOCT 32 TpenKa/ npaBu rpemka ox +0.05°C Ha oricer: -25°C o 135°C; £5%
YYBCTBUTEJIHOCT Ha omncer:-40°C no 550°C; £20%
Haja00pa padoTHa on -10°C no 80°C -20°C g0 50°C
TeMIiepaTypa
BOIOOTIIOPHOCT pit] HE
OTIOPHOCT HA Ja HE
(u3uYKH IIOKOBH
neHa 530 USD 1000 USD 2 350 USD

Tabena 1: koMnapauuja Ha TeXHHYKH KapaKTePUCTHKH HA YNOTPpeGeHUTE TePMOBH3MCKH KaMepH

Opn puKkakaHUTE TEXHUYIKU KapaKTEPUCTHUKH, OUeKyBarmaTa Ou Omire, 1eKka Kako Hajqo0pa kamepa
ou ce m3mBomna kamepara FLIR VUE PRO, HocmopemeHo co moOueHHWTE pe3yiTaTd, IeHaTa |
€HOCTaBHOCTa Ha KopucTemhe, MoommHuoT ypen CAT S61 e HajmoBonern. OHa mTo Oerre 3a0enexaHo
TIpH TIpOIIecoT Ha (hoTorpadupame, Kako U HUBHOTO aHanmu3upame Bo coptBepoT FLIR TOOLS, e nexa
rpemikara Koja ja mpaBaT JBaTa MOOMIHH ypeau e moroiema. Cekako JBe Mepera HUKOrall He MOXKaT
Ja OuaT arcoayTHO TOYHU W UCTH, HO BO MCTO BpeMe Ha MCT 00jeKT U O] UCTAa MO3HUITHja Ha KaMepuTe
Pa3NHMKHTE Ha TEMIEpaTypuTe O] JABaTa MOOWIHU ypeau mocturaHysaa mo 2,3 °C. Ha ciumkara 1 ce
MpUKakaH! (oTorpauu 3BeeHH Ha UCT 00jEKT U OJ] TPUTE KaMepH ITOCe0HO.

CIuKuTe KOM Cce rjcaaaTr o4 TCPMOBU3BUCKUTC KaMCEpU O MOOHIHUTE ypeau, €€ BCYIIHOCT
MPETOIICHU BO €AHA: KOHTYPUTEC O/ oOuyHaTa Kamcepa, Co qnja moMomr ce ,Z[O6I/IB3, jaCHa mpercraBa 3a
CIMKaHUOT 06J CKT U OJ1 TCPMOBU3UCKATA KaMeEpa CO III/Ija IIOMOIII CC BPIIN aHAJIM3aTa.
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Canka 1: komnapanuja Ha ¢poTtorpaduu o KaMmepure
a) CAT S60 6)CAT S61) B)FLIR VUE PRO

Mepemata ce Bpillea CUMYJITAHO 3a €IeH TapreT BO MHOTY KpaTKd BpeMeHCKH MHTepBain (<10
CeK.) M OYeKyBamaTa Oea JeKa Ke 1alaT UCTU WIN MPUOIMKHU pe3yaTaTH. Bo mpopomkeHne Ha TPyIOT
ce mpukaxanu potorpaduu o moomtHUOT ypen CAT S61.

1.1.2 KOMnapalmja HA HAABOPCIIHUTEC U BHATPCHIHUTE TEMIIEPATYPH HA BO31YXO0T BO TCKOT Ha
C€ACH J1€H

CoHueBaTa eHepruja Koja rara Ha 3eMjHHATa MOBpPIIKMHA U3HecyBa 5,4 muauonu EJ Ha roguiiHo
HUBO 0] Kou mTo 2,55 muinonu EJ/ron. ce MCKOpUCTyBaaT MUPEKTHO, KaKO IITO € OBOj Clydyaj Ha
MACHBHO I'peehe Ha MpocTopoT. Mepemara ce usBpurean Ha 18.10.2018, mto e mepuos 3a Koj Hema
norpeda Oj JIOMOJHUTEIHW TOIUIMHCKA W3BOPH, HUTY Tpecmhe, HHUTY JaJiekhe. Bo TpUKakaHUOT
rpaduk(1)uaycTpaTHBHO Ce Ja/IecHH BHATPEITHUTE U HaIBOPCIIHUTE TEMIICPATYPH 3a CUTE UCTIUTYBAHU
TapreTy BO TEKOT Ha JIEHOT.

PasnukuTe Bo BUCHHATA HAJIBOPEITHUTE TEMIIEPATYPH MIPOU3IIEryBaat O pa3IMyHaTa OCTABEHOCT
BO OJHOC Ha CTPaHUTE Ha CBETOT (CEBep WJIM jyT) M MPUCYCTBOTO HA BHCOKA BEreTalldja Wi IPYTH

00jeKTH IITO dbpmaar CeHKa Ha HCIIUTYBAHUOT JIeIT.
50 TEMIIEpAaTypHA KapTa HA BHATPCIIHUTE U HA/IBOPCIHIHUTE
oC TEMIIEPATYPHU BO TEKOT Ha €A€H ICH
30.3 30 8
HayTpo IU1aiHe Beuep
B jyr co kIuMa (Goirja-BHATPEIIHA TeMIepaTypa jyr co kiamMa ¢onrja-HaIBOpeITHa TeMIlepaTypa
¥ jyr Oe3 kuMa Qonuja- BHATPEIIHA TeMIlepaTypa Jjyr 0e3 xiuMa Qonuja-HaIBOpelIHa TeMIepaTypa

M ceBep Oe3 krMa Qonuja-BHAaTpelIHa TemrepaTtypa M ceBep 6e3 kimMa (omnuja-HaaBOpeIIHa TeMIiepaTypa
rpagukon 1

On mpuKa3oT MOXe Aa ce 3a0eNeKu JeKa BO OTCYCTBO Ha JOMOJHHUTENEH M3BOP Ha TOIUIMHCKA
€HEpruja- COHLE, HAJBOPELIHUTE TEMIEpaTypd BO TEKOT HAa YTPOTO M BeYepTa CE IMOHHUCKU OJf
BHaTpewHute. Toa 3HauM AeKa 3rpajara akyMyJIrpa TOIUIMHA U ja 3aJpKyBa BO BUCOK IIPOLIEHT BO TEKOT
Ha HokTa. Pasnmkara momery cpeaHara BeuepHa Temmepatypa (24.566 °C) u cpemHara yTpHHCKa
temmepatypa (19.633°C)e 4.933°C, mito 3Hauu AeKa 3aryOuTe Ha TeMIiepaTypara BO TEKOT Ha HOKTa Ce
oxoiy 20%.
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1.1.3 Komnapauuja na ¢acagure Bo TEKOT Ha IEHOT

[TpomenuTe Ha TemmepaTypuTe Ha (acagata BO TEKOT Ha JCHOT MOKa)XyBaaT MHOTY MOTOJEMH
Pa3IMKU, 0COOCHO Mel'y YTPHHCKHTE M IUIaJHEBHUTE Mepema. [Ipu penatuBHO OaMcKa HaJBOpeLIHA
TeMIIepaTypa,pa3InyHHy JIeJI0BH Ha (acagaTa IMOKaXyBaaT IPACTHYHU PA3INKU HAa TeMIepaTypara.

Cauxka 2: ¢pacama HAyTpo
a)jy’KHa CTpaHa 0) ceBepHa cTpaHa

Cauka 3: pacaga Ha miagHe
a) jy)kKHa cTpaHa

Cauka 4: ¢acana Ha nJIaiHe
a)jyKHa CTpaHa 0)ceBepHa cTpaHa

NMpoOMeHa Ha TeMIepaTypaTa Ha (pacajaTa BO TeKOT Ha IEHOT

50

oc 40
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38.1
20.9 21.9
20 15.2 16.8 19
12.5 :
10.8
. Il = I
0 -

-2.8 -2.9

HayTpo IaiHe Beuep

-10

B pacana ceBep - MaKCUMaITHa TeMIepaTypa B pacana ceBep - MUHEMAJIHa TEMIEpaTypa
¥ (hacana jyr - MakCUMaliHa TeMIIepaTypa ¢acaza jyr- MUHIUMaJIHA TEMIIepaTypa
rpadukon 2
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[IpuunnaTa 3a BakBaTa pasiifKa MOXeE Ja Ce CUCTEM CaJIuTe, KOU Cce HaolraaT Ha HAjTOPHUOT KaT Ha
CBepHaTa cTpaHa (MaJia, ocTapa CUCTEM caia) U Ha HajJoJIHUOT KaT Ha jy)KHaTa cTpaHa (rojiemMa, HOBa
cucreM cana).McTo Taka Ha jy)XKHaTa CTpaHa € W OAOJIECOKOT Ha COHIIETO, KO€ BO OKTOMBPH C€
3a0eJe)KyBa 3apald HEroBaTa MOHUCKA MaTeKa Ha Kpykeme. Bo 0Boj ciyuaj moara g0 u3pas U eneH
HEJIOCTaTOK Ha TEPMUYKHUTE KaMepH: BiIMjaHHe Ha pedieKTHpaHa TOIJIMHA BO KpajHUTE pe3ynraTi. Bo
MPoIOIDKEeHNE Ha TPa)MKOHOT 2 € UIIYCTPaTHBHO MPETCTaBeHa OBaa aHaJIK3a.

JlecHO BOOWIMBA € pa3IMKaTa HA MUHUMAJHUTE TEMIIEPATypH O]l IBETE CTPaHH HAYTPO U HaBEYep
on 0,1°C, monmeka oBaa pasivika BO TeKOT Ha neHOT ¢ 6,7°C. Ilpeky OBOj HOJATOK Ce JOKa)KyBa
JUPEKTHOTO BIIMjAaHUETO HA COHIIETO BP3 00jEKTHUTE.

1.1.4 Kommnapanuja Ha mMpo30pIu H3JI0KeHH HA jy)KHATA CTPaHA HA KOH UMa KjianMa ¢ojiuja u
HA KoM HeMa KJInMa (oJinja, Bo POK 01 €/ieH JIeH

[IpBara kommapamnyja o BHATPEUIHUTE MPOCTOPUHN € HaIllpaBeHa CO IIeJN JIa C€ BOOYAT Pa3IMKHUTE
BO TEMITEPATYPHUTE MPH MOCTABEHH KiIMMa (oMK Ha ITPO3OPIIMTE BO OHOC HA MPO3OPIH U MPOCTOPUU
KaJie Hema rmocTaBeHn kimMa ¢onuu. Knnma donujata uma 1men jaa rv 1mMomo0pu H30JAIllUCKUTE
crocoOHOCTH Ha po3opuuTe. JJoKoNKy ce pasrienysa rpadukoH 1, ce 3abenexysa jieka BHaTpelIHaTa
TeMIepaTypa Mel'y OBHE JIBE IIPOCTOPUH Ce pa3iinKyBa 3a okoiy 0,2°C Bo TEKOT Ha IEJIHOT JCH.

Cuauka 5:jy:KHa cTpaHa HayTpo
a)co kimma Qomnuja 0)0e3 kiuMa domnuja

Canka 6:jy:KHa cTpaHa Ha JI1agHe
a)co Kimma Qornuja 0)0e3 kuMa Qomnuja

200 gy

Cauka 7: jy:kHa cTpaHa HaBedep
a) co kuma Qonuja 0)0e3 xmMa ¢onmja

Mo n3pa3 noafaaT pa3IMKUTE HA TEMIIEpaTypaTa U3MEPEHH BeuepTa 1 yTpoto. Bo mpocTopujaTta Bo
Koja nMma kmmma (onmja paznukata e 4°C, a Bo oHaa kaze Hema kiuma donmja paziukata e 5,4°C. Ha
IUTAJIHE TIaK, TEMITepaTypaTa Ha IPOCTOpHjaTa BO Koja Hema kirMa Qomnuja e moBucoka 3a 0,5°C.

Jlokonky ce HampaBM crmopeaba Ha TeMIlepaTypara Ha MaTepujanurerpagukoH 3, Toram ce
3a0eseKyBa Jieka HajroJeMOTO Bapupame € Kaj cCaMOTO CTaKJIO Ha MPO30PUTE U HUBHATA paMKa.
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TeMIlepaTypa Ha Pa3JIMYHUTE MAaTepHjau U ClIOeBH Mel'y MPo3opuTe
U SHOT HA jyﬁcﬂaTa cTpaHa, co U 6e3 kiauma ¢onn

40
oC 32 833. 533 3
20 520.7
I 16I516I413 | I I I I I
HayTpo IaHe Beuep
B TeMIepaTypa Ha CTakJIo- co KinuMma dommja N TeMIIepaTypa Ha CTakio- 0e3 kuMa onuja
TeMIiepaTypa Ha paMKka-co Kiuma ¢onuja B temriepaTypa Ha pamka- 0e3 Kimma ¢onuja
B TeMIiepaTypa Ha XOPH30HTaJIEH CIOj-cO Kimma ¢. B TeMIiepaTypa Ha XOpPU30HTAJICH CII0j- 0e3 kiuma ¢.
rpadukon 3

1.1.5 Kommnapauuja Ha NMPo30pIH HA KOM HeMa KJIUMa Gojidja N3/10:KeHH HA CeBEPHA U Jy:KHA
CTpaHa, BO POK 01 €/IeH JIeH

On ocobeHa Ba)XHOCT € M OpHEHTAaIlMjaTa Ha 3rpajgarta BO OJHOC Ha cTpaHWTe Ha cBeToT. OBaa
KoMITapanyja ordaka JiBe MpOCTOPHH YU ITPO30PH HEMaaT KiuMa Qolirja, MeryToa eHaTa MpocTopHja
€ OpHEeHTHpaHa Koj jyr, a Japyrata KoH ceBep. Jlokonky ce aHamm3upa rpadukoH 1, HajupBO ce
3a0enexyBa Jieka Kora iMa OTCYCTBO Ha JIOMOJIHUTEIHA SHEeprHja- COHIIE, BHATPEIIHUTE TEMIIEPaTypu
CC 3HAYUTEIHO MOBHCOKH OJf HAJBOPCIIHHUTE, a BO TEKOT HA JCHOT, KOra COHIIETO MMa BIIHjaHHE,
cocTojbara e CIpoTUBHA.

Caunka 8:npo3opuu 6e3 kiauma doauja
a)Ha jy)KHaTa cTpaHa 0)Ha ceBepHATA CTPaHa

Ciamnxka 9: npo3opum 6e3 ka1uma goauja

a)Ha _]y)KHaTa cTpaHa 0)Ha ceBepHaTa CTpaHa
263 R y =~ 3

20,0} g

Cauxa 10: npo3opuu 0e3 KIumMa q)o.lm_|a
a)Ha jy)KHaTa cTpaHa 0)Ha ceBepHaTa CTpaHa
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BHaTpemrnute TemnepaTypHHU pa3iMKHA BO TEKOT Ha HennoT aeH ce ox 0,2°C na mnagne u 10 1,6°C
0 3ajlyBame Ha coHlleTo. HeouekyBaHO, HO Ha IUIajJHE TeMIlepaTypaTa BO CeBepHATa IpPOCTOpHja €
MOBUCOKA BO OJHOC Ha jyxkHaTa. Biujanue Bp3 oBaa TemimepaTrypa € TOa IUTO BO TEKOT Ha JIEHOT BO
IPOCTOpHUjaTa Ha CEBEpHATa CTpaHa, BpaOOTEHUTE UMaa OCTaBEHO OTBOPEH Mpo30p U Oea BKIIydeHH 8
KOMIIjyTepH, 3a pasiuKa Of jy)KHaTa CTpaHa, Kaje MPOo30peroT Oellle MOCTOjaHO 3aTBOPEH M MMalle
BKITy4eHO camMo | KoMITjyTep.

TeMIIepaTypa Ha Pa3JIMYHUTE MATEPHjaJIi U CIIOEBH Mel'y MPo30puTe
U SHI0T HA CeBePHATA U jy:KHATa cTPaHa, 0e3 kiauma doiauja

35 328 333 30.9

0C30 >4
25 3 233 22 807 222
20.720.
18.6
20 16
5 15.24915.1
15 13.8
10
5
0
HayTpo WENGE BEYEp
B TeMIIepaTypa Ha CTaKio- jyr M TeMIiepaTypa Ha CTaKJIO- CEBEp
¥ TeMIieparypa Ha pamKa-jyr B reMriepaTypa Ha paMKa-CeBep
M TeMIiepaTypa Ha XOpHU30HTAJICH CII0j-jyT TeMIIepaTypa Ha XOPU30HTAJICH CII0j- CEBEP
M TeMIiepaTypa Ha BEpPTHKAJICH CII0j-jyT N TeMIiepaTypa Ha BEPTHUKAJICH CII0j-CEBEP
rpaduxon 4

Kako m BO NperxomHWOT ciydaj, Taka W cera, HajrolieMara TeMIepaTypHa pas3liika BO
MaTepHjaJIuTe € Ha CTKAKIOTO U JKeJe3HaTa paMKa Of MPO3OPIIMTE.

1.1.6 Komnapanuja Ha (pacagure Ha NJ1ajiHe BO Mecell jyJIH U BO Mecell OKTOMBPH

3a kpaj € ocraBeHa KpaTka KoMIlapaiiuja Mery QacaauTe Ha jy)KHATa U CEeBepHATa CTpaHa BO
netHUTe JIeHOBU: jynu-2018 u eceHcku aeH: okTomBpu-2018. BaxkHo € na ce HamomeHe jeka Ha
mpu3eMje, Kaj CTakJIeHWTE MPO30PIH, KaJe TeMIlepaTypara € HajrojeMa, MMa IpOocTopHja Koja
JOTIONTHUTEITHO CE 3arpeBa 3apazm MIOCTOCHH-ETO Ha roieMa COPHCTHIMpPaHa CHCTEM caja.

Cauxka 11: jy:knata cTpana on ¢pacagara
a)BO Mecel] OKTOMBPH 0)B0 Mecell jynu

Cimnka 12:jyxuaTa cTrpana Ha ¢acagata
a)Mecer] OKTOMBpPH 6)mecen jynu
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Jlokoinky ce pasriena rpaMKOHOT 5, ce 3a0elieKyBa HeBOOOWYacHa 10jaBa, KaJie MaKCUMalHaTa
TeMIepatypa Ha jy)KHata QacajaTta BO OKTOMBPHM € TOBHCOKAa O OHaa BO jynu. Kiumwure mo
MPOCTOPUHTE CE OCTaBEHH Ha HAJIBOPEITHUOT SUJI BEHAIII IO/ TPO30PUTE CO U3/1yBYBakhE Ha BO3JyXOT
0 BepTHKAJIHA JWHUja, Of A0y HArope, IITO 3HAYW TH JIaJd U CAMHUTE MPO30pIM. Bo OKTOMBpH Mak
COHIIETO MMa IOHKMCKAa TPAaeKTOpHja BO OJHOC Ha jyJH, Ma KamepaTa ja 3a0elie)KyBa W HeEropara
peduiektupana Temmnepatypa of crakiata. Copreepckara anatka FLIR TOOLS, npeky coductuiupan
aJIrOpUTaM TMPECMETyBa CpeiHa MaKCUMaJIHA U CpelHa MUHHMAJIHA BPEIHOCT Ha TeMmeparypara. Taa
BPEIHOCT € 3eMeHa 3a MaKCHMaJlHa W MHHHMajHa 3a IIeIUTe Ha OBa HCTPaXKyBambe.

NMpOMeHA HAa TeMIepaTypaTa Ha (pacajia Ha MJIajJHe HA Mecell jyJIu BO
O/IHOC HA Mecell OKOMBPH

< % 36.5 372 381
28 26.7 28.3
25 20.9 21.9
20 15.2
15
10
5
0
TUIaJTHE
B (hacama ceBep- MakCHMaiHa TeMneparypa (jyian) B hacasia ceBep- MaKCUMaIHa Temreparypa (OKT.)
B (hacana ceBep- MUHUMaITHA TeMnepartypa (jyiu) B (acana ceBep- MUHHMAaJIHA TeMIiepaTypa (OKT.)
B (hacana jyr- MakcumaitHa Temiepatypa (jyin) B (acana jyr- MakcuMmaliHa TemrepaTypa (OKT.)
B (hacana jyr- MUHUMAaJIHA TemIepaTypa (jyin) B (acana jyr- MUHHUMaJIHA TemrepaTypa (OKTOMBPH)

rpadukon 5

2 3AKJIYYOK

TepMmuukaTa KaMepa IPU BaKBU aHAIU3W HE € JOBOJICH M3BOP Ha MOJATOIH 33 PeaiHaTa CoCT0j0a,
3aToa Oeca BKIYYCHH M TEPMOMETPH KOW IIITO Jajioa IEeNOoCHA CITMKa Ha BIHMjaHHjaTa Ha COHIIETO BP3
TeMIiepaTypaTa BO M HaJIBOP O] 00jeKTHUTE.

Mepemata ce IpaBeHH BO NIEPHOJI KOra 00jeKTOT He KOPUCTH HUTY JIONONHUTEIHO TPECHhe, HUTY
JIOTIOJTHUTEITHO JIaJIekhe ¥ HeMa JIPACTHYHH TeMIIEpaTypHHU Pa3uKU BO TEKOT Ha eqHo neHoHokue. Co
KOHTHHYHPAHO CJe[ehe Ha COCTOjOMTE W TIOCIENOBATETHH MEpeHa OJf BAKOB THI IIOBEKENaTH
TOAWIITHO, BO TEKOT HAa CHTE TOAWIIHM BpPEMHIA, K€ ce Mo0He TojacHa ciuKa 3a e(eKTHTE Of
MIPIMEHETHTE MEPKH 3a ToJ00pyBarmk-e Ha eHepreTckaTa epuKacHOCT Ha 00jeKTOT, KaKo IITO ce KiuMa
¢domuute. Mcro Taka ke MOXe /Ja ce ImperopadaaT MEpPKH 3a HEj3MHO MOJ00OpyBame BO OIHOC Ha
MpUMeHaTa Ha KiInMa (QOIMH W BO JPYTH MPOCTOPHH, M30januja Ha (acagaTa Wil OOBHUBKAaTa Ha
00jEeKTOT BO IIEJIOCT, KAKO U TPEIMOpaKy 3a MOTPEOHOTO KOJIMIECTBO HA JIOTIOJTHUTEITHO JIa/ICHhe U Ipeckhe
BO TEKOT Ha CE30HUTE KOra € Toa MoTpeOHoO.

3 BJATOJAPHOCT

Ocobena OnaromapaocT OM cakana na uckaxam Ha ¢upmata HEOKOM, ¢upma xoja a1 mokpu
noTpedHTe 3a OBa MCTPaKyBame, KAKO M OCTBApPyBame HAPEIHU WACHTUYHU MCTPaKyBamba BO CEKOja
ce30Ha o1 ropuHaTa. McTo Taka cakam na ce 3abiaromapaM Ha acc. M-p Anekcanaap CTOJMEHCKH KOj
MU TIOMOTHA TIpyu podieMute co codrBepckaTa anatka FLIR TOOLS.

4 KOPUCTEHA JIUTEPATYPA

[1]  https://www.catphones.com/en-us/cat-s60-smartphone
[2]  https://www.catphones.com/en-us/cat-s61-smartphone/
[3]  https://www.flir.com/products/vue-pro/
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ENERGY EFFICIENCY TEST OF AN OFFICE BUILDING USING
THERMAL IMAGING

ABSTARCT
Developing the technologies, engineers are increasingly tending to discover new

devices and ways of detecting and solving problems, either daily ones or for scientific-research. An
example of this trend are thermal imaging cameras. They allow easier and improved thermal analysis.
Their use extends from thermal detection of problems in the transfer of electricity, power lines, finding
malfunctions of machines or detection of problems in homes, water flows, etc., in the direction of testing
the energy efficiency of buildings. Developing the usage of thermal imaging cameras, CAT mobile
company and FLIR-company that makes thermal imaging cameras created two mobile devices, CAT
S60 and CAT S61. In these models beside the standard camera, there is a thermal camera too.

In this paper, thermal cameras will be used to examine the energy efficiency of the building of
company NEOCOM. The energy analysis are based on experimental measurements, thermal images and
thermometers. The differences in temperature between the interior of the building and the environment
are covered, during one day, at different times, on different sides of the object. For this purpose
measurements are repeated in three main periods of the day: morning, noon, and evening, each
measurement separated from each other by a specified interval (usually 5 to 6 hours). The analysis refers
to the results of the measurements from the outside and from the inside of the same part of the shell of
the building, on the most sun- exposed and the least sun- exposed side. The measurements are made
with three different thermal devices, which, in addition of NEOCOM's energy efficiency studies, this
paper contains comparison of different models of thermal cameras (both mobile devices, CAT S60 and
CAT S61 and the professional FLIR VUE thermal camera). Photos from all three different parts of the
day and from the three devices will be performed and analyzed simultaneously. For the analysis of
photos, it is used software named Flir Tools. There is a basic, official, free downloading version of the
software.

Experimental measurements and energy analyzes are made in order to provide recommendations
and suggest possible solutions for increasing the energy efficiency of the facilities.
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ACTIVE POWER FILTERS USED FOR POWER QUALITY
IMPROVEMENT

ABSTRACT

Power quality disturbances such as harmonic distortion resulting in electronic equipment
malfunction and damage and lower efficiency in the power system networks are nowadays widely
discussed. Both large industrial facilities such as arc furnaces or variable speed drives and household
appliances have lately significantly affected the power quality, but also their vulnerability to the
power quality disruptions has made it crucial to find a way to mitigate them. Therefore, the
application of Active Power Filters (APFs) in the modern electronic age has become an essential part
of the power network, as they can compensate for harmonic currents, power factor and load
unbalance. This paper shows different aspects of problems related with harmonics in power system
networks and their solutions based on power electronics. Different active power filters topologies,
control strategies and their advantages over other technologies for power quality enhancement have
been presented and evaluated. Analytical and simulation methods using the PSIM software are used to
establish a systematic approach to the problem.

Key words: Active Power Filter, Power Quality, Harmonics

1 INTRODUCTION

Reliability and power quality are certainly most important facets of any power distribution
system. A power system is considered to be reliable if all its customers get interruption-free power for
24 hours a day and 365 days per year. The term power quality is often referred to as maintaining near
sinusoidal voltage at the stipulated frequency of 50 or 60 Hz at the customers inlet points. The power
quality problems in power distribution systems are not new, but customer awareness of these
problems has increased.

It is undeniable that power converters have enabled a wide variety of regulation options for
electric motors used in industrial processes and they can be found in practice as devices for power
supply, switching power sources, regulation devices etc. Unfortunately, the increased application
causes certain problems related to power quality. The current generated by these devices itself,
contains a certain number of harmonic components that can negatively affect the devices that power
them or go back to the power grid they are connected to and cause deterioration of the operation of
certain electrical equipment that is located far from the harmonics source.

Harmonics can be integer multiples of the fundamental frequency, fractions of the fundamental
frequency (subharmonics) and at higher frequencies that are not integer multiples of the fundamental
frequency (interharmonics), all of them causing waveform distortions and needless losses in the
network. Harmonics can also cause malfunction of ripple control and operation failures of electronic
equipment, which are becoming more sensitive since they include microelectronic control systems
operating with very low energy levels. Last but not least, negative effects of harmonics include
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heating in transformers and rotating electrical machines, electromagnetic interference (EMI) and
interference with communication systems.

Figure 1 presents a power distribution system with sinusoidal source voltage vs operating with a
linear and non-linear load. The current of the non-linear load iL1 contains harmonics, which reflect in
the line current is producing a non-linear voltage-drop in the line impedance 4v, which then distorts
the load voltage v.. Since the load voltage is distorted, even the current at the linear load i » gets non-
sinusoidal.
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Figure 1. Power system with linear and non-linear loads

There are sets of conventional solutions to the power quality problems which have existed for a
long time. However these conventional solutions use passive elements and do not always respond
correctly as the nature of the power system conditions change. Harmonic distortion is traditionally
solved by applying various LC filters. The basic principle of passive filtering is to prevent harmonic
currents from flowing through the power system by either diverting them to a low impedance shunt
filter path (in the case of parallel passive filter) or blocking them establishing a high series impedance
(in the case of series passive filter) at the frequency of tuning. With these filters, only certain
harmonic components for which the filter is dimensioned are eliminated and their design requires
additional consideration in order to avoid the possibility of occurring resonance with the near power
system impedance. In order to make sure that power quality measures eliminate more than one
harmonics order, recent efforts have been concentrated in the development of dynamic and adjustable
equipment, known as active filters (Figure 2) [1].
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Figure 2. Power system with a shunt APF installed

2 ACTIVE FILTERS

Although their basic working principle was established around 1970s, the idea of active power
filtering could not become economically feasible until the last three decades when cost-effective
Insulated Gate Bipolar Transistors (IGBTs) and Digital Signal Processors (DSPs) became available.
The advantage of active filtering instead of using passive filters (LC filters) is that it automatically
adapts to changes in the network and load fluctuations. As already mentioned, they can compensate
for several harmonic orders and eliminate the risk of resonance between filter and network
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impedance. They also take up very little space, unlike the passive filters which require additional
circuits for each harmonic component that is being eliminated.

Active filters can be firstly categorized into two-wire (single-phase), three-wire, and four-wire
configurations in order to meet the requirements of the three types of loads in supply systems. All
APFs are developed with pulse width modulated (PWM) converters, namely current-source inverters
(CSI) or voltage-source inverters (VSI). The basic principle of APFs with CSls lies in the operation of
the PWM inverter bridge as a non-sinusoidal current source such that it meets the harmonic current
waveform of the non-linear load. It has a self-supported DC reactor that guarantees the continuous
circulation of the DC current. They are highly reliable, but have significant losses and require higher
values of parallel capacitor filters at the AC terminals. On the other hand, APFs that use VSIs are
more suitable for active filtering application since they are lighter, cheaper and unlike the APFs with
CSI, they support multilevel step versions, to improve its performance for high power rating
compensation with lower switching frequencies. A parallel capacitor is used as well in order to
decrease the ripple. The VSI utilizes IGBTs with a anti-parallel diodes, while CSI utilizes IGBTs with
series connected diodes for reverse blocking capability [2].

The most usual categorization of APFs is made by their topology such as parallel (shunt), series
or shunt-series. Different active power filter topologies are shown in Figure 3.
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Figure 3. APFs topologies: (a) shunt; (b) series; (c) series-shunt

Figure 3 (a) shows the electrical scheme of a shunt active filter for a three-phase four-wire
power distribution system, meaning that the neutral wire is included. This topology can compensate
for both current harmonics and perform power factor correction. Figure 3 (b) presents the scheme of a
series active filter for a three-phase four-wire power system. This APF topology is used to
compensate distortion in the power line voltages, making the voltages applied to the load sinusoidal,
that is compensating for voltage harmonics. Figure 3 (c) presents a combination of both shunt and
series active filter in one scheme. This, when economically viable, can be used for enhancing both
current and voltage waveforms so that they become sinusoidal [3].

2.1 Shunt active power filter

Shunt APFs compensate current harmonics by injecting the harmonic components generated by
the load but phase shifted by 180°. As a result, components of harmonic currents contained in the load
current are cancelled and the source current, as well as the linear load current, remain sinusoidal.
Moreover, with a convenient control scheme, the APF can enhance the power factor so that the
distribution system sees the non-linear load as an ideal resistor. Shunt APFs are usually implemented
with PWM VSIs. The VSI is usually a two level inverter connected to the AC bus through a
transformer. This is why these types of configurations are used only for medium power range
(hundreds of kVA), while for medium voltage and higher rated power applications multilevel PWM
VSIs are used.

The APF illustrated on Figure 4 is applied to three-phase four-wire non-linear loads. In these
systems, the neutral wire current may have nearly three times higher rms value of the phase currents
and the neutral wire and the distribution transformers as well may be overloaded. The APF in this
case will compensate the nonzero sequence harmonic currents as well as the neutral wire current
which includes the fundamental and triplen harmonic zero sequence currents. So, it allows load
balancing, eliminating the current in the neutral wire. On the DC side of the VSI, there is a single
capacitor (the active filter does not require any internal power supply), controlled in a way that it acts
like a current source. From the measured values of the phase voltages (va, Vb, Vc) and load currents (i,
in, ic), the controller calculates the reference currents (ica*, icw*, icc™, icn™ 0On Figure 3 (a)) used by the
inverter to produce the compensation currents (ica, ich, icc, icn). The detected load currents are sent to
current reference generator block to obtain the harmonic current reference. The generated current
reference is sent to the PWM VSI current controller. The current controller takes the feedback signal
of the APF current and the reference current and it creates switching signals to VSI for the regulation
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of APF current. The current controller is the most critical part of the APF. Since it has to compensate
for wide range of harmonics, it requires high bandwidth and resolution. The solution presented on
Figure 4 requires 6 current sensors, 4 voltage sensors, and the inverter uses 8 power semiconductor
switches).
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Figure 4. Shunt active power filter

There are many PWM techniques used in the APFs, some of them being: periodical sampling
control, hysteresis band control, triangular carrier control and vector control. The analysis shows that
a sinusoidal current generation is obtained the best with triangular carrier. This method compares the
current error with fixed amplitude and fixed frequency triangular wave (triangular carrier). The error
is then processed through a proportional-integral (P1) gain stage before the comparison with the
triangular carrier takes place. This method was used in the simulation given in the section 3 below.

2.2 Series active power filter

Series APFs are more preferable to protect the consumer from an inadequate supply voltage
quality. They are used for compensation of voltage unbalances, voltage distortion, voltage sags from
the AC supply, and for low power applications represents an economically attractive alternative to
UPS, since no energy storage (battery) is required and the overall rating of the components is smaller.
The basic working principle differs from the one of shunt APFs such that the series APFs inject a
voltage component in series with the supply voltage and therefore can be regarded as a controlled
voltage source, compensating voltage sags and swells on the load side.

In order to operate as a harmonic isolator, a parallel LC filter (passive filter) must be connected
between the non-linear loads and the coupling transformers. Imposing a high impedance path to the
current harmonics, forces the high-frequency currents to flow through the LC passive filter connected
in parallel with the load. The high impedance imposed by the series active power filter is created by
generating a voltage of the same frequency that the current harmonic component needs to be
eliminated. Current harmonic and voltage compensation are achieved by generating the appropriate
voltage waveforms with the three-phase PWM VSI, which are reflected in the power system through
three coupling transformers. Thus, the VSI behaves as a controlled voltage source.

The purpose of the coupling transformer CT is to isolate the PWM inverters from the source and
to match the voltage and current ratings of the PWM inverters with those of the power distribution
system. Generally, the transformer turn ratio is selected to be high enough in order to reduce the
amplitude of the inverter output current and to reduce the voltage induced across the primary winding.
The ripple filter connected at the secondary of the transformer limits the ripple factor and eliminates
the induction of high-frequency ripple voltage generated by the PWM inverter switching pattern at the
terminals of the primary winding of the coupling transformer.
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Figure 5. Series APF

Figure 3 (c) shows another solution to the problem, using a shunt APF connected with the series
APF back to back, so that both load voltages and the supplied currents become sinusoidal waveforms.
Such system is named as Unified Power Quality Conditioner (UPQC). The system can be considered
as an ideal active filter which eliminates all the power quality problems with the utility and non-linear
loads. While the shunt APF part compensates the harmonic current, reactive power current and
unbalanced current components of a non-linear load, the series APF part eliminates the voltage
harmonics, sags, swells and regulates the load terminal voltages. The main drawback of UPQC for
now is its cost and control system complexity.

3 SIMULATION USING PSIM

Performance of shunt APF is checked with the use of PSIM software. Figure 6 presents the
simulation results for a three-phase three-wire power system with a shunt APF. It includes the
following waveforms, corresponding to two-cycles of steady-state operation: source phase voltages
(Usa, Ush, Usc), load phase currents (ia, ib, ic), currents from the inverter (ica, ico, icc) and the source phase
currents (isa, Ish, isc). It is important to point out that although the Total Harmonic Distortion (THD) is
significantly reduced, there still is an almost-negligible ripple in the supply current waveform which
occurs due to the inverter commutation.
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Figure 6. Results of the PSIM simulation

4 CONCLUSIONS

This paper gives reliable solutions to different power quality problems. Active filters are an up-
to-date and a viable solution to power quality problems related to harmonics in the power system
networks. Although one popular opinion states that power electronic devices are to blame for causing
a lot of power quality problems, it is also true that power electronic converter systems can play an
equally important role in reducing the impact of power quality problems. Other than compensating
current and voltage harmonics, APFs are able to compensate reactive power, regulate terminal volage,
suppress flicker and to improve voltage balance in the three-phase systems. Different topologies of
APFs that are most common are presented in the paper stating the characteristics and advantages of
each of them. Shunt APFs are most widely used type of APFs and are easily found in the market for
the last two decades. A lot of power electronic companies such as ABB, MGE etc. manufacture APFs
in accordance to the IEEE standards dealing with power quality. Moreover, the advances in control
theory and application of modern control methods in power electronics play a significant role in the
practical realization and commercial success of active filters. Simulation results show that shunt APF
features good steady-state response which added to the characteristics mentioned above, prove APF to
be a highly-efficient and sufficient power quality improvement tool.
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EAYKATHUBHA OIIPEMA 3A U3YYYBAILE HA IPUOBUBKUTE O/
YIIOTPEBATA COHYEBATA EHEPI'MJA

KYCA COAPKHNHA

3ronemeHarta 1ieHa Ha (JOCHITHMTE ropuBa M BHUIMBHUTE 3HAIM Ha IVI0OATHOTO 3aTOILIYBAamE CE
TJIaBHHTE MpUYKHU 3a ynorpeda Ha OUE. Enen on HaunHUTE HA KOM MOJKE J1a CE 3rOoJIeMH ynTopedaTa
Ha OOHOBJIMBTE M3BOPH IpeJ] KOHBEHI[MOHATHUTE W3BOPH HA €HEpruja € MpeKy eaykaluja ¥ HHBHA
MpaKTH4Ha IPUMEHA.

I'maBHa 1en Ha OBOj TPYJ € Jla ce MPETCTaBU eAyKaTUBHA COJNapHa Onpema Koja € m3paboeHa
criope TEpKOT Ha 3aHaerTdyrcka komopa KobGneni,I'epmanuja. Taa ce COCTOM 01 HEKOJKY €IMHHUIIN:
nepdopupana tabja co TJIaBHH KOMIIOHEHTH Ha elleH (OTOBOJITaWYEeH CHCTEM KOM MOXKaT Jia Oujat
KoMOuHHpaHu MeryceOe ((poToBOTamMueH TIaHeN, HWHBEPTOP, PEryjiaTop 3a IMOJHCHE, OaTepuH,
KOHEKTOpPH, TIOTPOIITYBAYH ), COJIapHa TpaJIiiHa, MOOMIIHA TepMOCH(OHCKA ¥ IyMITHA TepMaTHa SIUHUIA
(coHueB KoJIeKTOp, 00jiiep, MyMITHA I'pyIa, KOHTPOIEp U (PUTHUHT) KaKo U MOOWJICH (DOTOBOJITAHYCH
kydep. Jlen ox onpemara € mu3ajHApaHa Ha TO] HAYHMH IITO MOXKE J]a Ce KOPUCTH KaKO BO HAIBOPEITHU
Taka M BHATPEIIHHU yciaoBH. OBa € OBO3MOXKEHO CO WHCTAIHMPAHU JieJ] peIeKTOPH KOH BO 3aTBOPCHH
YCIIOBH KE€ CHUMYIHpaaT COHYEBO 3paueme. MepHUTEe ypeau Kako: yHHMeTap, Mepad 3a COHYeBa
pamvjaija ¥ Mepad 3a MOTPOINEHa €. eHepruja crmaraaT BO OBaa ONpeMa W MMaaT 3ajada Jia To
3rojiemMat OICeroT Ha MPaKTUYHHU 33a]ja9i KOM MOJXKAT /Ia Ce M3BeaT Ha OBaa ompema.

Kpajuure KoprcHUIM He ce caMo (BaKyITeTUTE, TEXHHYKUTE CPEIHN YUMIUINTA TYKY 1 OCHOBUTE
YYWUJIUINTA KaJie IeraTa yIiTe o] HajpaHa BO3pacT Ke T u3ydaT OeHepUTHTE 01 OOHOBIUBHUTE U3BOPH
Ha eHepruja. [Ipu n3paborka Ha orpeMaTa ce MpeB3eMEeHH CUTe MEpKH 3a 6e30emHocT pu pabdora.

Kiryanu 360poBu: obpasoBanue; OUE; ebpukacHocT; 00yKa;

ABSTRACT

The rising cost of fossil fuels and the visible signs of global warming are the main reasons for the
use of RSE. One possible way of increasing the usage renewable sources can be increased in front of
conventional energy sources is through education and practical application.

The main goal of this paper is to present educational solar equipment that is made according to
Coblenz Handicraft Chamber, Germany. It contains several units: perforated board with main
components of photovoltaic system that can be combined together (photovoltaic panel, inverter,
regulator, batteries, connectors, consumers), solar garden, mobile thermosiphon and pump thermal unit
(solar collector, water heater, pump group, controller and fitting parts) as well as a mobile photovoltaic
suitcase. Part of the equipment is designed in such a way that it can be used both in internal and external
conditions. This is made possible through the installed led lights which in closed conditions simulate
solar radiation. Measuring devices such as: unimeter, solar radiation meter and energy consumer meter
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are also included and have the task to increase the range of practical tasks that can be performed on this
equipment.

The end-users are not only faculties, technical secondary schools, but also the basics of schools
where children from the earliest age will study the benefits of renewable energy sources. During the
preparation of the equipment, all safety measures at work have been taken.

Key words: education, renewable sources, efficiency, training

1 OCHOBHU UH®OPMAIINM 3A EAYKATUBHATA OIIPEMA 3A IIPOYUYYBAIBE
HA YIIOTPEBATA HA COHYEBATA EHEPI'HJA

Omnpemara ce cOCOTH Of cojapHaTa TpajrHa, MOOMIIHA TepMOCH(OHCKA EAMHHWIA, MOOWIHA
MyMITHA TepMallHa eMHHIA, Kydep co (oTOoBOJNITaMUHA €IMHUIA M Hepdoprupana Tablia co MEPHH
ypenu.

[MyMoHUOT ¥ TepMOCH(DOHCKHOT TepMaJIeH COJIApeH CHCTEM CIyXaT 3a J0OMBame Ha CaHWTapHa
toria Bojma. Kanampmatute mrto ke OupaT oOydeHHM MpecMeTyBaaT KOJKY TOIJIMHCKAa EHepruja e
noOHeHa o]l COHYEBOTO 3padvee CO IMOMOII Ha Mepad Ha COHYEBOTO 3pyarme M IMOKaXyBad Ha
MIOCTUTHATA TEMIIepapaTypa Ha BIe3HaTa U U3Je3HaTa TeMIlepaTypa BO KOJIEKTOPOT.

2 COCTABHU EJIEMEHTH HA TEPMAJIHUOT JEJ OJ EAYKATHUBHATA
OIIPEMA 3A IIPOYUYYBAIBE HA YIIOTPEBATA HA COHUYEBATA EHEPI'MJA

EnykatnBHaTa orpemMa ce cocToM 0J] MOOWITHA ITyMITHA B TepMOCH(OHCKA TepMaliHa eINHUIIA.
TepMmocudoHCcKaTa €IWHUIA COIAPXKH. PAaMEH COHYEB KOJIEKTOP, pe3epBOap, JUTUTANIEH COHYEB
KOHTPOJIEp 32 UHTEIUTEHTHO YIIPaBYBamkE CO CHCTEMOT M HOCeYKa KOHCTpyKiuja. Om apyra crpaHa,
MyMITHUOT CHCTEM COJIPIKH: paMEH COHYEB KOJIEKTOp, pe3epBoap, MyMITHA TPyIa, EKCIIaH3UBEH cajl 1
JMTUTAJICH KOHTPOJIEP.

Caunka 1.ExykaTuBeH MyMIeH COHYEB CHCTEM
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TepmannuTe MOOMITHH €IMHHMIM CE HAIPaBEHH CO IeJ KaHIUIATUTE NPAKTHYHO T'M YBHIAT
NpUA0OMBKHUTE OJ MHCTAJallMjaTa Ha BAKBUTE TOIUIMHCKH CHCTeMH. J[omONHUTENHO Oea M3BpIICHU
Mepema OJI: HHTCH3UTETOT Ha COHYEBOTO 3paucie, HaJBOpEIIHATa TeMIIepaTypa, TeMIeparypara Ha
BOJIaTa BO PE3EpBOAPOT, BIE3HA TEMIIEpaTypa, M3Jie3Ha TEMIIepaTypa M MPOHM3BEICHATa TOIUIMHCKA
eHepruja Ha cekoj 15 munytn Bo nepuogot ox 10:00 go 12:00. Pezynratute ox Mepemara ce HaBeeHH
BO Taberna Opoj 1.

Oatym: 30.06.2017
CTpaHa Ha nocTaBeHoCT/opueHTaumja Ha COHYEBUOT KONEKTop (MCTOK, 3anag, cesep, jyr...): VT
Aron Ha NOCTaBEHOCT Ha COHYEBMOT KonekTop: 45°
MouetHa TemnepaTypa Ha BoaaTa Bo pesepsoapot: 20°C
MoBpWKMHA Ha COHYEBMOT KONIEKTOP M3N0MeHa Ha 3paderse: 0.508/0.41 m’
WHTeH3uTeT Temn. Ha Temn. Ha W3ne3Ha R
Bp. Bpeme Ha COHYEBO HaasopeLw. BOAa BO Baeatn Temn, Temn. o4 TOI‘IHMHC.KE
mepere (qaC:MMH) 3payere BO34YyX pe3eBoap o HO;'!EKTOD KOoneKkTop it
(W/m?] rc) cl . ral o
1 10:00 850 25 20 20 22 0
2 10:15 900 26 21 22 23 125.61
3 10:30 950 26.5 23 23 24 251.22
4 10:45 1000 27 24 24 26 125.61
5 11:00 1050 275 25.5 25 27 188.415
6 11:15 1100 275 27 27 28 188.415
7 11:30 1150 28 28 28 30 125.61
8 11:45 1200 28.5 29.5 30 32 188.415
9 12:00 1250 30 30 32 34 62.805

Tabena 1.EkciepuMeHTAIHE Mepelha Ha TePMATHATA MOOH/IHA eJHHHIA

3 OCHOBHH COCTABHHU JEJOBU O POTOBOJTAMYHUOT JAEJ O
EAYKATUBHATA OIIPEMA 3A IIPOYYYBAIBBE HA VYIHOTPEBATA HA
COHYEBATA EHEPITHJA

[lepdopupanara Tabma co MEpHUTE ypeaHW CE€ COCTOM Off MOBEKE €AWHHUIN: (POTOBONTAWYECH
naHen, 2 nHBepTopHu ( MOJAM(UIIMpPaHA M YUCTa CHHYCOWA)-YICHUIINTE TH YBUIyBaaT NPUJ0O0UBKUATE
ox ymorpeba Ha HMHBEPTOp CO YHCTa CHHYCOHMJA , PETYNaTop 3a IOJHEHE ,aKyMyJlIaTop-Tel,3
MIOTPOIITYBayH, IBa BOITMETPH, IBa YHUMETPU U 24 KOHEKTOPH.

MynTumetap

Wuseprop op 12V Ha
220V yucTa cuHygamuaa

Pednextop Bont MeTap  Cnnw
d ; Ha 12V

1 enemonr
Conapen nauo%n. 12v

Canka 2. ®0oT0BOJITANYEH JIe] O] e[yKAaTUBHATA onpeMa (nepdopupana tadia co poToBoOJTANYHU
eJIeMEeHTH U MOOHJIHA ()OTOBOJITAMYHA eTUHHIIA)
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3.1 Mepema Ha (OTOBOITANYHATA ONIpeMa

[TocrojaT HEKOJIKY BUIOBU Ha MEpeHa KOM MOXKAT Jia Ce HampaBaT Ha (POTOBOJITAUYHHOT JAEN O]
onpemarta. ENeH oi HUB € mIpecMeTKka Ha HAMOHOT MPU pA3IMYCH aroj Ha IOCTaByBame Ha
¢doroBonTanuHnoT naHen. [Ipumep 3a TakBUTE Mepema uMate Bo Tabena 0poj 2.

No3numja Ha PB coHuyes naHen OTuyMTaHa BpeAHOCT Ha HanoHoT (V)
MoctaBeH XOpPW30OHTaNHO, NapanesieH CO WM3BOPOT
Ha CBeT/AKWHaTa. 3pauuTte naraart nog 90°.
Mocraesen nop aron of -30° o4 XOpW3OHTaNHaTa
nosuuuja. 3pauunte naraat nog aron 60°.
MNocraseH nop aron of -45° op Xopu3oHTanHata
nosuuuja. 3pauute naraat nog aron 45°,
MocraeeH nop, aron of -60° oA XOpPWU3OHTaNHaTa
nosuuuja. 3paumnTte naraat nog aron 30°.
MNocrasen nop aron og -90° op XOpWU3OHTANHaTa
nosuumja. 3pauute nafaat nog aron  0°,
NOMWHYBaaT MOKpaj NaHenoT, HO He AonupaaTt Ha
ancopbepot

MNoeaHocTaBeHa Tabena 3a BHecyBarbe Ha NOAATOUM:
lfonemuHa Ha ynageH aron Ha CoH4YeBaTa eHepruja 90° 60° 45° 30° 0°
M3mepeHa BpegHOCT Ha HanoHoT (V)

Tabena 2.EkciepuMeHTAIHM Mepera Ha ()OTOBOITAHYEH 1)1 O/f OIpeMaTa
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4 3AKJIYYOK

Bo uaHuHA ce MpeABUIYBa Jla Ce 3rojieMH yrmoTpedaTa Ha OOHOBIMBUTE M3BOPU Ha EHEPTH]a.
Makemonuja co 280 COHUEBH JCHOBH BO PAMKHTE Ha €HA FOANHA HMa UCKITYYUTEITHO MIOBOJHU YCIOBH
3a UCKOPUCTYBambE Ha COHUEBATA CHEpPIUja KaKo OIPIKIIUB SHEPreTCKU pecypce. YmorpedaTa Ha BakBa
elyKaTUBHA ollpeMa Ke ja 3rojieMu cBecta u yrnorpedara Ha OUE.

5 KOPUCTEHA JINTEPATYPA.
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EDUCATIONAL EQUIPMENT FOR STUDYING THE BENEFITS OF USING
SOLAR ENERGY

ABSTRACT

The rising cost of fossil fuels and the visible signs of global warming are the main reasons for the
use of RES. One possible way of increasing the usage of renewable compared to conventional energy
sources can be accomplished through education and practical application.

The main goal of this paper is to present educational solar equipment that is made according to
Coblenz Handicraft Chamber, Germany. It contains several units: perforated board with main
components of photovoltaic system that can be combined together (photovoltaic panel, inverter,
regulator, batteries, connectors, consumers), solar garden, mobile thermosiphon and pump thermal unit
(solar collector, water heater, pump group, controller and fitting parts) as well as a mobile photovoltaic
suitcase. Part of the equipment is designed in such way that it can be used both in indoor and outdoor
conditions. This is possible through the installed led lights which in closed conditions simulate solar
radiation. Measuring devices such as: unimeter, solar radiation meter and energy consumer meter are
also included and have the purpose to increase the range of practical tasks that can be performed on this
equipment.

The end-users are not only faculties or technical secondary schools, but also the primary schools
where children in the earliest age will study the benefits of renewable energy sources. During the
preparation of the equipment, all measures for a safe working environment have been taken into place.
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COAL THERMAL POWER PLANT VS. SOLAR PHOTOVOLTAIC POWER
PLANT: LCOE AND NPV ANALYSIS

ABSTRACT

During the last few decades, the energy sector has been undergoing a stage of revolutionary
changes within countries around the world. One of them is the ever-growing support of the idea of
producing electrical energy from renewable resources instead of fossil fuels. Amongst other aspects,
this process has had an impeccable impact on the global economy. This paper makes use of two
indicators: LCOE (Levelized Cost of Electricity) and NPV (Net Present Value) to show and compare
the cost-effectiveness of two power producing plants: a thermal plant powered by coal and a utility
scale solar (PV) power plant. As a reference point of comparison, both power plants are set at peak
surge power of L00MW. The purpose of this paper is to explore the economic viability of the systems
and their sensitivity to various input parameters by applying the previously mentioned methods. The
parameters taken into account during this research are: capital cost investment, standard (invariant)
operation and maintenance costs, accountable variable operation and maintenance costs, fuel prices,
discount rates, and the annual energy output of the two plants respectively. An important note is that
the approach taken here is relatively simplistic and is only to be used as a rough indication due to the
nature of the data available and to make this process as transparent as possible. Finally, the sensitivity
analyses of the LCOE calculations provide the means of dealing with uncertainties and make the
analysis as objective as possible.

Keywords: Levelized cost, LCOE, NPV, solar photovoltaic, coal thermal power plant

1 INTRODUCTION

The exponential growth of technology in the past few decades has paved the way for many
alternatives within the energy market. The costs of producing electricity from renewables such as
solar and wind continue to fall as time passes by [1][2]. One of the most prospective and globally
implemented renewable energy power stations are the solar photovoltaic ones, which have, in recent
years, started to threaten the market of conventional energy producing power stations. The purpose of
this paper is to compare the economic capabilities of these solar photovoltaic power stations to one of
the most familiar types of fossil fuel power stations - a coal-fired thermal power plant. Specifically,
the model of the coal thermal power plant explored here is one running on lignite (brown coal). There
are many means of reviewing the economic competitivity of different power plants, but the most
acclaimed one is the Levelized Cost of Electricity (LCOE) method, which acts as the main tool used
in this paper. Further on, a Net Present Value (NPV) analysis is also conducted, adding to a more
complete comparison. Research done globally show that the trend of renewable energy power stations
tackling the market previously dominated by fossil fuel power plants continues, as the electricity cost
for the energy produced from solar photovoltaic power stations is now at an all-time low. According
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to one of Lazard’s latest analyses, the LCOE of solar PV power stations went down by approximately
6% from last year [2]. “...the global weighted average LCOE of utility-scale solar PV fell 73%
between 2010 and 2017, to USD 0.10/kWh. Increasingly, this technology is competing head-to-head
with conventional power sources...” writes one of the leading global research organizations, the
International Renewable Energy Agency (IRENA) [1]. Still, one begs the question: have solar
photovoltaic power stations reached the state where they can take over the traditional power
generating plants such as the coal-fired thermal power plants ?

2 METHODOLOGY

2.1 Levelized Cost of Electricity (LCOE)

The Levelized Cost of Electricity (LCOE) is a method used for analyzing the cost-effectiveness
and competitivity of power generating systems. It presents the minimum price that the energy
produced should be sold in order to achieve full retrievement of the investment over a given time
period. Mathematically, this method is shown with the formula:

n It+tM¢F¢
=114t 1
n E¢ ' ( )
t=1(1+n)t

LCOE =

- I;- Investment costs per year.

- M, - Operation and Maintenance costs per year:

- F; - Fuel costs per year.

- E; - Energy produced per year.

- n - Lifetime of the power plant.

- t- Time (iteration) variable.

- r-Discount Rate : The rate of which the currency varies in value over the course of a year.

As shown in equation (1), by dividing the overall costs of the power plant for its lifetime with the
overall energy produced by it, the LCOE returns a value which is the previously mentioned minimum
price (cost).

2.2 Net Present Value (NPV)

Like the LCOE, the Net Present Value (NPV) is an economical tool used to determine the
viability of an investment. It measures the difference between the present cash inflows and present
cash outflows, but also factors in the discount rate as a variable along with the lifetime of the project
(power plant). Positive NPV results indicate a positive cash return on the investment, whereas
negative NPV results indicate the contrary. The NPV calculation is similar to that of the LCOE, as can
be seen from equation (2):

NPV = zgzl(lf—‘;y — 1. @
Where:
- C; - Cash flow per year.
- I, - Initial Investment Cost
Furthermore, equation (3) shows the cash flow calculation:
Ct =E;xBe— M — F; . @)

Where:

- P..- average wholesale market price of electricity
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3 CASE STUDY

The case of two hypothetical power plants is taken: a lignite thermal power plant and a utility
scale photovoltaic power plant. As a referent point of comparison, they are both set at a 100 MW
power capacity, while the calculations are done as per kW installed capacity (kWp) or kWh. The data
presented herein is aimed at assessing the economic viability for such investments in the Republic of
Macedonia. However, when country specific data were not available, the assumptions were based on
data for South-Eastern Europe and Europe in general.

3.1 Data

In order to objectively discuss the economic feasibility of these power plants the analysis must be
based on relevant and robust cost datasets. These costs, in addition with the yearly energy produced
and lifetime of the given power plant, represent the input parameters for the LCOE and NPV
calculations used in this paper. The full data gathered in this research is shown on Table 1.

Iy M, F, E, r n LCOE
Values Min | Max | Min | Max / Min | Max | Min | Max / Min | Max
COAL | 3000|7000 | 35 | 45 0.0020 | 5496 | 7446 | 6 10 40 0.031 | 0.123

[$/kW] [$/kW] [$/kwh] [kwWh] [%] [yr.] [$/kWh]
PV 800 | 1400 | 10 | 25 / 1100 | 1350 | 6 10 25 0.050 | 0.146

[$/kW] [$/kW] [$/kwh] [kwWh] [%] [yr.] [$/kWh]

Table 1: Data and LCOE results for Solar PV Power Plant and Coal Thermal Power Plant

The Investment costs of a solar PV power plant consist of: the prices of PV Modules, Inverters,
Cabling/Wiring, Grid connection, Monitoring and Control Hardware, plus the addition of Installation
costs, Soft costs (Licenses, System Design etc.) and more. For a lignite fired power plant they consist
of design and construction work costs for the cooling towers, condenser units, HRS generator, a coal
grinder, steam turbines and transformers, monitoring and control hardware along with additional
ground installations, software costs and more. Following the example of many studies, the investment
costs in this paper are taken as initial investment costs, i.e. all of the investment has been done in the
first year, thus being denoted as I,. For the PV power plant these investment costs range from 800 to
1400 USD/KW in Europe [1][3]. For the lignite power plant these range from 3000 to 7000 [2].

The Operation and Maintenance costs for a PV power plant consist of General Site maintenance,
Inspections, Panel Maintenance, Inverter Maintenance etc. For lignite fired power plants these
include: ground control, scheduled units checks and upgrades and more. The O&M costs for the PV
power plant range from 10 to 25 USD/KW per year without accounting for the spare parts [1] [4]. For
a lignite fired power plant these range from 35 to 45 USD/KW [2] [5].

Unlike thermal power plants that have fuel-related costs, solar power plants have a zero marginal
production cost, since no fuel is needed. The thermal power plant examined here is a lignite fired
power plant, and the price of lignite is roughly 0.0020 USD/kWh [3]. The energy produced by the
thermal power plant depends on the capacity factor, which in this paper ranges from 65% to 85% [2]
[5]. These values were taken as in-between values from the respective referenced sources, so the
yearly energy produced per KW ranges from around 5500 to 7500. For the PV power plant, the yearly
energy produced depends on the solar irradiance, or in other words, its geographical position. In
Macedonia, the yearly energy produced per kW ranges from 1100 to 1250 kWh per kW for
horizontally mounted photovoltaic modules and 1200 to 1350 and beyond for optimally inclined
photovoltaic modules [6].

The lifetime of the thermal power plant and PV power plant are set at 40 yrs. and 25 yrs.
respectively as these are their average lifetimes. The discount rate for these calculations ranges from
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6% to 10%. The average price of electricity per KWh in the Republic of Macedonia is (0.044 [$/kWh])
[7]1.

3.2 Levelized Cost of Electricity (LCOE) Analysis

By plugging all of this data in the Levelized Cost of Electricity method one obtains the minimum
price that the produced energy should be charged in order to achieve full retrievement of the
investment within the projected lifetime. Because the input parameters (Table 1) are all given in
ranges, the LCOE result is also given in a range (Table 1). In order to decrease the margin of error
when conducting a single LCOE analysis, a sensitivity analysis is conducted upon the discount rate, in
3 different scenarios. The first one being where all of the input parameters are fixed on their minimum
values (with the exception of the yearly energy production which is set at it’s maximum value) (Graph
1), the second one being where all of the input parameters are fixed on their average values (Graph 2)
and the third one being where all of the input parameters are fixed on their maximum values (with the
exception of the yearly energy production which is set at it’s minimum value) (Graph 3). Since the
sensitivity analysis in all scenarios is made upon the discount rate, the LCOE acts as a function of the
discount rate.
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Graph 1: LCOE as a function of the discount rate for minimum value data
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Graph 2: LCOE as a function of the discount rate for average value data
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Graph 3: LCOE as a function of the discount rate for maximum value data

It should also be noted that if extremely optimistic data for the solar PV power plant such as:
initial investment cost of 650$/kW, operation and maintenance costs below 10$/kW, yearly energy
produced of 1400 kWh and beyond and a discount rate of 5% is chosen, the LCOE can reach values
of 0.04$/kWh and below [6].

3.3 Net Present Value (NPV) Analysis

The NPV analysis is calculated using the same data from Table 1. On the first two graphs
(Graph 4 and Graph 5), the cash flow of a solar photovoltaic power plant projected for 25 years is
given. Graph 4 showcases the NPV for the worst case scenario (maximum investment costs,
maximum operation and maintenance costs, minimum energy produced, maximum discount rate). On
the other hand, on Graph 5 you can find the NPV for the the best case scenario (minimum investment
costs, minimum operation and maintenance costs, maximum energy produced, minimum discount
rate). On the next two graphs (Graph 6 and Graph 7), using the same analogy for the costs, you can
find the worst and best case scenarios for a lignite thermal power plant.
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Graph 4: Cash flow function of PV Power Plant (worst case scenario)
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Graph 6: Cash flow function of a Lignite Thermal Power Plant (worst case scenario)
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Graph 7: Cash flow function of a Lignite Thermal Power Plant (optimal case)
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4 SUMMARY

After taking two hypothetical power plants and reviewing their characteristics in detail, this
paper aims to compare the results from the LCOE and NPV methods in order to determine which one
would be more economically viable in the current market. By joining data and researches from many
credible international organizations such as, IRENA, Lazard, ISE, we have managed to reproduce and
validate these results. Still, it should be noted that the results gained through analyzing and making
these calculations go only as far as to provide a rough conclusion to the comparison of the polar PV
power plant and the coal thermal power plant. The results from the LCOE analysis clearly state that
the coal thermal power plant is still a more viable option in most cases. The NPV analysis confirms
just that. The best case scenario for the thermal power plant breaks-even at around the 18™ year, while
the solar photovoltaic power plants net present value cannot reach positive values within its projected
lifetime. A further proof of this is that the average price of electricity taken here is 0.044%/kWh,
which is below 0.05$/kWh - the minimum LCOE value for the solar power plant calculated in this
paper. This means that this project, without further financial support, is not a viable investment. But,
having in mind that the costs surrounding the Solar PV power generation decrease drastically every
year, and that it takes a long time to build a power plant, the PV power plant might still turn out to be
a viable investment. Cases where the NPV of a solar PV power plant turns out to be positive without
further financial support are rare, but they still occur in some extreme situations. As a proof of this
stands the previously mentioned extremely optimistic example where the LCOE hits new lows of
below 0.04$/kWh. Since this price is below the average price of electricity considered in this paper,
this example’s NPV will turn out positive, meaning that it is a viable investment. To conclude the
findings of this paper, we show that even though the PV technology has immensely improved, there
still remains time before the PV technology can come to its prime and dominate over the conventional
power producing technologies.
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ABTOMATU3ALINJA HA ITPOIECOT UYUCTEILE HA
®OTOBOJITAUYHMU ITAHEJIN

KYCA COAPKHNHA

Co 3roieMyBameTO Ha [IeHaTa Ha eIeKTPUYHATa eHEpPrHja, BIWjaHueTo Ha (JOCHIIHUTE TOPHBA BP3
)KUBOTHATA CPEIMHA, KAKO M C@ MoMaiard JOCTAllHOCT 332 HHUBHO HCIPITyBambe, HECOMHEHO Ce
HaMeTHyBa IIOTpedaTa oOJf MMIUIEMEHTHpAame W 3HAYUTEIHO 3rOJIEMyBame Ha HHTEPECOT KOH
OOHOBJIMBHTE W3BOPH HA €HEPruja, Kako IMTO ce (POTOBONTAMYHHUTE TMaHENH. 3roJIEMYBamETO Ha
WHTEPECOT KOH EKCIUIoaTalija ¥ UCKOPUCTYBakhe Ha OOHOBIMBUTE M3BOPU HA €HEPrHja, MpeIu3BHKa
3HAYUTENEH PACT U Pa3BUTOK Ha ()OTOBOJITAMYHATA MHYCTPHja BO MOCIEAHATA ACIECHH]a.

'maBHHOT Ha4YMH 32 UCKOPUCTYBamhE€ HA COHUEBATA CHEPTHja 3a IPOW3BOJICTBO HA CIEKTPUYHA
CHEpPIruja MCKOPUCTYBAjKH T'M (POTOBONTAMYHUTE IIAHEIHM € CO COOIBETHO IIOCTaByBame Ha
(doroBoNTAMYHUTE MOIYJIH U (popMHUparme Ha HU3M 0] (OTOBONTAUYHU MaHe I, 0OCIUHYBAjKH ce BO
¢doroBoaTanuHo moje. EmeH om HajroleMuTe MpoOJeMHM BO TEKOT Ha eKCILloaTaldjaTa Ha
(hoTOBONTAMYHUTE TTOJIMEHA € HAIIACTYBaKE Ha TIPAllliHA U OCTATOIN o1 I'yOpe Bp3 camaTa MoBpIIUHA
HAa MaHeuTe, KOU MPEeIU3BUKYBaaT 3HAYNTEITHO HAMATyBamkhe Ha eUKacHOCTA HA (DOTOBOJNTAUYHUTE
ITaHEM BO TEKOT Ha HUBHUOT CKCIIMOATAIIMCKH Tieproa. ToKMy 0BOj Ipo0IeM ja WHUIIHpa MmoTpedaTa
OJ1 OJIP’KyBam-¢ Ha OBPIIMHATA HA ()OTOBONTANMYHUTE IMAHENH MTO € MOYKHO ITOYKCTA.

Yucremero Ha (HOTOBONTAMYHHUTE TTAHETH € YECTOMATH TEIIKa M OlacHa IMpOLEexypa, Ia 3aToa
TOJIeM JIeTT O] TIPOM3BOANTENNTE Ha €IEKTPUYHA eHepruja o (GOTOBONTANYIHH EIEKTPUIHHU [EHTPAIH
r'o 3aHEMapyBaaT OBOj Mporiec. 3aToa, BO OBOj TPy Ke MpeTCTaBUMe JM3ajH Ha CHCTEM 32 aBTOMATCKO
YHUCTEHE Ha IIOBPIIMHATA Ha (OTOBONTAWYHUTE MAHEIH, KOj MOXE EIHOCTaBHO Ja ja YHCTH
MOBPIIMHATA Ha ()OTOBOITAMYHUTE TTAHENH, O Hajpa3JIMuHH arJli, XOPU30HTAITHO U BepTHKaiHO. McTo
Taka, 3eMajKM MpPeIBUI JeKa JWMEH3UHTE Ha WHAYCTPUCKUTE M (OTOBOJTAMYHHTE ITAHETH BO
JOMaKMHCTBaTa Ce pa3InKyBaaT, HAIIHOT ypea MMa 3a [el J1a OHJie CO MPOMEHIIMBH JMMEH3UH CO ILITO
Ou OMII COONIBETEH 32 MIMPOK CIEKaTp Ha IPUMEHH.

CucTeMoT 3a yucTemhe Ha (JOTOBONTANYHHUTE IAHEH TH 3340BOJIyBa OapamaTa U clienn uKkanuuTe
[IOCTaBEHHU O]l CAaMHTE IIOTPOLIYBauu U MPOU3BOAUTENH Ha poroBonTanunu nanenu. Toj npercraByBa
UJEJHO pelLIeHNE Ha [Bajlla WHXKEHEPH, KOM M3ydyBaaT pas3jiMuHa MpoOjeMaTHKa, KOM yCIeaa Aa I'
HMMIUIEMEHTHPAaT CBOMTE 3HACHa M Jla MOHYAAT PElIeHUE Ha eIHA MaJKy [Oopa3jIMyHa MpoOjeMaTHKa
o Toa mMTO Jocera € mo3Haro. LlemokymHarta paboTa, pe3yaTHpa CO KpaeH IPOHU3BOJ KOj
KOHCTPYKILIMCKH € COCTaBeH 0J] OrojieM Opoj Ha MOJCUCTEMH, CO Pa3INin (YHKIUHU U KApaKTEPUCTHKH,
KOHM OBO3MO’KYBaaT CUCTEMOT CHHXPOHU3HPAHO Jia padOTH KaKo €IHa LeJIMHA.

Kayunu 300poBu: gpomosormauunu naneiu, asmomamuzayuja, yucmerse, agmomamusupao
yycmerve
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1  BOBE]

DOTOBOATANYHUTE MOJIHMIbA, & CO TOA W MPOU3BOJACTBOTO HA CJICKTPHYHA CHEPruja MPeKy
HCKOPDHUCTYBarhe¢ HAa COHYEBATAa CBETJIMHA CTaHyBaaT C€ MONPHCYTHH BO wenuoT cBer. Cekoe
(hOTOBOITAMYHO TOJIE BO MTPOCEK UMa MPEABUICH CKCIUTOATAIMCKH TEPHOANMA OYCKYBAH KUBOTEH BEK
on 20 mo 25 roauHM, Ma 3aTOa OJ] BUTAJIHO 3HAYCHE € Jla Ce IMOCTUTHE MaKCUMaJlHA ePUKACHOCT BO
TEKOT Ha HUBHATA eKciuioaraiuja. Ho, HacoOupame Ha MpalirHa 1 OCTaToIH 01 ['yOpe Bp3 MOBPILIMHATA
Ha (OTOBOJITAMYHUTE MAHETH HETATUBHO BIIMjaaT Ha pabOTHUTE KapaKTEPUCTHKH Ha MCT HAYWH KaKo
npu obsiayeH jeH. OBa e moceOHO MPo0IeMaTUYHO BO CYBH UM NPABJIMBY CPEAWHH, A 3aT0A CE jaByBa
notpebara O KOHCTpyHpame Ha IEJIOCHO aBTOMATHU3HPAH CHUCTEM 32 YHCTCH¢ Ha (DOTOBONTAMYHU
nanenu. Edukacen poOOTCKM ypea MOXKeE J1a MCYMCTU TojeMU (POTOBOJNITAWYHM TONHEA W Ja BPIIU
aBTOMATCKa MHCIIEKIIMja HA TIAHEJIMTE BO OJHOC HA HMUBHATA e()UKACHOCT, CIIOPENCHO CO YOBEKOBUTE
MOXHOCTH M HEKOW XapJBEPCKH alTepHATUBH. 3eMajKu IMpeABH] Jeka (HOTOBONTAUYHUTE IMaHETH
BpIIAT JMPEKTHA KOHBEp3HMja HAa COHYEBATa CHEpPruja BO CJICKTPUYHA CHEPruja, CO Il THE Ja
(YyHKIIMOHUPAAT CO MakcHMMaliHa e(hUKAaCHOCT, Oe3 3ary0u Ha eHepruja, MOTpeOHO € MOBpIIMHATA Ha
MaHeIuTe J1a OMJIe YMCTa U JIa OBO3MOXKYBa CJ1000JieH Biie3 Ha (horoHu. HeuncroTujara u odnamnure ro
OJIOKMpaaT CHOIMOT COHYEBH 3palldi U IO UMaaT MCTHOT epeKT Bp3 HaMalyBame Ha IeHepHupaHaTa
erepruja. O0JaYHUTE YCIIOBH ja OJIOKMPAAT arcopIiifjaTa v ja HamallyBaaT epKacHOCTA Ha MMAHEINUTE
3a 20 — 30 %, xako mTo e npukakHo Ha Cnuka 1.
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Cauxa 1 IIpumep 3a u31e3Ha MOKHOCT 071 (OTOBOJITAMYHA KeJiMja MHCTATIMpPaHa Bo CeBeponCcTOUYEH
Yuusep3urer ,,bocton, MA, Coequnernte AMepukancku Jp:xaBu”. I'pagukoT nmoka:kyBa 3HAYMTETHA
NMPOMEHA BO M3J1e3HAa MOKHOCT NOpaau 00JIaYHHTE YCJIOBH, IITO € eKBUBAJICHTHO HA OHOj 100MeH o]
HEYHCTOTHja M OCTATOIM HA CTAKJIEHATA MOBPIIMHA Ha KesiujaTa, [1]

I'padmkoT ja mokakyBa mM3ne3HaTa MOKHOCT BO TEKOT Ha €IHA Hezmena 3a ()OTOBOITaWMYHA HHU3A
roctaBeHa Bo CeBeporcToueH YHUBep3uTeT ,,bocroH, MA, Coennaernte AMepukaHCKH JlpskaBu™.
HcnuTyBamero Ha pe3yNiTaTHTE MOKAXKYBaaT Jieka, KPUBHTE 3a MPBHOT W IETTHOT JIEH WMaat
3HAYUTEITHO ITOMala U3Je3Ha MOKHOCT Topaan obiadnu yciaoBr. Co cOOBETHA aHAIIOTH]a, BOOUYHUBO €
Jieka KOHTPOJIMPAHUOT TIpriec Tpeba Jla OBO3MOXKH MOBPIIMHATA HA MAHENOT Ja OuJie YncTa 3a Ja ce
no0ue mocaKyBaHaTa M3JIe3Ha MOKHOCT.

Kopucremero Ha BojaTa BO IMpPOLECOT HA YHCTCH-E Ha MAaHEIHWTE, MCTO Taka, MOXE Ja BiHjac
MMO3UTHBHO Bp3 e(uKacHOCTa Ha (POTOBONTAWYHHUTE TAHENW, OHIEjKM TIIOBEKETO KpPHUCTATHU
CHJIMKOHCKH KM UMaaT MoJ00pU CTPYjHO-HANIOHCKH KapaKTEPHCTHKH Ha IMOHUCKH TEMIEPaTypH.
Bopgara mro ce mpcka o1 poOOTOT I'H JIaAW MAHENUTE, IPY ILITO UCTOBPEMEHO CE O/IBUBA U MTPOLIECOT Ha
YHUCTCHE Ha TNAHEIUTe, MOXKE IOMOJHHUTENHO Aa ja 3rojemMu eduracHocta 3a 15%. HajBaknata
npuaoOMBKa OJf aBTOMaTM3aldjaTa Ha IPOIECOT Ha YHCTeHEe Ha (POTOBONTAMYHUTE ITaHENH €
3roieMeHara Op3WHa, €IHOCTABHOCTA, TEMEIHOCTa MW TMOBTOPJIMBOCTa CO KOja CHUCTEMOT Ke
GbyHKIIMOHUPA BO criopeaba co locera MOCTOSYKUTE PEIieH ]ja 3a 0Boj mpobiieM. [Kako kiyden daktop
BO JIM3ajHOT Ha HAIKOT ypeJ UCTO Taka ce 3eMEHH BO IPEIBH] M MaTepujaiuTe. [IpuMapHO BaXHO €
n30paHUTE MaTepHjalik 3a OBOj IPOU3BOJ J1a OMIAaT 3P KIMBU, HO HCTO TaKa € B)KHO € THE J1a MOXKaT
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Jla ce peluKInpaar, a OpojoT Ha MaTepHjalid YIoTpeOSHH BO JU3ajHOT KOj HE CE PEIUKINpAaT Ja ce
CBeJIe HA MHHUMYM.

Bo o0Boj Tpyn ke mpercraBUME €eH IIEIOCHO aBTOMATH3MPaH CUCTEM 32 YHCTCHE Ha
(hOTOBONITAMYHY TTAHEH, KOj KOHCTPYKIIMCKH € COCTaBEH OJ1 ITOrojeM Opoj Ha MOJACHCTEMH, KaKo IITO
Ce IIaBaTa 3a YKMCTEH¢ KOja ce JBMKM IO MOBPINHHATA HAa (DOTOBOJTAMYHHUTE TAHEIH W aKTHBHO ja
YMCTH TIOBPIIMHATA HA UCTHOT, CHCTEM 3a JBHXKEIH-E Ha YPEIOT 10 AOJDKMHATA Ha maHeaoT UTH. OBOj
TPy BO ceOe COAPIKH €eH MOAYJIapeH 13a] Ha CHCTEMOT 3a YHCTEHE Ha (POTOBONITAMYHUTE MAHEIN
KOj OBO3MO)KYBa HEroBa Op3a MOHTaxka U jeMoHTaxa. OB0j ype/l 3HAUMTEIHO IO HaMaJlyBa OpojoT Ha
pabOTHUIM KOH ce MOTPEOHU 32 PavyHO YHCTeHE Ha (POTOBOJITAWYHUTE MAHETU W 3aIITeIyBa MHOTY
BpeMe.

KapakreprucTHKUTE HA OBOj CUCTEM, NMPETCTABEHU BO MOHATAMOIIHUOT JEN O] TPYJIOT, OCTaBaaT
MPOCTOp 3a JOMOIHHUTENHA MOHATAMOIIHA ONTUMH3Allija Ha CHCTEMOT, CO IeN Ja ce Jo0He eicH
HajCOBPEMEH MPOTOTHUII HA ABTOMATU3UPAH CHCTEM 33 YUCTCHE Ha (JOTOBOJTAUYHU MAHENN KOj K& TH
3aJ0BOJIlyBa CHTE CTaHJAapAd 3a MaKCHMaJlHa e(QUKACHOCT, €IHOCTaBHAa MOHTa)Ka, EJHOCTABHO
HCKOPUCTYBamE U AUMEH3MOHO Ke eToJIeECEH U IMoMall.

2 TEOPUCKHU ACIIEKTU 3A U3PABOTKA HA TPY1OT

U mokpaj orpoMHHOT pacT Ha (HOTOBOJNITAUYHATA UHIYCTPHja BO TEKOT HA U3MHHATHTE TOJHMHH,
YHUCTEHETO M OAPKYBAETO HA (DOTOBONTANYHHTE MONNEH-A OCTaHA PEIATHBHO HempoMeHeT. [lomanuTte
MONNEa CEe YHCTAT PavHO, CO MOMOII Ha CPEACTBA 3a YHCTEHE M BOJA CO MPOTOK O €IeH MeTap
KBaJpaTeH BO MHHYyTa. [loromemure (OTOBONTAMYHM MOJIHMIbA MMAK, CE YHCTAT CO IOMOII Ha
MPOTHUBIIOKAPHUKAPCKU BO3WJIA, BO BOJOWHTEH3MBEH W HecrenuU4YeH Tpollec Ha 4YHcTeme. Ha
npuMep, GoroBonTandHo 1moe Bo [ uHpejn, Apru3oHa KopucTy moeke o] 280 TUTPH BoJia 3a YHCTEHE
Ha 5 MeTpH KBaJpaTHHU 0Ol POTOBOITAUIHOTO TToJie [2].

MoOMeHTaTHO €leH OJf HajpaclpOCTPAHETHTE Yypeau 32 pavyHO YHCTCHE¢ HA MAaHEIHTE ¢
TakaHapeueHNOT mojpkaB. OBOj ypell € MOHTHPAH Ha pavka 3a YHCTEHE B BO ce0e CONPIKH CHCTEM 3a
MPOTOK Ha BOJIa KOj OBO3MOXYBa JIeCeT THMOBH OJ] TI0 JIBE JIUI[A 33 BpeMeTpackke 01 8 yaca Jia HCUUCTAT
10 000 doToBoaTanynu manenu [3].

HajakTyenen aBTOMATCKM CHCTEM 3a YHCTEH-E 32 Maji CTaHOEHW (DOTOBOJTAMYHH HU3U KOH CE
BKJIOITyBaaT BO JIOMOBHUTE VI BO MallUTe JEIOBHU 3rpaau ¢ SolarWash. CucremMoT e cratudeH pen Ha
MJIa3HUIM TTOCTAaBEHHW ITOCTENEHO 1O JOJDKMHATAa Ha CONlapHaTa HH3a KOj ocio0omyBa COOJIBETEH
PacTBOPOT 3a YHCTEHE KOra € aKTUBUPAH 01 MUKPOIIPOIIECOP.

HACA xopuctu poToBONTAaNYHA TEXHOJIOTH]A 32 HAIIOjyBalbe Ha MHOTY Off HEj3UHUTE CATEINTH,
BCEJICHCKH JIeTaJla ¥ BOH3EMCKH POBOBH, HO HEMa METO/ 33 YHCTEH-E BO MECTO 32 HEJ3MHUTE BOH3EMCKH
mioBHU 00jekTh. [loceOHM HcTpakyBama ce MpaBeHH! 3a poBepoT mocraBeH Ha Mapc, kane HACA ja
HCTpa)KyBa HamMaJieHaTa e()UKacHOCT TIOpaay MpalinHa BO OJHOC Ha OpojoT Ha JeHoBHM Ha Mapc. 3a
Bpemerpaeme o 30 meHa BKyIHHTE 3aryOu Ha eHepruja counHyBaat 52,2% 3aryba Ha eHepruja, BO
MIOJOJIT BPEMEHCKH NEPHOA 011 2 TONMHY THE counHyBaat 89% 3ary0a Ha enepruja. [lokpaj oBa, HACA
00jaBu Jeka HEOUYEKyBaH BeTep Ha Mapc IeTyMHO IO MCYUCTH IpaB OJf COHUCBUTE ITaHEemH Ha Mapc
PoBep 1 3HAUMTEITHO ja 3roJieMH U3JIe3HaTa MOKHOCT Ha MAHEIUTeE.

[Ipouecor Ha uncTemHE Ha POTOBOATANYHHU MOJINEHA € CIMYHO CO YHCTEHE Ha IPO30PLU BO TOJIEMH
00jeKTH, Taka MTO € JOOpO MPETHa3INBO Ja C€ UCIUTAAT POOOTHU3NPAHUTE METOIM 33 YHCTEHE Ha
ctaknoro. ['omem Opoj TakBH POOOTH 3a YHCTEHE Ha CTAKIO TOCTOjaT, a HAJjIO3HAT € pOOOTOT
RobuGLASS nu3ajuupan na ja uuctu nupamuaata Ha JlyBpe Bo Ilapu3, ®@pannuja. TemenHoro
YHCTEHE Ha CTAKJICHU MAHENIH IMOHEKOrall MOXKe Ja J1ajeé MUKpO I'peOHaTHMHKM KOM HE BIIMjaaT Bp3
(yHKIMOHAIHOCTA Ha MPO30PELIOT, TYKY ja pacdpiaar cBeTIMHATAa Koja mara Bp3 ()OTOBOITAUYHHOT
maHes.

3aroa, cuTe OBME MOJATOLM M 3aKIy4OlHM, ja HaBeayBaaT morpebata ox u3paboTyBame Ha
KBaJIUTETCH, e(QUKACEH, eKOHOMHYEH U JIOBEpJIIMB CHCTEM KOj Ke OBO3MOXH LEIOKYyITHA
aBTOMaTH3allfja Ha OBOj TPOIIEC.
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3

TU3AJH

3.1 Cneunpuxkanun

Cnmcokor Ha crierdukanuy 3a npoektupame (Tabena 1) e coctaBeH Bp3 0CHOBa Ha MH(OpPMAIHU
O]l UHTEPBjya cO MPOU3BOAUTENHN Ha (POTOBONTAMYHY MTAHENU U KpajHUTEe KopucHUIM. Ha panrupanarta
TexxuHa o1 1 10 5 ce majieHn crierupuKauuTe CO HAjTOJIEMO 3HAUCH:E.

Tabena 1 Cnenudukanmun 3a npoeKTHpPame HA CHCTEMOT

Crnenudukanumu Ouena 3atesemka
MOo)KHOCT 3a eKcIuIoaTalyja Ipy HeOBOJIHH YCIOBH Ha
OrtmopeH Ha npaB 5
NpanivHa U BeTep
MosKHOCT 3a eKcIuIoaTalyja Mpyu TeMIepaTypu HOBHCOKH
OTropeH Ha BUCOKH TEMIIEpaTypH 5
on 35 creneHu
Yucremero Ha (HOTOBOJITANUHUTE MAHETH CO BOAA Aa HE TU
OtnopeH Ha Bozia 5
OLITETH MCTHUTE
EnnocraseH mu3aju 4 YHUKaTeH IU3ajH U PYHKITHOHAITHOCT
Makcum BE JIMIIA J1a MOXKaT J1a TO UHCTAJIUPaaT U
IIpenocnuBoct 4 ymAa Ha & p
npeHecyBaar
IIpoceuna TexxuHa 4 20 — 40 xunorpamu
JloBepauBocT 3 Hema motpeba o1 KOPUCHUYIKH BJIC3
[ena 4 < 10% of 1estoKymHaTa 1ieHa Ha (JOTOBOJITAUYHOTO TOJIE
be3 HanecyBame Ha C6H3,TI/IHI/I I10 IIOBpILIMHATA Ha
[MperusHocT 5 yB P P
(hOTOBONTANUHUOT MaHEN
bp3una Ha yncreme 5 [To6p3 ox 1 mMeTap KBagpaTeH O MUHYTA
EduxacHoct 5 Hajmanky 90 nporieHTH ofi HeuucToTujara
YeTtupu nmaHenu co BKyNHa nospiuuHa o 280 metpu
Kamanurer Ha HU3M 3a YUCTEHE 4 p yn P A R
KBaJIpaTHU
upounHa Ha YHUCTEHE 4 ITomery 5 u 2 metpu
CrabuimHocT 5 He mara non iejcTBO Ha BeTep WU IBUKEHE
Bbp3una Ha ABMKEH-E BO TEKOT Ha 4 ITokpuBa noBeke oj] €71cH MeTap KBaJpaTeH BO MUHYTa
YHUCTEHHETO
[orpomryBauka Ha Boga 5 [Momanky oz 40 nuTpu/yac Boga
Permxninpame Ha Boga 4 3apoOyBame 1 QUITpUpamke HAa HCKOPUCTEHATA BO/IA
IloTpomyBauka Ha eeKTpUYHA 3 ITomanky ox 5 xunoBaTtu
eHepruja
BydaBa 1 ITomanky on 80 mermbenu
WnenTudukanyja Ha KO 4 3anmpa mpej Kora Ke To perucTpupa KomoT
Bbesbexnoct 5 Hewma na notdpim npu enexTpudHu IpooieMu
Uucreme Ha QUITPU 4 Bpemerpaeme nomaio oxn 10 MuHyTH
IlonHewe co aerepre’t 4 Bpemerpaewe nomaio og 5 MUHYTH
[otpormren maTepujan 3 Bpemerpaeme HajManky on 200 gaca
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3.2 ®uHajJeH NPOM3BOJ U Mpollec HA padoTa

[Ipen na 3amodHeMe co MPOLECOT Ha AW3ajHUpPAbE HAa CUCTEMOT 3a YHCTEHhE Ha (POTOBOITANYH
MaHeIn, MOpaBMe Jia OAITYYHMe KOH CE TTIaBHUTE LETH U MPHOPUTETUTE KOM CaKaMe Jia T TIOCTUTHEM e
BO TEKOT Ha u3paboTKaTa Ha CHCTEMOT, KaKO U Jia OJUTy4YMMe KOja € KpajHaTa LeJl ¥ KaKoB cakame Aa
Ousie M3IIICAOT HAa KOHEYHHOT MPOU3BOAOT. HajOMTHM KapakTepuCTHKH 3a Hac, BO (a3ara Ha
MPOEKTUPAE U aHaJIM3a Ha TIOCTaBEHHOT Mpo0JIeM, Ce 3aCHOBAaa Ha pe3ynTaTuTte JooueHu Bo Tabena
1, Kou HH To mpeTcTaByBaaT CIMCOKOT Ha CIEU(HUKALNH 32 TPOSKTHPAE COCTABEH BP3 OCHOBA Ha
OapamaTa Ha IPOU3BOIUTEINTE Ha (POTOBOITANYHH MAHETH, KAKO M KPajHUTE MOTPOLIYyBayH, a TOA Ce
JiecHaTa KOHCTPYKIIMja, €BTUHATA [IeHa Ha MPOM3BOJICTBO U OJPIKYBambe, H3APKINBOCTA U JIECHOTO
pakyBame. Baka 3alpTaHUTE M MOCTaBEHU IIEIH, OBO3MOXKH]ja COOIBETHO ONpE/AENyBamhe Ha CHTE
MOHATAMOIIIHN COCTAaBHU €JIEMEHTH OJf Kou OM OMJ M3rpaJeH CaMHOT CHUCTEM 32 YHCTEHE Ha
(hoTOBONTAMYHHUTE MTAHENN, KAKO H COOJIBETHO OIIpe/ellyBame 1 Je(UHUPakhe HA HErOBHOT HAYWH Ha
pabora. KOHCTpYKTHBHO, IEIOKYITHHOT CKJION HA MPOAYKTOT € COCTaBEH O HEKOJIKY T0/I-CKIOMOBH.
[IpBHOT MOA-CKJION TO MpETCTaByBa CHUCTEMOT 3a JBHXKEHE Ha YPEIOT MO KOHCTPYKIMjaTa Ha
naHenoT. OBOj MOJ-CKIION OBO3MOXYBa W3BPIIYBakEe HA MOMOIIHOTO JIBUKEEHE BO OBOj CHCTEM,
HAMEHETO Jla ja TO3WIMOHWpA TjlaBaTa 3a YHCTEHEe BO OJHOC Ha XOpPU3OHTAJIHATA OCKa. 3a
M3BPIIYyBamke Ha OBA JIBIDKEHH-E, IBaTa Jiefia Ha MOA-CKJIONOT C€ MOTOHYBAaHU CO TIOMOII Ha aBa 12V
DC enexkrpomoropu. 3a ja ce OBO3MOXH IapajeiHO JBIKEHE Ha JBETe, ropHaTa W JIOJHATa
MOJIOBMHA OJ1 OBO]j TIOJI-CKJIOI, THE C€ IMIOBP3aHU MOMer'y ce0e co JIBe aTyMHHUYMCKH IITUHH KOU UCTO
Taka paboTaT Kako BOJWIIKA Ha IiaBaTa 3a dncTeme. OBOj MON-CKIION COONETHO € rpaduyuku
nperctaBeH Ha Cruka 2.

[ 3 Drive Motor Assembly ; Clesnimg Hend LET Moter Asvombly

Cauka 2 Ipuka3s Ha MOI-CKJIONOT 32 IBH:KeIbe HAa YPeIOT M0 KOHCTPYKIMjaTa HA naHeaoT [4]

CreneH TOX-CKIION € CHCTEMOT 3a YHCTECHC WJIM TJIaBaTa 3a YHCTEHE, Koja MpPeTCTaByBa
€CeHIIMjaJIeH JIe BO U3BEIyBAmhETO Ha MPOIECOT Ha YMCTehe Ha oTroBonTanvyHuTe Nanenu. [ maBaTa
3a YHCTEHE, BO TEKOT HA CBOETO ABIKEH-C IO LEMOKYITHATa JOJDKMHA Ha XOpPH3OHTAIHATa OCKa,
aKTHBHO TO YHCTH MaHENOT. Taa e cocTaBeHa of IBe MITMHAPUYHH YeTKH, O]l KO TIpBaTa € HaMeHeTa
3a BOJCHO YHCTEH-E M INpEJ Hea Ce MOCTaBEHHW YeTHPH MIIA3HUIM KOM HC(piaaT BOJICHA MpallfHa.
Bropara dyerka e HaMeHeTa 3a J]a ro CyIIH IaHeJIOT U J1a CIPeyYH NpHIIeITyBamke Ha OMII0 KaKBa MpaIlnHa
WM OCTaHaTa HEYHCTOTHja. 3a Ja ce m30erne OMII0 KaKBO Bpakame Ha HEYHCTOTHUTE OJ TJlaBaTa 3a
YHCTEhE Ha3al] KOH MTaHeNIOT, OMely ABETe YETKH II0CTaBeHa € TyMeHa CTPyrajKa, HaljpaBeHa O MeKa
rymMa HallpaBeHa Off IoJMeTuiIeH, aedpunupan co cragaapaor SO 17855-1:2014. OBoj matepujai, HA
OBO3MOXKYBa CTpyrajikaTa 0e30macHoO Ja Ouje mocraBeHa Bp3 o0iiorara Ha maHenoT, 0e3 mpuroa jaa
JI0j11e 710 HEKOE OIITETYBambe Ha CAaMHUOT (POTOBOJITANYEH MAHEI.
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Scraper Sub
Assembly

Sprayer Sub
Assembly

Brush Sub
Assembly

Ciinka 3 Ipuka3 Ha KOMIIOHEHTUTE HA IJ1aBaTa 3a YucTemhe [4]

'maBaTa 32 4mcTeE € COOJBETHO IMOCTaBEHA HAa JIBE HIMHW BOJWIKH KOM 00e30emyBaar
ONTHMAJIeH KOHTaKT CO MOJyloraTta Ha IMaHENOT W CIyXKaT 3a BOJCHE Ha TJaBara 3a YHUCTCHE 10
BepTUKaNHaTa ocka. [1oA-CKIONOT Ha pachpcKyBayuTe 3a BOJAA € IOCTABEH HEMOCPEHO e MpBaTa
nuIMHApHYHA YeTka. OnpeenyBameTo TOKMY Ha OBaa MO3UIHja ce HAMETHYBA Kako pe3yaTar Ha Toa
IITO Taa HY JI03BOTYBA JOMOIHUTEIHO OJI/ICYBahE Ha BIIaYKHATA M CyBaTa 30Ha OJ1 TNlaBaTa 3a YUCTEeHhE,
ONTHMAITHO PACIpCKyBame Ha BOJATA WM JIONMOJHHUTEIHO YUCTEHE Ha BJIYKHATA YETKa 10 KPajoT Ha
W3BPIIYBamkETO HA paboTara. J[BUKEmhEeTo 10 BEPTHKAIHATA OCKa CE U3BEIyBa CO ITOMOII Ha CHCTEMOT
3a BEPTUKAIHO JIBIKEHE KOj € COCTABEH OJI CIper O] 3aIT4ecT PEMEH CO 3aITYCHHK U eJIEKTPOMOTOP CO
mokHocT 071 30 KW. 3am4eHroT peMeHHK ce HaMeTHa Kako HajJ00po pelieHne mopar MajauTe Op3uHu
KOH ce OapaaT MpH JIBUKEHETO U HEroBaTa Majia TeXHHA, KAaKO M MO>KHOCTA TOj JIECHO Jia Oujie 3aMeHeT.
OBOj cHCTEM ja JIBMIKH IJIaBaTa 3a YHCTEHE rope-10i1y 110 BUCHHATA Ha MAHENOT,  IMMHATE BOJIWIKH ja
BOJIAT TJlaBaTa CcO MITO € OCHTYpPaHO Mpelu3HO Opulleme Ha CeKoj JieN, Tpex Ja ce H3BPIIN
MpeMUHYBamkbe Ha ClieAHuoT. [Ipen cekoe YncTeme Ha OMi1o KOJIKaB Opoj Ha MaHeau pabOTHUKOT KOj TO
yIpaByBa CHCTEMOT Tpeba Ja TM BHECE NMMEH3WUTE Ha MaHeTuTe M HUBHUOT Opoj BO IporpaMara Ha
ypenor. Bo TOj MOMEHT ypemoT cO MOMOII Ha TOACHCTEMOT 3a YIpPaByBame ja IPecMeTyBa
ONITHMAJTHATA TTaTeKa Koja Toj O ja Mpe3en W ro 3alouHyBa YUCTemheTo. [loacucTeMoT 3a ypaByBame
e cocraser o1 ICM-MB-110 PLC koe co momor Ha Bluetooth nnmn USB Bpcka Moke 1a ce MpUKITydH
CO KOMIIJyTEpPOT Ha OIEpaTOPOT, KOj IPEKy crelujaieH nuTepdejc MoXKe Ja TU 3a4aje CUTEe KOMaHIu
Ha ypenoT. Mcro Taka omepaTopoT o1 0BOj MHTEpdEjc MOKe Ja A00MBa MOBPATHH MH(POPMALIUU O
YPEIoT 32 BpeMeTPaemhEeTo Ha YHCTEHETO U HEeroBaTa yerenrHocT. [locnenen moa-ckiomn e CHCTEMOT 3a
MPOBEpKa Ha KBAJIWUTETOT Ha YHCTermeTo. CHCTEMOT 3a MpOBEpKa Ha KBAJMTET € COCTaBEeH Of] /IBa
nacepcku OPtoNCDT 1750 ceH30pu KOHM Ce IMOCTaBEHHM HEMOCPEIHO 3aJ] CYBHOT Jied Ha TjaBaTta 3a
YICTEHE U BO PeajHO BpeMe JaBaar mH(opManuu 3a OMII0 KaKBH HETIPABIIIHOCTH BO YHCTEHETO WITH
OIITETYBamE HA MaHENOT.

3.3 Kopucreme Ha ypeaor

Kopucremero Ha ypeoT 3al109HyBa CO HETOBO IIOCTAaBYBAah¢ Ha MAHENIOT  OCTBAPYBAmbe Ha BPCKa
rmoMery KOMIIjyTepoT Ha omepaTopoT U ypenor. OBaa Bpcka Moxe na oune co momomr Ha USB wmu
Bluetooth nnm co coonBerHr KOMyHUKAIMCKH TPOTOKOH. [10 0OCTBapyBameTo Ha BpcKaTa ornepaTopoT
Tpeba /1a TM BHece NUMEH3MHUTE Ha MaHEeNoT M OpojoT Ha MaHenmu Kou Tpeda aa ce guctar. [lo oa
MHUKpPOKOMIIjYTEpOT BO ITaHEIOT, ja BYMTYBA IporpaMaTra Koja € NpHKadeHa Ha HEro W TH IpaBH
MPECMETKUTE 32 TPACKTOpHja M BpEeMeTpacke Ha YnCTemeTo. [10 MCIOIHYBameTo Ha OBHE YCIOBH
ypenoT 3amouHyBa co pabora. HajmpBo ce m3BenyBa INIaBHOTO JIBH)KEH-E MO BHCHHATA HA MAHENOT
(BepTHKaJIHA OCKa) KOE IITO € JIBM)KEEETO BO KOE ce M3BeAyBa yncTemneTo. [1o 3aBpuryBamero Ha oBa
JBIKEHE YPEIOT Ce MPEMECTyBa BO JIECHO 10 XOPU3OHTAJIHATA OCKA, OJ CTPaHa Ha MOJ-CKJIOMNOT 32
JBIKEH-E TI0 TTAHENoT. [ 1aBara ce KpeBa BO ITOYETHA TTO3HIUja U UKIYCOT HA YHCTEHhE CE TIOBTOPYBA.
3a 1eno BpeMe Ha YHCTEHETO CEH30pUTE HCIpakaaT nHGOPMALMK 0 OIEpaTOPOT, KOj AOKOJIKY MMa
OIITETYBAaE HAa MAHENOT WM TPEIIKa BO YUCTEHETO MOXKE MOMEHTAJIHO Ja W3BPIIM HHCIIEKIIHja.
HukimycoT Ha ABMKEHE Ce TIOBTOPYBA CE /10 3aBPIIYBAKE HA UNCTEHETO MIIH IPEKUHYBAE O/ CTpaHa
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Ha paboTHHUKOT. [IpeMecTyBameTo Ha ypenoT oA €leH J0 APYT MaHel, ce U3BPIIYBAa MHOTY KPaTKO M
0e3 MpeKkuHyBambe Ha IIporpaMaTa Ha paboTa U Hej3HHO peKalnOpupame.

4 3AKJIIYYOK

Co 3ronemeHaTta ynorpe6a Ha (OTOBONTAWYHHUTE IMAHETU MOTPEOCH € HOB METO] Ha HUBHO
YHUCTEHE U MHCIICKIIU]a. UNCTEHETO € MOCceOHO BaXKHO 3a JIa C€ OBO3MOXKHM MAKCHMAJIHO HCKOPHCTYBAHbE
Ha (hoToBONTAMYHKTE MaHenu. HampenokoT Bo TexHOIOTHjaTa Ha GOTOBONTANULM Tpeba Aa Oujie mpaTeH
W OJ] HAaIIPEJOK BO TEXHOJIOTHjaTa 32 HUBHO OJp)KyBambe U uncTeme. OBOj TPy CO cBOjaTa COApIKHHA,
Mpe3eHTHpa €HO O]l MOXKHHTE HJICJHH pElIeHH]a 3a ypel KOj TH YHCTH M OAPKYBa (POTOBOITAUYHHUTE
MaHenu. YPEenoT € COCTaBeH O] IBE MOTOPU3UPAHU KOJMYKH (KOU TO M3BPIIYBAaT XOPU3OHTATHOTO
JIBIDKEHH-E) U TJIaBa 32 YHCTEHH-E CO 3aIMUeCcT PEMEH U 3aITYCHHUK (332 BEPTUKAITHOTO ABUlelke). [ 1aBaTa e
COCTaBeHa Of JBE LWJIMHJIPUYHU YETKA KOW ja OpHIIAT MpaliMHATa W TyMEHa CTpyrajika Koja He
JI03BOJTyBa HHKAaKBa HEUHMCTOTH]ja Jla OcTaHe Ha maHenoT. OBOj ypes 3HAUMTETHO TO HamalyBa OpojoT
Ha pabOTHUIIM KoM Tpeda Jia ce BKIY4EeHH BO MPOIECOT Ha YHCTEH-C Ha elleH manen. McTo Taka, ypenor
rnomara U BO OJIP)KYBarmeTO Ha IMaHEIMTE 3aToa IITO CO MOMOII Ha HErOBHTE CEH30pPH C€ JIETEKTHpPa
OWJIO KaKBa HEYCIEIIHOCT MPU YHCTCHETO UITH OIITETYBAahe Ha MTaHesoT.

On kpylujaliHa BaXKHOCT € pa3BUBAETO HA OBOj IPOTOTHUI Jla c€ MPOJIOJDKY U BO uuHUHA. Kako
MOHATAMOIITHY TENTU 32 YPEIOT OM T'M W3JBOWIJIC aBTOMATCKOTO Npedpliamke 0J] €/IeH Ha JPYT MaHedw,
KaKO M MOCTUTHYBAE Ha YIITE MOMaa U MMoJieCHa KOHCTPYKIHja.

JlomOHUTETHO, BO OBOj TPY/I HE € or(haTeHa TeXHO-eKOHOMCKATa aHajn3a Ha Baka Je)UHHUPaAHHOT
CHCTEM, a WCTO TaKa HE € aHaJM3UpaH M EIEKTPUYHHOT JIeJl Ha CHCTEMOT, OJHOCHO XapBEpPCKOTO
H3BeyBambe, KAKO M MPOrpaMUPabeTo Ha MPOrpaMUOMIHHUOT JIOTHYKY YIIPaByBad. 3aToa OBOj TPY ce
HaJieBaMe JieKa Ke IMOCITY)KH KaKO €IHO MJIEJHO pellleHne, KOe K€ MOTTHKHE ITOHATAMOIIHO Pa3BUBabE
Y JONOTHUTETHO UCTPAXKyBakE U MIPOyUyBarhe Ha OBaa mpodieMaTnka.
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AUTOMATION OF THE CLEANING PROCESS OF PHOTOVOLTAIC
PANELS

ABSTARCT

With the increase in the price of electricity, the impact of fossil fuels on the environment, and the
reduced availability for their exhaustion, there is undoubtedly the need to implement and significantly
increase the interest in renewable energy sources, such as photovoltaic panels. The increasing interest
in using and utilizing renewable energy sources has caused significant growth and development of the
photovoltaic industry in recent decades. The main way of utilizing solar energy for electricity generation
by using photovoltaic panels is by appropriately setting up photovoltaic modules and forming strings
from photovoltaic panels, uniting in photovoltaic field. One of the biggest problems during the use of
photovoltaic fields is the accumulation of dust and rubber residues on the surface of the panels, which
cause a significant reduction in the efficiency of photovoltaic panels during their exploitation period.
Precisely this problem emphasizes the need to keep the surface of the photovoltaic panels as clean as
possible. Cleaning photovoltaic panels is often a difficult and dangerous operation, therefore many
electrical manufacturers from photovoltaic power plants deny this process. Therefore, in this paper we
will present the design of a system for automatic cleaning of the surface of photovoltaic panels, which
can simply clean the surface of photovoltaic panels, from different angle, in vertical and horizontal
directions.

Key words: photovoltaic panels, automation, cleaning, automated cleaning
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PA3BOJ U UMIIVIEMEHTALINJA HA OTBOPEHU EHEPTETCKHU CUCTEMMU BO
KIIACUYHUTE EJIEKTPOEHEPI'ETCKU CUCTEMHA

AIICTPAKT

KracnuHHOT eNeKTpOeHEePreTCKH CUCTEM KOj TIpeTcTaByBa IeHTpaIu3upaHa pacrnpenenda Ha
eNeKTPUYHATA SHEprHja KOH TOTPOIITYBAYHTE, BO TJIABHO CE 3aCHOBA Ha yrorpebara Ha (OCHIIHUTE
ropuBa. Exoiomkoro BirjaHue Ha KJIACHYHUOT EIEKTPOSHEPTeTCKUA CUCTEM, KaKO U HEJIOBEPIINBOCTA
3a WCIOpaka Ha eJIeKTpHUYHA EHepruja BO OJApENleHH OO0JacTH, JIOBEIyBa 1O CO3JaBame Ha T.H.
JOMakWHCTBa- mpou3BoauTesid. OBOj HAYMH Ha MPOU3BOACTBO HA EICKTPUYHA SHEPIrHja MpeTcTaByBa
JElEHTPAIM3UPAHO TPOM3BOJCTBO, KOE€ € OCHOBa HA OTBOPEHUTE EHEPreTCKH CHUCTEMHU.
[Ipon3BOACTBOTO Ha €JIEKTpUYHA €HEpruja Ce BPIIM CO MPUMEHATa Ha (POTOBOJTAUYHHTE CUCTEMH,
Yydja IpUMEHa € OIpaBjJaHa CO HUBHATA C¢ IOrojieMara JOCTAITHOCT 3a KOMEpIlMjajiHa yroTpeoa.
OcHoBHATa HjaEja Ha OBOj CHCTEM € MOXKHOCT 3a TpaHc(ep Ha eJeKTpUYHaTa CHEpPTHja O
JIOMaKMHCTBA KOV MMaaT BUIIOK Ha EIEKTPUYHA SHEeprija KOH OHME KOM MMaaT morojieMa mnorpeoba.

Bo o0Boj Tpyn ce nehuHHpaHH OCHOBHHTE KAPAKTEPHCTUKHA HA OTBOPEHUTE CHEPreTCKU
CHCTEMH, TPETCTAaBCH € HAYMHOT Ha paboTa HAa THE CHUCTEMH M pasriiefaH € npolieMorT Ha
UMIUIEMECHTHPAkhEe HAa OTBOPEH EHEPreTCKH CHUCTEM BO CTaHAApJHHOT EJIEKTPOCHEPTETCKH CHCTEM.
HUcro Taka ce pasrinenanu U coQTBEpUTE KOM C€ KOPUCTAT 32 KOHTPOJIA HA TEKOBHTE HA MOKHOCT BO
€/IeH BaKOB CHCTEM H NMPUA00NBKUTE O] pa3B0Oj HA OTBOPEH EHEPTeTCKH chcTeM Bo MakemoHwuja.

Kayunu 360poBu: O6Hos61USU U380PU, OUCHEP3UPAHO 2eHepuparse, hOmosoIMAUdHY CUCEMU,
MUKDOMPEICU

1 BOBE]J

[TorpebaTa on TOCTUTHYBAaKETO HA IIOTOJIEeMa EHEPrercka CHTYPHOCT M  IIOrojieMa
JOBEPIINBOCT, KaKo M ToTpedaTa 3a HaMallyBarme Ha IITETHUTE €KOJIONIKH BIIHMjaHUja, ja 3rolieMyBa
NeHeTpanyjata Ha JAUCICP3UPAaHUTE T'€HEpaTOpH BO KIACHYHHTE EHEPreTcKd cucreMu. MeryToa,
Mopaad Toa INTO 3aBUCAT O BPEMEHCKHTE YCIOBH, IHCICP3UPAHUTE TEHEPaTOpH MOXeE Ja
Mpeanu3BUKaaT MpodJIeMH BO MpeXara, Kako IITO CE€ BapHjallii Ha HAallOHOT W Ha (ppekBeHIMjaTa,
Kako M TIpoOJeMH CO 3amTUTaTa BO Mpexarta. [Ilpumenata Ha Oarepuu 3a CKIQJUpame Ha
HETIOTPOIICHATa eNeKTPUYHA EHEeprHja BO paMKHTE Ha MpeXa CO €IHOHACOYeH HAIOH T.H.
MHUKpPOMPEKH, OBO3MOXKYBa Ha]MAHYBarbe HAa OBHE HEJOCTATOLIH.

[MTopaam necHaTa TOCTaTHOCT M €KOHOMCKA ONPaBJaHOCT MHOTY ITOTPOIIYBAa4M CE PeIIaBaaT 3a
MOCTaBYBame Ha ()OTOBOJITAMYHH CHCTEMH, a CO TOA M CTAHyBaaT M IPOM3BEYBaud Ha €IEKTPUYHA
eHepruja. Bo oBoj Tpyn e pasriienana ujejaTta 3a Co3aaBame Ha CHCTEM BO KOj € OBO3MO)KEHA pa3MeHa
Ha eNIeKTpUYHA €Hepryja moMery IpOou3BelyBayl Ha EIEeKTPHYHA SHEepruja T.€. JOMaKHHCTBA BO KOM
ce MHCTaJTMpaHU (POTOBOJITAMYHHM CHUCTEMH CO CHCTEM 3a CKJIAaJUpame Ha BUIIOKOT ENEKTPHYHA
enepruja. OBue cucTeMu ce HapeueHH oTBopeHu eHeprercku cucremu (OEC), bunejku eneprujara ce
nperaBa M BO MpeXa, OJHOCHO HAJBOP OJf CUCTEMOT COCTaBEH O] JOMAaKWHCTBA- MPOW3BEIyBa4M
(prosumers). EnextpuuHata eHepruja Koja ce IMpEHECyBa € CO €IHOHACOYEH HAIlOH, IOpaan
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MOEAHOCTABHUOT HAYMH 3a MPEHOC, HO elIEKTpUYHATa eHepruja Koja ce KOPUCTH € Ha Hau3MEHUYCH
HAIIOH ¥ TOa ce JoOMBa co uMmIuieMeHTanuja Ha uasepropu DC/AC. [1]

Monenupamero Ha eIeH BAKOB CUCTEM MPETCTaByBa TOJIEM MPEIU3BUK IMOPATd HEMOXKHOCTA 3a
MpeIBUAYBalk-¢ Ha 1MO0AapyBavkaTa Ha CIEKTpUYHA CHEPrHja, KaKO M HEJ3UHUOT TpaHcdep momery
KOMIIOHEHTHTE Ha CUCTEMOT. Bo mpojomkeHue e pasriiejaHaHa MOXKHOCTA 3a MMILJIESMEHTAIlMjaTa Ha
BaKOB CHCTEM, HETOBUTE MPEAHOCTA M HEIOCTATOIM, KAaKO M UMIUIEMEHTAI[MjaTa Ha BAKOB CUCTEM BO
PenyOnuka MakenoHuja.

2 INPUHIMUII HA PABOTA HA OTBOPEHU EHEPI'ETCKHU CUCTEMHM

OTBOpPEHHUTE EHEPTETCKH CUCTEMH PabOTaT Ha MPHHIIKI Ha JACIEHTPATU3NPAHO IIPOU3BOACTRO.
Toa 3Haum neka cekoj o OOjeKTHTE KOM ce el O ¢Ha 3ae[JHUIA, Ce ONPEMEHH CO CHCTEM Of
OOHOBJIMB M3BOp 3a J00MBamE Ha CICKTPUYHA CHEPruja W OaTepuu 3a CKIAJAMpPAmhe Ha eJICKTPUYHA
SHEpruja, 3aelHo CO IEJIOKYIHATA ONpeMa MoTpedHa 3a MPaBUIHO (YHKIMOHUpAHmkE Ha CHCTEMOT.
OO0jekTHTe BO 3a¢IHUIIATA Ce MEI'YCEOHO MOBP3aHM Ha MPEXa CO €JHOHACOYHA CTPYja, MPEKy Koja ce
aucTpuOyrpa TpoHM3BEACHATa CIeKTPHYHA EHepruja M Koja ¢ He3aBHCHA Ha CTaHJapaHaTta
eJICKTpOCHEepreTcka Mpexa. HemoTpoleHaTa ejleKTpUYHa eHepruja ce CKiaaupa BO Oarepuu co
roJieM KaraluTeT U CO MOKHOCT 32 TIOCTOjaHO MOJTHEHE U Pa3HEehe.

EnexTpudHnTEe Mpexu MpeKy KOM ce BPIIM MPEHOCOT HA €IHOHACOYHA CTpPyja ce HapeKyBaaT
€IHOHACOYHU MUKpOMpExH. [IpuToa BO BAKOB CHCTEM IIOCTOjaT J[BA THUIA HA MUKpoMpexu. [Tpuor
THT € eJHOHACOYHAa MpEeKa BO 00jEKTOT, a BTOPUOT THI € €JJHOHACOYHA MpEeKa Ha TOBUCOK HAIOH
KOja TOBp3yBa aBa o0jextu. [IpuunnuTe 32 N300p HA MPEKHU HA €AHOHACOUYEH HAIIOH CE€ CICAHUTE:

- VYnorpeba Ha MOMaJIKy MaTepujajl, Mopaju TOa MITO HE MOcTojaT (hasu;

- TloemHocraBHa aHanu3a (Hema (peKBEHIMja, CHHXPOHHU3AIM]ja WM KOHTPOJIA Ha OOJMKOT Ha
OpaHOBHUTE);

- Tloedwukacen nmpeHoOC U MOroieMa cTabUITHOCT Ha CUCTEMOT;

- Tlomanu 3aryOm Ha eHepruja, 3a pa3jiiKa oJl CHCTEMOT CO Hau3MEHHYHa CTpyja,

- HamanyBame Ha ynorpedara oq AC/DC unBepTopH.

PasmeHaTa Ha eIEKTpHYHA CHEpPruja TOMery MpPOM3BEAYyBAauUTEe WM MPOM3BEAYyBaY U
MOTPOIIyBaY Ha €JIEKTPHUYHA CHEpPruja TpercraByBa e(pHKACeH HA4YMH 3a HaMmalyBame Ha
saragyBamero (SOx, NOy, COy) npemmssukano ox ymorpebara Ha (ocuanu ropusa. Ha oBoj HaumH
[[eHaTa Ha MIPOM3BE/ICHATA CJICKTPUYHA CHEPrHja ce ONMpeeTyBa Ha JOKAHH Ma3apH, OMHOCHO, Taa €
omnperneneHa 0e3 MoCpeaHuK, TYKy IUPEKTHO TIOMely MPOU3BeAyBadoT U moTpomrysador [2], [3].

Bo o0BOj Tpyn ce pasrienyBa OTBOPEH EHEPIeTCKA CHCTEM COCTaBeH Of (OTOBONTAMYHU
cucremu. Ha Cmuka 1 OtBopen eneprercku cucreM Error! Reference source not found.e manmen
H3rjiea Ha OTBOPEH €HEPIre€TCKU CUCTEM COCTABEH MCKIIYYHUBO O/ (bOTOBOJ'ITaI/I‘-IHI/I CUCTEMMU.

h 4

~
DC i
cobHpHHTIA ‘
L ¢4 » DC/AC AC mpeska

HHBEPTOp

| -

Cxaagupame Ha EE Ha
HHBO Ha 3aeJHALA

Cauka 1 OTBOpeH eHepreTCKH CUCTEM
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Cekoj on oOjeKTHTE KOM C€ MpOM3BEAyBayd W MOTPOIIYBaYM Ha ENEKTPUYHA CHEprHja
MCTOBPEMEHO, COJIP)KAT CHUCTEM COCTaBeH O] ()OTOBOJITAMYHM MOMYJIH CO TPaKep 3a MaKCHMalHa
Touka Ha padora (MPPT- Maximum Power Point Tracker), monnay 3a 6arepujara, uaseprop DC/AC
KOj Ce NpHMEHyBa 3a amapaTUTe BO JOMAaKHMHCTBOTO KOM paboTarT Ha HAaW3MECHUYCH HANOH H
eJICKTPUYHO OpOMJIO 32 MEpPEeH-E Ha eNeKTPUYHATAa CHEpPruja Mpe3eMeHa Ol MpeKa U elIeKTpHYHATA
eHepruja mpeziajaeHa Bo Mpeka. lllemaTa Ha MUKpoMpexara BO CKJION Ha 00jEKTOT € MpHKaKaHa Ha
Crnuka 2 MukpoMmpexa Bo 00jeKTUTE KOU Ce JIell O]l MUKPOMpPEXKHATa 3acTHHIIA.

$B

MOZYIH

MPPT

ITomnag

DC/AC
HHEEpPTOD

Bpouno

DC mpexa

Cinka 2 Mukpompe:ka Bo 00jeKTHTe KOH ce J1eJ1 0/f MUKPOMPE:KHATA 3aeJHHIA

3 INPEJHOCTU W HEJOCTATOLIM HA IIPUMEHATA HA OTBOPEHM
EHEPI'ETCKHU CUCTEMU

IMpumenara Ha OEC e ox ronema BaXHOCT U KOPUCT BO PYPaTHUTE CPEIHHU M HA MECTa KOM
MOAJIeKAT HAa YECTH NMPEKUHH Ha HATIOjyBamETO MM TTaK MECTa KaJie He OCTOM MOKHOCT 3a n3rpanoa
Ha CTaHJapAHa €JIeKTpUYHA Mpeka (HOBM WM BHKEH]I HacenOw). Ha oBOj HaumH mprMeHaTa Ha
eJIeKTpUYHATa CHEepruja € MOXKHa M JIECHO JIOCTalHa, CHCTEMHTE C€ JIECHO OJIpPXKIIHMBH, a
nMioieMenTanyjata Ha OEC Bo crammapmHaTa MpeXa JIOTIONHHTEIHO ja 3rojeMyBa JOBEPINBOCTA.
Enna ox majronemute mpemHoctu Ha OEC e moxkHOCTa 32 ocTpoBcka pabora. Toa 3Ha4YM, TOKOIKY
MIOCTOH TIPEKUH Ha HAIlOjyBAamETO BO CTaHAApIHATA AUCTPUOYTHBHA MPEXKA, CHCTEMOT HMa MOKHOCT
3a HCKITydyBame Ol MpeXaTa M CaMOCTOJHO 3aJJ0BONyBame Ha MOTPEOUTE O]l eINeKTPUYHA SHEpPIHja.
Mefyroa, o1 pyra cTpaHa, JOKOJIKY ITOCTOH I'PEelIka BO CHCTEMOT, 3a¢AHUIIATa MOXKE J]a Ce HaIlojyBa
CO eJIEKTPHYHA €HEeprHja ol MpekaTa JI0eKa Ce OTCTPaHH I'pelIKaTa BO CHCTEMOT, 03 IIpHUToa 1a ce
npekuHe HanojyBamwero. JlononaurenHo, OEC ce Bo mpuiior Ha >KMBOTHAaTa CpeauHa, OWIEjKU He
MPETCTaByBaaT N3BOP HA 3arayBarbe HAa OKOJIMHATA.

HenocraTonu kon ce jaByBaaT pH NpUMEHATa Ha BAKOB CHCTEM CE HEJOBOJIHATA UCTPAKEHOCT
Ha BaKBHTE CHCTEMH, HEIIOCTOCH:E Ha JIOBOJIHO CTPYYHH JIMIA KOM MMaaT MO3HaBamke o7 obilacTa Ha
MHUKPOMPEKUTE U MIAMETHUTE MPEKH, KaKO U 3aBUCHOCTA Ha (oroBonTanuute uHTerpupanu so OEC
CHCTEMH O]l BPEMEHCKHTE YCJIOBH, LITO ja I0BEIyBa BO Mpallame podycTHOCTa U (pieKkcnOMiIHOCTa Ha
BaKBHOT cucTeM. VcTo Taka, AOBEJEH € BO Mpalllabeé W KBAJUTETOT Ha EJIEKTpUYHATa €Hepruja,
OJIp’)KyBam-€ Ha KOHCTAHTEH HaIlOH U crabuiHa (pexkseHuuja. [lopamu Toa ce mpemopayyBa BO CKJIOI
Ha OEC na ce uHTEerpupaHu W APYTH M3BOPH Ha €JEKTPUYHA €Hepruja (Ha mpuMep Majia BeTepHa
LEeHTpajla MM OuoracHa IIOCTPOjKa) WIIM arperaTH (AM3e] arperatd Wid [aK TOPUBHHU KEHH).
MeryToa, co 3rojieMyBamke Ha MpeXaTa, Taa CTaHyBa IIOKOMIUIEKCHA M CO TOA C€ OTeXHYBa Hej3MHATa
perynauvja. Exen on HauMHUTE 3a HaJAMUHYBamke Ha OBOj HENOCTATOK € CO3JaBambe Ha IOMAJH
MHUKPOMPEKH, OAHOCHO, 3a€lHHUIATA Ja COAPXKU NMoMas Opoj Ha MPOW3BENYBaud M IMOTPOLIYBAYH.
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HOHOHHI/ITGHHO, ToJIeM IMpPEeAu3BUK IIPETCTABYyBAaT W TPOMIONUTE 34 HUMINUICMCHTHPAILEC HAa BAKOB
CUCTEM.

4 MOJEJIMPAILE HA OTBOPEH EHEPI'ETCKH CUCTEM

Mukpompexxure Tpeba 1a ce pasrieayBaaT Kako CIIOKEH CHCTEM COCTaBeH OJf MOBeKe
(hOTOBONTAMYHN CUCTEMH, YHH KOMIIOHEHTH C€ pasriieayBaar MOeIHHEYHO. BO OBOj TPyl CTaBeH €
aKI[EHT Ha MHKPOMPEXHTE KOH C€ 3aCHOBaaT Ha ()OTOBOJTAMYHM CHUCTEMH. BO MpOmOKEHHE ce
pasriienyBa OJHECYBAaHETO Ha CEKOja Ol KOMIIOHGHTHUTE: Ha MOTPOIIyBayWTe, Ha OaTepHHUTE U Ha
(hOTOBONTAMYHUOT CUCTEM.

Hajremka 3amaua mpercraByBa MOJENUpAmeTo Ha morporryBaunte. OJHECYBAamBETO Ha
NOTPOIIYBaYUTE 3aBUCH OJl HMBHATa 1oOapyBayka Ha eleKTpH4Ha eHepruja. Hajuecto, 3a ma ce
HOEJIHOCTaBU OBOj MPOOJIeM ce MPEeTIOCTaByBa KOHCTAHTHA MMIIEJAHCA U CE€ 3a/1aBaaT OAPEACHU
BPEIHOCTH 3a NobapyBayKkaTa Ha aKTHBHA M PEaKTHBHA €HEpruja, KOM ce JoOUBaaT CoO Cle[emhe Ha
nobapyBayKaTa Ha MOTPOLIYBAYUTE BO OJIPEICH BpeMEHCKHU Tiepuos. [4]

CucreMoT 3a CKIIQIUPabe € BUTAJICH €IEMEHT BO MUKPOMpPEXKATa, Yija yJora ¢ HarojyBame BO
CJlydyaj Ha Maji Ha CUCTEMOT M YOJiaXKyBame Ha PaHIMBOCTa Ha OOHOBJIMBUTE M3BOPU HAa EHEPTrHja.
ITopaau Toa, HAjYECTO € CMECTEH MOMer'y OOHOBIMBHTE M3BOPH HAa €HEPrHja W MOTPOILIYBAYUTE, CO
1eJ1 J1a TIPOM3BOICTBOTO C€ COBIAJHE CO MOTPOIIyBaukaTa BO cekoj MoMeHT. Co Toa e o0e3benena
CTaOMITHOCT Ha CUCTEMOT. Kamanureror Ha CHCTEMOT 3a CKiIaJupame (0areprujaTa) € MHOTY BayKHA
KapaKTepHCTHKa M TIOTPEOHO € Jla Ce M3BPIIAT JeTaHH MPECMETKH 3a Jia Ce 3aJ[0BOJIaT MOTpeOuTe
0]l eNEKTPUYHA eHEeprrja Kora Mpexara He € Bo ¢pyHkiuja. Kamanureror Ha 6aTepujara, Kako ImMTo €
omuIaxo Bo [4], ce onpenenysa Ha CIEIHUOT HAYHH:

E ‘Den
Bsize = ——load """ (1)
DoDmaxNtemp

Kane,

- Ejqq- TOTpOIIyBauka Koja Mopa nAa Oume obOe3demeHa 3a BpeMe Ha MPEKHHOT Ha
HAaII0jyBambETO,

- Den - OpojoT Ha JCHOBH KOJKYy OW Tpedayio nma Tpae cHabmyBameTo (OpojoT Ha IECHOBH Ha
Tpacmk e Ha MPEKUHOT),

- DoDy,,, - MaKcuMainHaTa yiaboYrHa Ha TIpa3Hemke Ha OaTepujara

= Ntemp~ TEMIEPATYPHUOT KOPEKLHUOHEH (HAKTOP.

MOI[CJ'II/IpaH)eTO Ha COHYEBOTO 3pavY€H-€ CC€ BPIIM HA CICAHUOT HAYHH:

Iy = I,R, + I;Ry + (I, + IR, @

Kane,

- I- HOpPMAJIHO COHYEBO 3PAUCH:E,

- I4- mudy3HOTO COHYEBO 3paveHe,

- R,- dakrop Ha HaBamyBame 3a AM(Yy3HATA KOMIIOHEHTa Ha COHUYEBOTO 3paycHhe,

- R,- Qakrop Ha HaBanmyBame 3a peeKTUpayKaTa KOMIIOHEHTA HAa COHYEBOTO 3paUCH:E.

[losummjata Ha COHIETO € TIAaBHUOT (PAKTOP O KOj 3aBHUCH BKYITHOTO COHYEBO 3paueme.
[locrojar moBeke MoOmenyM 3a YacOBHO MPOM3BENCHA MOKHOCT Off ()OTOBOITAUYHHUOT CHCTEM,
MPETCTaBeHa CO CICAHUOT U3Pa3:

N 3

Kane,

- N,- HOMHHaJIHaTa eq)HKaCHOCT Ha MOAYJIOT,
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- Npc- €DUKACHOCTA HAa M3MA3HYBAaYKaTa MOKHOCT,

- y- (akTopOT HA TYCTHHA HA KeJujaTa Ha MOAYJIOT,

- K- TeMIIEpaTypPHHOT KOe(UIIMEHT Ha HU3a,

- Apy - IOBpIIMHATA HA MOZYJIOT,

- T,- amOMeHTaIHAaTa TEMIIEpPaTypa,

- T,- HOMHHAJIHATa TeMIleparypa,

- NOCT e TemmeparypaTa Ha HOpMajlHO paboTewme Ha kenujaTa, T, nocr = 20°C M 3pademe
800W/m?, npu Gp3una Ha BeTep 1 m/s [4].

ExBuBaneHTHOTO K070 Ha (OTOBONTAMYHMUOT MOAYN € mpukakaHo Ha Cnuka 3 ExBUBaNEeHTHO
€JIEKTPUYHO KOJIO Ha

S

Iz R;

ICI (T) I’:{ g R:Jl

o
Cinka 3 EKBHBAJIEHTHO €JIEKTPUYHO KOJIO HA (POTOBOJITANYEH MOTYJT

Monenupamero Ha MUKpoMpexHa 3aemauia, omHocHo OEC e 0BO3MOXEHO TpPEeKy IOBEKe
cO(TBEPCKH MPOrpamMu, KOU 0BO3MOXKyBaaT U 3D mpuka3 Ha 3aelHUIATA U [TOSAHOCTABHO TUIAHUPAHE
Ha Mpexara. Bo mpomomkeHne ce MpUKaKaHW OCHOBHHUTE KapPAKTEPUCTHKH Ha COPTBEPCKH IMaKETH
KOH ce HajiipuMeHeTH Ipu Mozeiupamero Ha OEC.

- CitySim. IIporpam Koj ce KOPUCTH 3a TUIAHUpame Ha YpOAHU CHEPreTCKU MPEKHU U CO IIeN J1a
ce HamalM yrorpedara Ha HeOOHOBJIMBH M3BOPH Ha C€HEPrvja U HUBHWUTE IITETHH BIIHjaHU]A.
Toj mcTo Taka OBO3MOXKYBa CHMYyJIalldja 3a MmodapyBadykaTa W CHaOIyBameTO Ha O0jEKTHTE,
3eMajKy TH MPEABU KapaKTEPUCTUKUTE HA 00jEKTOT 3a HETOBUTE TUMEH3MH, MATEPHjaJIOT O
KOj TOj € M3rpajieH, Kako M II0CTaBeHaTa u3ojamnuja. [5]

- HOMER. Ilpumenara Ha 0BOj coTBEp € BO 00JacTa Ha MPOLIEHKA Ha MPEKHO IOBP3aHUTE
WIH OCTPOBCKHTE EHEPreTCKH CHUCTEMH OJ €KOHOMCKH M WH)XEHepcKH acmekt. [Iputoa ce
MOJIeTTpaaT CUTE KOMIIOHEHTH Ha MpEKaTa, MOTPOIIyBauynTe, OATEpPUUTE, KAKO U U3BOPUTE
Ha eHepruja. [6]

- PV*SOL. Ogoj codrep ciyxu 3a 3D cumynanmja Ha (GOTOBONTAUYEH CHUCTEM, MPUTOA
3eMajKku T TPEOBUI W IU33ajHOT Ha Mpekarta W MmexaHwdkure KommoHeHTH, AC u DC
MOBP3yBamaTa, Kako U TPOIIOIIMTE HAa MMILICMEHTHPAhE Ha BAKOB CUCTEM. [6]

5 UMIIVIEMEHTAIIMJA HA OTBOPEHM EHEPTETCKH CHCTEMH BO
PEITYBJIMKA MAKEJOHHUJA

HcupnyBamero Ha (OCHIHUTE TOPUBA U MOCIEAULUTE KOM IPOU3JIEroa O HUBHATA yrnorpeda
co3faznoa morpeda off BOBEAYBAH-EC HA 3aKOHH M PEryJaTHBH CO KOU €€ KOHTPOIUPa HUBHOTO IITETHO
BJIMjaHKE, KaKO U MOJ0OpyBame Ha yCIOBHTE 3a )HUBOT. EBporickara YHuja ja cosmane EY 20/20/20
LIeNTa CO KOja MpeKy IMOoBeke pasnuyHu IiatgopMu M QOHIOBH ce (PUHAHCHpAAT WUCTPaKyBama U
vHOBanW# (OKYCUPaHU Ha WUMIUIEMEHTHPAHETO Ha OOHOBIIMBHUTE M3BOPH HA €HEPrHja MoAo0pyBame
Ha eHeprerckara edpukacHocT. EHeprerckmor cektop Ha EBpomckata YHHja ce 3acHOBa Ha
LEHTPATU3UPaH MPOU3BOACTBEH MU MOTPOLIYBAYKH CHUCTEM, MOPaH IUTO TOj CE€ COOYYBa CO I'OIEMH
NPEAU3BULIN CO HMILIEMEHTHPAmETO Ha MUKpOMpexuTe. Toa € eqHa oX TJIaBHUTE NPUYMHH 32
HEMOCTOCHhEe Ha KOHKPETHAa peryjlaTMBa 3a Tpajgeleé M KOPUCTeHhE Ha JUCTPHOYHMPaHOTO
MPOM3BOACTBO U MHUKpoMmpexute. Meryroa Bo 2009 rogmHa € OCHOBaH CEKTOp KOj T mpudaka
MPEAIo3NUTE 3a MOJ00pYBamke Ha CHTyallWjaTa M M 3eéMa MPEeaBHUJ CO LeN Ja Ce Co3Jale OapeieHa
perynartiBa. CekTopoT ce HapekyBa ,,Smart Grids Task Force™. [7]

Peny6nuka MakenoHuja Kako ueH wieH Ha EBporickaTta 3aemHuIla, MMa 3a LEJN CIEACHE Ha
€BpOICKUTE LIENIM 332 UMIUIeMEHTHpame Ha 25% OOHOBIMBM M3BOPH BO CTaHAAapAHATa EHEPrercka
Mpexa 110 2025 roguna, omHocHO 30% mo 2030. Co ornex aeka elneKTPOEHEPreTCKUOT CHUCTEM Ha
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PenyOnnka MakenoHuja ce 3acHOBa HAa TEPMOLIGHTPAJIM YUH PE3CPBH  CE OrPAHUYCHH,
MCKOPUCTYBamkETO HAa OOHOBJIMBUTE U3BOPH HA €JICKTPUYHA CHEPTUja MPETCTaByBa Pa3yMHO PELICHHE
3a 3aJI0BOJlyBakb¢ Ha I00apyBaykata W KMCTOBPEMEHO TOJIEM COjy3HHK IPOTHB EKOJOIIKUTE
3arajyBama, 0COOCHO BO TOTOJIEMHUTE IPAaIOBU BO JpKaBaTa, KaKO M MPOTUB 3arajJyBameTo KOoe ce
jaByBa BO pypajHHTE CPEAMHH, MOCEOHO BO 3MMCKHOT mnepuoa. [lopaau ronemara JOCTAallHOCT U
NpUINYHO C€AHOCTABHUOT HA4YWH Ha HWMIUNICMCHTHPAILEC BO I[I/ICTpI/I6yTI/IBHaTa MpEXKa, KakKo Hu
reorpa)CKUTe TMOBOJHOCTH, (OTBOJITAMYHUTE CHCTEMH MpETCTaByBaaT HajmoOpa OCHOBa 3a
co3aBambe Ha MUKpOMpexu Bo PenyOmuka Makemonuja. Mako c€ ymTe He MOCTOM KOHKpETHA
perynaThBa 3a MHKPOMPEXH M IPOU3BECHATAa M Ky[IOBHATA [ICHA HA CICKTPHUYHATA CHEpruja, Cernak
Tpeba aa ce pasriienyBa MOTEHIUjANOT KOj MocToM 3a oBaa TexHojoruja. [Ipumenara Ha OEC Bo
MakezoHuja € onpaBJaHa CO eHEPreTCKUOT TOTEHIIM]all, CO IoTpedaTa OJ EKOJIOIIKH YUCTa SHEpPruja
1 noTpedaTa oOJ1 eIEKTPUYHA CHEPTHja BO OAPEICHU PYPATHU CPSIUHHU.

6 3AKJIIYYOK

MUKpPOMpEKH C€ CHCTEMH CO KOM C€ OBO3MOXKYBa IOBp3YyBamke Ha MPOHM3BElyBaydTe Ha
eNIEeKTPUYHA EHepruja o1 OOHOBJIMBUTE MU3BOPU HA MOETHOCTABEH M MOOAPKIUB HaunH. Co3/1aBambeTo
Ha OEC W HuBHaTa HMMIUIEMEHTAllMja BO KJIACHUYHHTE ENIEKTPOCHEPIeTCKM CHUCTEMH C€ YIITE
IPeTCTaByBa MpPEIU3BUK, MEyToa CO OrJie[] Ha TOa JieKa THE HPEeTCTaByBaaT CTPATEIIKU IUIaH 3a
nogobpa W mouncra cpenuHa Bo EBporickara YHuja m Bo MakenoHuja, ce OdeKyBa HUBHHTE
HejlocTarony Ja Ougat HaOp30 HAJAMHUHATH M HHMBHATA MMIUIEMEHTAIMja Ja Ouje Cé moroieMa BO
UJHUHA.

Bo oBoj Tpyn e objacHeT HauMHOT Ha pabora Ha OEC uCKIy4HBO CO (POTOBOJITAMYHU CUCTEMHU U
O]l TPHJIOKEHOTO MOXeE Jla ce corjiefia jJeka IpUMeHaTa Ha TaKkoB CHCTEM 3a IPOW3BOJICTBO HA
CIICKTpUYHa eHepera, HE € MOXCH, ITOpaJgu HUBHATa 3aBUCHOCT O BPEMCHCKUTE MPUJIINKU, OJJHOCHO,
MOKpaj (OTOBOJITAWYHUOT CHUCTEM, IOTPEOHM C€ M JIONOJHUTEIHM H3BOpH Ha eHepruja. Of
pasriiefaHnTe MPEJHOCTH M HEJOCTATOIM, MOXKE Jia ce 3aKIy4H JieKa TIIaBHUTE Oapuepu, BO OBOj
MOMEHT, KOM TO OHEBO3MOXXYBa pPa3BOjOT Ha MHKPOMPESKHHTE 3aeiHUI Bo MakenoHuja, ce
HENIOBOJIHATA HMH(OPMHUPAHOCT, HEMOCTOCHETO Ha COOJIBETHA pEryjiaTHBa M BHCOKATa IOYETHA
nHBectunja. Ce oYeKyBa JieKa CUTE 3aCETHATH CTPAHU: WHBECTUTOPH U OIEPATOPH, OIEPATOPH HA
TUCTPUOYTHBHUTE MPEXKH, KaKO M HAIUIGKHUTE 3a CHEpreTckaTa IMOJIMTHKA BO 3eMjaTa, Habp3o Ke ce
aHTaKHUpaaT 3a co3/IaBame yCIIoBH 3a pa3Boj Ha OEC.
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DEVELOPMENT AND IMPLEMENTATION OF OPEN ENERGY SYSTEMS
IN STANDARD POWER SYSTEMS

ABSTARCT

Considering the fact that solar energy, is a clean and renewable energy source for electricity
generation, an increasing access of photovoltaic systems for commercial use has been provided, which
leads to creation of so-called household producers. This way of generation of electric energy is of a
decentralized type, which enables creation of an open energy system. The main idea of this system is
possibility for electric energy transfer from the households which have greater reserves of electric
energy to the households with lower reserves of electric energy. The open energy system consists of
producers of electrical energy, systems for electric energy storage and transfer system.

In this paper, basic parameters of open energy system are defined, the way this system works is
presented and the problem of open energy system implementation into the standard power system is
analysed. Also, an overview is given of the software used for power flow control in these systems and
the benefits for developments of open energy system in Macedonia.
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TEXHOJIOTUJA BO3UJ10-HA-MPEKA: JOCEI'AIIIHU
JOCTUI'HYBAIBA U ITPEAU3BULIA

AIICTPAKT

EnexTpuvHn Bo3mia ce eHepreTckd e(@UKacHU MPEBO3HHM CPEACTBA KOW ce MOTOHyBaaT CoO
ITOMOIII HA €IeH HJIM MOBEKE EJICKTPUYHM MOTOPU KOPHUCTEJKU €JIEKTpUYHA CHEpruja CKIaJupaHa BO
Oarepuja WM JIpyr ypen, Kako Ha MPHMEpP CYNEepPKOHIEH3aTOp 3a CKIAJUpame Ha eleKTPUYHATA
eHepruja. Busmjara Ha ronemure MpoOM3BEAYyBaYMd BO aBTOMOOWJICKAaTa MHAyCTpHja € neka jo 2020
roguHa ke mma OapeM 2,5 MHJIMOHM €IeKTPUYHHM BO3WJA, CO INTO OW CTaHaje BakKeH TeNl Of
ENEKTPOCHEPTETCKUOT CUCTEM 3apajy 3aJ0BOJyBamke Ha ToTpedara 3a monHewme. [loBekero o
SIICKTPUYHUTE BO3WJIA CE€ MTApKUPAHU BO IOTOJIEM JIeT O]l BPEMETO, Tla eHeprujaTa on OaTepujata Ou
MOXeNa JIa ce HICKOPUCTH IMPH 3rojieMeHa rmodapyBauka Ha eJIeKTpHYHa eHepruja, a moroa, batepujara
Ha EJIEeKTUYHOTO BO3WJIO Ja CE HAaIMOIHA OJ MpeXa IMOBTOPHO BO TEPHOJ KOra MMa HamajieHa
robapyBadka Ha €JICKTpHYHA CHepruja. Bo oBOj Tpyd € mMpe3eHTHpaHa TEXHOJIOTHjaTa Ha TOTHEHE
BO3MIIO-Ha-Mpexa, auri. Vehicle-to-Grid (u obpaTHo), oapeneHn MHIOT MPOEKTH 3a JIa C€ OTCIMKA
MOMEHTaTHaTa cocT0j0a, KaKo M WAHWUTE MPETU3BULIN MTPH UMIUIEMEHTaIljaTa Mopaal TEXHUYHUTE U
E€KOHOMCKHTE OrpaHHYyBarba HAMETHATH 3apald TEXHUYKHUTE KapaKTEepUCTHKUTE Ha OaTepujara.
Ondarena € W TmpecMeTka Ha MWHUAMajgHaTa TIOBOJIHA Tapuda CcO Koja c€ KOMITEH3Hpa
(hnexcuOmITHOCTa HA KOPUCHUKOT Ha EB 3a ycmyruTe Bo3miio-Ha-Mpexa.

Kayynu 300poBHM: €lIeKTpUYHH BO3WJIA, BO3WIO-Ha-MpeXa, Oarepwja, MIIOT IPOEKTH,
JIOBEPJIMBOCT Ha €IEKTPOCHEPreTcKa MpexKa.

1 BOBE]J

[Torpebure 3a enextpuuna enepruja (EE) ce 3romemyBaaT cekojaHEBHO, OJTHOCHO COTJIACHO
CO 3roJIeMyBamk-eTO Ha OpOjoT Ha MOTPOIIyBayH, pacte u nobapyBaukara Ha EE. [IponsBoacTBoTo Ha
EE rnaBHO ce Temenu Ha KOpUCTEHE Ha (OCHIIHU TOPHUBA, YAHU PE3EPBH ce orpanudeHd. OBa 3HaAUU
JIeKa € TToTPeOHO HHTErpUpamke Ha U3BOPH KOW C€ HEMCIIPIUIMBH, a BOEITHO Ke MOXKAT Ja ja 3aJ0BOJaT
nmobapyBaukaTta Ha EE. Kako m3Bop 3a mponsBoactBo Ha uncta EE, neHec ce akTyemHn 0OHOBIMBUTE
W3BOPH Ha EHEpruja, MefyToa THE C€ 3aBUCHU OJ] BPEMEHCKHUTE PUIIMKU U O UCTaTa IPUYMHA MOXKAT
na Ounat HemoBepnuBH. 3rojeMeHara nodapysauka Ha EE e n mupexTHa npuunHa U 3a 3rojIeMEHOTO
ontoBapyBame Ha enekrpoeneprerckuor cucrem (EEC). Kako emeH ox MOXKHHUTE HAYMHU Ha
“nername” Ha KpuBaTa Ha onrToBapyBame Ha EEC e koHLenToT BO3MiIo-Ha-Mpexa. Bo kimacM4HHOT
koHuent 3a EEC TekoBuTe Ha enekTpuyHaTa €Hepruja ce eqHOHACOYHHU O MIPOM3BOJHHUTE MOCTPOjKH
KOH notpoiryBaunte. Co pa3Boj Ha MaMETHUTE MPEXH, CO KOU IMOTPOIIyBauuTe OM MMaje aKTUBEH
yaen Bo EEC, ce oBo3MoOXyBa M T.H. [IBOHAacO4eH TeK Ha eHeprujata. Ha cnmyen npusum,
enexTpuuHuTe Bosduia (EB) ocBen morpolryBaun HyAaT MOKHOCT J1a OMAaT U AUCHEP3UPAHU ‘U3BOPH’
Ha eHepruja. CranyBa 300p 3a oxpereH Opoj Ha Bo3WJa, KOM MCTOBPEMEHO OW Bpakaje oapeleHa
KONIMYMHA Ha CKJIQAMpaHa €Hepruja, oi HUBHHUTE Oarepun Bo Mpexka. llokpaj TEKOBHUTE MUIIOT
MIPOEKTH, CE IIPaBaT HAIOpH 3a ycrneuHo unrerpupame Ha EB Bo EEC.
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2 HUHTEI'PAIINJA HA EB BO EEC

EB cekoram ce cMeranie 3a MOTPOIIYBAa4M CO YHHKATHH KapaKTEPUCTHKU M KaKO TaKBH, OH
MOXene Ja OumaT 3HaYajHM CJICMEHTH Ha eIEKTpoeHeprerckara wmpexa. [lpum mpaBuiHO
uckopuctyBame Ha EB, ckiajumpaHata eHepruja BO BO3WJIOTO MOXKE 3HAYUTENHO Jia ja MOJ00pH
paborata Ha nenuot cucrem, ounejku Bo EEC He ce nmmiieMenTHpanu ypeau 3a ckiaaupame Ha EE.

EB munyBaar Hajroiiem naen oj Bpemero napkupand. OCHOBHaTa HJIgja Ha TEXHOJIOTHjaTa
BO3WIO-Ha-Mpexa € EB,foneka ce mapkupany U NpUKIyYeHU Ha CTAHUIM 32 MOJHEHE,da MpeaaBaaT
EE Bo Mpexa mipu BpBHO OINTOBAapyBame 32 perynanuja Ha gpekBeniujata.Co oBa OM ce HAMAJIIIO
mpousBozcTBoTo Ha EE o komBeHimoHamuute mnpousBeayBaun Ha EE [1].ITomomma, Gatepuute
MOJKAT JIa C€ HAIOJIHAT BO TEKOT HAa HOKHUTE YacOBH, Kora robdapysaukata Ha EE ¢ namaniena.Ha oBoj
HA4YWH MOXe J1a ce moMorHe nunrterpanujara Ha OME, oqHocHo 6atepunte Ha EB na ce monHar u aa ja
CKJIaJiupaaT eHeprujaTa Kora OOHOBJIMBHUOT HM3BOp € jJocTaneH. KOHIENTOT Ha BKIy4YyBame Ha
BO3WJIATa HAa MpEXa BOAWM KOH MOJICPHHU3UpAEE Ha IIOCTOSYKATa IUCTPHOYTHBHA Mpexa, |
OBO3MOKYBa MHTEPAKITHja, OJHOCHO JBOHACOYEH TEK Ha eHeprujatal2].

Co uen EB na npunonecat Bo EEC u 1a ce 0BO3MOXH HHUBHO MHTErpUpamke Ha Ma3apoT Ha
EE, ce Bpmm HUBHA arperainyja Wid rpynupame H Bp3 0aza Ha Toa ce MpaBaT pPa3iiyHU OU3HUC
MoneNnu. Arperatop € IpaBHO Julle (HAjYecTO KOMIIaHWja) KOe Ce Haora BO IIEHTapOT Ha
MPEUIOKEHUOT OM3HUC MOJE, KOE ja KOPUCTH €HeprujaTa CKIaJupaHa BO BO3HJIOTO IO MOTpeda,
NpUTOa MOUNTYBajku U motpedure 3a EE 3a tpancmopt Ha corncrBenukor Ha EB [1]. Cornacho [1]
MPEATIONKEHU ce 3 pa3inyHu OU3HUC MOJIEITH

- Crparteruja “daora” — OBOj MOJEN MNPETCTaByBa IPYyIUpame HAa IMOBEKE BO3WJA Ha €IHO
MECTO, KOH JaBaaT BO3HMJIO-HA-MpEeXa YCIYTH M Ce yNpaByBaHHW O] CTpaHA Ha €IHO JIUIIE.
Kako pesynraT Ha Toa, TBOHACOUHUTE MEPHU YPEIH Ce TOTPEOHU caMo Ha elfHa JIOKaIluja, a
He 3a naauBuayanaute EB. [Tokpaj Toa, co 0BOj OM3HNC MOIET MMa MOXKHOCT 3a TIpaBemhe Ha
JIOTOBOp 3a CTaHJApJHO CHA0JyBamke CO IMOMONIHKM yciyrd. Jlokonky ce pabotu 3a
MUKpOMpexa U OaTepunTe Ha (roTara Bo3uiia NMaaT JOBOJIHO TOJIEM KalaluTeT, MOXKe Ja ce
00e30emn paborata Ha MHUKpoMpexkara jaa He 3aBucH ox EEC, omHOCHO MHKpoMpexaTa na
paboTu caMOCTOJHO M HAIojyBa ONPENCH 00jeKT, IIa JypH U OApEACHH moapadja.

- 3emame Ha MOKHOCT oA nuctiepsupanu EB — co oBoj Mofen, mucTpruOyTHBHOTO IPETIIPHjaTHE
ja mMa yrorara Ha arperatop u Ou KyIryBajia MOKHOCT of nHauBuayananTe EB. 3a BakoB Tun
Ha arperanuja 6m Omio morpeOHO moBekero EB nma ce mapkupaHH BO MOTOJIEMHOT JEN Of
JIEHOT, a Toa HajuecTo Oapa oapeneHa (WHAHCHCKA CTUMYJAIMja 3a CONCTBEHUINTEe Ha EB,
I1a BO OBOj CJTydaj OW ce IpaBesie WHANBUAYATHH JOTOBOPH.

- ArperaTtopoT e He3aBHCEH OJ TUCTPUOYTHBHATa KOMIIAaHMja — OBOj MOJEN € CIH4YeH Ha
MPETXOHUOT, CO TOA INTO JaBa IPOCTOP 3a IPYrH KOMIIAHUHM Jla y4eCTBYBaaT BO I1a3apoT 3a
nomortHn yeryru co EB. Ha oBoj HaumH arperaTtopuTe OM MOXene Ja ocTBapaT MPOPUT
HYJIeJKH arperaTopcKH YCIYyTH, a 332 BO3BpaT, Ha KopucHuImTe Ha EB O6u nm maBane oxpenen
HaJIOMECT WM TIOTTHK 3a copabOTKa oj TUIIOT Ha HOBa Oatepuja 3a EB mo kpajor Hej3HHHOT
KHBOTEH BeK.

I'maBHa nen Ha arperatopure € Aa ro HOeAHOCTaBU YIPABYBAKETO CO CUCTEMOT CO “Herjame” Ha
JHEBHHUOT JIUjarpaM 3a ONTOBAapyBamke M HaMalyBambe Ha MoTpedaTa 3a KOHBEHIMOHAIHA peryiamuja,
npuToa ocTBapyBajku npodut.[1]
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3 MNMUJIOT-ITIPOEKTHU

Mery mpBuTE MPOEKTH KaJie OWia CIpOBEICHA OBaa TEXHOJIOTHja € Ha YHUBEP3UTETOT BO
Henasep, Kazie ITO MeHallepy KopucTene 23 NUYHN Bo3uia, Mery ko Mini-E, Mmoaudunupanu Scion
xB n ekcnepementanna Honda Accord, co men ma ce o0e30enu perynanuja Ha (DpeKBEHIMjaTau
cKiaaupaHa cHepruja Bo Oarepuute Ha EB. Bo meryBpeme Bo Jamonuja, Nissan ja Tectupal
TEXHOJIOTH]jaTa BO3WJIO-BO-00jeKT, BO KaHIlenapuja Bo rpagoT Anyru Bo 2013 romuna. Hcrara ce
coctoena ox mecT Nissan Leafs co 1ien HamanyBame Ha BpBHHTE OIITOBApYBaba BO JIETHUTE TIEPHUOAN.
OBa pesyntupasio co 3amrena Ha 500000 jemu romuimno. Bo Kamudopuuja, MunucrepcTBoTo 3a
onbpana, mounyBajku on 2017 roauHa Tectupano yrnorpeba Ha Bo3mia ox 20 nuna 3a na obezdenu
TECTHpame Ha TEXHOJIOTHjaTa BO3MJIO-HA-MPEXKa KaKO M MHTErpaldja Ha OOHOBJIMBATA CHEpruja u
MOMOIIIHK yCIIYTH BO Bo3[ayxoruioBHata 6aza Jloc Anuyenec, mounyBajku ox 2013 rogquna. Opn 2016
rojvHa, Bo JaHCKa ce CIydnsT MPOEeKT KOj ce COCTOM Of JIeceT eIeKTPOHCKH KoMOmma e-NV200 Bo
rpanor ®PpenepukcOypr, ode3deayBajku Bo3mio-Ha-Mpexa[2].Bo Obeanneroro Kpasicro, Nissan,
Enel u nammonamnata EE Mpexa HanpaBuie TECTUPame Ha CTO CIUHHUIIM BO3WJIO-HA-MpeEXKa,
BKITy4yBajku T 1 komOumara Nissan Leafs u e-NV200. Bo cnennata Tabena ce qaJieHH HEKOU YIITE
MAJIOT-TIPOEKTH Ha oBaa TexHomoruja[3].

TaGesa 1. I[In10T-MPOEKTH HA TEXHOJIOTHja BO3NJI0-HA-MpeKa

Mecro Jdatym Hacran

KBebek, Kanana 07.2012 HctpakyBauknoT MHCTUTYT BO KBeOek 3amoyHanm NpoeKTH 3a
BO3HJIO-Ha-MPEXka U BO3UIIO-BO-I0M.

Manara, llInanuja 07.2013 Janonckara komnanuja Mitsubishi 3a Temka uamycrpuja, Hitachi,
Mitsubishi u mmanckaTa komnaunuja Endesa, 3anmouHane mpoekr co
6 CHAdeMo 0p3u HamojyBaud €O CIOCOOHOCT 3a BO3WJIO-Ha-
Mpexa

Kapicpye, ['epmanuja 02.2014 Crpateruu 3a nojnHemwe Ha 6arepunte Ha EB: eKOHOMCKHU acriekT u
MOTEHI[MjaJl HA BO3WIIO-HA-Mpexa

Jloc Anyenec, CAJl 01.2016 Pentagon o0jaBuJI IJIaHOBY 3a MOYETHH TECTHUPama 32 BO3WIO-HA-
Mmpexa Bo 4 Boenu o0jexkt Bo CAJl, Bo Bo3ayxoruioBHaTa 6a3a Bo
Jloc Annenec

®pannyja 02.2016 Nissan o0jaBui OaTepuja co rojieM KamalyuTeT U IPOSKT BO3MIIO-
Ha-Mpexa, 3aenHo co naptHepure Enel u Eaton
VYr1pext, Xonanauja 03.2016 Renault, CoBeror Ha rpagor Yrtpext, ElaadNL u LomboXnet
paboTerne Ha IPOTOTHUII 3a ITAMETHO HamojyBame Ha EB co conapHa
eHepruja
Wpsure, Kanmudopuuja, 06.2016 Koprmiopamnijata Kia Motors u TexHnukuoT meHrap Ha Hyundai
CA MOTIHIIAIE TAPTHEPCTBO CO YHHUBEP3UTETOT BO VpBuHe,

Kamudoprnja. Llenra e EB Kia Soul 3aenHO co yHHBEp3UTETOT €O
men Ja ja TeCcTHpaaT TeXHOJOTHjaTa BO3WIO-HAa-Mpeka Kako U
HaTpeIHu cOPTBEPH 32 ITAMETHU HAIIOjyBamba.

Bpucen, benruja 10.2016 Buiio u3BpIIEHO TeCTUpamke HAa TEXHOJIOTHjaTa BO3HMJIO-HA-MpekKa
BO EBponcku rpagosu

Kpenduna, Aarinmja 11.2016 Nissan MOCTaBMUJI HAMOjyBaud CO TEXHOJIOTHja BO3WJIO-HA-MPEKa
BO o0jexT Bo Obemmuaeroro Kpancrso

Odenodax, I'epmannja 12.2017 Honda ja Tectupana TexHONOTHjaTa BO3WIO-HA-MpPEXa BO
I'epmanmja
Ocrpos ITopro Canro 03.2018 Renault u The Mobility House ro motiomorsane octposot Ilopto
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CaHTO &1a He 3aBHCH O (POCWIHM TOpHBA HWHTETPUPAJKH ja
TEXHOJIOTHjaTa BO3MWIO-Ha-Mpeka

Bpucron, Aarnmja 04.2018 OVO nymTnn Bo mpojiak0a HarojyBad 3a BO3MJIO-HA-Mpexa

Maxon, CAJ] 07.2018 Bune uMIieMeHTHpaHH HOBU CIIEKTPUYHH YYIUTUIITHH aBTOOYCH
€O MOKHOCT 3a peaun3anija Ha BO3HIO-Ha-Mpexa

OcBeH MUJIOT MPOCKTH, BO CBETCKU PAMKH CE HYJIAT M CIISIHUTE yCIyrH Ha na3zapor[3]:

- Onjanyapu 2018 roguna Bo Jamonuja, kymyBaunrte Ha EB Nissan Leaf, mo6uBaar GecruiaTHu
COJIapHU MaHEIH;

- On anpun 2018 rommua, Bo Plymouth (CAJI), Hya MOKHOCT 3a ITOHHCKa IlcHA Ha
eNIEKTPUYHATA CHEPTHja JTOKOJIKY KOPHCHHIIUTE TM M30erHyBaaT YaCOBHUTE CO Hajroiema
nobapysauka Ha EE 3a nmonnewme Ha HuBHuTe EB.

- Co men modyerHaTa IIeHa KOja ja Iuiakaat kopucHuiuTe Ha EB nma Ouje mokoMreTuTHBHA BO
OJTHOC Ha KOHBCHIIMOHAJIHUTE BO3Wia, ce npojaBaar EB 0e3 Oarepuja, a Oarepujata ce
UCIIJTaka Ha JIN3UHT, OJTHOCHO CEKOj MECell, CO MECEUHHTE 3aIITEI Ha TOPUBO.

4 COIIMOJIOMIKHN ACHHEKT HA BO3NJIO-HA-MPEXA

Mako mma TO3UTHUBHU aCIEKTH, KaKO INTO € 3rojieMeHoTo Kopucreme Ha OUE, crabumHocT Ha
eHeprerckaTta Mpeka U CIMYHO, TIOJIETO Ha UCTPaKyBamke Ha BO3WUJIO-HA-Mpeka Tpeda /ia ce ABMKH H
HaJIBOp OJ TEXHUYKUTE TeMH W Meroaw. Jlomeka BO MHOTY OJ] pasriIeIyBaHUTE TPYIOBU CE
CIIOMEHYBaaT TEMH KakKO CKJIaJipame Ha OOHOBJIMBAa €HEpruja, BO MHOTY Maj Jiell ce 3acTalleHH
OIITECTBEHOTO TMpH]akame, MOTPOIIYBAYKUTE HOPMH M HWH(POPMUPAKETO HA IOTPOIIYBAYUTE.
MHory Manky UCTpaXyBama ce 0azupaHH Bp3 OCHOBA Ha EKCIIEPUMEHTH, aHKETH, HHTEPBjya, CTYIAUN
Ha cimydaj U cnmuHo. KymyBaunte Ha EB He ce 3amo3HacHM CO TEXHOJIOTHjaTa BO3MIO-HA-MPEXKa,
BJIMjaHHjaTa Ha KOHIIEMTOT BP3 KUBOTHHOT CTHJI HJIH CE SHOCTABHO KOH(Y3HH OKOJIY KOHIIENTOT.[2]

Bo cryaumjata [2], co KopucTeme Ha eMIMPUCKH ToaaToi 3a masapot Ha EE ox I'epmanuja,
KOHCTAaTHpaHo € JieKa MpojakOaTa Ha eHepruja Ha corcTBeHUIMTe Ha EB He pesyntupa co BUCOKH
MIPUXO/IH, TTa TypH U Kora mpojaxoara € Bo3MOXHa. VIMeHOo, BO BpeMeTO Kora BO3HIIOTO € MMapKupaHo
(mypm m ako mIaHcara € Majia), OpojoT Ha BO3MIIa MOXE Jia OuIe HEeIOBOJIEH 3a Aa 00e30eau moTpedHa
KOIMYMHA Ha EHepryuja BOBpEME Kora eJeKTpOeHepreTckaTta Mpexa uma mnobapyBame. Bo
HCTPaXyBameTo [2], Koe ro pasrieayBaso T€HEpaJHHOT AUCTPHOYTHBEH cucTeM Ha OOeTUHETOTO
KpanctBo, HaBeneHO e /leKka BO3MIIO-HAa-Mpexa He HyJu MOXHOCT 32 TOJleMH (PHHAHCHUCKU 3aIlTeNH,
MpecMeTyBajKu HEBHW 3amrTeau ox okomy 1 ¢dyara. OBa ykaxyBa neka (HHAHCHUCKHOT U
€KOJIOIIKAOT TIOTTUK HE C€ JIOBOJHM 32 BO3AaUWTE Ja ja MPUMEHYyBaaT TEXHOJIOTHjaTa, CO Orjien Ha
BITMjaHHETO IITO MOXKE JIa TO MMa BP3 )KUBOTHHOT BeK Ha OaTepwujaTa.

3a ycnemHa wHTerpanuja Ha Boszuiarta Bo EEC, morpebHa e mpomoruja Ha EB koja BKIyuyBa
HEKOJIKY acrekTu[1]:

- Hudopmupame Ha TyreTo KOU ce 3aMHTEpeCHpaHy 3a Kopucreme Ha EB.

- EB mopa na nmaat KOMIOETUTHBHA [IEHA BO OJJHOC HA KOHBEHLIMOHAJIHNUTE BO3MUIIA.

- 3ronmemyBame Ha epukacHocTa Ha EB u onpkyBame nin HaManyBame Ha IieHata Ha EE.

- llenara 3a mHCTaNMMpameTO Ha MOTPEOHUOT XapiBep 3a MonHewke Ha EB Tpeba ma ce momenn
romery AUCTPUOYTHBHOTO MIPETIPHjaTHE U Ip’KaBaTa.

3a wuHTerpamujara jga Ouje ycmemHa noTpeOHO € ¢opMmHpame Ha paMka co Koja Ou
npoduTupane u concrBeHnnuTe Ha EB u arperatopure. Arperatopor Tpeda Aa MOHYAH yCIYTH HITH
(hMHAHCHCKHM HAJIOMECTOK 3a corctBeHunuTe Ha EB. Ycmyrute Tpeba ma Oumat on tumot Ha EE,
ONpXKyBame Ha OaTepuuTe, 3aMeHa Ha OATEPUHUTE U MAPKUHT YCIYTH CO KOMIIETUTHBHY LIEHU WJIA BO
HEKOHW ClTydau, OecIIaTHO. 32 BO3BpAT, arperatopor Tpeda 1a mMa MOXKHOCT Jia To kopuctu EB kako
cxnagumre Ha EE Bo moroneMuor Tek o AEHOT.
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5 BJIMJAHUE HA PEXXKUMOT BO3HMJIO-HA-MPEXKA BP3 ) KUBOTHHOT BEK HA
BATEPUJATA

Kako najronem npobnem kaj EB ce jaByBa *)HBOTHHOT Bek Ha Oarepujara. Ilo3HaTo € neka
’KMBOTHHOT BEK C€ HaMallyBa M IPU PEryJapHOTO TOJHEHE M Mpa3Hewme Ha Oarepujata[4].Bp3
CTENEHOT Ha Jerpajanuja Ha OaTepujaTa BiMjaaT U HAYMHOT HA KOj ce Bo3u EB, HauMHOT Ha Koj ce
nonHu OarepujaTa, KaKO M KOJKY 4YECTO C€ KOPHUCTH 3a BO3WJIO — BO — MpekKa arumkanuu. Bo
NPOJOKCHHE, Pa3riieaHd Ce JOMOMHUTSIHUTE HETaTUBHH BIMjaHHja TIPH KOPHCTCHE Ha BO3MUIIO —
Ha — MpeKa alUIhKalujara.

CyMynupaHu ce pa3IMyHM CIEHapuja co Led Jia Ce UCIHMTA CTEHEHOT Ha JONOJIHUTEITHO
HaMallyBame Ha KalmaluTeTOT Ha 0aTepyjaTa Mpy arihKalyja Ha BO3UJIO-Ha-MpeKa.

e Hugo nHa monueme: 1(1.3 kW), 2b( 6.6 kW) u 3b (50 kW).

e TajMuHT Ha BO3WIIO-HA-Mpexa Hactanute: Ce OlleHyBaat ClieHapHja BO KOU MOCIE BO3EHETO,
OarepujaTa Ha BO3WJIOTO TPBO C€ JOMOIHYBAa CO IEJ Jla c€ HaJOKHAJW 3a IMOTPOIIeHAaTa
€Hepruja BO TEKOT Ha BO3EHETO,a MOT0A Ce KOPHCTH 3a Bpakamke Ha €Heprija BO Mpexara U
CIICHapHja KOM MPETIIOCTaByBaar Jicka HeMa BpeMe 3a HaJIONOJIHYBamhe Ha OaTepujara, U Taa
BE/IHAII MTOCTIE BO3CHETO C€ KOPHCTH 3a BO3WJIO-Ha-Mpexka. Bo /BaTta ciydan,Ha KpajoT o
KOPHUCTEHETO 32 BO3WIIO-HA-Mpeka,0aTteprjaTa ce AOIMOHYBa 3a MOTPEONTE HA KOPHUCHUKOT
BO HapeIHHOT JIEH.

e @pekBeHIM]ja HA BO3WIO-HA-MpeXa HacCTaHUTE: MeceuHo, HeIeTHO UIIH JTHEBHO.

e Hugo Ha npa3Heme: MakcumanHa MokHocT (100%), HO ncTo Taka ce kopucraT u 50%, Kako u
25% on MakcUMallHaTa MOKHOCT Ha HUBOTO Ha MOJTHEHE (MOKHOCTA Ha TIOTHEHE).

Bkynna eHepruja BpateHa Bo Mpekara: Pa3rienanu ce paziuyHM CIiCHapHja cO pa3liMdHU HUBOA Ha
npasHeme Ha O6atepujata, 10%, 25%, 50% wmu 100% ox BKymHHOT KamaTeT Ha OaTepujaTa.

CeKo0jIHEBHOTO KOPHCTEHE Ha 0p30To monHewme (3b 50kW) Boau KOH 3HAYMTEIHO 3rojeMeHa
nerpanaryja Ha 6atepujata. McTo Taka MoXke 11a ce 3a0eIexu eKa Mpu BO3UII0-Ha-MpeKa HaCTaHUTE,
KOH C€ BEJTHAIIl [TOCJIC BO3€Hh-¢, MMaaT MoOJIary MOCe U BO OJHOC Ha CIIEHApHjaTa MOCIIE IeTOCHO
TIOJTHEE-€ Ha OaTepujaTa.

BaxHo e na ce kaxe JeKa TajMHUHTOT HAa BO3WJIO-HA-MpPEXKa HACTAHOT HMMa BIIMjaHUE BP3
crocoOHOCTa Ha BO3WIOTO a Bpaka EE Bo Mpexkata. Criopen HammpaBeHO HCIIUTYBAmbE C€ IMOKaXyBa
neKa Kora OaTepujaTa MPBO Ke Ce HAIOJIHH, MOJKE 3HAYUTETHO ITOBEKe Jja MPHUJIOHECe KOH BPaKameTo
Ha eHepTrja BO MpeKara.

3a creHapmjara Toclie TONTHEHE Ha OaTepujaTa, BIMjaHUETO HAa MECEYHOTO KOPHCTEHmE Ha
Oarepujata € CKOPO HE3HAYMTEIHO- )KMBOTHHOT BEK € HaMaJeH 3a caMO 2 Meceld, 3a HUBOa Ha
nonHeme 10 6.6 kW u 3a 3 meceru npu 6p30 nonHewme. Kopucremero Ha Bo3minoTo 3a Bo3mno-nHa-
Mpeka Ha HEAEITHO HUBO I'0 HaMallyBa >KMBOTHHOT Bek 3a 0.6-1 roguHa, Bo 3aBUCHOCT OJ HUBOTO Ha
nonHeme. CeKojTHEeBHOTO KOPUCTEHhEe Ha BO3MIIATA 32 BpaKame €Heprija BO Mpeka 3HAYUTEITHO TO
HaMaTyBaaT >KUBOTHHOT BeK Ha Oartepuwjata u Toa 3a 3.2, 3.4 u 4.4 romuny, 3a 1,2 u 3 HuBoara,
coonserHo.[loMannor kamamurer fgoctaneH 3a Bosmio-Ha-mMpeka HAaCTaHOT PE3yNTHpa CO IOMajlo
HaMaJTyBame Ha )XKHBOTHHOT BeK Ha OatepujaTa 3a 40-70%, Bo 0HOC Ha CITy4ajoT KaJie Taa € TOJHA.

BakHo e 1a ce HaroMeHe JieKka HajKpaTKUOT KMBOTEH BEK Ha OaTepujara € nmpu KOMOMHAIM]ja Ha
cekojrHeBHa Bosmiio-Ha-Mpeka aKTHMBHOCT Ha BO3WIJIOTO, CO IEJIOCHO INpa3HEHme Ha OaTepujaTa, BO
CIydauTe KOra Taa € NPETXOJHO HAIOIHEeTa Ha HEj3MHUOT MaKCHMAaJleH KamaluTeT, IPU HEj3HHO
CEKOjIHEBHO TOJNHEHe Ha HajBucokoro HUBO ox 50 kW. JXKuorHmor Bek Ha OaTepujara BO Toa
CIIEHApHO € JpaMaTUYHO HaMaJIeH Ha caMO 5 TOANHH.
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Cauxa 1. 7)KuBoTeH Bek Ha 0aTepujaTa npH pa3jM4HU CTeNeHH HA HEj3HHO NMpa3Heme, 3a4eCTEHOCT
HA BO3UJI0-HA-MPeKa HACTAHM U MPH Pa3JIUYHH HUBOA HA NMOJIHeme.[1]

Tabena 2 ro mokakyBa BIHMjaHHETO Ha EHEpreTcKara cocToj0oa Ha OaTepHjaTta BO MOMEHTOT KOra
ce KOPHCTH 3a HAacTaH BO3HMJIO-HA-MPEKa, OJHOCHO I'0 MOKaKyBa KUBOTHHOT BEK Ha OaTepujata BO
TOJIMHYU 33 Pa3lIMYHA KOMOWHAITMM Ha 3a4eCTEHOCT Ha HACTAHHWTE BO3MIO-HA-MpEXKa U CTENECHH Ha
npasHeme Ha Oarepujarta.[1l] ([[Bere ciieHapuja ce 3a ciydvaj Kaje BO3HMJIO-HA-MPEXKa HACTAHOT €
Tocie MeIOCHO TONTHE € Ha OaTepujara.)

Tabena 2. /KuBoTeH Bek Ha 6aTeprjaTa BO FTOAUHH 32 PA3JIMYHU KOMOMHALIMY HA 324YeCTEHOCT Ha
HACTAHUTE BO3MJIO-HA-MPEKa U CTeNeHH HA Mpa3He-e Ha 6aTepujaTa

Huso na nomaeme

be3 Bo3mino-Ha-mMpexa

Henenno Bo3uno-Ha-
Mpexa,

100% mpa3Heme

CeKkojIHEBHO BO3WIIO-
Ha-Mpexa,

10% npazueme

1 (1.3kw) 10.64 10.02 9.81
2b (6.6 kW) 10.54 9.88 9.64
3b (50 kW) 9.44 8.42 8.05

3a cure HMBOA Ha MOJIHEHE, KPajoT Ha )KUBOTHHOT BEK Ha OaTepHjara ce JOCTHTHyBa 10o0p30 CO
CEKOjAHEBHHU BO3MJIO-HA-MpEeXa HACTaHM NpH 3eMame Ha camo 10% on GaTeprjaTa,0TKOJIKY HENEIHU
HACTaHU CO HEj3MHO LEJIOCHO Npa3Heme. OBa 3By4r HEJIOTMYHO IMOPajgy Toa IITO BKYIHATa eHepruja
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3emeHa BO 7 nmeHa mo 10% e momana OTKOJKY €IHOKpPaTHOTO NpasHewe Ha Oarepujata. Ho Toa ce
JIOJDKY Ha (paKTOT IITO HajrojeMara Jerpajaaiyja Ha 0areprjata HaCTaHyBa Kako Pe3yiTaT Ha HEj3UHO
KOPHCTEHE BO MOMEHTH KOTa € LIEJIOCHO HAIOJTHETa.

3aKiTydeHo ¢ JeKa MpH CeKOjIHEBHU BO3WIIO-HA-MpEeKa HACTaHH, Jerpajalujara Ha 6aTepujaTta e
MHOT'Y TOJIeMa, a CO TOa KUBOTHHOT BEK Ha OaTepujara 3HAYMTEIHO ce HamaiyBa. llopaau Toa,
UCKIIYYUTEIHO BaXKHO € y4ecTBOTO Ha EB BO TakBM HAaCTaHHU Jia c€ OFPaHHYM CaMO Ha IOCEPUO3HH
mopeMeTyBama Bo Mpexkata. [1]

6 INPECMETKA HA UCIVIATJIMBOCTA HA KOHLUEINITOT BO3UJIO-HA-MPEXKA

Co men ma mpocTyaupaMe Jald M KOra € MCIUIATIIMB KOHIIENTOT Ha BO3WIIO-Ha-Mpeka Ke
pasriename exneH ciny4aj. [5] [6]

Co crangapano EB co 6arepuja ox 25 kWh ce mpeBesysa uoBek Ha paboTa, KOj TPrHYBa CO
noiHa 6atepuja. [Ipu NpUCTUTHYBakHETO HUBOTO BO OaTepHjaTa € HelTo moMaio. 3a Ja ce MmpeBe3e 10
CBOjOT oM TIOTpeOHa My e Hekoja muHuManHa EE Bo Gatepujata nHa EB. Bo meryBpeme, oneparopot
Ha MpeXa MOXe Jia ja MaHUIIyJaupa OaTepujata KOJKY caka, OJHOCHO ja TOJHUA M Mpa3sHU
Heorpanwyeno. CoriacHo, Ja MPEeTIocTaBUMe JIeKa Ha paciojarame Ha Mpexara ce okomy 20kWh.

V2G = E()ocmaeeua‘Ee([)ukacyocm'VZGmapu(])a [5]

- V2G e 6pyro qo0MBKaTa OJ yCiayrarta BO3WIO-Ha-Mpeka [apudHa BaayTa]

- Ejocrasena € EHEPTHjATA KOja € TpemageHa Ha mpeska [KWh]

- Ecpuanoer € €PHUKAaCHOCTa Ha ypeooOT 3a MOJNHECHEe Ha OarTepujata [0e3aMMeEH3HOHATHA
BENMYMHA]

- V2Giypupa € pomonHuTENHaTa Tapuda co Koja ce KomreHzupa (IIekCHOMIHOCTa Ha
kopucHHKOT Ha EB 3a yciyrure Bo3uio-Ha-mMpexa [mapuuna Bairyta/kKWh]

- Chosropnonomene € TPOIIOKOT TIOPaJIX MIOBTOPHO MONHEH¢ Ha EB [mapuyna Bamyra]

- Cherparannja © TPOIIIOKOT TIOpaJIH Jierpaaiija Ha Oatepujata [mapryuHa BamyTa]

- Beéarepuja € KOSHUITMEHT HA KOPUCTEHE HA JIeNl O/ )KUBOTHHUOT BEeK Ha Oartepujata Ha EB mpu
KOHIIENITOT BO3MJIO-HA-MpeXa [0e31MMeH3HOHATHA BeTMIHHA]

- Buunemenadarepnjara € TPBUYHATA 1IeHA Ha OaTepujaTa Ha EB[mapuuna Bamyrta)

BKyHHa H06"BK3 011 €ACH ““KﬂyC: Vt)oﬂueml = V2G - CV!Oé’mOpllOVlO.’lllelbe = Cdezpadauuja. [5]
3a KOHKpeTHUOT cny4aj: V2Gapupa="2

['maBHOTO Tpamame e Konky Tpeba ma Ompe MUHMManTHaTa Tapuda co Koja ce KOMIEeH3upa
(excnOMITHOCTA HA KOPUCHHUKOT Ha EB 3a ycnyrure Bo3miio-Ha-Mpexa 3a Jia HMIUIEMEHTAIMjaTa Ha
KOHIIENITOT OMye mpoduTadMITHA 32 KOPUCHUKOT Ha EB.

ITosnato e meka Ha pacmonarame ce 20kWh kom mMokar ma OMmaT JDOCTaBEHH BO MpeXarTa
(Eocrasena=20kWNh), nomexa ebukacHocra Ha ypenor koj emHoHacodnata EE ke ja mpeTBopu BO
HanzmernuHa EE u 06paTaHO € 90% (Ecpuxaciocr=0,90).

Tapucata 1o koja ce monuu 6atepujata Ha EB 110 nmpazuemero € Chapupa=3$0,10. Cornacho [6],
Cno(:mopnonomtelbe: Edocmasena (Z'Eed)ukacnocm) Cmapudm =20 kWh111 0110 $/kWh = $2,20
[Ton mpermocTaBka jJeKa BO THE MaKCHMAaJHH ONTOBapyBama, Ke UMa CaMo eleH LHUKIYC Ha

BO3WJIO-HA-Mpeka, a 6atepujara npBudHo ynHena $10,000 (Buunewenasamepujama=$10,000), craemn:

1
C u=B ama B «—=%$10000: (—————)=%5,00 no yuxayc
Odezpadayuja uunerenabamepujama D 6amepuja $ (2000 — ) $ y Uy 3%

OBa 3HauM JeKa CeKoe IMOJHEHE W IpasHeme Ha Oarepujara NPUAOHECYBAa 10 HEJ3UHO
1 .
Jerpaaupame, OJHOCHO UMa yJed BO ‘TPOLICHETO’ Ha 000 @ OJl JKUBOTHHOT BEK Ha Oatepujara, mox
npeTnocraBka aeka 6arepujata uma 2000 HUKITycH Ha MOJTHEHE U Pa3HEHE.

Vdoﬁueka =V2G - Cnoemopnono,’me/—be - Cdeepadauuja=VZG'$2,20'$5,00:VZG'$7,20 [$]
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3a noOuBKaTa Ja € IoroieMa oJ Hyja, OJHOCHO Ja HeMa 3ary0a MM Jia MMa OfIpe/ieH MPOoduT,
BaXu:

V2G >$7,20, na cienu:
V2G = 20-0,90-V2G,1apuga [$]

V2G mapupa > 0,40 $/KWh

Co oBa nobuBkara Ou Ouna cBeleHa Ha HyNa, INTO 3HAYM JieKa 3a YCIEIIHAa WHTerpaluja Ha
KOHIISNITOT BO3WJIO-HA-MpPEXkKa, JIOMOJHUTETHAaTa Tapruda co Koja ce KoMIeH3upa (IeKCHOUITHOCTa Ha
kopucHHKOT Ha EB 3a ycrmyrure Bo3uiio-Ha-Mpexa Ou Tpedaso Ja W3HeCyBa MUHHMYM, OJHOCHO Jia
6une moronema ox 0,4 $/kWh. [6]

7 3AKJIYYOK

EB nmymar moxHOCT 3a Bpakame Ha EE Hazam Bo mMpexarta. Kako TakBH, OBO3MOXyBaaT
“mername”’ Ha KapaKTepruCTHKaTa Ha onrToBapyBame Ha EEC u ro mormomaraat MHTErpUpameTo Ha
OHE. Pa3Bojor Ha TexHOJOrHjaTa BO3WJIO-HA-MPEXKa € TMPEAU3BUK MOpaau (QUHAHCHCKATA
HCIUTATIIMBOCT 3a corcTBeHuiuTe Ha EB u xuBoTHHMOT Bek Ha Oarepujata Ha EB. Co moBosiHO
npoduraduiHa Tapuda co Koja ce koMmrensupa draekcnOuiHOCTa Ha KOpUcHUKOT Ha EB 3a ycmyrute
BO3HIIO-HA-MpPEXa OBOj KOHIIETIT O MOXKEIT J]a CTaHe IPUMEHIIMBA IIpakca Ha TI100aTHO HUBO.
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VEHICLE-TO-GRID TECHNOLOGY - ACHIEVEMENTS AND
CHALLENGES

ABSTRACT

Electrical car is an energy efficient vehicle that is powered by one or multiple electrical
motors using electricity stored in a battery or other energy storage device. The vision of the major
automotive manufacturers is that by 2020, there will be at least 2.5 million electric vehicles which
would be part of the traffic and could become an important segment of the power system. Most of the
electric vehicles spend a lot of time on standby, so the battery power could be used when there is
increased electricity demand and then the vehicle should be recharged from the grid,when there is a
reduced electricity demand. The objectives of this paper are to present the Vehicle-to-Grid
technology, certain pilot projects and achievements, as well as the challenges of implementation. The
conclusion is that the development of this technology would contribute to a more stable power
system, a lower price of electricity and a cleaner environment. However, there are many questions
about the negative effect on the battery’s life, the acceptance by the users of electric vehicles and the
motive for the users to practice this technology. The paper presents subject matters from various
researches in this field. Certain ways of to extending the life of the battery in the electric vehicles are
also discussed.

Key words: Electric vehicles, vehicle-to-grid, battery, pilot projects, grid stability.

194



mailto:1elena.blazevska96@yahoo.com
mailto:2marijakalevska@yahoo.com

2 SCEESD

Student conference ’ )
“Energy efficiency and sustainable development”

Kaja Lazova?, Andzelo Macura?

! Faculty of Electrical Engineering and Information Technologies, Ss. Cyril and Methodious
University in Skopje, Macedonia

kaja.lazova@hotmail.com ’mandzelo@yahoo.com

ENERGY-EFFICENT TRANSPORT

ABSTRACT

It is becoming clear that energy efficiency can bring many significant economic and
environmental benefits. Yet it is also clear that huge energy efficiency potential remains untapped.
While energy efficiency is improving, its impact on global energy use is being overwhelmed by
increasing economic activity across all sectors. In 2017, global energy demand and emissions
increased noticeably, breaking from recent trends. Energy efficiency is bringing benefits, but it could
be doing much more.Efficiency can enable economic growth, reduce emissions and improve energy
security. The right efficiency policies could enable the world to achieve more than 40% of the
emissions cuts needed to reach its climate goals without new technology.In view of this, it is
important to note the relevance of the road transport energy paradigm, which can be split into three
main parameters:

Eroad transport = (vehicle fuel efficiency) x (vehicle travel) x (the vehicle population) .

A second important consideration is the energy costs of producing energy. Bio-fuels,
electricity and hydrogen, for instance, have significant energy inputs in their production. Finally,
vehicle energy efficiency calculations would be misleading without factoring the energy cost of
producing the vehicle itself.

Key words: economic growth, reduced emmissions, energy efficient transport

1 GENERAL IDEA AND MOTTO

Power plants creating electricity and our own home’s use of natural gas or heating oil causes
pollution in the air and emissions of greenhouse gases that can contribute to the risks of global climate
change. More than half of all greenhouse gases in the air come from power plants and the use of
natural gas. By using less energy, you help fight global climate change. You also reduce the kinds of
air pollutants that are unhealthy to breathe. Energy efficiency also reduces the amount of water power
plants and factories need to use. From power plants to cars, consuming energy can produce emissions
that harm our environment. But investments in energy efficiency across the biggest sectors of our
economy could abate up to 1.1 gigatons of greenhouse gas emissions annually — that’s equal to taking
all U.S. cars and trucks of the road for one year.The fundamental genius of the Alliance to Save
Energy is seeing the relationship between energy efficiency and economic prosperity.Relevant
improvements during recent years have been made in the transmission systems, including automatic
gear boxes, but innovative engineering is ongoing and will require more onboard electricity
generation. The generation of electricity in a car engine has a very low efficiency as a result of the
complexity of the process: the chemical energy of the fuel is transformed into heat, then into
mechanical energy first in the engine and then in the alternator to finally generate the electricity. This
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is a relevant field of research but challenging because normally only inexpensive solutions are applied
in the automotive industry.(Picture 1)

1.1 Goal

The transport sector is fundamental for the economy but also for personal life. With a growing
population and the globalization process, it is not surprising that the demand of transport is set to
grow in the near future and certainly until 2050. This paper focuses on the huge potential of progress
in the sector of technology for transport. As the principal sector for transport will remain on roads, the
paper emphasizes the progress in the automotive sector. Since car manufacturers are investing
massively into research and technology development to offer ever more efficient cars—not only
energy efficient but also efficient in terms of safety and comfort—the car of tomorrow will be very
different from the present one.

We are analysing how to improve energy efficancy. Figure 1 shows the benefits of energy
efficancy.For the purposes of this analysis, we will look at some of the most common types of
automated forms of transportation in the US. This will include transportation by private automobile,
urban transit bus, commuter rail, or domestic air travel.

Jan - Jul 2017 Jan - Jul 2018
N Coal

2,8% 0,8% 3,2% 0,8%

6,4% B Natural Gas 7.0%

14,5% 26,8% Other

Combustibles  1%5%
Nuclear
B Hydro
Wind
o Solar 17,3%

26,8%

25,9%

Picture 1. Electricity Production by Fuel Type

1.1.1 Basic terms

Energy efficiency in transportation is generally discussed using terminology specific to this
sector of the economy. The primary terms used to quantify the fuel consumed by a vehicle as it is
driven are “fuel economy” (or “fuel efficiency”) and “fuel consumption.”

Fuel efficiency is a relative term used to describe how effectively fuel is used to move a
vehicle. Thus, a heavy and a light vehicle, using the same technology in the same ways, would have
the same fuel efficiency but very different fuel economy. Thus, fuel efficiency is related to the amount
of useful work that is derived from the combustion of fuel. Fuel economy is expressed as miles per
gallon of fuel consumed; it is the term most commonly used in the United States in discussing vehicle
fuel consumption.Fuel consumption is the inverse of fuel economy. It refers to the fuel consumed by
the vehicle as it travels a given distance. Widely used in the Europe (expressed in liters per 100 km),
this metric is a clearer measure of fuel use than is fuel economy.
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Figure 2. Benefits of energy efficiency improvement

So where do we start? Lets suggest some improvments.

1.1.2 Engine Improvements
How can the efficiency of an engine be improved?

- Run the engine fuel-lean, that is, use excess air. It is well known that fuel-lean running
improves the efficiency.

- Higher compression ratio.

- We need new cycles put into practical use.

- Run the engine at optimum conditions, meaning low friction (modest engine speed) and low
pumping work (air throttle more open)

- Diesel Compression-Ignition Engine

Owing to their high compression ratios and reduced pumping losses, turbocharged diesel engines
currently offer approximately a 20-25 percent efficiency benefit over gasoline SI engines when
adjusted for the higher energy density of diesel fuel. Efficiency improvements in compression-ignition
(CI) engines are likely to come primarily from increased power density, improved engine-system
management, more sophisticated fuel-injection systems, and improved combustion processes.

- Gasoline Spark-Ignition Engine

The gasoline spark-ignition (SI) engine efficiency improvements that could be deployed in large
volume in the next decade include but are not limited to the following: variable valve timing, two- and
three-step variable valve lift, cylinder deactivation, direct injection turbocharging with engine
downsizing, enginefriction reduction, and smart cooling systems. Many of these are already in
lowvolume production. In the medium-term (15-20 years), technologies such as camless valve
actuation, continuously variable valve lift, and homogeneous-charge compression ignition could be
deployed in increasing numbers.

- Gasoline Hybrid-Electric Vehicle

The primary fuel-consumption benefits of a gasoline hybrid-electric vehicle (HEV) derive from
regenerative braking, engine downsizing, the active management of energy use to maintain the most
efficient engine operating conditions, and the elimination of idling.

Hybrid vehicles are increasingly being classified on the basis of the extent of the functions
offered by the electric motor/generator. Relative to equivalent gasoline Sl engines, belt-driven starter-
generator systems can eliminate engine idling, reducing fuel consumption by 4-6 percent; integrated
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starter-generator systems that can recover energy from regenerative braking, along with eliminating
engine idling (a mild hybrid), can reduce fuel consumption by 10-12 percent.

- Plug-In Hybrid Electric Vehicle

Plug-in hybrid-electric vehicles (PHEVs) are hybrid vehicles that can be recharged from an
external source of electricity. The liquid-fuel savings that can be realized is directly related to the
amount of electricity stored in the battery.

- Hydrogen Fuel-Cell Vehicle

Fuel-cell technology, in a hybrid system with hydrogen as the fuel, offers the promise of
significantly higher propulsion system efficiency than that of ICE technology, as well as zero vehicle
tailpipe greenhouse gas emissions.

- Battery-Electric Vehicle

1.1.3 Transmission Improvments

Automatic transmissions are popular in the United States primarily because of their ease of use
and smooth gearshift. Transmission efficiency is likely to improve in the near-to midterm through
increasing the number of gears and reducing losses in bearings, gears, sealing elements, and the
hydraulic system. While fourspeed transmissions have dominated the U.S. market, five-speed
transmissions are becoming standard as well.Six-speed automatic transmissions, as well as automated
manual transmissions, are already used in some cars andare likely to become more widely used over
the next decade.

Table 1. Expected Transmission System Efficiencies

Transmission Efficiency (%)
Current automatic transmission (4- and 5-speed) 84-89
Automatic transmission (6- or 7- speed) 93-95
Dual clutch transmission (wet-clutch) 86-94
Dual clutch transmission (dry-clutch) 90-95
Continuosly variable transmission (CVT) 87-90

Table 1 lists the efficiencies that can beexpected from various transmission systems in the near-
to midterm. As shown, improvements of 2-91 percent are realizable and provide equivalent percentage
reductions in vehicle fuel consumption.

1.1.4 Nonpropulsion system improvments

- Vehicle Weight and Size Reduction : Reducing vehicle weight is one obvious way to reduce
fuel consumption. Weight reduction can be achieved by substituting lighter-weight materials
(such as aluminum) for heavier ones, by redesigning vehicles, and by downsizing vehicles
and components. The cost of reducing vehicle weight through the use of lighter-weight
materials is estimated to be about $3/kg ($1.40/1b) .

- Rolling Resistance Reduction

- Aerodynamic Drag Reduction

- Lubricants : Engine friction has a substantial negative impact on engine efficiency. Friction
can be and is being reduced through improvements in engine design and the use of new
materials and surface coatings. It can also be influenced by engine lubricant properties, and
lower viscosity oils are increasingly being used. The most commonly used engine oils or
lubricants are mineral oils that contain additives to improve viscosity, inhibit engine oxidation
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and corrosion, act as dispersants and detergents, and reduce surface friction. There are strong
pressures to reduce both the consumption of engine oil and the additive components that
produce ash, in order to minimize the degradation of the exhaust system’s emission-control
technologies, such as catalysts and particulate traps.

1.1.5 Liquefied natural gas - LNG

The huge potential in the use of LNG has already been mentioned. This is also a field of research
in the military sector. In countries, where a lot of biomass is available (like in Scandinavia), research
is ongoing to produce methanol produced from forestry products with the aim mainly to fuel ships.
More generally, research to produce second-generation biofuels is ongoing to exploit 100 % of the
vegetal material and not to limit the conversion of the more profitable part of it. It is only if we
succeed in converting all the biomass into a set of derived fuels that economic and sustainable success
can be reached.

2 CONCLUSION

GrCo2

1596 1595 2000 2002 2004 2006 2008 00 2012

— Americas Asia  — Europe Oceania  — Africa

Safe, equitable, and energy-efficient urban transport can help achieve multiple health and
sustainability goals. Shifting urban design and infrastructure investments into public transport
networks that prioritize rapid bus transit or light rail over private vehicles can reduce the long-term
trajectory of both air pollution and climate emissions generated by private transport — and improve
health equity by providing those lacking cars with better mobility. A full assessment of the effects on
the nevironment of making this improvements would cover energy consumption and all
enbironmental effects, including greenhouse gas emissions, over the entire vehicle lifetime, which
includes the vehicle manufacturing and disposal stages as well as vehicle use.Transportation and
energy are strongly linked. Without energy, there will be no modern transport system; the reverse is,
however, also true. As the demand of transport will increase, energy consumption will certainly grow
for a number of decades to come. Energy efficiency measures will not be able to absorb all the
increase of the demand resulting from this growth. Nevertheless, progress in improving energy
efficiency in the field of transport is fundamental. The need for improvement is particularly crucial for
road transport because it is the most relevant sector and it will continue to expand.

Picture 2. CO2 emissions from fuel combustion by region
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BATTERIES CHARGING SYSTEMS FOR ELECTRIC AND PLUG-IN
HYBRID ELECTRIC VEHICLES

ABSTRACT

As a consequence of the increased emissions of greenhouse gases which are caused by the
conventional vehicles, studies are increasingly focused on developing a new generation of vehicles,
electric vehicles (EV). The economic feasibility of the EV and the hybrid electric vehicles with plug
(HEVP) could provide sustainable and energy efficient transportation. The energy that accumulates in
the battery of the EV can increase the stability of the network and can reduce the problem of the
uncompleted usage of energy produced by the renewable energy sources. That is why there is a need
for development of batteries whose performance will provide reliable and economical storage of
electricity. Through this paper we will conduct a detailed analysis of the infrastructure of the charging
battery systems of the EV and HEVP and will summarize the standards and different types of chargers
in the global EV markets

Key words: electric vehicle, battery, charging standard, inductive charging

1 INTRODUCTION

Electric vehicles offer the potential to dramatically reduce local air pollution, climate change impacts,
and oil use from the transport sector. Petroleum-fueled combustion vehicles have dominated the past
century, but the recent growth of electric vehicles presents an opportunity to transform the
transportation sector. With increased production volumes and battery cost reduction over the next 10
years, electric vehicles are projected to approach cost-competitiveness with conventional vehicles. In
the past 6 years, electric vehicles have gone from a fringe technology with no mass production to a
fast-growing part of the vehicle market. In early 2017, the two-millionth electric vehicle was sold, and
electric vehicles have surpassed 10% of new vehicle sales in multiple local markets. The potential
benefits of electric vehicles are enabled, but yet the lack of charging infrastructure still presents a
barrier to growth in the electric vehicle market. The development of a robust charging infrastructure
network is widely considered a key requirement for a large-scale transition to electro mobility. Such
infrastructure would not only provide more charging options for drivers, but would also promote
awareness and range confidence for prospective electric vehicle owners. Nonetheless, there is
relatively little consensus about the optimal concentration and distribution of charging infrastructure
or the relationship between charging infrastructure and electric vehicle uptake. This paper seeks to
address the optimization of the battery charging systems and it gives a detailed analysis of the
charging levels and charging modes in the EVs. Charging connector standards as also being
described. Particular attention has been devoted on the inductive charging which uses a wireless
technology based on electromagnetic fields.
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This type of charging is seen as a key enabling technology to increase the adoption of electric
vehicles. The various applications of WPT (wireless power transfer) is a great potential to displace
petroleum currently used in transportation.

2 ELECTRIC VEHICLE SUPPLY EQUIPMENT (EVSE) CHARGER
CLASSIFICATIONS

Like conventional vehicles, EVs are dependent on external energy supply. The first source of battery
charging is regenerative braking, since an electric vehicle can recover energy from braking by using
the electric motor as a generator. During braking, a large amount of energy is generated in a short
period of time, the battery is therefore charged with a short pulse of high current. However, this
energy is not enough to recharge a battery, so an external charging infrastructure is also needed.
Electric vehicles will not be purchased if the user does not have access to recharging facilities which
allow the usage of EVs like vehicles with an internal combustion engine. There are different ways of
charging an electric vehicle. As shown in table 1, they can be divided into conductive and inductive
charging. Conductive charging makes use of a cable, while inductive charging uses a wireless
technology based on electromagnetic fields. [1]

Conductive Inductive
slow/fast
Description Plugged into a charging station | The battery in the car is charged
using a cable and a socket by wireless induction charger
Time needed 4-8 hours/ 20-30 minutes 2-8 hours
Powertrains PHEV, BEV BEV
Example Renault Zoe N/A

Table 1- Charging infrastructure

As the battery is a DC device, any EV charging process includes a conversion of the AC power from the
electrical grid to the DC power needed by the batteries. That is the reason why a power inverter is required in
every charging process. This condition sets two charging modes, depending on whether the EV is supplied with
AC or DC current. The main difference between AC and DC (shown on figure “1”) charging is that in the case
of DC charging, the AC/DC conversion is performed by the charging station and therefore located outside the
EV. In case of AC charging, the AC/DC converter is located inside the EV. In this case, the role of the external
charging station is to supply the EV with AC power directly from the grid, as well as providing protection and
control mechanisms that increase the safety of the charging process, and, if needed, acting as a user interface to
perform payment functions and smart management of the process.

Option 2 - DC charging
P
=)
R \':Vlﬂ!l)ﬂ
|
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Figure 1: AC vs DC charging

The main advantage of AC charging is that AC charging stations are simpler and smaller, and
therefore less expensive than DC charging stations. This can be an important factor, as the success of
the EV depends greatly on the charging infrastructure deployment. One should point out, however,
that the generally stated price differences between AC and DC stations may be overestimated. It is not
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uncommon to read in the press that a DC charging station may cost 3 to 4 times as much as an AC
station. This may be true for low power, household-type chargers. However, public chargers, whether
AC or DC, have specific needs such as anti-vandalism enclosures, dedicated power lines and even
transformers, civil works, communication systems, payment processing devices, etc. that greatly
increase their cost. This means that the cost difference due to the AC/DC converter, may not be so
important for public chargers. The main disadvantage of AC charging is that it requires the EV to
have an on-board current inverter. This kind of electronic device is heavy and bulky because of its
components, such as inductors or capacitors. Moreover, the inverter in each EV will set a limit on the
maximum power rate and charging speed. This inconvenience does not exist in DC chargers, since the
AC/DC converter is included in the charging station, where there is no space or weight limitations.
This is considered the main advantage of DC charging.

Charging infrastructure is broadly broken into three categories based on the charhing speed: Level 1,
Level 2, and direct current (DC) fast charging (sometimes referred to as Level 3). The summarized
information about the levels are shown on table 2.

e AC Level 1: Charging Level 1 provides charging from a standard residential 120-volt AC
outlet, its power consumption is approximately equal to that of a toaster. Most PEV
manufacturers include a Level 1 EVSE cord set so that no additional charging equipment is
required. As a general rule, Level 1 recharging will add approximately 6.4 km of travel per
hour. Level 1 charging is the most common form of battery recharging and can typically
recharge a PEV’s batteries overnight; however, a completely depleted PEV battery could take
up to 20 hours to completely recharge.

e AC Level 2 Charging: Level 2 equipment provides charging using 220-volt residential or
208-volt commercial AC electrical service, its power consumption is approximately equal to
that of a residential clothes dryer. As a general rule, Level 2 recharging will supply up to
approximately 24 km of travel for one hour of charging to vehicles with a 3.3 kW onboard
charger, or 48.2 km of travel for one hour of charging for vehicles with a 6.6 kWh on-board
charger. Level 2 EVSE utilizes equipment specifically designed to provide accelerated
recharging and requires professional electrical installation using a dedicated electrical circuit.
Level 2 equipment is available for purchase online or from retailers that sell other residential
appliances. A completely depleted PEV battery could be recharged in approximately seven
hours using a Level 2 charger.

e DC Fast Charging (DCFC): DCFC equipment requires commercial grade 480-volt AC
power service and its power requirements are approximately equal to 15 average size
residential central air conditioning units. As a general rule, DCFC recharging will add
approximately 130-160 km of travel with 20-30 minutes of charging. The DCFC EVSE
converts AC to DC within the EVSE equipment, bypassing the car’s charger to provide high-
power DC directly to the PEV’s traction batteries through the charging inlet on the vehicle.
DCFCs are being deployed across the United States, typically in public or commercial
settings. While the power supplied to PEVs by all DCFCs is standardized, there is not
uniform agreement on the connector that is used to connect the charger to the vehicle. There
are two competing standards for the vehicle connectors used with DCFCs; one standard is the
SAE J1772 Combo developed by the U.S. auto standards development organization SAE and
the other is the CHAdeMO connector developed by a Japanese auto standards organization.
As a practical matter, both connectors work very well and many (but not all) PEVs are
equipped to utilize either connector. DCFC’s high-power capabilities can restore a depleted
PEV battery in approximately 30 minutes.
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Charge time Voltage/Amps Power Installation
Equivalent
Level 1 Up to 20 hours 120/15 Toaster Self
Level 2 Up to 7 hours 240/40 Clothes dryer Professional
DC fast Up to 30 480/215 15 Centarl A.C Professional
charging minutes

Table 2: EVSE General Characterictics (completely depleted battery)

Charging infrastructure can also be categorized by “mode,” which specifies the type of electric and
communications connection between the vehicle and the charging infrastructure.

Mode 1 (AC): slow charging from a standard household-type socket-outlet, up to 16
Amperes, without any specific safety or control features

Mode 2 (AC): slow charging from a standard household-type socket-outlet, up to 16
Amperes, with an in-cable protection device and a power level control that protects the user
and the vehicle

Mode 3 (AC): slow or fast charging using a specific EV socket-outlet and plug with control
and protection function permanently installed

Mode 4 (DC): fast charging using an external charger with an AC/DC converter providing
direct current with power levels starting at 50 kW.

Apart from the charging modes, there are several design options for the physical plugs required to
connect EVs to the charging equipment. These designs may be divided into four types:

Type 1 (Yazaki) is widely used in Japan and the US. This type of plug is designed to connect
a cable from the charging equipment to an EV with a compatible inlet.

Type 2 (Mennekes) is the European standard for sockets. In this case, the purpose of the plug
is to connect a cable to the charging equipment. On the car side, the cable will usually have a
Type 1 socket. Type 2 plug are usually rated for higher power levels

Type 3 (Scame) is very similar to Type 2, but the difference is that Type 3 sockets are
designed to fit with safety shutters installed on power outlets in order to protect both the users
and the equipment according to safety requirements in a limited number of European
countries

Type 4 (CHAdeMO) refers to fast DC chargers. These plugs follow the CHAdeMO
standards for charging protocol as well as the physical design of the socket and the vehicle
inlet.

The connection among charging modes and plug types is shown in table 3, where the main features of
each possibility are described.

Charging mode Plugs

Typel Type 2 Type 3 Type 4

Mode 1 No control, just N/A N/A N/A
plug in and a

charge

Mode 2 Control though a N/A N/A N/A
control box inline

in cable

Mode 3 N/A Control through Control through N/A
signal transmitted | signal transmitted
from the car to from the car to
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the charging point | the charging point

Mode 4 N/A N/A N/A DC charging
following the
CHAdeMO
standard

Table 3-Mode Definition of Plugs and Sockets

3 CHARGING CONNECTOR

Depending on region and speed of charging, the type of plug and socket used for charging electric
vehicles may vary. Although these plug types are generally well-defined and each works well for its
specific application, the variety of standards may lead to confusion among drivers and hesitation from
industry. In North America and Japan, most electric vehicles use the SAE J1772 connector, which
contains five pins and a mechanical lock. In Europe, Level 2 charging uses the Type 2 or Mennekes
connector, which has seven pins and takes advantage of the three-phase alternating current grid. China
also requires (as of 2017) a variant of the Type 2 plug (under the standard GB/T 20234.2-2015),
although legacy vehicles and charging stations have not yet been converted (NDRC, 2015). The
exception to this regional breakdown is Tesla, which uses a proprietary connector for its vehicles sold
in North America, although adapters to SAE J1772 are available. In Europe and Asia, Tesla vehicles
have a Type 2 plug.[3]

SAE J1772 Type 2 (Mennekes) Tesla (US)
-
North America and Japan Europe and China Tesla vehicles in North
America

Table 4-Comparison of the most popular AC charging connector types

For DC fast charging, connector types vary by automaker in addition to region, with the most
common connectors shown in Table 4. Nissan and Mitsubishi created and promoted the CHAdeMO
(short for Charge de Move) fast charging standard beginning in 2011 (Mitsubishi Motors Corporation,
2014). This type is still used on electric vehicles produced by Nissan, Mitsubishi, Kia, Citroén, and
Peugeot. In contrast, several automakers from the United States and Europe have advocated for the
Combined Charging System (CCS), which uses the SAE J1172 or Mennekes AC plugs along with
two additional DC pins for fast charging. This standard has now been adopted by BMW, Daimler,
Ford, Fiat Chrysler, General Motors, Honda, Hyundai, and Volkswagen. Whereas CCS (sometimes
referred to as SAE Combo or Combo 2 in North America and Europe, respectively) uses the same
receptacle on the car as a Level 2 charger, CHAdeMO requires a separate port. As in the case of Level
2 charging, Tesla uses its proprietary plug for its DC Supercharger stations in the United States,
although the company also makes Tesla-to-CHAdeMO adapters. China has recently mandated the use
of a new standard (GB/T 20234.3-2015) for all new vehicles and fast charging infrastructure; Tesla
vehicles sold in China will also use this standard (Lambert, 2016; NDRC, 2015).
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CHAdeMO CCS (North America) CCS (Europe)

Nissan, Mitsubishi, Kia, BMW, Daimler, Ford, Fiat Chrysler, Honda, General
Citroén, Peugeot Motors, Hyundai, Volkswagen

Table 5-Comparison of the most popular DC fast charging connector types in general use by major automobile
manufacturers

4 WIRELESS (INDUCTIVE) CHARGING

Inductive charging, also known as Wireless Power Transfer (WPT), is an emerging technology that allows PEV
recharging without the use of a cabled connection. The most common (shown on figure 2) application uses a
charging pad installed on or in the pavement and a receiving pad installed underneath the PEV. Electrical
current is passed through the pavement pad, which creates an inductive electrical field that is captured by the
PEV’s receiving pad to charge the vehicle’s batteries. Induction chargers typically use an induction coil to create
an alternating electromagnetic field from within a charging base station, and a second induction coil in the
portable device (i.e., PEV) that takes power from the electromagnetic field and converts it back into electrical
current to charge the battery. The two induction coils in proximity combine to form an electrical transformer.
Greater distances between sender and receiver coils can be achieved when the inductive charging system uses
resonant inductive coupling. Recent improvements to this resonant system include using a movable transmission
coil, and the use of materials for the receiver coil made of silver plated copper or aluminum.[2]
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Figure 2: Application of wireless charging

4.1 Wireless Charging Research

A significant effort in research and development is underway by academic, governmental and private
industry to help realize the promise of the untethered charging of PEV batteries. The Massachusetts
Institute of Technology (MIT) has demonstrated a patented WPT technology that applies magnetic
resonance to an inductive electrical field. This technology provides impressive power transfer
efficiencies over larger air gaps between the charging transmitter and the PEV’s charging receiver.
MIT’s WPT has been licensed to several large automobile manufacturers. Utah State University is
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also involved in wireless charging research and has begun the construction of a new research facility
that will include an oval track to test technology for recharging electric vehicles while moving. Also,
the Electric Vehicle Transportation Center (EVTC) at the University of Central Florida is in the
process of establishing an EV and Wireless Charging Laboratory.

Wireless Standards The Society of Automotive Engineers and the International Electrotechnical
Commission are currently in the very early stages of standards development for wireless technology
and there is limited commercial availability. The standards reference for SAE is SAE J2954; the IEC
reference is IEC 61851-1. The successful development and deployment of wireless technology
presents the promise of having the convenience of pulling into your garage or a parking spot and
having your car recharge without the need to connect and disconnect a cable. Some researchers are
also exploring the possibility of embedding wireless charging in the roadway as a method of
continuously recharging the vehicle while in transit; a system that would allow this would
dramatically reduce battery size and extend the travel range of PEVs.

) CONCLUSION

Through this paper the most current and the most commonly used battery charging systems for
electric vehicles were described. The data in this project is based on the experiences and
measurements by the manifactures of the electric vehicles. It is percived that the highest level of
power at charging (level 3) corresponds to the fast charging of the EVs. The main advantage of AC
charging and the variety of the charging cables were explained as well. However, the biggest
attention has been given to the inductive charging whose benefits will be improved and enhanced in
the following years.
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STATISTICS AND THE POTENTIAL OF ELECTRIC AND HYBRID
VEHICLES IN THE EUROPEAN UNION

ABSTRACT

Electricity as an energy for vehicle propulsion offers the possibility to substitute oil with a wide
range of primary energy sources. With this, the security of energy supply and a broad use of
renewable energy sources in the transport sector could be ensured and help the European Union (EU)
achieve targets on CO; emissions reduction. Several national and local goverments have established
tax credits, subsides, and other incentives to promote the introduction and adoption in the mass market
of new electric and hybrid vehicles, often depending on battery size, their electric range and purchase
price. This article investigates the overall statistics of electric and hybrid vehicles (cars) in the EU.
Also the assessment of the potential of such transport modes is explained based on directives,
provided by the EU. The goal of the article is to present an overall development/summary of electric
and hybrid vehicles in the EU in its present and in the near future.

Keywords: Electrical and hybrid vehicles, statistics, European Union.

1 INTRODUCTION

Transport connects and underpins our society, countries and economies. However, it can also
also effect us in a negative way, by damaging the environment, climate and human health. By
progressing towards a sustainable and prosperable society, Europe needs to move towards a more
decarbonised transport system. Electricity as an energy for vehicle propulsion is a nowadays
widespread concept that offers the possibility to substitute oil with a wide range of primary energy
sources. With this, the security of energy supply and a broad use of renewable energy sources in the
transport sector could be ensured and help the European Union achieve targets on CO; emissions
reduction. Other than being nonpoluting (CO2, NOx emissions and particular matter), electric vehicles
have better efficiency than internal combustion engine vehicles, they create less noise and vibration
and they provide quiet and smooth operation.

The focus in this report is upon statistics of electric and hybrid passenger vehicles, their potential
and incentives in general for encouraging the further uptake of these technology. So this article
provides a statistical summary of information on electric road vehicles in the European Union,
including those with hybrid technologies and explains the trend, that has been developed as a model in
the EU.

2 LEGAL GROUNDS FOR DEVELOPMENT OF MORE SUSTAINABLE TRANSPORT
SYSTEM AND ITS VEHICLES

»The European Union is committed to developing a more sustainable circular economy and
decarbonised transport system. Developing a circular economy that inter alia aims to increase
resource efficiency is key in realising the second main objective of the 7th Environment Action
Programme, that the EU should turn into a resource-efficient, green and competitive low-carbon
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economy. To focus this transition, a number of future targets have been set to reduce the
environmental impacts of transport in Europe. The transport sector's GHG (greenhouse gas) emission
reduction targets are, for example, designed to contribute to the EU's overall goal to reduce GHG
emissions by 80-95 % by 2050 [1].«

3 THE POTENTIAL OF ELECTRIC AND HYBRID VEHICLES

In 2016, the European Commission published an European strategy for low-emission mobility,
whose objectives are decreasing oil import dependency, increasing competitiveness and innovation
for growth and a sustainable environment. The importance to the electrification of transport,
improving the efficiency of EU's transport system is scaling up in the recent years as it is clear that a
large share of GHG emissions reductions will come from transport (roads) through the use of
renewable technology, by greatly reducing transport oil consumption. Electric and hybrid vehicles are
a potential, where the EU can move towards a sustainable transport system. By replacing conventional
vehicles, electric and hybrid cars will help us reduce emissions, noise (from the engine) and force us
to start using and wasting resources more carefully. But there are also drawbacks for electric cars,
such as: the complexity of the technology and its components, the high costs of manufacturing and
their limited energy density of lithium-ion batteries, still small range of vehicles and the
environmental impacts, associated with battery and components manufacture. In the case of hybrid
cars, as they do have lower fuel consumption and exhaust emissions than conventional engines, they
still have a built-in combustion engine and are therefore dependant on fossil fuels. Nevertheless, new
battery technologies are being explored and tested, that could show great promise and optimism into
car technologies that are still now at an early stage [1]. Also the development of charging point
infrastructure takes place in the European Union on a large scale, to supplement the drawback (rarety)
of such vehicles.

4 CHANGING TRENDS IN THE VEHICLE MARKET AND INCENTIVES

With the development of electric and hybrid cars, the manufacturers started to promote these
technologies more often in recent years. Still, relatively few electric cars (and few models) are sold in
the EU, compared to conventional vehicles, so manufacturers have included electric and hybrid cars
in their offer more often, so it is expected that the affordability will be increased in the future. Vehicle
size and brand preference; also the price differs in each country so the consumer demand also varies
between countries, depending on various incentives or purchasing subsidies that governments offer.
Such subsidies are available through EU's policies, national or local governments and can be:
financial incentives (for purchasing and operating a vehicle), battery costs, fuel prices, infrastructure
(parking and charging points), lower taxes and lower toll payments. Such incentives promote and
encourage the development of low CO; technologies in transport and are also designed to help
improve vehicle efficiency in general [1].

5 STATISTICS OF ELECTRIC VEHICLES (CARS) IN THE EUROPEAN UNION

The statistics, that are presented in Table 1, show the total fleet (amount) of BEV (battery electric
vehicle) passenger cars and LCV (light commercial vehicles) in the European Union. The data is
taken from EAFO (European Alternative Fuels Observatory) from 2008 and up to the 3rd quarter of
2018. EAFO is and European Commission funded initiative which provides open and free information
about the deployment of alternative fuels infrastructure [2].

Table 1. The total fleet of BEV passenger cars and light commercial vehicles in the European Union [2]

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 2018
EU28 3/1Q
Belgium 0 0 34 322 907 919 1792 | 4691 | 6423 | 8937 | 11375
Bulgaria 0 0 0 0 0 0 2 12 27 99 185
Czech Republic 0 0 4 60 152 237 417 1079 | 1206 1320 | 1998
Denmark 0 31 51 466 937 1434 | 2967 | 7880 | 9206 | 10055 | 10620
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2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 2016 2017 2018
3/IQ
Germany 44 206 747 2907 6956 | 12051 | 19522 | 30720 | 46754 | 70138 | 97681
Estonia 0 0 0 56 60 708 1067 | 1235 1159 1184 1262
Ireland 0 0 18 64 193 246 560 1108 1518 2098 3805
Greece 0 0 0 0 1 3 45 84 114 148 175
Spain 0 0 0 568 1023 | 2021 | 2832 | 5585 8574 | 13103 | 16521
France 2602 | 2599 | 2604 | 2824 | 8487 | 16800 | 26602 | 61657 | 90162 | 117165 | 142852
Croatia 0 0 0 0 0 0 39 115 236 256 286
Italy 0 0 0 117 623 1531 | 2430 | 4956 7211 9529 | 12539
Cyprus 0 0 0 0 1 6 11 15 38 93 146
Latvia 0 0 0 0 10 15 188 218 252 307 345
Lithuania 0 0 0 0 0 2 6 40 103 153 238
Luxembourg 0 0 0 31 100 263 564 744 895 1253 1490
Hungary 0 0 0 9 90 110 145 206 451 1263 2200
Malta 0 0 0 0 38 49 87 134 153 200 225
Netherlands 0 0 0 0 2100 | 4830 | 8083 | 10828 | 14733 | 23323 | 37038
Austria 0 328 422 1124 | 1817 | 2689 | 4205 | 6101 | 10589 | 16236 | 20954
Poland 0 0 0 35 54 81 153 237 375 930 1214
Portugal 28 29 29 232 297 456 672 1234 | 2262 3903 6309
Romania 0 0 0 5 5 42 59 104 177 427 733
Slovenia 0 0 0 0 12 29 87 246 435 844 1134
Slovak Republic 0 0 0 25 26 0 113 143 209 421 651
Finland 0 0 13 42 93 143 386 603 897 1372 1871
Sweden 42 60 116 321 603 1010 | 2172 | 6197 9256 | 13481 | 16185
United Kingdom | 189 354 394 1478 | 2810 | 5312 | 9875 | 21668 | 33126 | 46963 | 54975

From Table 1 it is seen, that the biggest countries (with the largest population) have also the
largest fleet of BEV passenger cars (France and Germany). These two countries are also the largest
manufacturers and exporters of vehicles in the European Union. Countries that also have a large fleet
of BEV's are: Belgium, Denmark, Spain, Italy, The Netherlands, Austria, Sweden and the UK. These
countries are among the most developed countries in the EU, so they can afford to place large
subsidies, mentioned in Chapter 3, also people in these countries can afford electric cars more than
countries, that joined EU from 2004 and on. The one thing that all countries have in common is, that
the amount of BEV's is rising each year, so the overall amount of fleet of BEV's in the European
Union is increasing rapidly (as seen from Picture 1). Seen from Picture 1, there were almost 3.000
BEV's in the EU in 2008. Until now (November 2018) there are almost 435.000 vehicles combined,
which is a tremendous increase in amount of vehicles in just 10 years.
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Picture 1. Total fleet of BEV passenger cars and light commercial vehicles in the European Union [2]

6 STATISTICS OF HYBRID VEHICLES (CARS) IN THE EUROPEAN UNION

Table 2. The total fleet of PHEV passenger cars and light commercial vehicles in the European Union
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
EU28 3/Q
Belgium 0 0 0 16 338 359 1159 4098 | 11422 | 22273 | 30002
Bulgaria 0 0 0 0 4 4 6 24 31 83 165
Czech Republic 0 0 0 0 16 27 79 204 340 568 769
Denmark 0 0 0 0 33 44 144 588 770 1223 3352
Germany 0 0 0 112 1332 2932 6956 | 17439 | 32049 | 58312 | 80398
Estonia 0 0 0 0 5 10 36 48 55 80 95
Ireland 0 0 0 0 0 1 36 135 416 739 1631
Greece 0 0 0 0 0 0 17 40 53 207 275
Spain 0 0 0 0 109 190 612 1368 3131 6583 9404
France 0 0 0 0 668 1463 3462 9119 | 16557 | 26848 | 33271
Croatia 0 0 0 0 0 0 5 48 71 92 97
Italy 0 0 0 0 145 363 832 1550 3149 5786 8847
Cyprus 0 0 0 0 0 0 3 29 49 104 140
Latvia 0 0 0 0 0 6 9 23 26 49 67
Lithuania 0 0 0 0 0 4 14 28 44 44 70
Luxembourg 0 0 0 0 30 60 166 279 449 1075 1434
Hungary 0 0 0 0 17 17 40 99 210 522 | 1110
Malta 0 0 0 0 0 0 4 7 7 12 14
Netherlands 0 0 0 0 0 24512 | 36937 | 78163 | 98903 | 98217 | 98149
Austria 0 0 0 0 141 408 776 1512 2749 3948 5587
Poland 0 0 0 0 12 22 104 270 425 816 1324
Portugal 0 0 0 18 63 108 209 730 1809 3937 6056
Romania 0 0 0 0 5 6 20 59 147 278 431
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2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

3/Q

Slovenia 0 0 0 0 0 10 20 55 140 329 514
Slovak Republic 0 0 0 17 17 0 88 156 156 345 547
Finland 0 0 0 0 128 288 579 1279 2098 4325 8012
Sweden 0 0 0 0 657 1785 5232 | 11108 | 21425 | 35307 | 48014
United Kingdom 0 0 0 7 996 1823 9725 | 26961 | 55210 | 88438 | 113311

The statistics in Table 2 present the total fleet (amount) of PHEV (plug-in hybrid electric vehicle)
passenger cars and LCV's in the European Union. The data is also taken from EAFO from 2008 and
up to the 3rd quarter of 2018 [2]. From Table 2 it is seen, that like in Table 1, the biggest countries
(with the largest population) have the largest fleet of PHEV passenger cars (UK, The Netherlands and
Germany). As the situation with PHEV's in more developed countries is the same as in for BEV's, the
most developed countries with the higest standard of living have the largest fleets of PHEV's
(Belgium, France and Sweden) respectively as well. Here, the amount of PHEV's in the EU is also
rising each year rapidly (as seen from Picture 2). There were only 170 PHEV's in the EU in 2011.
Until now (November 2018) there are almost 454.000 registered vehicles.
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Picture 2. Total fleet of PHEV passenger cars and light commercial vehicles in the European Union [2]

7 CONCLUSSION

The summary, provided in this article clearly shows the tremendous effort from the EU in terms
of moving towards objective of achieving a low-carbon society. Vehicles with conventional fuelled
engines can still improve in their performance and their emission reductions, however it is becoming
clear, that these improvements in vehicle efficiencies will not deliver the substantial GHG emission
reductions that are needed in the future. With increasing incentives, raising awareness and promoting
a stable, sustainable growth of renewable transport, the European Union can become a world leader in
sustainable development that is fundamental for the future reduction of transport's impacts on the
environment and our health.
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EHEPI'ETCKA E®OUKACHOCT HA JIEJl U3BBOPUTE HA CBETJIMHA

KYCA COIAPKUHA

Ilenta Ha OBOj TPYH € Jia Ce MPUKAXKAT NPEIHOCTUTE U eHeprerckara epukacHoct Ha JIE]]
HU3BOPUTE Ha CBETJIMHA BO CHOpe,ZI6a CO TpaJuUOWOHAIIHUTC HWHKAJACCUCHTHH, XaJIOI'CHHU WU
(ITyOpOCIIEHTHH U3BOPH HA CBETIIMHA.

JIEJ]] u3Bopure Ha cBeminHa mTenaT W g0 80% eneKkTpuuHa €Heprdja BO OJHOC Ha
KJIACHYHUTE M3BOPH Ha CBEeTJIMHA. THWe MMaat May TUMEH3WH, )KUBOTEH Bek of npeky 50 000 go 100
000 paboTHM YacoBH, pacrmojiaraaT co MHOTY IIIMPOK OTICET Ha TeMIIepHATypHA paboTa, *MaaT MHOTY
KpaTKO BpeME Ha aKTHBallMja M KOHCTaHTeH (IyKC Ha 3pademe BO MHOTY IIHPOK OICEer Ha
TeMIIepaTypHH BapHjallud. 3a BpeMe Ha XWBOTHHOT Bek Ha JIEJl mM3BOpOT Ha cBeTiMHA HyZOaT
MOXKHOCT 3a pelIaTHBHO rojieM Opoj Ha BKIIydyBama M HCKIydyBama. JIEJ[ m3BopuTe Ha CBETIMHA
MacOBHO Ce KOPHCTAT 3a BHATPEIIHO HO U 32 HaJBOPEITHO OCBETIYBahE, KAKO Ha TIPUMEP BO JTOMEHOT
Ha TIAPTEPHOTO OCBETIYBame, OCBETIYBalkbe€ Ha CIOPTCKH TEPEeHH, CTOMAHCKH JBOPOBH H 32
coo0pakajHUIIN, TAaTEKH, KPCTOCHUIIN, CUTHAITN3aIH]jaTa, HH()OPMATHIKHUTE YPEIH U CIL.

OB0j TpyHo EMIIMPHCKH TH JOKa)XyBa IIOCOYEHHTE ITO3UTHBHH AacleKTH BO OJHOC Ha
BIIO)KEHATa €HEepruja W MPOAYLIHUPAHHOT CBETIOCEH (IIYKC CO TPHIIOKYBAFh€ PEATHU IMPECMETKH
n3paborenu coriacHo EBporckuor cranmapa EN 12464-1 koj ja Tpetupa morpedHaTa OCBETIEHOCT
BO IOCEOHU TIPOCTOPY U paOOTHH YCIIOBH.

[IpecmeTkuTe ke OMAAT HANpPAaBEeHH CO EBPOIICKH BEepPUMHUITUPAHHUOT COPTBEPCKHUOT ITaKeT
DiaLux EVO. OBoj codTBep 0BO3MOXKYBa MPHKa3 Ha MPOCTOPH U MPOCTOPUH, OIIPEMEHH CO EHTEpHEp
BO peaneH onHoc, BO 3D mpwukas, Taka MTO KOPUCHUKOT MMa MOXHOCT 3a BH3yenu3aldja Ha
MIPOCTOPOT BO peajHa AMMEH3Wja Ha OCBETIECHOCT CO MMIUIEMEHTHPAH PEHAEPUHT CO CIenupUIHH
HHBOM Ha OCBETJICHOCT U 3aCEHUyBabE.

Kuayunu 360poBu: JIE/] uzeopu,océemuysarve, Dialux evo, enepeemcka egpuxacrocm.

1 BOBE]J

JIEJI (LED- Light Emitting Diode) — saumoma koja eMHUTyBa CBETJIHHA, € COHA O]
HajeKOHOMUYHHTE 1 HajOpP30 pa3BHEHUTE TEXHOIOTHH 3a ocBeTiyBame. lllnpokara ymorpeda va JIE]]
OCBETJIIyBal€¢ MMa HajrojeMo MOTEHLHUjalHO BIMjaHWE Bp3 3allTeAaTa Ha eHepruja. Bp3 0aza Ha
HalpaBeHW aHaIM3W Owiio 3aKinydeHo neka a0 2027 romuHa , mmpokara ymotpeda Ha JIE]]
oCBeTIIyBame Ou Moxena ja 3amrequ okoiny 348 TWh ( Bo cropenda kora Ha mecro JIEJ] 6u ce
KOpHUCTeNa KilacuuHa pacBeTa) Ha enekTpuyna enepruja Bo CAJL [4]. JIE]] cBernata BO MOMEHTOB ce
JOCTallHW BO IIMPOK CIIEKTAap Ha JOMAIIHU M WHAYCTPUCKU HPOM3BOAHM, a JIUCTATa CE 3roJeMyBa
cekoja roauHa. bp3moT pa3Boj BoaM 0 IOBEKEe MPOM3BOAM, MOA0OpeHa e(UKACHOCT, KaK0 H
npuaoHecyBa 3a Jn0oOMBamke Ha IOHHCKM IIeHM Ha mas3apoT. HacodyeHaTa KapakTepHCTHKa Ha
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HUCIIyHITalkbe Ha CBCTJIMHATA KOja ja UMaat rv npaBu ce IoBEKe ynOTpC6J'II/IBI/I KaKoO yJIMYHU CBETHUJIKHU,
CBCTUJIKHM 3a OCBCTIIYBAILC HA MATCKU, CIIOPTCKU TCPCHU, MAPKUPAJIUIITA U CIIMIHO.

2 JIEA TEXHOJIOT'MJA

JIE]] cBemiata mocTOjaHO C€ TOAOOpyBaaT co el Jga ce o0e30eau IorojieMa KOPHCHOCT,
(hnekcuOMIHOCT, ¥ TOe(UKACHO HCKOPUCTYBalke Ha MOKHOCTa. Pazmuunutre Momenu Ha JIE]]
CBETHJIKH C€ MOIIIHE MOMYJIapHU BO CHOpenda cO TPpaJUIMOHAIHUTE CBET/A, TJIaBHO mopaad (GakToT
JIeKa MOXKaT Ja TpaaT 25 MaTH MOIOJITO CO MoMmala MOTpolryBadka Ha eHepruja. Ilocrojat moBeke
monenu Ha JIEJl u3Bopu kako mro ce SMD u COB uunmnoBute, KOj ce pa3iuKyBaaT BO HHUBHHTE
KapaKTepUCTHKK U HAYMHOT Ha Tpajoa.

Kaxko u cranmapmuute auonu, JIEJL ce cocTon oj 4uIl HarmpaBeH O MOJYMPOBOICH MaTepHjal,
CO JI0JIaBam-¢ Ha OJPEICHH MPUMECH Kako Ou ce o0 P-n croj.llof aejcTBO Ha eMHOHACOUEH HAIIOH
ENEKTPOHUTE MTPEMHUHYBAAT O/ N Ha P CTpaHaTa U BO MO/IPAYjeTo Ha CIOj ce CII0jyBaaT CO NIYIIMHHTE.
[IpemunyBaatT BO HU3M 0] €HEPreTCKH HUBOA, KOj BUIIOKOT Ha €HEprHja To 0ciao0oayBaar BO OOJIHK
Ha CBETJIMHA, OJIHOCHO reHepupaat ¢potonu [1].

2.1 SMD yunosu

SMD wumu “ Surface Mounted Device” — “NOBPIIMHCKH MOHTHpaHH ypeau”, C€ HajuecTo
6apanute JIEJ| nuonm Ha maszapor. UWmOT € TpajHO CIIOEH CO IeJaTeHaTa Iuiodya W € MHOTY
TMIOITyJIapeH Topaar HeroBaTa pasHOBHUAHOCT. MoXKe /a ce Mperno3Hae BO CBETIICUKH TOIKH, JIMHUCKU
CBETJIA, TIa lypH M KaKO CUTHAJIHA CBETHJIKA Ha MOOHMITHUTE Tene() OHH.

Enna on mocebuute kapaktepuctiki Ha SMD ynmoBuTe € OpojoT Ha JTUOAM U KOHTAKTH IITO
MOJKe Jia TO uMaaT. MoKe Jla MMaaT MOBEKe Of CaMO JIBa KOHTAKTH, IITO TH MPaBH MOPA3IUYHU O]
ocranarute BuaoBu Ha JIEJl unmoBn. Ha enen umm Moke Ja MMa A0 TPU OUOAM, TIPH IITO CEKOja
IM0fla UMa WHIYBUIyaHO Koio. Cexoe Koo uMa o €jHa aHO/a M KaToja IITOo ToBexyBa 10 2,4 uimu
6 KOHTATKH BO efeH uui [3].

Kondurypanvja npukakaHa Ha ciauka 1, e mpuudHata nopaiu koja SMD uwumoBure ce
pasHoBUIHU. EneH unmn Moxke J1a celpiKu pBeHa, 3eneHa U cuHa auona. Co oBUE TPH 0N MOXKE Jia
ce mo0mjaT Hajpa3IMIHHA HHUjaHCH Ha 00ja co MpHiaroayBamke Ha M3Ie3HOTO HUBO. EdukacHocTra Ha
oBHe 9nTIoBH n3HecyBa ox 50 mo 100 aymenu 1o Bart.

Cauka 1 SMD JIEJ unn

2.2 COB unnosun

Enno on nHajHoBuTe mocturayBama Bo JIEJ| texnomormjata e COB- “Chip on Board”, koj
MpeTCTaByBa YEKOp Hampen KOH MOe(pUKACHOTO MCKOPHCTYBakhe HAa CHeprujata. Pasnukarta momery
SMD u COB uunoBure € mTo THE coapxaT 9 mim moBeke nuonu. MiMaat caMo €HO CTPYjHO KOJIO U
JIBa KOHTaKTH, Oe3 ories Ha OpOjoT HA TUOIUTE.

Baxen e ¢axror neka COB u3BopuTe HE MOXKAT J1a c€ KOPUCTAT 33 CO3/aBamke Ha CBETIIa KOU
MeHyBaat 00ja mopaau OpojoT Ha KOHTAKTH M caMO €IHOTO cTpyjHO Kono.lloTpeben e moronem Opoj
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Ha KaHaJIM 3a CO3/1aBame Ha eeKT 3a nmpoMeHa Ha 0oja. 3aroa JIEJ[ COB cBernata ce epuxacau BO
eIHOOO0jHY aruIMKAIMU HO HE M BO Pa3HOBpCHA TexHomoruja[ 3].

Hpyra pasznuka nomery COB n SMT uumoBute e ynorpebara Ha eHepruja W TOIIMHCKATa
eMKACHOCT KOja € pe3yJiTaT Ha KEPaMHUYKHOT CYICTPAaKT Koj € nen onx cocraBor Ha COB wwumor,
MpHKaXaH Ha ciuka 2. Moxar Ja mpou3BenaT MOToJeMO KOJMYECTBO Ha JYMEHH CO IOMalKy
enepruja. HuBanot obcer e co MuHuMyM of 80 JlyMeHH 110 BaT.

Cauxka 2: COB JIE]] ynn

3 KAPAKTEPUCTHUKHU HA JIEJ U3BOPUTE

Omnmro npudared ¢akr Bo cBeror ¢ aeka JIE/ cujanuiute ce npudarinBo pelieHUe Kora
craHyBa 300p 3a eHKACHO OCBETIIYBamE.

JIE]] cujanuiuTe ce pa3uKyBaaT [0 MHOTY HEIITa Of OCTaHATHE CHjaJIMIIM KOU C€ JOCTAIlHU Ha
[a3aporT Kako INTO CE JCHEIIHWUTE IITSAJUBU CHjAIMIM, OOMYHUTE BOJN(PPAMOBH CHjATHIM CO
KApeYKo BIAKHO, HEOHCkHTe cujamumy u ci. JIE]| cujanmuure Hymar 3amTena Ha eleKTpUYIHA
enepruja 10 80% u Bek Ha Tpaewme o npeky 50.000 yaca wim rapaHiuja 10 3 roauHu 3a UcTuTe [2].

I'maBam ocobuuu Ha JIE]] cujanumuTe ce:

- He cogpxart mrerHu Matepujain U racoBU.

- HckiryaurenHo monr Bek Ha Tpaewe (peky 50.000 caatn).

— Hewma ynrpaBuoneroBo 3paues-e.

- Maro cBETI0CHO 3aragyBambe.

- MHory MaJKy ce 3arpeBaar BO OHOC Ha ocTaHaTHTe BUAOBH (MakcumyM 50°C).
— BxiyuyBamero u HCKIIyqyBameTO HE BlIMjae Bp3 HUBHUOT pabOTEH BEK.

- 3amrena Ha enekTpudHa eHepruja 1o 80%.

- Exomomrku mpudatimBm.

— Hewma tpenepeme kako (i1yopeclieHTHUTE CBETHUIIKH.

Ha Ttabena 1 e mpukaxana crnopen®a Ha THIIOBUTE CBETHMJIKM 33 BHATPEIIHO OCBETIYBAaIbE.
Coonsernara 3ameHa Ha kinacmuHuTe co JIEJ[ cBermnmkm o0e3beqyBa HamaiyBame Ha
MOTPOIITYBayKaTa Ha €HEPTHja U ja 3roJIeMyBa eKOHOMHYHOCTA.

Ta6eaa 1. Cnopenda na JIE/] cBeTHJIKHTE €O OCTAHATHTE BUAOBH HA CBETHJIKH

KnacuuHa cBeTmiika JIE/I 3amena 3amrena

100 W o6uuna TW LED 93% En. Enepruja
BoJI(hpaMOBa CBETHIIKA

18 W ¢ryopociientaa 6W LED 66% En. Enepruja
CBETHIIKA

50 W XaioreHa cB. 7TW LED 70% En. Enepruja
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IToekero JIE]] cBeTiia ce MoHOXpoMaTHYHHU. bojaTa Ha CBeTIMHATA ce JOOMBA MPEKy pasInuyHU
OpanoBu pomkund, JIEJ] muomuTe ce HampaBeHHM CO PA3IMYHU IONTYIPOBOJHHYKH MAaTEPHjald KOH
IITO EeMHUTYBaaT CBETJIMHA Ha pa3IudHa OpaHoBa gomkuHa. JIEJ] cBeTiMHaTa ce eMuTyBa Ha OpaHOBa
nomxkuHa ox 400 HaHoMeTpu crHa 00ja, 1o 800 HaHOMETpH IpBeHa 00ja. bornTe Ko IMITO ce JOCTaIHU
BO mponax0a HajuecTo ce Oera u ¥KOoJTa, HO 10 Hapayvka U 110 MoTpeda nMaMe U IPBEHA, OPTOKAI0Ba
3eJIeHa, BUOJICTOBA U CHHA 00ja.

[octojaT pasuu tunosuna JIE]] cujanuiy Kou ce KIacU(UIMPAHU CIIOpE] HEKOIKY KaTeropuu u
TOA.

e Cnopen daconkara

e Cnopen MOKHOCTa

e Cmopen TemrepaTypara Ha 00ja
e Cropen CTEMEHOT Ha 3aIITHTA

e Cmopen XUBOTHHOT BEK U.T.H.

4 JIEAHACHPOTHU ®JIYOPOCHEHTHO OCBETJYBAIBE HA ITPOCTOP

Konky e moedukacHo M MOeKOHOMHYHO Jna ce ymoTpeou JIEJ[ cBernmo Bo cmopenda co
(IIyopecIieHTHOTO CBeTNo, ke Ouje NpuKaxxaHo BO IMOHaTtaMommHUMOT TekcT. CraHyBa 300p 3a
coptBepckn maker DiaLux EVO co momom Ha koj ke OumaT oOpaOOTeHHM JiBa CIydYaeBH:
KaHIENapUCKU TIpocTop (4 KaHIenapuu + XOIHUK) KOj ke OuJie ocBeTNieH Ha JBa HaunHa, co JIE]]
CBETJIMHCKU M3BOpU U cO (uiyopeciieHTHH cBeTuiaku. Cekoja KaHIeIapuja IMoKpaj Toa MmTo ke Ouie
NMpHKaXkaHa BO JBe BapwjaHTH, T.e. co JIE]l m ¢ayo cermiku, ke uma 3aceOHa 3amuclia Ha
OCBETITyBame, IIITO 3HAYM JIeKa ceKoja ke OuJie Ha pa3IiiueH HaYWH OCBETIICHA.

Criopesi eBpOINCKHUTE CTaHAAPAM 3a OCBETJIEHOCT Kaj CeKOj THII Ha MPOCTOpHja, Najiu Toa Ke
Owie KaHIeNapyja, XOMHUK, MaraliiH U.T.H CH UMa IIperopadana moTpedHaTa OCBETIICHOCT (M3pa3eHa
BO JykcH [IX] ) koja Tpeba ma Ouze 3aI0BOJICHA 3a Ja MMaMe HajmoOpo ocBeriayBamwe. Ho Toa He e
SOMHCTBEHUOT (akTop Koj Tpeba ma ce 3amasu. Tyka Tpeba ma ce oOpHe BHHMaHWe W Ha
Temriepatypara Ha 0o0ja, pAMHOMEPHOCT2, HAYMHOT Ha TIOCTABEHOCT HA CBETUJIKUTE H.T.H.

ITa Taka cropen Emporickuor cranmapa EN 12464-1 morpebHaTa OCBETICHOCT 3a KaHIIENIapHja
KajJie ©MaMe THUIIyBamke, Kyllame, duTame, 00paboTka Ha momaTonu, paboTHU mpoctopum 3a CAD
mpenopayana BpeqHocT Ha oceTiieHocT € 5001x, a 3a xomuuim 1501x [2] .

Temmeparypara Ha 60ja BO TaKOB THIT Ha TPOCTOpUHU HajHo0po e na 6ume 4000K, 6umejku co Taa
TeMmIepaTypa Ha 00ja ke ce IpKaT Jyrero OyIHU MOAONT BPEMEHCKH MEPHOJ, Koe € MOTpeOHOo 3a 11a
CH TH W3BPIIyBaaT CBOWTE OOBPCKH Kako mTO Tpeba Oe3 mpuToa CBETIOTO Ja WM IPETU3BHKYBa
HepBo3a U cil. J[okonKy ce ymoTpeOu cBerio co TemmnepaTrypa Ha 60ja ox 3000K, toramr kaj myrero
OBa CBETJIO K€ NMPEAN3BHUKYBa IOCIIAHOCT, HEMA J1a MOJKaT J]a CH ' U3BPIIyBaaT CBOUTE OOBPCKU KaKo
mro Tpeba, T.e. HeMa Ja OuAaT KOoHIeHTpupaHu. Jlokonky mak ce ymorpebar cBermiku co 6000K
TemrepaTypa Ha 00ja, Kaj BpaOOTEHHTE Ke MpEeAn3BHUKyBa HEPBO3a, K€ MPaBaT YeCTH T'PEHIKH MPH
paboTemero, ke Ouaatr HamHATH U cl. Bo mpopomkeHne e mprukakaHa CiMKa Ha Koja ce 3a0enexyBa
pa3IUKHUTE ITPU OCBETIYBAHE Ha MPOCTOP CO CBETUIIKU CO Pa3iIMyHa TeMIlepaTypa Ha 0oja.

Cimnka 2: OcBeT/yBa-€¢ Ha POCTOP €O H3BOpH Ha ceeTuHa Bo obcer o 1.000 [K] x0 10.000 [K]

217




4.1 ®oTOMETPUCKH MPEeCMETKH

On npwioxeHute (GOTOMETPUCKH IPECMETKH MOXE Ja ce 3a0elexu Jeka 3alrefara Ha
CJICKTpUYHA CHEpPruja 3a OBOj KaHIIENIAPUCKH MPOCTOP € MHOry TojieMa JOKOJIKY C€ 3aMeHaT
¢ayopecuentaute ceetuiaku co JIEJ[ cermnku. Bo tabenmute 2 m 3 ce mpuKa)kaHH THIIOBUTE Ha
CBETWJIKH, HUBHHOT Opoj 1 eHeprujara notpeOHa 3a HUBHA paboTa, 3a JBaTa HauMHa Ha OCBETIyBahe
COOJIBETHO BO CEKOja OJ] IPOCTOPUHTE KOj ce aHanmu3upaar.llpykas Ha 3amreneHara elneKTpUYHA
SHeprHja 3a eHa TOJIUHa, JOKOJIKY Ce 3eMe BO MPEIBHI JIeKa CBETUJIKUTE JHEBHO OM paboTene mo 8
yaca, € JajeH Ha tabena 4.

Tabena 2. BkynHa nopouieHa eJleKTpMYHa eHePruja Ha roAMIIHO HUBO, u3pa3eHa Bo [KWh], mocTuruara
c0 1yOpOCUEHTHH CBETHIIKH
Kannenapwuja 1

Twumn Ha cBeTHiIKa Komnmunna W] BkymHo kWh/ron
W]
855 Minicomfort T5 4 31 124 357,12
2x14W

Kannenapuja 2

3611 Arco single 1 120 120 345,6
bilamp 2x54W
883 Compact 2x18W 3 37 111 319,68
Kannenapuja 3
822 Compact 2x26W 9 54 486 1399,68
Kanuenapuja 4
833 Compact 2x18W 3 37 111 319,68
17135 Kalfex 1x35W 2 39 78 224,64
XOJIHHUK
822 Compact 2x26W 4 54 216 622,08
BKVYIIHO ITIOTPOIIEHA EHEPI'MJA HA T'OIUIIIHO HUBO 3588,48

Tab6esa 3. BkynHa nopoiieHa ejieKTpUYHA eHEPruja HAa rOAMIIHO HUBO, n3pa3ena Bo [KWh], nocturuara
co LED cBetniku
Kannenapuja 1

Twum Ha cBETHIIKA Konuunna [W] Bxymro [W] kKWh/ron.

Eco luminous 34W LED 4 37.4 149,6 430,848

Kannenapuja 2

Navigator 1 LED 1 45,3 45,3 130,464

Slim Lax 112W LED 2 12 24 69,12

Kannenapuja 3

Slim Lax 2 18W LED 9 18 162 466,56

Kannenapuja 4
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Slim Lax 1 12W LED 3 12 36 103,68
2714131A4 Keflex 35W 2 35 70 201,6
XOOHHK
Slim Lax 2 18W LED 4 18 72 207,36
BKVYIIHO ITIOTPOIIEHA EHEPI'MJA HA TOJUIITHO HMUBO 1609,632

TaGena 4. BkynHa 3amTe1a Ha eHepruja Ha roIUIIIHO HABO, H3pa3eHa Bo [kWh] u Bo [%] co ymoTpe6a Ha
LED cBeTJIMHCKHU U3BOPH

BkymHO 3amreneHa | BkymHo 3amrenena

enepruja [KWh] enepruja [%0]

1978,848 55,14

5 3AKJIIYYOK

Bo neHeriHo Bpeme 4yecTo ce 300pyBa 3a MPEIHOCTUTE M eHeprerckara epukacHoct Ha JIE]]
pacBerata Bo cmopenda co TpaaullMOHAJHATa pas3BeTa, OWJI0O TOAa WHKAHIECHEHTHA WJIM TaK
(dbmyopeciienTHa pacBeta. Bo mocerantHuoT TEKCT Kako W BO (DOTOMETPHCKUTE MPECMETKH Oere
nokakaHo Tokmy Toa. Kora JIE]] cBeTnmHCKHTE M3BOpPH ke C€ CIIOpemaT CO IPYruTe METOAH 32
3allTelaHa SHEpPruja MTo ce JOCTAIlHKM Ha 1a3apoT, MOXKe J1a ce 3akiyuu feka JIE/] ocBeTiiyBamero e
JaJIeKy OJl 3aIliTeAa Ha €Hepruja Koe € MCTO TaKa MaMeTHO pemieHue. McrpaxyBamara U pa3BojoT BO
obmnacta Ha JIE]] ocBeTimyBameTo goHece enna 3eneHa JIE]L peronymuja koja € ce rmo3acrarieHa.
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ENERGY EFFICIENCY OF LED LIGHT SOURCES

ABSTRACT

The aim of this paper is to demonstrate the advantages and energy efficiency of LED light
sources compared to traditional incandescent, halogen or fluorescent light sources.

LED sources save up to 80% of electricity compared to classical light sources. They have
small dimensions, have a life span of over 50 000 to 100 000 operating hours, have a very wide range
of temperature operation, have a very short activation time and a constant radiation flux in a very
wide range of temperature variations. During the life of the LED, the light source offers the possibility
of a relatively large number of turns and disconnections. LED light sources are used internally, but
also for outdoor lighting, such as in ground lighting, lighting of sports fields, commercial terrains and
for passengers, paths, intersections, signaling, information devices and the like.

This paper empirically proves the positive aspects related to the energy invested and the
produced light flux by applying real calculations made according to the European standard EN 12464-
1 which treats the required brightness in special spaces and working conditions.

The calculations will be made with the European verified software package DiaLux EVO.
This program enables the display of spaces and rooms equipped with interior in a real relation, in 3D
display, so that the user has the opportunity to visualize the space in real light of brightness with
implemented rendering with specific levels of brightness and lighting.
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CHHOPEABEHA AHAJIN3A HA PA3JIMYHU CUCTEMMU 3A I'PEEILE BO
YPBAHU CPEIMHUA

KYCA COAPKHNHA

KoHTHHYHpaHWOT TOpacT Ha TMomyJalyjata BO TMOTOJIEMHTE YpOaHW CpeluHH, Kako W
3rOJIEMYBalETO Ha OYEKyBamaTa 3a TOoA00pM W TMOKOMGOPHH YCIOBH 3a JKMBOT M pabora,
pe3yiTupaat co morojeMa IOTpOIIyBauka Ha eHepruja. KopucTemero Ha eHeprercku edukacHH
pellieHrja, TEXHOJIIOTHH U OllpeMa 3a I'peehe BO JOMAaKWHCTBATA, jABHUTE MHCTUTYIIUHU, YCITY)KHUAOT
CCKTOp M KOMIIAHMHUTE € YCKOp HAIIp€d KOH HaMallyBamkb€ Ha CHeI_II/I(i)I/IT-IHaTa ImoTpouryBayka Ha
€Hepruja v Ha MTETHOTO BJMjaHUe BP3 OKOJMHATA. [ TaBHA 11e1 Ha OBOj TPYI € Ja 00e30enu CUrypHH
WHPOPMAIIUK U WHAWKATOPH 32 M300p Ha ONTHUMAIlEH OJPKIUB BHJI Ha rpeewme BO rpajor Ckorje
Kako ypOaHa cpeauna. JJoOpo mo3HaTHOT IIPOOJIEM CO 3aralyBameTo Ha BO3ayXoT Bo CKollje, Kako
BO JIPYTUTE TIOTOJIEMH T'pajioBU Bo JyroucrouHa EBpora, e apacTHYHO U3pa3eH BO TpejHATa Ce30Ha,
MITO YKa)XyBa Ha OJKMCKa MOBP3aHOCT CO HECOOJBETHH METOJMU 3a rpeewme. Bo Taa cmucna, Bo 0BOj
TPy € W3JIOKEH KOMIUIEKCEH Mojen mTo Tpeba ma o00e30emu OCHOBM 3a KpaTKO-, CPETHO- U
JIOJITOPOYHO IJIAHUPakhe Ha TOIUTU(UKAIIMOHATA CTPYKTypa Ha rpanoT Ckomje. MoaenoT e npuMeHeT
CO IIeN JIa ce HANpaBu cropenOeHa aHalli3a Ha JISCeTHHA PA3JInYH METOJAU 3a Ipecihe, 3eMajKu T'H
MPEABH] TEXHOEKOHOMCKHUTE M €KOJIONIKUTE aCIIEKTH Ha METOJIUTE U CUCTEMHTE 3a Tpeckhe. Moenor
€ amanTupaH W ymorpedeH 3a ycrmoBure Ha CKorje, HyIejKd HACOKH 3a Oon0OHpame Ha ONTHMAallcH
HAYMH 32 Tpeclhe 3a pPAa3IMYHU JITIOBHM HAa TpajoT, BO 3aBHCHOCT OJ JIOKAIHUTE YypOaHH,
HHQPACTPYKTYPHH, TEXHHYKH U €KOJIOIIKU yCIOBH.

PesynratuTe mokakyBaaT 3Ha4ajHa MPETHOCT HAa CHCTEMOT 3a IIEHTPAIHO I'Peethe BO criopeada co
JPYTUTE BUIOBH HA TPeehe 011 MHKEeHepcKa, (ZMHAHCUCKA W €KOJIOIIKA TTIeIHa ToYKa. JJokaxkyBajku ja
HajaoOpaTa MOXXKHOCT 3a yOllaXyBame Ha TPOOJIEeMHTE Off IITO MPOM3IEryBa 3araayBameTo Ha
B031yx0T. OBa yKakyBa Ha IIMPOK OICEr Ha TOIUIMHCKO ONTOBAapyBame M KOHIEHTpAIMja Ha 3rpaay
BO I'PaJIoT KaJe IITO UMa JIOCTAIlHAa MpeXa Ha KOHBEHIIMOHAJICH I'PEEH CUCTEM. | peerhe co HHBEpTep
KIMMa ypeau W TOIUIMHCKM ITyMIIM HMMa MpPEIHOCT CaMO 3a PErHOHM CO BHCOKAa TyCTHHA Ha
VHIMBHIYaJTHH KyKU M 3Tpajid CO HACKa I'yCTHHA Ha TEPMAITHO ONTOBAPYBAbE.

Kayunu 300poBu: cpeerve, 32padu, enepeemcKka eqQuKACHOCH, 0OPHCIUBA 2PejHA CMPYKMYypd,
3azadysarbe Ha 8030YXOM.

1 BOBE]

Edukacnata ymorpeba Ha eHepruja € Mpallame OJ ONIUT HMHTEPEC IOpagd OrpaHUYECHHUTE
GHEepPrerckl pecypcd, HHUBHAaTa I€Ha M I[OpaJd €KOJOUIKOTO BIIMjaHME Ha MPOLECUTE 3a
TpaHcdopmanja Ha eHepruja. IloBucoka eHeprercka e(puUKAacHOCT MoMara BO IOCTUTHYBam€ Ha
MoYKcTa CpeluHa, I[OBUCOK JKMBOTEH CTaHAapl, IIOCUTYpPHO €HEpPreTcKo cHabayBame W
MNOKOMIETUTUBHU Ou3HHUCH [1]. 3rpagute ce BOAEUKH MOTPOLIyBa4YM HA €HEPrUja HU3 LEIHOT HUBEH
’KUBOTEH Bek [2]. BkymHaTa eHeprercka MoTpoIyBauka Bo 0BOj cekTop Bo EY m3HecyBa mpHOIHKHO
40% on mpuMapHaTa eHeprercka norpomryBadka [3], a menor morpeGeH 3a rpeeme y4ecTByBa CO
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noBeke ox 70% [4]. JlameunmHCKOTO Tpeewme OMII0 KOPHCTEHO 3a TpEeHhe Ha 3rpajd yIITe Of
cpennHaTta Ha 19-THOT Bek. Toa ce pa3BMBalio KOH MOBHCOKA €HEpPreTcka e(@UKacHOCT 3aeIHO CO
CaMUTE TPAISKHHU OOjeKTH, BKIy4yBajKH T'M TEPMOTEXHHYKHTE, TPAJCKHHUTE, aPXUTCKTOHCKHTE U
apyru acnektd. Bo crymujara [5] ce muckyrupaaT BakHU mpoOsieMu 3a TpaHchopmaimja Ha
aKTYEITHOTO JalleuuHCKO Tpeehe Bo DHHCKa KOH HOBa TeHepalija CUCTEMH 3a rpeembe. CucTeMuTe 3a
LEHTPAITHO TPeekhe U MOXKHUTE UIHU MON00pYyBama, BKIyYyBajKi W MPOIIMPYBake HA TOTUIMHCKATA
MpeKa, ce pasriieaanu Bo TpyaoT [6]. EqHa on OCHOBHUTE MPEAHOCTH HA CHCTEMHTE 3a JaJCYMHCKO
rpeeme U JaJiekhe € MOKHOCTA 32 KOHTPOJIAa Ha BIIMjaHUETO BP3 OKOJIHMHATA. Bo pa3nuyHu AeiIoBU Ha
EY nocrou 3HauuTenHa pasHOBUJHOCT HA INPHUMEHETH TEXHOJIOIMU 3a Irpeewme. TpeHnoBuTe U
pa3BOjOT Ha CHCTEMHTE 3a T'pECHe Ce UCTpaxKyBaHu Bo TpyaoT [7]. CmopemeHo cO OJBOCHUTE
SHEepreTcKH CHCTEMH 3a 3Tpajid, CUCTEMUTE 3a IEHTPATHO IPeckhe Ce KapaKTepu3upaar co MoBeke
MPEAHOCTH - ONEPATHUBHH, €KOJIOUIKK M CHTYPHOCHH, OCOOEHO CO KOPUCTEHE Ha MOJIMTCHEPAIIUCKH
TEXHOJIOTHUH 3a eHepreTcka Kousepsuja [8].

Temara Ha OBOj TPYJ € TEXHOEKOHOMCKA aHaJIM3a Ha Pa3IMYHU METOJM W BUIOBU Ha IPECHE BO
ypOaHH CpelMHU, OJJHOCHO, TPUMEHYBAHH U MOTCHIIUjaTHH HAUYMHH 3a TPECH-E, 3¢MajKu I'o BO MPEICH
TUTaH HUBHOTO BJIMjaHUE BP3 J)KUBOTHATA CpelWHA. AHAIM3UTE CE CIPOBENIEHH CO OrJie] HA HEKOIKY
B)KHU aCIEKTH: U3BOJIMBOCT (JIOCTAITHOCT), MMOTPEOHA MHBECTUIIM]jA, PAOOTHHU TPOIIOLU M TPOIIOIH
3a OJIp)KyBame, ceomdarHa TEXHO-EKOHOMCKA aHallM3a W aHan3a 3a BIUjaHUETO BpP3 OKOJIMHATA.
I'maBHa 1menm Ha TpPy#OT € Aa 06e30equ peneBaHTHH MOAATOUM W MHIWKATOPH 3a M300p Ha TEXHO-
€KOHOMCKH OITHMAJIHH U €KOJIOIIKH OAPKIIMBH BUIOBU Ha rpeete Bo CKollje Kako ypOaHa cpeirHa.

2 HNPETXO/JIHA AHAJIU3A

Bo crymumjata [10] e mpesentupana ceomdarna emabopalidja Ha CHTyaljaTa BO OJHOC Ha
aeposarajiyBamero Bo CKorije, co OCBPT KOH HEOJIaMHEITHOTO MHHATO M €O (DOKYC HAa MOMEHTaJIHATA
cocrojoa. HampaBen e o0uj Ja ce BOCHOCTaBH Kopejalldja IOMeEly 3arajJeHocTa Ha BO3IYyXOT U
MPUMEHYBaHUTE METOJM 3a rpeeme. HeocrmopeH e (akToT jeka KOHIIEHTpalujata Ha YECTHYKUA U
Jpyrd MaTepHu, 0COOEHO BO TEKOT Ha I'pejHATa Ce30Ha, € JpaMaTHYHO MOKadYeHa IOpay MPOIECUTE
3a Tpeemke BO JOMAKMHCTBATA U JIPYTH O0jEKTH, KOHW IIITO KOPHUCTAT MBPCTH TOpWBA (IPBO) U IPYTH
COT'OPJIMBH MaTEPHjaii U PEIaTUBHO CTapu 1 Hee)eKTUBHU ypenu 3a coropysame. He Tpeba na Oume
M30CTaBEH JICNIOT O JIOMaKUHCTBATa KOU IITO KaKO TOPHBO 32 IPEehe KOPUCTAT 000CHU U JTaKHpPaHU
JpBa, Macja, CeMHba, MIACTHKA U JApyru Matepun. Criopen CrpoBeIeHOTO MEpeHhe Ha YECTHUKUTE
PMas, PM1 u TSP, on 2014 nmonatamy, e 3a0elie)xaHa HajrojeMa €MHCHja Ha YECTHUYKU ITOPAIH
rpeere Ha IOMOBHUTE M a]MHHUCTPATHBHUTE 3rpajid, 0COOCHO TOpajii KApaKTEPUCTUKUTE Ha IpBHATA
Maca W ApyruTe COTOPEHH MaTepHjand, BooOWdaeHaTa 1mojaBa Ha HEIEIOCHO COropyBame U 0co0eHO
yrnorpebata Ha HeehukacHu ypeau [9]. YV4ecTBOTO Ha cHCTEMHTE 3a Ipeciheé BO €MHCHjaTa Ha
4ecTHIKHTE ce IBIKH o 51% 3a emucuja Ha PMz2s, 35% 3a PMuo, 1 29% 3a emucuja Ha TSP.

3romemMeHara KOHIIGHTpalMja Ha YECTHYKH BO BO3AYXOT BO TPajgoT BO 3WMCKHOT HEPHOM, BO
rojgeMa Mepka ce JODKM M Ha I0jaBaTa Ha TeMIlepaTypHa wHBep3uja. Kako mocienwma Ha OBOj
(heHOMEH, TIOHHCKHUTE CIIOCBH Ha BO3IYXOT, 3aJpKaHU BO ,,3aTBOPEHA COCTOj0a“, 3HAYMTEITHO TH
3a7p>KyBaaT eMHCHUTE IPOU3BEICHN BO T'PaJioT Jla HE Ce MpeHecyBaaT MOBHCOKO BO aTtMmocdeparta.
3ropa Ha Toa, MpEeHATPyIMaHuTe YPOAHUCTHYKH pelIeHHja BO MOCIETHUBE TOAWHU, PACTEUYKHOT OpOj
KUTETH W JPYTH TIOCIEIWIN O KOHTHHYHPAHOTO pacTelmhe Ha TpajoT, NPHIOHECYBa 3a Toa
TeHepUpaHNTE EeMUCHU Ha YECTUYKUTE U IPYTH MITETHU CYCITAHIM MOTENIKO J1a OUAaT ,,MCIIaKHATH
on cirabuor Berep BO Tpamor. OcCBeH Toa, coOpakajHUTE yCIOBH BO 3MMa JWKTHpaaT padoTa Ha
BO3MJIaTa BO E€KOJIOIIKM HEMOBOJIHU PEKUMH, KOM MPOU3BEAYyBaaT OrPOMHA KOJIWYHMHA HA YECTHUKH,
0c00EHO KOra ce BO3M Ha Malli pacTojaHHja BO IPEHATpyNaHu cooOpakajHu cuTyaruu. CeKTopor 3a
TPaHCIIOPT € JIOMHHAHTEH 3arajayBad Kora ce Bo mpamame emucunte Ha NOy m ocobeno CO.
KoHneHnTpanujaTa Ha YeCTHYKUTE IIOHATAMY C€ 3T0JIEMyBa CO HUBHO KOHTUHYHPAHO PEEMUTYBAmbE Ha
YIHIUTE, TPOTOAPUTE, TPAJSKHUTE 00TACTH, HCKOITUTE M APYTU 00JIACTH KaJe IITO Ce ACMOHUpPaar.

3 METOAOJIOT'HJA

3a motpeduTe Ha aHAIM3UTE BO OBOj TPYH, AehUHHUPAH € MOZAET KOj CEIEKTUPa ONTUMAaJICH HaUlH
Ha cHa0lyBame CO EHEpruja 3a rpeemhe BO ypOaHUTe CPEANHH, BO 3aBUCHOCT OJI PEATHUTE TEXHUYKHU U
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JIPYr¥ OKOJHOCTH BO AafeHuoT aen ox rpagoT [10]. Momenor e amantupan u ymoTpeOeH 3a
CKOIICKHOT ypOaH PEervoH, co el Jia Ce A00HMjaT TOYHU BOMIIKH 332 U300p HA HAjI0OpHOT HAYMH 3a
rpeeme, 3eMajKku TH BO MIPEABU/] CUTE BAXKHH BIHjATSTHH (DAKTOPH.

Tabena 1: Ilpersien/onuc Ha ynorpeGeHnTe BUIOBH HA IPEjHU CUCTEMH BO MOJEJIOT 32 ONTUMHM3ALMOHA
nponeHka. CuTe aHAIM3UPAHH CHCTEMH HUMAaT BOOOMYAaeHU TPOLIONM 32 HHCTAJAIUja, IPECMETAHHU 32
40 €/m?, He BKIy4yBajKH ja IIeHATAa HA H3BOPOT 32 Ipeerbe

MeTon/cncrem Kparok onuc TexXHNYKH MOAATOIH, BJjie3 BO Crheln. neHa
3a rpeeme MOIeJI0T Ha TOILI.
eHepruja
(MKJ/kWh)
LenTpaano CHa0ryBameTo O TOIUIMHA 3a Ilenn Ha HEM30IMpPaHU LIEBKH,
rpeeme co rocebeH 00jeKT nim Hacesrba ce BpIIN TOIUTMHCKH W3MEHYBa4YH U JIpyra
CTAHUIIH BO O] IEHTPAJICH U3BOp, IIPH IITO KaKo  orpeMa. J{OMoIHUTETHH MHBECTHIIIOHN
KOJeKTUBHH MeJIMyM 32 TIPEHOC Ha TOIUIMHA ce TPOIIONH, TOBP3aHH CO
3rpaam nuctpubynpa Bpena Boza (t<110°C) u JTUCTPUOYTHBHHOT IPOIIEC, KON
TPECHETO BO 3TrpajiaTa € TOILIOBOJIHO nmocruraysaatr 50 €/kW
NnpuBuayanHo Ce KOpHUCTH AUCTPHOYTHBEH CHCTEM Ilenu 3a KOHJIEH3ALIMOHU KOTJIH I = 2,7(n.=92%)

rpeeme €O KOTJIN
Ha MPUPOJIEH rac

NumuBuayanHo
rpeeme o KOTJIH
Ha meJeTn

I'peeme co
KOPHCTEHe Ha
neJieTH co
KOTJIADHHUIIA BO
ceKoja 3rpaja

LlenTpanano
rpeeme co KOT/IH
Ha JIpBa

HNnpuBuayanHo
rpeeme co
eJIEKTPUYHU
NaHeJM

HNupuBuayanHo
rpeeme co TON-
JIMHCKH NMYMIH 32
CeK0j CTaH

I'peeme co Ton-
JIMHCKH MYMITH €O
TOINIMHCKA
CTaHHUIIA BO
3rpajaure

I'peemwe co un-
BepTep KIuMa
ypeau BO CeKoj
cTaH
WUHUBUIYAJTHO

I'peemse co koT/1M
Ha JIECHO MAaCJI0
€0 KOTJIApHULA

BO CeKoja 3rpaja

3a IPUPOJIEH Tac Koj ke Oune
YIOTPeOEH 3a BPEIOBOIHO TPECHE CO
KOPHUCTCHC Ha BrpaJIcHH KOTJIM Ha rac
BO CEKOj CTaH HHANBHIYATHO

Kotnu Ha neneTw 3a TOIUIOBOIHO
rpeeme BO CEKOj CTaH WHMBUIYaTHO

L{eHTpaIHK IPEjHH CTAHUIH CO
BPEJIOBOJIHM KOTJIM HA MEJIETH
(xoTnapa auctpuOynpa eHepruja o
CEKOj CTaH)

LleHTpaiHK TOIIMHCKH CTaHULU CO
BPEJIOBOJIHU KOTJIM Ha LIBPCTO FOPUBO
— IIpBO

EnexTpruna nanena Bo cekoja coba

VHAMBUIYATHU TOIUTMHCKH ITyMIIH
BO3IyX-Bozia 1 ()eHKOjIIepH

enTpanHu rpejHA CTAaHULK CO
TOIUTMHCKH ITyMIH (BO31y-BOZA)

VHBepTep KiMMa ypeau 3a CeKoj CTaH
HHMBHIYATHO

IeHTpanHu rpejHH CTAaHUIIK CO
BPEJIOBOIHM KOTJIM HA JIECHO Maclio
(xotmapa aucTpubOynpa TOILTHHCKA
€Hepruja /10 CeKOj CTaH)

92%, neBKH 3a UCTPHOYIHja Ha rac,

Mepad Ha IIPOTOK Ha rac, MOBP3yBambe

Ha FaCHUOT AUCTpHOyTHBeH cucteM 10
€/kW

Ilena 3a koren Ha nenery 1 = 85%,
eBpa
neHrpaieH oyak 100 /m

Crienr(iaHa eHa Ha KOTEN Ha MeJeTH
(n = 70%) u ypenu €/kW,
M3HajMyBame Ha IPOCTOp 32
CKIIaJpare Ha 1esety €/t, onpiKyBame
M OTCTPaHyBambe Ha IETIel

CrennyyHa LieHa Ha KOTeN Ha [eNeTH
u ypeau €/kW, u3HajMyBambe Ha MECTO
3a CKJIaaupame Ha IpBa €/t, onpxyBame
U OTCTpaHyBabe Ha Meren

Ilena 3a enexTpUYHU MaHEIN — BO
3aBHCHOCT O] MOKHOCTA

Ilena 3a TomnMHCKa MyMIIa,
(heHKojIIepH, OPIKYBaHE

Ilena 3a TornmuHCKa MyMIIa,
(heHKojIepH, OnpIKYBabE

Iena 3a kiauMa ypeny, OnpKyBambe

CrrennudHa neHa Ha KOTJIH Ha JIECHO
Mmacio u ypeau €/kW, pesepsoap 3a
Macyo €/t, OIpIKyBambe 1 OTCTPaHYBambe
Ha Ternen
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2,8(n = 85%)

2,8(n = 85%)

2,7 (13800

kJ/kg, 450

kg/m?3, 25%
BJIara)

5,6 Bucoka/2,8
HHCKa Tapuda

1,9 Bucoka/0,9

HHCKa Tapuda
(COP=3)

1,9 Bucoka/0,9
HHCKa Tapuda

(COP=3)

1,9 Bucoka/0,9
HHCKa Tapuda

(COP=3)

3,5 (n = 80%)




3a meHHUTE Ha eNeKTpUYHATa €Hepruja, NPUPOJHHUOT rac, JIECHOTO Macilo, IpBaTa 3a Ipeewne U
TOIUIMHCKATa €Hepruja MCIopavyaHa MpPeKy KOMIIAHWUTE 3a LIEHTPAIHO IPeemhe Ce 3€MEHU PeaHd
BPEJHOCTH BO IEPUOJOT Ha MOAroroBka Ha cryaujata (ecen 2016-3uma 2017). Tpomonute u
TEXHUYKHUTE CBOjCTBAa HA MOTpeOHATa OMpeMa BO CEKOj aHaTM3UpaH CIy4aj ce 3eMEHH Kako CpPeqHH
BPEIHOCTU OJ JIOCTallHaTa ONpeMa Ha ma3apoT. Bo 3aBUCHOCT ox OpojoT Ha OOjEeKTHTE BO CEKO]
MOJICNI-PEruoH, HEKOJIKY THIIMYHH CHTYyaIll1 Ce MPUKakaHH Ha cII. 1.
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Cauxa 1: lllect npumepu Ha'MoneJI-pemorm crope 0pojoT Ha o0jeKkTH

Hu3 MOArOTOBKHTE HA MOJIETOT, YCBOEH € CTaH-IIIeMa CO TpejHa ToBpIIiHa o 60 M Koj mTo e
BO COTJIaCHOCT CO peajHaTa MOHyJa Ha CTaHOBM BO HOBHTE CTaHOEGHHW MOJpadvja BO IMOCICTHHUBE
romuuau [9]. OBa e ucro Taka BO Kopesaiuja co KylloBHaTa MOK M XKeJI0UTe Ha KylyBayHTe, IITO € BO
COTJIACHOCT CO CTATHCTHYKH CPEIHATa MOBPIIMHA HA CTAHOBHTE HITO OHMJIC KYIyBaHH/TIPOJaBaHH,
HeoaMHa. MOMEHTATHHOT CpeJieH CTaHOeH IPOCTOp BO CKONICKHOT ypbaH peruoH e 69 m? [11]. Axo
ce oj3eMaT OJ] OBaa IMOBPIIMHA JEJIOBHTE IITO HE ce rpear (TepacH, XOJHUIM UTH), MOXKE 1a ce
3aKIydd Jieka TpejHaTa TMOBPIIMHA BO MOJEIOT CE€ COBMara co akTyelHaTa CUTyaluja.
KoncrpyktuBHata (u3uka, NpUMep MarepujaliuTe YHOTpeOCHM W TepMHYKaTa H30jiandja Ha
cranOeHuTe 3rpajin Ja Ce YCOTJIACEHH CO PEryJaTHBHTE 3a HepreTcka epuKacHOCT Ha 3rpaaute [12].

Ha cn. 2 e mpukaxan OJIOK JujarpaM Ha TPUMEHETHOT MOJENl CO BHATPEHIHW BPCKH TIOMEry

WHIWBUIyaITHUTE KOMIIOHEHTH. MOJIENOT Ce COCTOM OJ1 4 TJIaBHU JICTIOBU:

1) Bie3Hu nmapaMeTpu — TEXHHYKH U €KOHOMCKH ITapaMeTpH: IIEHH U TEXHHUYKH CBOJCTBA HAa KOTJIUTE
U TPEjHUTE ypeIy, [IEHH Ha orpeMaTa, IIeHH 3a eIIeKTpUYHA eHEpruja U MPUPOJICH rac UTH;

2) TIpecMeTKM — €KOHOMCKH M WH)KEHEPCKHM IMPECMETKH, BKIYUYBajKM W (DMHAHCHUCKM W pabOOTHH
TPOIIOIYU TTOTPEOHH 32 MOHATAMOIITHH TPECMETKH Ha UHBECTHIIMOHUTE TPOLIOIIH;

3) PesynraTH 01 IPECMETKHTE;

4) HVmMmueMeHTHpame Ha MOIEIOT CIOpel KapaKTEPUCTUKHUTE HA OAPENEHOTO ypOaHo mojapadje, BO
0BOj ciry4aj rpan Ckorje.

Inlet parameters
MODEL
™
Calculations v v \ AR / v _V

Investment and
operational costs
L I |

v
Calculation and evaluation
of the city regions

Technical analysis Economic analysis

Results of the

calculation Application of the model: Implementation
to selected urban area -

quart, district, municipality, town

Implementation of
the model in the Modelling of the urban
case of Skopje area of the city of Skopje

Cauxka 2: OcHOBEH AujarpaM Ha TeK Ha opelyBam-€e HA ONTHMAJEH FPeeH CHCTEM
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HMruieMeHTanja Ha MOJENOT € Oa3supaHa Ha pa3JelyBamke Ha IpajJoT BO COMJIACHOCT CO
I'enepannuor ypbanuctuuku mian 2012-2022, cn. 3. I'pagor e mojeneH mo KBapToBU (00JacTy)
MOKPUEHU CO JeTalICH! ypOaHUCTHYKH TulaHoBH. [IpriMep 3a MPUHIMIIOT HA CerMEHTaluja Ha ypOaHa
CpeanHa 3a MOoTPeOUTE Ha OBaa aHaM3a, e MPUKaKaH! Ha ci1. 4. Clle/leH YeKop 10 CerMeHTaIjaTa, e
Opocwe Ha O0jeKTHUTEC BO HMHIMBH/YaJHH MOJICIHM-PETMOHHM U ONIpPEAyBalke HAa HHUBHHTE TPEjHH
no0apyBayKH BO COTIIACHOCT CO MH(GOPMAIIMH 32 TEXHUUKUTE U HHPPACTPYKTYPHUTE KAPAKTEPUCTUKU
3a JIaJICHHOT PETHOH.

Camnka 3: Ilomenda na rpag Cxonje Bo corsiacHoct co I'VII 2012-2022 n npumep Ha nogen6a Ha e o
rpajacKoTo moapayje 3a MoTpeduTEe HA MOAEIOT

4 PE3YJITATU U JTUCKYCHUJA

Hujarpamure Ha ciukute 4-9 ru cymupaar pe3ylnTaturte J0OUeHH O aHAJIHU3HUTE Off PUHAHCHCKA
U TEXHWYKAa H3BOUIMBOCT HA CHUCTEMHUTE 3a Ipeere. [ eHepasHO, OJ CIIPOBEJCHUTE aHAIM3H U
IOOMEeHUTE pe3ylNTaTh MOXKE [a Ce 3aKIy4d JeKa IIEHTPAJHHOT BPEIOBOAEH CHCTEM € TEXHO-
eKOHOMCKH ONTHMAJICH THII Ha TPEEHE 3a HAJroJIeM e O]l PerHOHHTE, KOora ce pas3rieayBa ypOoaHHOT
CKOIICKH pPErnoH. Bo pernmoHnm co BHCOKa T'yCTMHA Ha 3Tpaid M HHCKa TYCTHHAa Ha TEpMallHO
ONTOBApYBamke, HA MPHMEP, PETHOHH MPETEKHO CO MHIUBHIYATHN KyKH, HIANBUBIYATHO IPECHE CO
MHBEpTEp KIMMH W TOIUIMHCKH ITyMITH 33 MHAWBHUIYAIHH 3Tpajy, ce 3amoBonutenHu. Kako n na e,
Tpeba na Ouje 3a0enexaHo Jieka WHBEPTEp KIMMa ypeluTe HyJIaT TepMaieH KoM(pOpT co momal
KBAJIUTET U CO HUB CHaOJyBame CO LIEHTPATHO Tpeeke, Ha CTAHOEHO HUBO, € HEBO3MOXKHO. 3aToa, U
nopaad (pakToT IITO OF AaCHeKT Ha EHEePreTCKO HCKOPUCTYBAame, WHBEPTEP KIMMa ypemuTe ce
UICHTUYHHU HA TOIUIMHCKHUTE ITyMITH, ITPEMOPAYIMBH CE€ JBE ONIUH HA KUTEIUTE: WIN Ja KOPUCTAT
TOIUTMHCKH ITyMITH KaKO ITOCKara HO MOKOM(OpHA BapHjaHTa, WIIM HHBEPTEP KINMa ypEIH.

0% > ‘ :
-20% ‘
-40%
-60%
-80%

-100%

120%

-140%

-160%

—o— Natural gas
—— Pellets (indiv. flat)
4 Pellets (building)
Fire-wood
=¥ Panel heaters
—&— Heat pumps (flat)

Heat pumps (build.)

Inverter air-cond.
Light oil

Cinka 4: Paziuku nomMery pa3jifYHUTE I'PejHU METOAH MOBP3aHH €O HETO PeajiHATA BPeJHOCT Ha
LHEeHTPAJTHHOT BPEJIOBOJAECH rpeeH CUcTeM: Mojies1 perinoH co N=4 o0jexTn
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0% =
—o— Natural gas

—— Pellets (indiv. flat)

—#— Pellets (building)
Fire-wood

—x= Panel heaters

—&— Heat pumps (flat)
Heat pumps (build.)
Inverter air-cond.
Light oil

-20%

-40%

-60%

-80%

-100%

Cauxa 5: Paznuku momery pasJindHUTE TPEjHA METOIH MOBP3aHU CO HETO PeaTHATA BPETHOCT HA
LHEHTPAJHUOT BPeJIOBO/IeH I'PeeH cucTeM: MojeJ peruod co N=8 odjexTu

40%
‘ ——&— Natural gas

0, EA
20% —#— Pellets (indiv. flat)

Heating load, MW/km?
i ! ——h— Pellets (building)
70 90 110 130

0% fe

-20% Fire-wood

-40% = Panel heaters

60% ——&— Heat pumps (flat)
- 0

Heat pumps (build.)

-80%

Cimnka 6: Paziuku nomery pa3jiMuHUTe I'PejHH METOAM IOBP3AaHM €O HETO PeaJHATA BPeJHOCT HA
LHEeHTPAJTHHOT BPeJIOBOJEH IrpeeH cucTeM: MojeJ1 peruoH co N=16 oGjexTn

Natural gas

40% ‘ ag
—— Pellets (indiv. flat)
—#—Pellets (building)

20% |

Heating load,

0% Fire-wood

220% == Panel heaters
—&— Heat pumps (flat)

-40%

Heat pumps (build.)
Inverter air-cond.
Light oil

-60%

-80%

Cinka 7: Paziuku nomMery pa3jiIMYHUTE I'PejHU METOAH MOBP3aHH €O HETO PeaiHATA BPeJHOCT Ha
LEHTPAJHUOT BPEJIOBOJIEH I'PeeH cucTeM: Mojea peruoH co N=32 o0jexTn

40%
—o— Natural gas

—— Pellets (indiv. flat)
——&— Pellets (building)

20%

Heating load,

Fire-wood

0% MW/km2
90 110

-20%

130~ Panel heaters

—&— Heat pumps (flat)
Heat pumps (build.)
Inverter air-cond.

-40%

Light oil

-60%

Cinka 8: Paziuku nomMery pa3iM4HUTEe IPejHH METOAH MOBP3aHM CO HETO PEaJIHATA BPEJHOCT Ha
LHEeHTPAJTHHOT BPeJIOBOJAECH IPeeH CUCTeM: Mo/esl pernon co N=64 o0jexTn
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TABEJIA 2: Cymupana MaTpHIa HA TEXHO-€KOHOMCKH ONITUMAJIHU CHCTEMH 32 Ipeeme

TexHO-eKOHOMCKH ONTHMAJIHH CHCTEMH 3a TPECHE

TornmHcko onroBapysare , MW/km?

10 20 30 40 50 75 100 125
4 CHS CHS CHS CHS CHS CHS CHS CHS
8 CHS CHS CHS CHS CHS CHS CHS CHS
16 IAC CHS CHS CHS CHS CHS CHS CHS
32 IAC HP-B CHS CHS CHS CHS CHS CHS
64 IAC IAC HP-B HP-B CHS CHS CHS CHS
128 IAC IAC IAC IAC IAC IAC IAC CHS

CHS - Central hot-water heating system( neuarpanuu Bpenosoauu rpejuu cucremu), IAC - Inverter air-
conditioning(uuseptep kuma ypenu), HP-B - Heat pump (building level) (tomuackn mymmm)

MO/EN 3A MPEEHSE HA TPAZL CKOMIE
Peengs

- LewtEre n 40650 0 TN
T YN e e80T
Memeprep - vmva Yoeas
Hetpetna nompumma

0 W as® e e

Canka 9: OcHoBHa Mana Ha Ckonje 6a3upaHa Ha MO/JeJIOT 32 M300pP HA ONTHMAJIEH CHCTEM 32 rpeeme

Tabesa 3: Cnopeada Ha pa3IM4HH CHCTEMH 32 Ipeerbe BO 0AHOC Ha LleHTpaIHOTO Bpe/10BOIHO rpeeme

Meroz/cucteM 3a rpeeme 3a/10BONIUTEIHA IPUMEHA IIpenHocr Ha IIpennoct Ha LlenrpanHo
METOJI/CHCTEM 3a TPeeHhe BPEJIOBOJIHO I'PECH-E
VHanBHayaJlHO Ipeetbe co Bo peruonu co 6pojHu TTomanu nHBECTUIIMOHN Tomana cnenuduyna nesa
KOTJIM Ha IIPUPOJIEH rac 00jeKTH CO peslaTUBHO MO TPOLLIOLH 33 Pa3Boj HA Ha KOTJIX OJf HHAYCTPUCKH
KYMYJaTHBHO TEPMaIHO MperKa 3a IPUPOJICH Tac; PaHr CO BHCOKa M3JIe3Ha
onToBapyBame; Bo Hacen6bu ~ Enmumunupa npeaHocra 3a MOKHOCT, BO OIHOC Ha
01 KOMIIAKTEH THII KOPUCTEHE Ha OOHOBIIMBY KOTJIM CO HUCKA MOKHOCT
COCTaBEHU Of €HEePreTCKH U3BOPH Ha rac; BrxiryuyBa noBeke
HMHIUBHUIYATHU KYKH (conaphu, 6uomaca ...) THUTIOBU Ha
ropruBO/OOHOBIHBA
eHepruja

WHnuBrayanHoO rpeemne co Bo peruonu co ronem 6poj

TON-JIMHCKY ITyMITH BO3/1yX- Ha UHAUBUIYaJIHU KyKH
BOJZIa 33 CEKOj CTaH (3Ha4YajHU MHBECTHIIOHU
TPOIIIOLIH)

I'peeme co Tonm-nuHCKH Bo peruonu co Hucka Bo pernonu co mommpok
ITYMITH CO TOIUTMHCKA TepMaJlHa IyCTHHA paHT Ha TEPMAaJHO
CTaHHMIIA BO 3rpajiuTe ONTOBapyBame U I'yCTHHA

Ha 00jeKkTn
I'peeme co un-Beprep Bo peruonu co Bucoka
KJIMMa YPEIu BO CEKOj CTaH T'YCTHHA Ha 3Tpajiy 1
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HWH/IUBUTYaTHO

WHuBHIyaTHO/KOTIIAPHHIA
BO CEKoja 3rpaja co
KOPHCTEhE Ha KOTJIM Ha
eseTy

MNuauBuayamHo rpeeme co
€JICKTPUYHHU MTaHEen

IlenTpanHo rpeeme co
KOTJIM Ha JIpBa

I'peeme co KON Ha JIECHO
MacJIo CO KOTJIApHUILA BO
ceKoja 3rpana

PEIaTUBHO HUCKA I'yCTUHA

HA TOILIMHCKO
ONTOBapyBarme (MaauTe

MHBCCTHIHUCKHA BJI O)KyBaH)a)

Bo peruonu co ronem 0poj

Ha 3rpajii U HUCKO
crienUYHO TOTUTHHCKO
ONTOBApPYBAHE

Bo peruonu co Bucoka
T'YCTHHA Ha KyKd U
pENaTUBHO MaJIO IPEjHO
OITOBAPYBAE

Bo nenoBu Ha rpajoT co
00jeKTH CO HUCKO
crien(UYHO TOTUTHHCKO
ONTOBApPYBAHE

Hucka cnenuduyna
emwcuja Ha PMy
YECTUYKH, BO CIIopenidoa co
COTOpJINBH JIpBa

Mamm WHBCCTUIIUOHN
Tpomonu

He e norpe6Ha noxzemua
nHppacTpyKTypa n
HWHBECTHIHOHHTE TPOLIOIH
3a KOTJIM U OIpeMa ce

[enerure ce ceprosen
JIOKaJIeH 3arajyBad (He ce
HaMaiyBa
KOHIIEHTpanyjara Ha
YECTUIKHTE)

3HAYUTEITHU TPOIIOIH 32
paboTa Ha eleKTpruIHa
eHepruja

I'peemeTo co npBa e
TJIaBEH U3BOp Ha
3arajiyBame BO ypOaHHTE
cpeauHA

PEJIaTUBHO HUCKHU

Mopa na ce Hariacu JeKa HPECMETKHTE BO OBaa CTyAWja C€ HAIpPaBEeHH CO MOMEHTAIIHH
,,COIMjalTHA " 1IeHN Ha eJEeKTPUYHATAa eHepruja. 3ropa Ha Toa, IHUPOKaTa yrnorpeda Ha TPejHH METOIH
Kou OapaaT 3HauMTelIHA MOTPOITYBayKa Ha EIIEKTPUYHA eHepruja, Ou Oapana oOeMHHM MHBECTHUPama
BO CJIICKTPUYHATAa MPEXKa HITO IMaK U3MCKyBa JOJIT IMEPUOI Ha I/IMHHCMCHTaHI/Ija.

Bo mpumor Ha oBa Mopa j1a Oujie HarraceHo JeKa MaKpOeHEPTEeTCKUOT acIeKT Tpeba aa m30erHe
HeedrKacHa yroTpeda Ha eeKTpUIHA CHEPIHja 3a Tpeckhe MMopaan Ierpagaiijarta Ha CHeprujara.

5 3AKJIYYOK

OBaa cTyadja ce COO4yBa CO TEXHO-EKOHOMCKATa MPEeCMETKa Ha OpOjoT Ha JOCTAIIHU METOIU W
BHJIOBH Ha Tpeclke BO ypOaHUTE Iojapadja co OCHOBHA IeN Ja 00e30emu CUTypHH WHGOpMaud U
MOKa)XyBa4H 3a oJI0Mparke Ha ONTHMAIHO OJPKIIMB THI Ha Tpeethe Bo rpaj Ckomje. Hekonky BaxHH
acriekTH Oea TIPENBUACHU HHU3 AaHAIM3UTE: TEXHUYKA W3BOIJIMBOCT, W3BECTUIIMOHH TPOIIOIH,
TPOIIIOIHN 32 paboTa M OJIP’KYBame, KAKO U MPOIICHKA Ha BIIMJaHUETO BP3 KUBOTHATA CPEANHA.

Bazupano Bp3 CIpoOBEJICHUTE aHAIM3H, 3aKITy4OKOT MOXeE J1a OHJIe M3BIICUCH JIeKa CUCTEMUTE 3a
IEHTPAITHO TPECHhE MPECTABYBAAT TEXHO-EKOHOMCKHU OITUMAJICH TPeeH METOJl BO ypOaHHUTE rpaJiCKu
Hacenowu, IMTo UCTO Taka ja 00e30emyBa HajmoOpaTa MOXKHOCT JIa C€ KOHTPOJIMPa PACTEIKUOT ITPodIemM
CO 3araJlyBamero Ha BO3JyXoT. OBa yKaxXyBa Ha INMUPOK OICEr HAa TPEJHO ONTOBApyBame M
KOHIICHTpAIMja Ha 3rpaJH BO TPaJoT Kaje ITO MMa JOCTalmHa MPeka Ha KOHBEHIMOHAJICH I'PECH
cucreM. ['peemeTo co MHBEPTEp KIMMa YPeJW U TOTUTMHCKU IMyMITH UMa MPEAHOCT CaMo 3a PErHOHU
CO BHCOKA T'yCTHHA HAa WHAWBUIYATHU KyKH U 3Tpajii CO Maja TYCTHHA Ha TEPMAJHO ONTOBAPYBahe.

Co oriex Ha BIHMjaHHETO Ha TPECHETO BP3 JKMBOTHATA CpPEIMHA, NOBTOPHO MOBP3YyBame Ha
UCKITy9eHHTE KOPUCHHUIM Ha LEHTPAIHOTO IPeerhe, KaKo U MOBP3yBAETO HA HOBM KOPHUCHHUIH, BO
JIETIOBH OJ] TPAJIOT KaJe INTO TOA € TEeXHO-EKOHOMCKH OIPaBIaHO, K& MMa JUPEKTHO BIMjaHUE CO
HaMaJTyBam-eTO Ha 3araByBambeTo Ha BO3AYXOT, IPEKy HAMAIYBAmETO HA yIOTpedaTa Ha HECKOIOMIKH
ropusa 3a rpeeme. OBa ke JOBeJIE /10 TOBUCOK CTEIEH Ha KOPUCTEHE Ha TIOCTOCUYKUTE KAMTALUTETH O]
LEHTPAJTHO TPEEH CUCTEM KaKO MOXKHOCT Jla Ce HamalaT TPOLIOHUTE 3a Kopucreme. Cropen
MPOLEHKUTE, [IEIOCHO HCKOPUCTYBakE Ha TIOCTOCUKUTE KANAIIUTETH, OJ] IICHTPATHHOT I'PEEH CHCTEM
Ha rpag Ckomje, Ou pe3yaTHpasio co HaMalyBamke Ha TPOLIOLUTE 3a KopucTewme o1 20-25%.
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COMPARATIVE ANALYSIS OF DIFFERENT HEATING SYSTEMS IN
URBAN AREAS

ABSTARCT

Every day, we are facing the problem of the continuous increase of population in the larger urban
areas, and that leads to the increasing demands and expectations for better and more comfortable
living, results in higher demand and consumption of energy. The use of energy efficient solutions,
technologies and heating equipment in the households, public institutions, service sector and
companies is a step forward towards reducing energy consumption and harmful impact on the
environment.

The main objective of the present study is to provide reliable information and indicators for
selection of optimal sustainable type of spatial heating in the city of Skopje as a major urban area. The
well-known air pollution issue in Skopje, as well as in other larger cities in SEE Europe, has been
drastically expressed during the heating season, which suggests that it is undoubtedly closely related
to inappropriate heating methods. In that sense, the present study should serve as a basis for short,
medium and long term planning of the heating structure of the city of Skopje.

A complex model has been prepared and applied for the purposes of a comparative analysis
among different heating methods, that takes into consideration the techno-economic and
environmental aspects of the heating methods and systems. The model has been adapted and applied
as for the conditions of the city of Skopje, offering strong guidelines for selection of the optimal way
of heating in various parts of the city, depending on the local urban, infrastructural, technical and
environmental conditions.

The results show a significant advantage of the central heating system in relation to the other
types of heating, from engineering, financial and environmental viewpoint, providing the best
opportunity to mitigate the arising problem of air pollution. This applies to a wide range of heat loads
and concentrations of buildings in the city where there is available network of conventional heating
system.

Heating with inverter air conditioners and heat pumps has an advantage only for regions with a
high density of individual houses and buildings with low density of thermal load.
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BJIMJAHUE HA TEPMUYKUTE KAPAKTEPUCTUKHU HA OBJEKTUTE
BP3 OIITUMAJIHUOT KAITAHUTET HA KOMBUHUPAHUTE
KOMITPECOPCKO-EJEKTOPCKH NOJIMI'EHEPATUBHU CUCTEMUA

KYCA COAPKHNHA

AHanu3upaHn ce TEPMHUKHUTE KapaKTEPUCTUKM Ha O0jeKTHUTe M Ha KOMOWHHpaHUTE
KOMIIPECOPCKO—C]EKTOPCKHU MOIUTEHEPATHBHIA CUCTEMHU 32 CUMYJITAHO IPOM3BOJICTBO HA EEKTPUYHA
CHEepruja, TOILUIMHCKA €HEpPruja 3a Ipecke, eHepruja 3a JiaJelhe BO CHCTEMHU 3a KIMMaTh3aldja |
TOIUTMHCKA €HEeprHja 3a MpHUIIpeMa Ha CaHuTapHa Toruia Boja. Corjenanu ce KpUTepuyMHTE 3a H3Benda
Ha EHepreTcku e(pUKacHH O0jeKTH M CHCTEMH 3a Ipeche, JIaJIekhe, BEHTHIAIM]a U KIMMaTH3alluja.
JlazieH e KOHIINTOT Ha KOMOWHHUpAaH IOJMICHEPATHBEH CHUCTEM CO MPUMApEeH MOTOP-EleKTPO
TeHEepaTop 3a MPOU3BOJICTBO Ha ENIEKTPHUYHA SHEPrHja H KOMIIPECOPCKO—EjeKTOpCKa JaIiiTHa MaIlliHA
/ TOIJIMHCKA TyMIIa 3a MPOHM3BOJCTBO HA TOIUIMHCKA €HEpruja 3a Trpeeme, JaJICkhe W MOAr0TOBKA Ha
CaHMTapHA TOIIA BoJa. Bo MpeioxeHnoT KOHIIENT Oa3HUTE OTPeOU O] CHEpTHja 3a TPecHh-e U JaieHhe
ce TIOKPHBAAaT O]l KOMIIPECOPCKO—€jEeKTOPCKA JIaJiiTHA MalllMHA / TOTUTHHCKA ITyMITa, JIOJeKa BPBHHUTE
O]l CBTUH BPBEH CHUCTEM W/MIM OJl CHCTEM 3a TEPMHUYKO CKJIaauparme (CKIaJupame Ha TOJHHA;
ckiaaupame Ha cTya). OCHOBHA Ie)T Ha OBOj TPY[ € AeHUHUpahe Ha MOCTAIKa 3a ONpEACIyBame Ha
ONTHMAJICH KaraluTeT Ha KOMIIPECOPCKO—EjeKTOPCKUTE TIOUTeHEPATUBHY CHCTEMH.

Kuayunu 360poBu: komnpecop, ejekmop, MOmop-2eHepamop, NOAULEHEPAMUBEH CUCTeM

1 BOBE]J

[Ipenmer Ha OBOj TPyHd c€ TEPMHUYKHTE KAPAKTEPUCTUKH HA OO0JEeKTHTE W KOMOMHHpAHHUTE
KOMITPECOPCKO—EjEKTOPCKHU MOIUTCHEPATUBHU CUCTEMH 32 CUMYJITAHO MPOU3BOJCTBO HA EICKTPUIHA
eHepruja, TOIUIMHCKA €Hepruja 3a Tpeeme, eHEepruja 3a JaJelkhe BO CHCTEeMH 3a KIMMAaTH3allHja,
TOIJIMHCKA SHEPrHja 3a MPUIpeMa Ha CAaHUTApHA TOIJIa BOJA.

JloceramHuoT rirodaneH KOHIENT Ha eHepreTHKarTa € 0asupaH Ha TOJIEMH EIEKTPHYHH LEeHTPaIn
(TepMOILIEHTpaN, XUAPOLEHTPATIH, HYKICAPHH IEHTPAJIH), TOJIEMH TOILTH(GUKAIMOHN HEHTPAH H
HEHTPAIHN TOIUTM()UKAIMOHN CHUCTEMH, LEHTPAIHH HMHIYCTPUCKH TIAPHU KOTEJICKH ITOCTPOjJKH,
HEHTPAIHN M WHAUBHIYaJHH CHCTEMH 3a Ipecibe, JaJehe M KIMMaTH3aluja Ha Pe3UICHINjaTHd 1
cranOeHn 00jeKTH, aJMHUHUCTPATABHUA W KyATYPHO — OOpa30BHHU OO0jEKTH, TPTOBCKH IIEHTPH WTH.
VHTeH3MBHOTO 3rojieMyBambe Ha HACEICHWEeTO M MOoTparaTa 3a 1mojo0ap KBaIUTET Ha JKUBOT JI0BEN0A
JI0 HHTEH3UBEH TEXHUYKO — TEXHOJIOIIKY U MHTYCTPHUCKH Pa3BOj BO CHTE CEKTOPH, KaKO H JI0 3TOJIEMEHHU
norpedu ox eHepruja (eMeKTpUYHA W TOIUIMHCKA). OMIITHOT pa3BOj HA EHEprervkara, 3aeJHO CO
Pa3BojoT BO 00acTa Ha TPAHCIIOPTOT U EHOPMHOTO 3TOJIEMyBamke Ha OPOjOT Ha MOTOPHH COOOpaKkajHu
CpencTBa KoM KOpPHCTAT ()OCHIIHHM TOPUBA, JIOBENOA 10 UCKIYYUTETHO OMACHH TIIOOATHU EKOJIOUIKH
edexTH 1 /10 pealiHa 3aKaHa 3a ONCTAHOKOT Ha HAIlaTa IJIaHeTa.

['mobGanHWUTE EKONOMIKM MPOOJIIEMH CBpP3aHHM CO OIITETYBAaEKETO Ha O30HCKHOT CJIOj M CO
rII00ATHOTO 3arpeBame U KIMMATCKUTE IPOMEHN HaMETHAa JIOTIOHUTEITHN €KOJIOMIKH KPUTEPUYMHU BO
HCTpaXXyBamaTa U ONIITHOT Pa3BOj HA EHEPreTCKUOT CeKTOp. CO HOBUTE EKOJIOUIKU KPUTEPUYMH CE
MIpeBUYBA:
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- TpUMEHa Ha OOHOBIMBU CHEPIeTCKH PECypcH (COHYEBa EHEpruja, reoTepMaiHa CHEpruja,
XHUJIPO SHEepTHja, CHEPTHja O] BETEP, UTH),

- pa3BOj HAa HOBH KOHIIENTH Ha EHEPreTckh e(UKAacHW TEXHOJIOTMH 3a MPOH3BOJCTBO,
IMCTpUOyIMja MW KOPUCTEEhe HA EHeprujara, pa3Boj HAa HOBHM KOHIIEITH BO TPAHCIOPTOT M
cooOpakajHUTE CpeCTBa (BO3UJIa HA EIEKTPUYCH TTOr'0H ),

- TpHUMEHa Ha TMPHUPOAHU EKOJOIKUA PadOTHH (IIyHId, M3Benda Ha EHEPreTcKu eQHuKacHU
00jeKTH U CHEepreTcKH e(UKaCHH CUCTEMH 3a IPecke, Ja/Ickhe U KIIMMaTH3allija Ha 00jeKTHTE,

- pa3BOj HA HOBU KOHIENTH HAa €HEPreTCKU ePUKACHU TEXHOJOI'MU BO MpOLIECHATA, XEMHCKATa,
npexpanOeHaTta, (apMmameBTCKaTa U JIPYTrUTe WHAYCTPHCKH TPaHKM KaKO W Pa3BOj U MpPUMEHa Ha
TEepMOTpaHCHOPMALIUCKI TEXHOJIOTHU U KOPUCTEH-E Ha OTMaIHa HUCKOTeMIIepaTypHa TOTLTNHA

COBpeMeHI/ITe Hay4YHO — MCTPaXXyBAa4KH aKTUBHOCTU M JOCTUTHYBamkaTa BO:

- pa3BOjOT HA MAIMHHUTE, YPEIWTE, MOCTPOJKHTE M CUCTEMHUTE BO 00jacTa Ha TEPMHUYKOTO
HMHYXEHEPCTBO,

- Pa3BOjOT M JIOCTUTHYBamaTa BO obOjacta Ha (yHAaMEHTAIHUTE HAYYHU JUCIUTLTAHH:
MexaHukara Ha Guyuaute (CFD — nymepuukaTa muaamuka Ha ¢oiayunn) u repmoguaamukata (CTA —
HyMepHUYKaTa TepMUYKa aHaJH3a),

- pa3BOjOT M JOCTHIHYBamaTa BO O0JacTa Ha MAIIMHCKHTE MaTepHjaid M jaKocTa Ha
MaTepHjanTe, Pa3BojoT BO METPOJIOTH]jaTa U MEPHUTE HHCTPYMEHTH,

- pa3Bojor Ha WHMOPMAIMCKUTE TEXHONOTMH (KOMIJYTEPCKHTE CHCTEMH, TEHETCKHTE
AJITOPUTMH, TEOpUjaTa Ha TTAMETHU MPEKHU MTH),

MpeTCTaByBaaT peajlHa OCHOBA 3a KOHIICIHPAmhe M Pa3B0Oj Ha HOBU €HEPreTCKU e()UKACHH TEPMHUYKH
CHCTEMH.

OCHOBM 32 TEPMHUYKU TPECMETKH U TEPMHUYKU KAPAKTEPUCTHKH Ha O0jEeKTUTE M CHCTEMHTE 32
rpeeme, Jaaeme, BEHTHIANMja W KIMMaTu3anyja gagean ce Bo [1]. Ipermen Ha mcTpakyBamarta U
IOCTHTHyBambaTa Bo pa3BojoT Ha Tpu-renepatupauTe crctemu (CCHP — combined cooling, heating and
power systems) nganen ¢ Bo [2,3]. TpureHepaTUBHUTE TEXHOJIIOTHU CO allCOPIIIMOHY JIaIUIHA CUCTEMHU
MMaaT peNaTHBHO [IMPOKa TPHMEHA W EKCTCH3WBHHM HUCTpaxKyBauku akTuBHOCTH  [4,5].
TpureHepaTHBHUTE TEXHOJOTMH KOHM BKIIy4yBaaT JPYTHd TEXHOJIOTMH, BKIYYHTEIHO €jEKTOPCKH
JaIUITHA CHCTeMH U Rankine cuCcTeMH HCTO Taka MMaaT eKCTEH3UBHU HCTPaXKyBauku akTHBHOCTH [6,7].
PasniuHy TUTMOBU MOTOHCKH MOTOpPHU €€ MPHMEHYBaaT BO TPUTCHEPATHBHHUTE CUCTEMU 3a JIOOHBAHE
MexaHn4yka paboTa, OX KOja BO €JEKTPO TEeHepaTopoT ce Jo0WBa eNeKTpUuYHa €Hepruja.
TpureHepaTHBHUTE CHUCTEMH CO MOTOPH CO BHATPEIIHO COTOPYBame Ce OCOOEHO TOTrOJHU BO
aruMKanuy co Man kamanurer. OBHE CUCTEMH ce OJJIMKYBaaT CO BHCOKAa eHeprercka e(hUKacHOCT.
Typbokommpecopcko — TypOOEKCITaHJEPCKUTE MUKPO — TPUTCHEPATHBHU CHUCTEMH MpPETCTaByBaaT
HCKITYYUTETHO aTPAKTHBHA COBPEMEHA UCTPAKYBaUyKa TEMa.

OtnazHata TOIUIMHA O] MOTOPOT CO BHATPEIIHO COTOpYBame, KaKO TeHepHpadKka TOIUIMHA, Ce
KOPHCTH BO KOMITPECOPCKO — €jeKTOPCKHOT JIaJIMJICH / TOIUIMHCKO MYMITEH CHCTEM 3a MPOIYKIIHja Ha
TOIJIMHCKA €HEepruja 3a Tpeeme W nanewme. Ommrara Teopuja Ha TepMmorpaHchopmaropute [7] e
IpUMEHeTa 3a aHalM3a Ha KOMIIPECOPCKO—€]eKTOPCKUOT JIAIMJICH/TOIUIMHCKO MYMIIEH CHCTEM.
TepMoTpaHCHOpPMAIIICKUTE TEXHOIOTHH CE TIPe3eHTUpanHu BO [8,9] kaje ce MUCKyTHpaH! TEXHUYKUTE
U EGKOHOMCKHUTE TOTEHIHUjali W C€ aHAIM3UPAHH PA3IMYHA HHIYCTPUCKU IIPOIECH, CO HHUBHHTE
paboTHHU TemIiepaTypH, Kako MOKHH HUCKOTEMITEPAaTYPHH TOIUIMHCKU H3BOPH.

BoBenyBamero Ha KOHUENTOT Ha AWCIEP3UPAHO NPOM3BOACTBO Ha EIEKTPUYHA EHEpruja co
MUMIUIEMEHTALlMja Ha TPEIOKCHUTE MOJUICHEPATUBHU CUCTeMH [2], 3aeiHO €O AMCIep3HpaHo
MPOM3BOACTBO HA EJEKTPHUYHA €HEepruja co OTOBOITANYHU CONIAPHU KOJEKTOPH, OM MPETCTaByBaJO
OCHOBA 32 OJIPJIUB Pa3BOj HA EHEPreTCKUOT CEKTOP, KAKO OCHOBA 3a BKYIIEH OJPKJIMB Pa3Boj, KAKO U
3Ha4yajHa KOMIIOHEHTa BO HAJMUHYBAaKETO HA TIJI00AJHUTE EKOJOLIKM HpOOJIEeMH IIOBP3aHH CO
rJ100aJTHOTO 3arpeBame.

232




OcHoBHa 1€l Ha OBOj TPyA € AU3ajHUpamE Ha IOCTalKa 3a ONpelelyBamkbe Ha ONTHMAalleH
KamamuTeT Ha KOMIPECOPCKO—€jeKTOPCKUTE MOJUTeHEPATHBHN CUCTEMH HAMEHETH 3a MPOHU3BOACTBO
HAa eJeKTpUYHa eHeprija 1 TOIIMHCKA eHEpruja 3a rpeeme, Jaiche, BeHTUIAUja U KITUMaTu3alnja Ha
pE3UICHIIMjaTHU U cTaHOSHU 00jeKTH, aIMUHUCTPATHBHU U KYJITypHO-00pa30BHH 00jeKTH, TPrOBCKU
LEHTPH UTH.

2 AHAJIM3A HA TEPMUUYKUTE KAPAKTEPUCTUKHN HA OBJEKTH

OntuManHaTa TpUMEHa W ONTHMAJIHOTO KOHIMIUPAake HA KOMOMHHPAHUTE KOMIIPECOPCKO—
€JEeKTOPCKH TOJIMTEHEPATUBHU CUCTEMH 3aBHCH O TEPMUUKUTE KAPAKTEPUCTHKH Ha 00jEeKTHUTE, KaKO 1
O] HUBHHUTE EHEPIreTCKH MOTpeOM 3a eNeKTpUYHA eHepruja, eHepruja 3a Tpeeme, Jajclke U
KIIMMaTH3alyja, CHepTyja 3a IpUIpeMa Ha CAaHUTapHA TOILIa BOJA.

APXHTEKTOHCKO-TEPMHUUKUTE KAPAKTEPUCTUKH Ha oOjexTuTe (pe3suaeHIMjalHu W CTaHOeHH
00jeKTH, aJMUHHCTPATUBHH W KYJITYPHO-OOPa30BHU O0jeKTH, TPrOBCKM IEHTPU HTH) 3aeIHO CO
HA/IBOPEIIHUTE KIMMATCKH YCJIOBH M BHATPEIIHUTE KIMMATCKH YCJIOBH TH JIepUHUPAAT TOIITMHCKUTE
3aryOu (3MMCKHU PEKUM) OJJHOCHO TOTUTMHCKHUTE NOOUBKH (JieTeH pexxuM). COBpeMEeHNTE TEH ISHIINH 3a
M3Ben0a Ha CHEPreTCKU e(pUKacHU 00jeKTH, KaKO U Pa3BOjoT BO 00J1acTa Ha rPaJIeKHUTE MaTePH]jally,
JIOBEJI0a JI0 BOBEIYBamhe Ha KPUTEPUYMHU 32 JIO3BOJICHH TOIUIMHCKU 3aryou / JOOMBKHM Ha OOjEKTHUTE,
KaKo M JI0 M3Be10a Ha 00jEKTH CO COOJIBETHA TOIIMHCKA M30jallfja U 1IeJI0CHa EHePreTCKU ehuKacHa
obBuBKa Ha oOjektute. Cemnak, eHeprerckara eUKAacHOCT Ha OOjEKTHTE 3aBHCH O] KOHIICNTOT W
M3Ben0aTa Ha CUCTEMHUTE 3a Ipeekbe, JIa/ickhe M KIIMMaTh3alija Ha 00jeKTHTE:

- wu3BendaTa Ha IIeBHATA / KaHAJICKaTa MpexKa,

- OamaHcHpameTo Ha [IeBHaTa / KaHAJICKaTa MpeXa U peryjanyjaTa Ha CHCTEMOT,

- wu3BendaTa Ha CHCTEMOT 3a peKylepairja Ha TOIUIMHATA,

- KOHIIENTOT Ha U3Be/I0a Ha CHCTEMOT U Ha U3BOPOT Ha EHEPIHja 3a Tpeemhe/ajiehe,
- paKyBamerTo, OJIPKYBakETO H MEHAIUPAHETO HA CHCTEMOT UTH.

Kopucremero Ha cucTeMH Ha COHYEBA €HEpPruja, HUCKOTEMIIEpaTypHa OTHaJHA TOIUIMHA,
reoTepMaiHa eHepruja, TOIUIMHCKA IyMIla WTH, KaKO aJITepHATHBA HA BOOOMYACHUTE KOHIICNTH Ha
CHCTEMH CO KOTeN Ha (hOCHITHO TOPHBO W JAJIUIICH arperat, MPEeTCTaByBa 3HavajHa KOMITOHEHTa 3a
n3Ben0a Ha eHeprercku edpukacHu ob0jekth. ONTUMaNHaTa HMMILICMEHTAIlMja Ha IPEIIOKECHUTE
MOJIMTEHTPATUBHYU CUCTEMH PE3YJITUPA BO 3HAYAJHU TEXHUYKU, CKOHOMCKU U CKOJIOIIKU e(heKTH.

3a mpecMeTKa Ha MPOEKTHUTE TOIIMHCKH 3ary0u / JOOWBKH Ha 00j€KTOT Ce KOPUCTAT BOOOWYAeHH
crarnapansupann nporenypu [1]. TonnmHCKaTa eHeprHja 3a Tpeeme BO TEKOT Ha rpejHaTa Ce30Ha,
neuHIpaHa CO TOMM(UKAIMOHKOT aujarpam (ci. 1), 3aBUCH 0Jf KITMMAaTCKATE YCIOBU. 3a YCIIOBH Ha
yMepeHa KOHTHHeHTa Ha kiuMa (P. MakenoHuja) TOTUH(UKAIMOHUOT IHjarpaM ce KapakTepu3upa co
M3pas3uT MUK, OTHOCHO CO KPAaTOK BPEMEHCKH TEPHOJ CO U3PA3UTO HUCKU HAJIBOPEIIHU TEMITEPATypH
(6mucku no mpoekTHUTE). OCOOEHO € Ba)KHO MPH KOHIICMUPAhE Ha CIIOKCHH KOMOMHHUPAHH CHCTEMH
3a Tpeeme CO TOIUIMHCKM MYMIM WM NMPH KOHIUIHPAKHETO Ha KOMOMHUPAHU MOJUTCHEPATHBHU
cucTeMH Oa3HaTa TOIUIMHCKA CHEpPruja Ja ce MOKPHE CO MOJIUTEHEPATUBHUOT CHUCTeM (TOIIMHCKATA
ImyMIa), koja Ou Onia co moMana MHCTaJMpaHa MOKHOCT (IIOHMCKa WHBECTHIM]a), Ha mpumep 60% ox
WHCTaJMpaHaTa, a ke mokpue 92% ox morpeOHaTa eHepruja 3a Ipeewme, NPOU3BENyBajKU EBTHHA
TOTUTMHCKA SHEprHja, Jo/Ieka BpBHATA SHEprHja la ce MOKPUE OJf BPBEH EBTHUH T'eHEpaTop Ha TOIUIMHA
(40% on uHCcTamupaHaTa MOKHOCT) Ipou3BenyBajku 8% cKalla TOIUIMHCKA €HEpruja 3a Ipeewbe.
OnTUMaTHHOT M300p Ha MOKHOCTA Ha TOJHWICHEPATUBHHOT CHCTEM TMPETCTaByBa MpEAMET Ha
KOMITJICKCHO TEXHO-CKOHOMCKO ONTHUMHpare, MpH INTO ce omndakaar W APYIUTE KOMIIOHCHTH Ha
MOJUTECHEPATUBHUOT CUCTEM.

[IpoekTHUTE TOTUITMHCKY JOOMBKH (JIETEH PEXKHM) C€ OJJHECYBAAT Ha OJPEACH NIEPUOT BO ICHOT CO
BHCOKa HaJ[BOpEIIHA TEeMIIEpaTypa, BHCOK HHTEH3UTET HAa COHYEBO 3payere W JIPYT'H U3BOpU HaA
TOILJTMHCKH J00UBKH. MIHCTamMpaHaTa MOKHOCT Ha JIAJFITHUOT arperat tpeda aa Ouje n3pa3uto noMaia
(20 — 25 % on MPOEKTHHUTE TOILIMHCKK JOOWBKM) IITO JOBEAyBa 0 HH3a MOTOJHOCTH: M3PA3UTO
MTOHMCKA WHBECTHUIIM]a, TIOHUCKU aJMHHUCTPATUBHU TPOIIONHX 32 TAKCH 33 aHTAKUPaHA eeKTPHYHA
MOKHOCT, TTOHUCKH €KCILTOATAIMOHH TPOIIOIY 33 aHTaXKUPaHa eNeKTpUIHA MOKHOCT, pacTepeTyBame
Ha eJIeKTPO-CHEPTreTCKUOT CHUCTEM HUTH. 1[eT0CHOTO NOKpHBamke Ha TOIUIMHCKHUTE IOOMBKHU CE PEH3Upa
CO BOBEJYBaHW€ HA CHUCTEM 32 aKyMmylupame Ha cTyld. Toa goBeayBa M0 JOMOIHUTEIHU MOTOIHOCTH:
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KOHTHHYMpaHa pa0doTa Ha JaJuJIHHOT arperaT BO TEKOT Ha AeHOT (24 uaca), paboTa Ha JaJUIHHOT
arperat BO HOKHHOT ME€pUO]I IPU MOHUCKH HAJBOPEIIHU TeMIepaTypH, paboTa Ha JaJAuIHUOT arperar
co noBucok snaauieH ¢akrop (COP), pabora Ha TagUIHHOT arperat BO Mepuoj Ha eBTHHA Tapuda Ha
eNeKTpYHATA CHEPTrHja UTH.

Bo ycioBum Ha CHIIHO M3pa3eHM CTpaTerddl 3a W3BeAda Ha EHEpreTcku e(pUKacHH O0jeKTH
coBpeMeHHTe Oapama W KPUTEPUYMHUTE 3a 10a00ap KBAJIUTET Ha JKUBOT Ce 3rojiemyBaar. Bo Toj
KOHTEKCT C€ 3rojieMyBaaT W Oaparmara W KPUTEPHUYMHUTE 3a MapaMeTPUTE Ha BHATPEIICH KoMdop
(TemriepaTypa, pelaTHBHA BIaXXHOCT, PAaMHOMEPHOCT Ha TeMIIepaTypaTa, YHCTOTa Ha BO3AYXOT,
KOJINYECTBO HA CBEXK BO3/TyX, Op3MHA Ha BO3yXOT, TEMIIEpaTypa 1 AUCTPUOYIIMja Ha BO3AYyXO0T, OyyaBa
WTH) IITO Tpeba Aa TM 00e30emu CUCTEMOT 3a Tpeeme, aaehe U KIuMaTu3asuja. JlomomHuTenHo, ce
3rojieMyBaatr M MoTpeOuTe U Oapararta 3a KBaJUTETOT M KOJMYMHATA HA CAHUTapHA TOILIa Boaa. Bo
3aBUCHOCT O] ITHEBHATA JMHAMHUKA 32 TIOTPEOUTE Ol CAHUTAPHA TOIUIA BOJIA CE MPEIABUYBa COOJIBETHO
TEPMHUYKO CKIIAJHpame, OJHOCHO coojBereH pezepoap. Co MMIJIeMEHTallMja Ha KOHIENTOT Ha
M3Ben0a Ha SHEPreTCKU euKacHU O0jeKTH TepMHUUKaTa €HEpruja 3a MpHUIIPEeMa Ha CAHWTapHa TOIUIA
BOJIa CTaHyBa ce MM03HaYajHa KOMIIOHEHTA BO BKYITHHTE MTOTPEOH 32 TOIUTMHCKA eHepruja Ha 00jeKTUTE.

[MopaTonuTe 3a TOMIMHCKUTE KalalUTETH 3a Ipeeme, JaJekhe M CaHWTapHa TOIIa BOAa ce
WMIUIEMEHTHPAHH BO KOHIIENTOT HA KOMOMHUPAHUOT KOMIIPECOPCKO — ejeKkTopcku cucteM. OcHOBa 3a
TEXHO-EKOHOMCKO OITHUMAJTHO KOHIIMIIHpamhe Ha KOMOMHUPAHUOT KOMIIPECOPCKO—EjEKTOPCKU CUCTEM
ce moTpeduTe 3a TOIUIMHCKA EHEprHja 3a rpeeme U Jajeme. [[ponsBeneHara enekTpudyHa eHepruja Bo
MIPUMapHUOT MOTOP — €JIEKTPO TeHEPaTOPCKH arperat ke ce KOpPHUCTH 3a MOoTpedbuTe Ha CTaHOEHHOT
00jexT. Buimokor Ha nmpousBeneHa eIeKTpUYHA CHeprrja ke ce NCIopadyBa BO MPEXaTa Ha €IEeKTPO
EHEeprerckuoT cucTeM. [IpM HeJIOoCTaTOK Ha NpOW3Be/eHA eNeKTpUYHA EHepruja Ke ce KOPHUCTH
eJIeKTpUYHA CHEPTHja 0] MpeKaTa Ha eJIEKTPO €HEPTreTCKUOT CUCTEM.

Bo nipoiomkenue e najieH mpuMep 3a eHepreTcKuTe nmoTpedu Ha efieH cTeHOeH 00jeKT co KOpUCHA
nosprrHa o 3000 m?. HajBopelHy SHIOBM MMaaT TepMHYKa M30MalHja co aebennna di; = 10 cm.
[IpecMeTaHuTE IPOSKTHH TOILIMHCKH 3ary0ou Ha 00jekToT n3HecyBaar 135 kW. CneunduyHa ToramHa
3a rpeeme m3HecyBa (g = 45W/m? TlpecMeraHuTe TPOEKTHH TOIUIMHCKH JOOMBKH Ha O0jEKTOT
mHecyBaar 105 kW. Crenu¢uyHa ToIuMHA 3a Jajeme m3HecyBa =35 W/m?Z TIpecmeTaHHOT
TOIUIMHCKH KaIalUTeT 3a I'Peche, OJHOCHO MPOCKTHHM TOIUIMHCKH 3aryou Ha o0jekToT on 135kW
OJIroBapa 3a HaJBOPEIIHM IPOCKTHU YCJIOBH (HaJBopeliHa TemiepaTypa on -15°C). 3a kiumaTcku
ycnoBH Bo CKorije, criopen TorTnGUKanoHnoT aujarpam co 60% o TormHcKaTa MOKHOCT, OJHOCHO
80 kW, ce mokpuBaat 92% on morpeduTe Ha TOIUIMHA 3a Tpeemne. [lomureHepaTnBHUOT CUCTEM OU TH
MTOKpUBaJl 0a3HUTE TOIUTMHCKHU MOTPeOH. BpBHUTE TOINTMHCKHA MOTpeOM OW ce MOKpHBAjE CO €BTHH
TeHepaTop Ha TOIUIMHCKA eHepruja. [IpecMeTaHnoT MPOEeKTEeH KamaluTeT 3a JIAJICHke, KOj ce OHeCyBa
Ha MEPUOJ] BO JICHOT CO BUCOKA HAJBOPEIIHA TEMIIEpaTypa, BUCOK MHTEH3UTET HA COHYECBO 3paucHhe,
n3aecyBa 105 kW. Bo nmagmHnTe ciucteMu 3a KIIMMaTH3aIH]a 3aI0JDKATETHO Ce N3BEAYBa CKIAINpPamke
Ha cryn. Kamanureror Ha nammnHata Mammaa Tpeda na 6ume 20 — 25 % of MPOEKTHUTE TOITMHCKU
n00uBKH Ha 00jektoT, ogHocHO 21 — 26 kW. HopmaTus 3a motpebu o canurapHa toruia Boga € 50 |/
yogex Oen. JlHeBHa moTpomryBayka Ha caHuTapHa Tora Boja € 8400 //dew. llpocedHnoT mHEBEH
TOIUTMHCKHM Kalal[MTeT Ha CUCTEMOT 3a MMOJAr0TOBKA Ha caHMTapHa Toruia Boga ¢ 9 KW. Kamarmrer Ha
pe3epBOapoT 3a CaHMTApHA TOILIA Boja ¢ 9 M,
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Crnuka 1. TonnudukanroHeH aujarpam

3 KOMBUHHUPAH KOMITPECOPCKO-EJEKTOPCKH NIOJIMT'EHEPATUBEH
CUCTEM CO ITPUMAPEH I'ACEH MOTOP-EJIEKTPO 'EHEPATOP

Ha cnmmka 2 nmaneHa e miemMa Ha KOMOMHHpAH KOMIPECOPCKO—EjEKTOPCKU IOJUTCHEPATHBEH
CHCTEM 3a CHUMYJITAaHO HPOM3BOJICTBO HA EIEKTPUYHA EHEPIuja M TOIUIMHCKA SHEepruja 3a rpeeme,
Janelke W TOArOTOBKA HAa CaHMTapHa Tomia Boxa. JlehuHHMpaHH ce HpOLEAypU 3a TepMHYKa U
CHEpreTcka MpecMeTka Ha CHTE elieMEeHTH Ha cucrteMor [2,3].  V3BpuieHu ce HyMepHUKH
eKCIIepUMEHTH 3a pa3ian4Hu paboTHu ycinou [3]. Ha memara ce naieHu pesynTaTture 3a OCHOBHUTE
MaTepHjajHH U CHEPTEeTCKH OMJIAHCH U TEMIIEPaTypHUTE YCIOBH.

Bo racuuor motop (G EN) 34% on Bne3nata enepruja Ha npuponauot rac (NG) (100% HHV —
rOpHa TOIUIMHCKAa MOK Ha TMPUPOIHHUOT Tac) ce TpaHCPopMuUpa BO MexaHWYKa MOKHOcT. Cropen
aHanmm3ata Ha nep(OpMaHCUTE Ha TaCHUTE MOTOPH M TOJATOLMTE HA MPOU3BOAMTEINTE HA TACHH
MOTOPCKH arperaTv KoehuIueHTOT Ha KOpUCHOCT € Bo oricerot 32 — 35% (og HHV). Koedbunuentor
Ha KOPUCHOCT Ha IEKTPUYHHOT reHeparop ce omneHyBa Ha 95%. Bo enexrpuununor renepatop (EL G)
32% on BiE3HATA €HEpruja Ha IPUPOTHHOT rac ce TpaHc(hopMupa BO eIEKTPUYHA EHEPTHja.

OrnasHarta TOIJIMHA OJf TACHHMOT MOTOP CO JiaJiekero Ha Oiiokot Ha MoTtopoT (JC) ce mpoleHyBa
na oume 27% a oTmajgHaTa TOILIMHA CO U3AyBHHTE TacoBu o1 MoTopoT (EG) ma 6ume 35%. Oxomy 4%
ce 3aryOuTe Ha TOIUTMHA BO OKOJIMHATA W TOIUTMHCKUTE 3ary0W BO TypOodYaplepOoT—HHTEPKYIEpOT
(ACHL). OTmiagnaTa TOIUIMHA OJ1 TACHHOT MOTOP C€ KOPUCTH KaKO ITOrOHCKa MOKHOCT BO €j€KTOpCKaTa
CTETIeHHIIa Ha KOMITPECOPCKO—EjEKTOPCKHUOT JaIuJIeH / TOTUTMHCKO TTYMIIEH CHCTEM.

Bo rorumHckute n3menyBaun (EX1 — 14% u EX2 — 14%) ormagHaTta TOIUIMHA HA W3yBHUTE
racoBH Ce IpeJiaBa Ha IIUPKYJIAllMOHa BOJIa, a TIOTOa Ha JIAJMIHHOT MEIMYM BO TeHEPaTOPCKUTE CEKITHH
G1 u G4. U3ayBHHTE racoBH ce JamaT A0 Temneparypa nonucka ox 70 °C 3a mga ce 06e30enat ycioBu
3a KOHJICH3allMja Ha BOJICHATAa Mapa COJAp)KaHa BO M3IYyBHUTE T'aCOBH W KOPHCTEHC HA T'OpHATA
torummHCcKa MoK (HHV) Ha npupomamor rac. OtnagHaTa TOIUIMHA O JIAIECHETO Ha OJIOKOT Ha TACHUOT
motrop (JC) ce kopuctu Bo reHeparopckutTe cekipu G2 u G3. UerupucreneH IeHEpaTop €
CTPYKTYpHpaH 3a HCKOPUCTYBame Ha MOrojeM JIel OJ] OTIaJHATA TOIUTMHA. 3aryOuTe Ha TOIJIMHA CO
uzaysuute racosu (EGE) ce 7%.

NG 100% HHV

34% mech 17
]
r ELG % GEN

32% el

ACHC4% |y

M/HM
35/50°C

C
3%/ 6,5% el




Cauka 2. [llema Ha KOMOMHHUPAH KOMIIPECOPCKO-€jeKTOPCKH IOIUT€HEPATHBEH CHCTEM

KoMOuHMpaH KOMIIPECOPCKO - €jEKTOPCKHU JIAHIICH / TOIUTMHCKO IyMIIEH CUCTEM € MPUMEHET 3a
yTUIU3allja Ha OTMajJHAaTa TOIUIMHA OJ] TaCHUOT MOTOp. [[Bo-cTemeHa KomImpecHja € BOBEICHA BO
KOMOWHUPaHHUOT JIQJWJICH [UKITYC: MpBaTa MexaHuuka komrpecrja (C) U BTOpara mapHa €jeKTOpcKa
kommnpecHja (EJvl and EJv2). Mery nBere creneHuIM MHCTAIMPaH ¢ cernaparop-ekonomajzep (EC).
[ToctaBenu ce qBa peryaanuoHO MPUTYIITHE BEHTWIN: €IHHOT Mery kKoHneH3atopot (Co) u cenapatop-
exonomaj3epot (EC), u Bropuor mery cenaparop-ekoHoMajzepot (EC) u ucnapysauor (E).

IMotpomyBaukata Ha MokHOCT Ha kommpecopot (C) e 3% (ox HHV) (9.4% on mpoussescHaTa
EIIEKTPUYHA MOKHOCT) BO PEXKHUM Ha JIaJWJIHA MalmuHa. Bo pexkuM Ha TOIIMHCKA ITyMIla MOKHOCTa Ha
KomIpecoport u3HecyBa 6.5% (ox HHV) (20.3% ox npoussenenarta eeKTpruyHa MOKHOCT).

Co ejexropute (EJ1 and EJ2) (BTOpocTenena koMIpecuja) TOIIMHATA ce TpaHPOpPMHUpa Ha
KOHJICH3aTOPCKH TPUTHCOK, KOj KOPECHOHAMpa Ha TeMIilepaTypara Ha KoHjeH3auuja on 35°C, Bo
JMATUICH PEeXUM, MPU INTO KamanmuTeror Ha koHueHzatopor € 103 % (om HHV); ognocHo Ha
TemIiepatypara Ha KoHjaeH3anuja ox 50°C, BO TOIUIMHCKO IyMIIEH PEXHM, IIPH IITO KaNalUTeTOT Ha
KOH/IEH3aTOPOT IITO Ce KOPUCTH 3a TPeerhe 1 IpUIpeMa Ha canutapHa Boja ¢ 106 % (ox HHV).

Tepmuukuor COPy 1 MexaHUUKHOT COPpech HA KOMOMHHPAHUOT KOMIIPECOPCKO — €jeKTOPCKU
JaJIUIIeH / TOIUIMHCKO ITyMIIEH CHCTEM Ce:

- pexunm maaumiaa MammHa (CM): COPy = Qe /Qg = 0.82; COPmech = Qe/P mech = 15,
- pexkum tormarHcka mymia (HM): COPnp =Qc/Qg=1.93; COPmech hp=Qc /P mech = 16.3

4 3AKJIYYOK

UzBpiieHa e aHanW3a Ha TEPMHUYKUATE KApAaKTEPUCTUKA Ha CHEPTeTCKH e(pUKACHU O0jEKTH.
[pezentrpan € KOMOMHUPAH KOMITPECOPCKO—€EJEKTOPCKH MOIMTEHEPATHBEH CHCTEM 3a CHMYJITAHO
HPOU3BOJICTBO Ha ENEKTPUYHA CHEepruja, TOIUTMHCKA CHEprHja 3a rpeckhe, CHepruja 3a JaJeHke BO
CHCTEMH 3a KIMMaTH3allija W TOIUIMHCKA EHEepruja 3a IpUIIpeMa Ha CaHMTapHA TOIUIA BOJA.
JleduHupaHa e mocTamnka 3a onpeenyBambe Ha ONTHMANICH KallallUTeT Ha KOMIIPECOPCKO—CjeKTOPCKUTE
HOJIUTCHEPATHBHU CHCTEMHU CIHOpE]] TEXHO-CKOHOMCKUTE KPUTepUyMH. [IpemioKeHHOT KOHIENT Ha
HOJIMTCHEPATHBEH CHCTEM OBO3MOXKYBa MaKCHMaJIHa YTHJIM3allMja Ha OTIAHATa TOIUIMHA OJf MOTOPOT
Y KOPUCTEH-¢ Ha TOpPHATA TOIIMHCKA MOK Ha MPUPOAHHUOT rac. Ce HOCTHUIHYBaaT BUCOKH KOSHHIIUEHTH
na repmorpanchopmanuja (COP): Bo pexxum na magmnmna mammaa COPwy = 0.8 — 0.9 1 COPpech =
15 — 17; Bo pexxum Ha torutkHcka mymna COPw = 1.9 — 2.1 u COPmech = 16 — 19. JlenoT Ha
pou3BesieHa enekTpuyHa enepruja € 27 — 33% oa HHV na npupozsmor rac.
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Anexcannap I'epacumocku Aleksandar Gjerasimovski
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aleksandar.gerasimovski@yahoo.com

INFLUENCE OF THE THERMAL CHARACTERISTICS OF BUILDINGS
ON THE OPTIMAL CAPACITY OF COMBINED COMPRESSOR-EJECTOR
POLYGENERATION SYSTEMS

ABSTARCT

Thermal characteristics of the buildings and of the combined compressor — ejector polygeneration
systems for simultaneous production of electrical energy, heating energy and cooling energy for air-
conditioning systems and heat energy for sanitary hot water production are analyzed. The criteria for
energy efficient buildings and energy efficient systems for heating, cooling and air-conditioning are
discussed. A concept for combined polygeneration systems with prime mover — electrical generator for
electricity production and compressor — ejector refrigeration machine / heat pump for heating, cooling,
air — conditioning and sanitary hot water preparation is given. In the proposed concept of the combined
system the basic heating and cooling loads are covered by the compressor — ejector refrigeration
machine / heat pump, and peak loads are covered by other peak system and/or by the thermal storage
system. The main purpose of this paper is to define procedure for optimization of the optimal capacity
of the compressor — ejector polygeneration systems.

Key words: compressor, ejector, prime mover — electrical generator, polygeneration system
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INPUMEHA HA TAMETHUTE CEH30PU BO EHEPITETCKHU E®OUKACHH
EJEKTPUYHU YPE/IU, MAILIMHU U ATIAPATH

KYCA COAPKHNHA

CBeToT OKOJly HAac CEKOjJHEBHO ce MEHyBa BO IOIJIE] HA TEXHOJOrHWjaTa, Koja To HMa
OKYIHpaHO, HO M OJIECHATO HAIIIETO CEeKOjaHeBre. Bo 0BOj MojiepeH CBET Kajie MTO KUBeeMe JCHEC,
OIKPYKEHHU 0] C¢ TIOHOBY ENIEKTPUYHHU ypeIH, MalllMHHU U alapaTd, YOBEKOT cé moBeke ce Gokycupa
Ha M3HAOrame Ha HOBM HJIEH 3a IITO MOrojieMa 3allTe/a Ha eHeprujata u 0apame Ha alTepHATUBHU
HAaYMHA 32  HEJ3MHO  MPOU3BOJACTBO M  IMAMETHO  HCKOKPHCTYBak€  Ha  MCTaTa.
[MamerHHUTE CEH30pU CO CBOWTE 3HAYAjHH KAPAKTEPUCTHKH WMAaT yjiora BO MOHHTOPHHT, 3alUC H
aHaJIM3a Ha BaXHHUTE MapaMeTpy Ha €HeprujaTta, Kako IITO Ce HAIOHOT, CTPyjaTa, MOKHOCTA KaKo U
(dakTopor Ha MokHOCT. Ilokpaj Toa, OBO3MOXKyBaaT yIpaByBamke¢ Ha IPOIECH, aJapMHUpPAme M
JiejCTBYBamk¢ Bp3 0a3za Ha Mepema, KaKo W TEIEMETPUCKO OTYMTYBAmhC¢ M BHECYBamhe¢ Ha IMOAATOIN
KOPHCTEJKH TO HHTEPHETOT. THe CEeKOjaAHEBHO 3eMaat ¢é MOrojieM 3aMaB U ce IPUMEHYBaaT TOKMY BO
SHepreTcku euKacHUTE ypeau, MalllMHY M arapaTH, co I1eJl HamalleHa MOTPOIlyBayKka U 3amTeaa Ha
eHeprujata. IlamMeTHHTe KykM W 3rpaad, ypemuTe KOM CEKOJIHEBHO TH yIOTpeOyBame, Kako H
MaMETHUTE aBTOMOOMJIM C€ aKTyelHa TeMa Ha JICHEUIHUIATa U TOKMY HUBHOTO ()YHKIIMOHUPAHE CE
3aCHOBA Ha BIPAJICHH CHCTEMH Ha aBTOMATCKO YIPaBYBamke M MEHAUpArhe MPH 3a/1aJCHH YCIOBHU-
MaMETHU CEH30PH.

Bo 0B0j Tpyx e mocBeTeHo BHUMaHKE Ha IPUMEHATa Ha TAMETHUTE CEH30PH IPH YIIpaByBambe Ha
eNEeKTPUYHUTE ypeAd BO HAIETO CEKOjAHEBHE, BKIYYYBajKH T aIMHUHHCTPATUBHUTE OO0jEKTH,
aBTOMOOWMJICKaTa MHAYCTPH]ja, 1A TypH U 3eMjOMIEIICTBOTO, CO IIITO CE jaByBa MOXHOCT 32 3HAYUTEITHO
HaMaJTyBame Ha HCKOPUCTEHATa MOKHOCT ¥ 3TOJIEMYBambe Ha eHepreTckaTa epruKkacHoCT.

Kayunu 300poBuU: enepeemcka eghuxacHocm, namemHu CeH30pU, eHepeemcKu epukacHu ypeou,
MAWUHY U anapamu.

1 BOBE]

Eneprerckara epukacHOCT € KITy4Ha 3a 00e30e1yBame CUTYpeH, 0e30eeH, TOCTANleH U OIPKITUB
SHEpPreTCKH CHCTEM 3a BO MJHMHA. T0a € eeH EHepreTCKH pecypc Koj ceKoja 3eMja To IoceayBa BO
M300MJIICTBO M € HajOp3WOT W HajeBTHH HAYWH 32 pellaBame Ha eHeprerckara 0e30emHOCT,
CKOJIOMIKUTE U eKOHOMCKHUTE Tipeau3Buiu [1].

[Ipamamero 3a epuKaCHO HMCKOPUCTYBamE HA €HeprujaTa € CEKOjIHEBHO OTBOPEHO 3a HOBHU
MPEAIO3N M pelIeHHja, a 3Ha4ajHO MEeCTO IoMel'y HUB 3a3emaar U namerHure cersopu. Co orien Ha
TOA IUTO TEXHOJIOTHjaTa CTaHyBa Ce IOBEKE 3aBHCHA of MHTepHer Ha HemTaTa, IaMETHUTE CEH30PH
KOM MOXaT Jja I'M AeTeKThpaar uH(opMmauuuTe ol (U3MUKUOT CBET U Ja M3BPILIYBAaT KOHKPETHU
ymaTtcTBa WM Ja T'M IIpeHecyBaaT MOAATOLUTE 1O APYIM CHUCTEMH CTaHyBaaT COCTaBeH el Of
IM3ajHATE Ha HOBHUTE NPOM3BOAU, MEy KOU ce BOpOjyBaaT M €HEpPreTcKd epUKaCHUTE EIEKTPUUIHU
ypenu, MalliHy U arnapaty.
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MonepHHOT XHBOT Oapa MaMEeTHH CEH30pH KOM 00e30eqyBaaT MONpPENU3HU MOJATOLH 32 eIeH
HAacTaH KOjIITO Tpeba 1a ce OTKpUE W HM3MEpU CO YATpa-HHCKa IMOTPOILIyBayka Ha CHEpruja.
[TpucycTBOTO Ha NMaMETHUTE CEH30pH € 3a0eNekJIMBO BO MHAYCTpUCKAaTa aBTOMaTu3almja, OHO-
MEIHMIIMHATA ¥ 3APABCTBOTO, IPaJASKHUIITBOTO, aBTOMOOMIICKATa HHAYCTPHja, BO3IYyXOIIOBCTBOTO
MHOTY IpYTH O0JIAaCTH M PacTOT Ha OBa MPHUCYCTBO € 3a0eNIGKUTEIHO eKCIIOHeHIM]jajleH. [lomery HUB,
CBOE MECTO HAOlraaT CEH30PUTE 3a MPUTHUCOK, TEMIIepaTypa U BIAXKHOCT, CBETIIMHA, MMO3UIIMja U TaKa
HaTaMy, a UCTUTE Ce €IHOCTABHU 3a yIpaByBamke NPEKy aruinkandja ox owio koj anapoua win 10S
(omepatuBen cuctem kopucteH onm Apple) ypex, mTo noBemyBa 10 IojaBaTa Ha TaKaHAPCUCHUTE
MaMETHH JIOMOBH, ITAMETHH TPaIOBH, TaMETHU (aOpHKH, KAaKO ¥ TAMETHU aBTOMOOHIIH.

2 OIITO 3A HTAMETHUTE CEH30PU

ITameren cenzop (Smart Sensor) e ceH3op Koj MpoM3BedyBa EIEKTPHUCH H3JIe3 KOra € BO
KOMOMHAIIMja CO EJIEKTPOHCKH KOJia 3a IOBpP3yBambe, BCYIIHOCT TOa € KOMOHWHAIMja OX JBETe:
npumapeH cenzop u akryatop. Co apyru 300pOBH, akO ce€ HMCKOMOMHHMPAaT CEH30p, aHaJOTHO
uHTepdejc-KO0JI0, aHATIOTHO-TUTUTaeH KOoHBepTop (A/J] KOHBepTOp) M MarucrpayieH uHTepdejc BO
€ITHO 3a€IHUYKO KYKHIITE, TOOMBaMe maMeTeH ceH3op [2].

[TamerHuTe ceH30pHM OBO3MOXKYBaaT MONPENU3HO M aBTOMATCKO COOMpame Ha IMOJATOLH 3a
OIKPY>KYBAam-ETO CO TIOMaJl HETATHBEH IIYyM Mery Mpenu3Ho cHuMeHnTe napopmannn. OBue ypenu ce
KOpHUCTAT 32 MOHHTOPHHT M KOHTPOJIa HA MEXaHU3MHU BO IIMPOK CHEKTap Ha CPEIWHU, BKIYIyBajKH
MaMETHU MPEXH, UCTPAXKYBaha U TOJIeM Op0j HAYYHH aruTHKaIIHH.

Kako MuHMMalieH, OIHOCHO NpH H300p Ha HajMan OpOj KOMIIOHEHTH, IMAMETHHOT CEH30p €
HaIpaBeH 0] CEH30pP, MUKPOIIPOLIECOP U HEKOj BHJI HAa KOMYHHKAIIMCKa TEXHOJIOTH]ja.

ITokpaj TpuUMapeH CEH30p, MaMETHHOT CEH30p MOXE Ja BKIydyBa W TojeM Opoj Apyru
KoMIToHeHTH. [ToMel'y OBHE KOMIIOHEHTH ce BOpOjyBaar TpaHC(hOpPMAaTOPH, 3aCHIyBadH, KOHTPOIIA Ha
BO30Y/lyBamETO, aHAJOTHW (QUATPH U Kolla 32 KoMIeH3anuja. [laMeTHWOT ceH30p, UCTO Taka,
BKJIydyBa COPTBEpCKH AcPUHHpAHH €IEMEHTH Kou 00e30emyBaaT (DYHKIIMHM KaKO KOHBEp3Hja Ha
MOJATOLN, IUTHTATHA 00paboTKa ¥ KOMYHHMKAIHja O HaaBOpeIHu ypenu [3].

Ha cnuka 1, nanena mojony e mpercTaBeHa reHepaiiHaTa apXUTeKTypa Ha elIeH MaMeTeH CeH30p.

Control Control
Functions :

Temperature

P & S

m' oo Analog ControlF eedback

Raduon, Sensor Interface ASIC

Cinka 1. I'eHepaiHa apXMTEKTYpa Ha eJleH aMeTeH CeH30p

[TamerHuTE CEH30pH C€ CEH30PH CO HMHTEIPHpaHa EIEKTPOHHKA KOH C€ pa3IMKyBaaT OJ
OCTAQHATUTE CEH30PH IOpaJIyl TOa IITO MOXE J[a M3BPIIyBaaT €IHA MM MOBEKE Pa3IM4HH (YHKIUH
KaKo IITO ce:

- KOHBEp3HWja Ha IOJaTOLHN

- JIBOHAcOYHAa KOMYHHUKAaIHja

- JIOHECYBam€ OITYKU

- U3BPIIYyBambe HA JIOTUYKU OIEPaLH
- kaymOpanmja
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2.1 TunoBu NamMeTHU CEH30pH
[TameTHHTE CEH30pU MOXKE J1a ce TOJeNaT Ha:

- XuOpuaHu NaMETHU CEH30pH, MpeTcTaBenu Ha Cruka 2
- Wurerpupanu namerHu ceHzopu npercraBenu Ha Crmka 3 [2].

bus bus bus
digital digital

1| anatog I [11] M digital

analog analog

sensor sensor

encapsulation

Cauxa 2. Tpu pa3nuynu BHI0OBM Ha KOHGUIypanyja Kaj XuOpMIHH NaMeTHH CEH30PH

QT

Cimnka 3. UHTerpupaH naMeTeH CeH30p

2.2 HHTeJMTeHTEeH MpeKeH CeH30pH

Wurenurenten mMpexen censop (Smart Grid Sensor) e mai, JieceH ja3oi IITO CIYXH Kako
CTaHMIIA 32 JETEKIHja BO €JHA CEH30pCKa MpeKa. VHTETMIeHTHUTE MPEXKHHE CEH30PH OBO3MOXKYBAat
JAJICYMHCKO CJIEJEhEe Ha OlpeMara, Kako INTO Ce€ TPaHC(HOPMATOPH W EIEKTPUYHH BOIOBH, KaKO W
yIIpaBYBambe CO PECYPCHUTE Ha IobapyBayKa Ha eHa eHEepreTcKa maMeTHa MpeKa.

VHTENMreHTHUTE MPEKHU CEH30PH MOXKE []a Ce KOPHCTAT 3a CIIECHhe Ha BPEMECHCKHUTE YCIIOBH U
TeMITepaTypara Ha eIeKTPHYHHTE BOJOBH, IITO IMOTOA MOXKE [a C€ KOPHUCTH 3a IPECMETYBAame Ha
KanamuTeToT Ha MPEeHoC Ha BogoBuTe. OBOj MpoIleC ce HApeKyBa PEjTHHT Ha JMHAMHYHA JIUHI]A U UM
OBO3MOKyBa Ha CHEPreTCKHTE KOMITAHHH [1d T'O 3rOJIeMaT IPOTOKOT HAa EHEpruja Ha IOCTOjHUTE
nanekyBoau. VIHTEIUTeHTHUTE MPEKHH CEH30PH KMCTO Taka, MOXE Jid ce€ KOPHCTAT BO JIOMOBHTE U
OM3HKCOT, CO IIENT 3roJIEMyBambe Ha eHepreTckaTta epukacHocT [4].

3 CO NINIPUMEHA HA HAMETHH CEH30PU 10 IIOI'OJIEMA EHEPI'ETCKA
E®PUKACHOCT

3roneMeHara riiobaHa nodapyBauka 3a eHepruja 1 Op30-MCLPIyBauKUTE IPUPOIHH PECYPCH HA
HallaTa IJIaHeTa IPETCTaByBaaT rojieM NPEeIu3BUK 32 YOBEIITBOTO, U OJ] BUTAJIHO 3HAUCHE € YOBEKOT
Jla Tpe3eMe 4YEeKOpU 3a pellaBakbe Ha OBOj NpeAu3BUK. Hajromemuor xmen on emucuuTe Ha
CTaKJICHHWYKH TacCOBH BO MOMEHTOB C€ NPOM3BEACHH OJI €HEPreTCKHOT CEKTOp, a PEIICHHETO Ha
BaKBHOT INpoOJieM Io Haofame BO e(UKAacCHHUTE CHCTEMH, M JaBaMe Halopu 3a  3HAYUTEIHO
nogoOpyBame Ha TIJI00aJHMOT EHEPreTcKW OMJIAHC M TNPHJIOHEC BO 3aIUTHUTAaTa HA JKUBOTHATA
cpenuHa. Ilpeky eHeprercku epUKacHM alUIMKALMH, MOXKEME Jla C€ CIPOTHUBCTaBHME Ha IOCTOjaHO
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pacTeukarta MOTPOIIyBayka Ha €HEpPruja BO IETHOT CBET, HCTOBPEMEHO HAMATyBajKH TW INTETHHUTE
eMHUCHH, KaJi¢ IITO TojeMa yjaora Urpaar MmaMeTHUTE CEH30pH BO CIEKTPUYHHUTE YPEAU, MAIIUHU W
armapaTH 3a OPXKIIMBO U epUKACHO yIpaByBambe CO EHeprujara.

3.1 TIlameTrHM JOMOBH

Konrnenrtor Ha ,,TaMEeTHU JOMOBH' C€ 3aCHOBA Ha JUTHTAIHO BMPSKYBakhe U aBTOMAaTH3aIlMja Ha
JIOMOBHUTE W € €llHA OJf HajaKTyelIHUTE TEMHU Ha JeHemHuIaTa. [IpBo, yrpaByBameTo CO €Hepruja
JIO3BOJICHO OJi HOBHM TEXHOJOIMH IIOMara BO HaMalyBalme Ha IOTPOIIyBadyKaTa Ha eJIEKTPHYHA
SHEepruja Bo JOMaKMHCTBATa U TpaJekHUTE 00jekTh. MejaTa e Ja ce KOHTpoMpa eHeprujaTa ITo ce
KOPUCTH CO aKTUBUPAHC/JCAKTHBUPA-E HA CBETIIaTa, CHCTEMUTE 3a I'Peckhe M KJIMMaTh3allija U CUTe
amapartu OJarofjapeHue Ha KOMyHHKalujaTta co JIpyra onpemMa Kako IITO ce€ MaMeTHH MPO30pLH M
JISTEKTOPH 3a IPUCYCTBO BO PeajHO BpeMe, Ha aBTOMATCKM HAYWH WJIM, JIOKOJIKY € IOTPEOHO, MPEKy
JalICYNHCKO YIpaByBame . BToOpo, eHeprerckara epuKacHOCT € IMOBp3aHa CO HMHIMKATOPOT 3a
MCKOPUCTEHOCT IITO OTKPHBA 3aryda Ha eHepruja 3a HeMCKOPUCTEH mpoctop [5].

ToxMy BO eleH BakOB IAaMETEH JOM, MMAaMETHUTE CEH30pH ja HaoraarT cBojaTa MpPUMEHA BO
MOHUTOPUHTOT M (DYHKIIMjaTa Ha eNEeKTPUUHUTE ypeau. Taka Ha MpUMEp COBPEMEHHTE pa3MeHyBauH
Ha TOIUIMHA W KJIMMa YPeIuTe HU J03BOJYBaaT Ja ja HaMaJMMe TOTPOIIyBadyKaTa Ha eHepruja U aa
3amTeiMMe Mapy, UCTOBPEMEHO ONTUMH3HMPAJKH ja KIIMMAaTa BO BHATPEIIHOCTA HA HAIIMOT JIOM WU
KaHIIeIapuja co MOMOIII Ha MTAMETHUTE CEH30pPH 32 MEpPEH-¢ Ha TeMIIepaTypa M BIaXKHOCT Ha BO3AYyXOT
BO npoctopujata. CeHzopuTe mnak, 3a nudepeHiidjajieH MPUTUCOK CO3/aBaaT KOHTHHYHMPAH MPOTOK Ha
BO3[yX BO CHCTEMOT 3a BEHTWJIAIM]ja, IIITO 3HAYU [IeKa SHEeprujaTa COAp)KaHa BO M3IYBHHOT BO3IYyX
MOXKE Jla ce MpeHece Kako pe3epBa Ha BO3AyX. JIOKONKY pE3epBHHOT BO3AyX € IOTOMON O]
TeMmIlepaTypaTa Ha BO3yXOT BO IPOCTOpHjaTa, TOj CE Jau CO IOMOII Ha OBOj TpaHchep Ha eHepruja;
BO CIIPOTHBHO, aKO € IIPEMHOTr'Y JIajieH, Toj ce 3arpeBa. OBa ja emuMuHUpa motpedaTa oj] HaJBOPEIIHU
M3BOPH Ha CHEpruja 3a ONTHMAIHO yOJia)KyBame Ha BIC3HUOT BO3ayX [6].

[NamerHuTe MOMOBH CO CBOjaTa TEXHOJIOTWja 3HAYWTENHO TO MOJ00pyBaaT KBaJHUTETOT Ha
JKHBOTOT Ha JKHTEIUTE W ja 3rojieMyBaaT 0e30emHOCTa BO JIOMOT, a MCTOBPEMEHO ja 3ToJIeMyBa
eHeprerckara eyHKacHOCT.

Ha crnuka 4 pmanena mopmony ce NMPHKaKaHU OYEKYBAHUTE 3aINTECAM HA CHEPrHja MPU E€IHO
HCTpaXKyBame 0] 00JIacTa Ha IMaMETHU TPaJekKHU OOjeKTH, KaJile MOXe Ja ce 3abelexu JeKa co
yrmorpebaTa Ha MMaMETHUTE CEH30pH MOXe Jia ce JocturHe u a0 60% 3amrena Ha eHepruja 3a
OCBETIyBame U 10 5-15% 3amrena Ha eHeprujaTa 3a Jafemne, BEHTUIAlN]ja U IPEcke.

Annual electricity use in commercial buildings Save 60% of lighting energy
35 p— Save 5-15% of HVAC energy
30 p—
26.1%
25 p—
20—
15 p—
10— 5.8%
5 b—
0
Office Other
Equipment

Cauxa 4. Pacnpenesida Ha KOPHCTEHETO HA €HEPruja BO 3rPauTe U 0YeKYBAHM 3a1UTeIN
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3.2 IlaMeTHHU ceH30pH 32 e)UKACHO HCKOPUCTYBaH-€ HA COJIAPHA eHepruja

VYiuTe eaHa 00JacT Ha MPUMEHA Ha MAMETHUTE CEH30pH CO el e(pMKACHO MCKOPUCTYBAmbE Ha
eHeprujara, € 00JacTa Ha colapHaTa eHepruja Koja CeKOjJHEBHO CTaHyBa C€ MOAKTYeIHa.

3a e/jHa KOHBCHI[MOHAIHA COJIapHA HU3a, IOTOYHO HK3a O]] CONIAPHU MaHEeNt, Jia MOXKE MPABHIHO
Ja paboTH CUTE MOSIUHEYHHU MaHEU BO HHM3aTa Mopa Ja J0o0HujaT IeJI0CHA COHYEBAa CBETJIMHA. AKO
JIeN OJ1 HU3aTa € 3aCCHYCH MJIM Ha HEKOj YT HauWH OLITETEH, U3JIe3HaTa MOKHOCT Ha IleaTa Hu3a -
JypH M O]l OHWE JIEJIOBU IITO CE YINTE Ce M3JI0KCHH Ha COHYEBA CBETJIMHA - € HamalsieHa. [Ipuroa,
Hen30EeKHO € TIOCTOCHETO Ha TaKaHapeueHUTE Bapujalu 3a yOuBame Ha edukacHocTa Mery
nanenute. Kora oBue Bapujaluyd NMOMHUHYBAaaT HEOTKPUECHHM M HEKOPETUPAHH, PE3yITaTOT € JieKa
3HAYMTENIHA KOJIMYMHA Ha CHEprja M mapu e "ocTaBeHa Ha MOKpUBOT". 3a Taa men, moTpeOHH ce
ypeIu 3a CIelCHhe CO BUCOKA PE30iylMja M JUjarHOCTHYKH ajlaTKh 3a Jla Ce M3BJIeYaT Mmojo0pu
neppopMaHCH O] COJIAPHUTE HU3M, KOU MOXKE Jla COIPIKAT JICCETHIIN, CTOTHIIH, 11a IypH U WIjaJHUIIA
MHIUBHyaHH TaHenu. JIOKoJKy ce cobepar moaaToiuTe O CEKOj OJf THE MaHeH, Toa MOXe Jia ce
MCKOPUCTH 3a J]a Ce ONTHMHU3Mpa H3Je3HaTa MOKHOCT Ha IeflaTa HHU3a BO TEKOT HA HEJ3UHHUOT
kuBoTeH Bek. CrocoOHOCTa Ja ce 3aJpKd HU3aTa Ha MaKCHMajlHa eHeprercka e(UKacHOCT
3HAYUTEITHO TO 3roJIeMyBa HEj3MHHUOT IMOTEHIIM]jaJl 3a MPOU3BOACTBO Ha eHepruja.OHa mTo € moTpedHO
€ HaYMH Ha KOj MOXKE J1a ce MJCHTH(UKYBAaT MaHEIU CO Pa3IMYHU HATIOHCKH KapaKTEPUCTUKH 3a
BpeMe Ha paborata Ha Hu3ara. [[03HaBambETO HAa M3JIC3HUOT HAIIOH HA MH/MBUIyATHUTE TIAHEITH € O]
rOJIeMO 3HAYCH€ 32 CONCTBEHUIIUTE U OIIEPATOPHUTE HA COJTAPHUTE HU3H, OM/ICjKH UM OBO3MOXKYBA J1a
nuAeHTH(PHUKYBaaT KOM MaHEIH ja CIyIITaaT epUKACHOCTA Ha HUBHHTE COJAPHU CHUCTEMH. Bo 0BOj
MOMEHT Ha CI[eHA CTaryBaaT MAMETHUTE CEH30PH.

[NamerHuTe ceH30pM KoM ce ymoTpeOyBaaT TyKa, OBO3MOXKYBaaT Op30 JMjarHOCTUIUPAE Ha
Hee(MKacHOCTa M M3TYOCHUOT KallalMTeT 3a TeHepUpame NMPEKy Mepeme Ha HAMOH KOj € TeHepupaH
O]l MHJWBUyaTHUTE COJApHU MaHeId W TPEeKy MOHUTOPUHT Oajrnac auomu. OCBEH Toa, CEH30pUTe
KOMYHHIIMPAAaT MPEKy eJHOCTaBHA Marucrpaja 3a HHUCKU MPOTOYHU Op3uHH. [laMeTHUTEe CeH30pU To
MepaT HaIllOHOT Ha MHAWBUYaJTHUTE COJApHU MaHeNr BO eHa Hu3a. Ha cinyeH HauwH, THE MOXeE Ja
ce IpUMEHYyBaaT U 3a Mepemhe Ha JPYTH M3BOPH Ha HAIIOH IITO CE€ MOBP3aHM BO CepHja, KaKo IITO Ce
Mepeme Ha HAallOH Ha TIOEAMHEYHH O0aTEepHH BO €HO HETIPEKHMHATO HAIOjyBamhe WIIH XUOPHUIHO BOZHUIIO

[7]1.
3.3 TlameTHM ceH30pH BO APYIru 00J1aCTH

IMokpaj ropeHaBemeHuTe yNOTpeOM HA TMAMETHUTE CEH30PH CO IIeJ 3roieMyBame Ha
eHeprerckara epuKacHOCT, THE ja HaoraaT CBOjaTa MPUMEHA U BO:

- aBTOMOOWJICKaTa WHIYCTpHja KaKO COCTaBEH JE] Of CHCTEMOT 3a BEHTWIANMja U JIaJere.
JIOTIOTHHUTENHO, eIEKTPUIHUTE ABTOMOOMIIM BO KOU ITaMETHHUTE CEH30pH 3€MaaT Cé TOroIeM
3aMaB Cc€ 3HAYUTEIHO EHEPreTCKH Moe(UKacHW BO OJHOC HAa KOHBEHIMOHATHHTE BO3HJIA.
EdwukacHocta Ha enexTpuyHHTE aBTOMOOMIM aocturHyBa 80% mo 95%, monexka mak BO
aBTOMOOWJITE CO MOTOpP Ha BHATPENIHO COrOpyBame ce Jo0mBa camo okomy 25%
eUKacHOCT BO Tpocek. BoeaHo, maMeTHUTEe aBTOMOOWIIM MMaaT OMIHja 33 CKIaJAuparke Ha
eHepruja Koja ke MoXKe Ja ce ynorpedyBa BO MOMEHTOT Kora € oTpe0Ha, a Ce O/UIMKyBaaT u
CO MUHHMMAITHO 3araJ{yBarmbe Ha )KUBOTHATA CPEHHA.

- CEH30pPH 3a NIPHUCYCTBO, BrpaZieHH BO YPEIWTE 3a OCBETIyBame- NPHCYTHH HaceKalae BO
HAIlIeTO CEeKOjAHEBHE, CO 4YHja ITIOMOII CE HamajyBa IIOTPOLIyBaykaTa Ha eJIEKTpUYHA
SHEepruja u ce 3rojieMyBa )KMBOTHHOT BEK Ha YPEINTE 32 OCBETIYBAHE

- BO MallMHUTE 33 Nepeme, MAIIMHUTE 33 CYIICHhEe M MAIIMHUTE 33 MHEHE CaJloBH, KaKO U
eJIeKTpUYHNTE 00jIepH, PEpPHH, IINOPETH U JAPYTH anapaTtu BO JOMAaKHHCTBATa KOM MOXKE Jia
ce KOHTpOJIMpAaT NpeKy aluldKalWja WHCTaJMpaHa Ha NaMereH TenedoH, Koja BKIydyBa
KOMYHHKaIIHja CO CEH30pH 32 TOIUIMHA, IIPUTHCOK U CINYHO.

- CEH30pH 3a BIara, BrpaJieHH BO (PIDKUIEPHUTE, KOU C€ HAMEHETH 3a OJIpeayBame Ha HUBOTO
Ha BI@XKHOCT BO JICNIOT 3a YyBame Ha OBOIIje M 3€ICHYYK, OJAPXKYBajKl THW CBEeXHU Oe3
KOHCT@HTHO aHTKHPame Ha JIONOJHUTEITHH YPEIH U eJIeKTpHYHA SHEeprija

- 3eM]jOJeNICTBOTO
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®  BO CHCTEMHTE 32 aBTOMATCKO HAaBOJHYBAIhC
e kako coctaBeH jaen ox comapuute cymapu co SMART CONTROL onmwmja, xane
BHATPCIIHUTE CICKTPUYHH TPEjaud U BEHTUIIATOPU MOXKE Jla C€ KOHTPOIUPAAT MPEKY
aruIMKanuja oj OMiIo Koj maMeTeH Tened) OH
- BO METPOJIOIIKUTE CTAHUIIH

4 3AKJIIYYOK

ABTOMaTH3alMjaTa HE MOXE Jla ce 3aMuciu 0Oe3 mamerHUTEe ceH3opu. OBHE CEH30pH ce
MOTEHIIMjATHO MOEBTHHH, HYIAT MOBHCOKH Tep(OpMaHCH M CUTYPHOCT M CE€ MHOTY IOMalH MO
TOJIEMHHA O]l HUBHUTE AMCKPETHU NIBOJHUIM. THe ce MpUCYTHU M MPUMEHETH BO Pa3HH aILTUKAIIHH,
BKITy4YBajK{ MPEBO3 M 3/paBCTBEHA 3aIITHUTA, JOMaKWHCTBA, )KUBOTHA cpeAnHa, paOpuKy, YUUIIMIITA,
3eMjoJIeNICKa MHYCTPHja U BO TOJIEM JIeJl TO UCTIONTHHUIIE CBOETO BETYBAhE.

CurHanurte TOOMEHH O] CEH30pUTE MOXKAT JIa C€ 3acujiaT U COOJBETHO Jia Ce Mpollecupaar, ce
MYJITUIUIEKCUPaaT M ce MOJAroTByBaar 3a Ja oujar npudaTeHd 0] MUKPOMPOILECOPOT Ha CEH30POT.
Tue ucTto Taka HyJgaT CTaHJApPJCH MPOTOK HAa IMOAATOM 3a KOPUCHHKOT, CO IITO MpPaBaT LEIUOT
YyBCTBHTEIIEH MOJIYJI JIa CE OJJHECYBa KaKO CHCTEMCKa repudepuja, a He TacCUBHA KOMIIOHEHTA.

HpeILHOCTI/ITe Ha MaMCTHUTE CCH30pU JOMHHHpAAT HaJAd HHBHUTEC HCEIOCTATOLU. Haxo
I/IMHHCMCHTaHHjaTa Ha TMMaMETHUTEC Yp€au, CUCTEMU W amnapaTtu HEKoram Cc€ IIOKa)XyBa KaKo
3HAYMUTEITHO cKamna oj (MHAHCHCKH acleKT, Celak ako ce pasriela JIOJNTOPOYHHOT TUIaH ce JoOHBa
MMO3UTHBHA MPECMETKa BO OJHOC HAa (PMHAHCHUHUTE U ce pa30dupa, eHeprerckara epukacHoct. Crenejku
r'o TaKBOTO pa3MHUCIyBamk-¢ HHBHATA MPUMEHA € cé T03acTalieHa BO HAIIETO CEKOjJJHEBHE M YOBEKOT
BEKE PEYUCH U He MOXKeE JIa TO 3aMHCIIH CBOjOT )KUBOT 0€3 TIOMOIITA O] [TAMETHUTE CEH30pH.

) BJATOJAPHOCT

bu cakama nma ce 3abmaromapam Ha Mojor MeHTop [om. [[-p Mape CpOuHOBCKA, 32 COBETHUTE,
MaTepHjaINTE U MOAIPIIKATA IIPH ITUIITYBakhE Ha OBOj TPYI.
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APPLICATION OF SMART SENSORS IN ENERGY EFFICIENT
ELECTRICAL DEVICES, MACHINES AND APPLIANCES

ABSTRACT

The world around us changes every day in terms of the technology that has occupied, but also
facilitates our everyday life. In this modern world in which we live today, surrounded by increasingly
newer electrical devices, machines and appliances, people are more and more focused on finding new
ideas for greater energy saving and are searching for alternative ways to produce and smartly use the
energy.

Smart sensors with their significant characteristics have a role in monitoring, recording and
analyzing of the important parameters of energy, such as voltage, current, power and its factor, and
enable process management, alerting and acting on the basis of measurements, as well as telemetric
reading and entering data using the Internet. Every day they are more and more present and are used
exactly in energy efficient devices, machines and appliances, in order to reduce consumption and save
energy. The smart houses and buildings, the devices that we use daily, as well as smart cars are the
current topic of today, and their functioning is based on built-in automation systems and management
under given conditions - smart sensors.

The focus of this paper is put on the application of smart sensors in the management of electrical
devices in our everyday life, including administrative facilities, automotive industry and even
agriculture, which provides the opportunity for a significant reduction in the utilized power and an
increase in energy efficiency.

Key words: energy efficiency, smart sensors, administrative facilities, automotive industry,
agriculture, energy efficient devices, machines and appliances, smart houses and buildings
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EQUILIBRIUM ADSORPTION OF CARBON DIOXIDE ONTO ZEOLITE
SORBENTS OBTAINED FROM SOLID WASTES

ABSTRACT

Currently, 85% of the energy production worldwide occurs in fossil-fueled Thermal Power Plants
(TPPs) that burn coal, fuel oil and natural gas. These plants are sources of 40% of the total CO;
emissions. Among them coal-fired TPPs have the largest contribution. That predetermines the recent
intensive research and development effort for technological solutions for limiting CO, emissions from
combustion. For the purposes of industrial applications, post-combustion CO; capture (PCC) based on
physical adsorption has the highest potential. In the search of new solid-phase sorbents for development
of PCC technologies, the zeolites are investigated as well. High porous zeolites are synthesized from
coal combustion solid residue, so called fly ash (FA). Development of a technology for FA conversion
into zeolites with subsequent application for CO, adsorption would provide solution for the two major
issues standing before contemporary coal-fired TPPs: CO, capture and FA disposal.

In this study, the equilibrium adsorption in CO.-fly ash zeolite (FAZ) system is investigated.
Zeolites were synthesized from lignite coal FA by three different laboratory techniques: hydrothermal
activation, double-stage fusion-hydrothermal synthesis and self-crystallization. Coal-derived zeolites
were studied with respect to their specific surface and porosity by model studies of their nitrogen
adsorption/desorption isotherms at cryogenic temperatures. The measurements were performed using a
volumetric adsorption analyser Tristar 11 3020, Micromeritics. Samples were preliminary degassed at
260 °C for 4 h under helium flow in FlowPrep 60, Micromeritics.

The adsorption of CO, was measured in 25 experimental points in the relative pressure range
p/pe=0.001-0.03, where po is the CO; saturated pressure (3485.6769 kPa at the temperature of analyses
at 0 °C). The experimental isotherms were mathematically analysed for reliable fitting to the existed
adsorption models.

Keywords: greenhouse gases, carbon capture technologies, adsorption, fly ash zeolites

1 INTRODUCTION

The atmosphere allows most of the visible light from the Sun to pass through and reach Earth’s
surface, which is thereafter radiated back to space as infrared radiation. This radiation, unlike visible
light, tends to be absorbed by trace gases in the atmosphere with certain chemical properties - the so-
called ‘greenhouse gases’, mainly carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O). The
greenhouse gases emit the same amount of radiation they absorb and this radiation is emitted equally in
all directions which leads to raising the temperature of the Earth’s surface and lower atmosphere.

Among all greenhouse gases, CO, is emitted in the highest quantity and has the highest
contribution to the greenhouse effect [1]. Currently ~85% of the global energy production takes place
in fossil-fuel Thermal Power Plants (TPPs) that burn coal, fuel oil, and natural gas. Those fuels are
responsible for ~40% of the total CO, emissions, as the coal-fired power plants have the largest
contribution [2,3]. That has recently driven an intensive development of technological solutions for
limiting CO, emissions exhausted from combustion into the atmosphere. Different approaches are
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considered for CO> mitigation, such as: improvement of energy efficiency of power plants, increase of
the yield of low-carbon fuels, deployment of renewable energy sources, solar, wind, hydro-, bio- and
geo-energy, production of hydrogen fuels, development of new generation Nuclear Power Plants, and
implementation of CO; capture, utilization and storage (CCUS) technologies to power plants.

Therefore, carbon capture and utilization (CCUS) technologies are of great interest of both industry
and science. CCUS technologies consist of the following process consequence:

- Capturing of CO; from flue gases;

- Release of pure concentrated CO; flow;

- Compression of CO; below the triple point to liquefaction (95 % of purity, 110 bar)

- Transporting of CO- via pipeline systems or other transportation manners;

- Utilization of CO; for production of chemicals, enhanced oil recovery, production of biodiesel,

etc.

- Storage of CO; underground in geological rock formations or in deep saline aquifers.

The three main directions for technological development of CCUS technologies are oxy-fuel
combustion, pre-combustion capture and post-combustion capture.

Oxy-fuel combustion is the process of burning fuels using pure O (a product from a cryogenic air
separation) instead of air as the primary oxidant. As a result, N, and NOy are eliminated from the flue
gas emitted in the atmosphere.

Pre-combustion capture involves conversion of solid fuel into gaseous fuel, so called “syngas”, by
applying heat under pressure in the presence of steam, oxygen or mixture of steam and oxygen. The
syngas is consequently used to fuel a gas turbine generator to produce electricity. An overview of the
technological possibilities for CO- capture is illustrated in Figure 1.
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Figure 1. Technical options for CO capture from coal-power plants

The two technologies require construction of novel types of combustion plants, while in the already
existing TPPs only post-combustion CO- capture technologies (PCC) are applicable.

PCC is based on CO; separation from the flue gases by selective capture with physical or chemical
sorption. Nowadays, amine solutions are mostly used for achieving CO- capture in technological scales.
The main disadvantages of this method are the high temperature of thermal CO; desorption and
absorbent recovery (above 120 °C) for the monoethanolamine (MEA) and the ecological divergence of
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the reagents. As an alternative to that technology comes the development of solid sorbents with highly
expanded surface which are able to regenerate by releasing the adsorbed CO, with less energy
consumption and represents an environmentally friendly approach.

Zeolites are a large group of aluminosilicate natural or synthetic minerals which are characterized
with unique porous structure that determines their good potential for adsorption and desorption. The
holes in the structural network for different zeolite types differ in shapes and sizes allowing them to
separate selectively gaseous mixtures acting as molecular sieves.

In order to study zeolites’ properties, we should be able to understand the differences between
adsorption and absorption phenomena. Adsorption takes place on the surface of a solid as physisorption
—when there are Van der Waals interactions involved between solid surface and adsorbate’s molecules
(gases or liquids), and as chemisorption — when the physical process is followed by a chemical
interaction. The opposite process of liberation of the solid surface is desorption. The desorption can be
stipulated by increased temperature (Temperature Swing Adsorption, TSA) or by lowering the
adsorption pressure (Pressure Swing Adsorption (PSA) or Vacuum Swing Adsorption (VSA)). As a
rule, the desorption process is more energy effective when physical sorption performs.

The purpose of our research is to investigate zeolites synthesized from fly ash (FA) with high
porosity and good surface characteristics in terms of their equilibrium CO; adsorption capacity. The
development of technology for CO, capture by coal fly ash zeolites (FAZ) will contribute for finding
decisions of two main ecological problems of significant importance for coal supplied TPPs — utilization
of solid residues and implementation of low-carbon process.

2. EXPERIMENTAL PROCEDURE

The zeolite samples in our research are synthesized from coal fly ash from TPP “AES Galabovo”
which is one of the biggest combustion installations in Bulgaria supplied by domestic lignite coals from
“Maritza-East” basin. The coal ash derived zeolites were preliminary prepared by alkaline activation
under different experimental conditions summarized in Table 1. Three laboratory approaches were
applied for conversion of fly ash into zeolites: hydrothermal activation (H-samples), double-stage
fusion-hydrothermal activation (FH-samples) and atmospheric aging (AS-samples).

Table 1. Synthesis condition of FAZ

Composition of the Ultrasound
Sample | reaction mixture in 100 | homogenisation, | Ts*, °C Ts* Te,°C T
ml distilled water min
H1 | P9FAT10gNaOH+5g 15 90 4h N/A | N/A
NaCl
H2 59 FA + 10 g NaOH 24 90 4h N/A N/A
FH1 59 FA + 10 g NaOH 48 90 4h 550 1h
59 FA + 10 g NaOH + 5¢g
FH2 N&,COs 48 90 4h 550 1h
FH3 59 FA + 10 g NaOH 15 90 4h 550 1h
AS1 69 FA + 10 g NaOH N/A ~20 | 330days | N/A N/A
* T, — synthesis temperature; 1s- synthesis duration; Ts-fusion temperature; 1+ — fusion
duration;
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Surface studies and CO; adsorption tests were performed using surface and volumetric adsorption
analyzer Tristar 11 3020, Micromeritics. The adsorption and desorption processes are studied through
evaluating of equilibrium state of the system gas-solid and obtaining of experimental isotherms as the
sequence of the process shown in Figure 2.
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Figure 2. Sequence of experimental work for obtaining isotherms with the Surface Area
and Porosity System Micromeritics’ TriStar 11 3020

Surface studies of FAZ were performed measuring experimentally the adsorption/desorption
isotherms with working gases N2 and carrying gas He of analytical purity (5N) at cryogenic temperature
of 77 K ensured by liquid nitrogen. The measuring consequence is illustrated in Figure 3. The
investigated zeolite samples are filled in special tubes, where they are degassed in a set-up FlowPrep
60, Micromeritics at 260 °C for 4 h under He flow from hygroscopic moisture and atmospheric gases.
The samples are weighed with analytical scales (+0.0002 g) before and after degassing, and thereafter
are loaded into TriStar Il 3020 and evacuated to 0.133 Pa. The adsorption and desorption experiments
were performed at 92 points in the range of p/p,=0.0002-0.996 where the p¢=94.9 kPa is the N saturated
pressure at 77 K. The po was measured in the specialized tube equipped with pressure sensor for every
experimental point from the isotherm.

BET specific surface areas (Sger, m?/g) were evaluated applying the multi-point Brunauer—
Emmett-Teller (BET) model for description of the experimental nitrogen adsorption data in the range
of relative pressures p/po corresponding to formation of monolayer. Mesopore distribution for the
investigated FAZ was studied from the desorption branch of the isotherms by the Barrett-Joyner-
Halenda (BJH) model.
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Figure 3. Laboratory consequence of the surface studies of coal ash zeolites.

For CO; adsorption tests, gaseous CO; of precisely regulated pressures was carried out through
laboratory tubes loaded with synthesized coal ash zeolites. The adopted quantity CO, was measured
against the established equilibrium pressure. The synthetic zeolites are characterized by the
experimental adsorption isotherms in equilibrium conditions as a function of the working gas relative
pressure p/po, Where po is the CO, saturated pressure. The isotherms are plotted by measurements in
sets of 25 experimental points using the analyzer TriStar 11 3020, Micromeritics. The experiments were
performed with CO; gas of analytical purity (3N) at a constant temperature of 0°C in the relative
pressure range p/po = 0.001-0.03 (po=3485.6769 kPa at 0 °C)

3. RESULTS AND DISCUSSIONS
N-adsorption/desorption isotherms

N-adsorption/desorption isotherms represent the function between the amount of the adsorbed gas
(mmol) by unit mass of solid (g) and the relative pressure p/po, which is the ratio between the
equilibrium pressure (p) and the saturation pressure (po) at T=77 K. Typical adsorption/desorption
isotherm of FAZ is presented in Figure 4 compared to standard stages of gas adsorption onto solid
surface. With increase in pressure of the working gas the adsorption stages are registered on the graph.
In point A is the beginning of the process of adsorption, while area A-B corresponds to the formation
of molecular monolayer on the solid surface. As it can be registered on the graph, this occurs at low
relative pressure p/po=0.1, which proves the fast kinetics of the physical process. Linear area B-C
corresponds to multilayer adsorption up to the inflex point C, which puts the beginning of capillary
condensation (C-D). Indication for capillary condensation is the hysteresis area (B-C-D-E) formed by
the adsorption and desorption (D-E) isotherms.

The experimental isotherms of the all investigated FAZ are plotted in Figure 5. FAZ exhibit isotherms
very close to type IV according to the IUPAC classification (1985) [4]. This shape of isotherms
describes typical adsorption/desorption behavior of solid materials with a mixed micro- and mesopore
structure. The presence of mesopores facilitates the gas adsorption/desorption phenomena for these type
of materials. The obtained isotherms have similar behavior in the low p/po range (0.00-0.15) as the
intensive adsorption is related to the micropores filling. The highest yield of micropores is expected for
the sample H1 obtained by hydrothermal activation because of the strongest adsorption in the monolayer
region. In the middle pressure region up to p/pe=0.75 the adsorption at all samples increases
continuously. The adsorption/desorption isotherms describe hysteresis loops which is attributed to the
presence of mesopores in the structures. At the high relative pressures, intensive and fast adsorption is
observed due to the presence of macropores and high intercrystalline space. It is strongly expressed at
sample FH1 obtained by double stage fusion-hydrothermal synthesis. Less share of macropores is
expected at the sample AS1 obtained under atmospheric aging of the reaction mixture.
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Figure 4. Typical adsorption/desorption isotherm of FAZ, stages of
processes and applicapibility of stantartized models
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The calculated surface characteristics and porosity of FAZ by the experimental data are listed in
Table 2. The BET model was applied in the pressure region p/p,=0.00-0.15 for all samples as the
calculations were performed in 5 experimental points. The BJH model was applied to the isotherms’
desorption branches for evaluation the pore size distribution. BJH plot represents the distribution and
the share of pores with defined width. BJH distribution for the sample H1 is shown in Figure 5. The
biggest share in the free volume of the structural network of FAZ H1 possess pores with 39.5 A in size.

Table 2. Surface characteristics and porosity of the synthesized FAZ

Sample H1 H2 FH1 FH2 FH3 AS1
Sget, m?/g 279,96 178,47 237,58 143,06 238,63 261,04
Smicro, M2/g 192,8 97,18 88,48 3,79 88,78 162,04

Sexternal, M?/g 87,15 81,3 149,1 139,27 149,86 99,04
Viota, cm®g | 0,2103 0,1662 0,2794 0,2163 0,2002 0,1908
Vmicro, cM3/g |  0,0764 0,0398 0,0375 0 0,0373 0,0659
Vimeso, CM3/g | 0,1339 0,1264 0,2419 0,2163 0,1629 0,1249
dmicro, A 13,812 13,29 12,56 9,885 12,098 13,65
Ameso, A 49,975 51,613 53,37 53,685 42,186 41.77

COgz-adsorption isotherms

The adsorption isotherms of all samples are plotted in Figure 6. The obtained isotherms are typical
for the CO; adsorption onto solids with mixed porosity [5]. The adsorption increases along with the
pressure as the micropore filling is established at low p/po. The isotherm of sample FH3 has a different
behavior with continuous adsorption at low pressures due to the stronger pore size distribution
established through N adsorption analysis. In the investigated pressure region the adsorption of CO;
continuously increases as the isotherms do not reach region with flat shape. In the studied pressure
range the maximal adsorption capacity is not achieved for all samples.
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Figure 6. Experimental isotherms of CO2 adsorption
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As the pressure of the flue gas emitted by the smokestacks is equal to the atmospheric, the
equilibrium adsorption capacity Cags of the synthesized zeolites at a pressure of 100 kPa is given in
Table 3. The highest adsorption at 100 kPa is achieved for the FAZ with bigger yield of micropores,
while at high pressures the stronger adsorption capacity probably will be observed at FAZ samples
possessing more meso- and macropores which could be predicted by computational models describing
the equilibrium processes with enough accuracy. It was found that the obtained experimental adsorption
isotherms of the investigated FAZ are in good agreement with the Langmuir model, described by the
following equation:

4 bP

Vo  bP+1

M)

Where Vo, mmol/g and b, kPa™ are adjustable parameters. These parameters are fitted to the
experimental data by mathematical iteration to R?=0.9998. The estimated parameters of the Langmuir
model are listed in Table 3.

Table 3. Adsorption capacity at 100kPa and Langmuir model parameters of CO2 adsorption onto FAZ

Sample H1 H2 FH1 FH2 FH3 AS1
Cass, MMol/gFAZ 2.115 1.725 1.501 1.108 2.423 2.462
Cass, MYIgFAZ 93.069 | 75918 | 66.044 | 48.752 | 106.612 | 108.328
Vo (mmol/g) 21419 | 1.8462 | 15028 | 1.1492 | 27459 | 2.4825
b (kPa™) 0.1568 | 0.0888 | 0.1525 | 0.0857 | 0.0630 | 0.1847

4. CONCLUSION

Coal ash-derived zeolites prepared by different synthesis procedures were characterized with
respect to their specific surface area values and pore size distribution by model studies of their
experimental isotherms. It was found that all studied fly ash zeolites are characterized with mixed
micro-mesopore structure but they differ each other in their pore size distribution functions. The
equilibrium adsorption studies of CO, onto FAZ in the pressure range up to 0.03 p/po reveal the highest
adsorption potential for the sample prepared by atmospheric aging obeyed by its biggest share of
micropores. The experimental isotherms in CO,-FAZ system are in good accordance with the
Langmuir’s computational model. The investigated FAZ reveal significant adsorption capacity towards
CO; even at low pressures which make them promising adsorbents for carbon capture technologies.
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MEASURES, METHODS AND NEW TECHNOLOGIES FOR THE
REDUCTION OF ENVIRONMENTAL POLLUTION

ABSTRACT

Exposure to environmental pollution is a major worldwide problem that involves huge risks of
demtrimental consequences to health, and causes more than 7 million premature deaths each year.
Risks usually are higher in developing countries and key factors contributing to higer levels of
pollution are poverty, lack of investment in modern technology and weak environmental legislation.
New and innovative ways pave the way to alleviating the problem. This paper will focus on cutting-
edge technologies and innovative projects that can help fight air pollution on a big scale and is an
attempt to address the current state of air quality in the Republic of Macedonia. The following
solutions will be examined: vertical carbon-dioxide-absorbing and oxygen-producing forests, air-
purifying towers of almost 8-km radius, pollution and smong vacuum cleaners pulling in and filtering
air contaminants.

Keywords: air quality, measures, methods, technologies, pollution
INTRODUCTION

The current state of the environment due to man-made pollution is alarming. It is a sad truth
that all life on our planet, animals and plants, are struggeling to survive due to the negligence and
careless of our civilisation. The wrenching photos we come accress on a daily basis of starving polar
bears on cracking ice-bergs, poised fish and turtles, stranded whales, and some many more are in fact
a reality that reflects our society. Living habitats of many animals are being destroyed at an
accelerated rate and animals are simply dying out: the world pollution statistics are straggering! The
Living Planet Index in 2016 showed that vertebrate populations are set to decline by 67% on 1970
levels by 2020, which means that in less than two years, we are going to lose more than two thirds of
the vertebrate animal population unless we take serious and urgent measures. Rivers and lakes are the
hardest hit habitats, with animals’ populations down by 81% since 1970, due to excessive water
extraction, pollution and dam construction. Exposure to environmental pollution is a major source of
health risk throughout the world too. Around 7 million premature deaths each year can be attributed to
environmental pollution. Risks usually are higher in developing countries, where poverty, lack of
investment in modern technology and weak environmental legislation combine to cause high pollution
levels.

To be able to better understand the causes and consequences of pollution, we are going to
clearly difene it and identify its manifestations. Environmental pollution is defined by Science Direct
as “the contamination of the physical and biological components of the earth/atmosphere system to
such an extent that normal environmental processes are adversely affected.” Pollutants can be
naturally occurring substances or energies, but they are considered contaminants when are in excess
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of their natural levels. Any use of natural resources at a rate higher than nature’s capacity to restore
them may result in pollution of air, water and land.

Due to its complexities and vast implications of addressing all aspects of environmental pollution, this
paper willl focus on air pollution and, in particular, the methods, measures and technologies thanks to
which air pollution may be reduced. The paper takes in consideration the current state of air quality in
the Republic of Macedonia in an attempt to stir up ideas to contribute to finding a long-term solution
to a problem that resutls in an estimated 300 deaths per annum, directly impacted by bad air quality
nationwide. Laslty, we are going to consider measure as a course of action taken to achieve the
reduction of air pollution, and methods as processes by which air pollution reduction is completed.

This paper is divided in three parts, where part one discusses measures taken globally, measures
taken in Macedonia and new feasible measures that may and should be taken in Macedonia. Part two
compares world methods of air reduction to the ones in Macedonia and potetial implementations.
Finally, part three covers how technologies around the world alleviated and in some cases annihilated
air pollution and their applications in Macedonia.

2.1 Global Measures

Air pollution affects all regions of the world but low-income populations in cities are the most
impacted. According to the latest air quality database, 97% of cities with more than 100,000
inhabitants in low-income and middle income-income countries, as define by the Organisation for
Economic Co-operation and Development (OECD), do not meet World Health Organization (WHO)
air quality guidelines. However, in high-income countries, this percentage decreases to 49%.
Macedonia in fact, as of 2018, is the most polluted country in Europe according to the WHO.

Before coving measures, methods and tehcnolgies to fight air pollution, let us examine how we
measure the air quality. The Air Quality Index (AQI) commulative level is based on the level of six
atmospheric pollutants, namely, sulfur dioxide (SO), nitrogen dioxide (NO2), suspended particulates
smaller than 10 um in aerodynamic diameter (PM10), suspended particulates smaller than 2.5 pm in
aerodynamic diameter (PM2.5), carbon monoxide (CO), and ozone (Os).

Air Quality Index
Levels of Health
Concern

Numerical

Vvalue Meaning

Air quality is acceptable; however, for some pollutants there may be a

Moderate 51 t0 100 moderate health concern for a very small number of people who are
unusually sensitive to air pollution.
Sensitive Groups | 10110750 | goneral public is not Wkely to be affected. :

: Everyone may begin 10 experience heaith effects; members of sensitive
akaating 15150200 groups may experience more serious health effects.
Health warnings of emergency conditions. The entire population is more
Very Unhealthy 201 10 300 likely to be affected.

Hazardous 301 10 500 Health alert: everyone may expernence more sernous health effects.

Figure 1: Air Quality Scale

Skopje, the capital, has the highest concentration of harmful fine particulate matter (PM) 2.5
in the air (40 micrograms per cubic meter which is four times the recommended levels). These PM 2.5
include a variety of components such as nitrates, sulfates metals, dust and black carbon, and pose a
big risk to health. Because they are small, they penetrate the lungs and are known to cause heart, lung
and other diseases. Currently information about the quantity of PM 2.5 in the air is provided just by a
few air quality monitoring stations in Skopje, Kumanovo Tetovo and Bitola.

2.2 Local Measures
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Figure 2: Atmospheric pollutants in Bitola and AQI measured in Macedonia

The replacement and ban of polluters are among the measures taken in the Macedonia to reduce
air pollution. The replacmenet is achieved through subsidizing. Citizens are encouraged to use energy
sources that are less environmentaly toxicating. In particular, subsidizing currently includes inverter
air conditioners, pellet stoves, solar panels, photovoltaics and other alternative sources of energy.
Other small projects for clean energies are present in some municipalities. In particular, in the
Municipality of Kavadarci, there are five mini hydro power plants of the irrigation system with a total
power of 11 mega watts and four mini hydro power plants of the systems for water in total power of 1
megawatt.

2.3 Local Potential Measures

State and local authorities should invest in the production of clean electricity. The water potential
in the Macedonia should be utilized by contructing hydroelectic power plants instead of thermal
power plants. As an example, the water potential for generating electricity of Crna Reka is not
sufficiently used. Feasibility studies have repeteadly shown that it is possible to build hydro power
plants at Cebren and Galiste with a total power of 500 megawatts. Furthremore, this region can also
be the home of multiple mini hydro power plants that include systems for drinkable water and
irrigation. Setting up mini solar power plants is another way of producing pure energy. Subsidies have
been given by the government to encourage investors to build small photovoltaics with a capacity of
20 to 30 megawatts, which should be expanded.

3.1 Global Efforts to Fight Air Pollution

Each country has a different approach and strategy depening on their dedication and resources.
Notable examples will be explored. In Paris, France, cars are banned in many historic central districts
at weekends, odd-even bans on vehicles are imposed, public transport is free during major pollution
events, and car-sharing and bike-sharing programmes are encouraged and subsideized. In addition, a
long section of the Right Bank of the Seine river is now car-free and a monthly ban on cars is in force
along the Champs-Elyseées.

Reports that pollution levels in Delhi, India matched those in Beijing, China, repotedly one of the
most polluted cities in the world, spurred the city to ban all new large diesel cars and SUVs with
engines of more than 2,000CC and to phase out tens of thousands of diesel taxis. The city has
experimented with alternative banning cars with odd and even number plates is now encouraging
Uber-style minibuses on demand.

Other cities considering diesel bans are Dublin, Ireland and Brussels, Belgium. A very radical
aspirrtion has been brought up by politicians in the Netherlands who want to ban the sale of all petrol
and diesel cars from 2025, allowing only electric or hydrogen vehicles. Nevertheless, The proposed
new law would allow anyone who already owns a petrol or diesel car to continue using it.
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Most cities around the world encourage bicycle use in addition to a well developed public
transport system. Freiburg in Germany has a 500 km bike route, tramways, and a cheap and efficient
public transport system. One suburb, Vauban, forbids people to park near their homes and makes car-
owners pay 18,000 € for a parking spot on the edge of town. In return for living without a car, people
are offered cheaper housing, free public transport, and plenty of bicycle spaces.

Copenhagen prioritizes bikes over cars and now has more cycles than people. The city calculates
that roughly one and a half kilometer on a bike is a $0.42 [27p] benefit to society, while the same
distance in a car is actually a $0.20 [15p] loss to society. Large parts of the Danish capital have been
closed to vehicles for decades and the city plans to become carbon neutral by 2025. Oslo, Norway
plans to halve its climate emissions by 2020 and proposes a large no-car zone. Moreover, they plan to
build a 65 km new bike lane, steep congestion charges, a rush-hour fee for motorists, and a removal of
many parking spaces.

The Finnish capital, Helsinki, plans to drastically reduce the number of cars on its streets by
investing heavily on better public transport, imposing higher parking fees, encouraging walking and
biking, and converting inner city ring roads into residential and walking areas. The idea is to make the
city’s public transport so efficient and affordable that no one will want a to use a car by 2050.

3.2 New Technologies to Reduce Air Pollution

As laid out above air pollution poses a serious risk worldwide. Nonetheless, the future is looking
bright technologically. With cutting-edge technologies, government initiatives, and innovative
projects, we could finally put an end to air pollution, once and for all, on a sustainable level. Here are
some of the projects that can make a big impact.

CityTree

CityTree’ by Green City Solutions is a 4 meter-high, 3 meter-wide and 0.6 meter-deep
freestanding, ait-purifying unit. It combines specific moss cultures with vascular plants that eat
particulate matter (PM), nitrogen dioxide and ozone offsetting 240 tons of Carbon dioxide equivalents
per year in total. The plant filter can be adapted to any environment. The construction contains
sensors collecting environmental and climatic data, to regulate and control the unit and ensure that the
plants survive. Thus, the CityTree has the same effect as up to 275 urban trees, but requires 99% less
space and 5% of the cost. Thanks to solar panels and rain water retention systems, the unit requires
only a few hours of maintenance per year.

The Nanjing Vertical Forest: Growing An Urban Forest to Clean the Air

Due to the heavy industry that takes place all across China, people thre are suffering from some
of the world’s worst levels of air pollution. China has proposed and implemented numerous pollution-
busting initiatives in the past few years in an effort to improve air quality. One such project is the
Nanjing Vertical Forest in the Jiangsu province. It's been estimated that the forest will be able to
absorb 25 tons of carbon dioxide, and release enough oxygen to make the air 3,000 times healthier
than its current state. Nanjing Vertical Forest project is the third prototype of a Urban Forestry project
after Milan and Lausanne.

Fuel from Pollutants: Creating Hydrogen Fuel from Air Pollution

Researchers from the University of Antwerp and The Katholieke Universiteit Leuven have
succeeded in developing a process that purifies air and, at the same time, generates power. The
invention needs to be only exposed to light in order to function. They use a small device with two
chambers separated by a membrane. The air is purified on one side, while on the other side hydrogen
gas is produced from a part of the degradation products. This hydrogen gas can be stored and used
later as fuel, as is already being done in some De Lijn hydrogen buses. This invetion responds to two
major social needs: clean air and alternative energy production. The heart of the solution lies at the
membrane level, where the researchers use specific nanomaterials. Catalysts are capable of producing
hydrogen gas and breaking down air pollution. In the past, these cells were mostly used to extract
hydrogen from water. We have now discovered that it is also possible, and even more efficient, with
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polluted air. The researchers’ goal is to be able to use sunlight as the processes underlying the
technology are similar to those found in solar panels.

Pollution Vacuum Cleaners: Sucking Up Air's Contaminants

Evinity Group, a Dutch collective of inventors, in 2016 debuted an enormous, industrial vacuum
that can remove airborne contaminants. This giant outdoor air vacuum cleaner is a large purifying
system intended to filter out toxic tiny particles from the atmosphere surrounding the machine. It is a
large industrial filter about eight meters long, made of steel, placed on top of buildings and it works
like a big vacuum cleaner. The system is said to be able to suck in air from a 300-meter radius - and
from up to seven kilometres upwards. It can treat some 80,000 cubic metres of air in an hour, filtering
out 100 percent of fine particles and 95 percent of ultra-fine particles.

CONCLUSION

Although the benefits of reducing environmental pollution are becoming clearer, the path from
evidence to action is not straightforward. Removing pollutants entirely has proven difficult, costly or
simply impossible and especially in Macedonia. In some ways, the government's measures are in the
right direction, but they need to be expanded as well as new ones introduced. Authorities should
invest in greener public transportation and construct gardens, where not only can citizens relax and be
reconnected with nature, but also air can be purified. Nevertheless, moving toward a cleaner and
healthier environment also necessitates people's behavioral changes. Unless every individual
contributes their maximum, we may not expect the problem to be solved. The more people do their
part, the sooner we may create a truly healthier and more sustainable environment..
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ULTRASOUND — ASSISTED SYNTHESIS OF ZEOLITE NA-X FROM COAL
ASH FOR APPLICATIONS IN ENVIRONMENT PROTECTION
TECHNOLOGIES

ABSTRACT

Coal supplied Thermal Power Plants release enormous amounts of ash residues generated by the
thermal partitioning of the noncombustible minerals in the solid fuels. The disposal of coal ash into
landfills creates severe ecological risks causing souring, salting and worsen fertility of the soils, and
their contamination with heavy metals and radionuclides polluting further underground waters by
infiltration. A modern concept for sustainable environmental protection is the by-products to be
considered as second raw materials thus saving the natural resources and reducing the wastes. In this
context, coal ash is reused by its conversion into zeolites via alkaline treatment due to the similarities
in the chemical composition of both. Zeolites are highly valuable minerals applied in purification of
gases and waters obeyed by their unique porous structure with exchangeable cations.

In this study, zeolite of Na-X (FAU) type was synthesized by hydrothermal activation at moderate
temperatures of mixtures of lignite coal fly ash (FA) from the biggest energy complex in Bulgaria
“Maritza East”, and alkaline activator with or without preliminary fusion treatment. The rate-limiting
stage in the zeolite synthesis is the alkaline dissolution of the aluminosilicate constituents of FA prior
to the hydrogel formation. Here, ultrasound-assisted activation was performed for acceleration of the
dissolution replacing successfully the usually applied continuous magnetic stirring. The zeolite type
was proven by X-ray diffraction (XRD) and Scanning electron microscopy (SEM) studies. The obtained
fly ash zeolites were studied with respect to their specific surface in view of further potential application
as adsorbents, catalysts, ion-exchangers and sensor materials.

Keywords: Lignite coal; Fly ash; Ultrasound-assisted synthesis; Coal ash zeolites

1 INTRODUCTION

Fossil fuels (coal, oil, gas) possess biggest share in the global energy production. However, coal
combustion in Thermal Power Plants (TPPs) causes negative impacts being the dominant source of air
pollutants, such as acidic and greenhouse gases, and fine particles called fly ash (FA). The discharge of
FA into the atmosphere is overcome by its separation from flue gas flows in dust collector systems.
Approximately 80-85% of the non-combustible minerals in the fuels is carried out of the furnace by
the exhaust gases, and is subsequently extracted by mechanical or electrostatic precipitators. The
remaining 15-20% condenses on the boiler tubes and subsequently falls to the bottom of the furnace
where it sinters to form furnace bottom ash. Afterwards, the disposal of FA into landfills causes
secondary environmental pollution because of the variety harmful constituents of these residues [1].

The main chemical components of FA are SiO, and Al,Os, because of which it is considered as
aluminosilicate material but also significant amounts of Fe,O3; and CaO can be included. Additionally,
secondary components, such as MgO, Na.0, K;0, SOs, P,Os, TiO; and unburnt coal (losses on ignition)
are present in FA accompanied by big variety of trace elements [2].
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Ash residues are generated by the thermal modification of the noncombustible minerals in coal.
There are various transformations (fragmentation, devolatilization, evaporation and condensation,
coalescence) of mineral matter that may occur during the coal combustion forming fly ash particles —
Fig. 1 [3].
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Figure 1. Mechanisms of fly ash formation during combustion of coal

Coal supplied TPPs are major source of power generation also in Bulgaria, where 40% of the total
power is produced from coal. In Bulgaria, the lignite coal production in the last years amounts to 29
million tonnes, where the biggest energy complex “Maritsa East” derives 94.8 % of it.

The development and implementation of clean coal technologies are of the main importance in
national and global scales for reliable and long-term environment protection on the one side, and for
sustainable energy supply, from the other. The ecological compatible technologies are aimed at
preservation of the current state of the natural environment or reversing its degradation, but also at
conserving the natural resources. In this context, an important issue is the consideration of the by-
products as second raw materials thus saving the natural resources and reducing the wastes.

Due to its aluminosilicate chemical composition FA from coal can be reused converting it into
zeolites by simple alkaline treatment procedures.

Zeolites are natural or artificial aluminosilicate minerals with three dimensional framework built
of SiO42 and AlO4 tetrahedra linked by shared oxygens. Their unique structure is obeyed by broad
surface and open pores uniformly spread throughout the crystal providing their high practical use as
absorbents, catalyst, molecule sieves, ion-exchangers, etc. [4]. The negative charge at alumina
tetrahedra is balanced by exchangeable metal cations giving them properties of ion-exchangers. The
structural framework of zeolites is presented in Figure 2.

negative charge

Structur(‘ Of 7,(‘0“[(‘
Figure 2. Structural framework of zeolite [5]

Coal ash zeolites, unlike the natural zeolites which are microporous, are characterized by a mixed
micro- mesoporous structure that favours mass transfer in the adsorption and desorption processes, and
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so they can be applied as adsorbents [6]. They are also characterized by a high content of iron oxides
(y-Fe20s, a-Fe;03, y-Fes04) and when combined with microcomponents such as Cu, Co, Mn, V, W and
others reveal excellent catalytic activity. The use of zeolites obtained from coal ash is one good
opportunity for the development of catalysts for the oxidation of volatile organic compounds [6].

Fly ash zeolites (FAZ) are usually prepared by hydrothermal synthesis of mixtures of FA and
alkaline activator at moderate temperatures [7]. Preliminary fusion stage can be performed for
utilization of the alkaline resistant aluminosilicate phases included in FA, such as quartz, mullite,
anorthite, etc. [8]. Coal ash converts into zeolites under alkaline treatment even at room conditions but
in this case long-term crystallization of the reaction mixture for about a year is required.

The synthesis of zeolites by alkaline treatment of fly ash passes through the following stages:

1) Dissolution of Si- and Al-containing substances from the raw FA into alkaline solution;
2) Condensation of silicon and aluminum ions to formation of hydrogel;
3) Nucleation and crystallization of zeolites over the remained solid particles.

The mechanism of FA zeolitization is illustrated in Figure 3.

SiOy), AlO),
Figure 3. Mechanism of conversion of FA into zeolite

The syntheses result in powders consisting of mixtures of zeolite and unreacted FA in proportions
dependent on the reaction conditions. The feasibility of coal ash zeolitization for industrial processing
of zeolites can be improved by shortening the process duration. The rate-limiting stage is the alkaline
dissolution of the aluminosilicates from the raw material which requires continuous magnetic stirring.

In the present manuscript, the effect of ultrasound activation was investigated for acceleration of
the zeolitization process instead of the commonly applied continuous magnetic stirring. Comparative
studies of the both homogenization techniques were performed in view of the extent FA zeolitization
and phase composition of the synthesized products.

2. EXPERIMENTAL PROCEDURE

In the present study, FA collected from the electrostatic precipitators of one of the biggest Thermal
Power Plants in Bulgaria TPP “AES Galabovo” supplied by lignite coal from “Maritza-East” basin was
used as a raw material for synthesis of zeolites. Its chemical composition was studied by combination
of analytical and instrumental standard procedures.

The zeolites were synthesized from mixtures of the raw FA and alkaline activator sodium
hydroxide (NaOH) with three laboratory approaches being used:

- hydrothermal activation (H-series samples)

- double-stage synthesis with a preliminary alkaline fusion step (FH-samples)

- crystallization by long-term atmospheric aging of the mixtures (AS-samples).
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The sequence of the laboratory procedures for the preparation of zeolites are illustrated in Figure 4.
Stirring the reaction
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Figure 4. Procedures for laboratory synthesis of fly ash zeolites: hydrothermal activation; double-stage
fusion-hydrothermal activation; atmospheric crystallization

The double-stage fusion-hydrothermal syntheses were performed with a preliminary fusion step
for FA and NaOH mixtures in Ni-crucibles at 550 °C. The resultant fused mixture was cooled to room
temperature, diluted in distilled water and then agitated magnetically for 5-20 hours. Later, it is stated,
via experiments, that the magnetic stirring can be replaced with ultrasound activation for 15-48 min,
which is performed for acceleration of the dissolution process. Fusion-hydrothermal activation is an
approach, where solid phase and solid-liquid interactions are performed between amorphous and
crystalline silicates (quartz) and aluminates (mullite) from the raw FA and the alkaline activator. As a
result of the reactions, ash components are transformed in soluble alkaline silicates and aluminates. The
preliminary fusion stage exceeds the quantity of soluble Si- and Al-components from coal ash, and that
results in higher yield of the obtained zeolite. The process consequence is similar with the hydrothermal
activation. The only difference is that the melting of FA together with NaOH is missing.

The mechanism for atmospheric crystallization resembles to the formation of natural zeolites.
Under a laboratory experiment, a mixture of FA and alkaline solution is stored in a closed polypropylene
vessel at room temperature (=20 °C). A portion of the sample is drawn at certain time intervals and
subjected to analyses. After the syntheses, the precipitates are filtered, washed repeatedly with water,
and dried at 105°C for 1 hour.

The type of the obtained zeolitic phases was proved by X-ray diffraction (XRD) studies using a
diffactometer Brucker D2 Phaser with CuKa-radiation and a Ni-filter. FAZ morphology was observed
by Scanning electron microscopy (SEM) on a JEOL JSM 6390 microscope. BET specific surface area
(Seer, m?/g) was evaluated applying the multi-point Brunauer—Emmett—Teller (BET) model for
description of the experimental nitrogen adsorption data in the range of relative pressures p/po
corresponding to the formation of the monolayer. Experimental nitrogen adsorption/desorption
isotherms of FAZ and the referent Na-X were measured at 77 K using a volumetric adsorption analyzer
Tristar 11 3020, Micromeritics. The samples were preliminarily degassed in a set-up FlowPrep 60,
Micromeritics, at 533 K for 4 hours under helium flow.

The obtained Sget values were used for evaluation of the zeolitization extent X for FAZ of Na-X
type using the following ratio:

SBET eXp 1 1)

X = - 100, wt%
SgeT ref (SIO, + Al,03)

Where: X is the yield of the zeolite phases Na-X from the aluminosilicate mass of the raw FA, wt.%;
Seetexp @Nd Sgetrer are the BET specific surface areas for FAZ and the referent FAU, correspondingly;
SiO; and Al,Os are the contents of the corresponding components in the FA composition, wt %.
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Unfortunately, this computation approach is not accurate when the zeolitization extent is calculated
for mixtures of zeolite phases in the conversion product. For these FAZ samples, the following equation
was applied:

X= ZIXi,exp 1
Y lyiret (SIO4 +Al;05)

Where: X is the yield of the zeolite mixture from the aluminosilicate part of the raw FA, wt.%;
> IXi,eXp is the sum of the intensities of the reflections on the experimental diffractograms for each

100, wt.%, 2

zeolite phase, Arb. Units; > lx; f is the sum of the intensities of the reflexes of the corresponding
referent zeolite phases, Arb. Units;

3. RESULTS

The chemical composition of FA from the TPP ”AES Galabovo” used in the present study is listed
in Table 1. The experimental X-ray diffactogram of FA is plotted in Figure 5.

Table 1. Chemical composition of FA used as raw material for zeolite preparation

Compounds SiO; Al;,03 Fe,O3 MgO SO3 CaOo
Content wt% 46.58 23.26 14.73 0.81 2.49 3.01
Molar ratio SiO,/AlL,O03 ~ 3.4
5000 - O % O AGA
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1 o
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Figure 5. Experimental diffractogram of FA collected from TPP “AES Galabovo”

Regarding to its chemical composition FA refers to class F according to the International standard
ASTM C168, because of the total amounts SiO2+Al;03+Fe;03>70 wt% and CaO<<20 wt%. The ratio
of silica and alumina in FA composition is suitable for the synthesis of high-silica zeolites from the type
Na-X (FAU), which requires molar ratios of SiOz/Al,03>3. The phase analyses reveal mixed
amorphous-crystalline structure with the presence of crystalline phases, as Quartz, Mullite, Anorthite,
Magnetite and Hematite.

Synthesis conditions of coal ash zeolites are summarised in Table 2.
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Table 2. Synthesis condition of FAZ

ol vl s e e R e B
H1 5g FA + 10 g NaOH Magnetic stirring/5 h 90 4 h N/A N/A
H2 | 5g FA+10 g NaOH+5 g NaCl Ultrasound/15 min 90 4 h N/A N/A
H3 59 FA + 10 g NaOH Ultrasound/24 min 90 4h N/A N/A
H4 5g FA + 10 g NaOH Ultrasound/32 min 90 4h N/A N/A
FH1 5g FA + 10 g NaOH Ultrasound/48 min 90 4h 550 1
FH2 5g FA + 10 g NaOH Ultrasound/15 min 90 4 h 550 1
AS1 6g FA + 10 g NaOH N/A ~20 60 days N/A N/A
AS2 6g FA + 10 g NaOH N/A ~20 330 days | N/A N/A
* Ts — synthesis temperature; ts- synthesis duration; t+ fusion temperature; tr— fusion duration;

On the Figure 6 are represented XRD analyses of the samples that went through hydrothermal
activation- H-series, and referent diffraction data for zeolite phases FAU and LTA.

H4
H3)
H1
H2

Lo . LTA
FAU

5 10 15 20 25 30 35 40
2 Theta

Figure 6. Experimental X-ray diffractograms of the FAZ obtained by hydrothermal synthesis

Intensity, a.u.
L -

On the experimental XRD of the all H-samples dominate the reflections of Na-X (FAU) zeolite
phase. It can be noticed that the sample H1 that went through magnetic stirring has lower intensity of
diffraction reflexes of Na-X zeolite phases. The lines of Quartz, Anorthite, Mullite, Hematite and
Magnetite from the raw FA are also observed at the all samples. The ultrasound activation of the
reaction mixture for 15 min results in greater appearance of the dominant zeolitic phase on the
diffractogram of the sample H2. The reflections of secondary zeolite phase of LTA type appear on the
diffractograms for samples H3 and H4 obtained at longer ultrasound activation. However, prolongation
of the ultrasound treatment longer than the one for H3 reduces the secondary LTA phase, as its X-ray
diffraction lines are less intensive for sample H4 prepared by ultrasound for 32 min. The X-ray
diffraction analyses of FH-samples, which undergo hydrothermal synthesis with a preliminary alkaline
fusion step, are given in the following graph 7 in comparison with diffractogram of referent zeolite FAU
and a novel expected zeolite phase of hydroxycancrinite type (CAN).

The experimental diffractogram of FH2 reveals intensive lines of zeolite Na-X, while no reflexes
atributed to aluminosilicates from the FA are obseved, which is indicative for better conversion of the
raw material.
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X-ray data for FH1 indicate a mixed zeolitic structure of zeolite Na-X and CAN, as the intensity
of FAU reflexes are reduced. The prolongation of the ultrasound treatment for 48 min results in
formation of secondary zeolite phase of hydroxycancrinite type on account of Na-X.
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Figure 7. Experimental X-ray diffractograms of FH-samples and referent zeolites

Graph 8 shows XRD analyses of the samples from the atmospheric crystallization - AS-series.
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Figure 8. X-ray diffactograms of FAZ obtained by atmospheric crystallization

The zeolitization of FA for 60 days at room conditions is quite superficial and the diffractogram of AS1
is similar to that of the raw material. After 330 days of alkaline conversion, intensive lines of zeolite
Na-X are registered on the X-ray diffractogram of AS2, despite that the reflexes of resistant phaseses
from the FA such as Mullite, Quarts, Hematite and Magnetite can be also found.

Typical SEM images representing the morphology of FA, referent FAU and FAZ of Na-X type are
presented in Figure 9.

The obtained values for Sgerand the calculated conversion extend of the obtained FAZ are summarized
in Table 3. The highest Sger value and the highest zeolitization extent for H-set are obtained for FAZ
H2 pepared by 15 min usltrasound treatment. H-samples with longer ultrasound activation possess
lower Sger values due to the formation of secondary zeolite phase. The surface characteristics and the
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zeolitization rate are higher at shorter ultrasound treatment in comparison to H1 sample prepared by
magnetic stirring. For FH-set the prolonged ultrasound does not affect surface properties but results in
a mixed zeolite structure of FAU and CAN. The preparation of FAZ with good surface characteristics
and high zeolitization extent at room conditions long alkaline treatment of about a year is required.
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Figure 9. SEM images of raw FA, referent zeolite FAU and FAZ of Na-X type

Table 3. Surface areas of FAZ samples zeolitic structure
Samples H2 H1 H3 H4 FH1 FH2 AS 2
Sger, M?/g 279.96 90.78 178.47 158.18 | 237.58 238.63 283.44
Zeolitization extent, % 51.40 16.67 36.92 29.04 43.62 43.81 52.04

2 CONCLUSION

Zeolites of Na-X type are synthesized from lignite coal fly ash by three synthesis approaches.
Ultrasound treatment is applied for acceleration of the alkaline dissolution process instead of magnetic
stirring. Coal ash zeolites of Na-X type with sufficient specific surface values are obtained for 15 min
ultrasound activation. These experimental results contribute to facilitating the coal ash zeolite
processing and increased industrial implementation capabilities. The atmospheric crystallization is a
technologically simple approach to convert coal ash into zeolites but requires long processing.
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EHEPI'ETCKA E@OUKACHOCT U 3AIITE/IA HA EHEPT'MJA BO
OCHOBHO YYWJIMLITE BO PYPAJIHA CPEJIJUHA

KYCA COAPKHNHA

Ilen HA OBOj TPYyX € @ ce MPE3CHTHPAAT HAYMHHU HA KOM M YYWIJIMINTATA BO PypPaHH CPEIHUHU
MOJKe J1a OMJaT eHepreTcKy noeuKacHu, 1a Ce aHaJM3UPaaT TPOLIOIUTE CO U 0e3 UMILJIEMEHTallrja
Ha TOHYJICHUTE pEIlleHHja, KaKo U Jia Ce JajaT JOMOJHHUTETHU COBETH 3a 3alliTea Ha EHepruja.
JIOTIOTHUTEITHO, eAYIUPahe U BKIYUyBahe U Ha HajMIIQJMTE KOU UCTO Taka Ke ajaT CBOj TOMPUHOC
BO peaji3alyjaTa Ha [eJIUTe.

Bo BoBemHmOT men ce 300pyBa 3a MpoOIEMOT CO OTpaHUYEHUTE PECYPCH IITO TH UMAaT BaKBHUTE
YYUJIUINTA ¥ 32 HAYMHOT Ha MCKOPHCTYBamkE Ha Beke moctoedkuTe. [lotoa ce Bpim npe3eHTrpame Ha
MOXKHU pelleHrja Ha W3JI0KEHUTE MpoOiIeMu, a Kako 3aKIy4dOK Ce BpIIM aHAJIM3a HAa BaUJHU U
pefieBaHTHU MOMEHTAITHU TPOIIOIH U criopenda co 04eKyBaHHUTE ITOCII€ U3BPIICHUTE TI0J00pyBamka.

Kayunu 360poBu: enepeemcka egurxacnocm, schools of the future, cosemu, cnopeoba na
mpowoyu

1 BOBE]J

CranyBa 300p 3a TIPOEKT BO KOj CTapara yJIJIMIIHA 3rpajaa BO . JpeHOBO CO peHOBUpAmE ke
CTaHe eHeprercku noepukacHa. KoHKpeTHo, WHCTAIMpPame COMapHU CUCTEMH (IUCKyCHja 3a KOIKY €
MpocevyHaTta morpeda ol eNeKTPUYHA eHepryja Ha IHO YYWIIHMIITE W JANH [E0TO MPOU3BOJICTBO Ke
Ou/le KOH3YMHUPAHO WM Ke IMa BHUIIIOK KOj ke Ouje OTKyIeH), eHepreTcku edukacHu Qacamu, 1o0pa
M30Nanyja, Tpeeme Ha IeneTd (MOMEHTAIHO € Ha IIMOpeTH Ha ApBa)- IeJI0TO OBa IOBP3aHO CO
,»Schools of the future mpoekrtor. JIomOMHUTENHO, AaJeHH CE HEKOM COBETH 3a HaMalyBambe Ha
emucujata Ha CO; , MOTpOITyBaUKaTa HA CIEKTPUYHA CHEpPTyja U TPOIIOIUTE MITO OJf OBOj ACHEKT T
“Ma YYWJIHIITETO. 3a Kpaj ke Ouje HampaBeHa cropen0a Ha TPOIIOIHTE 3a eeKTPHYHA eHepruja Kou
YYWIHIITETO TH ©Ma MOMEHTATHO (CO MOJATOIM JOOUEHH OJ PAKOBOAUTEIN HA MOAPAYHO YUHITHUINTE)
W OYEKYBAHHTE, JJOKOJKY C€ HAMPaBaT rOPECIIOMEHATUTE TOA00pyBama.

1.1 MomeHTaJHU POOGIEMH

1.1.1 I'peeme

HajFOHCM MOMCHTAJICH Hp06HCM BO NOJAPAYHOTO YUMJIMIITE BO C. Z[peHOBO, KakKo oI acCIICKT Ha
CHCPIreTCKaTa eq)I/IKaCHOCT, TakKa U O CKOHOMCKHU aCIICKT € I'PECHETO. Vuuaumrero pacmnojiara co
MpoOCTOp O 560m2 KON MOMCHTAJIHO C€ 3aTOINTyBAaaT CO MIITOPETU HA APBA KAKO LITO € IIPUKAXXaHO Ha
caukute. OBa HE caMO IITO HE TH 3a4TOITyBa MPOCTOPHUUTE NOBOJIHO, IMPCAU3BUKYBaA HOTeHLII/IjaJ'IHa
OMMaCHOCT 3a 3ApaBUTC MJIaA OpPTraHU3MU Ha YYCHUIUTC GHHGjRH HCITyIITa IOJICMU KOJIMYMHU 4Yal, a
IOHCKOram "W HWCKpHU, TYKY MW JOHOJHUTCIHO CO31daBa HpO6J’I€MH BO OJHOC Ha 4YHUCTOTaTa Ha
YUYMIHUIUTE, KAKO U JOIMOJIHUTCITHN 06BpCKI/I 34 XUTUCHUYApUTC (a HCPETKO U y‘leHI/II_H/ITe) KOoHu Tpe6a
Ja 1o oApiKyBaaT I'peCHETO.
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Ca.1. MoMeHTATHOTO Ipeeme BO YYHJIHIITETO

1.1.2 Mpo3opun

[Ipo3opuTe BO OBaa yUHUIIHINTE HE CE€ 3aMEHETH YIITE O]l MUHATHOT BeK. /[pBEeHUTE, MCKPIICHU
MPO30PH JIONPUHECYBAaT BO MOTEIIKO 3arpeBamke Ha MPOCTOPUUTE W YIITE MOOp30 ja opgaBaaT
TOIUTMHATA.

Ca.2. JpBeHuTe npo3opuu

1.1.3 Jloma u3onammja

Wzonanmjata Ha y4WIIMIIHATA 3rpajia € PeUYrcH HEMoCTOeuKa, a JOMONHUTENHO U Qacanara e
pasypHata. MIcTOTO Baky M 32 MHTEPHATCKATa 3Trpajia KaJie )KUBeaT NEeTHAeCeTHHA YISHHUIIH BO TEKOT
Ha IIeaTa TOAWHA B Ha CeKaKBH CYpOBHM BpPeMEHCKH YyCIoBH. Kepamuante Ha TOKPHUBOT Ce MCTOTaKa
CTapH, UCKPIIEH! U MPOTEKyBaarT.

Ca.3. Bie3or Ha yunaumrero, pacagata H NOKPUBOT

2 PEHIABAIBE HA ITPOBJIEMOT CO I'PEEIBE CO YIIOTPEBA HA IIEJIETH

2.1 3owro neaern?

[leneruTe ce exeH B HA BUCOKO KBAJIMTETHO OMOT'OPUBO, TPOU3BEACHU O]l APBHU OCTATOIH KOU
ce co3JaBaar BO MPOIECOT Ha o0pabOTKa Ha JIPBOTO, OJHOCHO MHUIJIeBMHA. VICTO Taka 3a HUBHO
MIPOM3BOICTBO MOXAT JIa C€ MCKOPUCTAT M IMIYMCKUTE OTIAJOIM BO BUJI Ha rpaHku. [lenernre qoaraat
BO Mana (opma, CIIOpEIeHN CO TOIEMUHA Ha TUTYTeHUTE Talli Ha MIMIINKHATA 32 BUHO W TIOPaJId Toa
MMaaT MHOTY JIECEH U €IHOCTaBeH HAYMH Ha KOPUCTEHE, CO APYTy 300POBH ja OJleCHyBaaT (hM3NUIKaTa
paboTa Ha KOPUCHUKOT.

Bpenepor koj e morpeben 3a coropyBame Ha MEIETUTE UMa JUCIUIE), IITO 3HA4YM OTHOT C€ Maju
MPEeKy CHEelMjaTHO KOMYe M Ce MOJeCcyBa IOCaKyBaHaTa TeMIepaTypa BO 3aBUCHOCT O] TOAa KOJIKaBa
npoctopHja ce 3atoruryBa. [IperxoqHo menerure ce UCTypaaT BO pe3epBOapoT U MOHAaTaMy padorarta
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ja M3BpIIyBa OPEHEPOT 3aeHO CO MODKABOT (MEXaHU3aM 3a TPAHCIOPT Ha MEJICTUTE O]l PE3ePBOAPOT
1o OpeHepot). [pyra mpeaHOCT € Toa IITO OTKAKO Pe3epBOapoT Ke ce HAmONHH, 2 10 3 JeHa Hema
notpeba Of MOJHEHE Ha KOTEIOT CO TOPHBO, BO 3aBUCHOCT OJ TOa Ha KOJIKaBa TeMIepaTrypa e
nojieceH OpeHepoT Ja TM coropyBa MeJeTHTe. 3HAa4uM Hema moTpeda ja ce oOpHyBa BHUMAaHHWE Ha
KOTEJIOT ¥ TOa MO HEKOJKY JIeHA, OJHOCHO HE MOpa Jia Ce IMOJHH CO T'OPUBO, IITO € OPOMHO
onecHyBame. McTo Taka OuTHa MH(pOpMAIMja € TOa LITO MPH TOPEHETO Ce CO37[aBa MHOTY MalKy
TeTiell a MPU COropyBame Ce CO37aBa rojieMa TOIUTMHCKA MOK.

KBayiurerHu meneTd BO KOMOMHaIMja CO J00ap KOTEN Ha TMeENeTH C€ HUicalieH HaYuH 3a
3arortyBame. Kotnure Ha menmern Boch mmaar romem crereH Ha MCKOPHCTEHOCT UM CO KBAJIUTETHH
TIEJICTH MOXKHO € TPEjHUTE ICHOBH Jla Ce MOMHMHAT Haje@THHO. JJoKONKy cTaHyBa 300p 3a COOJHOC IO
KaJIOpHYHa BPEAHOCT, 2 KI. MEJeTH 3aMeHyBaaT | ymrap HadTa 3a rpeeme (4UMja INTO LIeHa € BO
IIOCTOjaH MOPacT) MTO 3Ha4M Jeka € 50 % moeBTHHA BapHjaHTA.

[lenetuTe ce HajuMCTOTO LBPCTO TOPUBO U C€ CO, HEyTpadHHU. [IpM HHBHOTO COTOpYBambe
KOJIMYMHATA Ha Ierell Koja ce co3aaBa ¢ MuHuMaiiHa (camo 10kg Ha 1t coropeHu meneru), a Hema
pPEUMCH HUKAKBa EMHCH]ja Ha IIITETHU TACOBH BO BO3IAYXOT.

Taoena 1. Bpennocru no6uenn npu CATAS artectu Ha nesieture ,,[lIumapka* [1]

Oco0eHo rojieMa TONMJIMHCKA MOKHOCT 19.85 MJ/ kg= 51 kwh/kg

Heto xkanopuyna BpexHocT 17.3 MJ/kg= 4,8 kwh/ kg
ITenes Ha BJAAKHHU NEJIETH 0,78%
Ilenen Ha cyBH mejeTn 0,83%
MuHHMAJIHO KOJIUYECTBO HA BJIara 5,96%

2.2 CyOBeHHHMOHHMPAaH-€ 3a rpeeme CO MeJieTH

On eKOHOMCKHM acIleKT, TPECHhEeTO Ha BakOoB HadywH ke Oume MHOrY (pedrncHd JBOJHO)
MOUCIUIATIIMBO O]l TPECHETO Ha JIPBa, CO TOA IITO MOXKE Jia c€ UCKOPHCTH M BJIAJMHUOT MPOCKT 32
HAJIOMECTYBAE Ha JIEN O TPOIIOIIUTE 32 KyITyBamke Ha MEUKH Ha TIeJIeTH.

Hmeno, co 111 cTUMyHpamke Ha TparaHUTE 3a KOPUCTEHe Ha 0OHOBJIMBY U3BOPH Ha CHEPrHja 3a
3aTOIUTyBame, KOM MUHHUMAIIHO T'M 3arajJlyBaaT BO3IYXOT H IOYBaTa M HE BJIMjaaT BP3 KIMMATCKUTE
MIPOMEHH, 3a KyIeHW II€YKH Ha TeneTd MUHHCTepCTBOTO 3a €KOHOMHja ke oOe30emu moBpar Ha
cpenctBa Bo BucuHa ox 50%, HO He moBeke ox 500 eBpa BO JeHapcKa IPOTHBBPEIHOCT. [2]

2.3 Koaky 3aTomiyBaaTt M KOJKY YMHAT BO criopeada co rpeeme Ha apBa?

3a oBaa mpecMeTKa, ke OMIaT HCKOPUCTEHH MOJATOINTE JaIeHN BO TOpHATA Tadera.

Hmeno, Bo Makenonuja, mpocedno ce Tporat mo E; = 10000 kwh enepruja 3a rpeesmbe Ha eIcH
objext roaumHo. Toa Ou 3Hadeno gexka Ou HU Owiae morpeOHH EdEpeing=10000/4,8=2083,(3) kg
neseTH co KamopuuHa Mok of 17.3 MJ/Kg. Ako nenarta Ha emeH kuitorpam mnerieru € 13,196 nen. 3a
3aJI0BOTYBab€ HA €HEPreTCKUTE MOTpeOH 3a rpeeme Ou Omie morpedHu 27.491 nen. (1ieHa 3a koja
1mTo 6u MoXkerne 1a ce cHaduTe co 9M® orpeBHO IpBO). [3]

3 YINOTPEBA HA ®OTOBOJITANIINA BO YUNJIMIITATA

VYuyunumrata UMaaT €OeH BHI MPEAHOCT Kora CTaHyBa 300p 3a cojlapHaTa €Hepruja mopagu
CTpYKTypaTa Ha caMuTe 00jeKkTd. IIoBeKeTo yUnIMIIHM 3rpad UMaaT ToJIeMU, PAMHH MOKPHBH KOH
ce UEAIHU 3a MOKPUBHU cojapHH (oroBosntandnu (PV) unu conapHu TepMaiHu CUCTEMH.

3.1 KoKy ejleKTpHYHA eHepruja TPpowAT YYHJIHIITATA?

Opnnenor 3a eHeprervka H3BeCTyBa JEKa YYWIMINTaTa TpomaT 6 MuwiMjapad Aojapu 3a
TPOLIOLUTE 3a EJIEKTPUYHA EeHepruja cekoja roauHa. OBa e moBeke O] OHA INTO CE€ TPOIIM Ha
y4eOHULM U KOMITJyTepH 3aeIHO U BOETHO MPETCTaByBa BTOPA HAjBUCOKA IOTPOLIYBaYKa MO IUIATHTE.
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IMopaau HeedUKaCHOCTa Ha CETAIHUTE CHCTEMH, TPOILIOIMTE 3a CHEPruja BO yUYHMJIMIITATA CE
OpOIICHYBaaT Ha OKOY 25% TOBeKe 0/ OHA MITO BCYIIHOCT € HEOMXOAHO 3a CEKOjIHEBHO paboTerbe.
Cmopen schoolenergysaving.com [4], npoceunata crapoct Ha yuwmiumiHa 3rpaga Bo CAJ[ e 42
roguHu. Bpemero kora Tue Ouiie qu3ajHApaHNd €IHOCTABHO HE COOJBECTBYBA Ha JCHEIIHATA MOTpeba
ol WH(OPMAIMCKA TEXHOJIOTMU M TPUTOA KOPHUCTEHETO HAa COBPEMEHUTE ENEKTPUYHU YPEIu.
CoBpeMeHaTa TEXHOJIOTHja 3HAYUTEIHO I'M 3TOJIEMH CHEPreTCKUTE ONTOBapyBama INTO Tpeba aa ru
HCIIOJIHAT yUuJiMuiTaTa.

Conaphara eHepruja 00e30eayBa Mmoe(h)MKaceH HAYMH 332 YYWJIMINTATA Ja TU HCIIONHAT CBOUTE
eHepreTcku motpedu. ENeH CHIMIMyMCKH COJapeH MaHell MPOM3BEAyBa HMCTO TOJKY CHEpruja BO
TEeKOT Ha CcBOjoT kuBoTeH BeK (ox 30 mo 40 rogwHuM) Kako W TIpadyka 3a HYKJI€apHO TOPHBO.
EdukacHocta Ha MpOM3BOJCTBOTO HA EJICKTPUYHA CHEPrUja pe3ysiTHpa CO 3allTela Ha TPOLIOIHUTE,
KaKO M 3HAYMTEIIHU EKOJIOMKK mnpuaoouBku. 3a cexkoj 1 kW / yac comapHa eHepruja mTo ce
npou3sBenysa, 300 Ibs jarnmepos octaHyBa HaIBOp 07 aTMOc(hepaTa.

3.2 Tlorpeda u npuMeHa BO 0BAa MOAPAYHO YUUJIHIITE

Wucranupanute GOTOBONTAUIM Ke TO TIOMAraat HarojyBamkeTo Ha yYMJIMIIHATA 3rpaja, a ke ce
KOpPHUCTAT M 3a 3arpeBare Ha BOZa 3a MOTPEOUTE HAa HHTEPHATOT (KajJe MOMEHTAIHO 00jiepoT paboTu
2417).

Co xopucreme Ha codrep (solar panel calculator) mo BHecyBame Ha pacmooXIHBaTa
noBpumHa o 600M? 3a TIOCTaByBame HA COHUEBUTE MAHENH, KAaKO U reorpad)ckara Monox6a 3a ja ce
npecmera OpOjOT Ha COHYEBH YAcOBH, Ce Jloara JIO TOJATOK JieKa MOXe Jla OMJaT MHCTAUpaHH
BKYITHO 58 maHenu co HoMuHajaHa MokHOCT oa 320W noeauneuHo. Toa, BO ujeajeH ciaydaj 3HAUYM
neka Om ce mpouspene 162,5 MW rogumuo, mro OM TM HAMAIWIO TPOMIOIHTE 32 MPHOJIMKHO
140.000 men. Ha TOAMUIITHO HUBO.

JloTTomHUTENHO, CIIOpe. peryjaTopHaTa KOMHCHja 3a eHepreTuka Ha P.M. oTKymHaTa IieHa Ha
mpomssenen kwh EE ox o6HoBiuB m3Bop ((oroHamoHcku enekrporeHTpand < 0,050 MW) e 16
€uentr/kWh, a criopen aHajnu3aTa Ha CMETKHMTE 3a CTPYyja Ha YYUIIMIITETO, JHEBHO CE TPOILIAT OKOJIY
80 kwh EE. Taka miro, Bo JieTo, a ¥ BO TEKOT Ha y4ueOHAaTa TOOMHA KOra ke OuIe IpOMU3BEICHO
norosiemo konuuectBo Ha EE, oBa Moxke 1a Ouje poroHuTeneH OeHeuT 3a YUUIIUIITETO.

*Mneja: HaQ MAPKUHTOT BO YYHJIMITHHOT JBOP Ja CE IOCTAaBH HAJCTPEIIHMIIA, KOja Of CIHA
cTpaHa ke o0Oe30eqyBa ceHka Ha aBTOMOOWIINTE, a O Ipyra ke Ouie JomaTeH MPOCTOp Ha KOW O
MOKere 1a ce naeramupaat PV.

4 INIOCTABYBAILE HA EHEPI'ETCKHN E®@UKACHA ®ACAJIA

TomnmHCKa M30NANMja € HaMadyBamke Ha TOIUIMHCKUOT MPEHOC Mey IIBPCTH MaTepujajv, U
LBPCTH MaTepyjaiy U GIyuan (TEIHH U TACOBUTH).

AKO MOKpUBOT WJIM TaBaHUIATA HE C€ U30JIMPaHU — ce rydat 1o 45% of eHeprujara BIOXKEHA 3a
3aTOIUTYBamkbe MM pasiayBame Ha MPOCTOPOT, JOJeKa HEH30JUPAHUTE SHI0BH, BO 3MMa, MOXKAT Ja
I'¥ 3rojeMaT TOIUIMHCKUTE 3aryou 3a 15%.

ITocraByBameTo Ha TepMuuKa dacaja Ha YUYMIMINHATA 3rpajga Ou OMJI eleH o] Haj3Ha4yajHUTE
3adaTy Mpu peKoHCTpyKnHjaTa. HajHOBHTE MCTpakyBarma MokakyBaat neka Han 30% ox eHeprujata
BO BHATPEIIHUTE IPOCTOPUH ce¢ ryom Hu3 (dacagata Ha o00jekToT. IlpeBemeHo BO JeHapcka
MPOTUBPEIHOCT, aKO MPETXOIHO 3a 3arpeBame ce Tpoureiio mo 6.000 geHapu Mece4Ho, co u3Bendara
Ha eHeprercku edpukacHa (acaga MecedHo Moxe na ce 3amrenar 1.800 memapw 3a TOITMHCKA
eHepruja.

TorumHckuTe 3aryon HU3 TpaiekeH 00jeKT ce KapaKTepu3npaar co KOe(UIIMEHT Ha TOITMHCKU
3ary6u U. OBaa BpeIHOCT MOKaXyBa KOJKY TOIUIMHA ce I'yGHM o M’ MOBpLIMHA MPU CTaHJAPAHA
TeMIiepaTypHa pasiuka of 1 creneH KenBuHoB. 3a 1a ce mpecMeTa TOIUIMHCKATa 3aryba HU3 HEKOja
nperpaza, BpenHocta Ha U ce MHOXH €O IOBPILIMHATA HA MPerpajara U TeMIlepaTypHaTa pas3JjifKa.

Qrz=U-A-AT [W]
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Tabena 2. TonnuHcky 3aryoun

U Tonnuncku 3aryou Togummn tomnuckn | Tpowmonu mopaau THe

W/mz2K w 3aryou 3aryou
kWh/m?roa (men.)

1 3300 78 25.740
0.8 2640 62 20.460
0.4 1320 31 10.230
0.15 495 12 3.960
0.1 330 8 2.640

3a ma ce MOKpHWjaT CUTe TOIUIMHCKM 3aryOm BpemHocTa Ha koeduiueHTOoT U Ha HAJABOPENIHUTE Mperpaau
(TIomoBH, MPO30PIIH, BPaTH, IIOKPUB, HATBOPEIIHK 3U10BH) Tpebda aa oume mery 0.1 u 0.15 W/m2K.

4.1 Marepujaan

Jlokonky craHyBame 300p 3a M3rpanba Ha HOBa 3rpaja, CEKako TepMo OJoKoBUTE Ou Ouie
Haja/IeKBaTHO pellieHre 3a UMILIEMEHTAaIlja Ha MEpKUTE 3a 3allTe/la Ha eHepruja. BakBuot rpajexex
MaTepHjaj My JI03BOJYBa Ha SUJOT Ja ,,aumie’. Tepmo O610KkoBHTE 00€30€ayBaaT ONTUMAITHO CTPYEHE
Ha BOJICHATa Iapea U OHEBO3MOXKYBAar I0jaBa Ha TOIUIMHCKA MOCTOBM Ha SHJIHATA TIOBPIIHHA.
HcroBpemeHo, TepMO OJIOKOT € M3padOoTeH HMCKIYYWBO O] IPUPOJIHU MaTepHjanu, 0e3 CHHTETHYKU
agutuu. Co yrorpeba Ha 0BOj TpaJieeH MaTepHjall, 00jeKTOT MOJIECHO Ke ja JOCTUTHE HajBUCOKATa
A — xraca Ha eHepreTcka epuKacHOCT.

Ho, Ounejku cranyBa 300p 3a peKOHCTPYKIIMja Ha BeKe IMOCTOeUKa 3rpajia, Hajaoopa coiyiuja e
ctuporiopotr. Bo Penybmuka Maxkenonuja, Bo aypu 98% om Tepmuukure Qacaad ce BrpamyBa
CTHPONOPOT KaKO TPajJeKeH Marepujall, ITO ¢ HENOOWTEH J0Ka3 3a HEeroBaTa EKOHOMHYHOCT H
MPAaKTHYHOCT BO HAIKWTE Ma3apHH W KIMMATCKH YCIOBH. 3a HAjrojieM el Ol O0jeKTHUTE ce
mperopayyBa ONTHMAJICH CJI0j Ha CcTHpornop ox 8 a0 12 caHTHMETpH, CO KoM Ke ce 00e30emu
aJIeKBaTHA W30JIAIMCKa 3aIITUTA.

N 6Gojatra Ha dacagaTa MOXKE Ja c€ MCKOPHCTH BO HAIlla KOPHUCT, UMEHO TEIIKUTE TEMHU OOH
Tpeba ma ce u3berayBaar mpu u3BeabaTa Ha TepMuukM (acaaun Bo Makenonuja. Bucokure
TEMIIepaTypy BO JICTHHOT MEPUOJI JOBEIYBaaT J0 HEMOTPEOHO 3arpeBame Ha HAJBOPEIIHUTE SHIHH
MOBPIIMHK Ha O0jEKTUTE, CO INTO C€ 3rojeMyBaaT M TPOIIOIHTE 34 JIaJelkh¢ Ha BHATPEITHHUTE
MIPOCTOPHH, Tla BUCTHHCKH M300p Om Omie MOCBET/IM HUjaHCH Kako Oerna, jKonTa, OJeo ChHA WIN
MOPTOKAJIOBA.

[Tokpaj ToruMHCKaTa M30IaMMja, BO 100po M3omupaH 00jeKT (CO COOZBETHA BEHTUIIAIN]a) HE ce
co3aBa W I0jaByBa BJara, OJHOCHO C€ TOCTHTHYBa KOMQOp CO paMHOMEpEH pacropen Ha
TEMIIepaTypy Ha BHATPEIIHUOT BO3IyX, 0€3 MPOBEB M MOBPIIMHU KOW MPEIU3BUKYBaaT UyBCTBO Ha
CTYICHHIIO.

4.2 Tpomoun

3a mpoM3BOJICTBO Ha TOIUTMHA C€ KOPHCTH MPUPOJICH T'ac, Ma3yT, HaTa, PEOHCKO 3arpeBamke WIn
eNeKTpUYHA EHepTHja.

Ta6esa 3. Tpoiouu nopaau 3aryou Ha TONJIMHCKA eHepruja

U Tonuncku 3aryou | TonjmHcku 3aryou Tpoumonu 3a
HM3 HA/IBOPEIHU HA IOUIIHO HUBO NOKpUBame Ha
nperpaxn (100m°) 3aryomnre

W/m2K W kWh/m?rox MK/I/roxn
1,25 4215 98 32.340
0,125 412 10 3.300
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JleHecka He € BO3MOXKHO JIa ce ,,KyIH" TOIUTMHCKA CHepruja 3a nmoManky on 3,3 aeHapu 3a kWh,
a BO WJIHUHA IICHUTE Ke pacTar. 3aToa FOAWIIHUTE TPOLIOIH 33 3arpEeBambe CaMo 3a MOKPHBAKE Ha
3aryoute o HamBopemiHute moBpimuHu (100 m?) u3HecyBaaT Kako IITO € MPUKAKaHO BO TperaTta
KojioHa. Bo npBuoT pen (1pBeHa 0oja) najieHu ce BPEIHOCTH 32 THITUYCH HAJBOPELICH SHI Of cTapa
rpanoa. Cekoja roguna ce Tpomat okony 33.000,00 neHapu 3a KOMIIEH3allHja Ha TOIUIMHCKUTE 3aryou
Hu3 100 m? moppmmHa. Co IOMONHUTENIHA M30Jiallja CO KBAJIUTET COOJABETCH 3a MacHBHA rpajada
(3enena 0oja) TOIIMHCKUTE 3ary0M ce HamanyBaaT 3a 10 matu. Kako pesynrat, ce HamailyBaat u
TOJMIITHUTE TPOIIOIY 3a CHEepruja, OAHOCHO ce mTenat okony 29.000,00 nenapwu.

3a oBa yYMIMIITE CO MOBPIIMHA o1 600M? 3ae1HO co MHTEpHATOT co 750m? oBa 6u 3Hauerno 13,5
rmatu norojiemu 3amrenad, ogHocHo 391.500 meH. Ha TOOUIIHO HHUBO.

4.3 Tlpo3opuu

ITocTaByBameToO Ha HOBU TPO30PIIH MOXKE a 3aIITEAN U A0 25% O/ BKyITHATA IMOTPOIIyBaYKa Ha
enepruja. [Ipy pekOHCTPYKIMjaTa HA IIOCTAPH 00jEKTH, IIPEMOPAUWINBO € Ja CE IIPOMEHAT JOTPAEHUTE
MPO30pILH 3aeqHO €O Hu3BeAdaTa Ha Tepmuukarta ¢acama. Ilpm wm360por Ha mpo3opim Tpeba
MIPBEHCTBEHO Jla CE BHUMaBa Ha KOS(UIIMEHTOT Ha TOIJIMHCKA CIIPOBOIJIMBOCT, KOja 3aBUCH O] OpOjoT
Ha KOMOPH Ha MPO30PIMTE U O JOJAJCHUTE aUTHBH Ha caMaTa miacTuyHa Maca. CaMo KBaJIMTETHH
IIBI] mpo3opuy MOKe jJa T'M chpedaT T'yOMTOLMTE Ha TOIUIMHCKA eHepruja. Ha Toj HauwmH,
CIIPOBEAYBAMETO HA MEPKHTE 3a €HEpPreTcKa ehUKaCHOCT ke OUIaT pealu3upaHu BO IIENTOCT.

4.3.1 Crakiao

OOMYHOTO CTAKJIO C€ HapeKyBa KaJeHO CTAaKJIo, a MOXKE Ja Omje U MpeKajeHO WIH JaMUHUPAHO
(mmactuduimpano) 3a ga Ouje MOOTIOPHO Ha Kpiiewe. JIAMUHUPAHOTO CTakiIo € KoMOWHaIlHja Ha
JIBE VTN TIOBEKE CIIOEBH CTAKJIO CO €IeH WM MoBeke MeryciioeBn ojf 6e300jHa MpOBUAHA IIaCTHKA
niu cMona. [Ipom3BoauTe MoXaT Aa Ommat w3pabOTEHHW CO €OHOCIOjHO, TBOCIIOJHO, TPHUCIOJHO U
YETHPHUCIIOJHO CTAKIIO.

Hekoj om BHaTpelmHUTE CIOCBH Ka] TPOCIOJHUTE M UYCTHPHUCIOJHUTE CTaKia MOXe na Ouae
3aMEHET CO TEHOK CJI0j Ha TIoJMecTepcka (onrja 3a Jia ce HaMalu BKyITHATa Maca.

H3oimpayko cTaKka0 — ce COCTOM OJ HajMalKy JBa clioja CTakio, MOCTABEHW HAa Majo
pacrojanue (Co TpaHWYHA JICHTA) U XEPMETHIKH 3aredaTreHd. | paHndHaTa JIeHTa Koja Ce TIOCTaByBa
Ha paboBUTE COAPXKHU JEXUAPATOp 3a Aa ja abcopOupa BiaraTa Koja ocTaHaja Mery CIIOEBHUTE CTAKIIO
10 3arne4yaTyBamero. OBa ro CrpedyBa 3aMariiyBambeTo Me'y CIIOEBHUTE.

W30NHPauKo
craxno

rpammuna
neuta

Ca. U301upavyko cTak/I0

Cepruduumpan Npou3BON KOj HMMa €THKETa 3a KBaJUTET TH 3aJOBOJYBA CIICIHHUTE
KapaKTepPUCTHKH: JBOJHO WJIM TPOJHO 3aCTAaKIyBame, CO 3al€UaTeH WM30JIALMOHEH CTaKJIeH MaHedw,
CTaKJI0O CO HHCKa EMHCHBHOCT, IIOJHEHE Mely CTakiara CO aproH WM KpPUITOH, HHCKA
KOHIYKTUBHOCT, U30JIMPaHU PaMKH, HOCEYKa KOHCTPYKIIMja U BPaTH Kako U 100pa 3alTHEHOCT.

5 OCBETJIYBAILE

IloBekero 00jeKTH MOTpOIIyBaykaTa Ha €JIEKTPHUYHA €HEpruja 3a OCBETJIYBambe€ MOXaT JAa ja
Hamanat 3a 50% wunu moBeke mpeky npuMeHa Ha EE cBeTwsiku mnm noedHKacHU TEXHOJOTHU.
Komnaktau ¢ayopecuentnn cBerunku (CFL), nmoam xom emutpupaar cBernuHa (LED) u
(ITyOpeceHTHN CBETHIIKU — C€ CBETHJIKA KOM OBO3MOXKYBaaT OCBETJIYBamb€ Ha MPOCTOPOT CO IoMalia
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MoTpouryBadyka Ha CJICKTpHUYHA CHCpFI/Ija. ]Z[pyra e(i)eKTI/IBHa MOXHOCT C€ U CBCTIIMHCKHUTEC IECBKHW KO
33(1)31’(33T JHCBHA CBCTJIMHA U ja HOCAT KOH IIOTCMHUTEC ACIOBH HA CTaHOEHHOT IpoCTOop.

Tabena 4. U300p Ha ocBJIeTIyBabe CIIOpe] NOTpeduTe

Kapeukn K®C (W) Xanorenu IIpoussenena
ceerniku (W) ceermaku (W) ceersimHa (Im)
40 7-8 28 420

60 11-12 42 720

75 13-18 52 930

100 18-23 70 1300

Cenak, 3apajay rojieMUHaTa HA CAaMHUTE YYHJIHUIM, HAjA00pO € Ja ce KopucTaT (IyopecilieHTHU
LEBKM KOW MOXart Jia OuaT BO OOJMK HA MpaBa WK KpyxkHa neBka. [loegrunu ce oq KOC, Ho umaar
norpeda oJ1 CrenrjaaTH! MPUKITYUOIIH.,

6 JOINOJIHUTEJIHU COBETH 3A 3ALUTEJIA HA EHEPIT'NJA U HAMAJIYBAIBE HA
EMHUCHJA HA CO;

1: Cratnunute ypeau Tpeba na ce uckirydar o mrekep. OBa Ke ja HaManu 1iejaTa MmoTpoIIeHa
eHepruja ImTo ce KOPUCTH J0JIeKa allapaTUTe He ce KOpUCTaT

2. Bpartute Ha YYMIHHIIMTE Jla C€ 3aTBOPEHW cekoraml kora € MoxHo. OBa ja 3aapKyBa
TOIUTMHATA BO MPOCTOpHUHTE, Oe3 Ja Tpeba Ja ce BKIYyYH TPECHETO M CO TOa Ja Ce KOPUCTH IOBEKe
CHepruja.

3: Tlpocropuurte He TpeOa MPEMHOTY Jla Ce 3arpeBaaT, a HU Jiajar. Bo 3uMma, TepMOCTATOT Ha
yuunumreTo Tpeda aa e mocrased Ha 18 © C-20 ° C, a Bo jero 24 ° C-27 ° C. [5]

4: Cernara J1a ce HCKIIy4aT 10 HaNymTame Ha yamrannara. OOWYHO, BO YUMIIAINTATA CBETIaTa
TIOCTOjaHO C€ BKIIYyUEHH, OMICJKH € IMMOJIECHO OTKOJIKY Jia C€ BKIYyUyBaaT M UCKITydyBaar.

5. CrnaBuHHTE BO M OKOJYy YYWJIHMINTETO Jla C€ HMCHpaBHU. ToIjata BoAa KOPUCTH TojieMa
KOJIMYMHA Ha EeHepruja 3a 3arpeBamse. VICTO Taka MOXaT /Ja ce 3aMeHaT YelIMHTE CO TaKBH IITO
mTenaT BoAa, HAMECTO OHHE IITO HE Ce UCKITYyYyBaaT aBTOMATCKH.

6: AnmapaTtuTe BO YUHWIHIITETO, KAKO IITO C€ KOMITjYTepH, PPIKUICPH U KyJHCKH arapat, Jia ce
MPOBEpaT 3a Jia Ce BUJY KaKBa € HUBHATA SHEpreTcka e(pUKACHOCT.

7 SCHOOLS OF THE FUTURE [6]

Ilenra Ha mpoekrtot ,,Schools of the future™ e na nm3ajuupa, nemoHCTpUpa, OlEHYBa M Ja
NpeHece MO3UTHBHU MPHMEPH 33 TOa KaKO Ja C¢ JAOCTUTHE HAHOTO HUBO Ha TPAJCEhe CO BHUCOKH
nepopMaHCH. YYHIUIIHUTE O0jeKTH W YYCHHUIMTE KAaKO HHBHH OCHOBHHM KOPHUCHHIM CE€ IeITHA
rpyma 1 Bo OKYCOT Ha MPOEKTOT.

U edukacHOCTa Ha eHeprujaTa M BHATpPEIIHATA CpearHa Ha 4 1eMo 3rpaju Bo 4 eBPOIICKH 3eMjU
U KIMMH € 3HaYuTelHO Toxo0peHa mopaau HaarpanOm Ha ¢acagata Ha 3rpajgata, CEpBHCHUTE
CHCTEMH, UHTETpaIja Ha OOHOBIMBY N3BOPH M CHCTEMH 3a yIIPAaBYBAbE CO 3TPajIu.

Schools of the future e naunjaTrBa Ha EBporickata YHHja U BCTaTa HyJH MOKPOBUTEICTBO HA
TPOILIOLY 33 PECTaBpalliK OJf BAKOB THII, I1a TOa OM OWia JOMONHHUTENHA (HHHAHCHUCKA MTOMOII MPH
peasm3anja Ha POEKTOT KOj TO H3TOTBUB U U3IIOKHUB BO OBOj TPYII.

Hcro Taka mpoeKkToT HyAW M MHOTY NPEAior- pabOTMIIHHIM CO KOM M HajMiauTe Ke Oupar
BKJIy4eHH BO MPOLIECOT MPEKy HHUBHA €IyKalMja 3a eHeprerckata e(uKacHOCT, OpraHu3upame Ha
0a3zapu co napu 100MEHH Of PEUUKINPABE Ha TUIACTHKA MITH CTaKJIO UTH.
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8 3AKJIYYOK: CIIOPEJIBA HA TPOLIOIIN

[loeauneuno, Oea HampaBeHHW MPECMETKH 32 TPOILIONHMTE KOM YUYHIHUINTETO OW T'M HMAllo CO
WMIUIEMEHTallMja Ha TOHYIEHWTE pelIeHHja KOM Ce CTpeMaT KOH eHeprercka e(pukacHOCT Ha
YUMIIMILHATA 3Tpaja.

On nobuenute nofarony (TaTteHn (GakTypy 3a eJIeKTpUYHA SHEpPryja) U 1Mo W3BpIICHA aHAJIM3a,
Ce UCIOCTaByBa Jieka OBa YUWJIMILTE Tpowu mnpocedyHo mno 7.600 neH. a uHTepHatoT mo 9.000 new.
MECEYHO 3a elleKTpruHa eHepruja. Toa Ou Omno cepkynuo 199.200 neH. rogumHo. JIOMOIHUTENHO, 32
HabaBka Ha orpesHO 1pBo (90 m®) ce Tpomar ymre 270.000 meH. 3Haum, TPOLIOLKTE 3a CHEPTHja CE
cyonumupaar Ha 460.800 neH.

Co HampaBeHHTe TI0J100pyBama ce 3amTenyBaaT okoay 340.000 neH. Ha TOMUIIIHO HHUBO, INTO €
cyMa O]l TOJIeMO 3HaueHme 3a YYMIMINTETO, OWIEjKH Toa ce cpeiacTBa INTO OM MOXKele Ja ce
MpeHaMeHaT Ha JOONpeMyBame, HaOaBKa Ha HaATJICAHM CPEACTBA W CEBKYITHO MOA00pyBame Ha
ycioBuTe 3a paborta co yuenunute. Cekako, v epeKTOT BP3 )KMBOTHATA CPEIMHA MMa OIPOMHA YJIoTa,
KaKO 3apajy 3alllTUTaTa Ha OKOJIMHATa, HaMalyBame Ha emucujata Ha CO; UTH. Taka U Kako €cH
n00ap mprMep 3a TOANTAbE Ha CBECTA Ka] YUCHHUIIUTE, a U KUTENNTE Ha C.J[peHOBO BOOIIIIITO.
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ENERGY EFFICIENCY AND ENERGY SAVING IN SCHOOLS IN RURAL
ENVIRONMENT

ABSTRACT

The aim of this paper is to present ways in which rural schools can be energy-efficient, to
analyze costs with and withoutimplementation of the offered solutions, as well as additional advice on

Energy saving. In addition, education and involvement of the youngest so they can and will
contribute to the realization of the goals.

The introductory part discusses the problem of the limited resources theese schools have and the
way of utilizing existing ones. Then possible solutions to the problems are presented, and as a
conclusion:analysis of valid and relevant current costs and comparison with the expected ones after
the improvements are made.

Key words: energy efficient, solar power, resources, schools, costs
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EHEPI'ETCKH E@UKACHMU 3I'PAIN

KYCA COAPKHNHA

I'moGannata moTpomyBayka Ha €JIEKTpUYHA EHEpruja ITOCTOjJaHO pacTe Co
3rOJIEMYBAmh-ETO HAa YOBEUYKATa IMOIYJAIfja BO CBETOT, a KaKO pe3ylTaT Ha TOa CE jaByBa
3rojieMyBambe¢ Ha €MHCHUTE Ha CTAKICHHMYKHA TacOBU. 3a Ja Ce yCIee BO CO3/IaBamkeTo Ha
OJIP)KJIMBH TPAJIOBH W 3/IpaBH KHUBOTHU CPEIUHM CO II€J 3TOJIEMyBame Ha €HepreTrckara
e(rKacHOCT, BO OBOj TPy ke ce 00paboTaT HaUYMHUTE KOW K€ OBO3MOXKAT HamMalyBame Ha
MOTPOIIlyBauKaTa Ha eJeKTpUYHA €Hepruja co ynoTpeba Ha TpaJie’KHU MaTepHjaid KO Ke
OBO3MOXAaT 3roJIEMyBambe Ha €HEpreTcKka epuKacHOCT Bo JoMakuHCTBaTa. [Ipeky copendara
Ha TPaJUIMOHAIHWOT HAYWH Ha wW3rpagba Ha 3rpagute Kaxe (akTopoT Ha EeHeprercka
e(UKacHOCT Ha JIOMaKWMHCTBaTa OWJI 3aHEMapyBaH M HOBHOT HAaYyWH Ha HW3rpaada MpeKy
CO3/IaBalb¢ Ha €HEPreTcku edukacHa WHEOPACTPYKTypa, K€ ce maae MoceOCH OCBPT KOH
MpuAO0OMBKUTE | 3alliTe/laTa Ha €HEpryja Kako M MoJo0pyBamke Ha CEKOJIHEBHOTO KHUBECHE.
HoBute eneprercku epukacHU 3rpad MO>KE€ UCTO Taka Ja T€Hepupaar APYrd €KOHOMCKH,
COIMJAJTHA M €KOJIOMKH Ppua00uBKH. [log00pyBameTo Ha EHEPreTCKUTE KapaKTePUCTUKHA Ha
nH(]ppacTpyKTypaTa 1 3alITeAUTE HA CHEPryja K€ UM OBO3MOYKH Ha MHOTY JIOMakKHHCTBA J1a ja
n3bernar ‘“‘eneprerckara cupomamtuja’. OBa ce HeKOoW 0] (PakTOpUTE KOM ja 3adyByBaaT
eHepreTckaTa e(pUKacHOCT U OJP>KIMBOCT KaKO MIPOrPECUBHO KIIyUeH I7100aeH CyOjeKT.

Kuyunu 3060poBu: 30pasa JiCUBOMHA CpeOuHa, 3auimedd HA eHepeuja, OOPHCIUBO
0OMAKUHCMBO.

1 BOBEJEH JAEJ

Eneprercka edukacHOCT mpeTcTaByBa OJHOC IIOMely KOpUCHAaTa W3JIe3Ha MU
norpeOHaTa Bie3HA EHEpruja, HajuecTo M3pa3eHa Bo mpoueHTH. [lonoOpena eHeprercka
e(pHUKaCHOCT 3HauM J0OMBamE Ha MOrojeMa U3J1e3Ha KOpUCHA eHepruja 3a HICTUOT €HepreTCKU
BHEC WJIM MCTa U3JI€3HA [I0JIe3HA EHEepruja 3a oMajl eHepreTCKH Biie3. 3rojeMeHa eHepreTcka
e(pHrKacHOCT OM MOXKeJa Jla ce MOCTUTHE CO MIPUMEHa Ha TEXHOJIOTHH, KOPHUCTEHE Ha BUCOKO
epUKacHW MaTepujaid MpH HU3rpazda Ha 3rpajd, €Heprercku e(uKacHU ypeau Kako U
CTpaTeTMM 3a HaMaJeHa NOTPOIlyBayKa Ha €JeKTpUYHAa eHepruja. 3amTenara e
JNETEPMUHUPAHA CO MEPEHE WIN CO NMPOLIEHYBalkhEe HAa €HEPreTcKaTa MOTPOILIyBayKa Mpe] U
OTKAaKO € MMIUIEMEHTHpaH €/leH WM TOBeKe MEpKH 3a MOoJ00pyBame Ha eHeprerckara
eduxacHocT. Oxony 40% of 11e10cHOTO UCKOpHcTyBamwe Ha Enepruja Bo EVY ce onHecyBa Ha
I'PafeXHUOT CEKTOp ( JOMAaKMHCTBO M YCIYrM ). MOMEHTalIHO OKOJY JBE€ TPETUHHU O]
MOTPOILIYBauKaTa Ha eHepruja BO 00JEKTUTE c€ KOPUCTH 3a 3aTOILUIYBamkE Ha MPOCTOP, J0/1eKa
ocTaHaTara eJlHa TPETHHA BO BUJ] HA €JIEKTPUYHA EHEPrija Koja ce KOPUCTH 3a MHCTaNIalja U
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onpema. [10100peHNOT apXUTEKTOHCKU H3ajH, Moj00peHaTa KOHCTPYKIMja U TEXHOJIOTHHUTE
KOM C€ JOCTAllHU JEHEC OBO3MOXKYBaaT MHHHMMH3Mpaamke Ha MOTpOLIEHAaTa CHeprujara u
3rOoJIEMEHHM TNPHUIOOMBKM 3a Jyf'eTo, MOYHMCTa >KUBOTHA CpEIUHA, MOYUCT BO3YX, IOBEKE
yI00HM JOMOBH M PabOTHHU MPOCTOPH, U MOHUCKU CMETKH 3a €JIeKTpHYHa eHepruja. Taka Ha
puUMep ceKoe [ espo wimo ce uH8eCmupa 60 NOO0OPYBArbe HA eHepP2emcKama eqhuKacHocm
3auysyea 2 espa. J1o0po Au3ajHUPAHUTE U TOOPO KOHCTPYHPAHHU HOBH 3TPaH MPETCTABYBAAT
Haj00pa MOXHOCT 32 HaMaTyBamke Ha TPOIIOIMTE 32 3aTOILTYBamke, JIa/ICHEe, BEHTUIIAIM]aTa
U OCBETIyBameTo. HajedmkaceH HaYMH Ja ce OCUTypa JieKa eHeprerckara e(pukacHocT e
BKJIydeHa BO JW33jHOT M TPOLECOT Ha KOHCTPYKIHMja € MpeKy npuMeHa Ha [pamexHu
Eneprercku EdukacHu xonmexcu. Tue moctaByBaar MUHHMAIHH Oapama 3a €HEprerckara
e(UKacHOCT Ha 3rpajara BKIy4yBajKM I'M TEPMHUUKHTE KapaKTEepUCTUKU Ha 3rpajara u
CTaHJApANTE 33 EHEepreTcka eUKaCHOCT Ha BHATPEUTHUTE ONIPEMH U ypenu. PeHoBupame Ha
MOCTOJHUTE 3rPaJd U 3aMEHa Ha OIllpeMaTa Koja UMa rojieMa eHepreTcKa MOTPOITyBavyKa € O]
WCKITYYMTEITHA BAXKHOCT 32 TIOJI0OPYBAaETO HA eHEepreTcKaTta ePUKacHOCT.

2 KAPAKTEPUCTUKU HA EHEPI'ETCKHN E@UKACHMU 3I'PA/IN

Natural energy gains

Renewable energy

&
Building
gross
Energy Delivered
needs energy
L= I
' |

Internal heat gains

Exported energy
System losses

Cnukal - Ilpomox na enepeuja

CnukaTa TO WIyCTpHpa MIPOTOKOT Ha €Hepruja Bo 3rpaxara. ['m nmpercraByBa nmotpedure
3a eHepruja 3a 3aTOIUIyBame, OCBETIYBame, JaJIeHhe, BEHTHIANWja W KIMMaTH3aluja.
BHatpemnuTe Gapama 3a KIuMaTa', HaJBOPEIIHI KIMMATCKU COCTOjOM U KapaKTEPUCTUKUTE
Ha 00jeKToT ( MOBIIMHA, TPAHCMHUCH]ja HA TOTUIMHA U MPEHOC Ha TOILUTMHATA TIOPAaN CTPYCHE
Ha BO3JYXOT ) CE MapaMeTpH KoM ce KOPUCTAT 3a Ja ce AeTePMHUHUpA oTpedarTa oJ] eHepruja
3a T0j 00jeKT.

Hcnopavana eHepruja € KOMMYMHATA HA €HEPrHja Koja Cce MCIOpadyBa 3a 3aJ0BOJyBame Ha
mobapyBaukaTa 3a Ja ce 00e30enu eHepruja 3a 3aTOoIUTyBame, JIaJeHbe, BEeHTHIIAINja, TOIIa BOAa U
OCBeTIIyBamke Ha 00jexTorT. OOMYHO ce m3pazyBa BO KHIIOBAaT 4yacoBW. McmopauanaTa eHepruja Om
MOXKEeNa Jia ce HaJOMOIHHU CO OOHOBJIMBA €HEpruja, oBa OM Mokeno jia Ouzae Bo (hopma Ha CONapHH
PV, conapuau Gojepu uiu Berep.

1 .

Ilox TepMHHOT BHATpelIHAa KJIMMa Ce€ MHUCIM Ha CyMa OJf TOIUIMHCKAaTa €HEepruja, KBaJUTETOT Ha BO3IyXOT,
aKyCTH4HA M CBETJIOCHA NMPHPOJa Ha 00jekToT. PenmynaTuBuTe M ymaTcTBaTa 3a BHaTpelIHaTa KIMMa Ha JaJieH 00jeKT ce
IJIABHO JIEJT O] KOJEKCUTE TIpU M3rpajadara.
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EHepl"eTCKI/ITe e(i)I/IKaCHI/I 3rpaayd ru UCKOPUCTYBAaaT CHEPIrE€TCKUTC PECYpPCH, HaMaJIYBajRH Iro
3aJTyJHOTO TPOIICHE HAa CHEPTHja, OMHOCHO CO e/l HaMaJTyBambe Ha MCIopayaHaTa eHepruja MpeKy:

e ['pagexeH miaH Koj ja 3eMa BO MPEIBU/I JOKAIMjaTa Ha 3rpajaTa.

e OOmmK Ha 00jeKOT KOj K€ IOTTUKHE KOPUCTCHE Ha JIHEBHATA CBETJIMHA U TIPUPOTHATA
BEHTHJIAIM]a, HAMAJTyBajKu TO T'yOMTOKOT Ha TOTUIMHA

e OpueHTanMja Koja TH 3eMa MPEABHUI MOTCHIUJATHUTE COJIAPHU TTPHI0OUBKU
MCTOBPEMEHO HaMaITyBajKH I'0 PU3UKOT 32 OTCjaj U MPETpeBambe

e [IpupoHa BEHTHIIAIM]a CEKOTAIl KOra € MPaKTUYHA U COOJIBETHA, & CO MEXaHHYKa
BEHTHJIAIIMA U/WJIA KIIMMAaTHU3aIija Kou OM ce KOpHUCTeie caMo Kora O uMaso
notpeba o HUB

e JloOpo HMBO Ha TOIUIMHCKA M30Jalllja.

3 EHEPIT'ETCKH E®OUKACHU MEPKHU 3A OBJEKTHU

Eneprercka epukacHu Mepku 3a 00jeKTUTE c€ HAUMHM TNPEKy KOM IMOTpOIIyBaukaTa Ha
€Hepruja BO 3rpaauTe MOXE Ja c€ HaMalH JOoJeKa ce Toao0pyBa WM 3apKyBa HUBOTO Ha
yI0OHOCT BO 00jEKOT.

e HawmanmyBame Ha moOapyBaukara 3a rpecme

e HawmanyBame Ha moOapyBaukara 3a JIaJeHe

e HamanyBame Ha eHepreTckuTe Oapama 3a BEHTUJIAI]a

e HawmanyBame Ha yroTpebara Ha eHepruja 3a OCBETIIYBambE;

e HamanyBame Ha eHeprujara IITO C€ KOPUCTHU 3a IPECHE BOJA;

e HamanyBame Ha MOTpOLIyBayKaTa Ha €JIEKTPUYHA €HEPruja Ha KaHIleJapucKa orpeMa

H ypelu;

3.1 IIpo3opuu

Nneanen mpo3opern ke o0e30equ aTpakTMBHH HHMBOA Ha OCBETIyBame 0€3 OTCjaj, BUCOKH
HUBOA Ha TOIUIMHCKA CHEpruja M30Jalfja, U K& OBO3MOXXM WH(palpBeHATa CBETIMHA Ja
BJIe3¢ KOTa Taa € MoTpeOHa 3a rpeeme, HO Ke ja OJoKHMpa Kora ucTata OW T'm 3rojieMyBaia
TPOIIOIUTE 32 JIAJICHE.

TOTAL SOLAR ENERGY

®
uv
3%

INFRARED
53%

o S

VISIBLE
44%

Cruka? - Enepeujama o0 couye

278




Hcto taka O6um Omwio moOpo mAa ja OIOKUpa yATPABHOJETOBATA CBETIMHA IITO MOXKE Ja ja
OIITETH KOXKara W Marepwjanute. [Ipozopumre, UCTO Taka, Tpeba na Oupar edeKTHBHU
JETIOBH TIpH M3rpazda Ha CUCTEMHU 3a KOHTpPOJIa Ha KIMMaTa U CUCTEMH 3a OCBETIYBamC.
WHoBanuuTe BKIydyBaaT CTakJIeHH OOJIOKyBama KOM ja HaMalyBaaT arcopliujara u
MOBTOpPHAaTa €MHUCHja Ha UWHQpaIpBeHa CBETIWHA, M0J00pyBama Ha TOIUIMHCKA
CIPOBOJUIMBOCT (HA IIp., MOBEKE CIOEBH OJI CTAKJIO, MOTOJHYBAkE HA MPA3HUHUTE MOMETY
CTaKJICHUTE IUIOYKH KOPHCTEJKH aproH, KPUOTOH WM KCEHOH M MOJOOpEeH IH3ajH Ha
pamkara), Kako 1 yrnoTpebara Ha CTaKJIO CO HUCKO KEJIe30 3a [0100pyBame Ha BUUIMBOCTA.
KomepuujamauTe npou3BoIM KOU cera ce JOCTamHH, 00e30eqyBaaT ceayM MaTH MOoTroJiemMa
M30J1anMja oJ1 H30JIalrjaTa mTo ja 00e30emyBaaT MpO30PIUTE CO SIHOKPATHO 3aCTAKITYBAHE
0e3 5a ce 3arpo3aT ONTHYKUTE CBOjcTBa. Hajromemmor mnpemu3Buk e o00e30emyBame
cynepuopHu mnepdopmancu mno mnpudariamBa 1eHa. McTo Taka mocTojaT M MPAKTUYHHU
pasmuciyBama. [Ipo3opuure co TpH MM YETHPH ClI0ja HA CTAKIO C€ MPEMHOTY TEIIKH U
CKaly 3a MOBEKeTO KOHBEHLMOHAJIHM HMHcTanaiuu. Kopucrejku Bakym momery cTakiara
[IEJIOCHO C€ EINMMHHHpA CIPOBOJIMBOCTA M KOHBEKIMjaTa, HO Toa Oapa MHOTY Maid
M30JIATOPH WM JPYTH MEXaHWU3MH 32 JIa TH 3aJIpyKaT JONHPHHUTE CTAKIIA.

3.2 PemeHuja Kou MOXKaT 2 10BeIAT 10 3HAYUTEIHA 3aIITeIa HA eHepruja:

PeduexTupauky BHaTpEIIHU CIIOEBU

M3apxnuBu 1 BUCOKO pedICKTUPAYKH HAJBOPEIITHU CIOCBU
Marepujanu 3a mpomena Ha ¢aza (PCM)

HoBwu n3onaunonu nenu

Jpyru n3onamucku Moayiau

agrwdE

3.2.1.1 Pednextupadky BHATPEIIHU CIOCBU

OnpasyBajku ja CBeTJIMHaTa WOAOOpPO OJ HOpPMajgHUTE OOW, OBHE CIOEBU TO
MaKCUMH3UpPaaT YyBCTBOTO Ha MPOCTOP M OCBETNIyBame. 10a BCYIIHOCT OBO3MOXKYBa
HaMaJlyBak€ Ha KOJWYMHATA Ha IOTPOIICHATa €HEpPruja 3a BEIITAYKO (IOTIOJHUTETHO)
OCBETIIYBambEC.

OBue CIIOEBH ja ONTHUMHU3UpPAAT ynorpebaTa Ha MPUPOJIHO M BEIITAYKO OCBETIYBHEC IO
20% wunu co apyru 36opoBu 3a 20% ce HamadyBa eHeprujata koja 6u 6una norpeOHa 3a Ja
ce IIojue JO0 WCTa MepIelifja Ha CBETIMHATAa. Tue JONpHUHECYBaaT M 3a 3aJipKyBame Ha
TOTUIMHCKATa pajyjairja o] COHIIETO BO 3rpajaara. Bo 0JHOC Ha JOCETallHUTE TECTUPAE,
pedQIIEKTUBHUTE BHATPEIIHH CJIOBEH TOKa)Kalle )KUBOTEH BeK 01 5-10 roanHu 6e3 ryOMTOK Ha
HUBHUTE MepPOpPMaHCH, a JOJIeKa [[eHaTa Ha OBHE CIOCBH € CaMO MaprHHAJIHO MOBHCOKA.
EdexToT o1 KOpUCTEHE HA BaKBH CIIOCBH € HAjBHCOK BO KIIMMATCKUTE JICJIOBH KOM MMaaT
orpaHuueHa JHeBHa cBeTinHA Kako (CeBepHa u Cpenna EBpomna).

3.2.1.2 Bucoxo-pedaekTHpadKu U TPajHU HAJJBOPELIHU CIOCBH

OBue crnoeBu ja pedrexTupaaT coHUeBaTa pajavjalvja U Toa JEIOBUTE O] BUIJIMBATa
CBETJIMHA WJIM MH(palpeHuTe AeJIOBH O] crekTapoT. Kora ce mpuMmeHyBa Ha MOKPUBU WM
SUIOBH, pedrexcujaTa Ha COHYEBHTE 3pall ja HaMandyBa TOIUIMHATA HAa TOKPUBHUTE U
SUJIOBUTE M KAKO Pe3yaTaT Ha TOA MCTO Taka IO HaMallyBa 3arpe€BameTO Ha IMPOCTOPOT MO
MIOKPUBOT U 3a]1 SUJIOBUTE.

BI/ICOKO'pe(I)HeKTI/Ipa‘{KI/ITC n TpajHI/ITe HaABOPCIIHU CJIOCBU CC MPUMCHIIMBU HA IOKPHUBU
N SUAOBU Ha 06jeI(TI/I KOH c€ HaoraaT BO MHOTOIUIMTE KIMMATCKH pPEeruoHn U MOXKaT Ja
jamTeaaTr a0 15% O[] MOTpoIIyBa4YKaTa Ha eHeerja 3a KIIMMAaTU3upame, J0AC€Ka UCTO TaKa
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7I03BOJIyBaaT HaMallyBamke Ha YIOTpebaTa Ha CUCTEMOT 3a KIMMaTH3upame. JKUBOTHHOT Bek
Ha Ha oBaa TexoJjoruja € 12-15 roaMHM BO 3aBUCHOCT OJ HAJBOPEIIHUTE KIUMATCKH
ycnou. Tporonyre 3a mpuMeHa Ha OBHE CIOEBH ce MpU(ATIUBU U UCTUIATINBH.

3.2.1.3 Marepujanu kou ja meHyBaaT (azata (PCM)

OBue marepujaiy ce KOPUCTAT BO (BHATPEIIHW) SHIOBH WM MOKpUBU U npuroa PCM
MaTepHjalTUTe OBO3MOXKYBAaT SHJOBHTE M IIOKPUBHUTE Ja arcopOWpaar M CKIaaupaar
IpeKyMepHa TOIUTMHA BO TEKOT Ha JICHOT, CO IIeJl /1a ja UCIYIITaaT UCTaTa BO TEKOT Ha HOKTa
KOora TeMmIepaTypara Ha BO3QyXoT ke omaaHe. PCM Bo OocHOBa ja 3rojieMyBa TOIIMHCKATa
MHEpIMja Ha SHJIOT W TOKPUBUTE, IITO T'M MPaBU J1a CE OJHECYBAaT Kako ae0enn KaMeHU
sunosu. Kako takBa, PCM cojpkaHa BO SUJIOBUTE U IOKPUBUTE T'M HaMalyBa IPOMEHUTE Ha
TeMIeparypara BO BHATPEIIHOCTa CO MITO ce 3amrTeayBa eHepruja (['paduxa 3).

Bo nocnennure TtectoBu, PCM mnokaxkane aeka nmmaaT 30 roawHH >KUBOTEH BeK Oe3
ryoeme Ha neppopmMaHcUTe. 3a KOHKPETEH Cllydal MOJKE Jla ce Kake JieKa Ce 3allTeayBa
nypu 1o 10% o1 eHeprujara Koja ce ryou BO JIaJIcHhe.

GRAPH 3. PCM system make temperature more constant
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I'pagux 1 —-PCM cucmemom 0603modicysa oopasicysarbe Ha NPUOIUNCHO KOHCIAHMHA
memnepamypa

3.2.1.4 HanpenHu U30JIAIIMOHU TTCHU

Hampennu wu307alyoHd MEHUW CO BUCOKHM H30JIAMOHHM Tep(opmMaHcH OBO3MOXKYBaaT
3HAQUMTEJIHA 3alllTed Ha CHEPrMd W MOXaT Ja OWJaT MpUIaroJiecHd BO Pa3IuYHH
KoH(purypauuu Ha 00jextu. [IpecMerano e neka oBre BUCOKH mep(OpPMAHCHU MEHU MOXKAT
Jla TM HamaJaT TPOILOIUTE 3a eHepruja 3a 3arorutyBame o1 30% mo 80%.

W3onammjara Ha SHAHWUTE SHJIOBM T'O HCIIOJIHYBa MPOTOPOT MOMeEry JBaTa clioja Ha
HAJBOPEIIHUOT suJl Ha 00jekToT. Kako Ha Cnuka 3 , m3onanujaTa MOKe /1a c€ HHjeKTHpa CO
neHa. Bo ciydaj Ha HOBa rpagda BOOOMYaeHO Mpa3HUHATA C€ TOJHU Taka IITO ¢e KOPUCTH
LBPCTHU MAHETU MPEIXO0IHO MOCTABEHU Ha SUJIOT.
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Figure 1. Cavity wall insulation
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Cruka 3 - H3onayuonu nenu

3.2.1.5 HaapopemnrHa n3onanuja

Bo cnyuaj kaje HeMa SujHA NIYTUIMHA, MOXE JIa C€ OJUTYYH Jia C€ M30JIMpaaT HAJABOPEIIHUTE
suoBu Ha 00jexkToT. OBOj MpHCTAam OBO3MOXXyBa NpH(aTIMBO HHUBO Ha TMpPOMEHA Ha
temneparypara. Cekoj cJ0j OJ H30JlalMjaTa € COCTaBeH cropea crherubuyHuTe
KapaKTEePUCTUKH Ha SHJIOT, KIIMMaTa W OpUeHTaIujaTa Ha 3rpagaTa. [Tokpaj nmeppopmancuTe
Ha TOIUIMHCKA W30Jaluja, APYTd KPUTEPUYMHU 3a H300p HA MaTepHjaad BKIydyBaaT
OTHOOTIIOPHOCT, MEXaHWYKa OTIIOPHOCT, CTA0MIIHOCT, aIriCoPIIIHja Ha BOJIA ¥ TIPOIYCTIMBOCT.
3a MOBEKETO BaKBU M30JIAIIMOHU (hacaju KUBOTHUOT BEK Ha cucTeMOT € 70 20 roguan. OBoj
MpHUCTall HE TO MEHYBa HAJBOPEIIHUOT M3TJe] Ha eqHa 3rpaaa. OuurieneH HEeJOCTaTOK €
ry0eme Ha BHATPEUTHUOT MpocTop (Topaan nedennHaTa Ha U30JaIMOHUTE CIIOEBH).

Figure 2. External wall insulation
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Cnuka 4 - Haosopewna uzonayuja

3.2.1.6 Bakymcku uzonarmones nauen (VIP)

Mopaynure 3a BakyMcKa u3oyangja o0e30eayBaar cioboda MHpu JAu3ajH Kora ce
pEeHOBUpaaT cTakieH! (acaanu 3rpaau. HuBHUTE n30manuoHn neppopMaHcH ce HeKaae TpH
NaTH MOBUCOKU 0J1 KOHBEHIIMOHAJIHUTE MaTepujaiu 3a u3oiauuja. /lo Heomamua VIP peTtko
ce KOpHUCTeJe BO O00jeKTUTE MOpajud HUBHATA KPIUIUBOCT U PU3UKOT OJ1 OLITETYBame Ha
BaKyMOT 0] nepdopauujara. Mefyroa HeOJMaHEIIHUTE MPOU3BOIM IO omndakaaT BaKyMOT
BHATpe BO IMAKET CO JIBOJHO 3aCTaKIyBamke OBOMOXKYBAjKH HUBHA yNoTpeda BO 00jeKTH KOU
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uMaar norpeda o]l CHIHO NOJOOpyBame Ha TepMmaiHara u3onanuja. VIP BO MOMEHTOT ce
3HAYUTCIIHO ITIOCKAIIN O KOHBCHIIMOHATIHUTE N30JIallMOHHU MaTepI/IjaJII/I.

OBue TexHosoruu 006e30emyBaaT JOJITOPOYHH H30JIAIIMOHH Mep(pOpMaHCH, CO MHOTY Mald
3aryoum Ha edukacHocT (20%) Bo mpBure 30 TOAMHM OJf HUBHOTO HHCTAJIMPALE.
KomOunarjata ol OBHE I€T TEXHOJOrMM OM MOXeJa Ja 3alTequ Ha CHepruja 3a
3aToIUlyBame U KiIuMaTu3upame co noseke o 40%. TouyHroOT n3HOC Ha 3amTena Ou 3aBHUCEN
¥ 01 Ipyru GakTopu Kako BHUIOT U JOKaIMjaTa Ha 3rpajata. BaXHO ¢ OBHE TEXHOJOTHHU Jia
OMIIaT MHTETPUPAHHU KAKO JIe O] III00THOTO PCHOBUPAKE Ha 00JEKTHUTE.

Cnuka 5 - BaKyMC‘KU uzonayuoHeH naneil

4  3AKJIIYUYOK

Eneprerckara 3amrena npu u3rpajadaTa CTaHa €IHA OJf HajBAXXHUTE TEMH HA MOJUTHUKHUTE W
HAay4YHHTE areHau. PacTemero Ha MOMyJIalijaTa, HaMaTyBamkeTO Ha M3BOPHUTE HA €Hepruja GasupaHu
Ha (OCUITHUTE PECYpCH, OPACTOT Ha EMHUCHHU Ha INTETHH TaCOBU IpepacHaa BO INIABHH MOTHBATOPH
3a eHeprererckara e()MKacHOCT BO 3rpaauTe. JIOMOMHHUTENHO, IIeHaTa 3a eUKacHOCT, 6e30enHocTa 1
norpebaTa Ja ce HamajaT EMHCHHTE Ha jaryiepoJ ce (yHIaMEHTAIHW NPUYMHU 32 EHeprercka
3amrena. Bo MUHATHOT BEK, HEBEPOjaTHHOT IOpACT Ha ymoTrpedara Ha €Hepruja M ce ImorojeMara
3aBHCHOCT O] €HEPreTCKH M3BOPH 'O NPHUHY/Mja YOBEIITBOTO Ja 3allOYHE Jia TPOIIM CHepruja Ha
HajeuKkaceH MOKeH HauuH BO cekoj morsien. OKOMy eHa TpeTHHA O] rio0aaHaTa eHeprHja €
MOTPOILIEHA BO JOMOBHTE, jJaBHUTE M KOMEpLHUJAIIHUTE 3rpaad, KaJae ce KOPUCTH 3a
3aTOIUTyBam€ Ha IPOCTOPOT, JIaJeHhEe, BEHTUJIAIIH]a, OCBETIIyBamkhe, TOTBEIHE, 3aTOILUTyBakhe Ha
BOJIaTa, MOTPOIIyBauka Ha (QPKUICPU U KOPUCTEHE HAa EJEKTPUYHH M MEXaHUYKH ypelu.
Kopucremero Ha eHeprujata ce ouekyBa Jia pacTe Kako IITO Ce MOBEKe ce MOJCpHU3UpaaT
I'PaJIOBUTE BO PaA3BHCHUTE 3€MjU U pacTe OPOjoOT IO KUTEIL

[lopamu HUBHaATa rojiemMa MOTPOIIyBayka Ha €HEpPruja, 3rpajuTe HUCTO Taka HyJaT
MOXXKHOCTH 3a 3aluTeqyBayka Ha eHepruja. Cnopex Merynaponnata AreHuuja 3a
Enepreruka, 3rpagute uiau 00jeKTUTE COUMHYBaaT 0ko.ty 41% o1 riio6amHuoT MOTeHIHjal 32
3amTeaa Ha eHepruja a0 2035, cnopeaHo co HHAYCTPUCKUOT cekTop 24% u TpaHCIOPTHUOT
cextop 21%.

Opn nmoceranrHUTe M3/arama ce YTBpIyBaaT TpU OCHOBHHM HAUMHU CO KOM €HEpreTckara
ebukacHOT OM Mokena Aa Ouje mojgoOpeHa BO JOMOBHTE, jJaBHUTE M KOMEPIIHjATHHUTE
00jeKTHu.

1. Tlpeky momoOpeH qu3ajH U KOHCTPYKIMCKA TEXHUKA KOja I'M HaMaJlyBa OTpeduTe 3a
TOIIEH-E, JIaZIehe, BEHTUIIALN]a U OCBETIYBambE.

2. Ilpexy u3rpaaba Ha HaJIOTIOJIHYBabE U 3aMEHA Ha €HEprija KOPUCTEJKH
JIOTIOJTHUTEIIHA OTpeMa

3. Ilpexy akTMBHO MeHaMpame Ha yrnoTpedaTa Ha eHeprujaTa
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ENERGY EFFICIENT BUILDINGS
ABSTRACT

Global consumption of electricity has rapidly rised with the growth of human
population in the world, and as a result there is an increase of greenhouse gases emission. In
order to succeed in creating sustainable cities and healthy living environments as well as to
increase energy efficiency in this paper will be processed the ways that will enable reduction
of electricity consumption. That will be done by using building materials that will allow
increase of energy efficiency in the households. By comparing the traditional way of building
the infrastructure where the factor of energy efficiency of households was neglected, and the
new way of construction by creating the so-called A class energy efficient infrastructure will
be given a special emphasis on the benefits and energy savings as well as improving
everyday living. New energy-efficient buildings can also generate other economic, social and
environmental benefits. Improving the energy performance of infrastructure and energy
savings will allow many households to avoid “energy poverty"”. These are some of the factors
that preserve energy efficiency and sustainability as a progressively key global entity.

Key words: healthy environment, energy saving, sustainable household, building
materials
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INPUMEHA HA OBHOBJIMUBU N3BOPU HA EHEPI'MJA KAJ OBJEKTHU CO
EHEPI'NJA BJIN3Y HYJIA

AIICTPAKT

Co3/aBameTo Ha HABUKHU Kaj JIy['eTo 3a IITe/ICHhe Ha eHeprujaTa U KOPUCTEHETO Ha OOHOBIUBU
W3BOPH Ha €Hepruja MpH IJIaHUPAKETO Ha 00jEeKTHUTE, Ce JIBa MOjI0BHH (PAKTOPH KOH OCTBapyBamkE Ha
IITO TTOToJIeMa eHepreTcka ehpUKacCHOCT BO €HEPIeTCKUOT U IPaIeKHUOT CEKTOP.

[IpercraByBamero Ha efaeH N-ZEB - (Nearly Zero Energy Building) o0jext Bo eneH coBpeMeH
rpag ke MMa OTrPpOMHO BJIMjaHWE KOH IIOJMTHYBalme€ Ha CBeCcTa Ha JyIfero 3a ITOMHTEH3WBHO
pasMHCIyBalke BO MpaBel] Ha INTEACHC HAa CHEpPrujara M IITO IMOMHTEH3UBHO KOPHCTEHE Ha
OOHOBIIMBUTE HM3BOpUM Ha cHepruja. CaMo MNpEKy HCKOPHUCTYyBamkbe Ha OOHOBIMBUTE HM3BOPH Ha
eHepruja NPy TUIAHUPAETO Ha eIeH 00jeKT MOXKE /1a Ce MOCTUTHAT KapaKTePUCTUKH eNHAKBH Ha N-
ZEB, ¢o 1ITO U IPUIOHECOT KOH e(peKTOT “CTaKieHa IpajnHa” OU ce CBEI Ha MUHHUMYM.

Bo oBoj Tpyxd, ke ce maze mperiieq Ha OOHOBIMBHTE W3BOPH Ha €HEpruja ITO MOXAT Ja Ce
MIpUMEHAT BO O0jeKTH, MPHU IITO ke OMje 3ama3eH KOHIICNTOT Ha eHepruja Onmm3y Hyna. IIpurtoa ke
Owmmar pasriiciaHyd MOKHUTE HAUMHM Ha CHaOIyBarme CO CICKTPUYHA €HEprHja W eHeprija 3a rpecme
u naneme. Kako mpBa BapujanTa ke Ouje NTMMEH3NOHHPAH COOABETEH (POTOBONTAWYEH CHUCTEM Of 5
kW koj mro ke cHaOmyBa ceMmMejHa Kyka, a Kako BTOpa BapHjaHTa Ke Ce JWMEH3WOHHpA
(dhoToBONTAMYEH cHCTEM co WHCcTamupaH kamarmrer on 7 kW. Co mpuMmeHa Ha codTBepcKaTa ajaTka
Net ZEB Evaluation Tool ke 6mmar ompemeneHd mephOpPMaHCUTE TPH PUMEHET CHCTEM 3a
MTOKPYBAHE HA €HEPTeTCKUTE MOTPedr BO e7ieH 00jeKT.

Kayunu 360poBu: Enepeemcka egpuxacnocm, N-ZEB, obHoenusu uzeopu na enepauja

1 N-ZEB (NEARLY ZERO ENERGY BUILDINGS) BJIMCKY A0 HYJIA EHEPIT'ETCKH
OBJEKTH

OnpenyBameTo Ha CHEPreTCKUTE KapaKTEPUCTUKU Ha 3rpaJuTe CO eHepruja 0au3y Hyja ce BpLIX
cnopen aupektuBata 2010/31/EY mpu mTo moctaBeHu ce oapeneHu 1end. Co HUBHO HCIIONHYBAakhE
Tpeba aa ce mocturHe nenta 20-20-20 Bo EBponckata Yauja g0 2020 roguHa, Koja moapazoupa :

- HamanyBame Ha eMucujata Ha CTaKJIEHHYKU racoBu 3a 20% (ce pasrienyBa MOXXHOCTa OBaa
men ga ce 3rojaemu Ha 30 %);

- HamanyBame Ha moTpouryBamikara Ha eHepruja Bo oojexrure 3a 20%;

- 3ronemyBame Ha Y4eCTBOTO Ha OOHOBJIMBH M3BOPH BO IOTPOLIyBauykara Ha eHepruja 3a 20%

[1].
1.1 Jdedpunuuujaza N-ZEB

Enna 3rpana, objexr, rpagda Moxe J1a ce Hapede “OJIMCKY JI0 HyJa eHepreTCKu 00jeKT”’, TOKOJIKY
BKYITHATa TIOTPOIIyBa4YKa Ha €HEpruja BO €IeH 00jeKT Ha TOJUIIHO HHUBO, Tpeba Aa € MPHINYHO
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€IHaKBa CO MPOU3BE/EHATa €Hepruja o1 OOHOBJIMBU M3BOPU HAa CaMOTO MECTO MM BO HEMOCPEIHA
O6nu3uHa. T'onem Jen ox oBue 00jeKTH ce MOBP3aHM CO EHEprerckarta Mpeka IpH IITO 3eMaaT
eNIeKTpUYHA EHepryja Kora UM € moTpeOHO, a JaBaaT Kora MMaaTr BUIIOK. EHeprujata Hajuecto ce
npousBenyBa Ha camoto Mecto (PB cuctem, BerepeHa TypOMHA), a HaMallyBamkeo Ha
MOTpPOIIlyBayKaTa Ha €HEpruja co MpaBH co BUCOKO edpukacau cucteMu HVAC ( rpeeme, naneme,
BEHTHUJIAIM]ja) U OCBeTIeHuE [2].

Enen Bucoko eneprercku eduxacen N-ZEB o0jekr ce kapakTepusupa cO BHUCOK CTEICH Ha
TEPMOMU30JIMPAHOCT OJI HAJBOPCIIHHU BIHjaHH]a, COAPXKH BHCOKO CHEPreTCKH e(UKACHH MPO30pU U
paMKu, UMa ToJIEM CTCIICH Ha BO3ylIHA 3alITUBHOCT KaKO WM IpHUPOJHA WM BCUITAYKa BCHTI/IHaHI/Ija
CO BHCOKO erKaceH Tpanc(hep Ha TOTUIMHA 32 HaMallyBame Ha MOTPEOHTE 32 TPECHE U JIAICHE.

OrpomHa yiora Bo eprKacHOCTa Ha MOTPOIIyBauKaTa Ha eHEpruja u eUKacHOCTa Ha YPEIuTe U
TEeXHOJIOTMUTE Kou Tpeba Ja ja 3aJ0BojaT morpedaTa oJf €Hepruja NpH KOPUCTEHE Ha 3rpajara e
M300pOT U THITOT Ha MaTEPUjaIUTE KOM C€ BrpayBaaT BO 00jEKTOT.

1.2 OOHOBJIMBH U3BOPHU HA EHEPrHja M CTPATEruM 3a JO0CTUrHyBame Ha N-ZEB

[eHec, BO OrpoMeH IOAEM U CE MOAOCTAIlHU CE€ PAa3IMYHUTE HAYWHU 332 UMIUIEMEHTHUPAmE Ha
TEXHOJIOTMH 32 HMCKOPHCTYBame Ha OOHOBJIMBHUTE M3BOPUM HA EHEPrHja Kako IITO Ce: COHYEBHUTE
KOJIEKTOPH 32 TOIUIA BOJA, (DOTOBOJITAUYHUTE CUCTEMH 3a MPOU3BOJICTBO HA EIEKTPUYHA EHEprHja,
TypOWHUTE 32 MCKOPHUCTYBalke Ha BeTepHaTa eHepruja. HuBHHMOT W300p 3aBHUCH O BPEMEHCKHTE
YCIIOBHU, 00j€KTOT ¥ OKOJIMHATA.

I'maBHata e Ha N-ZEB e HamaityBambe Ha eMHUCHHTE HAa CTAKJICHUYKU TaCOBH BO aTMOc(epara a
3rojieMyBame Ha COHUEBATa U BETEpHATA eHepruja. 3a Jia ce Iu3ajHupa OOHOBUIIMB M3BOP HA €HEpPruja
kaj N-ZEB o0jext morpeOHO € aa ce mpep3eMaT OApeaeHH 4eKopH ( BO MOr0JieM JIea OJI CIIy4auTe
00jeKTUTe MMaaT OrpaHHuYEH KPOB, ITOMaJ IPOCTOP OKOJYy 00jeKTOT MTH.). OCOOEHO BaXKHO € Ja ce
aHaJM3WpaaT CTpaTETMH 3a HaMallyBam-¢ Ha MOTpOITyBadkara Ha eHepruja kaj N-ZEB. Ctpareruure
3a HAMJIyBam€ Ha MOTPOIIyBayKaTa ce JieJaT Ha aKTUBHHM W NMAacHBHU. [lacMBHATa cTparerdja BpIIH
ONTHMHU3aIja Ha TEPMUUIKUTE KapaKTEPUCTUKH Ha OO0jEeKTOT, HEroBaTa OPHEHTHPAHOCT W (opMma,
JTHEBHATA CBEIIMHA, MIPUPOIHATA BEHTHIIAIM]jA ¥ HAJBOPEIIHOTO 3aCeHyBambe. AKTHBHATA CTpaTerHja
ce (hoKycHpa Ha EHEPreTCKUTE CHCTEMHU BO 00jekToT [3].

2 INPUMEHA HA EHEPTETCKU E®UKACEH CHUCTEM 3A IIOKPUBAIE HA
EHEPI'ETCKUTE IHNOTPEBU BO OBJEKT OJ ACIIEKT HA NZEB CO IIOMOII
HA ZEB EVALUATION TOOL

Jlokanujata Ha U30paHaTa MOCTOedKa ceMejHa Kyka (200m?) 3a momyBame Ha 4 JMIa € BO Ipaj
[Ipobumamn. Bo okonrHaTa Ha 00j€KTOT MOCTOjaT KyKH, HO HE ja HAapylIyBaaT JHEBHATA CBETIMHA U
COHYEBOTO 3pademe. Bo Bpcka cO TOITMHCKaTa €Hepruja BO 00jEeKTOT, JaIeHmEeTO M OCHOBHHOT
CHCTEM 3a IMOJHO IPEeeHhe € CO TOIUTHHCKA mymma co MokaocT on 10 KW. HamojyBamero Ha 00jekToT
CO eJeKTpUYHa eHepryja € co (HhOTOBONTAWYEH CHUCTEM M AWCTPHOyTHBHATA Mpeka. Bo3mymHHOT
KoM$Oop € U3BEIEH CO MPUPOIHA BEHTUJIAIN]a, CBETIIOCHUOT KOMQOP CO IMOoroixeM 0poj Ha IMPo30pIu U
JOBOJIGH BJIe3 HAa JHEBHA CBETIIMHA W 3BYy4yHHOT Komdop co PVC crpykrypa Ha sumoBute. 3a
cHa0lyBam-e CO TOIUIA BOJA K€ ce MCKOPMCTAT JIBa COJAapEHH KOJEKTOpH co moBpiuuHa 4m? u ke ce
no6ue 3000 kWh. IlorpormyBauka Ha eHepruja Bo ceMejHaTa Kyka Ha TOAWIIHO HUBO € ycBoeHa 4000
KWh (He BKIydyBajku TH ypeauTe 3a JajCkhe U IPeeibe).

Net ZEB Evaluation Tool ce 6a3upa Ha Excel dajn 1 numa 3a men ga ro npukaxe eHEpreTKHOT
OmaHc 3a n30paH 00jKeT, KaKO ¥ MHIEKCOT Ha COBHarame Mel'y IPOM3BOACTBOTO M IMOTPOIIyBavKaTa
Ha eHepruja Bo cucteMoT [4]. Ce npasart aBe BapujanTu 3a 5 KW ( 3a K0j ce npuKa)kaHH W3BEIITANUTE
Bo TpynoT) 1 7 KW @B cucrem. Biiesuure mapamerpu ce MeCEYHUTE MOTPeOH U JOOMBKU Ha eHEepruja
BO CHCTEMOT.
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PVGIS estimates of solar electricity generation

Location: 42°0'0" North, 22710°54" East, Elevation: 564 mas.l,

Solar radiation database used: PVGIS-CMSAF

Nominal power of the PV system: 5.0 kW (crystalline silicon)

Estimated losses due to temp and low irradiance: 9.4% (using local ambient temperature)
Estimated loss due to angular reflectance effects: 2.6%

Other losses (cables, inverter etc.): 14.0%

Combined PV system losses: 24.1%

Fixed system: inclination=35°, ori ion=0
Month E; ) 25 H, H,
Jan 10.90 339 268 830
Feb 14.80 414 363 102
Mar 20.30 628 514 159
Apr 2140 642| 5359 168
May 22.70 705 6.08 188
Jun 2430 729 6.69 201
Jul 25.40 787 7.03 218
Auvg 2450 760| 6.89 213
Sep 21.10 632| 5.76 173
Oct 18.50 573 480 149
Nov 13.10 392| 328 985
Dec 9.54 296 231| 715
Yearly average 18.9 5§75 5.00 152
Total for year 6900 1820

Canka 1 IMogaTouu 100MeHn o TMMEeH3NOHUPAaH

5 kWp @B cucrem co momomr Ha online anarkara pvgis.com

Tapping pattern Family with shower use v
|Type of usage Hot water consumption Water temperature Volume per day at 40,0°C Occurrences per day
| Small 31 40,0°C 481 16
Floor 31 40,0°C 3l 1
|Clean 21 55,0°C 6l 2
[Small dishwash 61 55,0°C 9l 1
|Medium dishwash 81 55,0°C 0l 0
Larger dishwash 141 55.0°C 211 1
|Large 151 40,0°C [+]] 0
| Shower 401 40,0°C 801 2
;Bath 1031 40,0°C 0l 0
ETolaI per day at 40,0°C 167 | 5,8 kWh

Cuanka 2 IlpecmeTka Ha noTpedHa TomJIa BojAa co oMo Ha anarkarta Daikin Altherma Simulator

mecel, 1 2 3 4 5 6 7 8 9 10
rpeerbe co npekuH kwh 1000 500 7 0 0 0 0 0 0 0
naperoe kWh 0 0 0 36 36 108 108 108 108 36
TON/IMHCKa Nymna 3a nagetbe kwh 0 0 0 104 25 36 183 145 30 67
CONapHU KoNeKTopu -70 -80 -150 -240 -350 -450 -450 -450 -330 -250
noTpe6Ha Tonna Boga 233,33 233,33 233,33 23333 233,33 23333 23333 233,33 23333 233,33
TON/IMHCKa NyMNa 3a rpeetbe 500 250 3 0 0 0 0 0 0 0
doToBoNTanYEH cucTem -339 -414 -628 -642 -705 -729 -787 -760 -632 -573
notpouysaun kwh 334 334 334 333 333 333 333 333 333 333
Cyma Cco noTpoLlyBsayu 1659,33 825,33 -197,67 -171,67 -422,67 -462,67 -372,67 -382,67 -248,67 -143,67
rpeetse co npekuH kwh/m2 5 2,5 0,035 0 0 0 0 0 0 0
nagerve kwh/m2 0 0 0 0,18 0,18 0,54 0,54 0,54 0,54 0,18
notpe6bHa Tonna Boga kwh/m2 1,16665 1,16665 1,16665 1,16665 1,16665 1,16665 1,16665 1,16665 1,16665 1,16665
notpouwysayn kwh/m2 1,38 1,38 1,38 1,38 1,38 1,38 1,38 1,38 1,38 1,38
TONAMHCKa Nymna 3a nagerbe kwh/m2 0 0 0 0,52 0,125 0,18 0,915 0,725 0,15 0,335
TONAMHCKa Nymna 3a rpeerbe kwh/m2 2,5 1,25 0,015 0 0 0 0 0 0 0
BKynHO notpe6u kwh/m2 10,05 6,30 2,60 3,25 2,85 3,27 4,00 3,81 3,24 3,06
doTosonTanueH cucrem kwh/m2 -1,695 -2,07 -3,14 -3,21 -3,525 -3,645 -3,935 -3,8 -3,16 -2,865
conapHu konektopu kwh/m2 -0,35 -0,4 -0,75 -1,2 -1,75 -2,25 -2,25 -2,25 -1,65 -1,25
BKynHO A061BKM kwh/m2 -2,045 -2,47 -3,89 -4,41  -5275  -5895  -6,185 -6,05 481  -4115
CyMa €O NoTpoLIyBayu 8,29665 4,12665 -0,98835 -0,85835 -2,11335 -2,31335 -1,86335 -1,91335 -1,24335 -0,71835

Cinka 3 Meceunu norpeéu u 100MBKH 071 eHepruja (3a @B ox 5 kW)
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Net ZEB Evaluation Tool

Developed within the IEA - SHC Task 40/ECBCS Annex 52 - "Towards Net Zero Energy solar Buildings"

Created by: Eurac Research within subtask A

Building Project - Input Data

Name of project Diplomska ~
—_———— oo e \
Building type @ RESIDEMTIAL - ||Ld_|: CRITETE G energy grids )
(Ceeneration | exported energy * g \
Location (city, country@ OTHER - | -_— —— —r = — )
) ' load/generation import/export
ERSTEVEStine @ 5 balance — balance
Web site ' L e
. weighting factors -
o BUILDING DESIGN DATA x
gi Energy generation
i- energy carrier i1 is is is io i10 i1
enterone enterone enterone enter one
heat to cold to more more more more
electricity district district energy energy energy energy
[kWhel/m?y]  heating cooling source source source source
@ [kWhh/my] [kWhe/my] produced — produced — produced — produced
gi - energy generation by: [kWh/m?] [kWh/m?] [kWh/m?] [kWh/m?] Note
building on-site PV 34,49 6900 kwh/200 m2=34,485 kwh/m2
generation systems cogeneration/trigeneration
connected to the energy so|ar thermal 15,00 3000 kWh/200 m2=15 kWh/m2
infrastructure enter one more generation system
enter one more genemr/‘on system
TOTAL 34,49 15,00
off-site generation PV
systems connected to the wind turbine
energy infrastructure enter one more generation system
enter one more genemr/'on system
TOTAL
i-energy carrier i1 i2 i3 i is 3 i7
heatfrom  cold from enterone
electricity oil gas biomass district district more
@ [kWhel/m2y] [kWhol/m?y] [kWhg/m?zy] [kWhb/m?y]  heating cooling egig;’
li- building systems load St S [kWh/m?] Note
heating 6,52 en. e-ja 3a zpeerve 1303 kWh/200 m2=6,515 kWh/m2
DHW 14,00 nompe6a monna 60da 2800 kWh/200 m2=14 kWh/m2
cooling 2,95 en. e-ja 3a naderve 590 kWh/200 m2=2,95 kWh/m2
built-in lighting
auxiliaries
ventilation
plug loads 20,00 4000 kWh/200 m2=20 kwh/m2
cogeneration/trigeneration
hot water
TOTAL
Design monthly data about load and generation o
i1 =electricity jan feb mar apr may jun jul aug sep oct nov dec
Generation (i1) [kWhel/m?] 2,05 2,47 3,89 4,41 528 5,90 6,19 6,05 4,81 4,12 2,51 1,83
Load (i1) [kWhel/m?] 10,05 6,30 2,60 3,25 2,85 327 4,00 3,81 3,24 3,06 4,40 9,30
is = heat from/to district heating jan feb mar apr may jun jul aug sep oct nov dec

Generation (is) [kWhn/m?]
Load (is) [kWhn/m?]

static weighting factors

Wi [kWhpe/kWhi]
heatfrom/to  coldfrom/to enteronemore enteronemore enterone more enteronemore enterone more

electricity oil gas biomass district heating  district cooling  energy source  energysource ~ energysource  energysource  energy source
Symmetric primary 150 090
energy factors
Note

Cauka 4 BuecyBame Ha mapamerpu Bo Net ZEB Evaluation Tool 3a ®B oa 5 kW
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GENERATION/LOAD BALANCE
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3

3AKJIYYOK

CormacHo I[O6I/ICHI/ITC pe3yiaratd, BO IIpBaTa BapnjaHTa HMaMe IIOTIIOJNIHO COBIIarame Ha

0aymaHCcOT Mery MPOU3BOJICTBOTO M TIOTPOIIIYBavYKaTa BO CHCTEMOT criope nepunuijata Ha Net ZEB
primary:

Zgi'We,i—zli'Wd,izG—LZO- 1)

i = HOCHTEII Ha eHepruja;

gJi = IPOM3BOJICTBO OJT | -THOT HOCHUTEI Ha eHeprHja;
l;= noTporryBadka of i- THOT HOCHTEI Ha CHEPTHja;
W = T&KUHCKH (HaKTop.

Bropara Bapujanta wuMa moA00ap UWHACKC HA COBIarame Mely MPOM3BOACTBOTO U

MOTpPOIIIyBayKaTa Ha €IEKTPUHA EHEPrHja BO CUCTEMOT KOj € JOOHMEH Co penanujara:

gi(m)]

Zyear min [1,m
fload = 12 : (2)

floaq= MHICKC HA COBIMAalrame Ha I-THOT HOCUTEN Ha EHEprHja;
gi(m)= npou3BOJCTBO Ha I-THOT HOCHUTEI Ha EHepruja BO M-THOT MecCell;
[; (m)= norpouryBayka Ha i-THOT HOCHTEN Ha EHEPTHja BO M ~THOT MECEL;

Bo BropaTa BapujaHTa BUIIIOKOT Ha MPOU3BE/ICHA €IEKTPHHA SHEPTHja ce MpeaBa BO MPeKa.

Co ymorpebara Ha OOHOBJIMBH H3BOPU HA C€HEPruja Kaj o0jeKTUTE CO CHepruja Onm3y Hyja ce

HaMallyBa BKYITHATA MOPOIIIyBayka Ha EHEeprija U eMUCHUTE Ha jarjepojieH TUOKCH BO aTMocdepaTa.
Ce Bpmm MHHHMH3aIMja Ha 3aryOMTe HA CHEPIrHja M C€ IOCTUTHYBA TOIUIMHCKAa YIOOHOCT M
MO3UTUBHO BIIMjaHWE BP3 JKUBOTHATA CPEIHMHA CO yIOTpedaTa Ha epUKACHU CHCTEMH 3a Tpeeme U
nmaaeme, moepukacHu enexktpuaHu ypeau u LED ocermyBame.

4
[1]

[2]

(3]

[4]
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INTEGRATION OF RENEWABLE ENERGY SOURCES IN NEARLY ZERO
ENERGY BUILDINGS

ABSTRACT

Developing new habits for energy conservation and raising the level of awareness for actively
using renewable energy sources for energy production when designing new buildings, are the two
basic/starting factors towards achieving greater level of energy efficiency in energy and construction
sectors.

Representing a highly energy efficient building — NZEB-(Nearly Zero Energy Building) in a
modern city, will have a great impact on the conventional understanding of energy consumption and
will serve as an awareness tool for thinking in towards energy conservation and intensive use of the
renewable energy sources for energy production. When planning and designing a building, only
through the utilization of renewable energy sources, features identical to NZEB can be achieved. As a
consequence, the contribution to the greenhouse effect would be reduced to a minimum.

In this paper, there will be an overview of the renewable energy sources that can be applied in
buildings, where the concept of NZEB will be observed. The possible ways of supplying electrical
energy and also energy for heating and cooling will be considered. In the first case, a suitable
photovoltaic system of 5 kW that will supply a family house will be dimensioned and as a second
option a photovoltaic system with an installed capacity of 7 kW will be dimensioned. Using the Net
ZEB Evaluation Tool software, the performance of an applied system for covering the energy needs
of the building will be determined.

Key words: Energy efficiency, Nearly Zero Energy Buildings, Renewable energy sources
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PASSIVE HOUSE WITH GREEN ROOF

ABSTRACT

In Slovenia, the construction of passive houses is still quite rare. Even rarer is the construction of
green roofs. We can blame the relatively high cost of construction, for such a small number of green
roofs. The combination of a passive house with a green roof is very interesting.

Keywords: passive house, green roof, buildings, green segments.

1 PASSIVE HOUSE

What does a passive house mean? Under the term passive house, we understand a highly energy
efficient building that can be maintained with very little if not already free of fossil fuels. The passive
house means that the building is very airy, so it needs little energy for heating, cooling, dehumidification
and ventilation, while the air quality in the rooms is very high throughout the year. To build such an
object, we use as many natural materials as possible from renewable sources. Although we are talking
about a passive house, this does not mean that they are just houses. We also know business buildings,
laboratories, schools and other types of buildings built according to the passive house concept. There
are no specific building requirements for the construction of a passive house, but it must meet the high
requirements for the used components.

1.1 Passive houses in Slovenia

In Slovenia, the construction of passive houses is still quite rare. However, it took several years
from the first built passive house in Darmstadt to first built houses in Slovenia. To the increasing number
of passive house is certainly contributes by the irreversible financial incentives granted by the EKO
Fund since 2008. In that year, only four financial incentives were paid. Already in the next year, the
number of paid incentives has risen to 34 and is raising every year. According to EKO Fund data, we
can say that from 2008 to the end of 2016, 345 buildings were built in Slovenia according to passive
house standards.

Tabel 1:Paid incentives between 2008 and 2016 in Slovenia

Qn (kWh/mZ annual) | 2008 2009 |2010 |2011 |2012 |2013 |2014 |2015 |2016
<10 0 1 1 4 34 50 42 39 36
<15 4 33 15 2 9 10 14 22 29

Together 4 34 16 6 43 60 56 61 65
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2 GREEN ROOFS

The green roof is added value to the passive house. Let us imagine a view from the plane if all the
roofs were green. We would probably see only roads, and objects would hide in nature. The construction
of green roofs will play an important role in efficient and ecologically construction. This would help
nature to balance, because plants have the ability to clean the air and represent thermal insulation.

Picture 1: Green roof from Skalholta, Iceland

The roofs can be built whit a slope from 2° to 35°. For larger slopes, it is necessary to make a roof
structure to prevent slip and erosion. The construction of the roofing structure is not so important. It is
important to anticipate the maximum weight that can be much greater because of the water retention
capacity. What kind of greening we chose depends on the roof slope and climatic conditions in which
the facility is located. From maintenance view, it is important whether the roof is accessible.

2.1 Types of green foofs

We know several types of green roofs. The first type is intensive, which reminds us of parks and
gardens. On such roofs, we find low trees, shrubs, flowers and grass. The thickness of the vegetation
substrate depends on the vegetation and can be up to 90 cm thick. Because of this, the roof is very heavy
and it is suitable for flat roofs or roofs with minimal slopes. The surface must also be mowed which
requires easy access. The second type is extensive, which is most common in green roofs. We use less
demanding low-growing plants, which we call sedums. The sedums are maintaining, reproducing and
developing by themselves. Twice a year it is necessary to carry out a roof inspection and, in cases of
longer drought periods, watering. The vegetation substrate is between 6 and 18 cm thick. Due to its
weight, the roof is suitable for easier constructions and reconstruction of existing buildings. The last
type is biotope. This is green roof with a natural vegetation layer, which is adapted to the climatic
conditions of the area where the facility is located. We use domestic vegetation, such as grass and moss.
It is suitable for flat roofs. It transmits longer periods and is maintenance free.

Picture 2: Extensive (left) and intensive (right) greening
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2.2 Advantages of green roofs

Most people do not even think about choosing a green roof. This can be attributed to the fact that
people simply do not know them. To make a decision for a green roof, you need high ecological
awareness. We can say that the greening of roofs is important because of environmental acceptability,
improvement of living and working space and better appearance. At the same time, the object represents
a lower environmental burden.

The roofs can absorb dust and produce oxygen through photosynthesis. By absorbing CO. and
other harmful gases, it improves air quality. By increasing green areas, we can improve the
microclimate. In the summer, the surface temperature of conventional roofs can be higher than the
surface of green roofs up to 44 °C. It also offers protection against electro-smoke and it is additional
sound protection. Green roofs also represent an additional living space for plants and animals. In the
case of rainfall, the roof can hold from 30% to 80% of the total amount of meteoric water, which relieves
drains. The water is then released into the drains by delay. Many recycled building materials can be
used to make a layer of green roofs.

From an economic point of view, it is very important that the lifetime of green roofs can be up to
twice as long as conventional roofs. It is a very good weather protection, such as hail, UV rays,
temperature shocks, wind. It also provides additional fire protection. By improving the thermal
insulation with a green roof, we reduce the energy consumption for heating and cooling the rooms. All
of this can significantly affect our current and periodic costs and maintenance costs. At the same time,
we can use green roof as an additional living space. It can serve as a terrace, as a garden or as a
recreational area. In urban settlements, this can be a very important factor for choosing a green roof.

Among the disadvantages of green roofs, we can consider higher investment costs. In the case of
intensive type of green roof or demanding plants that requires additional care, watering and mowing
there are also higher maintenance costs. The supporting structure of the roof must be strengthened
because of additional weight. In the case of a sloping roof, the investment cost is even greater, since
such construction requires additional measures.

3 GREEN ROOFS FROM SEGMENTS

We also know green roofs from segments, which can be easily assembled on the roof and are
suitable for lightweight construction. The base is a plastic container with a water retainer. Vegetation
in these segments is extensive. The greatest advantage of green segments is the fact that products found
in containers are recyclable materials that can be used very well. The container can hold up to 70 to
100% of the rainfall in the summer time and in the winter from 40 to 50%. At the same time, such a
roof has all the other advantages of a green roof. The structure of the green segment is shown on picture
3.

Plastic container with a water retainer
Coconut fibers

Compost

Vegetative layer from different types of sedum

Picture 3: Structure of the green segment
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3.1 Measurements of segment

In order to determine the thermal loss of a house with a roof from green segments, we needed to
know what the thermal conductivity of the green segment is. In order to make the measurement, we had
to provide a sufficiently large difference between the outside and the internal temperature. The diference
should not be lower than 15 ° C. For this we used the isolation chamber which is shown on picture 4.
The chamber has two spaces, lower closed space which can be cooled or heated and and uper open
space, where we place the meter.

Picture 4: Isolation chamber

The measurements were made by taking a 23 x 23 cm sample from the container. The sample was
9 cm high with the sedum. Then ee inserted it into the upper part of the chamber, as shown in picture
5, and covered with a thin metal sheet on which we mounted the probe sensors. The chamber was then
placed in a room at a temperature of about 20 ° C and left for one hour.

Picture 5: Placing the sample into chamber

The bottom of the chamber was heated, so that heat passed from the lower part to the upper part of
the chamber through the sample. The temperature of the lower part was measured. In the upper part of
the chamber, where the sample was located, we installed a probe for the measurement of thermal
conductivity. The probe has three sensors, which were evenly distributed along the surface of the
sample. The probe and the sensor were connected to the testo 635-2 meter, which was then connected
to the computer with a data cable as shown on picture 6. We used Testo Comfort-Software on the
computer to read the results obtained. Since it takes some time for heat to pass from the lower part to
the top and to calm the situation, we waited for an hour. When the situation calmed down, we performed
the measurements. Measurements were carried out in a closed room with constant temperature, with
steady weather conditions and without solar radiation. We carried out 30 measurements.

The heat conductivity of the sample ranged between 1,224 W / (m2K) and 1,365 W / (m2K). If we
calculate the average, we find that the thermal conductivity of the green segment is 1.296 W / (m2K).
This means By using a green roof from segments, thermal conductivity in the passive house would
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improve by around 7%. This would reduce thermal losses. This way, we save on the heating of the
building, but the amount of savings is relatively low.

Picture 6:Installation of measuring equipment

4 CONCLUSION

In the future, we can expect the construction of passive buildings to increase, as the interest in
green roofs will increase as well. Governments must force people to think about the construction of
such facilities with legislation and financial incentives. At the same time, the cost of constructing a
passive object must come closer to the cost of building a classic object. With such construction we will
contribute to the efficient use of energy and reduce the environmental burden.
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EFFICIENT USE OF ENERGY IN WINTER GREENHOUSES FOR MORE
SUCCESSFUL FARMING

ABSTRACT

This article presents efficient energy use in the farming sector. The purpose of the paper is to find
solutions for successful agricultural production in the winter season. This would allow growers to sell
their produce at the highest possible price, as there is a shortage of domestic production in the winter
in Slovenia. Firstly, an analysis of the market and demand is presented, followed by the determination
of the boundary conditions for successful production. The next step includes basic guidance on the
orientation of the winter greenhouse, and then the presentation of suitable glazing materials. The last
section shows a simplified calculation for the required heat output of the heating system and the
selection of suitable heating systems. With this kind of production we want to offer healthy home-
made food in the winter season. This would be a very welcome alternative to the increasing import of
food from foreign countries.

Keywords: efficient use of energy, winter greenhouses, winter growing.

1 INTRODUCTION

In Slovenia, there are good conditions for producing fruit and vegetables, especially in the spring,
summer and autumn. The major problem is winter period, when weather is unpleasant and without
artificially created conditions, it is practically impossible to produce fruit and vegetables. Modern
dimensioned, oriented and heated greenhouses represent the possibility of producing at least a certain
type of food in the winter. This is important in many angles. We are facing decreasing self-sufficiency
in terms of food production, while food import is rising each year. The number of farms (especially
smaller ones, which produce best quality food) is smaller every year. This also affects the domestic
economy. Of course, the quality of food is an important factor. We must be aware that in Slovenia we
have strict conditions in production of organic food, with regular inspections. The quality of imported
food is questionable and difficult to trace. Production standards can also be very different from ours.
Recently, there is a trend of raising people awareness about the importance of healthy diet and
consequently the demand for domestic fruit and vegetables is increasing. The lack of domestic food is
highest in winter, when people are willing to pay much more for it. Here we see an opportunity for
additional earnings and better business of farms. The main idea of this article is to present farmers
with new, modern approaches for growing fruit or vegetables in the winter. We will show all the key
steps by which we can make a quality plan for building winter greenhouse that will meet our
demands. We will begin by analyzing the market in Slovenia. With the help of the “Statisti¢éni Urad
Republike Slovenije” (Statistical Office of the Republic of Slovenia, hereinafter: SURS), we will
collect data on retail prices of specific crops. Based on this, we will decide which is the most
profitable culture to cultivate. We will then set minimum conditions for growth, which must be
provided throughout the entire production season. This will be followed by a description of the
optimal orientation of the greenhouse with regard to the growing period. In the next section we will
present modern glazing materials that are suitable for the installation of such a greenhouse, and then a
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simple calculation for the necessary heat power in case of heating. In the end we will present modern
methods of heating, suitable for such an object.

2 MARKET ANALYSIS AND CHOICE OF PRODUCTION CULTURE

On the SURS website we have access to a wide database on the sale of individual agricultural
products. Since we anticipate the installation of a smaller greenhouse with our own sales on the
market, we are mainly interested in retail prices. For example, we selected tomatoes and analyzed the
retail prices in the period from January 2015 to November 2017, as shown in Figure 1. We found that
the absolute maximum price of tomatoes during this period was € 2.74 in February 2017. The lowest
price during this period was in August 2016, when it amounted to € 1.18. The highest price is
therefore 232 % higher than the lowest price. We can also compare the difference in a given year. For
example, we took the year 2017 when the lowest price was 1.49 € (August), and the highest was 2.74
€ (February). Here we also see the big difference, described by a factor of 1.84 or 184 % of the price
increase. Because of the described price differences, we decided that the tomato will be a suitable
culture to be grown in a greenhouse.

retail price for one kg of tomato [€]
3
2,74
2.5 —
2 S A
1.5 N
1,18 pric
1 e
[€/...
0.5
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
jan mar maj jul sep nov jan mar maj jul sep nov jan mar maj jul sep nov
15 15 15 15 15 15 16 16 16 16 16 16 17 17 17 17 17 17

Picture 1. Retail price for one kilogram of tomato

Tomatoe is one of the most popular vegetable in our country. It is also difficult to find it in the
market in winter season (domestic production). We will get a high interest in our crop, which will not
be difficult to sell.

3 DETERMINATION OF MINIMUM CONDITIONS

To be successful in the cultivation of tomatoes, we must achieve at least the minimum conditions
that are not easy for this vegetable. The optimum temperature for tomato growth ranges from 15 ° C
to 20 ° C, and the minimum soil temperature is 10 ° C. The solar gain heat coefficient (SGHC), which
is the amount of light passing through the material must not be less than 0.60. We also have to take
into account the amount of sunlight needed for photosynthesis (PAR - photosynthetically active
radiaton). The optimum wavelength range is between 400 and 700 nanometers [1].

4 ORIENTATION OF GREENHOUSE

The greenhouse orientation is one of the first stages of the installation, which at first glance
seems less important. However, in the case of a greenhouse that serves to produce food in the least
favorable season, this is one of the key building points. If simplified, the winter greenhouse for
optimum production should be set in the east-west direction. This means that the longer side is facing
the south. In this case we will intercept solar energy with a larger surface of the greenhouse. If we
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want to reduce the problem of our own greenhouse shading, the scale of longer versus shorter side of
the greenhouse should be at least 2 : 1. The next very important thing is choosing the glazing parts of
the greenhouse, which will recieve the solar energy. Considering that we intend to produce in the
winter, when the night temperatures are very low and the northern wall does not receive direct
sunlight, it is reasonable to make this side of the greenhouse from insulating material, which will
provide much less heat loss. The slope of the southern wall is also extremely important. To maximize
the efficiency of solar radiation, it must be positioned so that the sun rays fall into south wall as close
to perpendicular as possible, which means that all energy is concentrated on the smallest possible
surface. In December we recieve sun's rays at about 22 degrees. This means that the optimum angle of
southern wall is approximately 68 degrees with respect to the ground [1,2].

) SUITABLE GLAZING MATERIALS

It is one of the most important things to be considered when setting the greenhouse. It is the
choice of glazing material that will determine heat losses and consequently the necessary heat output
for heating. The recommended maximum thermal transfer coefficient is 1.98 W / m?*K. Important
factors are also the strength of the material due to winter conditions and the factors described in the
previous subsection. The most suitable materials for the construction of winter greenhouses are glass,
polyethylene foil and polycarbonate panels [1].

5.1 Glass

Advantages of glass are appearance, transparency of the material and also insulating properties of
multilayer glass. The disadvantages are high costs and possible damage of material, which is difficult
to replace. The light transmittance of the new single-layer glass varies between 85 % and 90 %, the
thermal resistance is 0.9. A two-layer glass has higher thermal resistance (1.5-2.5), but has lower light
transmittance (between 70 % and 75 %). Figure 2 is an example of a glass greenhouse [1].

Picture 2. Glass greenhouse

5.2 Polycarbonate panels

Today, polycarbonate is one of the most widely used greenhouse glazing materials. It works well
in areas where there is a likelihood of strong snow and strong winds. The material can be cut
according to specific requirements, it is light and easy to install. It is a versatile material and, if
properly installed, it has a long lifetime (10 to 12 years). It is available in several and differently
formed layers that have different values of thermal resistance and different values of light
transmittance, as can be seen from Table 1. These are the key data for selecting such material. In the
picture 3 we can see an example of greenhouse, made of polycarbonate panels [1].

Table 1. Polycarbonate plates properties

Two-layer panels Three-layer/four-layer panels
Light transmittance 83 % 75 %
Thermal resistance 1,4-1,8 2-4,1
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Picture 3. Example of greenhouse made of polycarbonate panels

5.3 Polyethylene foil

It is used for tunnel version of greenhouse. In practice, they have a lifetime of 3 to 4 years. The
frame system is simple, in the form of steel tubes. The material is flexible, but it can be quickly torn
down, so a careful installation is required. Polyethylene foil is one of the more rational options for
greenhouses. The properties presented in Table 2 can be improved using a double layer with an
intermediate airspace. This can be provided with air pump. An example of such greenhouse is shown
in picture 4 [1].

Table 2. Polyethylene foil properties

Sigle layer foil Double layer foil
Light transmittance 80-90 % 60-80 %
Thermal resistance 0,87 1,5-1,7 (without airspace between)

Picture 4. Polyethylene greenhouse
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6 THERMAL POWER FOR HEATING GREENHOUSES

Simplified calculation of heat losses is presented. Transmission heat losses as well as ventilation
heat losses are required. We must take into account the temperature difference between the interior
and the outer part, therefore we need data on the average minimum temperatures in each month,
which can be found on the website of the Environmental Agency of the Republic of Slovenia
(ARSO). According to the equation below, the transmission losses can be calculated for each
individual month:

Q=U-A-AT @

Q - heat loss of the greenhouse [kW],
U - heat transfer coefficient [W / m?K],
A - area [m?],

AT - temperature change [K].

Ventilation losses can be calculated according to the formula below, for each month separately:
Q,=H, AT ¥

H,=0,34-n-V,
H. - coefficient of ventilation heat losses (W / K),

n - number of air changes (0.4),

Vi - net heated volume of the greenhouse (m®) [3].

7 HEATING METHODS

The calculation of heat losses in the coldest month will give us the necessary thermal power of
our heating system. However, the choice of the heating method can be very individual and different
for each grower. Since we are basically aiming to produce healthy and organic food, it makes sense to
think about this in the choice of heating, which should exploit renewable energy sources. Depending
on the geographical location, we can choose between very different methods, such as the use of solar
collectors, geothermal energy, heat pumps and various combinations between such heating systems.
We can also consider the use of possible waste heat, which often occurs in various processes on the
farm during the winter (for example, pasteurization of juices and making spirits).

8 CONCLUSION

Due to rapid climate change and frequent weather extremes, self-sufficiency will be even more
important in the future. The latter, especially in the winter, presents a great challenge for growers. On
the other hand, with adequate knowledge in the field of energy, this is opportunity for a competitive
advantage. After the gradual steps presented in the article, we can build a quality plan for the optimal
layout of a winter greenhouse, which can provide additional earnings to farmers, and a source of high
quality and healthy food to the customers.
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