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Abstrakt—Ziarivkové  osvetlenie sa v sEasnosti  pouZiva
prakticky v celej vyrobnej a komunalnej sfére a voverkej miere
aj v domacnostiach. ZnizZ' systémovy prikon Ziarivkového
osvetlenia na minimum a v konénom dosledku dosiahn#
uspory elektrickej energie je ci#om smernice EUE. 2000/55/EC
o poziadavkach na energetickd &nnost’ predradnikov pre
Ziarivky.

Kraéove slova-ziarivka; predradnik; energeticka trieda

Abstract—Fluorescent lighting is now used practically in dl
manufacturing and municipal sector, and largely ale in the
home. Reducing of system power consumption of fluescent
lighting to a minimum and ultimately to achieve enegy savings is
the aim of EU Directive no. 2000/55/EC on energy efiency
requirements for ballasts for fluorescent lighting. (Energy
demand of ballasts for fluorescent lamps)

Obrazok 1 Elektronické predradniky. a) Integrovargdradnik v kompaktnej
Ziarivke [5], b) samostatny predradnik s otvorerkigtom [6]

Vyhody elektronického predradnika:
« okamzity Start bez blikania,
Keywords-fluorescent lamp; ballast; energy class « stabilny vyboj,
* Uplné potlaenie stroboskopického javu (30 - 40 kHz),
I.  DEFINICIA A ROZDELENIE PREDRADNIKOV * zvySenie merného vykonu (radovo o 10 %),
¢asté spinanie neskracuje zivothesetelného zdroja,
* mensie rozmery, menSia hmottios
* moznos stmievania (Specialny predradnik),
* mensSie energetické straty, mala vlastna spotreba

Predradnikom sa nacély posudzovania energetickegitinosti
rozumie zariadenie zaradené medzi napdjaciu sustgeden, resp.
viac vybojkovych zdrojov, ktoré inddkog’ou, kapacitou alebo ich
kombinaciou okrem iného zabezZpge obmedzenie pridu
vybojového zdroja na poZadovanu hodnotu. Predradaikméze

sklada’ 7 jednej alebo viacerych oddelenyiasti, moze obsahovaj Elektronické predradniky tiez predhrievaju vidknek&od, ¢im

prostriedky na transforméaciu napétia a prisluSendttoré pomaha lemozm.JvJ.u 1’ahS|ud|ver.n|S|EJ. ”Oé"}’_ r?all;)OJov. Taka’to prevad,zka 1€

zisk&® zapdovacie napatie a predhrievaci prid, znizuju jetrlnt.ejskla apre ,Zuje 2|votnb:|ar|v6y. Dnel(sd§u “prve r;pve ty,py

stroboskopicky efekt, upravujiicianik alebo potldaji radiove  Znviek TS (s priemerom trubice 16 mm) k dispdzioteligentné
elektronické predradniky, ktoré dokdzu automaticigpoznd typ

rusenie.
Druhy predradnikov pda e pripojenej zZiarivky a nastat/preniu optimalne parametre.

nasledovne:

»  samostatny predradnikpredradnik, ktory sa moze namontova I.
oddelene od svietidla bez pridavného krytu. MézZskéada zo
vstavaného predradnika vo vhodnom kryte, ktory zp&eje
potrebnd ochranu pdd prislusného oziania.

e vstavany predradnik predradnik ufeny iba k zabudovaniu do
svietidla, krytu apod.

¢ integrovany predradnik predradnik, ktory tvori nedellted
¢aq’ svetelného zdroja [1].

ich umiestnenia rozliSujem
KLASIFIKACIA PREDRADNIKOV PRE ZIARIVKOVE
SVETELNE ZDROJE

Pre vypdet najvéSieho prikonu obvodu predradnika svetelného
zdroja pre konkrétny typ predradnika must ipredradnik najskor
zatriedeny poth Tab. 1. [2], [3].




Inteligentné riadenie vyroby a spotreby elektriny z obnovitelnych energetickych zdrojov 2011, 22. september 2011, Stara Lesna, Vysoké Tatry

TABLE |. KATEGORIE PREDRADNIKOV PRE ZIARIVKOVE SVETELNE
ZDROJE[2]
Kategoria Svetelny zdroj, pre ktory je predradnikkeny
predradnika
1 linedrna ziarivka, kruhova Ziarivka
2 kompaktna ziarivka 2-trubicova
3 kompaktna Ziarivka 4-trubicova, plocha
4 kompaktna Ziarivka 4-trubicova
5 kompaktna ziarivka 6-trubicova
6 kompaktna Ziarivka DD

Prefad druhov Ziariviek je na Obr. 2. [1].

78 (0 26 mm)
75 (0 16 mm)

= 9)
= CC _ wan CE o ¢

'ls l"' YT K _:— X _'T =4
a) b) d) e)

Obréazok 2 Zakladné druhy Ziariviek, a) linearnaidla T8 (kategoria 1), b)
linearna ziarivka T5, ¢) kompaktna ziarivka dvditicova (kategoria 2), d)
kompaktna Ziarivka Stvortrubicova (kategoria 4)kenpaktna Ziarivka
Sestrubicova (kategoria 5), f) kompaktna Ziarivka kouh, g) kompaktna

Ziarivka DD (kategoria 6) [1]

=
<)

Okrem Klasifik&nej schémy sa utuje kategoria predradnika na
zaklade druhu svetelného zdroja (ziarivky) a k elggeniu stupa
energetickej &innosti predradnika sa pouziva aj cmrde (resp.
kategorizacia) predradnikov na zéklade indexu etietg &innosti
EEI (angl. Energy Efficiency Index). Systém kldsétie
predradnikov na zéklade indexu energetickéinniosti ma 7 tried
uvedenych v Tab. 2. [8]

TABLE IL. PRIKLAD INDEXU ENERGETICKEJ (INNOSTI PREDRADNIKOV
PRE36W LINEARNE ZIARIVKY [8]
Prikon obvodu
. predradnika
EEI Popis svetelného zdroja
()
Al | Stmievatény elektronicky <19
predradnik (pri 100 % - 25 %) B
A2 | Nizkostratovy elektronicky
. <36
predradnik
A3 | Elektronicky predradnik <38
Bl | Nizkostratovy klasicky predradnik <a1
s ve@’mi nizkymi stratami B
B2 | Nizkostratovy klasicky predradnik <43
C Klasicky predradnik so stredne <45
vysokymi stratami B
D Klasicky predradnik s Veni > 45
vysokymi stratami

Na Obr. 3 je uvedeny priklad ozmmia indexu energetickej triedy
EEI na predradnikoch. Na rozdiel od &wa zhody CE, ozngnie
energetickej triedy EEl nie je povinné, avSak pckit vSetci
vyznamnejSi vyrobcovia predradnikov tento systénmauaju a
predradniky oznauju.

Obrazok 3 Zakladné druhy predradnikov pre Ziarigzlozngenim indexu
energetickej triedy EEI, a) klasicky predradnik (EEaz D) [7], b)
elektronicky predradnik (EEI: Al az A3) [4]

Nizkostratové klasické predradniky energetickydbdtrB1 a B2
maji v porovnani s klasickymi predradnikmi tried (ahrubSie
medené vode (vodie s vdSim prierezom) a Zelezné jadro s menSim
rozptylom. Toto konStrulné zdokonalenie umoznilo znfainttorné
straty, a tak zvy$ilkinnog’ predradnika.

Elektronické predradniky energetickych tried Al, A2 A3
predstavuji zray potencidl Uspor energie, prikon obvodu
predradnika svetelného zdroja pri 50 Hz modzé thgkonca mensi
ako menovity prikon svetelného zdroja. To sa dosatiiaka vysSej
Wwinnosti Ziariviek pri vysokej frekvencii (> 20 kHz)rikon Ziariviek
klesne priblizne o0 10 % a &isne sa znizia aj straty v predradniku.

Stmievaténé elektronické predradniky sa klasifikuju do tyied
EEI = Al v pripade, Ze splju tieto podmienky:

e pri 100 % svetelného toku predradnik spini aspoziadavky na
energetickou triedu A3,

e pri 25 % svetelného toku sa celkovy prikon rovrebalje mensi
ako 50 % prikonu pri plnom svetelnom toku 100 %,

e predradnik musi lyschopny znifi svetelny tok na GrowelO
% alebo menej maximalneho svetelného toku.

Index energetickej triedy EEI sat@huje len na elektricky prikon
obvodu predradnika a svetelného zdroja (merany 3&i°C),
nevz’ahuje sa na celé svietidlo, ktoré méze ybavené aj dalSimi
elektrickymi siiastkami. EEIl taktiez nie je mozné zaitag
s Winnog’ou svietidla, pri ktorej sa zdhdiuju aj optické vlastnosti
(krivky svietivosti, jasy, clonenie) v zavislosti @id’a pouZzitia.

Je potrebné upozothha skuténog’, Ze klasické predradniky su
obvykle utené samostatne pre kazdy svetelny zdroj. Vynimkou s
len Ziarivky s prikonom 18 W, ktoré sa v dvojicijiarevadzkové
s jednym predradnikom pre ziarivku 36 W. Na rozdiluvedeného,
podobné technické obmedzenia sa na elektronickéramniky
nevz’ahujd, ¢o vyplyva z ich principu a konStrukcie. Existuju
predradniky pre jeden, dva aviac svetelnych zdropicom tieto
predradniky maju pre kazdy svetelny zdroj samoétatorky.
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lll.  ZAVER

Clanok pojednava o vlastnostiach predradnikov #asiych — [1]
svetelnych zdrojov a ich kategorizacii do jedngttiv energetickych
tried. Vyberom vhodného predradnika je mozné dosialjednak 2]
zabezpé&enie optimalnych pracovnych parametrov svetelnych
zdrojov, ako aj znizenie spotreby elektrickej ereergri ich
prevadzke.
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Meranie svetelnotechnickych a elektrickych
parametrov linearnej ziarivky pri pouziti réznych
typov predradnikov
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Abstrakt — Clanok sa zaober4 meranim svetelnotechnickych
a elektrickych parametrov Zziarivkového osvetlenia p poziti
réznych typov predradnikov.

KPuéové slova-ziarivka; predradnik; napatie, vykon, sslay
tok, intenzita osvetlenia

Abstract — The article deals with the measurement of lighting
and electrical parameters of fluorescent lighting perated with

different types of ballasts. (Measurement of lightig and
electrical parameters of linear fluorescent lamps vth

various types of ballasts)

Keywords-fluorescent lamp; ballast; voltage, powermimous
flux, illuminance

I.  Uvop

Svetelné zdroje v interiéroch, okrem teplotnychtretouji
pre svoju cinnog predradné pristroje. U vybojovych
svetelnych zdrojov (napr. linearne a kompaktnéidig) je
predradnik nevyhnutnou &ig’ou. P@as dlhej doby existencie
vybojovych zdrojov sa néastejSie pouzivali induké
predradniky, aj k& ich rozmery, hmotnags a veékos
energetickych strat pri napajani zo siete s fregaen50 Hz
prinasali mnoZstvo problémov. S rozvojom elektrgnika
objavili vhodné mendie frekvencie, ktoré sa stali zakladom
elektronickych predradnikov ~ pracujucich s vysokou
frekvenciou. V¢lanku je uvedeny postup a vysledky merani
prevadzkovych parametrov ziarivkového osvetleniazgom
réznych typov predradnikov.

Pre porovnanie jednotlivych spOsobov  prevadzky
linearnych Zziariviek boli vykonané merania Standajd
MASTER TL-D 18W / 840 trojpasmovej linearnej Zidoyv
(d’alej len 18W trubica) v zapojeni s:

| pmupsllf [
ﬁ@ \ Bt Bt | T

i
!
It

Daniel Hlube

Katedra elektroenergetiky Fakulta elektrotechniky
a informatiky Technickej univerzity v KoSiciach
KoSice, Slovenska republika
daniel.hluben@tuke.sk

s elektronickym predradnikom bez stmievania (pguzit
predradnik zngky ELT - BE 136-2 kategorie
EEI=A3) — obr. 2,

s digitdlnym stmievatelnym DALI predradnikom
(pouzity predradnik zia&y PHILIPS — HF-R TD 118
kategorie EEI=A1) — obr. 3.

— BTA 118 kategérie EEI=

Obrazok 1 TImivka PHILIPS

HEATDIIATLO B

i MF-REGUMTUHE ‘

Obrazok 3 Predradnik PHILIPS — HF-R TD 118 kateg&ftI=Al

. POROVNANIE PREVADZKY LINEARNEJ ZIARIVKY
S ROZNYMI ZAPALOVACIMI ZARIADENIAMI

Elektrické vlastnosti jednotlivych elektrickych aimov

- s elektromagnetickym predradnikom bez kompenzacigoli merané pomocou meracieho pristroja 434 FLUKE —

(pouzitd timivka zné&y PHILIPS -
kategorie EEI=C) — obr. 1,

BTA 118

POWER QUALITY ANALYZER (v¢. DM9060002). Boli
merané nasledovné parametre:

okamzité napati& [V],
okamzity prikorP [W],
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- okamzity zdanlivy vykorS[VA],
- okamzity jalovy vykorQ [Var],
- power factor,

- cosp,

- charakter zéaze.

Priebeh merania bol nasledovny. Kazdé zo zapajehice
boli vzdy samostatne pripojené na meracie okrulalyaatora
kvality elektrickej energie. Na pristroji bolo nagené meranie
jednofazového uzemneného obvodu.
predradnikov boli pripevnené prudové a nap@& okruhy
a kontakty meracieho pristroja. Samotny predrafinikpotom
uvedeny do prevadzky na towom napati 230V 50Hz. Pri
elektromagnetickom obvode s timivkou BTA 118 bopazoty
obvod apo ustaleni (cca 5 min.) boli odmerané $pang
parametre. Rovnako sa postupovalo aj pri elektkomc
predradniku BE 136-2. Tieto zariadenia maju len thzamy
prevadzky — zapnuty (100 %) / vypnuty (0 %). Najptomu
predradnik HF-R TD 118 je digitalny DALI plynulo

Na primarnej estrar

TABLE Il. EEIKLASIFIKACIA PREDRADNIKOV PODLA EU SMERNICE
2000/55/EQ2]
Typ Popis Prikon redy ER
svetelného | svetelného svetelneho zdroja
zdroja zdroja sz Wsoko- A1 A2 | A3 |B1|B2| C | D
frekfencny
FD-15-E-G12-26450 15W | 13.5W 9w 16W | 18W | 21W | 23W | 25W [>25W :
-1
FD-1B-E-G1326600 | 18W 16W 105W | 19W | 21W | 24W | 26W | 28W |>28W E
FO-30-E-G12-26695 | J0W 24W 16,5W | 31W | 33W | 36W | 38W | 4OW |>40W
T & /1200
" FDOGEGI326M200 | 36W 32w 19W 36W | 38W | 41W | 43W | 45W |>d5W
FD-33-E-G1326M047 | 38W 2w 20W 3OW | A0W | 43W | d5W | 4TW [>4TW
FD-568-£-G13-26 58W 50W 295W | 55W | 5OW | 64W | 67TW | TOW |> TOW
FD-T0-£-G13-261800 | T0W 60W W B8W | T2W | TTW | 80W | 83W [>83W

U timivky BTA 118 bol namerany prikon 28,4 \tg 0 0,4
W presahuje Udaj uvedenyGhyba! NenaSiel sa Ziaden zdroj
odkazov2. Pravdepodobne to vSak bolo spésobené ruSenim
a kolisanim napdjacej siete. V podstate mézemetkiong’,

regulovatény ~ predradnik. V spolupraci s ovladanim cezze timivka vyhovuje uvedenej kategorii C. U elekinkého
pripojeny péitac bol tento predradnik uvedeny do prevadzkypredradniku BE 136-2 bola namerana hodnota priltéi@i W,

na pInt 100 % intenzitu. Postupne sa potom intarzitZzovala
stéle 0 10 % nizSie aZz po hodnotu 10 %. Nasledreremsil
krok znizovania na 2 % a tymto krokom sa pri meratgnzita
postupne znizovala az do stavu 0 %. Namerané &itgpé
vysledky sU uvedené v Tab.1 a porovnar@&hgba! NenaSiel
sa ziaden zdroj odkazov.

TABLE I. NAMERANE A PREP@ITANE HODNOTY PRE POROVNANIE
PREVADZKY 18W TRUBICE SROZNYMI PREDRADNIKMI

Weracie pristroje:
434 FLUKE (v ¢ DM3060002)
POWER QUALITY ANALYZER
EXTECH EasyViewTM 33
(v£060901984)
LIGHT METER
Regulacny stupei 0%

E(x) | 0.0

BTA118

BE
tmivka typu | elektromicky
el

HFR
predradnik stmievatefny predradnik typu "A1"

100% | 0%
13150 00

100% | 100% | 90% | 80% | 70% [ 60% | 50% | 40%
1527,0{1223,0] 11910 1059.0] 911,0[771,0] 644,5 504.0

30% | 20%
38672633

10% | 8% | 6% | 4% | 2% | 1% | 0%
126,0[ 92.2 | 63,1 | 354 | 203 [ 124 00

intenzita svetla
prepocitany

g (%) | 0% | 108% | 0% | 125% | 100% | O7% | 87% | 74% | 63% | 53% | 41% | 32% | 22% |10% | 8% | 5% | 3% | 2% | 1% | 0%

svetelny tok
namerané napatie
namerany prikon
prepocitany
relativny
prikon
namerany vikon
namerany jal.vjkon
vypotitany prid

2236 | 223 ]
284 | 00

2238
169

2234
14.9

2238
146

2235
129

22382236 223,7| 2235 | 223,4| 2222 | 221,8| 22,0 223,2[ 223 5| 2237 223.4] 2238
12|97 |85 |73 |81 | 49 |35 |32 |32 |31 30 |32 ] 04

U | 2236
PW | 0.0

P (%) | 0% [191% | 0% | 113% | 100% | 98% | 87% | 75% | 65% | 57% | 49% | 41% | 33% | 24% | 22% | 21% | 21% | 20% | 22% | 3%

733 |00 [ 201 [ 168 | 166 | 150 [ 133119 108] 97 |86 | 7.4 | 63 | 60 | 6.0 | 60 | 6.0 | 61 | 30
Qvar) | 0.0 [ 676 | 00 [ 109 [ 81 | 81 | 77 [ 73 |69 [ 67 |64 | 60|56 |52 5051 [51[52][52]30
14 [000] 033 [000| 009 | 008 [ 007 | 007 [006]0.05]005] 004004003 003]003[003]003]003]003[001
®RLO| L | Lt [c]c]clclc]cle]cl]clcl[efc]c]c]c]c]c]c
039 081 | 087 | 087 | 085 | 082|080 [ 077073
039 0,84 | 088 | 088 | 086 | 084 0,81 | 079 0,75

s | 00

charakter zitaZe

power factor PF
Gainnik

0,71 066 | 056 | 0,54 | 0,52 | 0,51 | 051 | 0,53

cos g

Prepcitany relativny prikon
R

HF-R

P

re

[100 [%; W, W]

P - namerany prikon

P,r_& - prikon pri regulanom stupni 100 % predradnika
PHILIPS — HF-R TD 118

¢o je priblizne o0 4 W menej ako je uveden€lwba! Nenasiel
sa ziaden zdroj odkazov.takze vyhovuje svojej kategérii A3
dokonca by vyhovoval aj kateg6rii A2. Pri stmievaiem
predradniku HF-R TD 118 bol namerany maximalny qumik
14,9 W. V Chyba! NenaSiel sa Ziaden zdroj odkazowpre
kategériu Al je uvedena hodnota 10,5 8§ zodpoveda
priblizne prikonu pri regulacii na 65 %.

Patas merania sa oflaval aj &innik a power factor.
Elektricky obvod stlmivkou BTA 118 bez kompenzéacie
vykazoval vyrazné jalové straty. Power factor séayboval
okolo hodnoty 0,39. Pouzitie ¥etho mnozstva svietidiel
s takymito predradnikmi by viedlo k naruSeniu kiyatlodavky
elektrickej energie. Preto je bezpodmi&me nutné takéto
zariadenia kompenzova Aj ked’ vyrobcovia uvadzaju pri
elektronickych predradnikocktiéinik vyssi ako 0,9, namerané
hodnoty sa od uvedenych [iSili. A sice pri predfedBE 136-

2 bol namerany dinnik 0,84 a power factor 0,81. Pri
predradniku HF-R TD 118 bol nameranyininik 0,88 a power
factor 0,87. Zarovevidno (Obr. 5), Ze postupnym stmievanim
sa hodnota dinnika a power factorufalej zhorSuje. Pri
regul&nom stupni 30 % meraci pristroj prestal vykazova
hodnoty @innika a power factoru. Preto bola hodnatandiku
prepa@itana podia nameraného prikonu a zdanlivého vykonu.

Dalej sa pomocou certifikovaného luxmetra EXTECH
EasyViewTM 33 Light Metra (¢. 060901984) v jednotlivych
zapojeniach merala osvetletios(60 cm pod stredom
rozsvietenej trubice). Toto meranie prebiehalo &ngoh
hodinach, k& mohli by’ vyli¢ené iné svetelné zdroje, ktoré by
skregovali vysledok merania. Odmerala sa samostatne
osvetlenos pri prevadzke trubice s timivkou BTA 118, potom
s elektronickym  predradnikom BE 136-2 a nakoniec
s regulovattnym predradnikom HF-R TD 118. Podobne ako
pri merani prikonu aj pri tomto merani sa postupniZovala
intenzita zo 100 % az na kamgich 0 %. Z nameranych hodn6t
sa potom prepital relativny svetelny tol, [%0].

Prepcitany relativny svetelny tok
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B = &5 (100 [%; Ix, IX]

HF-R

E - namerana intenzita osvetlenia

E,r_r - intenzita osvetlenia pri regiaom stupni 100 %
predradnika PHILIPS — HF-R TD 118

Namerané a preptiané hodnoty su uvedené vtab. 1 ana =

obr. 4 a obr. 5.

osvetlenos  meranej roviny prikon zapojeného obvodu
w)

1600,0 osvetlenost pri BE; 15271x

1400,0
osvetlenost pri BTA; 13151

osvetlenost pri HF-R pri
max.vykone; 1223Ix 400

12000

1000,0
prikon BTA; 28 4W 300

800,0

600,0 prikon BE; 16 9W

prikon HF-R; 14.9W

400,0

200,0

0,0+

porovnanie prevadzky BTA,BE,HF-R

OBRAZOK 4 POROVNANIE PRIKONU AOSVETLENOSTI PRI PREVADZKE18W
TRUBICE V ROZNYCH ZAPOJENIACH

Na zéklade uvedeného mbdzeme konstatova napriek
najvyssej
nezabezpauje najvyssiu osvetlent$1315 Ix). Tiez je zrejmé,
Ze najlepsi pomer svetelny vykon a prikon dosiaalpojenie
s elektronickym predradnikom BE 136-2, kde sicevpgsej

spotrebe (16,9 W) bola namerana najvySSia osvetleno

porovnavanej roviny (1527 Ix). Digitalny regulovetg
predradnik HF-R TD 118 mal sice najnizSiu spotrehargie
(14,9 W), ale aj najniZsiu hladinu osvetlenostia3 2x).

rel.svet.tok (%)
naptie (V)

240

100%
—®—napatie

220
088

200

90%

80%

.

rel.svet.tok
180 HFR
70%
160

4 coso
60% 140

50% 120

harakt
40% 100 charakteristikal

0% —— kiivka cos @
HFR

20%

—krivka

10%
20 rel.svet.toku
HFR

0% 10% 20% 30% 40% 50%

rel.prikon (%)

60% 70% 80% 90%  100%

OBR. 5 ZAvISLOST SVETELNEHO TOKU AUCINNIKU OD PRIKONU
V ZAVISLOSTI NA REGULACII PREDRADNIKA HF-R TD 118 A NAPAJACIEHO
NAPATIA.

Rovnako mézeme konStatayaze pri stmievani sa na
za&iatku charakteristika zavislosti svetelného vykdémrikonu
javi ako idealna¢im viac sa znizuje regulay stupé tym viac
sa vSak uvedend charakteristika dsuje od idealnej

spotrebe (28,4 W) utlmivky BTA 118 tato

charakteristiky v neprospech  efektivnosti  zariadeni
Z uvedeného vyplyva, Ze najvysSia efektithsa dosiahne pri
spravnom dimenzovani osVevacej sustavy, kde bude
prevadzka regulovana prevazne v rozsahu 65 % az%d.00
V pripade regulécie prevadzky vinom rozsahu butlenog’
regulacie klesa

Porovnanie dennej prevadzky 18W trubice s réznymip  redradnikmi

okamZity prikon (W) osvetlenos t' (Ix)
30 22000

28

2

PR N [ 20000

1800,0
2
20
18
16
14
12
10

8

1600,0
1400,0
1200,0
1000,0
800,0
600,0
400,0
2000

6
4 N W e e om
2
0

g8 8 8 8 &8 8 & 8
S 6 6 & & & 5 4

13:00
14:00
15:00

—— okamzity prikon BTA —<— okamzity prikon BE —— okamzity prikon HF-R

o intenzita osvetlenia BTA < intenzita osvetlenia BE intenzita osvetlenia HF-R

denné osvetlenie pri BTA denné osvetlenie pri BE denné osvetlenie pri HF-R

—— zdruZené osvetlenie BTA —— zdruZené osvetlenie BE zdruZené osvetlenie HF-R

denné osvetlenie denné osvetlenie

= = denné osvetlenie pri HF-R

OBRAZOK 6 POROVNANIE DENNEJ PREVADZKY 18W TRUBICE
SROZNYMI PREDRADNIKMI V ZAVISLOSTI OD DENNEHO OSVETLENIA

Na zaver sa porovnala osvetlengsacovnej roviny (60 cm
pod stredom rozsvietenej trubice) ¢ps jedného ith
samostatne pri jednotlivych zapojeniach. Pri meeapiojenia
s timivkou BTA 118 a elektronickym predradnikom BB6-2
sa merala osvetlends priebehu da v priemere v hodinovych
intervaloch. Bola odmerana hodnota zdruZzeného leswat
nasledne na chid bol svetelny zdroj vypnuty a zmerala sa
hodnota denného osvetlenia v rovhakom bode. Akdzjnbta
denného osvetlenia na sledovanej rovine presiaidadtu 750
Ix, zariadenie by sa vyplo, kym sa zase denna lenat
neznizi pod uvedend hodnotu. V tamase by bol simulovany
stav, Ze je dostatok denného osvetlenia na pragoonme
a nie je potrebné umelé osvetlenie. Podobne samsilo aj
pri merani zapojenia s predradnikom HF-R TD 118sd wSak
vyuZzil princip stmievania na konstantni hodnotu etiswnia
pouzitim multisenzoru. Pomocou softwarového vyb@ven
Digidim Toolbox bola nastavena konstantna hladiaairove
prevadzky trubice s maximalnou intenzitou bez vplymého
svetelného zdroja. Nasledne potomegm druhého ith bola
kontrolovana Urové osvetlenosti na pracovnej rovine
(spominanych 60 cm pod stredom rozsvietenej tribice
Pomocou PC a softwarového vybavenia bola tiez sketd
Uroveir stmievania trubice v percentach. Pri zmene svéein
a samozrejme aj energetického vykonu svietidla bdlaerana
osvetleno8  zdruzeného  osvetlenia apodobne ako
v predchadzajicich dvoch pripadoch s kratkym pesins
prevadzky aj hodnota denného osvetlenia. Po pneruse
prevadzky a odmerani dennej osvetlenosti sa tritzipta spé
na posledn( drovepred vypnutim. Namerané vysledky su
zapisané v tab. 1 a graficky na Obrazok 6. V tdrotakrétnom
pripade bola dosiahnutd Uspora cca 41 % pri pouziti
elektronického predradnika BE 136-2 a Uspora a2/®b4ri
pouziti predradnika HF-R TD 118 stmievanym v zé@s&slod
denného svetla [1].
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Design of Test Place for Dielectric Spectroscopy in
Time and Frequency@nain
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Abstract—The article deals with design of test place for higy
voltage electrical insulation systems ofr rotatingmachines using
dielectric spectroscopy in time domain with isothemal relaxation
current analysis (IRC Analysis) and in frequency dmain by
measuring of complex impedance with LCR meter.

Keywords — insulation system; high voltage rotatingachine;
dielectric spectroscopy; time domain; frequency daim isothermal
relaxatiuon current analysis; polarization spectnu;

. INTRODUCTION

Present state of knowledge does not offer us ongplex
method that could determine the state of insulaigstems
itself. That is why the set of methods has to bplieg. As
equipment is different the set of methods has tdalifferent
too. Also, one kind of equipment can be made wihesal
different kind of insulation system. Then it is mesary to
utilize selected computing evaluation [1]. The kfedge of
current condition and a possible lifetime calcalati of
expensive equipment (transformers, generators eis.)
important to make sure an operation furthermoreaafly by
older equipment and higher strain of the electripaiver
networks.

Ageing directly exercises an influence on electnggical
structure of material. Structure has influence oeakdown
voltage and life — time. There is no direct waytlie case of
real objects, how to calculate electrical strengjthife - time
from stress parameters. But useful diagnostic naetban
describe electro — physical structure and obserghanges of
relevant diagnostic parameters can describe agésng In this
occasion the condition orientated maintenance siflation of
equipment in electrical power supply includes aolibpossible
diagnostic methods and technique to detect of &dailures,
defects and dangerous ageing effects.

Composite materials based on epoxy resin are védd as
insulating material for electric drivers. After #nmthey lose
their insulation facilities and that is most freqtlg cause of
engine failure. For detection of changes in isofatin these
composities we utiize DRS (Dielectric
spectroscopy) dielectric relaxation spectroscopyl &TIR

Relaxation

(Fourier  Transformed infdare

spectroscopy.

Infrared  Spectroscopy)

Principle of dielectric relaxation spectroscopy tsesn
measured responses of permanent and induced dipalasds
attached external electric field. Final polarizatiexpresses
frequency dependence of permitivity and condugtivitr
impedance spectrum. They are characterized by amde$ and
time behavior of density oscillation charges ofegivsamples.
These oscillation rise by changes of permanentleipmment
of particular molecules or by rotation of dipolaarts of
flexible molecules as is it in case of polymers.

1. DIELECTRIC SPECTROSCOPY

Dielectric spectroscopy can observe dielectric spat
from wide range of polarization processed presenied
material structure. Is has wide range, as cané&er iseFig. 1.

10 w [Hz]

“ n P N «
104 102 1 102 104 108 108 101 1072

104 102 1 102 104 108 108 1010 1072 10% f[Hz]

Figure 1. Dissipation factor and complex permittivity spectru

According to Debye theory, polarization processes ©e
divided to several independent processes as therghawn in

Fig. 2
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Figure 2. Elementary processes as element of total chargirrgrat

According to this presumption the next dielectriextvell-
Wagner equivalent model can be established andidedan
analytic form by equation (1).

PrE b

Cp+ Cr2 Cps

Figure 3. Maxwell — Wagner equivalent dielectric model

c
l_l

i) =1,+1,0+1,0 1)

Analyzing of charging current in Fig 4 we can cédtel
both elements form equation (2) — amplitude of eletary
current and its time constant. Isothermal relaxattwrrent
analysis is based on it.

Ideal dielectric is a material that contains electtharges
bounded by electrostatic energy. In the case ofalide
dielectrics, there are also free charge carriers.

Dielectric polarization is generated by electrieldi and
causes the movement of free charge carriers.

If dielectric material is inserted in electric fiebf intensity
E(t) it becomes polarized. Electric polarization (B in
dielectric materials can be divided into the fasd aslow
polarization [2].

Slow polarization processes are measured by cliegid
discharging current. Current i (t), which flows dahgh the
dielectrics can be after connection of electritdfief intensity
E (t) expressed as:

i(t)= CLU() dl(tt+d f(t (4)

dt

O t—

where:
Cy,— geometric capacity of the measured object

Then polarization currentq(t) can be expressed as:

Current from geometrlc capacity(t) has time constant i, () =ClU. { °+f()} (5)

about 10 s and it is possible to neglect it. Then equivialen

model can be described as

_t
ih=o+>1e" )
Rz j=1
where

7, =R, Cy ®)

is time constant of elementary polarization process

according to Debye theory.

Figure 4. Filtered current curve response [2]

0

Polarizing current (respect equation 2) is due t®ps
voltage W composed of two parts. The first part relateshto t
conductivity of investigated object and the secqat is
related to activation of different polarization pesses inside
the investigated material [4, 5].

If the step voltage Y at the time T is removed and the
material is grounded, then begins to flow depodian
current jiepo(t).

idepoKt) = _COUC[f t +T, )] (6)

where:
f(t) — monotonically decreasing function

The second part of the equation can be neglecteldrige

value of Tc. Depolarization current becomes prapodi to
the dielectric response [6]:

ide ol
tt)= TR )

DC conductivityg, can be estimated by equations 5 and 6:
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& T . B. Frequency domain measurement test place
(2]} ~7[I pol(t)+|depo(t)] (8) . . .
CYc The samples were measured by Agilent E4980A pretisi
bridge too. The test measuring set is shown in FigThe
lll.  TESTPLACE DESIGN frequency was changed from 20Hz up to 2MHz andiegpl
voltage was 2 V. This level of applied voltage hasnfluence
A. Time domain measurement test place on surface discharge in electrode system [7]. Twilts of

Real view to air dry oven is in Fig. 5 and schenfe omeasured capacity are presented in Fig. 8 andtsesdl
measuring equipment is shown in Fig.6. Electromisgithley ~ measured dielectric loss factor are in Fig. 9.
617 measures current responses on DC voltage stdp a
according to isothermal relaxation current analysie
polarization spectrum is observed.

usB

Figure 7. Test measuring set for frequency domain

= Kapacita

Y name

hodnota

T — N O A
©

Tl [v]

A0Hz A000Hz 100kHz 2hHz

Figure 8. Capacity measurement for frequency domain

= Cinital dislakdrickych strat
0.381265

Figure 5. View to air cry oven with measured coll

f name

LO hodnota

5]

sy | —— — 1 e e —
Hi A0Hz 1000Hz 100kHz
[ pc k#) e | | zaroju]
[

LO

1am
——9 <:| priemer

Figure 9. Dissipation factor measurement for frequency domain

Figure 6. Scheme of measuring equipment

10
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V. CONNECTION BETWEEN TIME AND FREQUENCY DOMAIN

According to equation (9) and equivalent modelig. B it
is possible to calculate [8], [9] admittanfas

() =Y (w) 9)
o1 -~ jaC
Y=—+ jwk&,,C+) ————
R e R jwR G
_1.$ (WRG? . vy G
R "2 Rar wRey S L G Re
(10)
3 Z R.(aC)’
s = RaYS - 1+ («RC)’ (11)
ga-_ v n
imiy} e +ZL
" &1+(uRC)’

Dielectric loss factor (dissipation factor)dtgcan be easy

calculated from real and imaginary parts of compleXig] w., Katsumi Sakamoto, E. Souza,.

impedance.

(1]

(2
(3]
(4]
(5]
(6l
(7]

(8]

19

There are others method for time — frequency domain

transformation. One of them is Hamon’s approximafit0].

V. CONCLUSION

By comparison measuring methods it is evident, that
necessary to observe dielectric spectrum in baté. dh low
frequency range it is possible to observe it udsgthemal
Relaxation Current Analysis (IRC), that determispgctrum
by analyze of current responses in time domain.agloieve
data in high frequencies domain it is necessaryneasure
complex impedance using LCR meter.
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Abstraki—Tento ¢lanok sa zaobera vlastna&mi niektorych
materialov, ktoré su vhodné pre vyrobu fotovoltaickch ¢lankov.
Poukazuje na to, aké sU moznosti ich budiceho vytia na
vyrobu fotovoltaickych panelov.

KPuéové slova: monokrystalicky kremik, polykryStalickgemik

. UvoD

NajdlhSie pouzivany a tiez najrozSirenejSi matenal
vyrobu fotovoltaickychtlankov je kremik. Na rozdiel od inych
materialov sa netreba obdvgeho vyerpania pretoze sa
nachadza takmer vSade. Je to Stvrtd najpouzivargjsovina
na svete. Na vyrobu solarnych panelov sa vSak vguzi
priblizne iba 1 % z tohto mnoZstva. Pouziva saekdikych
podobach.

Bol prvy materidl ktory sa #al vyuziva’ v praxi. Jeho
Gcinnog” premeny sa zo gZamtku pohybovala okolo 6 %. Od
roku 1954 do roku 1975 sa v tomto smere nedosiamer
Ziadneho pokroku, pretoze vyskum sa orientoval gréetkym
na vesmirne pouzitie. Od roku 1975 az do roku 1€8Quto

MONOKRYSTALICKY KREMIK

hodnotu podarilo posuritien o par percent a hodnota 17 %

bola povazovana za neprekorfate Celkovy pokrok v tychto
rokoch brzdil tiez fakt, Ze sa sustredilo skér n&avanie cien

ako na zvySovaniecinnosti. V osemdesiatych rokoch sa stav

vyrazne zmenil a vysledkom bolgidnog 35,2 % dosiahnuta
v roku 1992 Pekingskou akadémiou vied. Dnes saandje
vyrobe dosahujedinnos’ 13-17 %. Monokrystalicky kremik je
vSak stale prili§ drahym materidlom a tak sa vyskicm

orientuji na vyrobu materidlu s nizS&istotou. Dosiahla by sa
tym mensSia energeticka nérmg’ vyroby a teda aj vyrazné
znizenie ceny. Monokrystal sa pouziva tam, kdegaimozné

aby mali panely prilis J&é rozmery, v kozmickych
aplikaciach alebo aj v pripadoch kedy buduceho tefaji

neodradza zrime vySSia cena.

Solarne ¢lanky sa vyrdbaju z kremikového kitowého
reziva. Zvyajne pouzivanou metédou na vyrobu kimeho
reziva je Czochralskeho metéda. Pri tomto procesedq
kremikovej zliatiny vlozeny zaroday krystal vémi cistého
kremika. Tento kryStdl sa pritom ¢#& a vyahuje poda
vopred presne definovaného programu. Teplota taygaitiez
vel'mi pozorne sledovand a riaden&. Cely proces saadsikije
v nadobach z \Ji cistého krem#a v inertnej atmosfére
argénu. Na zarodmom kryStali sa potom vytwju dalSie
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vrstvy mimoriadnecistého kremika, takze vysledny produkt
moze méd az 400 mm v priemere azétu do 2 m.

Vyrobeny monokrystalicky kremik &istotou az 99 % je
eSted’alej ¢isteny rafinaciou pomocou metddy pohyblivej zony.
Ty¢ z ne&istého kremika prechadza Zeravenou zénou
niekd’kokrat v rovnakom smere. Tato proceddra ,strhava“
netistoty smerom k jednému koncu kazdym prechodom. V
istom bode je uz kremik povazovanydsty, a neisty koniec
je odstraneny.

Z kmeiového reziva sa postupne rezi kremikové dogti
koti¢ovou diamantovou pilou. Pila vytvara rezy v Sirke
dostisky, ktoré su hrubé 5 mm. Do uk&@mia vyroby kruhovej
dosticky sa strati len okolo polovice kremiku z kingého
reziva, v pripade Ze sa da&kt d’alej reze na tvar pravouhly
alebo Sedholnikovy su tieto straty vySSie. Tieto tvary su
niekedy vyuzité v solarnyctiankoch pretoze spaloe k sebe
dokonale priliehaju, a tak vyuzivaju vSetok dostuppmiestor
na povrchu solarnehdlanku. DosStiky si potom leStené na
odstranenie znakov po rezani. Nedavno bolo objavéné
nelestené dostky absorbuju svetlo ova efektivnejSie, z toho
dbévodu sa niektory vyrobcovia rozhodli d&gi nelest.

Vlastnosti kremikovych dogiek sa zlepSuju dopovanim
kremika borom a fosforom. Zugjny spbsob pridavania
primesi do kremikovych do&igk s bérom a fosforom je
zalozeny na vkladani malychéiastatiek boéru pdas
Czochralského procesu. D@&ly su zatavené tesne k sebe a
umiestnené do pece, ktora je rozohriata tesne pdddvenia
kremika (1410 °C) za pritomnosti fosforovych plynov
Fosforové atébmy sa preniknd do kremika, ktory jacv
pérovity pretoze sa stava tekutym. Teplotéas procesu su
pozorne sledované aby sa zabegidpejednotné spojenie
spravnej bky. Skasnejsi spdsob pridania primesi do kremiku
je pouzt malé urycliovacie c¢iasta’ky na stri€anie
fosforovych iénov do pratu. Kontrolovanim rychloginov je
mozné sledowaich hbku prenikania. Av3ak tento novy proces
nebol vSeobecne akceptovany koéngmi vyrobcami.

Solarne ¢lanky sa  navzdjom prepdjaju  pomocou
elektrickych kontaktov. Elektrické kontakty spajagdnotlivé
solarnegtlanky navzajom a napokon aj s obvodom prijimajicim
elektricky prad. Kontakty musia Byve'mi tenké hlavne
vpredu, aby neblokovali sltieé svetlo dopadajice rdanok.
Pouzivaju sa kovy ako paladium/striebro, nikel alehef,
ktoré st vakuovo odparované.
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Ked su kontakty na mieste, umiestnia sa tenké pasiky IV. HYDROGIZOVANY AMORFNY KREMIK
medzi clanky. NajbeznejSie pouzivané pasiky su vyrobené z 4o o material, ktory nema krystalickd &truktdru prilis
pocinovanej medi. velku gistotu, je chemicky upraveny vodikoto zlepSuje jeho

Pretoze ¢isty kremik je leskly, mdéZe odr&Zaaz 35% Vlastnosti. Tento druh kremiku sa vyuziva v tenkoxjch
sineného svetla. Na zmen3enie hodnoty odrazenéhomghe  solarnychelankoch, jeho vyhodou je Ze je to lacny material a
Ziarenia sa na kremikové da@ly pouziva antireflexny nater. Ze sa ho vyrobe moéZe potiZpodstatne menSie mnozstvo,
NajbeZnejSie pouzivané su oxid tithnu a oxid kiggni  pretoZze znénacag’ energie singného Ziarenia sa absorbuje uz
Material pouzivany na nater je dwhrievany az kym sa jeho VO vrstve tenSej ako 1um. Hydrogenizovany amorfreirikk
molekuly neodparia smerom ku kremiku kde kondenzujusa tiez vémi Tahko kombinuje z inymi materialmi ako
alebo material podstipi metddu rozprasovania. V tdaom napriklad uhlik, dusik, cin, germanium a tym sa
procese vysoké napétie zraZa molekuly materidlladé ich ~ vytvaraju zliatiny z - réznymi  Sirkami  zakazaneho ras
do kremiku na opmej elektrode. DalSou metédou je energii. Materidl sa zvykne nanéSaa lacné podklady
prirodzena reakcia kremika s kyslikom alebo dugikat ako sklo, plast, ode Jeho innog’ je ale dos nizka - v praxi
plynmi za vzniku oxidu krenitého alebo nitridu krensitého. ~ okolo 4 - 8 %. To ho predéwje na pouZitie v zariadeniach s
Prave tato metdda je uprednastana vyrobcami Mmalou spotrebou energie ako su kalkkiaa hodinky. Je dobré
fotovoltaickych¢lankov. si uvedomi Ze prave pri takychto zariadeniach by vSak

Y , . . . ... pouZzitie drahych materialov predrazilo vyrobky ri&twze by
Dokortené solarnglanky st potom zapuzdrené. Su zaliategy jcn vyroba vobec nevyplatila.

do kremikového kaiuku alebo polyvinyl acetatu. Zapuzdrené
solarnec¢lanky st umiestnené do hlinikového ramu ktory ma )
mylarovy alebo tedlarovy zadny kryt a skleneny alptastovy V. ARZENID GALIA
predny kryt. Arzenid gélia (GaAs) obsadil druhé miesto vo wyupite
N vyrobu fotovoltaickych ¢lankov. Vyskum a vyvoj tohto
materialu prebiehaji uz dlhé roky, znevyhog ho v3ak
vySSia cena a aj niektoréalSie vlastnosti medzi ktorymi
dominuje predovSetkym ztyiae v&Sia krehkos. V priemere
dosahuje &innosti okolo 18 %.

Arzenid gélia ma ale aj svoje nezanedbradeprednosti. Za
zvySenej teploty (napr.100 °C) vykazuje lenTme malé
znizenie dinnosti, na rozdiel od kremika kde je pokles tychto
hodndét uz pri takychto relativne nizkych teplotagd’mi
vyrazny. To znamena ze jeho pouzitie budémiesyhodné pri
vysokoefektivnych koncenttaych ¢lankoch. Pri takomto
postupe bude potrebné daemenej drahého GaAs. Nie je totiz
. POLYKRYSTALICKY KREMIK nutné inStalova velkoploSné solarne jednotky, ale len
pomocou odrazu sustrédviac sin€éného Ziarenia na menSiu
plochu, pritom ani pri takto zvySenej koncentracéstraca
GaAs svoju dinnog. Spominany kremik je pri takejto
koncentracii singného Ziarenia celkom nevyhovujudalsia
vyhoda vyplyva z vé&ej hustoty GaAs, ta umidje vyrobu
ovela tenSich ¢lankov (cca o 60 %) bez znizenia ich
pohltivosti. Dalsi vyvoj v oblasti umozni pravdepodobne
pouzitie tohto materiélu v kombinécii z hlinikorakétoclanky
slubuja zvySenie &innosti nad 40.7%.

Figure 1. Monokrystalicky kremik - kmigvé rezivo

Polykrystalicky kremik je stéle viacej vyuzivany oak
vstupny material ddaka svojej nizSej vyrobnej cene (odpada
procestazenia monokrystalu), i Bedosahovana dnnog’ je
nizSia nez je tomu v pripade monokrystalického kkam
Laboratorne solarneélanky dosahuju &innog” 18,5%, ale v
podmienkach hromadnej vyroby nepresahuju 14%. Blsti
polokrysStalického kremika su Stvorcového tvaru aesané z
odlievaného kremikového ingotu. V priebehu tuhntgigeniny
dochadza k tvorbe r6zne kgch a orientovanych kryStalov.
Polykrystalicka Struktira materialu dodava tymithnkom ’
charakteristicky vzfad. VI. TELURID KADEMNATY

Telurid kademnaty (CdTe) sa pripravuje chemickou
reakciou kadmia a teldru. Tietdlanky patria do skupiny
tenkovrstvovych solarnyckilankov CdTe. Tento materidl je
povazovany za \eni nadejny, k&ze vSak jeho vyskum
prebieha relativne kratko, vyznamné miesto v sejarn
energetike zatlaneobsadil. M& V& Sirku zakdzaného pasma
a taktiez vémi dobr schopnasabsorpcie. V zemskej kore je
vSak malo zastlpeny a tak sa s nim détadpredovSetkym v
spotrebnej elektronike, telekomundkgich a naviganych
zariadeniach. Pri tychto je dblezitd ekonomickazkdda z
tohto Hadiska je CdTe \eni vhodnym materidlom, daka
svojim vynikajicim absomym vlastnostiam je totiz mozné
CdTe pouzivavo ve’mi tenkych vrstvach (1,2 az 1,5um).

Odrodou polykrystalického kremika je multikryStaljc
kremik. Je podstatne lacnejsi ako monokrystalicBgsahuje v
praxi celkom dobrej &innosti od 12 do 14 %. Aby nevznikali
straty pri prechode elektrénov rozhranim medzi télySi
vznikaju snahy vyrdbia multikryStalicky kremik s ¢o
najva&simi  krystalmi, dinnog’ tohto materialu je taktiez
mozné zvydi chemickou Gpravou vodikom.
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VII.  SULFID KADEMNATY

Sulfid kademnaty (CdS) sa v kombinacii s Cu2S wuilat
predovSetkym v kozmickych aplikdciach a tdaka svojej
nizkej hmotnosti. Ginnosti viac ako 10 % bola dosiahnuta
pomerne jednoduchymi a lacnymi postupmi, naprighuca
vSak tento material nepovazuje za perspektivny/i lsxijej
nizkej stabilite. Nadejné sa v3ak javi kombinacielaridom
kademnatym. V USA uz boli vyrobené takéttanky s
Geinnog’ou presahujicou 10 %.

VII.  UCINNOST FOTOVOLTICKYCH CLANKOV

elektroniky (menia) pripadne &nnos’ ukladania a

znovuziskania energie v akumulatoroch.

Ked’Zze osvdtovanacad’ ¢lanku plni aj funkciu kontaktu a
odvadza vyprodukovany prud, je dbélezité aby klada
najmensi odpor a teda aby odvadzala ziskanu energa
najmensimi stratami. Polov@diva vrstva sa opatruje kovovou
mriezkou alebo vodivou priéadnou elektrodou ktoré od nej
preberd vyrobeny elektricky naboj a odnesu ha.pkedze
cely tento proces sa odohrava vo svetd’mie malych
rozmerov, vyroba takychtélankov vyZzaduje vik( presnos a
preciznos.

Uginnog’ premeny (potencidlne dopadajiceho) svetla na Uginnog’ fotovoltaickych ¢lankov v zavislosti na type

fotovoltaicky ¢lanok na elektrickl energiu je najddlezitejSim
parametrontlanku. Na celkovd &innog” ma vplyv niekdko
parametrov:

e (istota povrchu,

e odrazy na povrchu - zavisia od uhla dopadu a

reflektivite povrchu; uhol dopadu je mozne korigbva
nat&anim panelov, pouzitie nagnia vSak zvySuje
cenu, zniZuje sgahlivog’ a je potrebné zvaZi ¢i
energeticky zisk vyrovna prikon naé#iej sdstavy;
reflektivita povrchu - kvoli vEkému rozdielu indexov
lomu na rozhrani vzduch/polovédije potrebné
pouzi’ prispdsobovaciu (antireflexnd) vrstvu (resp.
sUstavu vrstiev),

* Uzka oblag absorpcie - no& nabojov generované

mimo oblas priestorového naboja P-N prechodu nie

substratu:
4 - 8 % pri pouziti amorfného kremiku
e 10 - 18,5 % pri pouziti polykrystalického kremiku

13 - 17 % pri pouziti monokrystalického kremiku pre
bezné nasadenie

* 34 % pri kvalitnych monokrystalickycllankov pre
kozmické @ely

V roku 2006 Narodné laboratérium pre obndirie
energiu predstavildlanky vyuzivajice trojnasobné prechody s
efektivitou az 40,7%

IX. PLANOVANIE FOTOLTAICKEHO SYSTEMU
Typicky FV systém tvori rad vzajomne prepojenych

st separované, rekombinuju, a neprispievaju Krvkov. Jeho jadrom si FV panely generujice jedensin
vyslednému pradu; preto je doleZité, aby P-N prdcho elektricky prid. Sériovo - paralelne pospajané [yamgevnené

bol umiestnenyto najblizSie povrchu a aby béb

najsirsi,

» absorgné spektrum - u polovottv je pomerne Uzke,
t. j. ¢éag’ dopadajucich foténov prejde polovédim a
fa¥’ je absorbovana avSak na generaciu elektron
dierového paru sa vyuZije |€ag’ ich energie, zvySok
sa meni na teplalalSiacas’ sa meni len na teplo; pre

na podpornej konstrukcii tvoria FV pole. Prad spanelov
privadza do DC/AC striedav, ktoré ho premigju na
striedavy. Tento prid sa cez rozvataystému rozvadza do
elektrickej siete budovy. Sas’ou systému mozu Iy aj
akumulatory.

) Pri planovani FV systému treba uviedo suladu
zamy¥ané rieSenie s miestnymi Specifickymi podmienkafni.

zvysenie Ginnosti sa pouZiva sustava vrstiev réznychzakladnym vstupnym informaciam na navrh systémti:pat

kompozitnych  polovodov (s rbznou Sirkou

zakdzaného pasma a teda) s viacerymi P-N prechodmi

nad sebou,

* rekombinéacia fotogenerovanych namsi; pre zniZzenie
je potrebné pougicisté monokrystalické polovots,

e sériovy odpor polovoda a kontaktov, ktory
spdsobuje ohmické straty; odpor polovadi -
fotogenerované na® prechadzaji P a N vrstvou
polovodia ku kontaktom na povrchu, preto je
dolezitd vysoka vodiva's najma substratu; odpor
kontaktov - priefiadné horné kontakty (okrem vySSej
ceny) maju vyznamny sériovy odpor (a aj
nezanedbateu reflektivitu), preto sa aj napriek strate
¢asti povrchu pouzivaju nepriddné hrebigvité
kontakty.

K celkovej &innosti celej fotovoltaickej sustavy pristupuju
eSte straty v prepojoch meddankami, &innog’ vykonovej
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» znalog miestnych podmienok — mnozZstvo dostupného
slneiného Ziarenia, odstupova vzdialetics vyska
susednych budov &alSich potenciélnych zdrojov
tienenia, sila vetra a mnozstvo snehovych zrazok
(dimenzovanie podpornej konStrukcie a kotevnych
prvkov),

» zamy$ana forma inStalacie FV panelov — umiestnenie
na budove (sklon a orientacia), geometria inStajaci
volba podpornej konstrukcie a spésobu kotvenia,

e charakteristiky jednotlivych prvkov systému —¢pba
typ FV panelov, elektrické pospdajanie, nominalne

vykonové parametre FV panelov a strisalg
Zivotnog,
e spbsob wvyuzitia produkovanej energie — priama

spotreba, skladovanie pomocou akumulatorov, preda;
do elektrickej siete alebo kombinacia tychto
spbsobov.
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NajdblezitejSim vstupnym Gdajom na predpdyeodukcie
elektrickej energie je mnozstvo dostupného&iglo Ziarenia.

(3]

Optimalna poloha na umiestnenie FV panelov v

podmienkach SRR — po zapditani optickych strat a

negativneho vplyvu teploty — je pri sklone 36° <nou

orientaciou. Pri sklone 20 az 50° a orientacii &1\JJZ je vSak
celor@ny pokles energetickej produkcie oproti optimu niens

ako 5%. Nominélna konverzna¢idnog v kometne
vyrabanych FV paneloch na baze kryStalického kransk
pohybuje v rozpati 12 az 17 %. Pre realisticky adhanej
produkcie elektrickej energie vSak treba nominalinnog’
korigova® o prevadzkové straty FV systému,
sinitelom 0,8.

ZAVER
Vyber vhodnych materialov a technoldgii ma rozhdduj

vplyv na cenu.Clanky, u ktorych nie je cena prvorada, sa
kompozitnych
polovoditov v mnohych narnych technologickych krokoch.
Fotovoltaické ¢lanky pre energetiku naopak vyuzivaju tie

pripravuju z cistych, ¢asto exotickych,

najjednoduchsSie technologie a vyuzivaji takmer agthe

kremik. KelZe ¢isty monokrystalicky kremik pouzivany v
polovodiovej technoldgii je pomerne drahy, pre fotovoltgéick
¢lanky sacasto pristupuje k vyuZzitiu lacnejSimi technologiami
dokonca amorfného

pripravovaného polykryStalickéhati
kremika aj napriek znizene§ianosti a sptahlivosti.
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Abstract—This article deals with the introducing of basic
principle of electricity generation in photovoltaic modules. There
are presented various types of modules and their befits.
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. INTRODUCTION

Electricity does pretty powerful work, for exampthe
electric vehicles move you from one point to anotpeint;

However, silicon — the primary ingredient of sotalls — is
naturally a much better insulator than a condudtmulators
inhibit the flow of electrical current, which is ha desired
feature for solar cells. In order to enable thevflaf electrons
(and therefore become semiconductors), the celisdaped
during manufacturing. Typically two elements, borand
phosphorous, are used in the doping process.

Unlike in sports, doping is an acceptable and Highl
encouraged activity in the manufacturing of solallsc

computers give you access to an enormous amount @fecause the silicon will not readily produce anceieal

information; and electric heaters do a miracle ¢gdtkeeping
you comfortable in the winter.

Electricity generated from photovoltaic (PV) modulean
do a lot for people, but it cannot do everythingert@in
electrical loads (such as water heaters, electoges, and
anything else that uses electricity to create haag)not good
matches for solar electric systems, especiallyebatiased

current in its natural state, the addition of tlupahts allows
the current to flow. Typically, boron is introductdthe silicon
during the first stages of cell manufacturing, ghdsphorous
is introduced to the silicon by diffusing a vaparedtly onto
the manufactured cell.

The addition of these dopants adds electrons seudreh
holes to each side of a solar cell. The phosphoatarss have

systems. Fortunately, the good folks engineeringd anextra electrons within them, and the boron hasaegtectron

manufacturing the devices used in PV systems haderthem
capable of integrating seamlessly into existingcteleal

systems. Grid-direct systems operate automaticadpd
battery-based systems are getting smarter allrtiee t

Because the PV module is the heart of any PV sydtdm
necessary to know their construction and manufagiur
Knowing how PV modules are affected by the intgnsit
sunlight and varying temperatures helps you furtimeferstand
the requirements of installing PV systems.

II.  CREATING SOLAR ELECTRICITY SYSTEM

The basic building block for all PV modules is thalar
cell, a roughly 15 x 15 cm object that starts its Bfe sand
(actually silicon) and is then wired within a PV dute to
produce the voltage and current desired by the faaturer.
Solar cells are manufactured in such a way thainwhey are
placed in sunlight, the photons in the light extite electrons
in the cells. When the module is connected to @ctetal
circuit, useful work, such as turning a fan or pong a
refrigerator, can be done.

A. Doping solar cells to create semiconductors
When a solar cell is completely manufactured, ddmees a

semiconductqr a material that acts as both an electrical

conductor and insulator. Solar cells become coivkiathen
exposed to light, which makes them able to passextr
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holes, waiting to be filled with the electrons. Tteosphorous-
doped side becomes known as khéype or the negative side
of the cell (the side facing the sun), and the batoped side
becomes th® type or positive side (the side facing away from
the sun).

B. Creating a one-way electron path with a PN junction

When sunlight hits the phosphorous-doped (N tyjs of
a solar cell, the electrons in the cell becometegciThey are
S0 anxious to get moving that they will gladly gotthe boron-
doped (P type) side of the cell if given the propeth.

That path involves a junction between the positarel
negative side of the cell. Thimsitive-negative junctiofor PN
junction) acts as a diode, allowing the electrons to pes® f
the positive (bottom) side to the negative (fraitle of the cell
but not in the reverse direction. This means tleetedns flow
from the negative side of the cell through thegirand to the
positive side of the cell. As more electrons morent the
negative side to the positive side, the electranshe positive
side are pushed up through the PN junction to dgative side
of the cell, and the process continues as longuaBght is
present. The PN junction ensures that the electronse
through the circuit. Figure 1. shows an example eblar cell
|and a PN junction.
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Photons

Electrons

Circuit

Figure 1. A solar cell with a PN junction

CONNECTINGCELL CONSTRUCTION TO THE
PHOTOVOLTAIC EFFECT

The phrase photovoltaic effect describes solas’cability
to produce voltage and current when exposed taghiunHere
is a step-by-step breakdown of how a cell’'s cowsitvn allows
that to happen (check out Figure 2. to see howtreles move
through the PN junction):

1. Energy from the sunlight’s photons excites tleeteons
located on the solar cell’'s N type, giving them thatential
(voltage) to move.

2. When the solar cells are connected to a loadeticited
electrons start moving (current flow) from the Npéyto the
P type, performing useful work along the way.

3. The electrons go to the cell’'s P type and combiith
the electron holes.

4. As sunlight continues to strike the cell and enor
electrons are sent through the circuit, the elestrare forced
from the P type back to the N type through the Bitfion to
continue the process.

Negative
contact

Electrons

Positive
contact

Figure 2. The movement of electrons through the PN junction.

IV. REVIEWING COMMON TYPES OFPV MODULES

The PV market is expanding rapidly, and manufactuaee
constantly introducing new and emerging technokgithe
end result of all these technologies is the sanwer Mace the
module in the sun, and it produces power. But eafcthe
commercially available products has its own prod eons to
consider when selecting a product for a particjolar
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V.  CHECKING OUT CRYSTALLINE MODULES

Crystalline PV modules, which are made by groupéng
number of individual solar cells together, are entty the most
common module type for residential and commercial
applications. One of the main reasons why crystlinodules
are used so frequently is that they are more efficdhan other
PV technologies. Typical crystalline modules aredaat 120
to 150 watts per square meter (W{ymSome of the higher-
efficiency modules are rated in excess of 200 Whvhich
allows a consumer to generate a greater amoumntesfye in a
limited space, like on her roof.

Manufacturers do not tend to report the numberattsaper
square meter (or power density) for their modubess,you can
find out this information pretty easily. Just tatke module’s
rated power output, “Maximum power point” secticemd
divide it by the module’s square footage.

The watts-per-square-meter value can be more detian
any efficiency value reported because a common gb&\V
systems is to place as much power as possiblgivea area.

Two main types of crystalline modules exist — those
containing monocrystalline cells and those contani
multicrystalline cells (see Figure 3. ). Both typEfsmodules
start from the same raw material, but the manufagju
processes differ: The monocrystalline modules tevaiform
molecular structure and are more efficient, wherdlas
multicrystalline modules have many structures, Iteguin a
less efficient module.

A. The monocrystalline kind

Monocrystalline modules begin as a molten vat affied
silicon that has been doped with boron to creaeten holes.

A starter seed, a crystal about 10 cm long and 5ircm
diameter, is introduced to the silicon-boron migtuthat
becomes the structure for the solar cells. Durifg t
manufacturing process, the silicon aligns itsethwhe starter
seed and takes the exact same crystal structdine sked.

Figure 3. A monocrystalline cell module (a) and a multicryiste cell
module (b).

The starter seed is then drawn out of the mixtare a
crystal grows around it, forming the beginning loé¢ ingot, a
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15- to 20-cm-diameter crystal. The ingot continteebe pulled
from the molten vat until it reaches the desirawgth — about
1,8 m. This ingot comes out as a cylinder, thergbyng
monocrystalline cells a circular shape (at leasgltly).

The ingot is then sliced into very thin wafers tlaae
exposed to the diffusion process to introduce tiherodopant
(phosphorous). At this point, the solar cells asenplete, and
an electrical grid can be placed atop them to &ffely allow
the electrons to flow.

Monocrystalline modules are typically more effidighan
their multicrystalline counterparts on the celldebecause the
molecular structure of the ingot is uniform fronpttm bottom
(refer to Figure 3. ). This characteristic allow photons to
move the greatest number of electrons when in ghinli
because the cells are all lined up and facing ttaetesame
direction. In a multicrystalline cell, the crystdiswve various
shapes and point in different directions, slightigucing the
efficiency.

Monocrystalline cells are circular when they start their
lives, but because PV modules are rectangular apeshthe
cells need to be squared off in order to fit inb@ tmodule.
Because making the circular cells into perfectargles would
result in a high amount of waste, the manufacturatsorners
off the cells and square the edges to create ausagbhe
resulting octagonal cells are then capable of bpamked into

a module frame more densely than if they would iema

circles, thereby reducing the amount of dead spacthe
module. As you can see in Figure 3. a, the octagtaw the
cells to be placed closely together but not righxtrto each
other, creating the dead space within the monaaitiyss
modules.

VI.  LOOKING AT THIN FILM MODULES

The phrase thin film module is a catchall for a bemof
different PV technologies. Thin film technologiegry in their
raw materials and exact manufacturing processewseker, at
the most basic level, all thin film technologiespdsit a
material that can produce the photovoltaic effetb@ backing
material (called a substrate). This substrate cam Isheet of
glass, PVC roofing material, or even a foil sh@dte name
thin film implies only that the material on the stiate is
extremely thin, ranging from just nanometers to ew f
micrometers thick. As a point of reference, a hurhair is
approximately 100 micrometers thick, and crystalligolar
cells are approximately 250 micrometers thick —ehaivalent
of two and a half human hairs.

One interesting up-and-coming module type is therbe
junction module, which uses both crystalline anah tfilm
technologies.

A. Amorphous silicon

Amorphous silicon (aSi) is an extremely prevalemiet of
thin film module. It is based on a silicon techrgpjothat
involves depositing silane gas on a substrate. @h¢he
advantages of aSi is its ability to be incorporad@dnonrigid
substrates (such as a flexible vinyl sheet or P\#Gfimg
materials), which allows aSi PV modules to becoime pf the
roofing material. Using aSi has become a populahatkefor
large commercial flat roofs, despite the fact th& has a
reduced power-per-unit-area value (approximatelypBfcent
to 60 percent less than crystalline modules). Byt
incorporating it into the roofing material and &lhg it on
very large roof areas, aSi can become an attragfitien, both
in terms of aesthetics and overall cost.

Most manufacturers use a white back sheet so you ca

immediately spot monocrystalline modules due to $heall
amount of white space at the corners of all thiscel

B. The multicrystalline kind

Multicrystalline cells are manufactured differentthan
monocrystalline ones — the ingots are essentialtk lshaped
or cubes rather than cylinders.

The manufacturing process begins with a vat of @molt
silicon-boron mixture, but instead of pulling a staf out of
this mixture, the mixture is formed in a cubic dhle, which
results in the silicon cooling and forming multipbeystals.
After the silicon has cooled and the ingot is sliégeto thin
wafers, the dopant (phosphorous) and electricdl g added
to the modules.

The efficiency of multicrystalline modules is reédcdue
to the many crystal structures in the cubes. Whenphotons
strike the cells, they have a more difficult timeokking the
electrons free thanks to the many different sudfgmesent. On
the plus side, the cells can be made into squaresctangles
very easily, a fact that allows the multicrystadimodules to
have their cells packed one next to the other witty little
space between them (refer to Figure 3. b). Theresult is that
multicrystalline modules have power ratings pert an¢a that
are similar to that of their monocrystalline couptets even
though they're less efficient on the cell level.
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An aSi module can be manufactured in a varietpoh to
help accommodate the specific application. For etanthey
can be made to stick right on a metal roof or bexpart of the
roofing material used on commercial roofs. Evenutiio aSi
modules are not as power dense as the crystaltide tkey are
able to use sunlight when it is at lower light llsydike in the
early morning and late afternoon, which means a&iuies
have an increased energy output compared to digstal
modules.

B. Cadmium telluride

Cadmium telluride (CdTe) modules are another ctsren
available type of thin film technology. To construcdTe
modules, a very thin layer (micrometers thick) ofT@ is
deposited on the substrate.

One method is to deposit the CdTe directly ontolasygy
substrate. To protect the cells, a second glass layadhered
to the first. This glass-on-glass process mean$thenodule
can be used in place of conventional windows, afigvsome
light to penetrate the building while still prodogielectricity.

One advantage of CdTe modules is that the costeatiw
materials used are relatively low, a fact that vadlothe
technology to be price competitive. Yet one of thasw
materials, tellurium, is a rare earth element.dT€ technology
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takes off,
problematic.

the availability of tellurium may become [2]

C. Copper indium gallium diselinide 31

Another type of thin film module, copper indium lgah
diselinide (CIGS), uses four different raw mateviallhe
substrates used can be either flexible (like thosed for aSi
modules) or rigid (like glass). CIGS technology baen used
in the past and has recently regained popularitabee it can
be manufactured with nanometers (0,000000001 metdrs
material compared to some of the other thin filivet require
micrometers of material (0,000001 meters). Thisrezwe
difference allows CIGS modules to use far less naaterial,
helping reduce manufacturing costs.

(4]

(5]

(6]

CIGS technology has been incorporated into a veliti
new manufacturing process for commercial rooftop
installations: The cells have been manufacturea @ytinders
and placed in tubes rather than the traditionatareglar
modules. The advantage of this tubular format & the cells
can be perpendicular to the sun a greater numbkowfs per
day, thereby increasing the energy production.

(7]

(8]

D. Hetero-junction modules

There are manufacturers that use crystalline tdoggan
conjunction with amorphous silicon (aSi) thin film&he result
is a hetero-junction module that provides a gregewer
output simply by taking advantage of the strengdiisthe
individual technologies. The aSi surrounds thetatiise cell
in ultrathin layers and helps increase the powgpwiu

19

[10]

Hetero-junction modules, which are typically usacigh-  [11]
visibility applications such as patio covers oraschwnings,
where aesthetics are a primary concern, use reflelijht

around the module to help boost the power output. [12]
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Abstract—This article deals with the system of enhancing the
efficiency of photovoltaic output power — maximum pwer point
tracking system.

Keywords-photovoltaic system; MPPT

. INTRODUCTION

The technology that allows a photovoltaic (PV) wrta
deliver the maximum amount of energy to a batteamkbis

that same amount of power (minus efficiency losses)he

battery bank because they are able to reduce ttegedfrom

the array to the battery’s required level. And heseapower is
the product of voltage and current, if the voltégelecreased,
the current is increased in order to keep the gzomeer level.

MPPT controllers boost current into the batterykoiarrelation

to the current received from the array.

This concept is illustrated in Figure 1. , whictpibs the
power curve for a typical 12 V nominal PV moduldeTpeak

known as maximum power point tracking (MPPT). MPPTof the curve represents the maximum power valughwis the

charge controllers gained popularity in the eald@@ when
manufacturers released highly reliable and accuwatsions
that allowed users to maximize the charging abdityheir PV
array and, in some cases, reduce the required RY size for
battery charging compared to some of the oldemisicigy.

.  HowTHE MPPTWORKS

An MPPT charge controller uses the three chargiages
to allow a PV array to operate at its maximum poyeint
(abbreviated MPP) regardless of the voltage obttery bank
connected to the controller. Other charge controlle
technologies, such as pulse-width modulation, cafully use
a PV array's MPP.

The MPP is defined as the point on the curve witleee
current multiplied by the voltage yields the high@swer
value. In other words, it is the product of the maxm power
voltage, Un, and the maximum power current, lap,. For a
typical 12 V nominal panel, the voltage associatéth the
MPP is somewhere around 17 V. PV manufacturerszeshl
early on that this was the voltage value requimedffectively
charge a 12 V nominal battery bank in nearly alrldwide
geographic locations. Note: Keep in mind that medudltage
decreases when the module temperature rises, sexthe
voltage is necessary to push the electrons intdatery bank
when the module’s temperature is elevated.

The maximum power voltage of 17 V does not always

equate directly to the required voltage needed harge a
battery bank, though. Depending on the technoloyy the
charge set-point, the voltage necessary for chgrginl2 V
nominal battery bank can range anywhere from 18 5 V.
Therefore, a PV module can produce more voltage tha
battery bank can fully use.

MPPT controllers take the power from a PV arrayhat
MPP, regardless of the required battery voltage, deliver
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level that the PV module can produce.

The graph also shows the location of a typical epatt
charge set-point. If you move straight over to tigt from
that point, you'll see the power level associatetha battery-
charging voltage. The difference in the MPP and gbwer
level associated with the battery-charging voltageresents
the increased power output due to the use of theeMP
technology. The PV array’'s power levels move thtaug the
day depending on the environmental conditions, BIRPT
controllers adjust right along with them.

MPP

Power point
at battery voltage

Current
Power

Battery |
voltage |

v
Voltage "

Figure 1. The power gained through the use of MPPT contsoller

Ill.  THE PROS ANDCONS OFMPPTCONTROLLERS

MPPT controllers have become the most popular eharg
controllers for larger battery-based PV systemsh(giand-
alone and utility-interactive) thanks to their &hiko fully use
the power produced by a PV array. Another goodgthiPPTs
have going for them is their ability to take a Pvag wired for
a higher voltage and still charge a low-voltagetdrsit bank.
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For example, with the help of an MPPT controlleouycan
take a PV array that is wired in a series confifonaup to
150 V DC and still charge a battery bank all the/\dawn at
12 V nominal. Having a higher-voltage array alloy@sir client
to locate the PV array farther from the batterykband not
have to take out a second mortgage for the lenfthvie
connecting the two.
constantly adding features and increasing efficgescThese
improvements help you, the designer and installey,
increasing the flexibility in your design.

A major drawback to MPPT controllers is the costisT
technology comes at a price (about € 600 for adstahunit as
of early 2010). Justifying the extra expense foryvemall
systems that do not fully realize all the benefda be difficult,
which is why MPPT controllers are often used omiarger
arrays.

IV. PULSE-WIDTH MODULATION TECHNOLOGY

Although not as sleek and sophisticated as MPPTgepu
width modulation (PWM) charge controllers are veffective
in charging battery banks and will likely be a piapu
technology used in PV systems for years to comethin
sections that follow, there will be described therkings of
PWM technology and note the pros and cons of uking

V. HowPWMWORKS

Just like MPPT controllers, PWM controllers regelat
battery charging via multiple set-points. Howevemlike
MPPT controllers, PWM controllers can only use tiodtage
from the array that equals the voltage requirethieybatteries.
(For example, if the battery bank needs 14 V tagdand the
array can supply 17 V, the controller can only pttee 14 V.)
This characteristic inherently reduces the ovenadiwer
available from the PV array because the batterygihg
voltage rarely matches the array’'s maximum powdtage.
Because the battery bank dictates the voltageatheunt of
current sent into the battery from the array i® disited (so
the current value from the array that is associatét the
battery-charging voltage is different from the nmadim power
point current).

As the battery bank gets full, the PWM controllegulates
the charge into it by pulsing the charge (turning power on
and off) from the array into the bank many timeshesecond.
Because the pulsing of the power happens so Feshadtteries
“see” the current flow from the array as a slowéclihing line,
(as shown in the graph). This pulsing of the curretere the
controller starts and stops the current flow farias amounts
of time, allows the battery to accept the charge become
fully recharged.

| like to think of the way a PWM controller works a
standing with your hand on a water faucet and tagigning
the water on and off as your glass begin to fill Bp stopping
the flow for brief periods, the glass can acceptttsd water
coming into it without losing any of it.
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Finally, MPPT manufacturers ar

VI.  THE PROS AND CONS OPWM CONTROLLERS

PWM controllers may not be as technologically adesah
as MPPT controllers, but they are a proven teclyykhat
works well in many applications because they candmel with
all battery technologies — even with small PV systehat have
é';st a few PV modules charging a few batteriesoAlbey are

lower-cost option compared to MPPT controllers] ey
come in sizes to match very small PV applicatiafscburse,
they can also support multiple-kilowatt installa). They can
even serve as effective load controllers for windd a
microhydroelectric systems.

What is the main drawback of PWM controllers: Bessau
they are not as efficient as MPPT controllers amsferring the
power generated by a PV array into a battery bgal4, may
need more PV modules in an array to get the sarmmelas
you would get with the help of an MPPT controllea fact that
ultimately costs your client more money.

VIl. SPECIFYING ACHARGE CONTROLLER

When it comes time to specify the charge contrdhen
client’s system, you need to look at the systera adole and
how the charge controller will fit into it.

Make sure you always consider the voltage and ktrre
values during the charge controller selection BecMPPT
and PWM controllers come in a variety of sizes.tEaze of
controller is rated according to its maximum anchimum
voltage levels, but the current level a controdan handle is
actually the more critical specification. Every aecontroller
is limited in the amount of current it can procdss to its type
(MPPT or PWM) and size (small or large). Consedyepbu
need to evaluate the amount of current the PV awidly
produce to specify the correct charge controlleyr client.

If the controller needs only to handle the batteigarging
and maybe control a single load, a basic PWM charge
controller should suffice. However, if the applioat requires
advanced metering and the ability to run auxilitogds, a
more advanced MPPT controller is generally yourt te;
although you may also need to suggest multiple MPPT
controllers to efficiently address the client’s dee
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Abstrakt—Prispevok analyzuje hlavné ciele Europskej Unie v
energetike do r. 2020, konfrontuje tieto s principma indikatormi
trvalej udrzatel’nosti a poukazuje na mozné znizenie ekologickej
stopy na obyvat@a krajiny EU.

KPuéové slova-trvalo udrzatny rozvoj; energeticka
bezpénos’; obnovitd’né zdroje energie; ekologickd stopa;
zachytavanie oxidu uhtiitého

I. Uvob

Pokrok a zvySovanie Zzivotného Standardu suU spogené
stdle narastajucou spotrebou a vyrobou elektrigkegrgie.
Ssasnd ekonomika s#&oraz viac orientuje na vyuZzivanie
modernych technolégii, ktoré sa vyZopl zvySovanim
efektivity vyroby a minimalizaciou spotreby energie

Elektroenergetika sa tomuto procesu zmenien tigghhe.
Nastavajuce zmeny v elektroenergetike sa preto zavag
hlavne na:

e Zznizenie energetickej naneosti
efektivnosti¢o vedie k Usporam energie;

a zvySenie

* nahradu tradnych zdrojov, t. j. na zvySenie podielu
vyuZivania obnovittnych zdrojov energie (OZE) a
postupné zniZzovanie podielu neobnokigch zdrojov
energie;

* moderniz4ciu technol6giép nasledne vedie k znizeniu
environmentalneho Zazenia prostredia.

Energeticka politika EU kladie doraz na zefektivieen
vyroby, prenosu, distribacie elektriny atepla, ad¢ na
zdanenie, ktoré ma zabezpe efektivnejSie vyuzivanie
elektrickej energie.

Il.  HLAVNE CIELE EU V ENERGETIKE D0O2020

Vyznamnym nastrojom energetickej politiky EU je gee
liberalizacie a otvaranie trhu s energiami, ktoe¢at v roku
1999. RieSenie energetickej beapesti sa Hada najma
v liberalizacii trhov s energiou, v diverzifikaai v efektivnom
vyuzivani zdrojov, v postupoch, ktoré znasobia kwekciu na
trhoch s energetickymi zdrojmi a prispeju k bezymesti
dodavok a trvalej udrzdteosti.

Ide o také opatrenia na Uzemi jednotlivych krajkigré
maju zabezp#t' stabilné dodavky energie pri prijétgch
a stabilizovanych cenach. &e energia je jednym z faktorov,

vyrobcov a zaroue znizuju ich zisk. V zaujme ekonomického
rozvoja je potrebné zabezfpe energetické zdroje na
liberalizovanom trhu pri akceptovéitgich cenach.

Na druhej strane su také zaujmové skupiny, ktoegagp
energetickl  bezgeos a stabilné ceny s dominantnym
postavenim silnych energetickych sgwlosti na trhu
jednotlivych Statov. Bokom pritom zostava vplyv ich
dominantného postavenia na vyrobu, distriblciuna g na
zvySovanie cien. Dlhodobé zmluvy na obdobie 10%¥#okov,
ktoré podpisuju energetické spéhmsti s odberateni, maju
garantovd dodavky energie na Grovni vyrobcov aj
distribwnych sieti, pdom neraz prave prostrednictvom tychto
zmlUv sa straca transparentti@sohraniuje sa konkurencia na
trhoch s energiou. Proti liberalizcii trhu a néudsnkurencie
pdsobi tiez dualna palivova stratégia energeticlepriianosti,
ktora je zamerana na faziu elektrarenskych a pgmegych
spolanosti.

Energetickd bezgeos sa vo vSeobecnosti vnima ako
spd’ahliva dodavka energie, zabezpmie pristupu k
energetickym zdrojom a palivdm v pozadovanom mwezst
a kvalite za primerané ceny. Odhaduje sa, Ze alndholi
prijaté Ziadne opatrenia, energeticka zavislEt) na tretich
krajindch by narastla z takmer 50% v roku 2000 riblipne
70% vroku 2030. Do EU bude dovazanych 66%
spotrebovavaného uhlia, 90% spotreby ropy. Z Ruskde
pravdepodobne pochadzaz 60% dovazaného plynu, qom
celkova zavislos EU na jeho dovoze dosiahne 80%. Na Obr. 1
je znézornena zavistdsEU poda druhov energie do roku
2020.

100% |
900/0_

80%

Tuhé paliva Ropa Zemny plyn Celkovo
2 1000 2 2000 = 2010 = 2020
Obr. 1. Energeticka zavisldsEU pod'a druhov energie do roku 2020.

Pod vplyvom rasticeho dopytu po energiu Eurdpska

ktoré uguju vstupy do vyroby atym aj vyrobné naklady komisia v marci 2006 vydala ,Zelend knihu o beaps,

roznych vyrobkov, rastlce ceny za energiu znasotialgr na
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Eurépu”, ktord polozila zédklad pre diskusiu o budlsti
eurépskej energetiky a st v nejénauté sdasné a buduce
vyzvy a mozné rieSenia. Bolidené tri hlavné ciele:

e zvySenie bezpmosti dodavok,

o zabezpéenie  konkurencieschopnosti
ekonomik a dostupnosti cenovo pristupnej energie,

e podpora trvalej environmentalnej udratesti a boj
proti zmene klimy.

Europska rada, na zéaklade vySSie uvedenychoeie
zdbraznila potrebu vypracotaenergeticki politiku pre
Eurépu, ktorej cibom je &inna politika Spoléenstva,
jednotnog medzi ¢lenskymi Statmi, stlad medzinnog’ami
v réznych oblastiach politik a vyvazené plnenielraid’ov.
Na zéklade navrhov vychadzajlcich z energetickéjiloppre
EU bol v oblasti klimy a energetiky schvaleny tbalicek
20/20/20 do roku 2020:

e znizit emisie sklenikovych plynov o 20

v porovnani s rokom 1990 (Obr. 2),

%1

+ dosiahnd 20 % podiel energie z obnovitg/ch
zdrojov na spotrebe EU a dosialinl0 % podiel
biopaliv v doprave (Obr. 3),

*  znizit spotrebu energie o0 20 %.
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Obr. 2.

£

Emisie sklenikovych plynov v  EU-27 (Index zé&klatlnéoka
1990=100).

Obr. 3.  Narodné ciele pre podiel energie z OZE na hrubejgatickej

spotrebe do r. 2020.
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S dneénym stavom vyspelych technolégii je mozné
dosiahnd Uspory vo vySke 20% spotreby energiélenskych
Statoch EU. Celkova spotreba véagnosti dosahuje okolo
1750 Mtoe. Odhady ukazuju, Ze ak budd terajSiediren
pokratova’, hruba spotreba energie by mohla verds roku

eur6pskych2020 o 10%,¢0 by znamenalo spotrebu 1900Mtoe. Rast

spotreby elektriny by tiez dosiahol 1,5 % za rokel@m je
vSak dosté sa na Urove spotreby v roku 1990, t.j.1520 Mtoe.
Celkovu spotrebu energie dizdpaliv a energetickej n&mosti

v EU znazotiuje Obr.4.

energetickd nirofnost’ 1950=100
2000 100

1 — - == OZE
™ ~
- ~—
1 d == Jadrové palivo
-
1250 =
» 1 Zeranf plyn
E 1001
— =—=Ropa
ThL
a 25 - Uhlie
—a— Energeticka

naroénost’

1980 2000 210 2020

Obr. 4.  Celkové spotreba energie gadpaliv a energetickej namosti..

Dnes sacasto stretavames frekventovanym pojmom
,udrzatény rozvoj", ktory sa stal zakladnou filozofiou a
rozvojovou stratégiou vSetkych krajin a integnzch
zoskupeni vo svete.

PRINCIPY A INDIKATORY TRVALEJ UDRZATELNOSTI

Pojem trvalo udrzatey rozvoj (TUR) sa sice zal
pouziva uz zd&iatkom 70. rokov minulého statim, avSak
zasadnd podpora udrZ&iého rozvoja v celosvetovom
meradle bola deklarovana az na konferencii OSNvatizom
prostredi a rozvoji v roku 1992 v Riu de Janeirmr& si
vysllzila privlastok Summit Zeme. Na tejto konfemérboli
prijaté 4 zasadné dokumenty: Rio-deklaracia, Dohowo
biologickej diverzite, Ramcovy dohovor o klimatiaky
zmenach a AGENDA 21. Podpora TUR bola znovu potvide
a deklarovana aj v prijatych zavéngch dokumentoch na
Svetovom summite o trvalo udrzétem rozvoji (WSSD) v
Johannesburgu 2002.

UdrZzatény rozvoj sa opiera 0 nieRko zakladnych
spolanych principov:

e Princip predbeznej opatrnosti - vychadza zo zasasly,
environmentalnym Skodam by sa malo zahtani
pokia’ je to mozné. Je to argument v prospech
udrzaténych (bezodpadovych technolégii);

e Princip prevencie - je zaloZzeny na nahradzovani
,,koncovych technolégii“, ktoré rieSia zachytavanie
odpadovych véd vystavbatistiarni odpadovych véd,

a nakladanie s odpadmi budovanim skladoklepd
alebo Hadanim novych metdd likvidacie odpadov.
Princip prevencie sa zaklada na rieSeni odpadmpria
pri vzniku zdroja a odpad sa meni na sekundarnu
surovinu, ktora sa vrati do vyroby, spracuje na iny
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produkt alebo sa preda ako sekundarna surovina na s ni¢ nehovori o ,ekonomickej* spravodlivosti &ze
spracovanie novému spracoVaid; o tom, a_lko su zdrojg, prijmyi negativne_désledky_
- Princip 3P (Polluter Pays Principle) — Zisovatd ekonomického vyvoja rozdelené medzi populaciu

plati - znamend, Ze kto zZfis'uje zZivotné prostredie, danej krajiny.

by mal znaSavsetky naklady spojené so Skodami na  Uvedené nevyhody HDP navrhuju rdzni autori odstrani
prirodnom prostredi a zdravi ¢loveka. Popri  zavedenim inych ukazovdites, napr.: indeXudského rozvoja
legislativnych nastrojoch a zvySeni environmenjalne(Human Development Indexjisty ekonomicky blahobyt (Net
zodpovednosti by sa malo pristfigt zavedeniu tzv. Economic Welfare), ukazovatskutainého pokroku (Genuine
environmentalnych dani. Z#ietovatelia by sa tak Progress Indicator), index udrZz&tého blahobytu (Index of
podidali na vSetkych externych nakladoch, ktoré znaS&ustainable Economic Welfare), ekologicka stopaitgical
spola@nog’; Footprint), a pod.

«  Princip integréacie - je pevne zakotveny v ramci €U Ekologickd stopa vyjadruje, Ze pri danom stupni
Amsterdamskej zmluve, ktorl mozno poklada prvy  technického a technologického rozvojallke pddy a vody
historicky krok v oblasti ochrany Zivotného progiee  potrebujeludska spolénos’, urita krajina aleboclovek na
v zjednotenej Eurdpe. Problémom zostava, Ze ,2elersvoju existenciu, vratane plochy na uloZenie vypkadaného
legislativa“ jecasto v rozpore s ekonomickou politikou odpadu.
podnikatéskej sféry; koo i o

Lesy Pastviny

»  Princip subsidiarity - vychadza z realnej situakes, v # Ot péda Erergeticid zem
riadiacom systéme vySSia Urdivés hierarchii riadenia ke /‘/
EU, narodna vlada, region, mesto, obec), ma lepsi o [ EHER Dinits S
potencialne moznosti pozitivne ovphova® stupé

znelistenia zivotného prostredia. Ide o efektivniitde
pravomoci i zodpovednosti;

14 ¢

emd)

&
o
"

(=]
@

* Princip partnerstva - zdénaze Ulohu partnerov pre
trvalo udrzatény rozvoj. Vzdy by sa mal viésdialdg
SO zainteresovanymi partnermi, aktivnelad®’
vychodiska pre zlepSenie kvality Zivotného prosaed
stimulova’ dobrovdne dohody a zvySenu spotia®’ 0o '
Verejného Sektora. 1961 1066 1965 19F3 1977 1981 1065 1989 1993 1987 20071 2005

Ekologi Jai stapa (podet Z

Komisia pre TUR OSN schvalila na svojom .zasadnﬁl&i d Obr.5.  Ekologicka stopdudstva potia zakladnych kategorii.
18. aprila 1996 v New Yorku ukazovatele (indikajofyUR.
Na vyhodnocovanie smerovania k TUR bol zostaveny ta Pre analyzu ekologickej stopy bola prirodna ploZeane
subor ukazovatev, spravidla meratych parametrov, ktoré rozdelena do 6 zakladnych kategorii:
by davali kvalifikovanu informaciu o tomi stav a vyvoj

sledovaného fenoménu zodpovedaju principom a initér * energeticka zem — Zém, resp. plocha lesa schopného
TUR, alebo nie. Pre SR bolo z celého stboru 132akatéov absorbova CO, uvolneny  najma pri sgavani
relevantnych 125 ukazovditer TUR, indikatory st zoskupené fosilnych paliv,

_dov_4 o_blagti - acialnej, ekpno,miclie_j, mv_irqnmentélngj a «  orna poda (asi 0,25 ha na osobu),

institucionalnej. Medzi najznamejSie indikatory patri hruby

doméci produkt — HDP, hodnota vSetkych koneh » pastviny (0,6 ha na osobu),

vyrobkov a sluzieb v danej krajine za&ené obdobie, spravidla
za rok. HDP ako ukazovdtea vSakiasto kritizuje (a to nielen
environmentalistami), Ze nevyjadruje skiné ,bohatstvo"
spolanosti vratane &inkov na Zzivotné prostredie, ,kvality «  zastavané plochy (0,03 ha na osobu),
Zivota“ a pod., pretoZe nezalie:

lesy — na dodavku drevnych produktov (0,6 ha na
osobu),

e moria — z rozlohy mori sice pripada na jedného

« negativne &nky na populaciu (napr. zdravotné ¢loveka aZ 6 ha, ale len priblizne 0,6 ha z nich
vydavky, ktoré st  zapiinené  ochoreniami poskytuje 95% ekologickej produktivity mora.
vyvolanymi zngistenym ovzduS§im) a na prirodné PV - . . L
ekosystémy pri vyrobe tovarov a v sluzbach, Po spditani vSetkych poloziek vychadza, ze Zem ma asi

2,1 ha na osobu, gom priemerna ekologickd stopa jedného
* poSkodzovanie adegradaciu prirodnych zdrojowobyvatda Zeme je az 2,7 ha.
(-kapitadlu“ Zeme), na ktorych v kosaom désledku su

zavisle ekonomiky vSetkych krajin, IV.  ZACHYTAVANIE OXIDU UHLI CITEHO

* & podhodnocuje niektoré pozitivne ciky na Z Obr. 5 je zrejmé, Ze aZ polovicu ekologickej stapbera
spola@nog’ (napr. pouzivanie energeticky Uspornychplocha potrebna na absorbciu £@vdneného najma pri
spotrebéov vedie k zniZeniu spotreby energi® je  spaovani fosilnych paliv. V3eobecne plati, Ze vys$imtaa
vSak zachytené ako znizenie HDP),
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Urovei je spojena s vysSSou ekologickou stopou, tenttatvz V. ZAVER

vsak nie je nemenny: efektivnejsie krajiny dosahyygoku Ludstvo si postupne uvedomuje, Ze doteraj$i nere

Zivotnd prové (rperané pokh HDI — indexuudskeho roz,vo’Ja) hospodarsky rpast, F;aloieny naj\;yuiivani rj1eobr1mgt[::h$0

S rela_t|vn_e nizkou ekologickou stopou (merané r'aod zdrojov_energie, je dihodobo neudrimg aje v rozpore

ekologickej stopy na osobu). strvalo udrzattnhym rozvojom. Na dosiahnutie trvalej
Vjanuari 2008 EK predstavila klimaticko-energefick udrzatelnosti je v dlhodobej perspektive nevyhnutny

balicek, ktory predstavuje zakladny nastroj na znizemnsii  postupny  prechod od sucasneho systému

sklenikovych plynov, zniZzenie spotreby fosilnychlipaa  k udrzatelnému  systému,  vyuZivajiceho  najma

podporu inovativnych, nizko-uhlikovych technologia  obnovitefné zdroje energie.

na zvySenie podielu obnoviteych zdrojov v energetickom

mixe Eurdpskej unie. $asou tohto balfka je revidovana PODAKOVANIE
Smernica o obchodovani emisiami a Smernica o zacamgt ) _ i o )
a skladovani oxidu ufgitého v geologickych formaciach. Tento prispevok vznikol diaka podpore vramci opereho

programu Vyskum a vyvoj pre projekt: Centrum vyskuédinnosti

NajzasadnejSou zmenou v porovnani s doterajSopeqracie kombinovanych systémov obnoliigeh zdrojov energii,
smernicou o obchodoyan| emisiami j& pos!lnenlecaelko s kéodom ITMS: 26220220064, spolufinancovany zo jodro
systému v obchodovani s povoleniami na emisie. B&huje, Eurépskeho fondu regionalineho rozvoja

aby energeticky sektor mal 100% &n¥ rezim od roku 2013.

\\
Cielom smernice o CCS (Carbon Capture and Storage o \|+ od ‘w'—\
zachytavanie a skladovanie gQe podpon’ vyuzivanie tejto * * \’(||||’||||\’< ,
novej technoldgie, kiZe v najblizSej budicnosti sa EU e x K operanyprogam
nezaobide bez uhlia ako jedného z hlavnych zdrejwergie. . — 3 VISKUMaVVVo) ¢
Idea je vytvor® taky legislativny ramec, ktory podpori F‘:[ﬁesgka,t’“j? WX

investicie do CCS, aby sa emitentom v oblasti vyrebergie
oplatilo podporov& tuto technolégiu namiesto nakupu
povoleni na emisie. [/ G —— VUKDNGE @
pre trukturalne fondy EU e Ao ‘
Principy najperspektivnejSich metdéd zachytavaniauox A
uhli¢itého st znazornené na Obr. 6.

Podporujeme vyskumné aktivity na Slovensku/Prdjeldpolufinancovany zo zdrojov EU.

Palivo
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Moznosti akumulacie elektrickej energie z OZE
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Abstraki—Prispevok  poukazuje na vyznam akumuldcie Sasno$ vyrobnych, dopravnych a spotrebnych procesov
elektrickej energie vyrobenej z obnovit€nych zdrojov energie a  vedie k tomu, Ze nemozno vyrdba dopravova elektrickd
analyzuje jej moznosti pri pouziti chemickych inebemickych  energiu, ak nie je $asne aj spotrebovana. Z toho vyplyva, Ze
technol6git. znizenie vyroby v elektrAach sustavy Wb spotrebe u
odberatéov by viedlo k obmedzeniu dodavky a neuspokojeniu
potreby. Preto ES musi tharislusné vykonové zalohy, aby v
pripade planovanych vypadkov (opravy a udrzba) a
i neplanovanych vypadkov (poruchy) neplanovaného vzrastu
I.  Uvob spotreby  nemusela  obmedzéva dodavku elektriny

Téma akumulacie elektrickej energie sa v posledsase ~ SPoUebitéom. Tieto zalohy treba povazavaza nutné a
stiva predmetom diskusii na roznych vedeckych ¥YUZité, aj ke’ v&Sinu casu nebudu v prevadzke. &sné
environmentalnych férach. Hlavnou girou tychto debat je 2ZhiZenie spotreby odberétei vyvolava pre tent@as znizene
zvySujica sa celosvetova spotreba energii a zypjwajuce  VYUZitie vyrobnych a dopravnych zariadeni ES, a tya)
znizovanie zasob fosilnych paliv. Vyskumy v obldgtidania ~ ZvySenie mernych nakladov na dodavku.
novych zdrojov lacnej energie pre uspokojenie pbifudstva, - rychlog’ prechodnych javov vESgo vyzaduje jej
ako nahrady za doteraz pouzivané fosilne palivdialza \yhavenog odpovedajicou technikou na riadenie a ovladanie
nedosiahli uspokojivé vysledky. Minimalne v najBich 20  zariadeni, a tie? ochranné zariadenia na lokalizaci

rokoch preto budu fosilne paliva ajadrova enempdalej  opmedzenie, alebo likvidaciu poruchy.
hlavnym energetickym zdrojom.

KPuéové slova-obnovitné zdroje; akumulacia elektrickej
energie; chemické technolégie; nechemické technaédg

i R o o - zasahuje do vSetkych oblasti Zivota spodsti, preto sa
Jednym zo sposobov, ako zmengodiel tradéinych  yyzaduje stlad rozvoja ES s hospodarskym rozvojeagink.
(neobnoviténych) zdrojov na celkovej vyrobe a spotrebekasda porucha, alebo nedostatok v prevadzke ESziéka

energie je vyuzivanie obnovitgych zdrojov energie (OZE). zanedbanie rozvoja ES, st okamzite a markantriénéite
Spdahlivy a cenovo dostupny spbsob akumulacie eldddyic

energie je zakladnym predpokladom pre vyuzitie OZE 0
v od’ahlych lokalitach, s clem integracie do elektrizaej
sUstavy arozvojom budiceho decentralizovanéhoérsyst
dodavok elektrickej energie. Akumulacia energie ktédovu
Ulohu v Usili spoji budicnos udrzat&nych dodavok energie s
takym Standardom kvality poskytovanych technickgtiizieb
a produktov, ktory sa vyZzaduje a \a@nosti je aj bezny pri
vyuzivani klasickych, Werpaténych zdrojov energie. Solarne
a veterné zdroje energie budl pravdepodobne vyzAdo

\
v buduicnosti akumulaciu na dni a tyzdne. o
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Prioritnou UGlohou vyskumu v oblasti elektroenergetsa
v sitasnosti stdva Iadanie ¢o najefektivnejSich a

najprogresivnejsich metod akumulacie elektrickejgie. Obr. 1. V{voj ingta'OVa”éhOhVY'iO“U najdéleZitejSich akuninich
technoldgii.

Il.  SPECIFICKE VLASTNOSTI ELEKTRICKEJ ENERGIE A Hoci elektrickGi energiu nemozno priamo uthzindze by
VYZNAM JEJ AKUMULACIE uloZen& v inych forméach a v pripade potreby premérspé
Energetické ststavy sa od &ty typickych vyrobnych Na elektrickd energiu. Cena elektrinycase dopytu v Spke je
systémov ligia niektorymi spainymi zviastnogami, ktoré sa V&Sia, ako naklady na skladovanie elektriny vyrobenepci.
u jednotlivych typov energetickych systémov prejawoznou  Skladovanie zlepsi spahlivos’ dodavky elektriny, zvysi
mierou, najmenej v pripade slstav zasobovania ropo%fektwnoﬁ existujacich elektrarni a prenosovych zariadeni

a najmarkantnejsie prave v pripade elekérigah ststav (ES). & ZniZi investiné naklady do tychto zariadeni. Akumulacia
Medzi tieto patria hlavne: - neskladovites elektrickej elektrickej energie rieSi v svojej podstate ekorak@il’adisko.

energie, ¢ize vyroba musi prebiefiastiasne so spotrebou. Bez akumulacie by musela thyelektroenergetika schopna
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doda® audrzéd maximalnu z#éaz vzdy, v akomkivek Princip¢innosti sodikovo-sirovych akumulatorov (NaS) je
okamihu. zrejmy z Obr. 2. Medzi ich vyhody patri: vysaddergeticka
a vykonova hustota, relativne vysok&ininog® a dlha
Zivotnos’; medzi nevyhody: pomerne vysoké vyrobné naklady
(eSte stale maly objem vyroby), vysoka pracovnéote(300

« znizuje potrebural$ich investicii do prenosovej ststavy, °C), obsahuije toxické komponenty.

Tym, Ze naakumulovana energia reaguje na tthse jej
potreby, prindSa so sebou nasledovné vyhody:

» stava sa prednostnym dodavata podpornych sluzieb, -+

» poskytuje lepSiu integraciu obnowitgich zdrojov do
systému,

» podporuje efektivnejSie vyuzivanie existujucej ES, . =
Sodikova el J

elektroda O Nat S0 .
s < R

« zvySuje spbahlivog’ dodavky elektrickej energie, ® % o o o’

_ Sima <
elektroda (@ NazSx

 zwySuje  efektivnas  existujlcich elektrarni || peod > < =
a prenosovych zariadeni, fieso sl ST
. 2Na+xS ﬁ NazSx
* znizuje investicie potrebné na nové zariadenia.
Technoldgie akumulacie elektrickej energie moZramedi’
do dvoch skupin: Obr. 2. Principginnosti sodikovo-sirovych akumulatorov.
*  elektrochemické technolégie, Prietokové batérie predstavujli systém, v ktorom sa

elektricka energia akumuluje v roztoku dvoch sepamgch

elektrolytov uloZzenych v nadrziach mimd&anku (Obr.3.).
Graf na Obr.l. znazbuje podiel najvyznamnejSich Tento  spésob  prekonal obmedzenia  Standardnych

technologii na akumulaciu elektrickej energie okiurd920 az  elektrochemickych akumulatorov, v ktorych elektreaticka

po rok 2007 svyfadom pre buducnésv celosvetovom reakcia vytvori pevné zi@niny, ktoré su ulozené iba na

meradle. Z grafu je zrejmé, Ze najSi narast inStalovaného elektrodach. Prave to bolo limitujicim faktoromritardnych

vykonu po roku 2000 zaznamenali sodikové a prietéko batérii pri zvaSovani objemu ich kapacity.

batérie. Mozno ¢&akava, Ze tieto nové akumulaé

technolégie budi( mianeustale sa zvy3Sujici podiel na trhu.

» nelektrochemické technolégie.

Princip akumulacie sgéva v inverznej elektrochemickej
reakcii medzi dvomi elektrolytmi, ktoré su od setmdelené
polymérovou membranou. Boli vyvinuté Styri hlavngoyt

Il AKUMULACIA ELEKTRICKEJ ENERGIE POMOCOU elektrolytov, ako zléenina zinku a brému (ZnBr), vodika a
CHEMICKYCH TECHNOLOGII brému (HBr), vanadu a brému (VRB) a polysulfidu toé
NajbeznejSimi prikladmi elektrochemickych techndlog (PSB). Najvasi rozvoj zaznamenali VRB batérie, kde ako
skladovania elektrickej energie su: zaklad elektrolytu slizi slaby roztok kyseliny siep Testy
. ) potvrdili, Ze VRB batéria vydrzi az 10 000 nabijanéz
» olovené akumulatory, Zni¥enia Ginnosti.
» sodikovo-sirové akumulatory (NaS), Usden zimk  Membrina s a s

» prietokové batérie - vanadové redoxné (VRB),

e prietokové batérie - zinkovo-brémové (ZnBr),

* niklovo-kadmiové akumulatory (NiCd), Zn'T, Br

lon

 niklovo-metalhydridové akumulatory (NiMH), iy

Uhlikova elektroda

* litiové ibnové akumulatory (Li-ion),

» vodikovéclanky.

-
Ventil je otvoreny
iba pri vybijani

Olovené akumulatory patria medzi cenovo najmene
nar@né, sU najstarSou a najvyspelejSou technoldgiou

akumU|éCie,elektriCkej gnergie. N,lqui ich yyhodyrpa/iac_ Obr. 3. Principéinnosti prietokovej batérie ZnBr.
ako storénd osvedena technoldgia, ktora je vé&asnosti
najpouzivanejSou formou elektrochemickej akumulacsé Vyhody VRB batérii mozno zhriiinasledovne: J#os’

pomerne lacnée (600-1600 USD/kW). Nevyhody: nizkerady  akumulovanej energie zavisi od mnozstva elektrolygtkon

mernej energie (kWh/kg) a merného vykonu (kW/kghtka  glanku zavisi od jeho Vikosti, vysoka energeticka a vykonova
Zivotnos’ (100-1000 cyklov), vysoke prevadzkove naklady,hystota,lahka rozsirittnos’; nevyhody: st edte len v rannej
environmentalne rizika (obsahuju nebepeolovo a kyselinu  faze vyvoja, vysoké investié naklady, obmedzené moZnosti
sirovu), znané samovybijanie (narasta s klesajlcou teplotou). pre svoju vékos. ZnBr prietokové batérie maji podobné
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vyhody inevyhody ako VRB batérie, navySe obsahuji PVE patria medzi najrozSirenejSie a najznamejSiikémie
korozivne a toxické materidly, vyZadujiuce Specialneakumulacie elektrickej energie aj v SR. SO vyznaminy
zaobchéadzanie Z’adiska bezpmosti. zdrojmi Sptkového a regukmého vykonu. Mézu hy
. . s - ... . budované s dennym alebo s tyzdennym cyklonigugévania.
NiCd akumulatory predstavuju tiez starSiu techninlpgu Pre véky akumul&ny objem predstavuji aj vyznamny zdroj

pomerne robustne, a!e mgjuvvyééiu hystotu energ_@ﬁu_ dispeserskej zalohy. &innog” modernych PVE sa pohybuje
Zivotnog’ ako olovené. SU vsSak drahSie aobsahuji toxickg, o\ o= ot medzi ich vhody patri, Ze ide 0 0 "

kadmium. NiMH akumulatory maji podobné vlastnosto a P . PR
; - o - , ..~ technolégiu, s vysokou kapacitou akumulacie az 1000, s
NiCd, ale predstavuj novsiu technol6giu, ich vytoge tiez prakticky neobmedzenouizkou skladovania energie a bez

Fahka rozsirittnos’ a nizsia toxicita. produkcie odpadui toxickych materidlov. Ich zaou
Aktivnym  materidlom  zapornej elektrédy Li-ion nevyhodou su geografické obmedzenia, zabBrér® Gzemia,

akumulatorov je oxid, obsahujlci tranzitny kov. Aadje  dlhycas vystavby i vysoke invegtié naklady.

tvorena l{hlikovo—grafitovgu_ vrstvou. Ele,ktrolyt jevoreny — SSSspojky  Plynové turbina

sd’ami litia rozpustenymi v organickych utitanoch. g / \

Separator je tvoreny VUmi tenkou vrstvou, obsahujlcou .:E"

polymér, znemadujici prechod i6nov. Napétie jednéélédnku

dosahuje az 3,6 — 3,7 V. Ich vyhodou je vysoka gataka a —

vykonova hustota i vySSiaiinos’, nevyhodou hlavne vysoké h Vonlafii

naklady kvoli obmedzenej dostupnosti kobaltu a tiez vt

skutainog’, Ze vyzaduju natmé riadenie nabijania.

Chladi¢e a medzichlagice vzduchu

Akumulacia vodika bola navrhnuta ako odpdivena
potrebu novych skladovacich kapacit energie. Vedikyraba ]
elektrolyzou vody, metdda je jednoduch& a odskudanérgia =
vodika moZe by vyuZitd bu’ pomocou palivovychilankov ('(,'"'m‘.t
rekombinaciou vodika a kyslika, alebo vodik mozet' by
pouzivany ako palivo v parnom kott# v spd’ovacom motore. Obr. 4. Schéma akumulacie elektriny pomocou CAES.
Hlavnym problémom vodika je jeho skladovanie. Rafg
uskladneni do vysokotlakovej nadoby je potrebné&kée Aj vystavba CAES (Obr.4.) je Gzko spatad s vhodnymi
mnozstvo energie na jeho kompresiu Bkyeobjem zasobnika. geologickymi podmienkami. Princip uskladnenia eiekej
Tieto fakty vyznamne znizuju efektivitoprocesu akumulacie energie je v kompresii vzduchu do TI'kekapacitnych
a preto vodik je ekonomicky vyhodny iba prékémnozstva zasobnikov, ktoré su tvorené zakonzervovanotiobaalebo
akumulacie. Chladenim vodika nalme nizke teploty sa da prirodnou jaskjou. Vcase prebytku elektrickej energie
znizit objem skladovania, o robi proces eSte viac kompresor vtlda vzduch do zasobnikov,¢ase poziadavky
neekonomickym. Boli vyvinuté uhlikové nanotrubid@aiové o dodanie Sgkového vykonu steny vzduch expanduje v
meédium pre skladovanie vodika, ide o mikroskopiakdy z  plynovej turbine, kde sa energia expandovanéhooladapolu
uhlika veékosti 2 nm, utené pre ukladanie vodika do s pridavnym plynom vyuziva na pohon generatora.odyh
mikroskopickych pérov na povrchu a vo vnatri Stargtrarky.  vysoka @innog’, stabilny dodavany vykon v kazdom dasi,
Vyskum tejto perspektivnej technologie je zameramy niz3ie emisie pri kombinovanom gpaani plynu, patri medzi
znizenie nakladov na vyrobu uhlikovych nanotrubie p najlacnejSie moznosti akumuléacie elektrickej erergpmerne
komekné vyuzitie. Vyhody technologie sfivaju vo vysokej  kratky ¢as vystavby (do 3 rokov), Uiy vykon (do 300 MW),
energetickej hustote a djahlivosti, v l'ahkej rozsiritenosti,  rychly prechod z akumulatorovej do generatorovejvadzky.
ako aj v tom, Ze neprodukuje Ziadne Skodlive latky.Nevyhody: geografické obmedzenia, potreba palizamného
Nevyhodami si:  nizka efektivita akumulacie, poareb plynu a vystavba iba pre &ie vykony.
objemnych nadrzi na skladované& hutnd kompresiu, vysoké
priestorové naroky na vyrobu vodika a vysoké naklagoby
(viac ako 400 $/kW).

%

IV. AKUMULACIA ELEKTRICKEJ ENERGIE POMOCOU
NECHEMICKYCH TECHNOLOGII

Najbeznejsimi prikladmi elektrochemickych techndlég
skladovania elektrickej energie su:

» preterpavacie vodné elektrarne (PVE), - - : =
e podzemné zasobniky steného vzduchu (CAES),

» zotrvaniky, t
e superkapacitor,

» supravodivé magnetické akumulatory (SMES). Obr.5.  Vyuzitie zotrvainika na akumuléciu elektrickej energie.
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ElektrickAd energia v zotr¢aikoch je akumulovand vo hélia spdsobovali, Ze vyuzitie suprawimi nenaSlo SirSie
forme kinetickej energie rotujlceho telesa okolastihej osi  uplatnenie v praxi. Prelom v tejto oblasti nastal gbjaveni
(Obr.5.). Prebyttna elektrickd energie siete je dodavana dovysokoteplotnych supravaglv, ktorych kritickd teplota sa
motorgeneratora (MG) v motorovom rezime, ktory &at pohybuje okolo 90 Ko je vySSia teplota ako je teplota
zotrvatnik a zvySuje jeho kinetickli energiu. Ak je potrebatekutého dusika (77 K). Vyhody: Siroké moznostiildaie,
dodava Spickovl energiu spado siete, MG z&ne pracovA  vysoka energeticka a vykonova hustdiahka rozsirittnog’;

v generatorovom rezime. KinetickA energia akumuildva nevyhody: eSte si vrannej faze vyvoja, pomernehé&ra
v rotujicom zotrvaniku sa pretransformuje na elektricki, obmedzené moznosti kvéli ich Rkesti.
ktord sa dodava do siete. Vyhody: vysok#&nidos’ az 90%,

s idealne pre aplikacie, ktoré potrebujaste a fbkoyé _ V. ZAVER
vybijanie, kratkyas nabijania a vybijania, netoxické zloZenie, , _ L L L
velky kratkodoby vykon, diha Zivotnés Nevyhody: nizka Vyber vhodnej technolégie na akumulaciu elektrickej

hustota energie, Vké straty v pohotovostnom rezime, vysokéenergie zavisi od splnenia viacerych kritérii. M@oh
posiatoiné naklady, zvySené nebezpestvo mechanickych Z technolégii su odskuSané a prever&som, iné technoldgie

portch. st vo faze pilotnych a demonsingch projektov. Niektoré
znich sa javia ako perspektivne av najblizZSéase sa
Superkapacitor ~ (Obr.6.)  predstavuje elektrolytickypredpoklada ich Siroké pouZitie v praxi. Ako priklaa mozu
kondenzator vyrobeny Specialnou technologiou, ktorawvies’ prietokové a NaS batérie. Akumulacia do zatnikov,
umoziuje dosiahnutie obrovskej kapacity ni€ko stoviek az  superkapacitorov a SMES sa povazuji za perspektnaiédy
tisicok Faradov. Energia v superkapacitoroch jeZend v aplikaciach pre zlepSenie kvality siete. Li-iomtdrie su
v elektrostatickom  poli  rovnako, ako vKklasickych v Sirokej miere pouzivané v prenosnych aplikacialich
kondenzéatoroch. Pri privedeni vonkajSieho napéatehddza pouzitie na akumulovanie #§ieho mnoZstva energie ma
k presunu kladnych idnov v elektrolyte, smerom garaej  znainy potencial. Vodik ako zdroj naakumulovanej elieke;
elektrode a k presunu zapornych idnov ku kladnektebde.  energie predstavuje jednu z obrovskych vyziev &ty mohla

Zakladom tychto kondenzatorov je aktivna vrstvaikahl byt v budtcnosti najrozsirenej$ou akuntalau technolégiou.
nanesena na povrchu hlinikovych elektrod. Plochavii&ho

povrchu dosahuje hodnoty 2000° ma jeden gram prasku
uhlika. Elektrolyty kondenzatora su oddelené sepeodn,

vyrobenym  z polypropylénovej félie asu obklopené Tento prispevok vznikol diaka podpore vramci opermého
elektrolytom, ktory je tekuty alebo vo forme géRraSok je  programu Vyskum a vyvoj pre projekt: Centrum vyskuddinnosti
bud uhlikovy aerogel alebo uhlikovy polymér. Materi@lo integracie kombinovanych systémov obnokrteeh zdrojov energii,

bUdL'JCI’]OStI b’UdL'J Uh"kOVé ,trub|Ce, ,ktOI‘é pOdSt&tWélH ) s kbdom ITMS: 26220220064, Spoluﬁnancovany 70 mo
povrch elektréd. Znmou nevyhodou tychto kondenzatorov je Eurépskeho fondu regionalneho rozvoja.

moznos$ prierazu, preto sU tieto kondenzatoryéamé na

PODAKOVANIE

napatie, ktoré sa pohybuje vrozmedzi 2,3 — 2,M¥hody: X e »x
velky kratkodoby vykon, dlhd Zivotnésa rychle nabijanie; * ||.|| *
nevyhody: nizka hustota energie, vysoka in¢estinarénog’ ¥ :h—"l %
. Py e . . - leracny program
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je teplota kvapalného hélia. Naklady na vyrobu pkltzeného

32



Inteligentné riadenie vyroby a spotreby elektriny z obnovitelnych energetickych zdrojov 2011, 22. september 2011, Stara Lesna, Vysoké Tatry

Meranie parametrov solarnych absorbérov
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Abstrakt— Tento prispevok je zamerany na vyuZivanie
obnovitePnych zdrojov energie s orientaciou na fototermalnu
premenu sinénej energie. Obsahuje popis konstrukcie solarnych
absorbérov a ich tepelno-energetickych technickycparametrov.
Za tymto Gc€elom boli realizované merania ohrievacich
a ochladzovacich kriviek. Vysledky poukazali na vyska
efektivnog’ ich pouzitia pri ohreve vody v bazénoch, pripadne
inych teplonosnych médii do teploty 30 °C.

sinina

KPracéové slova —

absorptivita

energia, plastovy absorbér,

Abstract— This contribution is focused on the utilisation of
renewable energy sources with an orientation on phothermal
conversion of solar energy. It contains a descriptin of the design
of solar absorbers and their technical specificatios.
Measurements of heating and cooling curves were a@&d out.
The results showed high efficiency of their use fawater heating
in swimming pools up to 30 °C. (Measurement of salabsorbers
parameters)

Keywords — solar energy, plastic absorber, absorptivi

. SLNECNE ZIARENIE A JEHO PREMENY

Sinko dodava Zemi svoju energiu vo forme ZiareRi@sné
meranie toku slnmého Ziarenia uskutuju druzice nad
atmosférou. Na 1 fpostaveny kolmo na dopadajice st
lGce pripada energia 1,36 kJ za sekunifte vykon 1,36 kW.
Tato hodnotu nazyvame solarna konStanta a sluzvypecty
mnozstva dopadajlicej sktre] energie na zemsky povrch.
Solarna konstanta nie je stabilna a meni sa v rdziteodnét
1,34 kW az 1,4 kw, dévodom je meniaca sa vzdiale@eme
od Sinka, pretoze Zem obieha po elipse. Energiadhpcich
foténov sa pri ich pohlteni meni na energiu kirefjct.j. na
teplo. Zem prijima celkovo 150 000 TW priameho &frého
Ziarenia, ¢im vytvara priaznivé podmienky pre Zivot.
Zahrievanie zemského povrchu nie je vSade rovnalke,
priemerna teplota je priblizne 15 °C [1], [2].

Pri prechode Ziarenia zemskou atmosférou dochagiza
k oslabeniu Ziarenia vplyvom odrazu, rozptylu absorpcie
molekulami plynu,¢i ciastatkami prachu, v désledkdoho
rozliSujeme tri druhy slri@ého Ziarenia:

« priame Ziarenie ktoré na svojej ceste od Sinka nezmenilo

SVOj smer,

Pomer jednotlivych zlozZiek sa neustédle meni v 2dsfsod
meteorologickych podmienok a polohy miesta na Zetiet
tychto zloziek oznéujeme ako globalne Zziarenie ktoré
dosahuje v naSich podmienkach za jasnéhtaga v letnom
obdobi hodnotu max. 1 000 W/m

SInetné Ziarenie sa po dopade na zemsky povrch piamie
na iné formy energie:
« tepelnd energiu— ohrievanie zemského povrchu — voda,
pdda, vzduch,
« mechanickd energiu- vzdusné prudy,
chemickd energiu — fotosyntéza — viazanie energie
prostrednictvom  fotosyntézy  vrastlinach  ainych
organizmoch.

Moznosti vyuzitia slnénej energie su znazornené na

Obr. 1.
Vyuzivanie sinecnej
energie

Premena slneéného ziarenia
zachyteného konstrukciami
budovy na teplo
(ekoarchitektiira)

Priprava tepla a teplej

vody
kolektory

Obr. 1

Vyroba elektriny

I

Ploché
a trubicové

elektrarne
kolektory
a bazénové
absorbéry

Spésoby vyuzivania stiveej energie

NajjednoduchSou premenou sinej energie je premena na
teplo (fototermalna premena), ktoré sa realizujgn@oou
aktivnych alebo pasivnych systémov. Zakladnym darném
sliziacim na fototermalnu premenu ginej energie su sldaé
kolektory. Podla konStrukcie ich delime na nekoncentrujace
(rovinné, trubicové) a koncentrujuce (s bodovym bale
&arovym ohniskom). Zvlastnu skupinu zariadeni slGigh na
fototermalnu premenu tvoria solarne absorbéry.

II.  SOLARNE ABSORBERY
Solarny absorbér je najjednoduchsim zariadenimrykto

. difuzne Ziarenie ktoré dopada na povrch zeme pod inymslizi na premenu slieého Ziarenia na teplo. KonStrukciu

uhlom ako Ziarenie priame,
« odrazené ziarenieod okolitého terénu a objektov (&%
diftzneho ziarenia).
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solarneho absorbéru tvori samonosny,caspjSie plastovy
absorbér bez tepelnej izolacie, ptiatiného krytu a nosného
ramu. Predstavuje Voy absorbér umiestneny v priestore
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vystupny natrubok

smerom k dopadajucemu sém&mu Ziareniu. Absorbéry su
nagastejSie vyrabané z chemicky odolného vysokotlakéhe
polyetylénu, polykarbonatu, skla alebo nidlkgch vrstiev
textilu aplastu. Mozné konStraké rieSenia plastovych
absorbérov st na Obr. 2.

-

technologickeé priehlbne
na upevnenie absorbérov

vybratia
na upevnenie absorbérov

-

vstupny otvor

Obr. 3 Zakladny stavebny element plastového absarbé

Vytvaranie v&Sich absorgnych pléch sa realizuje
vzajomnym  horizontalnym  avertikdlnym  prepojenim
viacerych zakladnych dielcov (Obr. 4).

Obr. 2 Druhy plastovych absorbérov

I1l.  MERANIE PREVADZKOVYCH VLASTNOSTI SOLARNYCH
ABSORBEROV

Meranie tepelnych vlastnosti solarnych absorbérolo b
realizované na plastovych absorbéroch typu KM Selast,
ktorych zakladné technické parametre si uvedenébvI.
a ktorych zakladna stavebna jednotka je na OI8].3 [

TABULKA | ZAKLADNE TECHNICKE PARAMETRE A VLASTNOSTI ABSORBERA
KM SOLAR PLAST

Vonkajsie rozmery 1 ks - 295 mm x 295 mm x 30 mm
Hriibka setny 2.5 mm
Poget absorbérov na m” 12 ks
1 ks - 0.7kg
Hmotnost

Im® (12ks absorbérov) = 8,4 ke/m”

HDPE polyetylén vysokej hustoy s

Materidl 5
primesou UV stabilizdtora
Teolotni odolnost’ materiadlu -30 a7z 126°C
Rozsah pracovnych teplét -5az 70°C Obr. 4 Spéjanie plastovych absorbérov
Odolnost absorbéra naplneného vodou voéi . . Mz P < A
-30 °C bez prerusenia Na meranie boli pouzité plastové absorbéry s roznym

mrazu obsahom pigmentu, gom hranéné absorbéry boli bez

Vniitorny objem Iks- L8 pigmentu (1) a s maximalnym obsahom pigmentu (8o A

1m’ (12K absorbérov) = 21,6/m’ teplonosné médium bola pouZit4 voda o objeme \ j&azdom
Prietokové mnozstvo 100 a7 450 I/m” za hodinu meranom absorbeéri.
Skiigobny tlak 0.5 Mpa Meranie bolo realizované v mesiaci april za jasrgdtasia

— - - ri teplote vzduchu 15 az 17 °C a pri rychlostraet az 5 m/s.
Maximadlny prevadzkovy tlak 0.16 MPa P , X .

i P : ’ _ Vstupna teplota vody bola 15,8 °C. Meranie séakavcase
Hieticinasy Ebsoipe 0.93 13:35 ateplota bola zaznamenavana v 5 — minatovych
Koeficient tepelnej emisivity 0.97 intervaloch pomocou digitdlneho teplomeru. Pred diat

Zbemy uhol(pre pokles zisku na 50%) 155° meranim bolo teplonosné medium v absorbéroch p&eme
— — Meranie prebiehalo v dvoch etapach. Najprv bolizeabny
i Shiain e ohrev aZ do dosiahnutia teploty stagnécie a potatasu
Teplota stagndcic 39°C 14:50 boli merané absorbéry umiestnené mimo priameh
ivotnost min. 15 rokov dopadu sInéného Ziarenia asledovala sa ochladzovacia

charakteristika. Vysledky merania si uvedené na &br
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Obr. 5 Grafické znazornenie vysledkov merania
IV. ZAVER PODAKOVANIE

Z nameranych vysledkov vyplyva, Ze plastovy solarny Tento

absorbér typu KM Solar Plast Trei dobre realizuje
fototermalnu premenu pri ohreve teplonosnych madil5 do
25°C, kedy dochadza kKkmi rychlemu néarastu teploty
teplonosného média z 15 na 25 °C behom 15 mintbnio
krivka ohrevu u vSetkych absorbérov narasta vyrgmomalSie
a ohrev z 25 na 30 °C trva 30 minut. Teplota steigndosiahla
32,7 °C po priblizne 1-hodinovom ohreve. Pri méra
ochladzovacej krivky sa zistilo, Zze po 60— min@aov
ochladzovani poklesla teplota teplonosného médizd °C.

Z uvedenych zavislosti vyplyva, Ze pouzitdierna
absorgna vrstva vEmi dobre atinne premiéa sin&nu
energiu na teplo do 25 °C, avSak vyzarovanie teplasorbéra
je pomerne malégo svedi vdanom teplothom rozsahu
o0 malej emisivite. Rozptyl nameranych vysledkow je&Siny
meranych vzoriek pomerne mal§p svedi o malom vplyve
pridavaného absokpého pigmentu.

Z nameranych vysledkov vyplyva, Ze plastové solarne
G
E,Z]

(3]

absorbéry su valadom na svoju konStrukciu a dosahovan
parametre vhodné na ohrev teplonosnych médii dBacL.

Dosahované teploty s vhodné hlavhe na ohrev vod

v bazénoch, hlavne mimo letnd sezé¢im predlZzuju moznas
ich pouzivania.

Vzhradom na tieto skutmosti, ako aj na moznosich
inStalacie v podobe chodnika prechodovej zény,tepla ad'’.,
ako aj na nizke invegtié néklady, jednoduchi montéaz
a Udrzbu, su tieto zariadenia najvyhodnejSie pnewlvody
v bazénoch. Ich vystupné parametre st dokonca wd)se

ako u sInénych kolektorov, ktoré by boli pouzité na ten isty
Gcel. Ve’mi vyhodna by bola aj ich spolupraca s tepelnym

¢erpadlom [4] a nizkoteplotnymi vykurovacimi systém#s].
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Meranie parametrov sltieeho ziarenia
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Abstrakt— Tento prispevok je orientovany do oblasti - meranie intenzity slimého Ziarenia — aktinometrické
obnovitePnych zdrojov energie so zvlaStnym zameranim na meranieONrﬁ)

vyuzitie solamej energie ajej meranie. Pri jej vyZivani sa - meranie spektralnej intenzity sﬁleho Ziarenia -
vychaddza z merani intenzity sIn&ého Ziarenia pomocou fotometrické meranie (W%nmmols m)

pyranometrov ad’alSich Specializovanych pristrojov. Pre oL »
kalibraciu viacerych pyranometrov a dostat@&ne presné meranie Pre kazdy druh merania boli skonStruované Specialne

jednotlivych zloziek sln&ného Ziarenia bol skonstruovany —Precizne pristroje. Na patku sa vychadzalo z jednoduchych
viackanalovy kalibraény a meraci pristroj, ktory sa pri principov, ktoré sa v3ak postupne, Kettom na vyZzadovanu
praktickych meraniach plne osvedil. presnog merani za r6znych meteorologickych podmienok,
stavali zlozitejSimi a materialovo nérejSimi.

KPUdové slova— sInné Ziarenie, pyranometer, intenzita
sinefného Ziarenia, kalibracia IIl.  MERANIE DLZKY SLNECNEHO SVITU

Na meranie ftky sine&ného svitu bolo este v roku 1853 J.
F. Campbellom vyvinuté zariadenie s nazvioatiograf. Tento
bol neskér zdokonaleny G. G. Stokesom. Tento pjidiol
zakladnym pristrojom pouzivanym na meranie &iBao
Ziarenia.

Abstract— This contribution is oriented to renewable energy
sources with special focus on solar energy utilisan and its
measurement. Pyranometers and other specialized eigments
are used for solar radiation measurements. Multi-chnnel
calibration and measurement device was designed. Ehidevice
was proved by practical measurements. (Measuremerdf solar

radiation) Heliograf (Obr.1) pozostava zo sklenenej gule
s priemerom 96 mm, cez ktor prechadzajucsiédite, ktoré

sa sUstréuju do vonkajSieho ohniska, v ktorom sa dosahuje
teplota odpovedajuca intenzite siného Ziarenia. Poloha
ohniska sa vZtadom na neustalu zmenu relativnej polohy
I.  PRISTROJE NA MERANIE SLNENEHO ZIARENIA Zeme a Sinka a v dosledku rotacie Zeme meni.

Sinené Ziarenie je elektromagnetické Ziarenie s vinavym
dizkami v rozsahu 0,28 aZ 3,0n. Sln&né spektrum zaha
maly podiel ultrafialového Ziarenia (0,28 — 0,88), ktoré je
pre 'udské oko nevidifimé a predstavuje asi 2 % solarneho
spektra. Viditéné svetlo ma vinovéiiky od 0,38 do 0,78m
a predstavuje asi 49 % stm&ho spektra. ZvySok tvori
infracervené Ziarenie (0,78 — 3ufn).

Keywords — solar radiation, pyranometer, solar raddat
intensity, calibration

Slne&né Ziarenia pozostava ztroch zloziek: z priameho
difizneho a odrazeného Zziarenia. Priame Ziarenibdmza na
povrch bez prekadzok ainych bariér. Diflzne Ziarewnznika
rozptylom priameho sld@ého Ziarenia v atmosfére. Odrazenég-
Ziarenie je vysledkom odrazu stmeého ziarenia od budov,

pripadne inych nadzemnych stavieb. \f@ﬂm a7
Na mnozstvo dopadajuceho Ziarenia maju vplyv najeté AR
faktory < T;_
zemepisna poloha, S@ﬁ B ."“
- miestna klima, pripadne &istoty v ovzdusi,
- ro¢né obdobie, Obr.1  Heliograf s tromi pasikmi roztiej dzky

- sklon povrchu k dopadajacemu Ziareniu.

Pristroj je konStruovany tak, zZe do priestoru paljgbeho
sa ohniska sa vklada teplocitliva indiké& stupnica gasovou
osou. Pouzivaji sa tri druhy zaznamovych pasokzrsod
dizkou, ktoré si umiestnené v troch rdznych polohaeh

Z hradiska merani jednotlivych véln spojenych so
slneinym svitom rozliSujeme tri skupiny merani:
- meranie tkky sin&ného svitu (hod.),
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kruhovom prstenci pda vySky Sinka nad horizontom, ktora je
vzdy dana rdnou dobou wase merania. Citlivastejto pasky
je 120 W/m. Ak teda intenzita sli@ého Ziarenia dosiahne
tito hodnotu, z&ne sa na indikmej stupnici vypBova’ stopa.

V pripade poklesu intenzity pod tuto hodnotu staaaika.
Poda dzky vypalenej stopy potom vieme ¢itt dizku
slngného svitu v dany de

[ll.  MERANIE INTENZITY SLNECNEHO ZIARENIA

Intenzita sIn&ného Ziarenia je ekvivalentnA mnoZstvu
tepla, ktoré vznika, ak ziarenie je pohltené talesodokonalou
absorpciou. Intenzita sltieého Ziarenia je udavana vo W’m
a jej meranie sa realizuje nasledovnymi spésobmi:
meranim  teploty cierneho telesa s maximalnou
absorptivitou, ktoré je ohrievané stmgm ziarenim,
meranim napatia termoelektrickétlanku,
meranim prudu fotoelektrickéritanku.

Pyranometer (Obr. 2) slUzi na meranie skireéého Ziarenia
skratkou vinovou Iikou afunguje na  principe
termoelektrického javu. Aktivhuéag’ pyranometra tvoria
ierne a biele plochy Sachovnicového usporiadardgtarych
vplyvom dopadajiceho sl&eého ZzZiarenia vznika teplotny
rozdiel. Tento rozdiel je pretransformovany prastiietvom
termailanku na elektrické napétie, ktoré je vystupnoucirgbu
z pyranometra. Zmena tohto napétia je priamo Umeméne
intenzity sln€ného Ziarenia. Spektrum snimania &heho
Ziarenia je zabezpené optickymi vlastnaami sklenej
kupoly, ktord zabezgeje dopad Ziarenia len s kratkou
vinovou dZkou ¢ < 3,5um). Pomocou pyranometra sa da
mera’ vel’kog’ priameho, difizneho a globalneho simého
Ziarenia.

OUTER GLASSDOME ——

b

EEEMENT —

INKER CLASEDOMT

SENSING ELEWENT

Obr. 2

Pyranometer

Pyrgeometer na rozdiel od pyranometra slizi na meranie

slneného Ziarenia s dlhou vinovouz#ou. Ide o infraervené
Ziarenie s vinovou idkou 4,5 az 10am. Jeho konstrukcia sa
sklada zterm#lanku, z kremikovej kupoly, z teplotného
snim&a a zo slnénej clony. Termslanok zabezp®ije prevod
infracerveného Ziarenia na elektricky signal. Kremikoupadta
slazi ako filter pre Zziarenie s kratkou vinovoizkbu. Sinéna
clona zabrauje ohrievaniu pristroja od priameho siného
Ziarenia. Pyrgeometer sa vyuziva najma v meteoickom
vyskume na pozorovanie zmeny klimatickych podmienok

SILICON WINDOW
\ﬁé(_— SENSING ELEMENT

\~ SUNSHIELD

BODY TEMPERATURE
SENSOR

--J‘
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Obr. 3 Pyrgeometer

Pyrradiometer zabezp&uje meranie slnamého Ziarenia
kratkej i dihej vinovej tky (0,3 — 10Qum), preto ho mdzeme
povazovd za kombinaciu pyranometra a pyrgeometra. Tuto
funkciu zabezp# tym, Ze pouziva dva snite ktoré meraju
nezavisle. Tento pristroj je vybaveny Specialngquolenovou
kupolou, ktora umafuje merd slng&né ZzZiarenie v Sirokom
spektralnom intervale.

. 2
\ -

- )

-

Obr. 4

Pyrradiometer

IV. MERANIE SPEKTRALNEJ INTENZITY SLNENEHO
ZIARENIA

Na meranie uzSieho Useku spektra &hédo Ziarenia sa
nepouzivaju vysSie popisané pristroje s teétamkom, ale
Specialne vyrobené polovddivé fotosnimée. Takéto pristroje
su konStruované tak, aby ich spektralna citlivosipovedala
prakticky vyuzivanému spektru slfieho Ziarenia. Typicky
priklad takéhoto sninda je LI-190SA (Obr. 5), ktory slizi na
meranie intenzity sli@ého Ziarenia v rozsahu 400 — 700 nm,
ktory je vhodny pre pouzitie v poohospodarstve
a fotovoltickych solarnych systémoch.

LI-1908A
Quantum Sensor

Obr. 5 Vyhotovenie fotodiody LI-190SA

Vysledkom najnovSich vyskumov je zariadeni&M
(Obr. 6) vyvinuté v NASA pre potreby kozmického kymu.
Slizi na dlhodobé meranie a mapovanie solarnehétrape
Obsahuje tri snini®, z ktorych kazdy zabezpige meranie
v uriitej casti solarneho spektra. Jednou zo zlozZiek
kompletného systému je XPS, ktory monitoruje &hde
Ziarenie vinovych ok vrozsahut = 0 — 30 nm. Druh&ag’
tvori SOLSTICE, ktory monitoruje oblés ultrafialovych
Ziareni 4 =200 — 300 nm) atretim zariadenim je SIM, ktoré
sleduje viditéné spektrum svetla a blizke infeavené Ziarenie
(A =300 -2400 nm). Pomocou tohto zariadeni je m®ozn
analyzové vplyv zmeny intenzity slnmého Zziarenia na
globalnu klimu. Poskytuje aj informaciu o rozlozesiergie
slngného ziarenia v jednotlivyatastiach spektra.
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Obr. 7 Pyranometre pouzivané v LNZE

Ako normal slizi pyranometa. 1, ktory bol kalibrovany
pod’a pristroja z medzinarodnej meteorologickej sidtento

SPECTRAL IRRADIANCE MONITOR (S1M) pristroj je konStruovany tak, Ze uniife plynuld horizontalnu
o _ o aj vertikdlnu zmenu polohy snigea Druhy snim& je
Obr.6  Zariadenie SIM na monitorovanie solarnefeksp konstrukne identicky, avdak bez polohovacich mechanizmov.

Na sledovanie dihodobych zmien intenzity siého | cu Pyranometer je od firmy Kipp & Zonen.

Ziarenia dopadajliceho na Zem bolo vyvinuté zaried€iM . S uvedenymi pristrojmi bolo vykonané porovnavacie
Pomocou tohto pristroja sa monitoruje zavislebmatickych  meranie za jasného slireho dia s nasledovnym vysledkom:
zmien od sinénej aktivity. Umo#uje aj sledovanie - pristroj €. 2 v porovnani .1 ukazoval v priemere o
dlhodobych solarnych cyklov. 1,1 % vySSie hodnoty.

- pyranometer¢. 3, v porovnani .1, dodaval o 7,5 %

V. MERANIE INTENZITY SLNECNEHO ZIARENIA POMOCOU  NiZSie vystupné napatie.
PYRANOMETROV Vzhradom na to, Ze pri meraniach na solarnych

Najcastejie pouzivanym pristrojom v solarnej techijike Zariadeniach je potrebné vychadza hodnoty priamej,
pyranometer vyuzivajlici na meranie intenzity st@ho difdznej f;\pdrazene,j zlozky skreého Ziarenia, bude potrebné
Ziarenia termoelektricky jav. Napriek tomu, Ze wete tieto realizova’ Gpravu vystupnych napati z pyranometrov tak, aby
zariadenia vyraba viacero firiem, \#uom na rozptyl ich UGdaje boli priamo porovndee pomocou vyptiovej
nameranych vysledkov, boli pre celosvetovii metegioki  techniky s programovym vybavenim LabVIEW. Vystupnée
sie® urcené pyranometre Kipp & Zonen. Av3ak aj tieto Napétia z pyranometrov je teda potrebné digitaizoaby ich

pyranometre je pre dosiahnutie presnych vysledkmvepné bolo mozné softvérovo aj hardvérovo uprawbvda tento Gel
pravidelne kalibrova bolo navrhnuté zariadenie, ktorého blokova schémana

Obr. 8.
V Laboratériu netradnych zdrojov energie (LNZE) su pri

meraniach intenzity sldeého Ziarenia pouzivané tri N |

pyranometre rozdielnej konStrukcie od rbéznych vgmb 7
(Obr. 7). Vzltadom na rozdielne vystupné hodnoty je potrebne o
zabezpéit’ ich zhodné vystupné napatia pri rovnakej intenzite

slnegného Zziarenia. Y N

pyranometer zoslfovad

<

analégovo—dgltélny
prevodnik

tlenené vooite

po&itad %
aralelny kabel
I e— JUL

Obr. 8 Blokova schéma meracieho zariadenia prenjpgianometer
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Pod’a uvedenej blokovej schémy je napatie pyranometrogpolufinancovany zo zdrojov Eurdpskeho fondu reglioeho

zosilnené tak, aby na vystupe z#silatov dosahovalo rozvoja.
1000 mV pri oziareni sld@ym Ziarenim s intenzitou X
1000 W/nd. o R YA
* * W \
L o o oy . g K
Slgna! z prevo_dmka ide’alej d_o péitaca na spracovanie. pt b X ||||3|III .
Prepojenie medzi meracim zariadenim &fadom sa rieSi * oy k Operatn program

pomocou paralelného portu. Merané intenzity &iébo
Ziarenia su zobrazené cez pouziisité rozhranie, ktoré bolo
vytvorené v programovacom jazyku Visual Basic pmwép
experimentalne merania. Zobrazenie nameranych hodnd
intenzity sInéného Ziarenia v jednotlivych meracich kanaloch
je na Obr. 9.

Channel 1: Channel 1:

Channel 2: Channel 2:

Channel 3: Log Charnel 3: [1]
Channel 4: W Log Channel 4 [2]
Channel &: W Log Channel 5

Channel &: Channel & [3]
Temp 1 Temp 1:

Temp 2 Temp 2 [4]

Port Address: Logging rate (msk 3000 Port Address: | Logging rate (msl {3000

[” Take moving average (recommendsd) [~ Take moving average [recommended)

Stop Updating I Begin Logaing I Stop Updating Begin Logging I [5]

Obr. 9 Pouzivaiiské rozhranie v zastavenom stave

(6l

VI. ZAVER

Na zéklade ziskanych vysledkov je mozné konStatae
zvoleny postup je spravny a uniiofe zn&né zjednoduSenie
merania intenzity sli@mého Ziarenia bez potreby prejmv.

(7]

8l

Meracie zariadenie umbdje skalibrovd Tubovdny
pyranometer pokia nem& porusenu linearitu. dalSom

obdobi, pre zabezpenie mozZnosti nazorného porovnanial9]
nameranych vysledkov priamo & merania, je potrebné
realizova’ spolupracu s programovym vybavenim LabVIEW, [10]
ako ajd’alSimi meracimi pristrojmi.
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. BATTERIES FORPHOTOVOLTAIC SYSTEMS

The energy produced during the day, which was not
consumed by loads, is saved in batteries. Savedean be
used at night or during days with bad weather dad.
Batteries in photovoltaic systems are often chddischarged,

To many people a battery is a very useful but rathetherefore they must meet stronger requirements.t Mtien

mysterious device. It delivers electric power famaltitude of
purposes, but is silent, has no moving parts anelsgio visual
evidence of its operation. The main advantagestiébes are:

i) They provide a portable source of electric pawihnis

power is available in considerable quantity for use
moving equipment or where no power lines are aduess
They are unaffected by cords or cables.

ii) They are capable of delivering very large qitaed of
power for short periods and being recharged at rates

used classic lead-acid (PbA) batteries are prodespécially
for PV systems, where deep discharge is requirettierO
battery types, such as nickel-cadmium (NiCd) okelianetal

hydride (NiMH), are rarely used, except in portabkvices.

Hermetical batteries often consist of an electmipt gel form.

Such batteries do not require maintenance. Typstaar

system batteries’ lifetimes span from three to fiyears,

depending heavily on charging/discharging cyclesyperature
and other parameters. The more often the battery
charged/discharged, the shorter the lifetime.

is

over extended times. Thus heavy surges on power are Lifetime depends on charge/discharge cycle ratesbeus.

available when required, without heavy demands on
power system or equipment.

iii) They provide the most reliable known source o
emergency power, instantaneously when normal pow:
fails. They can thus enable light or power to ammi when
the need is greatest.

iv) They provide a source of pure direct current fo
laboratory and other specific purposes, either asparate
and independent supply or by acting as filter inoamal
supply system.

These and other distinctive attributes of a battaake it
the optimum selection for an almost infinite numbeir
applications.

In many types of stand-alone photovoltaic (PV) ayst for
continuous power supply, batteries are requiregwven out
irregularities in the solar irradiation. Today, ketcadmium
(NiCd) and lead-acid (PbA) batteries are commoigduin PV
systems. Some emerging battery technologies may lads
suitable for storage of renewable energy, such itisreht
types of redox flow batteries and high-temperatsodium-
sulfur batteries. Identification of the importararameters in
PV applications can be used to direct research product
improvements, and comparison of different
technologies can be used to guide battery choicegecific
user conditions.
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dhe deeper the battery is discharged, the shdreelifetime.
The most important battery parameter is batteryaciy

fwhich is measured in ampere-hours (Ah). Batteryacup
eqlepends on discharging current; the higher thehdrging

current the lower the capacity, and vice versateBias can be
charged in many different ways, for example witmstant
current, with constant voltage etc., which depenods the
battery type wused. The charging characteristics
recommended and prescribed by different standatdsprices
of solar batteries are higher than the prices afsit car
batteries, but their advantages are longer lifetand lower
discharging rates. Consequently, the maintenansts aj the
photovoltaic system are lower.

are

The battery’s capacity for holding energy is ratecdamp-
hours: 1 amp delivered for 1 hour = 1 amp-hour.

Battery capacity is listed in amp-hours at a givehiage,
e.g. 220 amp-hours at 6 volts. Manufacturers tWyicate
storage batteries at a 20-hour rate:

A 220-amp-hour battery will deliver 11 amps fortagurs.

This rating is designed as a means to comparereliffe
batteries to the same standard. Batteries arer@tbeimical
devices sensitive to climate, charge/dischargeecyustory,

batterytemperature and age. The performance of a bategrgrals on

climate, location and usage patterns. For everymp-hour
removed from a battery, about 1,25 amp-hours wiichto be
pumped back in to return the battery to the sarage sbf
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charge. This figure also varies with temperatustdoy type
and age.

Batteries used
required to operate differently from those usednimrmal
stationary or motive power applications. Unlike ath
conventional uses of storage batteries, the basterieant for
PV applications are characterized by a small octifsaal
change in state-of-charge (SOC) level on
charge/discharge cycles, while exhibiting a shaeglide in
SOC during certain periods in the year, dependimglinatic
conditions and season. In addition, typical stdode and
remote PV installations require roughness and enwiental
flexibility and to be capable of unattended operatieasy
installation and reliability. These conditions requthat the
sub-system including the battery should also mketsame
criteria as set for the PV module. The batteriescisgly
developed for such applications, usually calledarsobr
photovoltaic batteries, are therefore designed awehthe
following characteristics:

a) high cycle life;

b) good reliability under cyclic discharge condiis
¢) high capacity appreciation at slow rate of diaale;
d) low equalizing and boost charging requirement;
e) low self-discharge;

f) high watt-hour efficiency and ampere-hour efficy at
different SOC levels;

g) wide operating temperature range;
h) highly cost effective;
and

i) long life, robust

requirement;

design

j) manufacturing under stringent quality controls.

The energy requirement for
transport is dominant for systems based on NiC#JHNiand
PbA batteries. Production and transport of battecntribute

in PV applications are fundamentall

daily

low maintenance

battery production an

maintenance requirements, watt-hours per unit veland cost
per watt-hour are a few critical parameters whian de
optimally combined to select the right battery dow particular

%V installation. Conventionally, a lead-acid auttives battery

has been used in most PV installations. Recentligudtrial
lead-acid battery types with pasted, plante or lambplates,
having grids with low or high antimony content drpaire lead
or calcium alloys, are frequently used. Furthentsd, gelled
and recombination types make the selection evererwibh
addition, according to promoters the nickel-cadmibattery
has better performance characteristics over thel-dea
battery. Other alkaline battery systems also coenpéth lead-
acid batteries for PV applications for their longervice life
and completely maintenance-free operation.

A. Batteries Commonly Used for PV Applications

The most commonly used storage battery for
applications is the lead-acid type. Alkaline badterare also
suitable for PV applications, however at preseny anickel-
cadmium has acceptable performance characterigtiud
lifecycle costs for these applications.4 Automatiwection,
stationary and maintenance-free gelled electrolyégteries
have found their use in different PV applicatioAstomotive
batteries (also known as SLI; Starting, Lightingd dgnition
batteries) have traditionally been used for ddilgl®w depth-
of-discharge (DOD) PV applications, e.g. streethtling,
although they have only a 2 —4 years life span argbor
cycling ability. A stationary battery is frequentlysed for
applications involving telecommunications, navigasl aids,
emergency lights, uninterrupted power supply systeetc.
These are capable of occasional deep discharghaRmable
traction or motive power batteries are used intetegehicles,
which can also be powered by a photovoltaic array.

Maintenance-free batteries are increasingly reduine
automotive, traction or stationary applications. &k
electrolyte or sealed maintenance-free batteriesaitable for
V applications, which require completely unattehde
perations.

Research and development on sealed lead-acidiestter

24-70% to the energy requirements, and the Pdyar PV power application has recently led to the degwelent of a

contributes 26 — 68 %. The contribution from ottsystem
components is less than 10 %. For a PV-battergesystith a
service life of 30 years, this corresponds to engray back
times between 2,5 and 13 years. The energy paytraekis
1,8-3,3 years for the PV array and 0,72-10 yearstHe
battery. The overall battery efficiency, includidgect energy
losses during operation and also energy requiremémt
production and transport of the charger, is 0,480-@r battery
and inverter, respectively.

Ill.  SELECTION OFPV BATTERY

In most cases the choice of battery is based oadbprice.
Because of this, an inadequate and improper bagesiected,
which reduces the system’s reliability and durahiliMany
approaches can be followed for the selection oWabRttery.
Cycle life, performance at extreme temperaturesctfbf rate
of discharge, self-discharge rate, battery voltagg maximum
current drain capacity in ampere-hours, watt-h@answeight,
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tubular-type battery featuring acid immobilizatiasing silica
gel, antimony-free Pb grids and thicker plates camag to
conventional ones. Batteries with lead plates gttemed by
calcium or small amounts of antimony are relativetgap and
exhibit good properties for remote applicationdf-8ischarge
accelerated by antimony is reduced by using puad rids.
As per the experience of some PV companies, arbpaitieh

low antimony content is the best choice for PV agpions.

B. Battery Installation, Operation and Maintenance

In order to investigate the ‘Battery charge contaoid
management in PV systems’, the Commission of thegaan
Community (CEC) initiated concerted efforts in 1987this
direction. The objective of this work was to idéntbattery
operating problems based on experiences with 16p&wer
plants.

The main problems found in these studied plant® wieie
to: poor operation and maintenance proceduresnatheguate
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battery charging system; improper sizing of thetdrgt and

inadequate information on the condition of the dyads. In

several PV plants, batteries were found to be decthalye to
deep discharge, ageing and structural failure efctl casing.
A few cases of excessive overcharging and the langeber of

operating cycles in five years of their operatiogrevobserved.
In addition to these, cases of explosions caused byild-up

of hydrogen in the cells were also observed. Thestigation

revealed that in most of the studied plants, theratpon and
maintenance procedure was not documented and eotgsts

of voltage, temperature, specific gravity and pdidovisual

inspections were not carried out. Some of the oleser
problems could have been detected and avoidedroifep

operation and maintenance procedures were adoptabral

other studies have also reported the significaricadequate
management of battery storage in PV installati@hse such
study emphasizes the need to install peripherapooents for

the acquisition and processing of battery spepifiameters in
addition to adopting active measures for batterpagament.
The battery in a PV installation is subjected tm tdistinct

cycles, namely:

a) a daily cycle characterized by varying profilada

by the gas settles on top of the plates leadinght®o
formation of bridges over the separator tops.

v) When a battery is either operated at partial SlOC
several days without equalization or it remainssaalfor

any length of time in fully or partially discharged

conditions, the deposition of large lead sulfatgstals
instead of normal tiny ones on the plates takesepl@he
phenomenon called sulfation also occurs when tlaeee
temperature variations in the battery. These largstals
tend to increase the internal resistance of the whlich

results in low discharge and high charge voltages.

vi) When the battery reaches full charge, the nisplate
potential beyond a certain cut-off voltage leadstlie
decomposition of water to hydrogen and oxygen gadef
loss). The quantity of gas formed depends on theuatrof
excess charging current which is not absorbed &y
battery.

It is recommended that a battery (conventional déxb
type) meant for PV applications is installed ineparate room
in order to avoid accidents due to the formatiorhafardous
gases. Adequate ventilation and moderate temperaiust be

amplitude depending upon the PV energy supplied angrovided in accordance with the supplier's instiam.

electrical energy given to the load;

b) a seasonal cycle depending on the variatiorvarage
insolation during the year.

These cycles cause several stresses and ageingmsuoh
in the battery. The most commonly observed proldepas are
the following:

i) Overcharging the battery causes corrosion ofitipes
grid plates and excessive gassing resulting ineloiog of
the active material. Due to this, loosened matelégdosits
as sediment at the bottom of the cell. Overchargiay
also cause temperature to rise to a permanenttyudése
level.

i) Consistent undercharging of the battery leadsat
gradual running down of the cell, which is indichtey the
reduced specific gravity readings and the tendef@ates
to become light coloured. Excessive underchargilsgp a
causes sedimentation of white lead sulfate powidlbe
strain on the plates caused by the lead sulfatechwh
occupies more space than the original active nadten the
plates, results in their buckling.

iii) Presence of non-conducting materials, whiclhnfoa

layer between the battery terminal and the conneotay
offer an increased resistance to the passagegef tarrents
through the load. Corroded terminals, however, may
ordinarily interfere with the charging of the bajter with

the discharging at low discharge currents.

iv) Short circuits may be caused by a breakdown of

separators and excessive sedimentation, due to
phenomenon called ‘treeing’, in which tree-likeustures
of lead are formed from the negative to positivatgs.
Treeing may be due to the presence of certain raktén
the grid, e.g. cadmium. It may also be due to ‘nmgpgsin
which the sediment brought to the surface of teetablyte
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Batteries are most commonly designed for floor ghaent
over wooden or plastic planks. In some cases, liattem is
also done on steel step stands with acid-resiptnt on them.
A sealed maintenance-free battery can be housex ugual
working area with normal ventilation. It can betaled on
slotted iron racks, although battery suppliers neoend
specific installation guidelines, including batterym designs
based on the type and construction of the suppligtbry. The
standard guidelines for installation and mainteraaot lead-
acid batteries for PV applications and of nickedimdum
batteries for generating stations and substatioesaaailable
from the IEEE in the form of the European Standafdwese
standards describe in detail the safety precaytiostallation
procedures, installation and design criteria andnteaance
requirements.

C. Battery Protection and Regulating Circuits

Proper battery operation in a PV system requirdsage-
regulating protection circuitry to prevent overajiag and
excessive discharging. Permanent damage can be tdoae
battery if it is charged too fast and for too lor®@jmilarly,
forcing higher charging currents into a battery wiiteis fully
charged will cause the battery to gas. Excessigehdrging
will cause the plates to disintegrate and shouldvméded. The
use of voltage-regulating circuits to maintain thattery
voltage within an acceptable range or window isreftre
necessary. A few elementary regulator currentsdéseussed
below.

Shunt Regulator

& The regulator which is connected in parallel to ¢

generator dissipates excess energy through aarearsd power
components. There is no voltage drop in the chgrgimt and
the power consumption by the regulator is neglaihlring the
non-regulation period. Any failure in the regulatoes not
interrupt the battery charging.
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Series Regulator with Semi-conductor

The series regulator uses a transistor in serigsthe PV
generator. The regulator behaves like a variab#stence,
whose value is a function of the state-of-charg@G¥pof the
battery. The dissipated power at the transistonitels is low
compared to PV peak power. However, during the non
regulation period, the regulator introduces a \ggtarop and
thereby current consumption in the circuit.

Series Regulator by Electromechanical Cut-off

This regulator stops the battery charging by
electromechanical cut-off when it reaches the marim
acceptable voltage level. It is reset for chargagpomatically
when the threshold voltage is reached. There ispower
dissipated in the regulator.

Automatic Circuit Breaking
This regulator is used in cases of weak sunlightr-o

Figure 1. Residential Photovoltaic Battery Backup — critiftal extended

consumption, etc., when it becomes necessary tmftuhe outages.
load to limit the depth of battery discharge. Belawcertain
threshold voltage level, the load is cut off and reset
ACKNOWLEDGMENT

automatically when the battery reaches a sufficieimrge

level. This publication is the result of the Project impkntation:

Vyskum charakteristik fotovoltaickych komponentowe p
D. Battery Simulation and Sizing efektivne  projektovanie  solarnych  systémov, ITMS:
Stand-alone PV systems with battery storage arallysu 26220220080 supported by the Research & Development
designed to ensure array energy output exceediaglodd ~ Operational Programme funded by the ERDF.

demand year round. The system is also expectediiataim a
continuous supply of energy during cloudy days famchight-
time loads. The battery size is dependent upomot: energy
requirement and weather patterns on the site, #iterl
necessitating increased storage and PV capacitingdihe
heavily overcast sky and low insolation period bé tyear.
Consequently, during peak sunshine days, the kattalt
remain near a fully charged state with the arragegating
excess energy. In order to prevent the battery from
overcharging it needs to be either disconnectetissipated.

A major concern in designing any PV power system]1]
therefore, is to obtain optimum capacities of theéderay and
the battery storage for the supply of energy at ¢chesen
reliability. In order to match the battery behaviquoperly
with the array, as well as with the load, a modgliexercise is
performed. This modelling exercise gives parameter
characterizing the battery’s state, e.g. currec¢pied and lost,
internal electromagnetic field, voltage or terminadltages,
state of charge, internal resistance, etc. Theicgijan of the
simulation technique in battery sizing results m @ptimum
battery capacity required to satisfy the given losith an
expected reliability. Several researcher group% fdaveloped
battery models describing the relation betweerebattoltage,
current and SOC. The discharging current is usddul
designing the control system, a model for relathmgy capacity
of the battery. The ageing model describing thetilife of a
battery is useful for an economic analysis.

(2

(4]

(5]

(6]

(7]
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Abstract—This article deals with the main construction battey
differences for photovoltaic systems.
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. INTRODUCTION

A lead-acid storage battery is fundamentally a \@mple
thing. A laboratory model of a battery cell can inade by
anyone in just a few minutes. Simply take two st metallic
lead and hang them in and on opposite sides ofdl gtass jar
and fill the jar with dilute sulfuric acid. Conneatsource of
direct current to these strips or plates and atlwem to charge.
In a short time the surface of one strip will beedimcreasingly
dark brown in colour while the other will retais iriginal lead
colour. The brown plate has become covered withyarl of
lead peroxide and is the positive plate of the.c@&lhe
unchanged plate is negative. When the DC charginges is
removed, a sensitive voltmeter will indicate a agk of
approximately 2 volts between the terminals of ahlis. If an
electrical load is connected to the terminals, raecu will flow
from positive to negative and the cell will deliyeswer to the
circuit. The thickness of this surface film, anceréfore the
cell's capacity, can be somewhat increased byraltercycles
of charge and discharge.

Of course, such a cell has no practical value kscde
available surface area of the two lead strips tdarge enough
to accumulate sufficient active material, thesengpahe brown
lead peroxide of the positive and metallic sporegal|of the
negative. The primary problem in the developmerhaiferies
has been to increase the effective area of the glatface to
achieve greater and greater capacity for indusisal
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glass fabric tube with the active material in timawaar space
between. The lattice type is commonly known ast-plite or
pasted-plate type. This construction is nearly gévased for
the negative plates and can be used for positilses dhe
spine-and-tube construction is known as a tubukte@and is
used only for positives.

I ELECTRO-CHEMICAL ACTION

In a lead-acid type cell, two different kinds ofideare acted
upon electrochemically by a solution of dilute sulf acid
(H,SOy). When the battery is fully charged, the activearial
of the positive plate is lead peroxide (dioxideb@®); the
negative plate is sponge lead (Pb). As the cdlissharged, the
electrolyte (HSQy) divides into H and SQ. The H combines
with some of the oxygen formed at the positive epléd
produce water (kD), which reduces the amount of the acid in
the electrolyte. The SOcombines with lead (Pb) of both
plates, forming lead sulfate (PbgO

When the cell is discharged this action is reversed the
lead sulphate (PbSPon the positive and negative plates is
converted to lead peroxide (PHOand sponge lead (Pb),
respectively. The strength of the electrolyte iases as the
SO, from the plates combines with hydrogen from theéewto
form H,SO,.

Discharge
PbQG, + Pb + 2HSQ, = 2PbSQ + 2H,0
Charge

In a fully charged battery, all of the active matkof the
positive plates is lead peroxide, and that of thgative plates

The most common method, however, of attaining largés pure sponge lead. All the acid is in the eldgteoand the

areas of active materials is to use very finely pered lead
oxides made up into pastes. These are in the féransponge
with the electrolyte filling all the pores and thosming into
contact with the active material over an area miamgs the
size of the evident surface of the pastes.

The active materials alone have no rigid mecharfimah
or strength and, particularly the positive, are yveroor
conductors of electricity. It is necessary, themefdo mount
them in some sort of lead alloy frame or grid thiege and
retain a physical shape and to conduct the cutoesit parts of
the material. This lead grid usually takes the fafeither a
lattice-work into which paste is pressed, or aeseof spines or
core rods, each surrounded by a perforated rulpestic or
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specific gravity is at its maximum. As the batteligcharges,
some of the acid separates from the electrolytéghwis in the
pores of the plate, forming a chemical combinatidth the
active material, changing it to lead sulfate armtprcing water.
As the discharge continues, additional acid is dvélwvn from
the electrolyte and further sulfate and water iafed.

As this process continues, it can be readily uridedsthat
the specific gravity of the electrolyte will gradiyadecrease
because the proportion of acid is decreasing amtcbfrwater is
increasing.

When the battery is placed on charge, the reveriena
takes place. The acid in the sulfated active naltexf the
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plates is driven out and back into the electrolytas return of
the acid to the electrolyte reduces the sulfatthénplates and
increases the specific gravity of the electrolyfbe specific
gravity will continue to rise until all the acid @riven out of
the plate and back into the electrolyte. There thi#én be no
sulfate in the plates.

After all the acid is returned to the electroly&elditional
charging will not raise the gravity higher. All tfe acid in the
cells is in the electrolyte and the battery is daicbe fully
charged. The material of the positives is agaid lparoxide,
the negatives are sponge lead and the specifidgtgravat a
maximum.

On discharge the plates absorb acid and on chaee
return the acid absorbed back to the electrolyte.th#e cells
approach full charge they cannot absorb all ofethergy from
the charging current and the excess acts to breakater from
the electrolyte into its two components, hydrogad axygen,
which are liberated from the cells as gases. Bhthe primary
reason for the required addition of water to bgttsils.

Ill.  PHYSICAL CONSTRUCTION

The positive and negative elements are invariablyhie
form of a comparatively thin plate with grid stru usually
of lead-antimony alloy. The addition of antimony ttee lead
gives it greater physical strength and rigidity afigtrs greater
resistance to formation or corrosion by the eldgteoaction
with the acid. These plates are arranged parallebth other,
alternately positives and negatives. All the puesiiare joined
and thus connected together by an alloy straplikeise the
negatives. This strap, through its post, leadsht external
circuit.

The length, width, thickness and numbers of platescell
are determined by the capacity required for theirelds
application. It is common practice to have a negafilate at
each end of the element, thus making one more inegdan
positive plates in the cell. Thus a 15-plate celé 7 positive
and 8 negative plates. As mentioned, this is mectelymon
practice; there is no technical reason for it. The outside
negative plates are frequently thinner as the aaueiace gets
very little use. The positive and negative platestmot come
into contact with each other and are prevented fdming so
by a separator. Separators are usually in shest &ord are
commonly made of rubber, glass or plastic. They tnhe
microporous in structure to permit the electroligepermeate
them. The element consisting of the positive andatiee
plates and separator is placed in a jar or multioahtainer,
which holds the electrolyte, this being, as memrabove,
dilute sulfuric acid, and a cover is placed over éfement and
sealed to the top of the jar to exclude dirt oefgn material
and reduce the evaporation of water from the e, The
cover has a vent plug which has small holes forewpe of
gases and which can be removed for the purposeldih@
water and taking hydrometer readings. The abovenasly
constitutes a cell. One or more cells together dogiven
application constitute a battery.
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A. Voltage

The voltage of a cell is a fundamental characterit the
elements that constitute it. Almost any two disimimetals or
elements in a conducting electrolyte will producems
voltage. The vast majority of such combinationsyéeer,
have no practical or commercial value. The lead-aeil has
the highest voltage (per cell) of any commercigletylt is
generally referred to as has having a nominal geltf 2 volts.

Thus, a 3-cell battery is usually referred to a$-eolt
battery or as a 120-volt battery etc. The voltageao open
circuit (with no current flowing in either directip and after
sufficient time for the voltage to stabilize) isdda&ect function
of the specific gravity and is presented very dipdey the
formula

volts = specific gravity + 0,84

Thus, the open circuit of a cell with a specifi@gty of
1,210 will be 2,50 volts; one with a gravity of 82 will be
2,12 volts.

As soon as a cell starts to discharge, there isceedse in
voltage due to the effective internal resistancéhefcell. This
voltage drop increases with increase in dischatgeent, thus
lowering the output voltage of the cell by that amib Also at
a continuous given rate of discharge, the voltageduplly
becomes lower as the discharge progresses unttheasell
nears exhaustion, the voltage drops very rapidbnid below a
value where it is no longer effective for the finalltage. It
varies with the rate of discharge being lower witigher
ampere rates. A representative value of 1,75 vmltsowever,
commonly used for a large proportion of typical tbat
applications. When a discharged battery is placedharge, its
voltage immediately rises, the extent of this risereasing
with the charging rate. With commonly used raths, toltage
will rise within a matter of minutes to 2,10 or 2,%olts and
then increase gradually until the charge is perhtipse-
quarters complete. Near that point the voltagesris®re
sharply, and then levels off at a maximum whenbtattery is
fully charged. The voltage at this point is aboé 2olts per
cell at the normally used finish-rate of charge.

B. Capacity

The capacity of a storage battery is its abilitydiver
energy and it is usually expressed in ampere-houngh is
simply the product of the discharge in amperes aveumbers
of hours. However, a simple figure of say 200 areg®urs
has very little significance unless it is qualifiegt the many
factors which influence a battery’s capacity ansoaby the
customary usage of the application in which itppleed. The
principal factors which influence capacity are:

Discharge rate:The higher the discharge rate in amperes,

the fewer total ampere-hours a battery will deliverder
otherwise similar conditions. This relationship lwWary
somewhat with different types of plate and cell stauction.
Figure 1. shows a nominal relationship of a typ@ahmercial
cell. During discharge, the only portion of theattelyte which
is useful is that in the pores of the plate in actwontact with
the active material. As the acid in this portioncdmmes
depleted or exhausted, the electrolyte must diffarseirculate



Inteligentné riadenie vyroby a spotreby elektriny z obnovitelnych energetickych zdrojov 2011, 22. september 2011, Stara Lesna, Vysoké Tatry

in order to bring more acid to the active matewdalere it is 120 4
needed. The higher the rate of discharge, the magpie this
circulation must be to maintain normal cell voltags the rate

increases, however, this circulation or diffusiones not 100 Ah Capacity -3 e

increase in the same proportion, with the resudit tthe = | L=
. . )

electrolyte in the pores of plates is less densa the cell g 5

voltage decreases more rapidly, thus limiting tialtcapacity. g 80 -2 g

. . . . Q

Another result of higher current rates is the inseein = . - g

<

voltage drop within the cell. All the cells haveextain internal
ohmic resistance. The higher the current, the greéaé voltage

L X . L . Amperes
drop or the loss in this resistance within the,déllis reducing .

its external or useful voltage which supplies t&dl The rate 40 I I I I I 0
most commonly used as a standard is the 8-houwntzitsh can 0 2 4 6 8 10 12
be expressed, for example, either as 100 Ah a8+theur rate Hourly rate

or 12,5 amperes for 8 hours. Cranking and reseapadity and

motive power (industrial truck) types are rated ar6-hour Figure 1. Capacity rate curve based on 8 hour rate.

basis. Any correct rating is quite proper to usdoag as it is
properly specified and understood. Manufacturersallys list
several hourly ratings, nearly always including &bour, for

the convenience of users in making comparisons and This publication is the result of the Project impemntation:
conducting tests. Vyskum charakteristik fotovoltaickych komponentowe p

efektivne  projektovanie  solarnych  systémov, ITMS:

Specific Gravity: This likewise affects cell capacity as 26220220080 supported by the Research & Development
electrolytes of different gravities have differemmounts of  operational Programme funded by the ERDF.

actual acid per unit of volume. Thus, an electelgt higher
gravity has more actual acid in contact with thévacmaterial

and available for chemical reactions than an elbdé# of 9
lower gravity. With given total acid requirementise need is S nﬁgigtﬁgjékmvewmmépmm " ® 4\,‘4
met more readily by high gravity and with less dagiffusion . = pre Strukturélne fondy EJ fr||||u|I|I o
or circulation. Also the higher gravity electrolytas a lower ahl _ L WSMaVIDg
electrical resistance, which better maintains teeminal Eurdpska tnia o e e e o g
voltage of the cell. The degree to which specifavgy affects "

cell capacity will vary considerably with differetypes of

designs but a rule of thumb frequently applied hatta
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