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Ti eival Ta eWTOBOATAIKO

. Eival NAEKTPOVIKEC DIATAELEIC TTOU UETATPETTOUV
KOT euBeiav To NAIOKO PWC 0 NAEKTPIONO.

. BaaoilovTal o€ €va @paIivouevo TNS KPAVTIKAG
(PUOIKNC, TO PWTONAEKTPIKO PAIVOUEVO.



BiBAloypa®ia,BivTeoypagia

. https://www.youtube.com/watch?v=1gta2iCarD
W

. https://lwww.sciencedirect.com/topics/materials-
science/photovoltaics



https://www.youtube.com/watch?v=1gta2ICarDw
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Exponential Growth of Global Solar PV (in GW)
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Evkareotnuévn P/B 10xUC ava KATOIKO
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EcEAEN TTaykoopiao P/B 10xU0C¢

600,000 =

- Europe D Asia-Pacific
500,000 + - Americas . China

Middle East and Africa . Hest of the world

. Global total: no split-up by region available yet.
400,000 =

Forecast for 2018
300,000 4+

200,000 -«

100,000 -+ -

2006 2008 2010 2012 2014 2016 2018F
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PwToLOATAIKA 10XUC 0TV EANGDQ

https://helapco.gr/wp-content/uploads/pv-stats _greece 2019 2Apr2020.pdf
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[1epIBAAAOVTIKO aTToTUTTWHA 0TV EAAGOO — 2019

21a TEAN Tou 2019 otnv EAAGDa rTav eykateoTnuéva 2.828 peyapar (MWp)
QWTOROATAIKWYV, €K TWV OTToIWYV Ta 2.255MWp £T1Ti €dAPOUC KaIl Ta UTTOAOITIO O€ OTEVEC
KTIpiwv.1.Aéopeuon yng H TpooAry 1o opIlOVTIO ETTITTEDO TWV QWTOROATATKWYV
TTAaICiwV Twv 2.255MWp kaAuTrTel repitrou 12.600 oTtpEppaTa, givar dnAadn Aiyo
MIKPOTEPN aATTO TNV £KTAON TOu Afuou Auapouaiou otnv ATTIKA 1] Tou Arjuou
NedTtroAng-2ukewv oTn Ocooalovikn.H ouvoAikr ékTtaon TTou degueUOUV QUTA TA
2.255MWp(uadi ue Ta OIAKEVA METAEU TWV QWTOROATAIKWY GUOTOIXIWY KAl TNV
TTEPIMETPIKA ATTOOTACN GOPAAEiag atro Ta Opla Twv yntrEdwv)eival trepitrou 40.000
oTpEPMaTa, 6on onAadn cival n éktaon Tou Ajuou ABnvaiwv. MNa ocuykpion,n €KTacon
TTOU KaTOaAAapBAvouv o1 AlyvITIKOI oTaBuoi Kal Ta AIyVITWPUXEIa gival, cUPNQWVA UE TN
AEH, 253.000 otpéupara, gival dnAadr) 6,3 @OopEG MEYAAUTEPN ATTO TNV £KTACN TTOU
OECUEUOUV TA PWTOPBOATAIKA.

2Uupwva pe TNV EAZTAT2, n yewpyikn yn otnv EAAGDQ avEpxeTal o€ 32,8 €kar.
oTpEUpaTa (OTaTIOTIKA Yia To 2015 dnuooieupéva 1o NoEuBpio Tou 2017), €K Twv
OTTOIWV KAaAAIEpyOUVTal Ta 29,2 ekaT. oTPEPUATA. AuTO onuaivel 0TI TO QWTOROATAIKA
deopeuouy 10 0,12% TnG yewpyikng yns rn aAAiwg 1o 0,03% Tn¢ ékTaoncg TnS Xwpag.H
YEWPVYIKN EKTACON TTOU PEVEI akaAAIEpYNTN ival 90 QopES HEYOAUTEPN ATTO TNV EKTAON
TTOU OECPEUOUV TA PWTOPROATAIKA.



[1€PIBAAAOVTIKO ATTOTUTTWHA

2. KatavdAwon vepou

Mo Tov KaBapIopd TwV GWTOROATAIKWY TTAaICiwyY atraitouvTal katd péoo 6po 0,114 m3 vepou
ava Trapayouevn MWh (e0pog Tipwv 0,1-0,13 m3/MWh). H roodtnTta autr gival 30,5 @opég
MIKpOTEPN ava TTapayopevn MWh atrd Eva AiyviTikO oTaBuo (ocuugpwva pe T AEH, o1 AiyviTikoi
oTaBuoi KatavaAwvouv Katd yéoo 0po 3,477 m3 vepou avd mrapayopevn MWh).

To 2017 mrapfixBnoav tepitrou 4 TWh atrd 1a eyKATECTNUEVA QWTOROATAIKA, dNAASH
aTraItiénkav epitrou 456.000 m3 vepou yia Tov KaBapIiouo Twv GWTOROATATKWY, 600 dnAadn
KatavaAwvouv £TNoiwg 4.650 voikokupia.

3. ATrooéfnon eKTropTTwy d10¢E1Idiou Tou AvOpaka

2TIG BETIKEC TTEPIBAANNOVTIKEG ETTIOOCEIC, GNUEIWVETAI OTI N TTAPAYWYI] EVEPYEIAC ATTO
QWTOROATAIKA TO 2017 atroodBnoe Tnv EkKAuon TTepiTTou 3,96 €kaT. TOVWYV OIOLEIDIOU TOU
avBpaka (CO2) otnv atudéo@alpa.
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Meiwaon akTivofoAiac otn NoTia EupwTrn

Irradiation in 2017

European Solar i" e e

European Solar
Irradiation in 2018
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To @WTOBOATAIKO PAIVOUEVO

. Aiodo¢ pn
. PwTOPBOATAIKA METATPOTTN



AC KOITACOUNE ATTO KOVTA .... ATOMO
O€ Jia KAQOOIKN TTPO0EYYIoN

Mupnvocg mou amoteAeital
armo npwtovia (+) ko
OUSETEPO VETPOVLAL EVW
yUpw Tou mepLdEPOVTOL
nAektpovia (-).

To atopo sivo ovdETepoO.
Apa ap. TIPWT. = ap.
NAEKTPOVIWV.

ApLOLOC TTpWTOVIWV
AEYETOAL OTOULKOC aplOUOC
ApLOHAC TIPWTOViWY Ko veTpoviwy Aéyetat padikog (Z) kol kaBopilel Tig
aplBpoc (A) . XNULKEC LOLOTNTEC TWV
OTOLXELWV



... KBavTiopyEvn E
EVEPYEIQ Y

Ta NAEKTPOVLA UTTOPOUV VL EXOUV

LLOVO OUYKEKPLLLEVEC EVEPYELEC, apal

KOlL OO0 TOoN Ao TOV ITUpnva.

[0 avec¢apTnTa ATONA, MOVO 2 NAEKTPOVIA UTTOPOUV VA
KOTOAQUPBAVOUV Jia ETTITPETTOPEVN EVEPYEIAKN
KOTAOTAON

NEUE OTI Ol EVEPYEIOKEC KATAOTAOEIC €ival KBAVTIONEVES
(ONAQdN dIAKPITEC, OXI OUVEXEIC)

‘Eva nAekTpOVIO UTTOPEI VA PETATTNONOEI METACU OUO
ETMITPETTOUEVWYV EVEPYEIOKWY OTAOUWYV E; o€ Ef pe TNV
EKTTOMUTTN ] ATTOPPOPNCN PWTOVIOU EVEPYEIOC

Ef—Ei:hV



EvepyeElakEC OTABUEC KAl NAEKTPOVIKEC OTOIBADEC

* OLEevepPYELOKEC OTABEC
OUUTTANPWVOVTOL
EEKLVWVTOC OO TNV
XaLLNAOTEPN, EAQXLOTNG
EVEPYELOC UE 2
nAEKTpOvLA ava otadun
KOlL OTO TEAOC OTLC
eEWTEPLKEC oTAOMEC
(LEYLOTNC amooTaonG amo
TOoV Tupnva).

. OlI evepyelakeEC oTAOUEC OPAdOTTIOIOUVTAIl OE OTOIBADEC

. 2TNV ECWTEPIKN OTOIRAdA UTTOPW VA £XW APTIO N TTEPITTO
apIBO NAekTpOViwY 0BEVOUC



[TapadeiypuaTa NAEKTPOVIKWYV
OTOIBAdWV
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ATopo lNMupiTtiou (Si)
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OQTOBOATAIKO GAINOMENO

. https://www.youtube.com/watch?v=1gta2iCarD
W

« electrons o holes

o p-type

Figure 1 Doped silicon.


https://www.youtube.com/watch?v=1gta2ICarDw

EUTTAOUTOMEVO TTUPITIO

e electrons o holes

Figure 2 n-type and p-type materials brought together.



EVOWUATWHPEVO NAEKTPIKO TTEDIO
. Zwvn AtreptrAoutiopou (Depletion zone)

. Evowpatwpévo nAekTpIkO TTEdio (Built-in electric field)
electrons

<o
holes

diffusion

n-type e

[ 2% _— — — — ! - — ——

Figure 3 Diffusion establishes "built-in” electric field.



[TAEIOYNQIKOI KAl JEIOVOTIKOI POPEIC

. Melownoikoi @opeic: HAekTpOVIa o€ NUIaywyou
TUTTOU-P 1N OTTEC OE NUIAYywWYO TUTTOU-N.

. Melown®ikoi gopeic TTou Ba Bpebouv yeéoa otn
(wvn aTTEUTTAOUTIONOU Ba TTapacupBouyv atro
TO EOWTEPIKO NAEKTPIKO TTEDIO OTNV AVTIOTOIXN
TTEPIoxN Kal Ba yivouv @opeig TAeoyn@IKoi (l;q0)
KAl Ba JEIWOEI TO EOCWTEPIKO NAEKTPIKO TTEDIO

. AvtiBeTo peupa (l.qq,) AOYW O1GXUONC
ETTAVAPEPEI TO EOWTEPIKO NAEKTPIKO TTEDIO OTNV
KATAOTAON I00PPOTTIAC



Alaxuon QopEwWV
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EuBeia NoAwaon

conventional electron
_ _’-.
current current

____+ )
Built-in electric field

k a -
Battery induced electric field

Figure 5 Forward bias of the p-n junction.



AvaoTpopn TTOAWON

No current flow
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Built-in electric field
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Figure 6 Reverse bias of the p-n Junction.



[TpooBETOUUE PWC
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Figure 7 IV curve of the silicon p-n junction diode



2 XNUATIKO QWTOROATAIKOU OTOIXEIOU

Qwtovia ¢Odavouv otnv {wvn ANEUTAOUTIOHOU Kol
LETATPETIOVTAL LEPLKA O€ {EVYN NAEKTPOVLWV-OTIWV
Yo tnv enidpacn Tou evowpatwpévou nediou
KLVOUVTOLL TTPOC TLC AVTIOTOLXEC KATEVOUVOELG

alectnic load

S

solar cell




[1GAI To ATopo lNMupitiou (Si)
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...Twpa o€ [NAEyua KpuoTaAAOU TTUPITIOU

Ta oTEPEN UTTAPXOLV
AOYw TNC €AENC TWV
BETIKWV LOVTWV OTLC
KOPUPEC TOU
TAEYHOTOC KOl TWV
NAEKTPOVLWYV TTOU
UTTALPXOUV METOEU
Tou¢ (Auvapelg van
derWaals,
OLLOLOTTOALKOL KoLl
Lovtikol deopol)




Zwvn 00Evouc — (wvn aywyluoTnTac

* [loLec elval oL EVEPYELAKEC OTAOUEC TWV NAEKTPOVIWY OTOV
KPUOTAAAO;

* KoBwc ta dtopa £pxovtal Kovta Kol oxnuotilouv KpuoTtaAAoug
(6nAadn to MAEYUO TOU OTEPEOU) OL EVEPYELAKEC OTAOUEC TWV
nAektpovupv petafailovral Alyo kat opadornolovvtal o {wVEC.

e Y& KABe {wvn OL ETUTPETTEC EVEPYELEC ELVAL TIPOKTIKA ATIELPEC adoU
gxoupe 1023 nAektpovia o€ PEPLKA YPOAUMAPLA UALKOU.

Atakpivovtat ot {wvecg cB€vouc (valence band) kot aywyLtpoTnTOC
(conduction band)

* Metall Twv {(WVwV UTIAPXEL LLLa TLEPLOXN EVEPYELWV TtOU SeV eival
ETUTPETITEG VLo Ta NAekTpovia. Eival To evepyelako xaoua eupoug E,

* [ va puyeL Eva nAektpovia aro tnv pia {wvn Kol va TtaeL otnv AAAN
TIPETIEL VAL OIOPPOPNOEL EVEPYELA TOUAA)LOTOV E,.



EvepyeIakO xaoua

Increasing
electron -
potential == ~cZwv AYWYLLOTNTA
energy [ ——— | o n_Y vf’ NTtag
' Evepyewaxd ydopa.
hy, 2L .
B hv,=E, E,~1102eV
Increasing
hole 1 h* 4
potential — h.“* 2 i
energy -~ Zwvn ceevouq =

1 electroncvolt (eV)=1.6x101° Joule




AYWYOI-JOVWTEC

* YALKQ TTOU €XOUV APTLO apLlBOUO NnAEKTpoViwyY oTNV
eEwteplkn otolBada eival cuvnBWC pOVWTEC.

e o ta petaAla, LoYUEL OTL €xouv 1 nAeKTpOVIO OTNV
eEwteplkn otolBada, apa n {wvn OV TA TIEPLEXEL
glvol LLOOYEUATN, AP TOL NAEKTPOVLA UTTOPOUV VAl
napouv Alyn evepyela Kol va KwvnBouv.

* Onwc eUTALLE TTPONYOUUEVWC...
H (wvn rtou Bpilokovtal ta nAektpovia ocBgvouc (OnAadn

n eéwtepikn otolfada ota atopa) Aeyetal {wvn
oBevouc.



T1 EvEpyelec pwTOVIiWY pac
EVOIAPEPOUV

Evepyela pwTtoviou
E=hv=hc/A > Eg , SN o ayeyomue

ATtwAeLa evepyelac o Beppotnia ]
Q=E-Eg

>,
l)'/( Lanm obévoug

14 14 I
M 8VLGTO un KO(; KU Haroq Lz 413 Araypopyen e tov srodoyiapd g péperng Gempipr-

iy ATUAOONG HETATPORNG THS RAIGKTS EVENTEIIC 08 HAEKTPIOND cLrd

10UVIKG UIAPOrrd, FUVBRTHEEL TOU SVeRYEIaRoD yamuaros E,

hc 1.24

E, Ez(eV)

Amax(um) =



OewpnTIKN atTOd00N NAIOKWY OTOIXEIWV

1 ] 1 ) .24 {“” | 031 025
Movo n evepyela otV mepLoxXn B 7 — | i Tl T o
o |
elvaL oLaBeoLun ya A
> | J )
dwTtoBoAtaikn Loyuv. % r,r \
max ~47% g [ 73\
A+B+C = | ® é})f' A
H xpnowun toyucg e€aptatal amo s 7/
’ ' ’ % I FEFTs -
TNV TA0N OTA NALOKA OTOLXELAL. 2 SNT//// —~
| 2 3 4 5
he {eV)

[l pevpa |, N HEYLOTN XPNOLLLN LOXUC Elval
Pypriown = 1Vp < 1Eg

2 € TIPOAKTIKEC EPAPUOVEC I;—B ~ 75%
g

Apol TEALKA LOVO TO 75% tou 47% tnC nALaknc aktvoBoAlog
LLTTOPEL VOL LETOATPOTIEL OE NAEKTPLOMO



Efficiency/(%)
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BEAtiotn amoppodnon
dwToViwV aTto To
NALAKO pacpa yla
BEATLOTN PETATPOTIN OE
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AnAadn eAaxiotn
OTIATAAN EVEPYELAC OF
Beppotnta.



Taon kKeAloOU EvavTl PeEUMATOC

e [La peyala evepyeLloka YOOUOTOL EXOULLE
LEyaAUTEPN TAON KEALOU OAAQL ULKPOTEPO
aplOUO PpwToViwV Apa LLKPOTEPO peLA

* AvtiBeTa HUIKpO EVEPYELOKA XOOLOTAL
OUVETIAYOVTOL ULKPOTEPN TAON KEALOU aAAA
LeyaAutepo aplBuo dwrtoviwv apa
LEYAAUTEPO pELOL



ATTO000N NAIOKWY OTOIXEIWV
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[TOAWON €TTAPNC

Alodoc og KUKAWUA UE pmatopia

Pevpa opBng moAwong Iy amno |
nepLoxn p cuvdedepevn pe mMoOAo D
+ o€ IepLoxn n cuvdedeUevn Ue

TOV OPVNTLKO TOAO TNG

prtortaplo.

Otav 1o dwc MEoeL oTnV enodn
(otnVv meploxn n) pokaAel
avtibeto pevpa |, anod meploxn n
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XOPOKTNPIOTIKA KAUTTUAN |-V

Peak power ine
| kW m™? :
3 4 —
0.8 : \
— — i \
\
| Y
. . '
06 \.'. 1
a % |}
{E 2 1
L
= 0.4 A1
| 4 1\ ll
| 02 'I \ I|Ii.:
[ ) _‘1'-»\ \ 1)
' I I
- A\ U~
™ . T — —
0 5 10 15

Vivolt =-—

M T:,rpi::a: charpng
range of nominal
12V storage battery

| lsc PEUO BpayUKUKAWOTOG

e XopaKTNPLOTIKA KOUTTUAN 36
KUTTApWV Si yla popTLon
urotaploc 12 V.

* Hypauun peyLotng Loxuog
TOULPLALEL YUE TNV TIEPLOXN
dOpTIONC TNC UItaTtapLog

e H péylotn Loyuc petadepetal
0To €EWTEPLKO doptio R, otav
OUTO Elval LOO UE TNV ECWTEPLKN
avtiotaon tng mnyng R

| Voc Taon ESdptnon amo tnv Bepuokpaaia
OVOLKTOU Vo (8)=Vou(6: )1~ A(6-61)]
, oc\Y)=Voc\YU1)L I~ 1
KUKAW QL lso(8) = lsc(81) [1+B(8-64)]
TOC

A= 3.7 X103 (C)
B = 6.4 X 104 (C)



XapakTnNEIoTIKN KAPTTUAN 1=1(V)

f
|

Current [/

Iph QUEC'XVETCIL VpaquKd LE ! M
- .4
TNV EViaon g
aKkTvoBoAiag

loh=aEN

V, . auvéavetal AoyaplOpuwa

Eynua 4.150 Livkmon Bempnuriic yopaxoimeticns kapxiolye ISV ue aei-
pepatica dedopevee. To avucio M avoiertotyel o péyiooy oy,



PV Module Anatomy

Module Encapsulant: Traces: Metallic
Ethylane vinyl acetate conductors
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MNote: Material
thicknesses not to scale
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2.UVOETOAOYIEC PUTOPBOATAIKWYV
KUTTAPWYV

contact

Figure 7.26 Typical arrangements of commercial Si solar cells. {a) Cell. (b) Module
of 36 cells. (c) Array.



From a solar cell
to a PV System

|‘:RE#_:"

Solar Module

Solar Cell

o Electricity Meter

: " AC Isolator

. Fusebox

Inverter PV—SyStem

. Battery

Charge Controller

Generation Meter

. DC Isolator
: Solar Panel

; S " Solar Array :
Vs AN ;=Inl==|;’thl==l=
o | P v == e ﬁm’l l“

- Mounting ¥ .- DIB0Y

-, Tracking System

“- Cabling




[MapayovTtec TTou £TTNEEACOUV TNV ATTO000N

it

30 b )
NRCACHO NTES  Noy ENHPeazoYv THIV AloAos H
El‘lc;béﬂ N EN AV | Cﬂqhuit,m WBZ)
| _ ‘T'ltk‘-’ﬂ_-.{,;j- PE)LI:B\EHL.;LJ ﬁjtj{—-&?gj | ﬁ%%
A*"-"f—'"%dm Oy Nowo € Ol véia ( pa L%]

thajt“)'t-[ VU0 £ awmac \&

VOl o _B:n-,{.?iumh ;A b oo s

VA Lewled 6t %3 /5 )\i—

Enw &t (e uzsg dadean N, N (-0 )" \
o i

st I (L
xtﬂa'u.'t“oﬁ., ﬂtl | Eﬂf (_‘ﬂ X ﬂl\
f[i ﬂuililé‘ - (;-:3 Z ([{i fjlﬂifmk {.‘_ﬂ_____
i cef EWUALTMA
N oLk : J |

Ana A\t eoula



153

(ﬂa ﬂlamw-.h Elvis {\Lo ﬂielﬁﬂm %ﬁ?aim &N é

W 6uvotmag Vol &Xe {,fﬁm ‘LAJ(m Aeplnas 3.
H tlﬂfriug;\gﬂimwm (v ﬂﬁéa @J{«afw?ﬂr

any Py 34Y% (na IileV) \fw‘u“}
<l ( - SeV) A sV
Prfﬂqu{a Eﬂﬂ'e ll:i:‘:..ll
o

Ma&ﬁu« A&Eﬂw U\?&f{ﬂu Naxous t |
%G}LEUIM &ﬁl_gmﬂ Jlav T\-tﬂaﬂz ¥4 ‘L* I,

(0S¢ heta, Leaotpm,
Pr%rf"’ig% N Evpus oo’ 6o Tty



Eﬂﬁi - Ef_'j [ w237 G| 75
h\-f{ga {u Sc (Egt'lﬂla\f\").

T« ﬁw..f%%ﬂ %ﬁm Wpazos eV d>‘“ﬁ“’“

ke ACUOPOLUNEJOw o ﬁ?ﬂmmtuwébmjﬂ
Mﬂﬂpu‘ Va ol p’ i\ Tea M
K@UZ&E?&} Ui )(eﬂﬂ{»aﬂmﬂ@&? h%t@%ﬁw@_

{ipoutisns ooggn {onga w5)
H (ﬁ:«;ﬁk&md e - By Qv

' Lot




Kl a;ﬂ(j—mmmw [on\pta ﬂﬁ%? T

T 0060010 Tuws LNEREGIV MY EVEIWN (W1

ey pocag) e fedon Wngoo—avk

Noener 20 Y Ve &vac “oEetE gl (e va
anepeogatac o 98 7e ln f‘foﬁmmémw NEONLOY

WV, :
Avaeaotice tpdyowta oo QU oo ctexey




In many roof-integrated applications, strings are encapsulated
(usually behind glass) to form a module (commonly referred to as a
'‘panel’). The PV panel is the principal building block of a PV system
and any number of panels can be connected together to give the
desired electrical output. However, two types of PV are best
deposited as a thin film, and usually sold encapsulated in a polymer
bondedlto a substrate that can be used as part of the roofing
material.

Here, we only look at commercially available types of PV cell or film,
any of which might be found in a module or film used on an active
solar roof. We do not consider:

Gallium Arsenide cells. Due to their toxicity and potential carcinogenic
properties, these are only used in rare applications such as satellites
or demonstration solar-powered cars.

Organic-based PV solutions that are still under research.
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. Also sometimes known as multicrystalline cells,
polycrystalline silicon cells are made from cells
cut from an ingot of melted and recrystallised
silicon. The ingots are then saw-cut into very
thin wafers and assembled into complete cells.
They are generally cheaper to produce than
monocrystalline cells, due to the simpler
manufacturing process, but they tend to be
slightly less efficient, with average efficiencies
of around 12%.



. Thick-film silicon PV panels

. This is a variant on multicrystalline technology
where the silicon is deposited in a continuous
process onto a base material giving a fine
grained, sparkling appearance. Like all
crystalline PV, it is normally encapsulated in a
transparent insulating polymer with a tempered
glass cover and then bound into a metal framed
module.
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Amorphous silicon cells are made by depositing silicon in a thin
homogenous layer onto a substrate rather than creating a rigid
crystal structure. As amorphous silicon absorbs light more
effectively than crystalline silicon, the cells can be thinner - hence
its alternative name of 'thin film' PV. Amorphous silicon can be
deposited on a wide range of substrates, both rigid and flexible,
which makes it ideal for curved surfaces or bonding directly onto
roofing materials. This technology is, however, less efficient than
crystalline silicon, with typical efficiencies of around 6%, but it
tends to be easier and cheaper to produce. If roof space is not
restricted, an amorphous product can be a good option.
However, if the maximum output per square metre is required,
specifiers should choose a crystalline technology.
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A number of other materials such as cadmium telluride (CdTe) and
copper indium diselenide (CIS) are now being used for PV
modules. The attraction of these technologies is that they can be
manufactured by relatively inexpensive industrial processes,
certainly in comparison to crystalline silicon technologies, yet they
typically offer higher module efficiencies than amorphous silicon.
Most offer a slightly lower efficiency: CIS is typically 10-13%
efficient and CdTe around 8 or 9%. A disadvantage is the use of
highly toxic metals such as Cadmium and the need for both
carefully controlled manufacturing and end-of-life disposal,;
although a typical CdTe module contains only 0.1% Cadmium,
which is reported to be lower than is found in a single AA-sized
NiCad battery.
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