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COURSE OUTLINE

oWhy PV power systems work

eHow PV power systems interface with the central grid

eWhere are PV power systems practical for general use

eWhen will PV become economical for general use

eHow are PV modules typically attached to buildings

eWhat is the aesthetic impact of PV power systems on buildings

eWhat is the structural impact of PV power systems on buildings

eWhen are PV power systems mounted independent of the associated buildings
eWhat are the National Electrical Code requirements for PV power systems
eWho are the major players in the PV industry

eWhat is BIPV, thin film, Nano, First Solar, SunEdison, Dawn, and more
eWhat new PV technologies are on the horizon
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The basic premise of photovoltaics is simple: dope one layer of a
photo-receptive surface so that its molecules have free electrons,
and dope another layer so that its molecules have holes, then
provide a circuit to allow the released free electrons to do useful
work. Every PV module makes use of this principle.
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Developers and manufacturers have produced a surprising variety
of photovoltaic materials \
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/The Science Behind Photovoltaics

7 Photovoltaics depend on the electrical properties of
certain materials, known as semiconductors, which
allow them to transform sunlight into electricity. While
a number of materials have this semiconductor
property, the one most commonly used in
photovoltaics is silicon. On its own, silicon is actually
very resistant to electrical current, but its properties
can be altered by doping it, or combining it with small
amounts of other materials that make it receptive to
either a positive or negative electrical charge.

When a positively charged layer of silicon is placed
against a negatively charged layer of silicon, it forms
an electrical field through which electrical charges can
pass. Sunlight, carrying solar energy creates this charge. By connecting the silicon to a
conductive metal, this charge can be concentrated into an electrical current, which can
then be fed to any device that uses electricity.

Here we will look at the basic properties of semiconductor matenals, using silicon as an
example, and how these materials work in a photovoltaic system to create electricity.

A Material that Translates Photon Energy into Electricity

Sillczn stem @ froton The key properties of semiconductor material are
Ul . . .
. @ Ehectrans determined at the atomic level. Each atom is
. e composed of three types of particles: protons,
neutrons, and electrons. Protons, which have a
stableinnarshell - positive electrical charge, and neutrons, which have no
Stable innar shall

electrical charge, form the nucleus, or core of an atom.
Electrons, which each have a negative electrical
charge, swirl around the nucleus in one or more layers
of "shells", shown in the diagram as rings. Different
types of atoms are defined by their unique number of protons, neutrons and electrons.
It is the electrons that we are particularly concerned with, as these can be disengaged
from certain atoms to collectively form an electrical charge.

Unstable auter shell
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The atomic characteristic that distinguishes semiconductors from other materials is the
number of electrons in its atoms' outermost shells. One thing that all atoms have in
common is that they need a certain number of electrons in each of their shells to make
them stable. Atoms fill up their inner shells first, and any remaining electrons gather on
the outermost shell. Atoms that have less or more electrons than they need in this
outermost shell are always looking for other atoms with which they can exchange or
share electrons.

Eﬁ";’lfﬂ‘:;‘ml A silicon atom by definition has three shells of
s g electrons. Its innermost shell has two electrons and its
s e “ " second shell has eight - the numbers needed to
. | ‘ , |stabilize those shells. But the outermost shell only has
four electrons. A silicon atom is always locking to gain
e 8w " & four more electrons to fill this outer shell or get rid of
' : its four extra electrons to have only two shells so it
‘ 8 can become fully stable. Because all silicon atoms hawve
four electrons and are looking for four electrons, they
N easily bond with each other in a crystalline structure.
! "\ In this structure, each silicon atom joins with other
‘ & d ‘ = silicon atoms, sharing one electron with each and
_ . _ ./ receiving one shared electron from each. In this
B . e " configuration, each silicon atom has eight electrons in
its outer shell. This ability to bond in a crystalline
structure is the defining feature of all semiconductor materials.

Altering this Material to Create Conductivity

In its crystalline form, silicon is stable because it has no need to add or get rid of
electrons in its outer shell. This actually makes it a very poor conductor of electricity on
its own, because there are no free electrons to be released into an electrical current.
But there is a way to modify a silicon crystal to make it an excellent semiconductor.
This is done by introducing other elements whose atoms carry an extra electron or are
missing an electron. When these materials are added to a silicon crystal, in a process
called doping, they make the crystal receptive to either a positive or a negative charge.
A crystal receptive to positive charges is called p-type silicon {"p" stands for
"positive"), and silicon receptive to negative charges is called n-type silicon ("n"
stands for "negative").
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To create n-type, or negatively charged silicon, a
material with five electrons in its outer shell is needed
to bond with the silicon and have one electron left
over. The material most often used in this process is

p |phnsph0rnus When small numbers of phosphorous

atoms are introduced into a silicon crystal, each one
displaces a silicon atom and four of its electrons bond
with the silicon atoms nearby. This bonding leaves one
electron in each phosphorous atom with nowhere to
go, and, because all electrons are negatively charged,
provides the added negative charge in n-type silicon.

Similarly, p-type, or positively charged silicon, needs a
material with three electrons on its outer ring to bond
with the silicon but leave a gap in one of its bonds.
, The material most often used in this process is boron.
|When small numbers of boron atoms are introduced into
/'a silicon crystal, each one displaces a silicon atom and
its three electrons bond with three of the silicon atoms
y nearby. Because it cannot bond with a fourth atom, a
gap is formed where an electron would be needed to
make the crystal stable. Since one negatively charged
electron is missing, this gap creates the positive
charge in p-type silicon.



Creating an Electrical Field

Once both n-type and p-type silicon materials are
formed, they can be placed against each other to
create a diode, or an electrical field at the juncture
of the two materials that only allows electrons to flow
in one direction which is essential for creating an
electrical current in the materials.

M type silicon

p type slicon

Where the positively charged p-type silicon touches

the negatively charged n-type silicon, the electrons
and gaps on either side start to react to each other. The extra electrons in the n-type
silicon are attracted to the positive nature of the p-type silicon and move toward it,
some crossing over to create a negative charge on the surface of the p-type silicon.
Likewise, the gaps in p-type silicon are attracted to the negative nature of the n-type
silicon and move toward it, some crossing over to create a positive charge on the
surface of the n-type silicon.

This creates a one way path for electrons to flow
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through the two materials. They can cross over
from the p-type silicon into the n-type silicon
because they are attracted by the positive charge
on the surface of the n-type silicon. But if they try
to move the other direction from the n-type to the
p-type silicon, they are repelled back into the
n-type silicon by the negative charge on the p-type
silicon's surface.

This pairing of n-type and p-type silicon is what
makes up a solar cell, the central element in a
photovoltaic panel. Now we can see what happens
when solar energy, in the form of photons, hits the
cell.
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Solar Energy Creating an Electrical Charge

Sunlight carries solar energy in the form of photons,
or tiny packets of energy. When photons from
sunlight hit a photovoltaic panel, they travel
uninterrupted through the n-type layer of silicon and
hit the atoms in the p-type layer of silicon. The force
of the solar photons bumps the electrons in atoms
near the diode out of their bond with surrounding
atoms. These electrons are now looking for
somewhere to go, and because they are attracted to
the positive charge on the surface of the n-type
layer, begin crossing over into that layer. This
movement of electrons from one atom to another is
the electrical charge that can be used in an
electrical current.

Turning this Charge into a Current

Once they cross over to the n-type silicon, the electrons still have nowhere to go. They
are unable to pass back over to the p-type silicon, but are also unable to form any
bonds with the atoms in the n-type layer, which have more electrons than they need
already.

Here, an additional photovoltaic panel component
comes into use. In all photovoltaics, a metal
conductor strip is used to collect and
concentrate the electrons set free in this
process. As the electrons move upward through
the n-type layer, they are attracted to one of
many conductor strips which aggregate electrons
into a current of electricity.

Howevwer, if electrons keep moving out of the
p-type silicon into the n-type silicon and the
metal conductor strip, soon there will not be
enough electrons available to continue this
process. Instead, electrons need to be fed back
into the p-type silicon through another metal




Every solar panel has a
Cut-sheet with absolutely
Necessary info on the back!

225 SOLAR PANEL
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The Maximum Power Point is the operating voltage of the
PV panel that maximizes total power output (P =V *|)
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s the maximum current from a
solar ceil and occurs when the
voltage across the device is

20,

Power from
the solar cell

Voltage



As the temperature decreases, the panel operating voltage increases
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The beauty of grid-connected photovoltaics is in using the very

large grid as the storage device or battery. Onsite storage has
been the Achilles’ heel of the early days of PV.

Panels connected
together in strings

irid connection

Electric
Utility
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System Design is reduced to a Line Diagram of the interconnections
The most active component is the Inverter, that converts DC to AC
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Every inverter has an operating voltage window. The system designer must
/ make sure that the array voltage stays within that voltage window.

5B 500005 5B &000US SB F000US
Ezcommendsd Moximem P Power (Moduls 5TC) G2E0W FEO0W EFEOW
DC Moximum Yoliogs &00Y GO0 W &00Y
Peak Powesr Tracking ¥oliage 250480V 250_4B0W 250480V
DC Moximum Input Cumeni 21 A 25 A 30 A
OC Vokage Rippls = 5% = 5% < 5%
Mumber of Fused Siving Inputs 3 limeerier], 4 x 20 A 3 [imeerier), 4x 20A 3 (emrier], 4 x 20 A
(D disconned] [DC dizcomnect] [OC dizconnect)
P Shart¥oboge Jo0w 300V 300V
AC Mominal Power L0000 W S000 W FO00W
AL Moximum 'i:'urpul Forwvsr L0000 W S000 W FOO00W
AC Moximum Cwtput Current $@ 208, 240, 27 T V) 4A A TBA A I5A 27A J4A 204 I5A

AL Momingl Yoliogs Rongs

AL Feguency: nominal / range

183 - T29% @ 20BY

211 - 24 Y@ 240V

244 - 305 V@ ITFV
G0Hz 593 - 605 He

183 - 229V @208V

211 - a4 @ 240V

244 _ 305V @ ITTV
G0 Hz F 59.3 - 0.5 He

183 - 229 @ 208V
211 - a4 ¥ @ 240V
244 305V @ITTV
S0Hz F593 - a05He

Porever Fodior (Mominal) 0.9 089 0eg
Peck lnverter Efficency 96.8% 07.0% o71%
ZEC Weighied Efficiency Q5 5% @ 108Y QL 5% @ 208V
5L Q5.5% @ 240V Pa0 @ 240V
el @ TTY Qe @ I7 TV
Dimensicns W x Hx D ininches 18.4 x 241 x09.5 184 x24.1x 95 184 x241x9.5
Wsight /" Shipping Weight 141 |bs / 148 lbs 141 bbs / 148 Ibs 141 Ibs/ 148 |bs
Ambiend Tamparche= Rangs -13ha 113 °F -13 4o 113 °F -1342 113 °F
[Porapmr Ennsl.lmpﬁun: sl'nndbq.'l." nighrl'irne <7 Wl,-' AR -:.,'-"Wl,-' AR t?Wl,-' O] W
Topalogy Lover frequency transfor- low frequency transhor Lerer Bmquency transdor.
men, true sinss o ST, Srise Siressy Oves TR, T S e e
Cooling Concepi OpiCoal™, CipiCool™, OpiCoal™,
foured active coaling forced octive cooling fonoe d acfivs cooling
M ounfing Location: indoor # ouidoor [MEMA 3R] LT LT LT
LCD Disploy L - -
Lid Color: abeminum / red / bloe / yellow &0 000 &S00 LYisTieTis]
Communicafion: R5485 / wimless /0 alje] 200
Warranty: 10y=ar L L ] L ]
Compliance: [EEE229, [EEE- 1547, UL 1741, UL 1998, FCC Part 15A & B L - L]

Specifications for nominal conditions

® Inclhded 7 Opfional
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The inverter’s output depends on the “driving factor”. Peak efficiency is often achieved
at higher percentages of array output. Early morning and late afternoon efficiency is low.
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Designing the PV array to meet the requirements of the Inverter is a matter

of “String Sizing” --- matching the voltage characteristics of the PV modules
to the voltage input range of the inverter

PV Module String Sizing for Solectria Renewables PVI 60KW, PVI 82KW and PVI 95KW grid tied inverters.

Noe that these are suggested configurations only. Vertl il the achual sl temperature extremes and condions wil s voitages and power levels wihin the speciizations of the Inverter and other components Lsed In the system.

eg bottom of chart for wedink o tempariure data In your area.

The Voc & Vmpp values given in the tables use module manufacturers' ratings. Cell temp rise above ambient do not incude effects of roofs or voltage drop through your wiring.

Mode that the Inverer's maximum continuous AC pawer |s Imited % |t S0RW, S2KW or 25KW AC output rating. Also, refer io the inverter AC output power versus Input vofiage and cument In e Technical Data seclon of he Installation and Operation Manual.

located at  hittp: e, solren.com/custsenvice/manuals. html

CEL, PTC AC SySiem power raings are based on PV module PTC power rating and CEC efMelencies of the 480VAC verslons of PV BOKI, PV 52K and PVI 95KW Inverters. |[208VAL verslons are 1 percent less) See bottom for step-by-step instrucic
Diatashests:  hiip:fwwew. solren.comproducts/pwreleccomp. himl and special low DC input voltage OFT
Last updated: 1472008

Moduls Manufacturer Aleo Solar

Moduls Mode alec 5_18 230 Power @ MPT 230.0W For Ympp @ max amb temp and OCV ) coldest temperature, green is OK, red is not OK
Voltage @ MPT (STC) BADC PTC Power Rating 046 W

Cument @ MPT (STC) 75 ADC Temp Coeff of Vet 0124 Widegl  (Veoot) purple is OK but indicates inverter will Bmit to 35 kW AC continuous oufput

Curment, short circuit §.44 ADC Temp Coeff of Voo 0.124 VidegC (Vorw)

OCV @ X5 deg C cells 36.6 VDC WOCT [nam. cail temp) 48 deg C 118.4 degF

Modules total in amay 232 280 303 330 2 40 448 476 490 233 283 300 M5 330 420 450
Modules per string 14 14 14 14 14 14 14 14 14 13 13 13 13 13 13 13
Strings in Parallel 18 20 2 23 28 H k¥ M 33 17 19 20 ) 26 23 Kl
Voltage @ MPP (STC) 4074 4074 407 4 4074 4074 4074 4074 4074 4074 1% 4363 4363 436.3 436.3 436.5 436.3
[VMminD (@ max amd temp [0, tor amo) 01 k51K 371 K] 51K k5] K5 1K) 55| 01 01 300 301 3000 3101 331 3101 15K
miop (@ max amb temp (35C, D5F amb) Hid 14 A M4 M4 M4 14 Hid Hi4 3658 I8 358 363.8 3658 3658 3658
Wrmipg (@ max amid temp (40, 104F ami) it 128 kv k] 33248 Kk L KXk Kk s g 3H.3 3363 3363 3363 3363 3363 336.3
Wmipp (@ max amb temp (45C, 113F amib) 2 M2 72 T2 72 M7 2 72
Wmipp (@ max amb temp (50C, 122F amb)| e nra nra nra KETH KT 317
TCV @ 20 08g & cells 123 23 9122 B3 23 23 T2 E P EFE! LR a0 a0 3] 2290 ] 400
[TCV @ codest Emp 100, S0 amo) S5, H LW [758) 71%) W] 75 ¥) B0 Y5 L, 5] By R By 95 58 3R]
CCV @ coldest ternp (-30C, -22F amib) 6313 B33 633 5 ] o5 313 G313
CCV @ coldest ternp (-20C, -4F amb) 2.5 0.5 3905 390.3 3905 0.3 0.5 B3 B35 2.7 2T BT = BT BT BI2T
OCV @ coidest temp -10C, 14F amid) =T ] 32 T3 ari2 32 32 2 =T a2 614.1 614.1 6141 6141 G141 6141 G141
CCV @ coldest ternp | OC, 32F amb) a8 X8 3358 33548 3554 354 9558 X8 B58 5.5 3.3 W33 3.3 3453 3953 395.3
FoWer @MEE (51 0) STa %1 R (1. R 1 1 511 T [ G 1.7 N ¥ 11 5 R % 31 Y 51 LRI L3 R 13111
PTLC AC system power rating LYk ] o G181 EA388 76384 B2065 87336 3007 93743 49825 J36ET 618 67411 Te203 2085 a7
Suggested Inverter PVIGOKW PV G0KW PVIBZKW  PVIBZKW  PVIEZKW  PVISSKW  PVISSKW  PVISSEW  PVISDNW  PVIEDKW  PVIGDKW  PVIBZKW  PVIBZKW  PVIBZKW PV 3SKW
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What does Geography have to do







