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2.1 A Peek inside a PV cell

Electron and Current Flow in Solar Cells

Photons —

“‘&""‘1 h =

Electrons ‘ aaative
;ﬁa n ‘t;___ N’éﬂ%ﬁm
4 "'--ul-i'l - <

e
n-Silicon . _— o ke * 5
-_ . T - . =

p-Silicon —
]

|
Current — =8

mﬂﬂ}?’m Positive Electron Flow

Contact FigUI"E 1

Page 2



PHO

OVOLTAIC

M type Semiconductor
+Eledrichole [T = + = g & ¥

- Electron = &

F type Semiconductor
Semiconducor salar cel

o o - & & | Mtype Semiconductor
JF 2 3 a @ @Y P
o Pes—% B P type Semiconduct
F - ] -~ @ ype Semiconduct of

When the light strikes, the + holes move to P type;
the — electrons move tao M type

J -Current from M side

o —
SEmooDEeSoD

+HEF DB BB EE
r“"_lr_ +

+ Currert fram P side

Page 3



PV CELL
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ELECTRICITY FROM CELL
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CRYSTALLINE

thickness of the solar cell: approx 0.3 mm

thickness of the n-semiconductor laver: approx 0,002 mm ; ;
yel- ape anti-reflection film

contact- -

n-semiconductor
- layer
p-n-junction

consumer

p-semiconductor layer

rear metal contact
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MONO, POLY CRYSTALLINE, THIN FILM

Monocrystalline Folycrystalline Amaorphous crystalline
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2.2 Cell, Module, Panel, Array
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SOLDERING SINGLE CELL FRONT SIDE

Page 9



BEFORE SOLDERING ON BACKSIDE
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LAYOUT CELLS ON MODULE
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SOLDERING BACK SIDE OF CELL
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POWER STIP LINK THE MODULE




FORM AND LAMINAR
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CELL, MODULE, ARRAY
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OFF GRID SYSTEM
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WHAT IS GREEN BUILDING STANDARD?

1. USGBC - U.S.GREEN BUILDING COUNCIL

LEED Reference Guide for Green Building Design and Construction

2009 Edition
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WHAT IS GREEN BUILDING STANDARD?

2. CALIFRONIA GREEN BUILDING CODE

(A/Green




PV CREDITS ON GREEN BUILDING CODE

1.PERFORMANCE MODELING 15% -
ENERGYPRO

2. ON SITE RENEWABLE ENERGY(USGBC)
3. MINIMUM ENERGY PERFORMANCE
4. COOL ROOF
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PV CREDITS ON GREEN BUILDING CODE

Certified 40 to 43 poists  Zilver 50 to 53 poists Gold 60 to T3 poists Platinem 80 to 110

1AlB[C E | F G | H [HJKIL] m M | 0 P
i Y 1 |Credit 4.5 Low-Emitting Materials—Flooring Systems 1
| [ [3|water Efficiency Possible Points: 10 Y| |1 |Credi4s Low-Emitting Materials—Composite Wood and Agrifiber Product 1
Credit 5 Indoor Chemical and Pollutant Source Contral 1
v ] Prereql  Water Use Reduction—20% Reduction Y 1 | credit61 Controllability of Systems—Lighting 1
VT 2 |credin1t Water Efficient Landscaping 2to4 Y 1 | Credit6.2 Controllability of Systems—Thermal Comfort 1
"] Credit2  INNovative Wastewater Technologies Z Y 1 |Credit 7.1 Thermal Comfori—Design 1
RS 1 |credies  Water Use Reduction 1to4 Y 1 | Credit 7.2 Thermal Comfort—Yerification 1
] Y 1 |Credie 51 Daylight and Views—Daylight 1
Il [ [ [21]Energy and Atmosphere Possible Points: 35 Y 1 |credit 8.2 Daylight and Views—Views 1
E E Prereq1  Fundamental Commissioning of Building Energy Systems -- Innovation and Design Process Possible Points: &
i Y Prereqgz  Minimum Energy Performance
Nl Prereqd  Fundamental Refrigerant Management Y 1 |Credit 11 Innovation in Design: Specific Title 1
RS 15| Crediv1 Optimize Energy Performance 1to19 Y 1 |Credit 1.2 Innovation in Design: Specific Title 1
] Credit2  On-5ite Renewable Energy 1to7 Credit 13 Innovation in Design: Specific Title 1
R 2 |credies  Enhanced Commissioning 2 Credit 1.4 Innovation in Design: Specific Title 1
AR 1 |credied  Enhanced Refrigerant Management 2 Credit 15 Innovation in Design: Specific Title 1
IRES 3 |Credits  Measurement and Verification 3 Y 1 |credivz LEED Accredited Professional 1
I Credits  Green Powser z
] [ | | |Regional Priority Credits Possible Points: 4
"1 [ ] | 8|Materials and Resources Possible Points: 14
i Credit 11 Regional Priority: Specific Credit 1
o] Prereql  Storage and Collection of Recyclables credit 1.2 Regional Priority: Specific Credit 1
‘] Credit 11 Building Reuse—Maintain Existing Walls, Floors, and Roof 1tod Credit 13 Regional Priority: Specific Credit 1
i Credit 1.2 Building Reuse—Maintain 50% of Interior Hon-Structural Element 1 Credit 14 Regional Priority: Specific Credit 1
I Y 2 [lcredivz Construction Waste Management Tto2
oY 7 Tu:mdits Materials Reuse 102 Tﬂtal Possible Points: 110
[
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NEC DEFINITION - MODULE , PANEL , ARRAY

Module. A complete. environmentally protected unit con-
sisting of solar cells, optics, and other components, exclusive
of tracker. designed to generate dc power when exposed to
sunlight.

Panel. A collection of modules mechanically fastened to-
gether, wired, and designed to provide a tield-installable
unit.

Array. A mechanically integrated assembly of modules or
panels with a support structure and foundation, tracker, and
other components, as required. to form a direct-current
power-producing unit,
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MODULE,

PANEL, ARRAY

Photovoltaic source circuits

il .
- Photovoltaic
— Blocking diodes loutput circuit
. ~Fuses
Co C_,[_-;;f Solar calls
GO G
C O
Qg0
I [ I
14— Module
P
A Panel
| —T
«— Array or photovoltaic
power source
Dedicated branch circuit
i N ¥ = of the elactric production
\ and distribution network
- . .
KH, Inverter output circuit
- “ac module (includes inverter)

H""Arra}r {of ac modules)

ac module system |

Motes:
1. These diagrams are intended to be a means of identification for
photovoltaic system components, circuits, and connections.
2. Disconnecting means required by Article 890, Part 11, are not shown.
3. System grounding and equipment grounding are not shown.
See Article 690, PartV.

Page 23




STRING

Series Connections

INDWIDLRAL

NEGATIVE 7 ceLs

SURAFACE —

" POSITIVE SURFACE
A {UMGERNEATH)

s CELLS

IMDHVIDIAL
MODULES 1 s

P COMDUCTORS | | pONDUCTORS
=) CONMECTED TO |/
= JUNCTION BOX |
TERMIMNALS
MODULES

Figure 5-25. PV cells or modules are connected in series strings to build voltage.
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PANEL
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ARRAY

Building an Array
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2.3 Orientation, Tilt, PV Temp. vs. Output Voltage

Sun Position

Figure 2-25, Solar azimuth and altitude angles are

— SUN

ZENITH
| ANGLE

P
(/- SOLAR ALTITUDE

/ ANGLE ~SOLAR AZIMUTH
\: ‘\i ANGLE

'\ OBSERVER'S
POINT OF WIEW

used to describe the sun’s location in the sky.

Page 27



ORIENTATION AND TILT ANGLE

Jrientation

DIRECT RADIATION —_ |

> ‘\t\ REFERENCE
N DIRECTION —,

" INCIDENCE ..
ANGLE il

TILT ANGLE —_

- AZIMUTH
AMNGLE

28. Array orientation can be described using azimuth and tilt angles.
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MAGNETIC DECLINATION

=15

WEST
DECLINATION

EAST
DECLINATION | .

=Ty

313. Magnetic declination varies by location and changes sfightly over time. Up-to-date maps
‘ : are
adiustment to magnetic compass readings. i e



RUE SOUTH AND MAGNETIC SOUTH

Magnetic Declination
-~ DECLINATION = +15°
TRUE THUE
SOUTH DECLINATION = —15° —, SUUTH

 MAGNETIC MAGHETIC &
SOUTH SOUTH  §

W E

~— COMPASS NEEDLE
ALIGHS WITH E
MAGNETIC y
NORTH-30UTH

M M
EAST (POSITIVE) DECLINATION WEST (NEGATIVE) DECLINATION
Figure 3-14. Diractional bearings from magnetic compasses must be adjusted for magnetfic
declination.
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TEMPERATURE EFFECT - CRYSTALLINE

Temperature Response

CURREMT (A

VOLTAGE (V)

Figure 3-20. ncreasing cell temperalure de-

creases voltage, sighlly increases current, and
resulls in a nef decrease it POWEr.
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2.4

Partial Shading and dead cells

Shading Effects

' PARTIAL ROV — COMPLETE ROW

SHADED SHADED
SOME SUBSTANTIAL
POWER LOSS POWER LOSS

Page 32



PARTIAL SHADING

Sharp Electronics Cowp,
Even shading fram small obstruclions, such as & rooffop venl, may be a
significant Issue
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DISTANCE BETWEEN ROWS

 Inter-Row Shading

P B e Tk x e

— PROFILE AMGLE

- SOLAR AZINUTH

SOLAR

MLTITUDE ANGLE — T =ARRAY AZIMUTH

______ ;___,__ ¥ —0° AZIMUTH “— MIMIMURM ROW
e DISTAMNCE

SOLAR AZIMUTH ANGLE —
;Hgam 3-26. Profile angle calculations are particularly useful for arranging arrays consisling of multiple rows of modules

?ﬂﬂﬁﬂ al g it, The caleulation determings the minimum row spacing to avoid modules shading each other at certain
s of the day.
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THIN FILM vs CRYSTALLINE

NexPz:wer

NexPz:wer
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ARRAY LAYOUT
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ARRAY LAYOUT
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ARRAY LAYOUT

Page 38



COMBINER BOX
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COMBINER BOX
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INVERTER CONNECTION
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2.5 Fuse and Diodes

IBOLATION MODES
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MANUFACTURER'S INFORMATION
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BYPASS DIODE




BYPASS DIODE — SHADED CELL

Bypass Dicdes

PV CELLS -r—___

L~ COMNVENTIOMAL
/S CURRENT FLOW

-

 BYPASS DIODES—
NORMAL CELL OPERATION

SHADED CELL

Figure 5-30. Bypass diodes allow current to flow
high-resistance condition,

S —

~~SHADED CELL ACTS

4 AS AESISTANCE

AROUMND SHADED CELL 1 é

_ CURRENT DIVERTS
OPERATION

around devices that develop an open-circuil o
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Figure 5-24. A funchion box
rocule providaes d protected location fior gl
connections and bypass dipdas.

an ihe back of &
acirical
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HIGH VOLTAGE ON ROOF

129.3V X 15 MODULE/STRING = 440V

F SHENGANG INDUSTRIAL DISTRICT
- JIANGYIN, JIANGSU 214447 CHINA




2.7 ON GRID PV SYSTEM

= Amay

-’ DCIAG . Main Servics
oy A , el Fansl
ATTsy Inverter
Ground-Fauli _DC ] _;"C L.Ft_lil:y
T Protector rUSEd Fused Switch
| Switch Switch
| > —"'_’_‘ -+ " ‘—" o Utility
PV Array
Circuit . L | y

Combiner
Grid-Interactive P Syatem
wio Battery Backup
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BE AWARE OF TREE




SYSTEM DESIGN CONSIDERATON
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BE AWARE OF TREE




2.8 National Electrical Code on PV systems

690.47 Grounding Electrode System
(A) Alternating-Current Systems If installing an ac sys-
tem, a grounding electrode system shall be provided in accor-

dance with 250.50 through 250.60. The grounding electrode
conductor shall be installed in accordance with 250.64.

(B) Direct-Current Systems If installing a dc system, a
grounding electrode system shall be provided in accordance
with 250.166 for grounded systems or 250.169 for un-
grounded systems. The grounding electrode conductor shall
be installed in accordance with 250.64.

(C) Svyvstems  with Alternating-Current and Direct-
Current Grounding Requirements Photovoltaic power
systems with both alternating-current and direct-current (dc)
grounding requirements shall be permitted to be grounded
as described in (1) or (2):

Inverters used in PV power systems usually contain a trans-
former that isolates the dc grounded circuit conductor from
the ac grounded circuit conductor. This isolation necessitates
that both a dc and an ac grounding system be installed. The
two grounding systems are to be bonded together or have
a common grounding electrode so that all ac and de grounded



INVERTER - DC/AC BOUNDARY

i =T e
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PV SYSTEM GROUNDING ELECTRODE




RESIDENTIAL DESIGN EXAMPLE




RESIDENTIAL DESIGN EXAMPLE LAYOUT

(SITE VERIFY LOCATION )




IF ONE CELL IS SHADED

current to other

PV mo‘dules -+ + +

Reverse voltage "-.-"I'_ shaded cell IsunT

of shaded cell 4} reverse current

T
* Isun IsunT
bypass bypass
4 S A E |
Voltage of 17 cells Vbypass 18 cells dicde 18 cells diode
iTeellsin - V17cells in series in series 18 cells

SEMes
IsunT

|E’.IHT

_ Isun

IsunT
|$HI'IT

18 cells
bypass in series

e — -

ISHI'IT N Y
Vr=WV17cells + Voypass

18 cells
in seres

158 cells

in series bypass

i F-
Isun | a Isun|

IsunT

o
Isun |

]

Isun current from other

PV modules

Ig%mr:?;}ﬂiiﬁ;%t [luminated 12 \Volt lNuminated 12 Volt
bypass diodes, one FV module with 2 PV module with 2
cell is shaded bypass diodes bypass diodes

Figure 1: One shaded PV cell in a system of many illuminated PV modules connected in series
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IF ONE MODULE IS SHADED

+ + + +

- 4
IsunTk?;; ;_? IwanTj_ ;_? |ELII'I| ;F Isun r:TJ_ ;_? current from other

Py modules

Shaded module
forward current

r

P A -
IsunT o A IwnT'\? AV [sun| — \T/ v IsunTi,\_—r/ AV
w ]
| |
U’mpp <Vin < Voc IsunT y, %Z lsun — %Z |sun . %Z IsunT% ;Z
| Fhoto curmant & Phato curment < Photo curment «s FPhoto curment «
| | | | |
ac 4+ total 36 | total 36 | total 36 | total 35 | total 36 |
digdesin ! cellsin ! cellsin ! cellsin ! celisin !
series : seres : series : series : series :
- [ [ [ [ [
dc = o ~,
Isun lsun 4 7 Isun |sun ; 7
v =¥ S v S 3
Iﬁun z IwnTi—j kv '“"T'Cx' 7 I$unT »’J—\_ z
- ] ]
— —
Q\ ) £ A curentto otner
% Isun jz IsunTk ﬁz IﬁunTn—i jz lsun — E]z PV modules
fully shaded Huminated [lluminated lllurninzated [umninated
12 Volt PV 12 Volt PV 12 Volt PV 12 Volt PV 12Volt PV
module module module mod Like modue
Figure 2: One shaded PV module is a system of many illuminated PV modules connected in parallel
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RESIDENTIAL DESIGN

WITH REGULAR INVERTER
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RESIDENTIAL DESIGN

TYPICAL EXAMPLE
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MICROINVERTER
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MICROINVERTER — DOUBLE MODULE

HALF-COST

®.L
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RESIDENTIAL DESIGN
MICROINVERTER
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COMMERCIAL DESIGN

Vo (17] PER ETHE m 41T -
W (1) PEN TG m BT m Y

Iy = LT FER STRRG
s om R TEW STHG

b =T - S0 s 33E - FLal
[

Lmt]

[F)iaam .
ARRLY O
FF UL SR i
poF AR Tl
ol (1] PER STHSG = 4l = S50
W (1 R AT - BT -
B m B8 A TR
i m SARN PR ARSI
g 3w 1
o MAT m AE 3§ AN m 127
VM SR ETY m IATE u 139N m 1TT

O PRI SPRAT
W (10] PEN FTHSE m i m L
Sp JIE) MER DTG m B D m R
g = 50T FRN TR
b = EdEs FOR STHG

e STV CoENT — L w4« 1E000
s WAT SR 4 IR TR

W SEREITY m 0 0 TR m O
FALC SOMDRCTOS W0 B CR

REE NI (P3| = '8a FLY ETHSS

AR "

AW (I EDACHTIN M)
13T T I .

]

MULTIPLE METER & MULTIPLE INVERTER

E%EEEEEEEEEE._

HE
i

5

£l
fi
i
4
2§78

Brc
2
i
g

i
B
i

.‘i.‘iHE
it

-EEEEE
‘II

it

"

:

E|||||
i1

ah
u

0 i
5 g
i

g

5
3

g’

I
P
il
1l
{ pip
R
Pg

3

3
2
d
]
i
i

Wk D VLT B - B

0 wAR |SUT CLESEST = B8

AL kL BUTELT el = B RS

A4 WA BUTELT OFREMT = 334 FEN PHAE
FRaleir o8 ok - S It HP
b Ar (Y - Se13Sal — oEma

i
s
:

w

fLH




COMMERCIAL EXAMPLE
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COMMERCIAL EXAMPLE

—
s

Proposed New
Solar Trellis over
Garden above
Banquet Room

San Gabriel Hilton Hotel
227 W, Valley B

San Gabriel, CA 91776

[————]
o

Landwin
Development

227 W. Valley Blvd
San Gabricl, CA 91776

| ——
[revsw—

TENG LI &
ASSOCIATES

-

Close-up Photo of Existing Garden View of New Solar Trellis Looking Up from Garden Floor Photo of Existing Garden Looking North TN Abdsiia Ditve

Pasadena, CA 91107
Tel: 626-797-0531
Fax: 626-797-1028
Email: fengcese.u

|

0. e o

(T ——

P ee—
vty

]
e

New Solar Trellis
Rendering

View of New Solar Trellis Looking Up Standing at Abbott Ave View of New Solar Trellis Looking Up Standing at North-East Parking Surface o o A-2
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FARM APPLICATION
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COMMERCIAL EXAMPLE
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BE AWARE OF UTILITYTY TRANSFORMER




COMMERCIAL EXAMPLE
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