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Reducing the cost of solar for 300 communities
throughout the country

AN B . AOnline, by phone, oriperson
AN L . AOpportunity to receive a fully
funded solar expert on staff for
_ _ _ 6-months GolSmardvisor)

AFree of cost to participating
communities!

NATIONALLY DISTINGUISHED. LOCALLY POWERED.

ANationally recognized award for
leading solar communities

oo ’/////” AThree levels: Bronze, Silver,
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No-Cost Technical Assistance

A All communitiepursuing SolSmart designation af@ible for necost
technical assistandeom national solar experits

A Technical assistance helps governmeaisice solasoft costsspur
the local solar market, and achievelSmartiesignation.

Technical Assistance Topics

Permitting Solar Rights

Inspections CommunityEngagement
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Egan Waggoner

A Directsthe technical training component of the New
{ 0F 0SQ& Networkwhich includes buildin
electrical, and fire codes as they relate to Sol
development.

A Providessolar policy trainings for the Network and S
Ready Vets

A Lead the Massachusetts Commercial Solar + S
program to provide education and technical assistan
commercial interested in solar + storage procure

A Holdsa Master of Science in Environmental Science
emphasis in Energy Systems and Water Resourc
the SUNY College of Environmental Science & F
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SMART

A Introduction to solar technology [60 min]
A ldentifying solar PV systems [45 min]

A Break [10min]

A Solar PV hazards and safety [30 min]

A ldentifying and disabling solar PV systems [45
minj
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SMART

This presentation includes graphics, images, and schematics that
have been take from a host of various sources as well as developed
specifically by the author for this presentation.

We would like to ac
PV Trainers Networ

Knowledge the use of materials from the NY-Sun
K (PVTN), Interstate Renewable Energy Councll

(IREC), the National Electrical Code (NEC), Solar ABCs, the
Department of Energy (DOE), IAEI
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SMART

This presentation will provide an introduction solar photovoltaic
technology, identifying different solar PV systems, common safety
hazards and how to safely to disable a solar PV system.

This course will not provide you with all the information you need to
Know.
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SMART

National Electrical Code

Texas recently adopted the the 2017 National Electrical Code. Not
all jurisdictions presently enforce the 2017 version of the NEC.
Effective March 13, 2015, the City of Dallas adheres to the 2014
NEC with Dallas Amendments. This presentation has been adapted
to reflect the 2014 National Electrical Code cycle and best practices
and highlights some of forthcoming changes in the 2017 version.

Many changes to the most current and future versions of the NEC
(2014 and 2017) have occurred due concerns expressed by the fire

figntigg tCommunity with regard to solar electric systems.
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SMART

Texas & Dallas Construction Codes

At the state level, the Uniform Code Code cycle is based on the 2006
International Codes. Texas Jurisdictions are authorized by state law to adopt
later edition of the IBC, IRC, IPC, IMC, IFGC, and IECC. This presentation has

been adapted to reflect the 2015 International Codes and recommended best
practices.

The City of Dallas The Building Code Council adopted amendments that have

been approved by the Rules Advisory Council are as follows (Jurisdictions may
vary statewide):

A 2015 Fire, Building, Plumbing, Mechanical, Residential, International Energy
Conservation, Fuel & Gas, and Green Construction Codes with Dallas Amendments

.A.,2003 Existing Building with Dallas Amendments

Shot http://www.dli.pa.gov/ucc/Pages/default.aspx
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SMART

1. How to identify solar electric systems on-site

2. How to differentiate between common system types

3. How to safely disable solar PV systems
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AConsultant, Solar PV and Renewable Energies
A Meister Consultants Group, A Cadmus Company

A M.S. Environmental Science, Energy & Water Resources
A SUNY College of Environmental Science
A B.A. Biology, University of Kansas

Alechnical Team Coordinator - NY-Sun PV Trainers Network
ASolsmart Technical Assistance

ANYSERDA large scale renewables team

ANYSERDA storage technical assistance team
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Audience Introduction SOLSMART

ANhere are you from?

ANVh a t 0 sjobyraalerin |
local government? it el

Anhat are you hoping to take £, | L=
away from todayos e
presentation?

U.S. Department of Energy



Todayos Agenda 5L SMART

A Introduction to solar technology [60 min]
A ldentifying solar PV systems [45 min]

A Break [10min]
A Solar PV hazards and safety [45 min]

A ldentifying and disabling solar PV systems [45
minj




Introduction to Solar Technology S sviAR:

..... [

Solar Photovoltaic (PV) Solar Hot Water Concentrated Solar Power

eeeee d by
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SMART

Solar Photovoltaic (PV)

Powered by

Shot 15
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US Solar Market T annual installations

TR p—

PV Installations (MWdc)
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Source: SEIA/GTM Research, U.S. Solar Market Insight: 2015 Year-in-Review
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Cost per Watt
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US Average Installed Cost for Behind-the-Meter PV

s

M\O\Q

e

e

K 2

(55% drop in price

L 2010 - 2015

1998 2014

Source: Tracking the Sun VI: The Installed Cost of Photovoltaics in the US from 1998-2013 (LBNL); Solar
Energy industry Association, Solar Market Insight Report 2014 Q4

SMART
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SMART

Texas Annual Solar Installations

1400
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1000
800
600 I l
400 I
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2010 2011 2012 2013 20714 2015 2016 2017E 2018E 2019E 2020E 2021E

Residential =~ Commercial mUtility = CSP

Powere d byh Source: SEIA/GTM Research U.S. Solar Market Insight, 2016: http://www.seia.org/state-solar-policy/texas
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Solar Job Growth In the US e
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250,000
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150,000

. SEIA
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. The Solar
Foundation

100,000
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O_J I
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Powere d by Source: SEIA Estimates (2006-2 009) , The SolsarNdatoiumdalt i Smléar Jobs Census 2010 (2010), The S
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Solar Jobs in TX $GL5UART

In 2016]exas had

9,396 persons employed Iin solar jobs

aCloOSS

565 different companies

The Solar Foundation i National Solar Jobs Census (2015)




Quick Facts on Texas Solar Market

# 7th solar installations in 2016
# 3'd in solar jobs across US

#7 cumulative installed solar
capacity

Source: SEIA; The Solar Foundation;

'/////m SunShot
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SMART

Photo = Light Voltage = Electricity

The nPhotovoltaic effecto 1 s 1t ti on of

current in a material upon exposure to light

Photovoltaic Systems as defined by the National Electrical
Code:

The total components and subsystems that, in combination, convert
solar energy into electric energy suitable for connection to a
utilization load [NEC 2014, 100]

|
|

S04 :
H A CrR 0.
El

NEC 690.4 General Requirement (A)

Photovoltaic systems shall be permitted to supply a building or other i
structure in addition to any other electrical supply system(s) [NEC

2014, 690.2].

Powere d by NEC 2014, 100 & 690..2
Shot 22
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A Solar photovoltaics
convert sunlight into
electricity

A Amount of electricity
directly dependent
upon amount of
sunlight striking the
module

=

Electrical load

(-)

Sun

I Photovoltaic cell
DC current flow

Phosphorous-doped (N-type)
Boron-doped (P-type) silicon layer ~0.3:m

silicon layer ~ 250 ;' m

(+)

Powere d by Image from MIT power supply presentation

Shot
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Some Basic Terminology

Panel / Module

owered by
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Some Basic Terminology
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Some Basic Terminology

Capacity / Power
kilowatt (kW)

'//////u SunShot

U.S. Department of Energy

Production
Kilowatt-hour (kWh)



Residential Grid Connected PV System

Home Power/
Appliances

03529701

Shot

U.S. Department of Energy
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Scale of Solar PV Systems

e

i

1 .
A Residence
ﬁ 5-10 kW

B
Office s
5071 500 kW

Factory
1 MW+

Utility
2 MW+



Solar PV System Types SOLSMART

Roof Mount Ground Mount Parking Canopy

Powere d by

'/////m SunShot 29

U.S. Department of Energy




™

N W. =+ B
I vy \ . Ay ¥

B o Grid Tied PV System f§. ¢

X ! e
s 1 »

Powered by Source: Atomic Solar (North Carolina); Egan Waggoner (Lincoln, MA)
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SMART

R ——

Powered by

Shot 31

U.S. Department of Energy



SMART

TR p—

Powered by

Shot 32

U.S. Department of Energy



AT . T

SMART
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Ground Mount Systems SOLSMART
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Rooftop Canopies oL SMARY

TR p—

e NN e =

'll

Powered by

Shot 35

U.S. Department of Energy



Pole Top Mounts

Powered by
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Powered by Image from PV Magazine
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Types of Electrical Current 55 AR

Alternating Current Direct Current
g 4 +l
Current
v Time .
Alcrnatang Current : Time
Dhirect Current
A Utility Power APV Cells
A Generators A Batteries

Images courtesy of Durofy
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Voltage Sy
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Water Analogy Electrical Concept

Potential differencePoYt ePrteisaslurdel ff er

7
.

p=
12V
Battery

N Z

12 V Battery

eeeeee d by Graphics: Egan Waggoner
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Current or Amperage A

..... [

Water Analogy Electrical Concept L
a

Water flow rate Y ¢ Electron fl ow

Hose @

Flow Rate ‘

Gallons /

minute
Wire
Flow Rate

Amps
Bucket
B . SuncShot Graphics: Egan Waggoner
/111 )

U.S. Department of Energy Concept source: Solar Energy International



Resistance 5 SuiART
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Water Analogy Electrical Concept
Opposition t o Hoselinew Y Ofprpiocstiitdmni t o f I o\

Hose with less friction .

5
"y

Hose with more friction .

¥
‘b

U.S. Department of Energy Concept source: Solar Energy International

Wire with less
resistance

Graphics: Egan Waggoner
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SMART

Pot

Water Analogy

PSI = GPM x FL

PSI| = Pressure
GPM = Gallons per minute
FL = Friction loss in hoseline

enti al di ffer

Energy Concept
V=IXR
V= Voltage

| = Current (Amps)
R =Resistance (Ohms)
Pod etPradsdurfder e

eeeeeeeee
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SMART

1. Name three different types of solar technology
2. What 0s the difference betw

3. Name three locations where solar PV systems can be
Installed?

4. Do solar PV systems produce AC or DC electricity?

eeeeeeeee
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SMART

A Identifying solar PV systems
[45 min]

U System Components

U Understanding
Schematic Drawings

] Micro and string
Inverters

| Battery back up

U Design documentation

eeeeeeeee

eeeeeeeeeeeeeeeeeeee



System Components:
Modules

. Modules

. Combiner Boxes/Overcurrent Protection

. DC Disconnect Switch/Overcurrent Protection

. Inverter

. AC Disconnect Switch/ Overcurrent Protection

. Utility Interconnection/Overcurrent Protection

. Utility Grid and/or Batteries

eeeee d by

NnShot 47
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Solar Electric System Components SOLSMART

L1

g e 7]
R
To .=
BT AC DISCONNECT UTILITY METER
MAIN SERVICE
'//////m Sovsr:‘\Syhot 48
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SMART

Thin film

Mono

50
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1

Module Specifications Sheet:
A Performance

A System Integration

A Component Materials

A Thermal Characteristics
A Warranties . e

SW 285 - 290 MONO BLACK

Powered by

Shot

U.S. Department of Energy

SMART

® /“'1‘ [
Sunmodule” Plus o ARG
SW 285 - 290 MONO BLACK S

» Dato sheet

QUALITY BY SOLARWORLD

SolarWorld's foundation is bulit on more than 40 years of cngoing inmovation, continuous optimaation and technology expertise. AN production
Mepn from sificon 1o modude are e1tablished at our production sites ensuring the highet powible quality for cur customers. Our modules come in
U f éfferent sizes and power, making them suitable for ol global applications ~ from residential solar systeons to large-scale power plants.

51



System Components: Modules

SOLSMART
. - . SW 285
. DC Electricity
Maximum power I 285Wp
Open circuit voltage N 39.2V
Maximum power point voltage Ve 320V
Short circuit current . 9.52 A
Maximum power point current [ 9.00 A
Module efficiency Ny 17.0 %
Measuring tolerance (P,.,) traceable to TUV Rheinland: +/- 2% (TUV Power controlled, ID 0000039351)
Measuring tolerance (P,.,) traceable to TUV Rheinland: +/- 2% (TUV Power controlled, ID 0000039351)
DIMENSIONS / WEIGHT CERTIFICATES AND WARRANTIES
Length 65.95 in (1675 mm) e IEC 61730 IEC 61215 UL1703
: : Certificates
Width 39.40in (1001 mm) IEC 62716 IEC 60068-2-68 IEC 61701
Height 1.30in (33 mm) ) Product Warranty 20 years
- Warranties :
Weight 39.71b (18.0 kg) Linear Performance Guarantee 25 years

B2 /i SunShot

U.S. Department of Energy
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System Components: 3
Combiner Boxes

SOLSMART

N\

. Modules

. Combiner Boxes/Overcurrent Protection

. DC Disconnect Switch/Overcurrent Protection

. Inverter

. AC Disconnect Switch/ Overcurrent Protection
. Utility Interconnection/Overcurrent Protection

. Utility Grid and/or Batteries

eeeee d by
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SMART
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System Components: Combiner Boxes

Powered by

'//////u SunShot

U.S. Department of Energy

Combiner Box Wiring

Combiner box
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System Components: £
DC Disconnect Switches >

SOLSMART

. Modules

. Combiner Boxes/Overcurrent Protection

. DC Disconnect Switch/Overcurrent Protection

. Inverter

. AC Disconnect Switch/ Overcurrent Protection

. Utility Interconnection/Overcurrent Protection

. Utility Grid and/or Batteries

eeeee d by

NnShot 56
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System Components: DC Disconnect

ﬁW!tcheQ

Large Commercial or Industrial Systems have DC
Disconnect Switches located on the roof top or on
the side of building at ground level.

DC Disconnect

WARNING:

N

NN
ELECTRIC SHOCK HAZARD. N
THE DC CONDUCTORS OF THIS 3%
PHOTOVOLTAIC 3

SYSTEM ARE UNGROUNDED ANDZE
MAY BE ENERGIZED

Powere d by

'/////H SunShot 57
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3| Five pieces of information:
A Vmax or Voc (maximum system voltage)

voltage = R V/mp (maximum power point voltage)

Current SC (short_cwcwt current) | )
A Imp (maximum power point current) -

curent A Presence of charge controller

- /,
8 =S E 32 3 = p / -
S = £ 2 = 2 [RATEDMAX POWER-POINT CURRENT IERIRIGS
< RPN = 2 S S 23| RATED MAX POWER-POINTVOLTAGE
o SEE=N = = = 2 S | IAKMUM SYSTEMVOLTAGE
= SRSl = = 2 | SHORTCIRCUIT CURRENT
= D B 23 S | MAX RATED OUTPUT GURRENT OF
- © & = | T CHARGECONTROLLER F NSTALLED

Shot
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System Components: DC Disconnect
Switches

3] Large Commercial or Industrial Systems have DC
Disconnect Switches located on the roof top or on
the side of building at ground level.




SMART

PHOTOVOLTAIC SYSTEM EQUIPMENT WITH RAPID SHUTDOWN

A Appears in the 2014 NEC to address the
concerns of first responders when

responding to a fire on a structure or [eliie Milize
system i el BT
A For roof mounted PV systems but may SHUT OFF | swiTore |

circumstances

A Allows first responders to quickly and
easily control PV system circuits when
leaving an an array in a PV system

Powere d by

Shot 60

U.S. Department of Energy

apply to ground mount systems in some
TO
OPEN

g NOTICE §
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PHOTOVOLTAIC
SYSTEM EQUIPPED
WITH
RAPID SHUTDOWN

VWWU.MIDWESTSAFETY SOLUTION S.COM * 407-681-2867

A
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System Components:
Inverter

SOLSMART

TR p—

. Modules

. Combiner Boxes/Overcurrent Protection

. DC Disconnect Switch/Overcurrent Protection

. Inverter

. AC Disconnect Switch/ Overcurrent Protection

. Utility Interconnection/Overcurrent Protection

. Utility Grid and/or Batteries

9
=l
7

eeeee e

NnShot 62
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SOLSMART

o + one or more ‘strings’ of solar panels
Strlng Inverters + work well when solar panels are on a A

single plane with no shading

nverters (non-battery) convert dc
power from the PV modules to AC
power.

string or

A Disconnecting the AC utility power
Microinverters .gmmicemenerperpne sources turns off the inverter, but
i DOES NOT disable the DC solar
module circulit.

Shot 63

U.S. Department of Energy



SMART

4 | Non Battery Inverters convert DC power into ac power matching utility voltage
and frequency to generate utility quality power. Disconnecting AC utility power
turns off the inverter, but does not disable the dc solar circuit.

Goanx | <y
[ - "\‘ D
\

|

A
§ (o)

)4

Shot 64

U.S. Department of Energy



SMART

4
Non Battery Inverters convert dc power into ac power
matching utility voltage and frequency to generate utility
guality power. Disconnecting AC utility power turns off the
Inverter, but does not disable the DC solar circuit.
Powere d by Image on right from CESA fire safety training

Shot
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SMART

4
a4 N l
’ ° :
a
] . !
N
Powered by Images courtesy of the NY-Sun PV Trainers Network
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System Components: Battery String of
Central Inverters

- Battery Inverters convert dc power into ac power matching utility voltage and
frequency to generate utility quality power. Disconnecting AC utility power turns
off the inverter, but does not disable the DC solar circuit.

U.S. Department of Energy



System Components:
AC Disconnect

. Modules
. Combiner Boxes/Overcurrent Protection

. DC Disconnect Switch/Overcurrent Protection

. Inverter

. AC Disconnect Switch/ Overcurrent Protection

. Utility Interconnection/Overcurrent Protection

. Utility Grid and/or Batteries

eeeee d by

NnShot 68
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AC Disconnects must in or within sight
of the inverter and be marked with the
following:

A Rated AC output current (Amps)

A Nomlnal AC voltage (Volts)

Shot

U.S. Department of Energy

SMART

PV AC Disconnect

Warning
This panel is supplied by both
utility and solar power sources.

Maximum Current L1 33.54 Amps AC
Maximum Current L2 33.54 Amps AC
Maximum Current L3 12.74 Amps AC

Nominal Voltage 208 Volts AC

Solar Disconnect

69



System Components: AC Disconnects &&&

AC Disconnects must in or within
sight of the inverter and be marked PHOTOVOLTAIC SYSTEM EQUIPPED
with the following: S

A Rated AC output current (Amps)
A Nominal AC voltage (Volts)

ON

SIEMENS

eneral Duty
Satoty Switch
“ A DANGER

Powere d by Photos courtesy of Chad Laurent and author

Shot 70
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System Components:
Utility Interconnection

SOLSMART

. Modules
. Combiner Boxes/Overcurrent Protection

. DC Disconnect Switch/Overcurrent Protection

. Inverter

. AC Disconnect Switch/ Overcurrent Protection

. Utility Interconnection/Overcurrent Protection

. Utility Grid and/or Batteries

eeeee d by

NnShot
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At the location of the ground-fault protection, normally at the

_ m inverter, warning of a shock hazard (NEC 690.5[C]).
113
l1o O wain Senice O Breaker Panell
Disconnect Pull Boxes
WARNING puaL power source
MAIN PV SYSTEM SECOND SOURCE IS PV SYSTEM
DISCONNECT
CAUTION
Per NFC690.14(2) PHOTOVOLTAIC SYSTEM CIRCUIT IS BACKFED

UTION: Per NEC 705.12(D)(4) &
SYSTEM CONNECTED NEC 690.64

DO NOT DISCONNECT
SOLAR DISCONNECT UNDER LOAD

Per NEC690.33(E)(2)

Conductors at switch or circuit breakers (pull boxes) per NEC 690.4
Main circuit breaker panel and meter per NEC 690.17, Dual power
source NEC 705.12(D)(4) and Back-Fed Breakers per NEC705.22.4
and NI 90.64.

IR 4..‘\...Vw ’.:v..__).b 4%

72

Photo courtesy of Chad Laurent
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System Components:
Understanding Schematic DraW| q

SOLSMART

. Modules f -
l l.ﬁs

. Combiner Boxes/Overcurrent Protection

. DC Disconnect Switch/Overcurrent Protection
. Inverter

. AC Disconnect Switch/ Overcurrent Protection

. Utility Interconnection/Overcurrent Protection

7| Utility Grid




Solar Electric System Components

Solar Pancls

'/////m SunShot
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Understanding Schematic Drawings:
Micro Inverter or AC Module System SOLSMA]

Dedicated branch circuit
of the electric production
and distribution network

Inverter output circuit

ac module (includes inverter)
Array (of ac modules)

ac module system

NEC 2014, Figure 690.1 (c)
'////m SunShot
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equipment ground. £10 AWG USE-2
from modules

amay 1" consisting of 9 modues
In a saries string
230W x 9 modules per siring
Isc = 5997
lsc x 1.25 = 7487
Isc x 1.56 = 9.34A
Voc=9x48.7=438.3VDC
Voc x 1.25 » 547.9vDC

armay ‘8 consisting of 9 modules
In & series string

230W x 9 modules per string

Isc = 5,997

Isc x 1.25 =7 40A
Isc x 1.56 = 9.34A

Voc =9 x48.7 =438.3 VDC

Voc x 1.25 = 547.9VDC

Understanding
Schematic
drawings: String
tied inverter
systems

'//////// | Sovsri‘\ Sy hot

U.S. Department of Energy

Iscx 1.25 = 7.48A
Isc x 1.56 = 9.34A
Voc =9 x 48.7 = 438.3VDC
Voc x 1.25 = 547.9VDC

2]
Lrn_l

“Others” 1o provide conductors and
conduit from DC disconnects outside
atl PV system ground mount to
Inverters in PV lab in buliding. DC
conductors indoors must be EMT
condult. UndergroundOutside condult
may be PVC. Conducticonductor
malerals, sizing and pathways 10 be
casigned by Loring Engineering

“Others” 10 provide AC disconneacts,
conductors, and conduit from AC kWh
moter in PV lab to Load Center in
Electrical Room. Conducior and conduit

| mage

m materals, sizing and pathway to be
30A, BOOVDC designed by Loding Engineering. Sum of
sQD oc Load Cenler efeciricily supply treakers
HU3B1RB @aemanect (utiiy and PV system) can not exceed
a1 PV 100% of the bus bar rating of Load
LY ) Center
mount outside)
L] r—
e connection to grid
oo
Sunpower inverter DC
SPR-8000m, with built
in fused OC AC
disconnect
New bidirectional
nel metering
systom to be
meter Combining sub-panei Nationa! Grid
‘Easy-Read’ Threo 70A DP circuit breakers, one for
- each inverter
Panel buss bars must be rted for 2004
SQD QO318L200G
AC gicsonnect for utility
company located on
exievior bulding wal,
SQD HIE2NRB, 60A, ,_m:'
240 VAC
Load Center
L' In Electrical
court eSMARTof HVCCOGOs EC -

76



Understanding

Schematic
drawings:

String tied
Inverter
systems

Powered by

'//////m SunShot
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Tec Smart One-Line Diagram for 18.63 kW Ground Mount PV
(27 Fab 2008)

180 x 156 » 9 MA
Voo =9 x 487 =4383VDC
-

Voo =9 x 487 = 4383 VOC

L1 —

in @ seres string

Voc=3x 487 =4333VDC
» ST 90C

Items in 'Blue’ provided by Renewable Power Systems

Items in ‘Orange’ provided by others

Voo =Sx4a7=4383V0C
-

d_1A L -

Voc=9x48.7 = 4353VOC

LEA L ——

Parws buss bars must be 1ated for 200A

Othery” 15 provide conduckons and
condutt om OC deccrnocts cutaide
ot PV system gound mount o
ovartans in PV &b In butidng. OC
conaucion ndoons musl be ENT

"Others” 10 provice AC daconnects,
conauciors. and condut from A kWh
matet In PV iab fo Load Conter in
Ewctnicsl Room. Conducior and condut

*00% of the bus bar mting of Load
Cantor

Unity point of
connecson o gnd

R

230W x § modues per siing Conductons from PV 200W x 0 modues por sirng 230W x 9 modues per string
Inc * 5.96A modues e #10 AWG loc » 5 594 180 » 5.98A
BCex 12557494 USE-2 1o jbox for HeX 125 =740 Isc x 1.25 = 7.40A
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System Components:
Battery Backed up

SOLSMART

. Modules

. Combiner Boxes/Overcurrent Protection

. DC Disconnect Switch/Overcurrent Protection
. Inverter

. AC Disconnect Switch/ Overcurrent Protection

. Utility Interconnection/Overcurrent Protection

. Batteries and Utility Grid

U.S. Department of Energy




Understanding Schematic Drawings:

Hybrid System with Batteries SOLSMART

Wind, engine-generator,
micro-hydro-electric, and
other power sources

Photovoltaic
output circuit

Y

Hybrid system | dc loads

Energy storage, charge controller,
and system control

erter input circuit
Inverter output circuit

-

Inverter

NEC 2014, Figure 690.1 (b)




Understanding Schematic Drawings:

Standalone system with batteries

TR p—

Photovoltaic output
circuit

». Charge controller
Inverter input circuit
Inverter output circuit

! Inverter

Stand-alone system -\

for dc loads
Energy storage

* Main supply equipment

Maln supply
* equipment for
ac loads

NEC 2014, Figure 690.1 (b)
'////m SunShot
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! PV Array Critical Load
Illl o
l ll A
Backup
Backup
Battery  Ground-Fault AC
PV Array Switch  Controller E;,C IAC Switch
Circuit Inverter,
Combiner » > — o
Battery
Charge
: Battery Controller
Disconnect
Switch
Battery
System
Powered by | mage from CA Energy Commi ssionds
Shot
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Main Service

Panel

Utility
Switch

<+— Utility

Gui de
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SMART

1. What 6s t he rol e of t he |

2. Name one difference between systems with
storage (batteries) and those without.

3. What are the different inverter types?

4. l|dentify the components!
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Pop quiz SOLEMART

3. What are the different inverter types?

N
| -
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N
g
o
.
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-
D '

Shot 83
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SMART

3. What are the different inverter types?

Non Battery

) Microinverter Large Central/Utilit
String Inverter J y

Scale Inverter
Battery String Inverter

Shot 84
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