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About the PV Trainers Network

The NY-Sun PV Trainers Network aims
to lower the installation cost and
expand adoption of solar PV systems
throughout the state.

training.ny-sun.ny.gov
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PV Trainers Network Services Offered

S Trainings targeting specific audiences to help them
rainings - ;
quickly get up to speed on key solar issues
Targeted assistance through the “Ask the Expert”
Free Technical portal:
Assistance
« Technical questions through the FAQ link
* Webinars, Podcasts

¢ Toolkits

» Municipal procurement processes

* Solar ordinance adoption

* Model documents, Case studies

Visit: https://training.ny-sun.ny.qov/trainings
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Solar Photovoltaic PV Systems
For First Responders
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Acknowledgments and Disclaimer

Disclaimer

This presentation should be considered an introductory course in the
recognition and disabling, to the extent practicable, of solar electric
systems. Solar electric systems can be installed in a very large
number of configurations and it is not possible for this course to cover
all possibilities. As with all electrical technology, safe practices must
be followed at all times to minimize exposure to dangerous and even
lethal voltage and current.

Photographs or specifications of manufacturers’ equipment does not
constitute an endorsement.
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Important Information Regarding the
National Electrical Code in New York State

Currently New York State is in the NEC 2008 code cycle. New York
will adopt NEC 2014 on October 3, 2106, bypassing NEC 2011. In
order to create presentation material that will not be outdated in the
near future, we have focused primarily on presenting information
applicable to NEC 2014. This presents a problem for Building Officials
especially in that code compliant installations may be installed NOT
using NEC 2014 until it is adopted.

Many changes to the most current and future editions of the NEC
have changed as a result of concerns expressed by firefighters with
respect to solar electric systems.
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Important Information Regarding the Building and
Fire Codes in New York State
» On March 9, 2016, the NY State Fire Prevention and Building Code

Council completed major updates to the Uniform Fire Prevention and
Building Code (Uniform Code) and State Energy Conservation
Construction Code (Energy Code). The Uniform Code update
incorporates the following documents by reference:

— 2015 International Building Code

— 2015 International Residential Code

— 2015 International Existing Building Code

— 2015 International Fire Code

— 2015 International Plumbing Code

— 2015 International Mechanical Code

— 2015 International Fuel Gas Code

— 2015 International Property Maintenance Code

* The 2016 Uniform Code Supplement details NY State amendments to
the international codes (download from DOS site):

— See: http://www.dos.ny.gov/dcea/noticadopt.html

10

- Effective Date: April 6, 2016

» Uniform Code Transition Period — beginning on April 6th, regulated
parties submitting a complete building permit application may comply
with either the current Uniform Code or newly adopted Uniform Code.
The transition period will last from April 6, 2016 until October 3, 2016.
On October 3rd, the newly adopted Uniform Code will become fully
effective.

» Energy Code Effective Date — On October 3, 2016, the newly
adopted Energy Code as described above will become formally
effective. There is no transition period for the Energy Code.

» Free public access to the ICC Codes:
— http://codes.iccsafe.org/New%20York%20State.html#2015
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1. Basic Facts and Safety Overview

2. Fire Safety Code Discussion

3. Information Systems and How They are Used

4. How Do Solar Electric Systems Work?

5. System Types and Schematic Representation

6. Site Plans and Identification of Components

7. How to Identify and Disable Different Solar Electric Systems

8. Worksheets for System Type Identification
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Number One Consideration: Electric Shock

PVmodules should be treated
as electrically charged at all
times.

PV modules generate direct
current (DC) electricity. This
means that an alternating
current (AC) sensor will not
detect a current even though
there is one.

PV modules present a shock
hazard when damaged and/or
appear to be disconnected
from the site’s electrical
system.
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Safety Hazards of Solar PV

Additional Safety Considerations

e Chemical burns: if there is on-site battery storage, or if there are thin-
film solar cells.

¢ Rooftop load: the structural integrity of the roof may be damaged by
the fire.

e Stinging/biting insects: may nest underneath the modules.

¢ Note: solar hot water systems are not the same as solar electronic
systems and do not produce electricity

13

Safety Hazards of Solar PV

Which is PV and Which is Solar Hot Water?

14
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Safety Procedures of Solar PV

1. Never break, cut into or walk across PV-modules
» Solar PV is always generating electricity during daylight.
« Even at night, the lights from the fire engine or from the fire itself
may be enough for the modules to generate electricity.

 All precautions should be taken to not damage the modules.

Safety Procedures of Solar PV

2. Survey the site
Impact of the fire
Is there a Site Plan of the area?
— Where are the different solar PV system components?
Information retrieval
— From labels, the utility or the local building official/inspector
A code compliant system should provide the location of

the dc and ac disconnect switches

16
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Safety Procedures of Solar PV

3. Protective clothing

Self-Contained Breathing Apparatus (SCBA)
No jewelry

Keep boots/gloves dry

— They provide little to no protection against electric shock when wet
(even when dry may not offer complete protection).

4. Tools
All tools should have insulated handles

18

Safety Procedures of Solar PV

When possible:

5. Lock out/tag out main electrical panel
e This will isolate the solar PV system.
6. Lock out/tag out system disconnect

At the module, controller, batteries and/or inverter (start at the meter
and work back to the array).

7. Roof ventilation
Ventilate at the highest possible point over the fire without damaging
the PV modules.
. Nozzle type
Use fog nozzles and maintain at least 10’ distance
Spray nozzles require at least 20’ (see following UL slides)
Foam will slide off pv modules, and is not effective
9. Extinguishing battery area fires
Use CO,, foam or chemical extinguishers.
Hydrogen gas may be present and is highly flammable

[ee]
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Safety Procedures of Solar PV

Firefighter Safety and Photovoltaic Systems

Smooth Bore Nozzle

Agenda

Basic Facts and Safety Overview
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How Do Solar Electric Systems Work?

System Types and Schematic Representation

Site Plans and Identification of Components

How to Identify and Disable Different Solar Electric Systems

Worksheets for System Type Identification

11/2/2016

10



&

Safety concerns expressed by the fire fighting community, ’;‘2
regarding exposure to high dc voltage roof top, or %{
concealed conductors has fostered many changes inthe ¥
2014 NEC. -

Access to, and ventilation of roofs with solar arrays on them
are also of concern. This has resulted in restrictions in the
area that can be covered by modules.

NY State has updating its building codes with respect to the
location of solar modules for roof and ground mounted
arrays during the development of this course.

The following is not an all —inclusive summary of these
updates
21

* The 2015 International Fire Code (IFC), Section
605.11 addresses requirements for solar photovoltaic
power systems.

— Requires minimum setbacks for roof-mounted PV arrays to
allow firefighters safe access, pathways and areas for
smoke ventilation.

» The 2016 New York State Uniform Fire Prevention
and Building Code (the “Uniform Code”) has adopted
by reference the 2015 edition of the International Fire
Code (2015 IFC) with amendments.

— Portions of the 2015 IFC have been adopted in the 2015
edition of the International Residential Code (2015 IRC) with
amendments in SECTION R324: SOLAR ENERGY
SYSTEMS.

11/2/2016
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» The 2015 International Building Code (2015 IBC) Section 101.4.5
on fire prevention requires compliance with the 2015 International
Fire Code (2015 IFC) for commercial buildings and other structures
permitted under the 2015 IBC.

» The NY State Uniform Code Supplement has amended Section
605.11 of the 2015 IFC by the replacement of sections 605.11.1
through 605.11.1.2.5 in their entirety, and the addition of a new
section 605.11.1.2.6.

— These NY amendments change the 2015 IFC setback requirements for
rooftop mounted PV arrays based on new definitions for ACCESS ROOF,
GROUND ACCESS AREA, and ROOF ACCESS POINT.

* NY State has amended the 2015 International Residential Code
(2015 IRC) in the 2016 Uniform Code Supplement to include certain
fire code requirements for residential construction in Section R324.

23

* R324.7.4 Single ridge roofs. Panels, modules, or arrays installed on
roofs with a single ridge shall be located in a manner that provides
two, 36 inches wide (914 mm) access pathways extending from the
roof access point to the ridge. Access pathways on opposing roof
slopes shall not be located along the same plane as the truss, rafter,
or other such framing system that supports the pathway.

» Exceptions:

— 1. Roofs with slopes of 2 units vertical in 12 units horizontal (16.6
percent) and less.

— 2. Structures where an access roof fronts a street, driveway, or
other area readily accessible to emergency responders.

— 3. One access pathway shall be required when a roof slope
containing panels, modules or arrays is located not more than 24
inches (610 mm) vertically from an adjoining roof which contains
an access roof.

24
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NYSERDA'’s Assessment of These Changes

« The residential building code as amended for New York State allows
the designers of photovoltaic systems several options and
alternatives. These illustrations are offered as possible examples. It is
not possible to show every possible scenario. It is however up to the
judgement of the local code official to determine final compliance with
the code.

¢ Contractors, design professionals, and AHJ's must consider many
ventilation scenarios and consider that:

— 1. Afire can break out anywhere in a building.

— 2. Emergency responders do not have x-ray vision. Alternate
ventilation methods should consider fires occurring in less than
ideal locations.

— 3. Contractors and AHJ must remember that the direction and
magnitude of a prevailing wind can affect the location of the

ventilation opening
25

Single ridge roof indicating ground access

26 Source: NYSERDA
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Single ridge roof with alternate ventilation and
two access points

27 Source: NYSERDA

Single ridge roof — single pathway with
exception #3 adjoining roof within 24 Inches

28 Source: NYSERDA

11/2/2016

14



29

2015 IRC Section R324.7.5:

Access and Pathways: Hip Roofs

¢ R324.7.5 Hip roofs. Panels, modules, and arrays installed on
dwellings with hip roofs shall be located in a manner that provides a
clear access pathway not less than 36 inches wide (914 mm),
extending from the roof access point to the ridge or peak, on each
roof slope where panels, modules, or arrays are located.

« Exceptions:
— 1. Roofs with slopes of 2 units vertical in 12 units horizontal (16.6
percent) and less.
— 2. Structures where an access roof fronts a street, driveway, or
other area readily accessible to emergency responders.

¢ R324.7.6 Roofs with valleys. Panels and modules shall not be
located less than 18 inches (457 mm) from a valley.
— Exception: Roofs with slopes of 2 units vertical in 12 units
horizontal (16.6 percent) and less.

30

Hip roof showing alternate venting with two roof

pathways and ground access

Roof
Access

4

Solar Array —

Ventilation

Ridge

Roof
Access

*— Ground
Access

Source: NYSERDA
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Hip roof with exception #2 where access roof fronts a
street or driveway

31 Source: NYSERDA

Valley Roof showing 18" clearance in yellow to the array

32 Source: NYSERDA
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» R324.7.5 Hip roofs. Panels, modules, and arrays installed on
dwellings with hip roofs shall be located in a manner that provides a
clear access pathway not less than 36 inches wide (914 mm),
extending from the roof access point to the ridge or peak, on each
roof slope where panels, modules, or arrays are located.

» Exceptions:

— 1. Roofs with slopes of 2 units vertical in 12 units horizontal (16.6
percent) and less.

— 2. Structures where an access roof fronts a street, driveway, or
other area readily accessible to emergency responders.

* R324.7.6 Roofs with valleys. Panels and modules shall not be
located less than 18 inches (457 mm) from a valley.

— Exception: Roofs with slopes of 2 units vertical in 12 units
horizontal (16.6 percent) and less.

33
33

» R324.7.7 Allowance for smoke ventilation operations. Panels and
modules shall not be located less than 18 inches (457 mm) from a
ridge or peak.

» Exceptions:

— 1. Where an alternative ventilation method has been provided or
where vertical ventilation methods will not be employed between
the upper most portion of the solar photovoltaic system and the
roof ridge or peak.

— 2. Detached garages and accessory structures.

11/2/2016
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Alternate Ventilation Location

Access Roof

35 Source: NYSERDA

Single ridge roof showing a smaller array without
any exceptions

36 Source: NYSERDA
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* The following slides provide NY amendments to
the 2015 IFC that apply to COMMERCIAL buildings
constructed per the 2015 IBC. Many of the
requirements are the same as amended to the
2015 IRC Section 324.7 regarding new

requirements for access, pathways and ventilation.

* 605.11.1.3 Other than Group R-3 buildings. Access to
systems for buildings, other than those containing Group
R-3 occupancies, shall be provided in accordance with
Sections 605.11.1.3.1 through 605.11.1.3.3.

— Exception: Where it is determined by the fire code
official that the roof configuration is similar to that of a
Group R-3 occupancy, the residential access and
ventilation requirements in Sections 605.11.1.2.1
through 605.11.1.2.5 shall be permitted to be used.

11/2/2016
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*605.11.1.3.1 Access. There shall be a minimum 6-foot-
wide clear perimeter around the edges of the roof.

— Exception: Where either axis of the building is 250
feet or less, the clear perimeter around the edges of
the roof shall be permitted to be reduced to a
minimum 4 foot wide.

* 605.11.1.3.2 Pathways. The solar installation shall be
designed to provide designated pathways. The pathways shall
meet the following requirements:

— 1. The pathway shall be over areas capable of supporting
fire fighters accessing the roof.

— 2. The centerline axis pathways shall be provided in both
axes of the roof. Centerline axis pathways shall run where
the roof structure is capable of supporting fire fighters
accessing the roof.

— 3. Pathways shall be a straight line not less than 4 feet
clear to roof standpipes or ventilation hatches.

— 4. Pathways shall provide not less than 4 feet clear around
roof access hatch with not less than one singular pathway
not less than 4 feet clear to a parapet or roof edge.

11/2/2016
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» 605.11.1.3.3 Smoke ventilation. The solar installation shall be designed to
meet the following requirements:

41

1. Arrays shall be not greater than 150 feet by 150 feet in distance in
either axis in order to create opportunities for fire department smoke
ventilation operations.

2. Smoke ventilation options between array sections shall be one of the
following:

2.1. A pathway 8 feet or greater in width.

2.2. A 4-foot or greater in width pathway and bordering roof skylights or
gravity-operated dropout smoke and heat vents on not less than one
side.

2.3. A 4-foot or greater in width pathway and bordering all sides of
nongravity-operated dropout smoke and heat vents.

2.4. A 4-foot or greater in width pathway and bordering 4-foot by 8-foot
venting cutouts every 20 feet on alternating sides of the pathway.

Access pathways are provided around the perimeter
and throughout building-mounted PV arrays to provide
for firefighter access and ventilation.

11/2/2016
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Building Requirements: Large Commercial Example
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Building Requirements: Large Commercial Example
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Building Requirements: Small Commercial Example

A,cce?s and Ventilation Requirements are a function of Building Size
Code Compliant for Small Commercial
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Ground Mounted Systems

ey 2

Photos courtesy of DOE/NREL

* R324.6 Ground-mounted photovoltaic systems. Ground-mounted
photovoltaic systems shall be designed and installed in accordance with
Section R301 (Design Criteria).

~ R324.6.1 Fire separation distances. Ground-mounted photovoltaic
systems shall be subject to the fire separation distance requirements
determined by the local jurisdiction.

47

« Firefighter's gloves are not presently
tested or rated for electrical insulation in
the NFPA standards.

« However, UL tests show that dry leather
gloves can provide adequate insulation
up to 1000 V. Little or no protection is
provided by wet gloves even with
moisture barriers.

« Voltage-rated insulating gloves should
always be used unless the electrical
component is known to be de-energized.

48
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Personal Protective Equipment: Boots

Firefighter’s boots certified to the NFPA
1971 Standard provide insulation
resistance up to 14,000 volts only in dry
conditions.

UL experiments found that boots
provide poor electrical insulation
resistance when wet, or when the outer
boot material is damaged or worn.
Firefighter boots incorporate conductive
metal toe plates, reinforcing shanks,
and sole plates for crush and puncture
resistance.

49

Personal Protective Equipment: Helmets

e Protect head, eyes, face ears and neck
areas against impacts, falling debris,
heat and burns.

e Must include shell, energy absorbing
system, reflective markings, face
shield, ear covers and retention
system.

» Tested to NFPA standards for electrical
insulation.

50
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Agenda

1. Basic Facts and Safety Overview

2. Fire Safety Code Discussion

3. Information Systems and How They are Used

4. How Do Solar Electric Systems Work?

5. System Types and Schematic Representation

6. Site Plans and Identification of Components

7. How to Identify and Disable Different Solar Electric Systems

8. Worksheets for System Type ldentification

How to Coordinate Building Official Info with

Additional Government Needs

Questions to Consider

¢ s solar electric system information being shared?

¢ How is solar electric system information shared?

¢ How is solar electric system information verified?

* How is solar electric system information maintained?

¢ Examples of systems in use?

52

11/2/2016
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What Is PV? How Does It Work?

Definition: Solar Photovoltaic System

* The total components and subsystems that, in combination, convert
solar energy into electrical energy suitable for connection to a
utilization load.

NEC 690.4(A) Photovoltaic systems

* Photovoltaic systems shall be permitted to supply a building or
other structure in addition to any other electricity supply system(s).

54
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How Do Solar PV Systems Work?

» Solar photovoltaics convert Cell
sunlight into electricity by using €
the energy of speeding photons to
create an electrical current within
a solar panel.

« A number of solar cells electrically
connected to each other and
mounted in a support structure or
frame is called a photovoltaic
module. Modules are designed to
supply electricity at a certain dc
voltage. The dc current produced
is directly dependent on how
much light strikes the module.

Panel / Module

55

How Do Solar PV Systems Work?

SUNLIGHT
FRONT
ANTI REFLECTIVE CONTACT

COATING —\

SPECIALLY TREATED
SEMI-CONDUCTOR /=
MATERIAL

(

BACK CONTACT

The direct current and voltage (dc) is converter to ac current and
voltage by the Inverter. AC electricity from the inverter then is used to
power the electrical needs at the site, or is exported to the utility.
Electricity is imported from the utility if the PV system is producing
insufficient energy to meet the needs of the site.

56
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How Do Solar PV Systems Work?

How Do Solar PV Systems Work?

Production
Kilowatt-hour (kWh)

Capacity / Power
kilowatt (kW)

58
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How Do Solar PV Systems Work?

DC electricity is created whenever there is sunlight on the solar
modules.

Non-battery backed-up inverters stop producing electricity when the
ac source (usually the utility) is disconnected from it.

Battery backed up Inverters will still supply electricity to a separate
subpanel unless the battery bank that supplies energy to the
Inverter is turned off.

11/2/2016
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Commercial Rooftops

Shade Structures

11/2/2016
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Pole Top Mount
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Energy Producing Components of a Solar

Photovoltaic System

P Z Z
L3 =~ » |
<+ Blocking diodes PV source circuits
< Fuses <— PV output circuit
t | |
Solar cells o 000 ac module system
N]O2O Dedicated branch circuit of
ggg the electric production and
Module —<1— T I distribution network
i Inverter output circuit
Panel . alc module (includes inverter)
| R (| | % >
Array or Array
PV power - <« (of ac
source modules)
NEC Figure 690.1(A)
69

Different Configurations of PV Installations

String or Central Inverter Grid Interactive System, w/o batteries.
(The most common system)

Photovoltaic Source Circuit Inverter Input Circuit

Inverter Output Circuit

—
> &
—_— /‘
Photovoltaic Output Circuit = + . Electric Production

and Distribution
Network Connection

\ Inverter

70
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Different Configurations of PV Installations

AC Module or Micro Inverter System
These are very similar systems though not identical systems. They are
grouped together here for today’s discussion because they are an
increasingly popular type of system.

Dedicated Branch Circuit
of the Electric Production
1t T T

and Distribution Network -
_—

\ Inverter Qutput Circuit

AC Modules (includes inverter)

N

Array (of ac modules)

72

Different Configurations of PV Installations

Solar, and/or Wind, and/or Hydro,

or any combination (Hybrid) System with Batteries
Great care must be taken with these systems as it is much more
difficult to completely shut down the AC power

Utility
Charge
Controller
PV output circuits /

Distribution
_ Network

Inverter \
Wind, engine-
generator, hydro, etc.
Battery Backed
. up Distribution

Network

Batteries

11/2/2016
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Different Configurations of PV Installations

Stand-Alone or Grid-Isolated System
These are usually cabin, camp, or boat systems. There is no utility
interconnection.

Charge AC Battery
Controller Backed up
Distribution

PV output circuits Network

—_—

Inverter
Wind, engine-

generator, hydro, etc. -
;. b

Distribution
Network

Batteries

73
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Site Plan- Indicates Location of

Major Solar Electric System Components
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Site Plan- Indicates Location of

Major Solar Electric System Components

ROQFTOP J-BOXTO

TRANSITION EXPOSED |
USE-2 TO THWN-2
ONDUCTORS IN %" EMT

3-0"—»

22 AMERICAN SOLAR AS 230
MODULES IN 2 SERIES STRINGS OF 11
MODULES EACH ON EXISTING ROOF
STRUCTURE

INVERTER WITH
SUPPLIED COMBINER
AND DC
DISCONNECT

EXISTING ALL-IN-ONE
SERVICE EQUIPMENT WITH

40-AMP PV BREAKER AS AC
DISCONNECT
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Site Plan- List of Major Solar Electric System

Components (not all components in all systems)

1. Modules
-------- DC conductors
2. Combiner Boxes/Overcurrent Protection
-------- DC conductors
3. DC Disconnect Switch/Overcurrent Protection
-------- DC conductors
4. Inverter
/~v AC conductors
5. AC Disconnect Switch/Overcurrent Protection
/v AC conductors
6. Utility Interconnection/Overcurrent Protection

7. Batteries

7

Solar Electric System Components

TILITY METER
MAIN SERVICE

11/2/2016
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1. Modules

Typical Specification Sheet

THE NEW VALUE FRONTIER

0! KYOCERG
KD205GX-LP

HIGH EFFICIENCY MULTICRYSTAL
PHOTOVOLTAIC MODULE

®

HIGHLIGHTS OF
KYOCERA PHOTOVOLTAIC MODULES
Kyocen's advanced cell processing technology "

muicrystal photovoltac modue.
The conversion efficiency of the Kyocera solar collis over 16%.
Thess ool

from the soverest environmental condiions.

anczod akeminy

Equipped with plug-n connectors.

APPLICATIONS

KD20SGX-LP is ideal for grid tie system applications.

@ Rasicential 1001 100 Systems @ Waler Pumpng systoms.

@ Large commercial grid Le sysiems :EWMMM
QUALIFICATIONS

® MODULE * UL1703 isted. @ FACTORY : 1500001 and ISO 14001
QUALITY ASSURANCE

. @ Thermal /|
@ Hai impact tost @ Macharical wind and T oacing test

LIMITED WARRANTY

80

SPECIFICATIONS

1. Modules

H Physical Specifications

= T

14c0ian tn
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WMaimurm Power e 209N [s5"—m) Turmbor poe Module &=
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Muximum Power Current limgs! 17IA Mondule Charesteristics
_Ogen Circuil Voltage ves! 33,2V 3¢ Width e e
ShortCeouCurentieel | 8364 “Winight 8, Shgg 40 ks |
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B Specifications

M Electrical Performance under Standard Test Conditions (*STC)

A

Maximum Power (Pmax)

205W (+5%,K e

Maximum Power Voltage (Vmpp)

26.6V {—1

Maximum Power Current (Impp)

7.71A (—— JbC

Open Circuit Voltage (Voc)

Short Circuit Current (Isc)

Max System Voltage

600V

33.2V pi
8.36A \,/\:F

M Module Characteristics

Length X Width X Depth

1500mm(59.1in}x330mm{38.0in)x3mm(1 4n]

Weight

18.5kg(40.8lbs.)

Cable

(+)760mm(29.9in),(-)1840mm(72.4in)

81
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83

For Example, Each @7.7A

Likely one of several
System Combiner Boxes

Current=6x7.7A=46.2 A

Photos courtesy of DOE/NREL and Jeff Fecteau

84
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2. Combiner Boxes

al Disconnect Switch

Large System Combiner

85

. Combiner Boxes

L I
Bk 0]
Each @7.7A QbwE i
- _-? .
bt
v . - v v
. .
,';g . -
] .-
- - -
Large i 2 = v v
System  CIBE
Combiner B F iE O
z 5 .
b v
. - === 9-;
Current=36x 7.7A =277 A
86
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2. Combiner Boxes

Large System Combiner

87

44



2. Combiner Boxes

Small System Combiner

Optional circuit
breakers

" Reversible, tinted
polycarbonate dead
front with breaker
and fuse knockouts is
secured with four #12
sheet metal screws™.

Negative Terminal
Bus Bar

— Ground Bus Bar

Femovable front cover

Usually located on roof, near ground mounted array or inverter.

89

2. Combiner Boxes

Overcurrent
Protection Here

Many inverters have the combiner box integral to the inverter.

90
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DC Disconnect Switches are usually located on roof tops for larger
commercial/ industrial systems or may be on the side of a building
near ground level.

91

=
NN ) ;
O
| —
— 7 — = : : < |
h' AURORA | 2.7 =l
O] . -
AURORA
3 —‘%——: =
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ELECTRICAL SHOCR MAZARD
¢ A cROUND FAULT 18 INDICATED
THE NORMALLY GROUNDLD
CONDUCTORS MAY (™4 ENERGIZED

AND UNGROUNDED

R
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3. DC Disconnect Switches

3. DC Disconnect Switches —Rapid Shutdown

I'ele
Conductors 10 feet from
an array or 5 feet inside a
building are required within
10 seconds to measure::
-30 volts (max. limit)

-240 volt-amps (max. limit)
-Labeled with:

PHOTOVOLTAIC SYSTEM EQUIPMENT WITH RAPID SHUTDOWN

The location of the Rapid Shutdown switch is not specified in the NEC. Good
practice is to locate the switch at the System Directory.

96
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4. Inverters

4. Non Battery String or Central Inverters

Non Battery Inverters convert dc power into ac power matching the utility
voltage and frequency to generate utility quality power. Disconnecting the ac
utility power source turns off the inverter, but DOES NOT disable the dc solar
module circuit.

98
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4. Non Battery String or Central Inverters

‘liﬂlillmmmi (i

4. Battery Inverters

Battery Inverters convert module and battefy power into ac power
matching the utility voltage and frequency. The have two outputs, 1)
AC Main Panel, and 2) AC Emergency Panel.

The AC Emergency Panel is energized by the battery system.
Disconnecting the utility ac connection DOES NOT de-energize the
AC Emergency Panel or the connected loads, and DOES NOT de-
energize the dc solar module circuit.

11/2/2016

50



4. Micro Inverters

Micro Inverters convert dc power into ac power matching the utility
voltage and frequency to generate utility quality power. They are
attached to the back of a solar module. The dc circuit is the distance
from the output of the solar module to the inverter, usually less than 12
inches. Disconnecting the ac utility source de-energizes most of the
circuitry in a system. AC modules are in essence a National Testing
Lab certified assembly of a solar module and an inverter.

101

4. Micro Inverters

Solar modules

over the micro B "'fwﬁm?,

inverter —= ,ﬂf"r =

102
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4. Micro Inverters

5. AC Disconnect Switches

Integrated AC and DC ) :

Disconnect Switch DC Disconnect Switch
Most inverters now come with an integrated disconnect AC Disconnect Switch
switch though some only disconnect the dc circuit.

104
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5. AC Disconnect Switches

240 Vac, 60A Fusible 240 Vac, 30A Non-Fusible
Disconnect Switch Disconnect Switch
This would be the minimum rating for
connecting to conductors that are not in a
Load Center (Supply Side Connection)

105

5. AC Disconnect Switches

106
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. AC Disconnect Switches

DEDICATED
AC POWER SOLAR PV
SUBPANEL

108

6. Utility Interconnection

There are three (3) fundamental ways to interconnect a solar
electric system to the utility grid:

1. Load-Side Connection
a. Main Panel or Sub Panel Overcurrent Protection.
b. Feeder with AC Disconnect Switch w/ Fuses or Breaker.

2. Supply-Side Connection (Between Utility Meter and Main Service

Panel/Disconnect) with AC Disconnect Switch with Fuses or Breaker.

3. Utility-Side Connection (Between Utility Feeder and Site’s Meter, or

Directly Connected to Utility Feeder) — usually large systems
without an occupied building.

11/2/2016
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6. Utility Interconnection

1. Load-Side Connection
At Main Panel or Subpanel

Breaker Dedicated OCPD & Disconnect
To/From
Utility
) Wiring in all diagrams
Main AC Panel: —, has been simplified;
200 A bus additional busbars
1 and connections
) 200 A have been omitted.
Loads N Fem Loads
i )
Inverter — — Inverter
No Other No Other
Loads Loads

Drawing taken from Brain Mehalic article in Code Corner, Home Power, # 162 A/S 2014

109

6. Utility Interconnection

1. Load-Side Connection
Feeder with AC

Disconnect Switch w/ To/From Inverter:

110

Fuses or Breaker Utility 64AImax  pooder g Bushar:
Subject to 280 A
Main AC Panel: ) Subpanel:
1,000 A bus 200 A bus
| s0A
)1’000 A —
| 50A
i P
o) N | sgA
o [ — S —
[ .
L2504 Feeder: f"\._ 50 A
~ 2004 ~
ot 200 A \ o 50 A
@) N
200 A o 50 A

Drawing taken from Brain Mehalic article in Code Corner, Home Power, # 162 A/S 2014
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112

111

6. Utility Interconnection

2. Supply-Side Connection

Between Utility Meter and Main Service Panel/Disconnect
Utility grid
A

¥

¥

Residential service enclosure
with integral inline meter and main breaker
® ! PV service entrance conductors—
G 1 minimum 60 A rating per 230 42(8)
Main service
disconnect
E I!r
| B ) PV service disconnect—
¥ M Y, _____.r minimum 60 A ratil 230.7
120/240 V loads neper #(0)
Overcurrent protection device—
[ “J sized per 690.8(B)(1)
T Inverter
Inverter ol

ircuit r\J
Main Panel

Drawing taken from Ryan LeBlanc and Tarn Yates article in Solar Pro, J/J 2009

6. Utility Interconnection

3. Utility-Side Connection

TO UTILITY

Belov?ﬂ‘le;jashed line
l l may not be present

\
CH i
\
\
\
\
\
\
\
\
\

Main Panel

56
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7. DC and AC Conductors

Array

O

Photovoltaic (PV)
Panels convert
::llbhtw e
electric power electricity
produced by
the PV system
goes into the
To Lighting, wtility grid
" o Appliances, etc. AC w;e’:eu::!:rs

DC=Direct Carrent AC = Altemnaing Current

Requirements for PV(DC) Circuit Routing

* New requirements were added for visibility and roof marking of certain

PV (DC)circuits. m

« Firefighting community has expressed concern about the safety of
ventilating roofs where PV (DC) circuits are present.

* Routing PV (DC) circuits along the building structural members will
lower probability that the structural members will be compromised by
the firefighting process during a fire.

« When PV (DC) module system circuits are integrated into the roof, PV
(DC) associated circuits are to be clearly marked on the surface of the
roof as a visual aid for firefighters and other maintenance personnel.

11/2/2016
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Requirements for Circuit Routing

Direct-Current DC Source and Output Circuits Inside a Building

1. Where DC source or output circuits from a building-integrated or
other PV system are run inside a building or structure, they shall be
contained in the following wiring methods:

— Metal raceways
— Type MC metal-clad cable that complies with 250.118(10)
— Metal enclosures

2. Shall comply from the point of penetration of the surface of the
building or structure to the first readily accessible disconnecting
means.

115

Requirements for Circuit Routing

Minimum 25 cm (10 | |
in.) below roof
decking

Direct-Current DC Source and
Output Circuits Inside a Building

* Wiring methods shall not be installed within
25 cm (10 in.) of the roof decking or
sheathing except where directly below the
roof surface covered by PV modules and
associated equipment.

e Circuits shall be run perpendicular to the
roof penetration point to supports a
minimum of 25 cm (10 in.) below the roof
decking.

Min. 25 cm (10 in.) [

116 photos courtesy of Bill McGovern
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Flexible Wiring Methods

¢ Where FMC smaller than MD 21 (trade
size ¥4) or Type MC cable smaller than
25 mm (1 in.) in diameter containing
PV power circuit conductors is installed
across ceilings or floor joists, the
raceway or cable shall be protected by
substantial guard strips that are at
least as high as the raceway or cable

« Where run exposed, other than within
1.8 m (6 ft) of their connection to
equipment, these wiring methods shall
closely follow the building surface or
be protected from physical damage by
an approved means.

17 Photo courtesy of Jeff Simpson

Marking or Labeling Required &

« The following wiring methods and enclosures that contain PV power
source conductors shall be marked with the wording “Photovoltaic
Power Source” by means of permanently affixed labels or other
approved permanent marking:

— (1) Exposed raceways, cable trays, and other wiring methods.
— (2) Covers or enclosures of pull boxes and junction boxes.

— (3) Conduit bodies in which any of the available conduit openings
are unused.

118
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Circuit Routing

Marking or Labeling Required W

e Labels or markings shall be visible after
installation.

* PV power circuit labels shall appear on
every section of the wiring system that is
separated by enclosures, walls, partitions,
ceilings, or floors.

* Spacing between labels and markings shall
not be more than 3 m (10 ft).

* Labels shall be suitable for the environment
where they are installed.

7. DC and AC Conductors

11/2/2016
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7. DC and AC Conductors

122

Installation Requirements of
DC Disconnecting Equipment

Means shall be provided to disconnect equipment, such as
inverters, batteries, charge controllers, and the like, from all
ungrounded conductors of all sources.

If the equipment is energized from more than one source, the
disconnecting means shall be grouped and identified.

Photo courtesy of Bill McGovern
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Installation Requirements of

DC Disconnecting Equipment

e PV (i.e. dc) disconnecting
means shall be grouped
with other disconnecting
means for the system.

e Shall not be required at the
PV module or array location.

123

Installation Requirements of
DC Disconnecting Equipment

* Means shall be provided to disconnect all conductors in a building or other
structure from the PV system conductors.

1. Shall be installed in a readily T
accessible location such as the
outside of a building or structure,
or inside nearest the point of
entrance.

B EEE:
E

e

2. Not to be installed in bathrooms. et

*** Review 690.31 (E) 690.14(C)(1) Exception: Installations that comply with
690.31(E) shall be permitted to have the disconnecting means located remote
from the point of entry of the system conductors. 690.31(E) requires dc
conductors to be run in metal raceway. This exception is very commonly used.

124
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Identification and Installation Requirements for

DC and AC Disconnecting Equipment of Inverters

In Non-Readily Accessible Areas

Utility-interactive inverters shall be permitted to be mounted on roofs or
other exterior areas that are not readily accessible.
These installations shall comply with (1) through (4):

1. Adirect-current PV disconnecting
means shall be mounted within
sight of or in the inverter.

2. An alternating-current
disconnecting means shall be
mounted within sight of or in the
inverter.

125

Identification and Installation Requirements for

DC and AC Disconnecting Equipment of Inverters

In Non-Readily Accessible Areas

3. The ac output conductors from the inverter
and an additional ac disconnect for the
inverter shall be readily accessible.

4. Aplaque/directory shall be installed
denoting all power sources.

Photovoltaic
AC Service

Disconnect
is located
right of SES

126

11/2/2016

63



PHOTOVOLTAIC PANEL DC DISCONNECT |
Operating Hax. Power - Current 18 ADC |
Operating Max. Power - Voltage 15,6 VDC |
Maxium System Valtage 21 Ve
Short Circuit Current 20.2 ADC

WARNING ELECTRIC SHOCK HAZARD
Terminals On Both The Line And Load

Sides May Be Energized In The Off Position

127
Facilities with Utility Services and PV Systems
Buildings or structures with both utility service and a PV system shall
have a permanent plaque or directory providing the location of the
service disconnecting means and the PV system disconnecting means
if not in the same location.
POWER TO THIS BUILDING IS ALSO
SUPPLIED FROM THE FOLLOWING
SOURCES WITH DISCONNECTS
LOCATED AS SHOWN
128 Photos courtesy of Rhonda Parkhurst
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CAUTION

POWER TO THIS BUILDING IS ALSO
SUPPLIED FROM THE FOLLOWING
SOURCES WITH DISCONNECTS
LOCATED AS SHOWN:

SOLAR
- PHOTOVOLTAIC
- ARRAYS

ALTERNATIVE POWER
————BOURCE AC DISCO "€CT
FOR UTILITY OPERATION

130

CAUTION
SES Equipment also fed from onsite PV System

DC Disconnect
AC Disconnect

PV Arrays

11/2/2016
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Identification or Labeling Requirements for
Disconnecting Equipment- THE DIRECTORY

Identification or Labeling Requirements for
Disconnecting Equipment- THE DIRECTORY

11/2/2016
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Identification or Labeling Requirements for

Disconnecting Equipment

PV (DC) Disconnecting Means

Each PV (DC) system LIRS W
disconnecting means shall be )
permanently marked to
identify it as a PV system
disconnecting means. WARNINE:

ELECTRIC SHOCK HAZARD. YN\
THE DC CONDUCTORS OF THIS {8
PHOTOVOLTAIC +
SYSTEM ARE UNGROUNDED ANOD/&
MAY BE ENERGIZED g

NS
A

DC VOLTAGE IS ALWAYS PRESE
SOLAR MODULES ARE EXPOSED TO SU

BEN 4 DANGER / PELIGRO
N e it o om0 e e

Photo courtesy of Bill McGovern

133

|
DC Disconnect C i s

Identification or Labeling Requirements for
Disconnecting Equipment

PV (DC) Disconnecting Means

A permanent label for the direct-current PV power source
indicating items (1) through (5) shall be provided by the
installer at the PV disconnecting means: ,

(1) Rated maximum power-point current 4

(2) Rated maximum power-point voltage - ’
— (3) Maximum system voltage
— (4) Short-circuit current

— (5) Maximum rated output

current of the charge controller
(if installed)

Charge Controller Indicates a
Battery Backed up System!!!! ______ o

134
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Battery Disconnecting Means

Marking or Label

Battery Disconnect
Breaker: The largest
breaker on a battery
system'’s power panel
(which is by the inverter).

This breaker shuts down
the system entirely. The
circuits on the emergency
electrical panel are live
even when the main
service is disconnected.

Battery powered backup circuits on
separate electrical (emergency) panel.

135

Battery Disconnecting Means

The largest breaker
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Battery Disconnecting Means

The largest breaker

Identification or Labeling Requirements for
Disconnecting Equipment

AC Disconnecting Means

All interactive system(s) points of interconnection with other sources
shall be marked at an accessible location at the disconnecting means

as a power source and with the rated ac output current and the
nominal operating ac voltage.

PV AC Disconnect

C POINT OF INTERCONNECTION Warning
. IC SHOCK HAZARD! This panel is supplied by both

utility and solar power source

imum Current L1 33.54 Am|
imum Current L2 33.54 Am
imum Current L3 12.74 Am|

Nominal Voltage 208 Volts AC

Solar Disconnect

11/2/2016
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Agenda

1. Basic Facts and Safety Overview
Fire Safety Code Discussion

Information Systems and How They are Used

P w0 DN

How Do Solar Electric Systems Work?

System Types and Schematic Representation

o o

Site Plans and Identification of Components

N

How to Identify and Disable Different Solar Electric Systems

8. Worksheets for System Type Identification

139

How to Identify and Disable

Different Solar Electric Systems

System Types

I. On Grid
1. Micro-inverter
2. String inverter
3. Industrial or Utility Central Inverter
4. wi/ Battery Backup
Il. Off Grid

140
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141

How to Identify and Disable
Different Solar Electric Systems

— m
2) Check information system(s) to determine if solar h.

electric system is on site and if type of system is known:

This Process Chart assumes
SrEEN NO that the system has been
inspected and the proper
signage has been installed.

1. Follow protocol for system
type

1. Operate DC and AG

2. Foliow procadure for de-

w/ Baftenes &

142

. On Grid

1. Micro Inverter

MICROINVERTER SYSTEM

DC circuits are from the solar modules to the inverter.

DC circuits are energized whenever solar modules are exposed to sunlight.

DC circuits are usually limited to directly under the solar modules for
microinverter systems as the inverter is often attached to the module
or to the rack which is directly underneath the module.

De-energizing ac power to the building will disconnect utility energy from
the disconnecting point to the solar modules.

The ac disconnecting point may be

1) Utility meter

2) Labeled solar electric system disconnect switch

3) Labeled solar electric system breaker in a main or subpanel

11/2/2016
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. On Grid

1. Micro Inverter

DISCONNECTING SEQUENCE

1. Look for the System Directory. Usually located at the building’s
main service disconnecting point.

2. Disconnect utility power to building.

3. AC conductors from utility to disconnecting point are energized.
4. Avoid DC conductors immediately underneath the solar modules.

—— Normally energized when sunlight is present

De-energized if disconnect between the power
— s mem s mem SOUrce (utility or solar) and equipment is
disconnected in off position

143

This label may be at the house’s DC conductors

external breaker, switch or main panel

(least preferred if interior)
l (between module and inverter)
I AC conductors
I TO UTILITY
I | Main Panel

Inverter
I 1 ]
— E No DC Disconnect
Switch
Utility Mieter EE EH L
OR |
AC Utility Rated I —
Disconnect Switch
I Solar Electric System AC
_I Disconnect Switch
Nominal ac Voltage =
Maximum ac Current =
144
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. On Grid

2. String Inverter

GRID INTERCONNECTED WITHOUT BATTERY

DC circuits are from the solar modules to the inverter.
They normally are in metallic conduit.
DC circuits are energized whenever solar modules are exposed to sunlight.

Operating the dc disconnection switch will de-energize from that point to
the inverter. It will NOT de-energize from that point back to the solar
modules.

De-energizing ac power to the building will de-energize the ac circuit from
the disconnecting point to the inverter.

The ac disconnecting point may be

1) Utility meter

2) Labeled solar electric system disconnect switch

3) Labeled solar electric system breaker in a main or subpanel.

146

. On Grid

2. String Inverter

DISCONNECTING SEQUENCE

1. Look for the System Directory. Usually located at the building’s
main service disconnecting point.

2. Disconnect utility power to building and operate dc Disconnect
Switch.

3. AC conductors from utility to disconnecting point are energized.
4. Avoid dc conductors immediately underneath the solar modules
to the dc disconnect switch.

Energized when sunlight is present

De-energized if disconnect between the power
— s e s = SOUrce (utility or solar) and equipment is
disconnected in off position
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GRID INTERCONNECTED WITHOUT BATTERY

DC conductors

'SOLAR ELECTRIC SYSTEM
DIRECTORY
Maximum Charge Controller Current
DC Disconnect Switch
pcation is abc DC conductors in metallic conduit

in building interior

This label may be at the house’s
| externai breaker, switch or main panel
| (1east preferred if main panel is inside)

Solar Electric System
DC Disconnect Switch

AC conductors

Max de Vohage
Max dc Current
Operating dc Voltage
Operating dc Current

Tt

DC Disconnect §witch
or Fused Combiger Bax

TO UTLTY

Utility Meter

Inverter
OR
v
7 (\)
|
P e—
-
[
| — — Solar Electric System AC

Disconnect Switch

AC Utility Rated i
Disconnect Switch Nominal ac Voltage =
Maximum ac Current =

148

UTILITY INTERCONNECTED

DC circuits are from the solar modules to the many combiner boxes before

going on to the inverter. They normally are in metallic pv PVC conduit.
DC circuits are energized whenever solar modules are exposed to sunlight.

De-energizing ac power to the building will NOT de-energize the ac circuit
from the disconnecting point to the inverter.
In fact, a building may not even be on site.

De-energizing the ac disconnecting means will de-energize the ac circuit
from the disconnecting point to the inverter.

The ac disconnecting point will be

1. Labeled solar electric system disconnect switch

This switch will most likely be protected by a fence, locked enclosure, or
some other barrier.
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. On Grid

3. Industrial or Utility Central Inverter

DISCONNECTING SEQUENCE

1. Look for the System Directory. Usually located at the building’s main
service disconnecting point.

2. Disconnect utility power to Inverter, and operate dc Disconnect Switch.
3. AC conductors from utility to disconnecting point are energized.

4, AC conductors from disconnecting point to Inverter are energized
unless disconnect is in OFF position.

5. Avoid DC conductors from the solar modules to the dc Disconnect
Switch.

Energized when sunlight is present

De-energized if disconnect between the power source (utility
or solar) and equipment is disconnected in off position

- ¢ . ¢

149
DC conductors
This Iabel should be at the
Solar Electric System Utility
Disconnect Switch Solar Electric System AC
Disconnect Switch
Hominal ac Voltage =
ToumLTY Maximum ac Current =
%ﬁ
.
DC Disconnect Switch
or Fused Combiner Box I
) (\J
™~
N v \
. I
“
\\ -
| I Below the dashed line may net be preser}\ Inverter |
| | o
\
AN
[ | \
Main Panel
150
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GRID INTERCONNECTED WITH BATTERY

DC circuits are from the solar modules to the inverter. They normally are in metallic
or PVC conduit. DC circuits are energized whenever solar modules are exposed to
sunlight.

De-energizing ac power to the building will de-energize the ac circuit from the
disconnecting point to the inverter.

The ac disconnecting point may be

1) Utility meter

2) Labeled solar electric system disconnect switch

3) Labeled solar electric system breaker in a main or subpanel

HOWEVER, turning off the ac disconnecting point will NOT DE-ENERGIZE the inverter's
emergency power circuit.

This circuit powers the building’s important electrical systems such as: furnace, well,
computers, refrigeration, etc.

These circuits are often grouped together in a separate solar electric panel. These
circuits are energized until the inverter is turned off, which is accomplished by turning
off the battery power switch to the inverter [BATTERY SHUT DOWN BREAKER].

151

DISCONNECTING SEQUENCE

1. Look for the System Directory. Usually located at the building’s main
service disconnecting point.
2. Disconnect utility power to building, and operate DC Disconnect Switch.

3. AC condu s from utility to disconnecting point are energized unless

meter is pulled.

4. AC conductors from Inverter to Battery Powered Panel are energized
unless INVERTER SHUT DOWN BREAKER is OFF.

5. Avoid DC conductors immediately underneath the solar modules to the
DC Disconnect Switch.

Energized when sunlight is present

De-energized if disconnect between the power source (utility
or solar) and equipment is disconnected in off position

152
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GRID INTERCONNECTED WITH BATTERY

DC conductors

SOLAR ELECTRIC SYSTEM
DIRECTORY

DC conductors in metallic
Dc conduit in building ipterior
- — Location is abe
1 AC Disconnect Switch
Location is xyz

Solar Electric System DC
Disconnect Switch

This label may be at the house’s

| , : Max dc Voltage
external breaker, switch or main panel

Max dc Current

| Neascpretemed fmain pane I nside) e
| Operating dc Current
Battery Powered Panel s only de-energized when
| Inverter Shut Down Breaker is in OFF pasitian.
| Emergency Power Panel
AC
| conductors
l TOUTILTY E E
| I | Main Panel

=~ Inverter |
J oR |1 4 [e—]
I Charge
| Controller -

AC Unility Rated

Solar Electric System AC
Disconnect Switch

-
-
b

EY
—_— INVERTER SHUT DOWN BREAKER uul_

Battery Bank

Mominal ac Voltage =
Maximum ac Current =

154

RID ISOLATED WITH BATTERY

DC circuits are from the solar modules to the inverter.
They normally are in metallic conduit.
DC circuits are energized whenever solar modules are exposed to sunlight.

There is no utility interconnection, however, there may be a generator
interconnection. De-energizing ac power to the building will de-energize the ac circuit
from the disconnecting point to the inverter.

The ac disconnecting point may be:
1) Labeled generator disconnect switch

HOWEVER, this switch will NOT DE-ENERGIZE the inverter's emergency power circuit.
This circuit powers the entire building. These circuits are energized until the inverter is
turned off, which is accomplished by turning off the battery power switch to the
inverter [BATTERY SHUT DOWN BREAKER].

In rare cases, there may be DC circuits usually emanating from a dc subpanel. Turning
off the battery shut down breaker to the Inverter will NOT DE-ENERGIZE the dc
circuits. They are powered directly from the battery. The electric panel’s main breaker
must be turned off.
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DISCONNECTING SEQUENCE

1. Look for the System Directory. Usually located at the building’s main service
disconnecting point.
2. AC conductors from inverter to Battery Powered Panel are energized unless
INVERTER SHUT DOWN BREAKER (BATTERY BREAKER) is OFF.
3. Avoid dc conductors immediately underneath the solar modules to the dc
disconnect switch.
4. If a dc subpanel is present, the dc conductors to this panel usually are energized
directly off the battery. If there is no disconnecting switch or breaker between the
battery and the subpanel, turning off the subpanel is only way to de-energize the dc
subpanel. The conductors between the battery bank and the dc subpanel will still be
energized.

—_— Energized when sunlight is present

De-energized if disconnect between the power source (utility or solar)
and equipment is disconnected in off position

155
SOLAR ELECTRIC SYSTEM
DC Disconnect Switch
Location is abc
AC Disconnect Switch
Location is xyz
DC metallic conduit
This label should be visible on the
exterior of the house
[— —
Battery Powered Panel is only
de-energized when Inverter Shut Down
Breaker is in OFF position. —
Solar Electric System AC e r 2
Disconnect Switch E E —
Nominal ac Voltage =
Maximum ac Current = | DC Disconnect Sufitch
m— AC Conductors I or Fused Combinef Box
Inverter Solar Electric System DC L—
| Switch
(‘\\- | Max dc Voltage -
) Max dc Current —
Operating d¢ Voltage Charge Fon[roller
————————— Operating dc Current
e — INVERTER SHUT DOWN BREAKER ﬂﬁ
m m Battery Bank
DC Powered Circuits
[Not present in most systems)
——
156 From DC Source

11/2/2016

78



Agenda

1. Basic Facts and Safety Overview

2. Safety Equipment Discussion

Information Systems and How They are Used
1.How Do Solar Electric Systems Work?
System Types and Schematic Representation

Site Plans and Identification of Components

N o o > w

How to Identify and Disable Different Solar Electric Systems

©

Worksheets for System Type Identification

157

Time for a Little Quiz

11/2/2016

79



Conclusion

Quiz Discussion
Course Material Discussion

Feedback for Future Reference

159

Available Training Topics

Creating and Implementing Your Solarize Campaign
Expanding Commercial Solar With a PACE Program
Introduction to Shared Solar

Introduction to Solar Policy Workshop

Land Use Planning for Solar Energy

Safety and Fire Considerations for Solar PV

Solar Procurement for Local Governments

Solar PV for Engineers and Architects

Solar PV Permitting and Inspection Methods
Streamlining Solar Permitting

Zoning for Solar Energy

training.ny-sun.ny.gov

11/2/2016

80



m Trainings | Technical Assistance | Training Calendar = Resources | NY-Sun Initiative | Search

Trainers Network

5 giwvonk | NY-Sun

A O

training.ny-sun.ny.gov

ﬂ
4

NY-Sun PV Trainers Network

Trainers:

John Calhoun, PE, john calhoun Engineering, Inc.
David C||Ck, PE, uneclipsed Energy, LLC

John DOty, PE, 30hn Doty Engineering, Inc.

Jim DUﬂ'Op, PE, 3im bunlop solar, inc.
Christopher Warfel, PE enTECH Engineering, Inc.

Contact us:
info@training.ny-sun.ny.gov
training.ny-sun.ny.gov

=
oy
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