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1. Introduction




Introduction

NREL is a national laboratory of the U.S. Department of Energy (DOE) Office of Energy
Efficiency & Renewable Energy (EERE).

What will the training cover?
. This training focuses on permitting guidelines for residential distributed rooftop photovoltaic (PV)
systems.
. Most PV systems are residential.
. Some systems have energy storage systems (ESSs).
. Similar processes are required when conducting permitting, so this information can be useful
to those other use cases as well.
What will be outside the scope of this training?
* Commercial and utility-scale PV systems.
* Solar Thermal and Concentrating Solar Power (CSP).
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2. Overview of Solar Energy




Overview of Solar Energy

What types of solar energy systems are Solar PV installations and Future Projections
there? e

* Photovoltaic (PV) s
* Concentrating Solar Power (CSP) 5

e Solar Thermal
PV is by far the most dominant solar 'y I I I I I I I e e
technology in terms of capacity and ’ e /\
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How do local governments interact with these systems?

Local governments typically have oversight of planning, permitting, land use, and building safety
in their communities.

1. Planning/zoning
2. Permitting
3. Inspection
4. Operation and maintenance/construction of
municipal systems
5. These authorities cover all solar construction:
a. Residential
b. Commercial
c. Utility-scale.
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Group Exercise 1: Types of Solar Permits

Q1: What roles do you serve in your job/community?

® Permitting/plan review
e [nspection

e Sustainability/climate
e Zoning/planning

e Combination of roles

e Other

Q2: How many solar PV projects did you permit last year?

e 10 or less

e 25

50

e More than 50

Q3: What percentage of solar projects are you seeing that include an energy storage system (ESS)?

e 5% or less
°6-10%

e 11-25%
® 26-50%

0,
* 51% or more NREL | 8



3. Improving Your Solar Permitting Process




Improving Your Solar Permitting Process

Local government must protect public health and safety. Permitting ensures that local
installations and building development are safe and in line with the plan for the community.

Typical solar adoption process with installers, authorities having jurisdiction (AHJs), and utilities:

Permit . Installer role
Submission Approval
. AHJ role
® - O

Installer submits ~ AHJ reviews . ity soe

installation permit permit application
Contract ¥ application to and grants 4
signature AV permission to Install Inspection  PTO request PTO

install upon

approval. . 3 . > . > .

Installer secures AHJ completes  Installer submits  Utility reviews

signed contract, Approval to Build required interconnection  interconnection
designs system, 4 (where required) > inspections for application or application and
and prepares .. installed system. request for PTO grants PTO.
permit Submission Approval

applications. . > .

) . ' ATB = Approval to Build
Installer submits  Ultility reviews

pre-install ATB application and PTO = Permission to Operate

35?:}'{“‘"’" b grents ATE, 0’Shaughnessy et al. 2022: https://doi.org/10.1016/j.enpol.2021.112734



https://doi.org/10.1016/j.enpol.2021.112734

Project Approval Process

1. A permit application must be submitted for review

by a Iocal pe rm|tt|ng agency kn own as the 1. Application Submitted 2. Permit Issued 3. Inspection Passed
’ The system installes typically Once the permitting authority Permitting authority personnel inspect
applies for the permit on behalf of approves the application, the the installed system for code
“" f 1 ” the homeowner authority issues a permit allowing compliance and approve the system,
e n 0 rC| n g a ge n Cy- the installer to install the system. completing the permitting process.

1. Inreviewing a permit, the enforcing agency
applies state and local construction code
requirements, as well as additional local
requirements that apply to solar energy
installations (i.e., structural requirements,

electrical requirements, and applicable fire r 0o LT
safety provisions). — et
2. Once the permit application is approved, the o Y
i . i © utility Role
applicant has permission to build the solar 0 0 @ % 120

Cumulative Duration (Days) Based on Stage Median Durations

installation. , . .
O’Shaughnessy et al. 2022: https://doi.org/10.1016/j.enpol.2021.112734
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How is permitting done today?

Requirement Description % AHJs*
Submission format Online permitting AHJ accepts only online permit application 7%
submission and issues approved permits online.
In-person permitting AHJ accepts only in-person permit application 27%
submission and issues approved permits in person.
Mail permitting AHJ accepts only mailed permit application 2%
submission and issues approved permits by mail.
Multiple submission AHJ accepts permit submissions in multiple formats 64%
formats (i.e., online, in-person, or mail).
Over-the-counter (OTC) AHJ provides option for same-day OTC permits; OTC 15%
permitting permitting may be restricted to certain days and to
systems that meet specified criteria.
Instant online permit AHJ offers same-day online permit approval for 1%

*AHJ requirement descriptions and summary statistics (N = 1605 AHJs).

systems that meet specified criteria.

O’Shaughnessy et al. 2022: https://doi.org/10.1016/j.enpol.2021.112734
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Typical Challenges Associated With Permitting

1. Unclear submission processes and/or long turnaround times
a. Mail permitting and structural reviews are associated with
longer project timelines.
2. Inconsistent requirements and/or inconsistent interpretations of the code
a. Variations in code interpretation and enforcement may result in plan review
personnel requesting specific design modifications, which may later be subject
to further revisions at the direction of field inspectors due to differing
interpretations or requirements.
3. Uncertainty and delays in permit review timelines can lead to slower
installation timelines.
a. Forinstance, if an installer knew that a permit review would take no more
than 3 days, the installer could confidently plan an installation date 4 days
after permit submission.
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Streamlined Permitting

Some communities have developed fast lanes for certain small PV systems (typically residential) via various
improvements, such as:

* Adopting solar-specific permits (rather than general building or electrical permits)
* Requiring only a single permit application (rather than separate applications for building, electrical, fire, etc.)
* Removing professional engineering reviews for standard residential rooftop systems that meet the criteria-

* Reducing the number of departments that review a standard residential rooftop permit (i.e., fewer people at
the jurisdiction need to review a permit before its approval)

* Streamlining or removing separate fire-specific reviews of standard residential permits
* Adopting an online permitting platform, allowing online submission and permit issuance
* Coordinating permit review improvements between departments and with other local jurisdictions

* Adopting an online instant permitting platform that automatically approves permits that meet predefined
criteria (i.e., rooftop residential systems using preapproved equipment)-

NREL | 14



Group Exercise 2: How do you do permits?

Q1: How do you do permits for solar today?

¢ [n-person

* By mail

* Online

e Multiple submission formats

Q2: Have you changed your permitting process during the COVID-19 pandemic?

e Yes
e No

Q3: Have you recently changed it back?

e Yes
e No

Q4: Have you considered automated permitting?

e Yes

e No
NREL | 15



4. Codes and Standards




Key Permitting Codes and Standards

Authorities having jurisdiction (AHJs) enforce codes, including the following:

a. National Electrical Code (NEC / NFPA 70)
b. International Residential Code (IRC)

c. International Building Code (IBC)

d. International Fire Code (IFC)

Other National Fire Protection Association (NFPA) Standards
f.  Local Planning and Zoning requirements

g.  American Society of Civil Engineers (ASCE) building codes and standards

IBC IRC IFC |y] ASCE

INTERNATIONAL INTERNATIONAL INTERNATIONAL ® AMERICAN SOCIETY OF CIVIL ENGINEERS
BUILDING RESIDENTIAL CODE FIRE NFPA
CODE for One- and Two-Family Dwellings CODE

NREL | 17



Key Permitting Codes and Standards

Key model codes and standards underlying plan review.
i. NEC Article 690, 705, and Chapters 1-4
* These articles apply to solar PV systems, including the array circuit(s), inverter(s), and controller(s)
for such systems.
ii. IRC R331, R902, R905, R908
* This are sections from a standalone residential code that creates minimum regulations for
residential homes.
iii. IBC 1505, 1509, 1511
* The provision of these chapters shall govern the design, materials, construction, and quality of roof
assemblies and roof structures:
iv. IFC 605.11
* This code section applies to Solar PV systems
v. ASCE 7-10, 7-16
* This code provides requirements for general structural design and includes means for determining
snow, rain, atmospheric ice, seismic, and wind loads.
vi. NFPA 855
* Standard for the Installation of Stationary Energy Storage Systems
* This code may be modified to reflect local climate, geographical characteristics, or gaps not in the

model codes.
NREL | 18



Codes and Standards Adopted Across the United States

N INTERNATIONAL FIRE CODE R INTERNATIONAL BUILDING CODE
in ADOPTION MAP

ADOPTION MAP
The IFC s in use o adopted in 42 states, the District af Columbia, Guam, Puerts Rica and the LS, Viggin Isiands, mxh‘:‘"’;‘“ ““"’;m" 50 states, the District of Columbiy. the LS. Virgin Jsiaads, Guam and

A INTERNATIONAL RESIDENTIAL CODE
ADOPTION MAP

The IRC it in use or scopled in 49 siates, the District of Columbia and the U5, Vingmn Islands.

NREL |
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Group Exercise 3: Codes and Standards

Q1: Do you know which codes and standards are enforced in your community?

eYes
*No
eUnsure

Q2: Does your community have the authority to adopt your own codes and standards?

eYes

*No, regulated by the State
eOther

eUnsure

Q3: Do you have local amendments to the codes and standards?

eYes, city ordinances
*Yes, State modifications
eOther

eUnsure

Q4: Do you use pre-2016 code versions, for example NEC 2014 or IRC and IBC 20157

eYes
*No
eUnsure

NREL | 20



5. Plan Review

(Structural, Electrical, and Fire and Safety
Guidelines)




What is included in a plan review?

A plan review is a detailed examination of the proposed design o
and installation plan by a local permitting agency to ensure it - A
complies with building codes, electrical codes, and local I D N N lDl L
regulations. i I I I l 1 l l l l R i Oi | i
) B i I S N R A R
2 T Y B Y I e e
1. Structural guidelines i [ i i | i i I i | i i i ? i
* General site, structure, and array requirements o [ 1T 1T 1 T o
e Structural attachment and mounting provisions e e —
* Sheathing-attachment provisions ARRAY LAYOUT
. @ SCALE : 316" = 110" Ir'é'\w
*  Weather sealing (2) wae

2.  Electrical guidelines
* General electrical requirements
e Standard electrical diagrams
e String inverter or DC converter
* String side connection or
* Load side connection
*  Microinverter or AC module
*  Supply side connection or
* Load side connection
3.  Fire and safety guidelines

NREL | 22



How long does a plan review take?

i. Between 15 and 60 minutes, depending on the expertise
level of the inspector and the quality of the plan.

ii. High permit volume can mean long waits.
iii. The plan review can have mistakes.

iv. To avoid mistakes, it is recommended to have a plan review
checklist.

Plan Review Checklist
e Plan review requires many compliance checks. SolSmart® and other entities have created

checklists to help AHJs complete this critical task.
* In this training, we used checklists from SolSmart and Interstate Renewable Energy

Council (IREC) as references.

NREL | 23



How To Gather Required Information for Permit

*  AHIJs collect different information to complete plan review.

* Some communities require three-line diagram/electrical schematics, a site plan, and equipment
installation instructions/cut sheets.

* Some communities just require third-party-reviewed plans, such as SolarAPP+ approved plans.

Step 1: Gather Required Information for Permit

Permit application required by the local jurisdiction: Permit applications normally include ]
information about the project scope, project location, and the installer.
Site plan showing location of major components on the property: This drawing need not be ]
exactly to scale, but it should represent relative location of components at site (see
supplied example site plan). PV arrays in compliance with IRC fire setback requirements.
Energy storage in acceptable locations.

Electrical worksheets showing PV array configuration, wiring system, overcurrent ]
protection, ESS components, inverters, disconnects, required signs, and AC connection to
building (see supplied standard electrical diagram).

Specification sheets and installation manuals (if available) for all major PV system ]
components such as: PV modules, DC-to-DC converters, ESS components, inverters, and
mounting systems.

SolSmart 2021: National Simplified Residential PV and Energy Storage Permit Guidelines
NREL | 24



Key Structural Requirement Guidelines

i. General site, structure, and array Step 6 (Simplified): Structural PV Array Mounting Requirements
. For jurisdictions that require detailed structural PV array mounting information, skip to Step 6 (Detailed)
reqwrements

i StrUCturaI attachment and mounting The weight of the PV system 4 Ibs/sq ft. or less. 0
provisions and array requirements The attachment points of the mounting system are staggered (no check requires low snow ]
. and wind load location).
l. Array gaps The maximum spacing in inches between adjacent attachment points of the mounting 0
.. . . . system 48" or less (no check means that the spacing is no larger than 72” and requires no
ii. Mounting method and orientation smow and low wind load location).
iil. Ups/ope/downslope anchor Spacing, The array is on a single roof face (if no check, how many roof surfaces at different slopes 0
. and/or orientations will be used for installation? (fill in).
Iv. Anchorfasteners The PV array is flush mounted (parallel to roof). n
V. Wlnd /OGd reqUIrements (e'g'/ 115 If “5” not checked, is the maximum distance off the roof no greater than 10” (if no check, O
mph) this process cannot be used).
. . The solar module and mounting system rated by the manufacturer to withstand the ]
vi. Snow load requirements (e.g., 10 upward force of the local wind speed and evenly distribute load into the supporting
PSF structure at the proposed maximum spacing, and confirmed in UL 1703 or 61730, and
) 2703 listings (validated through the UL 1703 or 61730 module rating for mechanical load
iii Sheathlng attaCh ment provisions and rating, and UL 2703 mounting system mechanical load rating).
X The individual roof structure appears to be structurally sound, without signs of alterations ]
array requirements or significant structural deterioration or sagging.
i Array gaps What is the roof covering material? (fill in blank) 0
ii Roofslope i[W)] What is the slope of the roof surface? (fill in blank) n

. Rooffram/ng and Sheathmg I’)CII/Ing SolSmart 2021: National Simplified Residential PV and Energy Storage Permit Guidelines
options MPH = miles per hour

. . . . = NREL 25
iv. Anchor location restrictions PSF = pounds per square foot !



Structural Plan Review Checklist

Structural Plan Review Related Code

Rooftop systems must be designed in accordance with the IRC or IBC. IRC Section R324, IBC 1509.7
Roof access points, paths, and clearances are needed to comply with the IFC. IFC 605.11.3.1-605.11.3.3.3
Rooftop-mounted PV panels and modules must have the proper fire classification rating. IRC Section R324.4.2

All roofs must have an access point that does not require placing ground ladders over IFC 605.11.3.1

openings, such as windows or doors. These access points must be located at strong
points of building construction and must be in locations where the access point does not
conflict with overhead obstructions, such as tree limbs, wires, or signs.

The roof must be capable of supporting the weight of the PV system. N/A

IREC 2018: https://irecusa.org/blog/local-energy-climate-solutions/new-guide-for-solar-plan-review-and-inspection-checklists/ NREL | 26
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Structural Plan Review Checklist

According to the IFC, roofs with slopes greater than 2:12 must have solar panel layouts that meet
the following criteria (some exceptions apply; see diagrams in IFC).

Structural Plan Review Related Code

Hip Roofs: Panels/modules are located so that there is a 3-foot-wide clear access pathway from IFC 605.11.3.2.1
the eave to the ridge on each roof slope where panels/modules are located.

Hips and Valleys: If panels/modules are placed on both sides of a hip or valley, they are located IFC 605.11.3.2.3
no closer than 18 inches to a hip or valley. If the panels are located on only one side of a hip or
valley that is of equal length, then the panels can be placed directly adjacent to the hip or valley.

Single Ridges: Panels/modules are located so that there are two 3-foot-wide access pathways IFC 605.11.3.2.2
from the eave to the ridge on each roof slope where there are panels/modules installed.

Ridges: Panels/modules must be located no higher than 3 feet from the top of the ridge to allow IFC 605.11.3.2.4
for fire department smoke ventilation operations.

Access pathways must be located at a structurally sound location capable of supporting the load IFC 605.11.3.2.1
of firefighters accessing the roof.

IREC 2018: https://irecusa.org/blog/local-energy-climate-solutions/new-guide-for-solar-plan-review-and-inspection-checklists/ NREL | 27
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Key Electrical Requirement Guidelines

Step 2: PV System Electrical Code Installation Requirements

Major electrical components including PV modules, DC-to-DC converters, and inverters, n
Key electrical requirement guidelines are identified for use in PV systems.
. . Array mounting system UL2703 certified for bonding and grounding. Alternatively, the n
l. General electrlcal array mounting system may incorporate UL2703 grounding devices to bond separate
. exposed metal parts together or to the equipment grounding conductor.
reqUWementS The PV array consists of no more than 2 series strings per inverter input and no more than n
. St . . t DC 4 series strings in total per inverter.
. rlng Inverter or Field-installed PV array wiring meets the following requirements (all boxes must be |
checked):
conve rter 7 a. All exposed PV saurce circuit wiring is no smaller than 12 AWG PV Wire or MFG Cahle.
eee . . 7 b. All PV source circuit wiring in raceway is no smaller than 12 AWG THWN-2, XHHW-2, ar
iii. Micro inverter or AC WL,
Equipment is rated for the maximum DC voltage applied to the equipment (put N/A in all
module quiprmer n DC voltage app quipment (p O
blanks that do not apply to the specific installation):
H H _i [J  a. ASHRAE Extreme Annual Mean Minimum Design Dry Bulb Temperature (one source is
V. Fleld InSta I|Ed PV a rray https://energyresearch.ucf.edu/solar-certification/solar-reference-map/)=
. e Table 690.7 (NEC) value
WIrI ng b. Max module Voc (adjusted at minimum temperature):
. . Rated Voc V xTable 690.7 value = \
V. TOtal inve rter Ca pa Clty c. DC-to-DC converter(s) or microinverter rated maximum input voltage: v

(must be greater than Max module Vocin (b.))
d. Maximum number of DC-to-DC converters allowed in series (up to 600Vdc):
e. Maximum voltage of DC-to-DC converter circuit with maximum number in (c.):

vi. Equipment maximum DC

Qo Qoo O 0

voltage v
f. Inverter(s) rated maximum input voltage: V (must be greater than g. below)
g. Inverter input max V: Max module Voc (b.) V x max # in series, =
V
PV system circuits on buildings meet requirements for controlled conductors in 690.12. n

The PV system disconnecting means meets the requirements of 690.13.

O

diagrams)

H The *standard electrical diagrams can be used to accurately represent the PV System. (See O

SolSmart 2021: National Simplified Residential PV and Energy Storage Permit Guidelines NREL | 28



Electrical Plan Review Checklist

Electrical Plan Review

PV modules must be listed to Underwriter Laboratories (UL) 1703 or UL 61730, and inverters
must be listed to UL 1741.

Residential one- and two-family dwellings are limited to a maximum PV system voltage of 600
volts DC.

A complete grounding electrode system is present. The PV system equipment grounding
conductors shall be connected to the grounding electrode system.

The calculated maximum source circuit current is the sum of parallel-connected PV-module-rated
short-circuit currents multiplied by 125%.

The calculated maximum output circuit current is the sum of all combined source circuits.
DC source circuit conductors are rated at either 125% of the ampacity calculated above or the
ampacity calculated above with conditions of use applied, whichever is greater.

The inverter output circuit overcurrent protection device (point of connection to AC system
breaker) is sized based on the maximum inverter output current multiplied by 125%.

Related Code

NEC 110.3, 690.4(B);
IBC 1509.7.4

NEC 690.7

NEC 690.47(A)

NEC 690.8(A)(1)
NEC 690.8(A)(2)

NEC 690.8 (B)(1 & 2)

NEC 690.8(A)(3),
690.8(B)(1), and
705.60(B)

IREC 2018: https://irecusa.org/blog/local-energy-climate-solutions/new-guide-for-solar-plan-review-and-inspection-checklists/ NREL | 29
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Electrical Plan Review Checklist

Electrical Plan Review Related Code

Overcurrent protection is required for the: NEC 690.9(A)
a. PV source circuit (modules and parallel connected modules) [exception for strings of modules
with no source of overcurrent exceeding the ampacity of the conductors or modules]
b. PV output circuit (conductors between source circuits and inverter)
Inverter output circuit
d. Battery circuit conductors and equipment.

R

Overcurrent protective devices are not required for circuits with sufficient ampacity for the highest
available current.

Where three or more strings are combined, a listed combiner box (UL 1741) must be used, and fuses  NEC 110.3(B),
are required. 690.9(A)

When DC source circuits (strings) are connected in parallel without fusing, the current through a
failed circuit can be the sum of the current connected from the other strings; therefore, special
consideration must be taken to ensure that the sum of the total number of strings minus one does
not exceed the module manufacturer’s series fuse rating or conductor ampacity.

Overcurrent devices, where required, are rated at 125% of the ampacity calculated above or 100% of  NEC 690.9(B)
its rating if listed for continuous operation.

IREC 2018: https://irecusa.org/blog/local-energy-climate-solutions/new-guide-for-solar-plan-review-and-inspection-checklists/ NREL | 30
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Electrical Plan Review Checklist

Electrical Plan Review Related Code

For PV source and output circuits, a single overcurrent protection device may be used for each NEC 690.9(B)

circuit in either the negative or positive conductor. The device must be in the same polarity for all

circuits.

The PV system disconnect must disconnect the PV system from all other wiring systems. NEC 690.13
Disconnects or isolating devices are installed for all ungrounded conductors. NEC 240.15 and 690.15
The rapid shutdown initiation device must be labeled on the plans. The device must be either: NEC 690.12(C)

service disconnecting means, PV system disconnecting means, or a readily accessible switch that
plainly indicates whether it is in the “off” or “on” position.

IREC 2018: https://irecusa.org/blog/local-energy-climate-solutions/new-guide-for-solar-plan-review-and-inspection-checklists/ NREL | 31



https://irecusa.org/blog/local-energy-climate-solutions/new-guide-for-solar-plan-review-and-inspection-checklists/

What if the project has storage?

Key electrical requirement guidelines
1. Energy storage system (ESS) electrical code installation requirements
2. PV and ESS electrical code interconnection requirements
i. Supply side and load side connections must comply with NEC 705.11, 12(A), and 12(B).
ii. Power control system connection must comply with NEC 705.13.

Electrical Plan Review Related Code

Batteries other than lead-acid batteries must be listed. NEC 480.3
(lithium-ion batteries such as Tesla Power Walls, LG Chem batteries, Enphase, SolarEdge, ...etc.)

A disconnect means is provided for all ungrounded conductors derived from a stationary battery NEC 480.7 and 706.7
system over 50 volts AC or 60 volts DC.

Wiring and connections of inverters, PV source circuits, battery connections, etc. and all NEC 690.4(C)
interconnections are performed by qualified personnel.

High interrupt, listed, DC-rated fuses or circuit breakers must be used in battery circuits, and the NEC 706.21(C) and
Amps Interrupting Capacity (AIC) must be at least 20,000 amps. 110.9

IREC 2018: https://irecusa.org/blog/local-energy-climate-solutions/new-guide-for-solar-plan-review-and-inspection-checklists/ NREL | 32
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Key Fire Requirement Guidelines

Key fire requirements
i. Fire setbacks
ii. Access pathways
iii. Battery spacing
iv. Smoke alarms/heat detectors
v. Labeling
vi. Disconnects

Fire Setbacks

Setbacks are considered different from access

pathways.

* Ifthe arrayis 33% of the roof area or less: 18-
inch (1.5-foot) distance from the roof ridge.

* Ifthe array is more than 33% of the roof area:

36-inch (3-foot) distance from the roof ridge.

Photo from Brooks Engineering

Access Pathways

There should be a minimum of two 36-inch (3-
foot) pathways from the eave to the ridge on
separate roof planes.

NREL | 33



Fire Classification

* Fire Classes (for PV Modules)
Class A — Effective against severe fire exposure
Class B - Effective against moderate fire exposure

Class C - Effective against light fire exposure
Sample PV Module Datasheet

* If the existing roof requires a fire classification, determine the module fire type LG NgOMN 251ack
from the specification sheet, installation instructions, or listing certificate.

Mechanical Properties

Modules should be listed and labeled to UL 1703 or UL 61730. ot Veir

Cell TvDe

e Racks should be listed to UL 2703.
v/

RATINGS

UL 2703 LISTED

Length of Cables

Glass

Friama: Aresdvees] Blamimr
* Gonlorms to ANSIUL 2703 (2015 Stand rd for Safety First Edition: Mounting Systems, Mounting Devices, Clampi
i Ll or Ut it Tl bl Posvio Vedutss o Panen ™ ol

Certifications and Warranty
- Max Overcurrent Protective Davice (OCPD) Rating: 254

- Max Module Size: 241

* Module Orientation: Portrait or Landscape

- Mechanical Load Rating: meets minimum requirsments of the standard (10 PSF downward, 5 PSF upward, 5 PSF
lateral). Actual system structural capacity is defined by PE stamped certification leters.

l CLASS A SYSTEM FIRE RATING PER UL 1703 l

- Any Floof Slope with Module Types 1, 2, and 3

Certifications

RNy W)

- Any moduls-to-root gap is permined, with no perimeter guarding required. This rating is applicable with any third-
atchment e e ol P quarang 1= s YRy I Firr Rating {for CAMADA)
+ Class A rated PV systems can be installed on Class A, B, and C roofs without affecting the roof fire rating Product Ty

STRUCTURAL CERTIFICATION

- Designed and Centified for Compliance with the International Building Code & ASCE/SEIT

NREL | 34



Group Exercise 4: Plan Review Checklist

Q1: Does your community have a solar permitting checklist?

e Yes
* No
e Unsure

Q2: When was the checklist made/last updated?

* Older than 5 years
e Between 1 and 5 years

e Unsure

Q3: Does the checklist include storage?

e Yes
* No

NREL | 35



6. SolarAPP+




What if | don't have expertise in solar?

But I’'m a generalist—how do | know all the things to check?
1. Automate your process with Solar Automated Permit
Processing Plus (SolarAPP+).
i. Institute 100% of code checks, 100% of the time.
2. Develop plan review checklist.

Shorter project timelines

M T T F

AN ?b % |27

28 29 30 31

A typical SolarAPP+ project is
permitted, installed, and inspected
around 13 business days sooner

than traditional projects
Based on differences in median durations

Staff time savings

NREL estimates SolarAPP+ saved
around 9,900 hours of jurisdiction
staff time through automated permit
reviews in 2022

b o |

SolarAPP+

Potential inspection benefits

(further research required)

SolarAPP+ projects have been
about 29% less likely to fail

inspections than traditional projects
Based on data from 12 jurisdictions
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o 4

olarAPP+

NFPA

N

A COUNTY
T EFeT

SUNPOWER = Accela I’/\RM'

LaNREL

SolarAPP+ is a standardized plan review
software that can run compliance checks and
process building permit approvals for eligible

rooftop solar systems.

The tool was developed through a collaborative
effort to accelerate rooftop solar adoption by
making it easier for local governments to quickly
and safely approve rooftop PV projects for
installation.



SolarAPP+ Eligibility

SolarAPP+ can cover standardized systems, as defined here.

Current supported parameters:

e Residential PV e PV systems <4 PSF
e Approved equipment e Single phase utility supply
e NEC 2017 and 2020; 2023 e No wood shake roofs
e 2018 and 2021 i-Codes (IBC, IRC, IFC) e No metal roofs with >15 PSF snow load
e Bus <225 Ampere e Main panel upgrades
e Service <400 Ampere e California’s Title 24
Support in progress:
e Residential storage e Add-ons for existing systems

Planned:
e EV chargers, electric appliances, roof tiles, and more...

Let us know what you’d like to see next!


https://solarapp.nrel.gov/eligibility/PV.pdf

Interest in SolarAPP+

Interested Installers Engaged Jurisdictions

Across the country, installers are interested in utilizing Cities and counties across the country have shown their
SolarAPP+ for permit review 1 interest in adopting SolarAPP+

é, ,

g

. Significant interest

. Some interest Emerging

Emerging

. Significant interest
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SolarAPP+ Flow .. P

SolarAPP Project
Approval Record
[Project Titie)
Project Information
Presect Type —_— Contractor Informatign
- T T
Installer submits an par .
application with design ey
specifications through E%%
SolarAPP+. e s sz
LN ] . R R
Code-compliant applications are
— issued a permit instantly after fee
—_— = SolarAPP+ checks the y
* G
o — D application to ensure the ~ Payment.
o system design is code

(Review sample approval docs here.)

compliant.


https://drive.google.com/drive/folders/1d9HMPZQF2zwLDq-Hx6n2AOPhh0zyNQg8

How It Works

The contractor enters design
information into the application.

No diagrams are uploaded as a
part of the submission process.

SolarAPP+ Standard Electrical Permit

Equipment: Inverters

Architecture type used for all inverters in this project

l Microinverters hd l

Inverter 1 Manufacturer

l SunPower Q, l

Inverter 1 Model Number (NOTE: For AC Modules, enter the AC Module Model number here.)

lSPR-M425—H-AC[24OV] Q l

Datasheet for Inverter 1 [90.7 ; 110.3(C) ; R106.1]

l 16747155234997-19-M SERIES - AC Modules.pdf b l

Equipment: Modules

Module 1 Manufacturer

l SunPower Q, l

Module 1T Model Number (NOTE: For AC Modules, enter the DC modules model number.)

l SPR-M425 Q l

Datasheet for Module 1 [90.7; 110.3(C) ; R106.1]

l 16747155247145-112-M SERIES - AC Modules.pdf ~ l

Module 1 Quantity

[ =2 |

NREL | 42




Real-Time Error Notifications

I Thare Is a problem with your project design

Yiuf projec] decign does nol meel SolarAPP+'S dequiremens. You will meed o odit your project belofe you can conlirue. i1 pou cannol

ROy YOUS SR 10 MesEt Solard PP+ regiasements you will need 10 apoly 1od & permit dirsstly wilh Gy

Electrical Details

[Go to Permit)

= AT The Racking System shall be LA 2707 listed for groursding and bonding i combangtion with the P moduie meadeds specified in

AFP project. SalorAPP maird

yns a UL 2703 dutabhase of

SAEITS BN Mo

I you are heving trouble getling your cormbin

red, please reach o

o the Sobas PP tearn for he

1 teamsclar-app.oig

and pravide sppropriale NATL or marufaciuner documentolion 16 suppart your claim for & combinslion compatibility, m with your project design

will need to edit your project before you can contimee. If you cannat
Oa to Payment b apply for & perrnit direckly with City

Electrical Details

{133 10 Permit)
= RE7: The module you selected (= not listed to LAL 1703 ar UL 617320, Pleaze select & different module on 1he electrical page, of have

the manufaciurer become listed and provide evidence to the CEC. (NOTE: for AC Modules, a likely salution i= to uss the DC Module

Model # as your SolaralPP Module £, and use your AC Module Modei# as yo

F irverter Model )

o
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Four Steps To Adopting SolarAPP+

Select the Right

Integration

v

Input Local
Settings

-

Set up Instant
Permit Workflow

This involves:

Local settings include:
Permitting contacts
AHJ boundaries .

SolarAPP+ can be set up
to: e

Depending on your
integration, either: Inviting 1-3

installers to use your

* Integrate with your .

existing online
permitting software
Stand alone as a
complete online
permitting solution

Local wind and snow
variables

Model code years
Terms and conditions

Set up an instant
permit application in
your software

Set up permit
payments in
SolarAPP+

SolarAPP+ permitting
process

Opening up SolarAPP+
permitting to all
installers

NREL | 44



7. Key Takeaways




CQAELCGEWENS

In this training, we have:
* Covered best practices for:
o Permit application review and processes to ensure applications,
o Streamlining the permitting process,
o Plan review guidelines, including tips for making review more efficient.
* Provided supporting resources that are compliant with building and electrical codes.

* Increased understanding of the latest codes and standards related to solar
installations.

* Learned more about SolarAPP+ opportunities to expedite permit review.
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Q&A Session

www.nrel.gov

Jeff.Cook@nrel.gov
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B Preparing for Field Inspection
n Performing Field Inspection

B Field Inspection Examples for Different PV Systems

n Field Inspection Best Practices
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Introduction

NREL is a national laboratory of the U.S. Department of Energy (DOE) Office of Energy
Efficiency & Renwable Energy (EERE).

i iNREL

. The focus of this training is on field inspection for residential distributed rooftop photovoltaic (PV)

What will the training cover?

systems.
. Processes are required when conducting field inspection of residential rooftop PV systems.
. There are additional inspection requirements for PV systems, including energy storage
systems (ESS).
What will be outside the scope of this training?
. Multifamily or commercial applications, ground mounted systems, and some energy storage
applications.
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Field Inspection Overview




Why are inspections necessary for solar?

Last line of defense to enforce public
health and safety.

Perfect plan does not always equal
perfect install.

Many projects fail inspection.

NREL data shows that, on average,
24% fail in 12 authorities having
jurisdiction (AHJs).

58% of the identified failures were
related to a work quality issue,
meaning that the system was not
installed per the code.

Modesto, CA @ o

Benicia, CA @ @
Houston, TX @
Sacramento County, CA @
Phoenix, AZ @ @
Sonoma County, CA ()
Stockton, CA () ()
Simi Valley, CA N ]
Pima County, AZ [ N )
Dublin, CA [@/0)
Tucson, AZ e
Gilroy, CA o0

Inspection failure rates (%) by AHJ

Cook et al., 2023
https://www.nrel.gov/docs/fy230sti/85827.pdf

a5 <] RIS o e Yecdd Posied @

NREL | 53


https://www.nrel.gov/docs/fy23osti/85827.pdf

How are inspections done today?

1. Schedullng inspections

iii.
iv.

In-person
Online

Over the phone
Combination

2. Day-of inspection planning

iii.
iv.

Two-hour window
Half-day window
Full-day window
Uncertain window

3. Who does the inspection?

Solar inspectors

Combination inspector (Building + Solar)
Inspector assigned to region

Some combination

Rooftop Array Inspection

Photo from Brooks Engineering
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How have inspection processes evolved over time?

* Impact of COVID-19 on residential rooftop PV inspection processes

# of unique AHJs

200

150

100

50

Inspections

Alternative options
increase, but in-
person remains
common

—
o o

Alternative options
remain, especially
virtual inspections

Prior to Covid-19 Initial outbreak

(spring/summer '20)
B In-person
O Photo submissions
B inspections were waived
O Other (please specify)

Today (summer '21) Post-Covid future plans

B Virtual (FaceTime, Skype, etc.)
O 3rd party inspectors

O inspections were halted

B Mot sure

Cruce et al., 2022

https://www.nrel.gov/docs/fy220sti/83529.pdf
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Preparing for Field Inspection




Who and what is needed to carry out an inspection?

1. Whois needed to carry out an inspection varies by AHJ.
i.  Some require a representative from the installer
ii. Some require that representative to be an

electrician Solar A P P +

2. What is needed to perform an inspection also varies by

RoofandPVAmay [ & 4 Pass
A HJ . The system will be instaledionalpermitadistructure O
Racking System Model Number RL Universal ]
i.  Requirements might include a single (or three) Racng Systom Waniacurr g 4 SaphRack =
The module and racking system shall be installed per (i@facking mafufaCiurer's Yoo O
. . . installation instructions regarding grounding and bonding, fire and¥cad ratings
line diagram(s), site layout, spec sheets, Rt e o oirg s s snllg = :
4 4 4 Maximum spacing in inches between adjacent alf#€hment pointg.al the mountiig yn
installation manuals, load/structural/electrical sysiom y g O
. Roof penetration sealant method has been installed per théManufactusérs instruations O
calculations, and/or photos_ The disance from the lowsst point of the moduls o the o NGMIEEEes el o -
exceed y J 4 -
The roof structure appears to be structurally sound, without signs oi@iferatiopglor sigpifieant simgturak 'm
. . . delerioration or sagging. a y y 7~ +
3. What |f my Commu nlty adopts Sola rAPP+ (Platl n u m Quantity and spacing of structural attachments match the installation insiruction per manuf a
Array conductors are secured and supported. Installed so as not to damage theeak s g o
H H ding 1.4 m (4.5 ft) and within 300 (12in.) of abl try into enclos Such agdillet
Designation)? boxes, junction boxes, cabinets, or fitings. ‘
. . . . PV Module model number JAMBOS17-325/MR ]}
i.  Inspection processes are modified. PV Moo manactuer 0
. . . . R PV Module quantity 26 m]
a. SolarAPP+ inspection checklist is used in Module e atng ype 2 0
. .. . MLPE equipment listed as PVRSS or FVRSE installed on each module. Yes m]
I I e u Of tra d It I O n a I re q u I re m e nts . All rooftop conduits are mountad at least 7/8° above the roof surface D
All PV Source Circuit conductors installed without raceway are listed as PV Wire or USE-2. O



Performing Field Inspection




Context Setting

PV array

* Key challenge: Inspectors have time
constraints and must perform many
inspections.

* Inspectors must use their discretion in the
field and may adjust their processes based
on characteristics of their local
community and contractors.

Photo from Brooks Engineering
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Common Types of Major Code Violations

Location of Major Code Violations

Inverter
25%
DC Disconnect 20% Array
15%
10% i i
Subnanel Grid C:r!r:ctlm
5% =
DC Combiner Junction Box
Production Meter AC Combiner

AC Disconnect

Inverter, Array, Grid Connection and
Junction Boxes where the most
common code violations are located.

The best place to start inspection is the
solar array and electrical path can be
followed to the grid point.

During that, the inspector should look
for the most common and most serious

code violations.

If time is limited, the inspector can
focus on major code violations
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Inspector Guides/Checklists

Many entities have created checklists to inform solar inspections.

SOLARAPP+
https://solarapp.nrel.gov/docs/approval-document-pv-example.pdf
https://cleanenergytraining.org/code-official-training#solarapp

SolSmart
https://www.dvrpc.org/solar/pdf/field inspection checklist for rooftop photovoltai
c _final dvrpc.pdf

EERE Sustainable Energy Resources for Consumers
https://www1l.eere.energy.gov/wip//pdfs/solarpv _checklist.pdf

Interstate Renewable Energy Council (IREC)
https://irecusa.org/blog/local-energy-climate-solutions/new-guide-for-solar-plan-
review-and-inspection-checklists/
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https://www.dvrpc.org/solar/pdf/field_inspection_checklist_for_rooftop_photovoltaic_final_dvrpc.pdf
https://www1.eere.energy.gov/wip/pdfs/solarpv_checklist.pdf
https://irecusa.org/blog/local-energy-climate-solutions/new-guide-for-solar-plan-review-and-inspection-checklists/
https://irecusa.org/blog/local-energy-climate-solutions/new-guide-for-solar-plan-review-and-inspection-checklists/

What are the key elements in these checklists?

1.

~

o U e W

Wire Management

i. Conductors
ii. Conduit, raceway, cable assembly P e o e e
vee Modsl Inspection Checklist for
iii. Connectors Residential Rooftop PV
PV modules
Racking
Inverter

Point of utility interconnection
Grounding, overcurrent protection, and
disconnects

Rapid shutdown

Signs and labels

https://irecusa.org/blog/local-energy-climate-solutions/new-guide-for-solar-plan-review-and-inspection-checklists/
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Wiring Management:

All Jobs



Wiring Management (Conductors)

Bonding fittings are used for ferrous metal conduits National Electrical

enclosing grounding electrode conductors. Code (NEC)
250.64(E)

Bonding fittings are used on concentric/eccentric NEC 250.97 (see

knockouts with metal conduits for circuits over 250 also exceptions 1

volts to ground. through 4)

For conductors installed where ambient temperatures 2017 NEC Table

exceed 30°C, conductor ampacities should be corrected  690.31(A)

for higher temperatures.
Photos from Brooks

PV source and output circuits must be separated from NEC 690.31(B) Engineering
non-PV system circuit conductors and inverter output

circuit conductors.

DC positive and negative conductors should not be NEC 690.31(B)(1)
identified with white or grey except for solidly grounded
PV system conductors.

Single conductor cables are secured within 12 inches of NEC 690.31(C)
each box, cabinet, conduit body, or other termination.
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Wiring Management (Conductors)

2017 NEC 690.31

PV system conductors shall be grouped and identified.

Single conductor cables are secured by staples, cable ties, NEC 690.31(C)
straps, hangers, or similar fittings at intervals that do not
exceed 4.5 feet.

Exposed single conductor wiring is a 90°C, wet-rated and NEC 690.31(C) and
sunlight-resistant type USE-2 or listed PV wire. If the wiringisin NEC 310.15

a conduit, it is 90°C, wet-rated type RHW-2, THWN-2, or

XHHW-2.

DC conductors inside a building are in a metal raceway or NEC 690.31(G)
metal-clad (MC) cable that complies with 250.118(10), or
metal enclosures.

Properly sized equipment grounding conductor is routed with NEC 690.45,
the circuit conductors. 250.134(B) &
300.3(B)

Separate grounding electrodes, if used, are bonded together. NEC 690.47, 250.50
& 250.58
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Wiring Management (Conduit, Raceways, and Cables)

Terminals containing more than one conductor are NEC 110.14(A) and

listed for multiple conductors. 110.3(B)

DC wiring in buildings is installed in metallic conduit or International Fire

raceways. Code (IFC)
605.11.2 and NEC
690.31(G)

Conduit runs between subarrays and DC combiner boxes IFC 605.11.2
are installed in a manner that minimizes total amount of

conduit on the roof by taking the shortest path from the

array to the DC combiner box.

DC combiner boxes are located so that conduit runs are IFC 605.11.2
minimized in the pathways between arrays.

Expansion fittings must be installed where necessary to NEC 300.7(B)
compensate for thermal expansion, deflection, and
contraction.

Photo from Brooks Engineering
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Wiring Management (Connectors)

Inspection Method

Wires must be secured underneath the array and
not laying on the roof surface and conductors must
not pull taut against a sharp surface.

Connectors and terminals used for fine strand
conductors are listed for use with such conductors.

Crimps on terminals are listed and installed using a
listed tool specified for use in crimping those
specific crimps.

Pressure terminals are listed for the environment
and tightened to manufacturer recommended
torque specifications.

Connectors are listed for the voltage of the system
and have appropriate temperature and ampere
ratings.

Related Code

NEC 110.3(B) and
110.14(A)

NEC 110.3(B) and
110.14(A)

NEC 110.3(B) and
110.14

NEC 110.3(B), 110.11,
and 110.14(D)

NEC 110.3(B) and
110.14

Photos from Brooks Engineering
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Module, Racking, and
Inverter Equipment:

All Jobs



PV Modules

Inspection Method Related Code '

Module manufacturer, make, model, and number of International Building

modules match the approved plans. Code (IBC) 107.4 -
Amended Construction
Documents

Modules are properly marked and labeled. NEC 110.3, 690.4(B),

and 690.51 or 690.52

Modules are attached to the mounting structure NEC 110.3(B), 2009 and
according to the manufacturer’s instructions and 2012 IBC 107.4
the approved plans.

Module connectors are tight and secure. NEC 110.3(B) and
110.12

Photos from Brooks Engineering
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Racking

Inspection Method Related Code

Grounding - modules are bonded in accordance with manufacturer’s installation NEC 110.3(B) and 690.43(A)
instructions using the supplied hardware or listed equipment specified in the
instructions and identified for the environment.

If the racking system is used to bond the modules, the module/rack assembly is listed Underwriter Laboratories (UL) 2703
to bonding attribute of UL 2703.

PV modules aren’t shaded more than design calculations considered. NEC 110.3(B) and 110.12

Where PV circuits are embedded in built-up, laminate, or membrane roofing materials  NEC 690.31(G)(1)
in roof areas not covered by PV modules and associated equipment, the location of

circuits shall be clearly marked.

Racking and PV system support structures are installed and torqued per

manufacturer’s instructions and approved plans.

Roof penetrations are flashed to prevent moisture from entering the roof IRC Chapter 9, Section R903, R324.4.3
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Inverter

Inverter

Inverter is properly secured with manufacturer’s NEC 110.3(B), 110.13
required clearances.

AC and DC terminations are properly torqued. NEC 110.14(D)
Verify that inverter or other listed equipment NEC 690.41(B)
provides DC ground-fault protection for the DC PV

array.

Verify that inverter or other listed equipment NEC 690.11

provides DC arc-fault protection where PV systems
operate over 80 volts.

Required labels per Signage Requirements Table See Signs & Labels
installed. Section

Photo from Brooks Engineering
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Point of Connection, Rapid
Shutdown Device (RSD),
Grounding, and Labeling:

All Jobs



Point of Utility Interconnection

ecten ___________________________|m=dcok

Point of connection is either on the supply side of the service disconnecting means or at a 2017 NEC 705.12(A) and (B)(1)
dedicated breaker or disconnect on the load side of the service disconnecting means.

For load-side connections, the total rating of the overcurrent protection devices (OCPDs) NEC 705.12 (B)(2)(3)(a)
supplying a panelboard plus 125% of the inverter output current does not exceed 120% of the
rating of the panelboard busbars.

For load-side connections, the PV interconnect breaker is located at the opposite end of the bus NEC 705.12 (B)(3)
from the feeder connection, unless the bus assembly has ampacity rating equal to or greater than

the sum of 125% of the inverter output current and the rating of the overcurrent device

protecting the panelboard.

For supply-side connections, the sum of the ratings of all OCPDs connected to the power source NEC 705.12(A) and NEC 705.31
must not exceed the rating of the service overcurrent protection. Overcurrent protection for

supply-side connected power source conductors must be provided within 3 meters (10 feet) of

the point of interconnection to the service.
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Rapid Shutdown

Rapid shutdown initiation device installed and located NEC 690.12(C)
per approved plans. For one- and two-family dwellings,
device must be outside at a readily accessible location.

Installed rapid shutdown equipment, other than the NEC 690.12(D)
initiation device, must be listed for the application.

Rapid shutdown equipment must control PV system NEC 690.12(B)
conductors to within the limits of 690.12(B).

Photos from Brooks Engineering
Required labels per Signage Requirements Table See Signs & Labels
installed. Section

RAPID SHUTDOWN

SWITCH FOR
SOLAR PV SYSTEM
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Grounding

Connection from PV system to grounding electrode system made per the approved plans. NEC 690.47

Bonding fittings are used for ferrous metal conduits enclosing grounding electrode conductors.  National Electrical Code (NEC)

250.64(E)
Bonding fittings are used on concentric/eccentric knockouts with metal conduits for circuits NEC 250.97 (see also exceptions
over 250 volts to ground. 1 through 4)
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Overcurrent Protection, and Disconnects

Overcurrent devices in the PV DC circuits are listed for NEC 110.3(A),(B),
use in PV system, and ratings match the approved plans.  690.9(B)

Disconnects used in PV systems must be rated for the NEC 110.3 and
maximum short circuit current and voltage. A DC PV 690.13(E) and (F)
system disconnecting means shall be marked for use in

PV systems or be suitable for back feed operation.

Isolating devices or disconnects are installed for the PV NEC 690.15
equipment, either integrated into the equipment or
within 10 feet of the equipment.

Connectors that are readily accessible and operating at NEC 690.33(C)
over 30 volts DC or 15 volts AC require a tool for
opening.

PV source and output circuits in readily accessible NEC 690.31 (A)
locations and operating over 30 volts must be guarded
or in a raceway.

NREL | 76



Signs and Labels

NEC 680.13(B)

On the PV system discon-
nect as Identified in Figure
690.1(B)

PV SYSTEM DISCONNECT

NEC 690.13(B)

Disconnects with power on
line and load terminals when
in the open position

WARNING ELECTRIC SHOCK HAZARD
TERMINALS ON THE LINE AND LOAD
SIDES MAY BE ENERGIZED IN THE OPEN
POSITION

NEC 690.53

On the DC disconnects

(1) Maximum voitage Informational Note to (1):
See 690.7 for voltage

(2) Maximum circult current Informational
Note to (2): See 690.8(A) for calculation of
maximum circuit current

(3) Maximum rated output current of the
charge controller or dc-to-dc converter (if
installed)

NEC 690.54

At interactive points of inter-
connection, usually the main
service

RATED AC OUTPUT CURRENT _ AMPS

NORMAL OPERATING AC VOLTAGE __
VOLTS

NEC 690.56(B)
705.10

At the electrical service and
at the PV inverter if not at the
same location

A directory providing the location of the
service disconnecting means and the
photovoltaic system disconnecting means

NEC 690.56(C) At the service disconnecting RAPID SHUTDOWN LABELS FOR TYPE OF
means SYSTEM INSTALLED
NEC T06.12(B)(2) | Inverter output OCPD WARNING:POWER SOURCE OUT PUT
(3)(b) CONMECTION — DO NOT RELOCATE THIS
OVERCURRENT DEVICE.
NEC 690.55 Battery enclosure MAXIMUM OPERATING VOLTAGE,
EQUALIZATION VOLTAGE POLARITY OF
GROUNDED CONDUCTORS
IFC605.11.1.4 On conduit, raceways, and WARNING: PHOTOVOLTAIC POWER
enclosures, mark every 10 SOURCE
feat, at turns, above/below
penetrations
NEC Equipment containing over- Dual Power Source. Second source is a solar

705.12(B)(3)

current devices in circuits
supplying power to a busbar
or conductor supplied from
multiple sources shall be
marked to indicate the pres-
ence of all sources.

PV system.

4———— 6" Wide ————»

<— 4" Wide —p

SOLAR PV SYSTEM EQUIPPED
WITH RAPID SHUTDOWN

TUIRM AP SHAIT DX
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10/ 5L DO COADLE 05
CHTREE B AR
CONDUETOR HITHEY
FRE SR RN
s LT
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DC COMBINER BOX
A

MAKILUM DC VOLTAGE OF
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THES BOUIETUAENT 15 FED BY NULTIPLE
SOURCES, TOWL RATING OF ALL
OVERCURRENT DEVIES, EXCLUDWMD
A SEPPLT OB
DEVICE, SHALL K07 SXCEED
AMPRCITY OF BUSTAR.

s |

TURN OFF PHOTOVOLTAIC
FRIOR 0

[ A CAUTION

| SOLAR ELECTRIC SYSTEM CONNECTED

[ A CAUTION
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ac
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Group Exercise 5: Field Inspection

Q1: Which locations have the most common and most serious code violations?

eArray
e|nverter

eJunction Box
*Grid Connection
I e All Above I

Q2: What should be the minimum working clearance for all components
that may require service?

*10 ft

Improper installation of disconnects
Improper cable support and wire management

I e All Above I

None / Unsure
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Field Inspection Examples for Different PV Systems




String Inverter System

Rooftop Array
Verify attachment points and proper flashing.
* Verify that DC-DC converters are properly attached to mounting structure.
* Check wire management.
* Verify that modules are attached to the racking system with torque values specified by the manufacturer.
* Verify that all roof attachments, including junction boxes, are properly weather sealed.

Attachments Junction Box Photos from IREC
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String Inverter System

Conduits

* Verify that conduit is properly labeled (every 10 feet)
and adequately supported (every 6 feet).

e Verify that conduit boxes that are part of DC circuit
are correctly labeled for identification.

Conduit Box

Inverter

* Verify proper orientation, mounting, and labeling.
* In some cases, utility requires an external

accessible AC disconnect.
* Inthat case, verify that the label shows AC
operating voltage and max AC current.

String Inverter AC Disconnect/Rapid Shutdown
Photos from IREC
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String Inverter System

Subpanel

Subpanel

* Subpanel is connected to AC disconnect, and once the AC
disconnect is operated, each DC-DC converter is limited to 1 volt.

* NEC requires that there is an AC disconnect means, but the
number of disconnects depends on the product in the system and
utility requirements.

Grounding, Conductor Size and Type, Overcurrent Photo from IREC

P rotectlo n Overcurrent Protection Meter

* Verify that there is continuity within the grounding system so
there is no difference potential.

* Verify the size of the busbar versus the output of the inverter.

Main Meter

* Verify that the bidirectional meter is located near the string
inverter and functioning correctly.

* Verify that the meter is sealed for weather conditions.

Photo from IREC Image Credit: NREL 21394
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Microinverter System

Microinverter

Rooftop Array
PV modules must be listed to UL 1703 or UL 61730.

* Verify that array conductors are not touching the roof
surface and that they are properly secured and supported.

* Check monitoring system to ensure all microinverters are
working and producing power

Microinverter bhoto from IREC

* Microinverters must be listed to UL 1741.

* Verify that microinverters are attached to the racking
system with torque values specified by the
manufacturer.

* Verify that roof attachments are securely mounted to
the structural members.

» Verify proper weather sealing of all roof attachments.

Array

Photo from IREC
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Microinverter System

Conduit and Junction Box

* \Verify that the conductor type and connections in a rooftop
junction box and conduit are listed for wet locations.

* Verify that the location of the PV system disconnects match
the plan.

* No labeling needed for AC conduits.

AC Disconnect Rapid Shutdown

* \Verify that PV system signs and labels are installed per plan
(rapid shutdown label).

*  Some utility companies require an exterior AC disconnect—
“visible activation.”

* A system equipped with “rapid shutdown” means that
controlled conductors shall be limited to not more than 30
volts and 240 volts-amperes within 10 seconds of rapid-
shutdown initiation.

Photos from IREC NREL | 84



Microinverter System

Main service panel board

Verify the bus size of the point of utility interconnection.

Verify that the main circuit breaker and inverter circuit breakers
match the plan.

NEC 690.64(B) and 705.12(D)(2) state that the sum of ampere
ratings of the device supplying power to a busbar or conductor
shall not exceed 120% of the rating of the busbar or conductor.

Verify:

Conductor sizes and type match plan

The location of the inverter breaker

Additional equipment grounding conductor follows the cable path
Racking system and module combination for bonding, grounding,
and fire resistance rating

Wire management

Proper labeling

Photo from IREC
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But what if the project
has battery storage?




Inspection of ESS

e Battery Unit:
* Start with approved plan and the installation manual for the energy storage system (ESS)
* Safe and secure mounting is the first thing to inspect for a wall mounted ESS.
* Verify the size and type of the AC conductors from the ESS and the overcurrent protection in

the panelboard.

* Panelboard:
*  Verify the ESS AC conductor size and overcurrent protection size
* Verify the equipment grounding conductor. There must be a path for fault current for the

overcurrent protection device (OCPD) to work properly.

* Isolation Switch
* Any system with a battery back-up must be able to completely be disconnected from the
utility grid in the case of a power outage.
* Anisolation switch prevents the ESS from accidentally supplying power to the grid.
* Verify that the system has a switch to isolate ESS from the grid and that the line and sides are
terminated properly.
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Lithium-lon Energy Storage System

Additional considerations for lithium-ion ESS:
1. Electrical Plan Review is far more complex
2. Access pathways in and out of dwelling
3. Individual battery capacity rating
i. 5 kWh to 20+ kWh per unit
a. Tesla Powerwall-3 has 13.5 kWh,
b. LG RESU series ranges from 6.5-16

PV Panels @ Energy Conversion & Management @ Li-ion Battery ) Inverter @ Grid & Metering @ Distribution

kWh Image Credit: NREL 66305
4. Aggregate capacity ratings by installation location

i. 40 kWh within utility closets, basements, and storage or utility spaces
ii. 80 kWh in attached or detached garages and detached accessory structures
iii. 80 kWh on exterior walls
iv. 80 kWh outdoors on the ground.
5. Structural attachments (Seismic Design Category D or greater)
6. Heat detection capability.
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Additional Energy Storage System Considerations

Flexible battery cables do not leave the battery NEC 400.12
enclosure.

Flexible, fine strand cables are only to be used with NEC 110.3(B) and
terminals, lugs, devices, and connectors that are listed 110.14

and marked for such use.

Area is well ventilated, and the batteries are not NEC 408.10 and
installed in living areas. 706.10(A)
Live parts of battery systems are guarded to prevent NEC 706.10(B)

accidental contact by persons or objects.

Working space and illumination are provided around the NEC 706.10 (C), (D)

battery installation. and (E)

Proper diagrams or placards are provided at the building NEC 706.11 Photo from IREC
electric service equipment and other power source

locations.
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Group Exercise 6: Examples for Different PV Systems

Q1: What should you look for on a PV module label?

(Select all that apply)

e UL 1703 or UL 61730 listing|
e Fire Rating I

* Model and Series Number

e Maximum Power and Voltage
e Unsure

Label in every 10 feet / Support in every 6 feet |
* Labelin every 6 feet / Supportin every 6 feet

* Labelin every 10 feet / Support in every 10 feet
* Unsure

Q2b: Do AC conduits also need labeling?

s

\ WARNING

PHOTOVOLTAIC MODULE
MODEL KD205GX-LP
SER NO. | 0820PM0297
LRRAD1

proge vl Hoan
TEMPERATURE] 2670 ATC

o mm rt |

205 145 W [SFRIES FUbc|

Bau| 237V

|||||

;7; ENEY
o XY

st )
Vanderds Bries e TaaAl Istion.

@JKYOCERE ™™ ™ ™'

* VYes
[""No ] OnlyDC conduits need to be labeled!

Unsure




Field Inspection Best Practices




Major Problem Areas and Related Considerations

Roof penetrations are not flashed or sealed
1. Installation quality overall -

i. Isthe work done in a neat and workmanlike manner
(NEC 110.12)?

ii. Are roof penetrations flashed/sealed?

iii. Are the array exposed cables properly secured,
supported, and routed to prevent physical damage?

iv. Is the conduit correctly installed and according to
CRC R331.3 and NEC 690.4(F)?

v. Isthere sufficient workspace and access for
operation and maintenance of PV equipment?

Photos from Brooks Engineering
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Major Problem Areas and Related Considerations

2. Does the installation match the plan?

Vi.

Vil.

PV module model number, quantity, and
locations

Array mounting system and structural
connections

Type and size of overcurrent protection
devices (OCPDs)

Disconnects and their locations (as
required by NEC)

Grounding and bounding of rack and
modules

Connection of the PV system to the
grounding electrode system

Rapid shutdown system (690.12)

\ AL
L
A

Images from IREC
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Major Problem Areas and Related Considerations

3. Fire protection and emergency response
a. Are the firefighter's access setback inline with the approved A WARNI NG .

HAZARDOUS ELI-_'I:!'PIII‘.i1i_.':n'.'
plan? N
b. Do roof-mounted PV modules have the required fire PHOTOVOLTAIC MODULE

MODEL KD205GX-LP

classification? SER NO. | O82CPM0297

TRAGTANCE. |1oocm 2] Sooma-2 [14F <16 1.1
TEMPERATLRE :r.;g v 8 BOC W
P 205 W] 146 W ERIES Fies
Wpmang E._B'l.r 3.7V 18 A
Il:p-rlmu: ;3'?;: B.2A HAEE
'M 1 | —
= T 18.8'kg
' FIELD WIRING JF IRE BAT NG
C @ S |TERED CFER
_ 10~ 14 AWG IIIHI!I
STED _ | wswsrm re st

HMuyst comply wWith loosl safety
standavds Prior to installation

QKHDEEHH MADE |N MWEXICO
(LR TRR AT R

Images from IREC
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4. Labeling and Marking

Are conductors, cables, conduit types,
sizes, and markings installed
according to the approved plan?

Are PV system markings, labels, and
signs installed according to the
approved plan?

Major Problem Areas and Related Considerations
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CQAELCENENR




CQAELCGEWENS

* The field inspection process is key to the development of a healthy and safe PV industry.

* Inspections verify that an installation is compliant with building and electrical codes
and fire safety requirements.

* Many inspection checklists exist that can help inspectors perform their code enforcement
obligations.

* Common major code violations are in the array, inverter, grid connection, and junction
boxes.

*  Wire management is one of the most important parts of inspection. Conductors that touch the
roof are subject to damage which can cause system failures or arcing fires.

* Electrical grounding is another important consideration for electrical inspection.
* Fire departments should have a safe path that they can access to the roof.

* Health and safety are the main concerns, but inspections also help ensure systems will be efficient
and produce expected power.

* Pairing solar with battery storage is likely to grow, and you may see more of these projects
in the future.
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