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RESIDENTIAL PHOTOVOLTAIC

This information bulletin is published to guide applicants through a streamlined permitting process for solar
photovoltaic (PV) projects 10 kW in size or smaller. This bulletin provides information about submittal
requirements for plan review, required fees and inspections.

1. Approval Requirements
The following is required to install a solar PV system with a maximum power output of 10 kW or less:

a)

RESIDENTIAL - SOLAR/PHOTOVOLTAIC PERMIT

Planning review IS required for solar PV installations of this size.
Fire Departmentapproval ISNOT required for solar PV installations of this size.

2. Submittal Requirements

a)

b)
c)

d)

Completed permit application online through our our Online Permit Center. Visit our website, click on the
Online Permit Center tile, register for an account, login and apply.

Upload photovoltaic standard form for systems 10 kW in size or smaller.

Demonstrate compliance with the eligibility checklist for expedited permitting. These criteria can be

downloaded at www.cityofrc.us.
This Guidebook recommendsuse of a simple checklistto clearlyidentify eligibility criteriaforexpedited

permitting, where established.

A completed Standard Electrical Plan. The standard plan may be used for proposed solar installations 10 kW
in size or smaller and can be downloaded at www.cityofrc.us.

This Guidebook recommendsuse of a standard planthatallowspermitapplicantsto simplyfill in information
regardinga solar systzem’s electrical configuration. Template standard plansare provided in this Guidebook
(PV Toolkit Documents 3 and4).

If standard electrical plans arenotprovidedforuse, anelectrical plan should be submitted that includes the
following.

« Locations of main service or utilitydisconnect

«  Total number of modules, number of modules per string and the total number of strings

«  Make and model of inverter(s) and/or combiner box if used

«  Single-line diagram of system

«  Specify grounding/bonding, conductor type andsize, conduittype and size and number of conductors in
each section of conduit

« Ifbatteries areto be installed, includethemin the diagramand show their locations and venting
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«  Equipmentcutsheets including inverters, modules, AC and DC disconnects, combiners and
wind generators

« Labeling of equipment as required by CEC, Sections 690 and 705
« Site diagramshowingthearrangement of panelson the roof orground, northarrow, lotdimensions andthe

distance from property lines to adjacent buildings/structures (existing andproposed)

d) A-roof plan showing roof layout, PV panels and the following fire safety items: approximate location of
roof access point, location of code-compliant access pathways, PV system fire classification
and the locations of all required labels and markings. Examples of clear path access pathways are available
inthe State Fire Marshal Solar PV Installation Guide. http://osfm.fire.ca.gov/pdf/reports/
solarphotovoltaicguideline.pdf.

e) Completed expedited Structural Criteria along with required documentation. Structural Criteria can be
downloaded at www.cityofrc.us.

For non-qualifying systems, provide structuraldrawings and calculations stamped and signed by a California-
licensed civil or structuralengineer, along with the following information.

«  The type of roof covering and the number of roof coverings installed

«  Type of roof framing, size of members and spacing

«  Weight of panels, support locations and method of attachment

«  Framing plan and details for any work necessary to strengthen the existing roof structure

+  Site-specific structural calculations

«  Where an approved racking system is used, provide documentation showing manufacturer of the rack
system, maximum allowable weight the system can support, attachment method to the roof or ground and
product evaluation information or structural design for the racksystem

This Guidebook recommends that local jurisdictionsadopt a prescriptive approachto establishing minimal
structural requirements that avoids the need for structural calculations. A simple list of criteria is provided in
this Guidebook (PV Toolkit Document5). A full explanation of the methodsand calculations used to produce these
criteriacanbe foundin the Structural Technical Appendixfor ResidentialRooftop Solar Installations, whichis
availableat

http://www.opr.ca.gov/docs/Solar_Structural_Technical Appendix.pdf.

. Plan Review
Permitapplications are submitted electronically through our Online Permit Center.
Permit applications are submitted electronically for expedited review approval [IF APPLICABLE] through our
Online Permit Center.
Expedited review is one to three working days.

. Inspections
Once all permits to constructthe solar installation have been issued andthe system has been installed, it must be
inspected before finalapprovalis granted for the solar system. On-site inspections are scheduled electronically at
our Online Permit Center. Inspection requests received within business hours are typically scheduled for the next
businessday. Ifnextbusiness dayis not available, inspection should happenwithin a five-day window.
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Permit holders must be prepared to show conformance with all technicalrequirements in the field at the
time of inspection. The inspector will verify that the installation is in conformance with applicable code
requirements and with the approved plans.

The inspection checklist provides an overview of common points of inspection that the applicant should
be preparedtoshow compliance. If notavailable,common checks include the following.

«  Number of PV modules and model number match plans and specification sheets number match plans
and specification sheets.
« Array conductors and components are installed in a neat and workman-like manner.
« PV array is properly grounded.
+ Electrical boxes are accessible and connections are suitable for environment.
« Array is fastened and sealed according to attachmentdetail.
«  Conductor’s ratings and sizes match plans.
« Appropriate signs are property constructed, installed and displayed, including the following.
- Sign identifying PV power source system attributes at DCdisconnect
- Sign identifying AC point of connection
- Sign identifying switch for alternative power system
. ]IcEchuipr_nent ratings are consistent with application and installed signs on the installation, including the
ollowing.

- Inverter has a rating as high as max voltage on PV power source sign. _
- DC-side overcurrentcircurt protection devices (OCPDs) are DC rated at least as high as max

voltage on sign.
- Switchesand OCPDsare installed according to the manufacturer’sspecifications (i.e.,

many 600V DC switches require passing throughthe switch poles twice in a specific way).

- Inverteris rated for the site AC voltage supplied and shownon the AC point of connectionsign.
- OCPD connectedtothe AC output of the inverter is rated at least 125% of maximum currenton
sign andis no larger thanthe maximum OCPD on the inverter listing label.

—  Sum of the main OCPD and the inverter OCPD is rated for not more than 120% of the bus bar
rating.
5. Departmental Contact Information

For additional information regarding this permit process, please consult our departmental website
at www.cityofrc.us or contact Building & Safety Services at (909) 477-2710.
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Eligibility Checklist for Expedited Solar

Photovoltaic Permitting for One- and Two- Family Dwellings

GENERAL REQUIREMENTS

CITY OF RANCHO CUCAMONGA

A. Systemsizeis 10kW alternatingcurrent nameplaterating orless Oy ON
B. Thesolararray is roof-mountedon one- ortwo-family dwelling oraccessory structure Oy ON
C. Thesolarpanel/modulearrays will not exceed the maximum legal building height Oy 0ON
D. Solarsystemis utility interactive and without battery storage Oy ON
E. Permitapplicationiscompleted andattached Oy ON
ELECTRICALREQUIREMENTS
A. Forcentral/stringinvertersystems, strings are not combined priorto the inverter Oy O N
B. PV moduleshortcircuitcurrent(ls)is lessthan 13 Amps oy 0O N
C. Systemdoesnotutilize storage batteries, charge controllers, ortrackers Oy 0O N
D. PVsystemisnota hybrid or bipolarsystem Oy O N
E. Forcentral/stringinvertersystems: No more than two inverters are utilized Oy O N
F. ThePVsystemisinterconnectedtoasingle-phase ACservice panel of nominal
120/220 Vacwitha busbar rating of 225 A orless oYy 0O N
G. ASolarPV Standard Plan and supporting documentationis completedand attached oYy O N
STRUCTURAL REQUIREMENTS
A. Acompleted Structural Criteriaand supporting documentationis attached (if required) Oy ON
FIRE SAFETY REQUIREMENTS
A. Clearaccess pathways provided Oy ON
B. Fireclassification solar systemis provided Oy ON
C. Allrequired markings and labels are provided Oy ON
D. Adiagram of the roof layout of all panels, modules, clear access pathwaysand
approximate locations of electrical disconnecting means and roof access points
iscompleted and attached Oy ON
Notes:
1. These criteria are intended for expedited solar permitting process.
2. Ifanyitemsare checked NO, revise design to fit within Eligibility Checklist, otherwise permit application

may go through standard process.
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Solar PV Standard Plan - Simplified
Central/String Inverter Systems for One - and Two- Family Dwellings

SCOPE: Use thisplan ONLY for electrical review of utility ce ntral/string inverter systems not exceedinga system ACinverter output rating
of 10kW on the roof of a one- or two-family dwelling or a ccessory building. The spedific structural and fire requirements are covered in
otherparts of the Califomia Solar Permitting Guidebook. This covers photovoltaic system interconnected to the load side of a single-phase
AC service panel ofnominal 120/240Vac with a bus bar rating of 225A or less. Plan also applies to supply side connections (between the
meterand the service disconnects), where pemitted by the local utility. This planis not intended for bipolar systems, hybrid systems or
systems that utilize storage batteries, charge controllers, trackers, more than two inverters, or strings combined.Systems must be in
compliance with current California Building Standards Codes and localamendments of the authority havingjurisdiction (AHJ). Other
Articles ofthe California Electrical Code (CEC) shall apply as specified in 690.3. For systems beyond this scope or the criteria in this plan,
consult the AHJfor details regarding comprehensive process.

MANUFACTURER’S SPECIFICATION SHEETS MUST BE PROVIDED for proposed inverters, modules, combiner/junction boxes, ra cking
systems, andrapidshutdown system or equipment. Installation instructions for bondingand grounding equipment and rapid
shutdown systems shallbe provided, andlocal AHJs mayrequire additional details. Listed and labeled equipment shall be installed
and usedin accordance with anyinstructions included inthe listing or labeling (CEC 110.3). Equipment intended for use with PV
systemshall be listed for the PV application (CEC 690.4[B]).

Job Address: Permit#:

Contractor/Engineer Name: License # and Class:

Signature: Date: Phone Number:

Total #of Invertersinstalled: (If more than one inverter, complete and attach the “Supplemental

Calculation Sheets” and the “Load Center Calculations” if anew load centeristo be used.)

Inverter 1 ACOutput PowerRating: Watts
Inverter2 ACOutput PowerRating (ifapplicable): Watts
Combined Inverter Output Power Rating: < 10,000 Watts

Ambient Temperature Adjustment Factors: selectthe box forthe expected lowest ambient temperature (T,)
with the corresponding Ambient Temperature Correction Factor (C¢):

1) O If T is greaterthanor equal to-5°C, C; = 1.12
O IfT,is between-6°Cand -10°C, C; = 1.14

Average ambient high temperature (Ty) <47° C

Note: For alowerT, or a higherTy, this planis not applicable.

DCInformation:

Module Manufacturer: Model:
2) ModuleVoc(frommodule nameplate):  Volts
3) Modulels (from module nameplate): _ Amps

Is Module lsc lessthan 13 Amps? OYes ONo (IfNo,thisplanisnotapplicable.)
4) Module DCoutput powerunderstandard test conditions (STC) = Watts (STC)
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5) DC Module Layout

Identify each source circuit (string) forinverter 1 shownon

the roof planwith a Tag (e.g. A,B,C,...) Numberof modules persource circuit forinverterl

Total number of source circuits forinverter1:

6) Are DC/DC Convertersused? O Yes ONo IfNo,skiptoStep7. If Yesenterinfo below.

DC/DCConverter Model #: DC/DCConverter MaxDClnput Voltage: Volts
MaxDCOutput Current: Amps MaxDCOutput Current: Volts
Max # of DC/DCConverters in an Input Circuit: DC/DCConverter MaxDCInputPower: Watts

7) Maximum S System DC Voltage

Only use forsystems without DC/DC converters.

A.Module V. (Step2) x #of modules inseries (Step 5) x Cr (Step 1) =

Table 1. Maximum Numberof PV Modules in Series Based on Module Rated Voc for 600 Vdc Rated Equipment (CEC 690.

7)

Max. Rated ModuleVoc | oo ¢ | 3161 | 3348 | 3571 | 3827 | 4121 | 2464 | 4870 | 5357 | s9.52 | 6696 | 7653 | 89.29
if cr=1.12 (Volts)
Max. Rated ModuleVoc | )55, | 3096 | 3289 | 3500 | 37.50 | 4049 | 4386 | 4785 | 5263 | 5848 | 6579 | 7519 | 8772
if Cr = 1.14 (Vol ts)
Max # of Modules for 600 e | 18 | 17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 9 8 7 6

Only use for systems with DC/DC converters. The value calculated below must be less than DC/DC converte

max DC inputvoltage (Step6).
B. Module V,_(Step 2) x #of modules perconverter (Step 6)

x Cr (Step 1) =

Max. Rated ModuleVoc | 0, | 330 | 357 [ 334 | 411 | 4358 | 264 | 9.1 | 518 | 545 [57.1 | 598 | 625 | 652 | 679 | 705
if cr=1.12 (Volts)

Max. Rated ModuleVoc | g0 | 53¢ | 351 [ 377 | 404 | 430 | 256 | 482 | 509 | 535 | 561 | 5858 | 614 | 640 | 667 | 693
if cr= 1.14 (Volts)

DC/DC Converter Max DCInput | o) | 37 | 4o | 43 | 46 | a9 | 52 | 55 | 58 | 61 | 62 | 67 | 70| 73 | 76 | 79
(Step #6) (Volts)

8) Maximum System DC Voltage from DC/DC Convertersto Inverter — Only required if Yesin Step 6
Maximum System DC Voltage = Volts

9) Sizing Source Circuit Conductors

Source Circuit Conductor Size = Min. #10 AWG copper conductor, 90° C wet (USE-2, PV Wire,
XHHW-2, THWN-2, RHW-2)

For up to 8 current-carrying conductors in roof-mounted conduit exposed to sunlight at least
%" from the roof covering. (CEC 310)

Note: For over 8 current-carrying conductors in the conduit or mounting height of lowerthan
%" from the roof, this planis notapplicable.
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10) Inverter DC Disconnect

Doesthe inverter have anintegrated DCdisconnect? OYes 0O No If Yes, skip to Step 11.
If No, the external DCdisconnecttobeinstalledisratedfor ____ Amps(DC)and ____ Volts(DC)
11) Inverter Information
Manufacturer: Model:
Max. Continuous AC Output Current Rating: Amps
Max. Short Circuit Current Per Input: Amps

Does PV Module I (Step 3) exceed value above? OYes No (If No, this planis not applicable.)
Integrated DC Arc-Fault Circuit Protection? 0 Yes DONo (If Nois selected, this planis not applicable.)
Grounded or Underground System? O Grounded OUngrounded

ACInformation:

12) Sizing Inverter Output Circuit Conductors and OCPD

Inverter Output OCPDrating = Amps (Table 3)
Inverter Output Circuit Conductor Size = AWG (Table 3)
able erter Outp OCPD and ond 0

Inverter Continuous Output Current Rating (Amps) (Step 11)| 12 16 20 24 28 32 36 40 48
Minimum OCPD Size (Amps)| 15 20 25 30 35 40 45 50 60
Minimum Conductor Size (AWG, 75°C, Copper)| 14 12 10 10 8 8 6 6 6

13) Point of Connection to Utility —Inverter(s) must be connected to eitherload orsupply side of service
disconnecting means. Only one of the sub-sections below and either Single Line Diagram #1 or Single Line
Diagram #2 should be filled out.

Only use thissection forconnections on the load side of the service disconnecting means.
Isthe PV OCPD positioned at the opposite end from input feeder location or main
OCPDlocation?

OYes ONo (If No, then use 100% row in Table 4)

Load side connections (Per705.12(D)(2)(3)(c)):
(Combinedinverter output OCPD size + Main OCPD size) <[bus bar size x (100% or 120%)]

| Table 4. Maximum Combined Supply OCPDs Based on Bus Bar Rating (Amps) per CEC 705.12(D)(2)(3)(b)

Bus BarRating(Amps) | 100 | 125 | 125 | 200 | 200 | 200 | 225 | 225 | 225
Main OCPD (Amps)| 100 | 100 | 125 | 150 [ 175 | 200 | 175 | 200 | 225
Max Combined PV System OCPD(s)at120% of Bus Bar Rating| 20 50 25 60* | 60* 40 60* | 60* 45

Max Combined PV System OCPD(s)at100% Bus Bar Rating 0 25 0 50 25 0 50 25 0

*This value has been lowered to 60 A from the calculated value to reflect 10 kW AC size maximum.
Reductionof the mainbreakeris not permitted with this plan. Interconnectionto center-fed panelboards may
be permitted per Informational Bulletin.*

Only use thissection forconnections on the supply side of the service disconnecting means (between the
utility meterand the service disconnecting means). Selectone:

O Utility- and AHJ-approved meter socket adapter.
Adaptername/model:

O Service equipment listed for the purpose of PV interconnection.
Description / model number(s):

1 See Page 8, Part 1 of California Solar Permitting Guidebook for guidance . See CA BSC’s Information Bulletin 16-03.
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14) Rapid Shutdown?

The rapid shutdown initiation device shall be labeled according to CEC 690.56(C), and its location shall
be shown on the site plan drawing. The rapid shutdown initiation device may be the inverter output
or inputcircuits’ disconnecting means, the service main disconnect, oraseparate device as approved
by the AHJ. The disconnecting means shall be identified forthe purpose, suitablefortheir
environment, and listed as adisconnecting means. A single rapid shutdown initiation device shall
operate all disconnecting means necessary to control conductorsin compliance with CEC690.12.
Note: Check with the AHJ regarding approval where field verification of reduction of voltage within
the time required by CEC690.12 is performed.

Rapid shutdown shall be provided as required by CEC 690.12 with one of the following methods
(Selectone):

O Theinverter(s) iswithin 10feet of the array, and the location of the inverteris such that
uncontrolled PV system conductors are no greaterthan 5 feet of length within the building. A
remotely-controlled ACdisconnecting meansisrequired immediately adjacent to oras close as
practicable tothe inverters, and located within 10feet of the array.

O Theinverter(s) is within 10feet of the array, and the location of the inverteris such that
uncontrolled PV system conductors are no greaterthan 5 feet of length within the building.
Reduction of the voltage for the inverter output within the time required by CEC690.12 shall be
verifiedinthefield, orthe inverteroutputislisted to UL 1741 with rapid shutdown capability.

O Remotely-controlled DCdisconnecting means are located within 10feet of the PV array and DC
input of the inverter(s), and the locations of the disconnecting means are such that uncontrolled
PV system conductors are no greaterthan 5 feet of length within the building. Reduction of the
voltage forthe inverter output withinthe time required by CEC 690.12 shall be verifiedin the
field, ortheinverteroutputislisted to UL1741 with rapid shutdown capability.

O Remotely-controlled DC disconnecting meansis located within 10feet of the array at the DC
input of inverter(s) connected toamodule level DC-DC converter circuit where the DC-DC
convertercircuit meets the requirements for controlled conductors when disconnected from the
inverter. Reduction of the voltage forthe DC-DC converteroutputand the inverter output within
the time required by CEC690.12 shall be verifiedinthe field, orthe DC-DC converteroutputand
theinverteroutputare listed to UL 1741 with rapid shutdown capability.

O A UL 1741-listed and identified inverter(s) with input and output rapid shutdown capability
supplying module level DC-DC converter circuit where the DC-DC converter circuit meets the
requirements for controlled conductors when disconnected fromthe inverter.

O A UL 1741-listed rapid shutdown system:
Manufacturer:
Testing Agency Name:
System Model Number:
System Components:

15) Grounding and Bonding of Modules and Racking System (selectone):

O Racking system listed to UL 2703 using modulesidentified in the listing.

O Other method subjectto AHJ approval

2 See Page 8, Part 1 of the California Solar Permitting Guidebook for guidance. See CA BSC’s Information Bulletin 16-03.
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Solar PV Standard Plan — Simplified
Central/String Inverter Systems for One- and Two-Family Dwellings

Markings

CEC Articles 690 and 705 and CA Residential Code Section R324require the following labels or markings be
installed at these componentsof the photovoltaic system:

DO NOTRELOCATE THIS RATED AC OUTPUT CURRENT- AMPS AC
OVERCURRENT DEVICE ] NORMAL OPERATING VOLTAGE  VOLTS

CEC 705.12(D)(2)(3)(b)
[Not required ifpanelboard is rated not CEC 690.54

less than sum ofampere ratings ofall

WARNING WARNING
) DUAL POWER SOURCES
INVERTER OUTPUT CONNECTION; -——— SECOND SOURCE ISPHOTOVOLTAIC SYSTEM

overcurrent devices supplyingit] PV SYS AC DISCONNECT
A H RATED AC OUTPUTCURRENT - AMPS
WARNING C === AC NORMAL OPERATING VO LTAGE VOLTS
ELECTRIC SHOCKHAZARD. THE DC
CONDUCTORS OF THIS PHOTOVOLTAIC CEC690.54
SYSTEM ARE UNGROUNDED AND MAY -7
1
BE ENERGIZED 1 \.{ WARNING
CEC690.35(F) ' ELECTRIC SHOCKHAZARD
) 1| INVERTER |,

[Only required for ungrounded systems] i < NCI)FR':\/I iEI?YUC';\IRDC'):SLNJIISEDISCIgRIISUACT%YRS

-: MAY BEUNGRO UNDED AND ENERGIZED
1
1

CEC690.5(C)
-——== [Normallyalready presenton listed inverters]

WARNING: PHOTOVOLTAIC
POWER SOURCE

! WARNING
CEC 690.31(G)(3) | /|
ELECTRIC SHOCKHAZARD
[Marked onjunction/combiner boxes I : DO NOTTOUCH TERMINALS
andconduitevery 10’] | /

TERMINALS ONBOTH LINEAND LOAD

1
1
1
1
1
1
: I | SIDES MAY BE ENERGIZED INTHE
, OPENPOSITION
1 A
v > CEC690.17(B)
J/Box C
PV SYSTEM DC DISCONNECT
RATED MAX POWER-POINTCURRENT-___ADC
Ll RATED MAX POWER-POINTVOLTAGE- _VDC

MAXIMUM CIRCUITCURRENT- ADC

MAXIMUM SYSTEM VOLTAGE-___VDC
WARNING:
THIS EQUIPMENT FED BY MULTIPLE SOURCES. CEC690.53
TOTAL RATING OF ALL OVERCURRENT DEVICES,
EXCLUDING MAIN SUPPLY OVERCURRENT DEVICE, PHOTOVOLTAIC SYSTEM EQUIPPED
SHALL NOT EXCEED AMPACTIY OF BUSBAR. WITH RAPID SHUTDOWN
CEC 705.12(D)(2)(3)(c) CEC 690.56(C)

[Required on newload centerif answered “No” to StepS13]

Informational note: ANS1Z535.4-2011 provides guidelines for the design of safety signs and labels for application to products. A
phenolic plaque with contrasting colors between the textand background would meet the intentof the code for permanency. No type
size isspecified, but20point(3/8”)should be considered the minimum.

CEC 705.12 requires a permanent plaque or directory denotingall electric power sources on or in the premises or rapid fire
shutdown equipment.
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Solar PV Standard Plan — Simplified
Central/String Inverter Systems for One- and Two-Family Dwellings

DESCRIFTION

SOLAR PV MODULE ! STRING

SINGLE-LINE DIAGRAM #1 — LOAD SIDE CONNECTION

DCDC CONVERTERS INSTALLED? YES / NO  (IF YES, STEPS 6 & 8 REQUIRED)

SOURCE CIRCUIT JUNCTION BOX INSTALLED?: YES / NO

SEPARATE DC DISCONMECT INSTALLED?: YES ! NO

CHECK A BOX FOR WHETHER S5YSTEM IS GROUNDED OR UNGROUMNDED: D GROUNDED (INCLUDE GEC)

INTERNAL INVERTER DC DISCONNECT: YES / NO

CENTRAL INVERTER

REFER TO STEP 14 FOR RAPID SHUTDOWN DETAILS D UNGROUNDED

LOAD CENTER INSTALLED?: YES / NO

FOR UNGROUNDED SYSTEMS:

PV PRODUCTION METER INSTALLED?; YES [ NO

- DCOCPD MUST DISCONNECT BOTH CONDUCTORS OF EACH SOURCE QRCUIT

*SEPARATE AC DISCONNECT INSTALLED?: YES f NO

Smmumunmun—nb
=
(1]

CONMNECT TO INVERTER #2  (USE LINE DIAGRAM 3)

- UNGROUNDED CONDUCTORS MUST BE IDENTIFIED PER 210.5(C). WHITE-FINISHED CONDUCTORS ARE NOT PERMITTED.

* Consult with your local AHI and for Utility

MAIN SERVICE PANEL

A s

% MAIN OCFD
RATING:
Tl ~ A\
[ —~ 1
[Chcouss'} = n “
o PV OCPD
MODULESI o [ - -
v H RATING:
i gesseedeesssscsscssscssachifany . H
_ MODULES ) S ' H B2 H
i H '
S Y [ W AR S W A teadte.--ffE
Inverter Make: I
Inverter Model: e
A
ENTER "N/A" WHERE SUITABLE FOR
WHEN NOT USING CONDUIT OR CABLE
AS PERMITTED BY CODE
CONDUCTOR/CONDUIT SCHEDULE
COMDUCTOR| NUMBER OF | CONDUIT/CABLE
TAG | DESCRIPTION AND CONDUCTOR TYPE SIZE CONDUCTORS TYPE CONDUIT SIZE

A USE-20  OR_ PV-WIRE O

EGC/GEC:
B

EGLC/GEC:
C

EGC/GEC:
D

EGCJ/CEC:
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Solar PV Standard Plan — Simplified
Central/String Inverter Systems for One- and Two-Family Dwellings

/NTAG | DESCRIPTION

1 SOLAR PV MODULE / STRING SINGLE-LINE DIAGRAM #2 — SUPPLY SIDE CONNECTION
2 DC/DC CONVERTERS INSTALLED? YES / NO__ (IF YES, STEPS 6 & 8 REQUIRED)

3 SOURCE CIRCUIT JUNCTION BOX INSTALLED?: YES / NO

4 SEPARATE DC DISCONNECT INSTALLED?: YES / NO CHECK A BOX FOR WHETHER SYSTEM IS GROUNDED OR UNGROUNDED: ] GROUNDED (INCLUDE GEC)

5 INTERNAL INVERTER DC DISCONNECT: YES / NO

o CENTRAL INVERTER REFER TO STEP 14 FOR RAPID SHUTDOWN DETAILS ] UNGROUNDED

7 LOAD CENTER INSTALLED?: YES / NO FOR UNGROUNDED SYSTEMS:

8 PV PRODUCTION METER INSTALLED?: YES / NO - DC OCPD MUST DISCONNECT BOTH CONDUCTORS OF EACH SOURCE CIRCUIT

9 SEPARATE AC DISCONNECT INSTALLED?: YES / NO - UNGROUNDED CONDUCTORS MUST BE IDENTIFIED PER 210.5(C). WHITE-FINISHED CONDUCTORS ARE NOT PERMITTED.
10 CONNECT TO INVERTER #2 (USE LINE DIAGRAM 3)

* Consult with your local AHJ and /or Utility

MAIN SERVICE PANEL
BUSBAR RATING:

@

ANWANIE 43 /A Z%
_ MODULES
: AN ~ AN \\_ PV OCPD
___ MODULES ¢ ] [ | ~_ [\ ~ B RATING:
N T~ A\ N
i ~
_MODULES: j_l S~ ~~— o :- ....U... ..
[}
AR o B IR I I e : )
H | RATING:
H

ENTER “N/A” WHERE SUITABLE FOR
WHEN NOT USING CONDUIT OR CABLE
AS PERMITTED BY CODE

Inverter Make: __
Inverter Model: __

CONDUCTOR/CONDUIT SCHEDULE

CONDUCTOR| NUMBER OF | CONDUIT/CABLE
O TAG | DESCRIPTION AND CONDUCTOR TYPE CONDUIT SIZE
SIZE CONDUCTORS TYPE

A USE-20 OR__ PV-WIRE o Select one interconnection method:

EGC/GEC: [ Utility- and AHJ-approved meter socket adapter.
B Adapter name/model: __

EGC/GEC: O §ervice equipment listed for purpose of PV
C interconnection.

Description / model number: __ -

EGC/GEC:
D

EGC/GEC:
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Solar PV Standard Plan — Simplified
Central/String Inverter Systems for One- and Two-Family Dwellings

Supplemental Calculation Sheets for Inverter #2 (Only
include if second inverter is used)

DCInformation:

Module Manufacturer: Model:

S2) Module Vo (from module nameplate): Volts

S3) Module s (from module nameplate): Amps

Is Module Isc lessthan 13 Amps? OYes ONo (IfNo,thisplanisnotapplicable.)

S4) Module DCoutput power under standard test conditions (STC) = Watts (STC)

S5) DC Module Layout

Identify each source circuit (string) forinverter 2 shown on the

. Numberof modules per source circuit forinverter2
roof planwith a Tag (e.g. A,B,C,...)

Total number of source circuits forinverter2:

S6) Are DC/DC Convertersused? OYes [ONo  IfNo, skiptoStepS7. If Yes, enterinfobelow.

DC/DCConverter Model #: DC/DCConverter Max DCInput Voltage: Volts
MaxDCOutput Current: Amps MaxDCOutput Current: Volts
Max# of DC/DCConverters in anInputCircuit: DC/DCConverter MaxDCInputPower: Watts
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$7) Maximum System DC Voltage

Only use for systems without DC/DC converters.
A.Module V,(Step S2) x# of modules inseries (Step S5) xCr (Step 1) = \%

Table S1. Maximum Numberof PV Modulesin Series Based on Module Rated Voc for 600 Vdc Rated Equipment (CEC 690.7)

Max. Rated Module Voc
if cr= 1.12 (Vol ts)

Max. Rated Module Voc
if cr = 1.14 (Vol ts)

Max # of Modules for 600 \dc 18 17 16 15 14 13 12 11 10 9 8 7 6

29.76 | 31.51 | 3348 [ 3571 (3827 | 4121 | 4464 (4870 | 53.57 | 59.52 [ 66.96 | 76.53 | 89.29

29.24 | 3096 | 32.89 | 35.09 (3759 | 4049 | 4386 (4785 |52.63 | 5848 [ 6579 | 75.19 | 87.72

Only use for systems with DC/DC converters. The value calculated below must be less than DC/DC

convertermax DCinputvoltage (StepS6).
B. Module V, (Step S2) x# of modules perconverter (Step S6) xCr (Step 1) = V

Table S2. Largest Module V. for Single-Module DC/DC Converter Configurations (with80V AFCI Cap) (CEC690.7 and 690.11)

Max. Rated Module Voc
if cr=1.12 (Volts)

Max. Rated Module Voc
if Cr= 1.14 (Vol ts)

304 | 33.0 | 35.7 [ 384 | 41.1 | 43.8 | 464 | 49.1 [ 51.8 | 545 | 57.1 [ 59.8 | 62.5 | 65.2 [ 67.9 | 70.5

298 [ 325 (351 (37.7 | 404 | 43.0 | 45.6 | 48.2 | 50.9 | 53.5 | 56.1 | 58.8 | 614 | 64.0 [ 66.7 [ 69.3

DC/DC Converter Max DC Input | 3, | 37 | 49 | 43 | a6 | a9 | 52 | 55 | 58 | 61 | 6a |67 | 70| 73 | 76 | 79

(Step #6) (Volts)
$8) Maximum System DC Voltage from DC/DC Converters to Inverter — Only required if Yesin Step S6
Maximum System DC Voltage = Volts

S9) Sizing Source Circuit Conductors

Source Circuit Conductor Size = Min. #10 AWG copper conductor, 90° C wet (USE-2, PV Wire, XHHW-2,
THWN-2, RHW-2)

For up to 8 current-carrying conductors in roof-mounted conduit exposed to sunlight at least %4” from

the roof covering. (CEC310)

Note: For over 8 current-carrying conductorsin the conduit or mounting height of lowerthan %” from
the roof, this planis not applicable.

S10) Inverter Disconnect
Doestheinverterhave anintegrated DCdisconnect? OYes ONo If Yes, skipto Step S11.

If no, the external DCdisconnecttobeinstalledisrated for Amps (DC) and Volts (DC)

S11) Inverter Information

Manufacturer: Model:
Max. Continuous AC Output Current Rating: Amps
Max. Short Circuit Current Per Input: Amps

Does PV Module I (Step S3) exceed value above? OYes [ONo(If No,this planisnot applicable.)
Integrated DC Arc-Fault Circuit Protection? OYes [ONo (If No isselected, this planis not applicable.)
Grounded or Underground System? OGrounded OUngrounded

ACInformation:

S$12) Inverter Information
Inverter Output OCPDrating = Amps (Table S3)
Inverter Output Circuit Conductor Size = AWG (Table S3)

Table S3. Minimum Inverter Output OCPD and Circuit Cond uctor Size

Inverter Continuous Output Current Rating (Amps) (Step SI13) | 12 16 20 24 28 32 36 40 48
Minimum OCPD Size (Amps)| 15 20 25 30 35 40 45 50 60

MinimumConductorSize (AWG,75°C, Copper)| 14 12 10 10 8 8 6 6 6
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Load Center Calculations
(Omit if a load center will not be installed for PV OCPDs)

S11) Load Center Output:
Calculate the sum of the maximum AC outputs from each inverter.

Inverter #1 Max Continuous AC Output Current Rating [STEP 11] x1.25= Amps
Inverter #2 Max Continuous AC Output Current Rating [STEP S11] x1.25= Amps
Totalinverter currents connected to load center (sum of above) = Amps
Conductor Size: AWG

Overcurrent Protection Device: Amps

Load center busbar rating: Amps

Can theload center accept more thantwo breakers? O Yes O No

If Yes, the sum of 125% of the inverter output circuit currents and the rating of the overcurrent device protecting
the busbar shall not exceed 120% of the ampacity of the busbar.
If No, the sum of ampere rating of the two PV overcurrent devices shall not exceed the rating of the busbar.
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Solar PV Standard Plan — Simplified
Central/String Inverter Systems for One- and Two-Family Dwellings

\TAG [DESCRIPTION
1 SOLAR PV MODULE/ STRING SINGLE-LINE DIAGRAM #3 — ADDITIONAL INVERTER
2 DC/DC CONVERTERS INSTALLED? YES / NO (IF YES, STEPS 6 & 8 REQUIRED)
3 SOURCE CIRCUIT JUNCTION BOX INSTALLED?: YES / NO |NVERTER # 2
4 SEPARATE DC DISCONNECT INSTALLED?: YES / NO
5 INTERNAL INVERTER DC DISCONNECT: YES / NO
6 CENTRAL INVERTER .
7 “SEPARATE AC DISCONNECT INSTALLED?. YES 7 NO CHECK A BOX FOR WHETHER SYSTEM IS GROUNDED OR UNGROUNDED: D GROUNDED (INCLUDE GEC)
8 TO LOAD CENTER ON LINE DIAGRAM 1 REFER TO STEP 14 FOR RAPID SHUTDOWN DETAILS D UNGROUNDED
* Consult with your local AHJ and /or Utility FOR UNGROUNDED SYSTEMS:

- DC OCPD MUST DISCONNECT BOTH CONDUCTORS OF EACH SOURCE CIRCUIT
- UNGROUNDED CONDUCTORS MUST BE IDENTIFIED PER 210.5(C). WHITE-FINISHED CONDUCTORS ARE NOT PERMITTED.

Inverter Make:
Inverter Model: __

CONDUCTOR/CONDUIT SCHEDULE

CONDUCTOR| NUMBER OF | CONDUIT/CABLE

0O TAG | DESCRIPTION AND CONDUCTOR TYPE CONDUIT SIZE
SIZE CONDUCTORS TYPE

A USE-2o0 OR PV-WIRE O

EGC/GEC: ENTER “N/A” WHERE SUITABLE FOR WHEN
NOT USING CONDUIT OR CABLE AS

B PERMITTED BY CODE
EGC/GEC:

C
EGC/GEC:
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SOLAR PV STANDARD PLAN

Roof Layout Diagram for One- and Two-Family Dwellings

Iltems required:roof layout of all panels, modules, clear access pathways and approximate locations
of electrical disconnecting means, roof access points, and rapid shutdow n initiation device.
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SCOPE: Use this plan ONLY forelectricalreviewof systemsusingutility-interactive Microinverters or ACModules (ACM) notexceeding a
combined system ACinverteroutput ratingof 10 kW,with a maximum of 3 branchcircuits, one PV module perinverter,andinstalledon
the roofof a one-or two-familydwellingor accessorystructure. The photovoltaic system mustinterconnect to a single-phase AC
service panelof 120/240Vacwithservice panel bus barrating of 225 Aor less. Planalsoappliestosupplysideconnections(between

the meterandthe service disconnects),where pemitted bythe localutility. This planis notintendedforbipolarsystems, hybridsystems
or systems thatutilize storage batteries, charge controllers or trackers.Systems must be in compliance with current California Building
Standards Codes and local amendments of the authorityhavingjurisdiction (AHJ). Otherarticles of the CaliforniaElectrical Code (CEC)
shallapplyas specifiedin section690.3. Forsystems beyondthisscope orthe criteriain thisplan,consultthe AHJfordetails regarding
comprehensive process.

MANUFACTURER’S SPECIFICATION SHEETSMUST BE PROVIDEDfor proposedinverters, modules, combiner/junction boxes and racking
systems. Installationinstructions forbondingandgroundingequip ment shall be providedandlocal AHJs mayrequire additional details.
Listed andlabeledequipmentshall be installedand usedin accordance with anyinstructions includedin thelisting or labeling(CEC
110.3).Equipmentintendedforuse with PV system shallbe identifiedandlistedforthe application CEC690.4(D).

Applicant and Site Information

Job Address: Permit#:
Contractor/Engineer Name: License # and Class:
Signature: Date: Phone Number:

1. General Requirements and System Information

O Microinverter O ACModule (ACM)
Numberof PV modulesinstalled: Numberof ACMs installed:
Number of Microinvertersinstalled: Note: Listed Alternating-Current Module (ACM) is defined

in CEC 690.2 and installed per CEC690.6

1.1 Numberof Branch Circuits, 1, 2 or 3:

1.2 Actual number of Microinverters or ACMs perbranch circuit: 1 2. 3.

1.3 Total ACsystem power rating = (Total Number of Microinverters or ACMs) * (ACinverter power output)
= Watts

1.4 Lowestexpected ambienttemperatureforthisplaninTablel1:For-1°to-5°Cuse 1.12 or
for-6°to -10° C use 1.14 correction factors.

1.5 Averageambient high temperature for thisplan:=+47° C

Note: Forlower expected ambient or higher average ambient high temperatures, this planis not applicable.
2. Microinverter or ACM Information and Ratings
Microinverters with ungrounded DCinputs shallbe installedin accordance with CEC 690.35.
Microinverter or ACMManufacturer:

Model:

2.1 Rated(continuous) ACoutputpower: Watts
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2.2 Nominal ACvoltage rating: Volts
2.3 Rated(continuous) ACoutputcurrent:

If installing ACMs, skip [Steps 2.4 & 2.5]

Amps

2.4 Maximum DC input voltage rating: Volts (limited to 79 V, otherwise this planis not
applicable)

2.5 Maximuminputshortcircuitcurrent: Amps

2.6 Maximum ACoutput overcurrent protection device (OCPD): Amps

2.7 Maximum number of microinverters or ACMs per branch circuit:

3. PV Module Information

(Ifinstalling ACMs, skip to [Step4])

PV Module Manufacturer:

Model:

Module DC output power under standard test conditions(STC) = Watts

3.1 Module V¢ at STC (from module nameplate): Volts

3.2 Module lsc atSTC (from module nameplate): Amps [cannot exceed Step 2.5]

3.3 Adjusted PV Module DCvoltage at minimumtemperature =[Table 1] [cannot exceed Step 2.4]

Table 1. Module V,cat STC Based on Inverter Maximum DC Input Voltage Derived from CEC690.7

Microinverter Max. DCInput| 3, | 37 | 40 | 43 | 46 | 49| 52| 55 | 58| 61| 64| 67| 70| 73| 76 | 79
[Step 2.4] (Volts)
Max. Module VOC @ STC,
1.12 (-1°to -5° C) Correction
Factor (Volts)
Max. Module VOC @ STC,
1.14 (-6°to -10° C) Correction
Factor (Volts)

30.4( 33.0( 35.7| 38.4| 41.1| 43.8| 46.4| 49.1| 51.8( 54.5| 57.1| 59.8| 62.5| 65.2| 67.9( 70.5

29.8( 32.5( 35.1| 37.7| 40.4| 43.0| 45.6| 48.2| 50.9( 53.5| 56.1| 58.8| 61.4| 64.0| 66.7( 69.3

4. Branch Circuit Output Information

Fillin [Table 3] to describe the branch circuitinverter output conductorand OCPDsize. Use [Table 2] for
determiningthe OCPD and Minimum Conductorsize.

Table 2. Branch Circuit OCPD and Minimum Conductor Size*

Minimum ConductorSize Minimum Metal Conduit
Circuit Current (Amps) Circuit Power(Watts) OCPD (Amps) (AWG) Size for 6 CurrentCarrying
Conductors
12 2880 15 12 %"
16 3840 20 10 %"
20 4800 25 8 1”
24 5760 30 8 1”7

*CEC 690.8 and 210.19 (A)(1) factoredin Table 2, conductors are copper, insulation must be 90° C wet-rated. Table 2 values are based on maximum
ambienttemperature of 69° C,whichincludes 22° C adder, exposed todirect sunlight, mounted>0.5 inches above rooftop, <6 current-carrying
conductors (3 circuits) in a circular raceway. Otherwise, this planis not applicable.
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| Table 3. PV Array Configuration Summary

Branch 1 Branch 2 Branch 3
Number of Microinverters or ACMs [Step 1]
Selected Conductor Size [Table 2] (AWG)
Selected Branch and Inverter Output OCPD [Table 2]
5. Solar Load Center (if used)
5.1 CircuitPowersee [Step 1.3]= Watts
5.2 Circuit Current=(Circuit Power) / (ACvoltage)= Amps
5.3 SolarLoad CenterBus Bar Rating (use Table 4) = Min. Amps
5.4 SolarLoad CenterFeederBreakerRating (use Table 4) = Amps

NOTE: If OCPDs of circuits otherthan forthe inverter outputs are present, solarload center bus bar
rating must be a minimum of 100 Amps, and the feederbreakeris limited to a maximum of 60 Amps.

Table 4. Solar Load Center and Total Inverter Output OCPD and Conductor Size**

o Circuit Power Min. Solar Load Center Minimum Minimum Metal
Circuit Current (Amps) (Watts) OCPD (Amps) | Bus Bar Rating (Amps)** | Conductor Size Conduit Size
24 5760 30 30 10 w
28 6720 35 35 8 %"
32 7680 40 40 8 %"
36 8640 45 45 8 b4
40 9600 50 50 8 %"
41.6 <10000 60 60 6 %"

**CEC690.8 and 210.19 (A)(1) factored in Table 4, conductors are copper, insulation must be 90° Cwet-rated. Table 4 values are based on maximum
ambienttemperature of 47° C(no rooftop temperature adder in this calculation), <3 current carrying conductors in a circular raceway. Otherwise, this
planis not applicable.

***Exception: listed combiners are permitted to be used when they’reinstalled in accordance with theirlisting andthe manufacturer’s instructions.

6. Point of Connection to Utility

6.1 Inverter(s) mustbe connectedto eitherload orsupply side of service disconnecting means.
EitherStep 6.2 or 6.3 below should be filled out, and either Single Line Diagram #1 or Single Line
Diagram #2 should be filled out.

6.2 Load side connectionsonly (Per 705.12(D)(2)(3)):
Isthe PV OCPD positioned at the oppositeend from input feeder location or main OCPD location?
OYes ONo(If No,thenuse 100% row in Table 5)
(Combinedinverter output OCPDsize + Main OCPD size) <[bus bar size x (100% or 120%)]

| Table 5. Maximum Combined Inverter Output Clrcuit OCPD

Bus BarSize (Amps)| 100 125 125 200 200 200 225 225 225
Main OCPD (Amps] 100 100 125 150 175 200 175 200 225

Ma ximum Combined Inverter OCPD
with 120% of bus bar rating (Amps)
Ma xi mum Combined Inverter OCPD
with 100% of bus bar rating (Amps) 0 25 0 50 25 0 50 25 0

20 50 25 60" 60" 40 60" 60" 45

TThis plan limits max system size to 10kW or less, sothe OCPDsize is limited to 60 A. Reduction of Main Breaker is not permitted with this plan.
Interconnectionto center-fed panelboards may be permitted per Informational Bulletin.
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6.3 Supply side connectionsonly (Per 705.12(A)):
Only use this section for connections on the supply side of the service disconnecting means. Select one:
O Utility- and AHJ-approved meter socket adapter.

Adaptername/model:

O Service equipmentlisted for the purpose of PV interconnection.

Description / model number(s):

7. Groundingand Bonding

Check one of the boxes for whether systemis grounded or ungrounded: O Grounded O Ungrounded

For Microinverters with agrounded DCinput, systems must follow the requirements of GEC (CEC 690.47) and
EGC (CEC690.43).

For ACM systemsand Microinverters with ungrounded a DCinput follow the EGC requirements of (CEC690.43).

8. Markings

Informational note: ANSI Z535.4-2011 provides guidelines for the design of safetysigns and labelsfor
applicationtoproducts. A phenolic plaque with contrastingcolors between the text and backgroundwould
meetthe intentofthe codefor permanency. No typesizeis specified, but 20 point (3/8”) should be considered
the minimum.

WARNING M WARNING
INVERTER OUTPUT CONNECTION (- DUAL POWER SOURCES
DO NOT RELOCATE THIS » [EE=H| +—| SECOND SOURCE IS PHOTOVOLTAIC SYSTEM
OVERCURRENT DEVICE ==l RATED AC OUTPUT CURRENT AMPS AC
NORMAL OPERATING VOLTAGE VOLTS
CEC 705.12 (D))(3)| CEC 690.54 & CEC 70512M)4)
(OIE)
Optional AC Disconnect per AHJ AC PV SYSTEM AC DISCONNECT
SECOND SOURCE IS PHOTOVOLTAIC SYSTEM
RATED AC OUTPUT CURRENT AMPS AC
PV||PV]||PV]||PV NORMAL OPERATING VOLTAGE VOLTS

CEC 690.54
DC DC DC DC E a \

AC AC AC AC Optional Solar Load Center
[ [ [ i WARNING
a—=0o = = = THIS EQUIPMENT FED BY MULTIPLE SOURCES.

TOTAL RATING OFALL OVERCURRENT DEVICES,
EXCLUDING MAIN SUPPLY OVERCURRENT DEVICE,

PV PV PV PV SHALL NOT EXCEED AMPACITY OF BUSBAR.

T T T I

DC DC bC bC
AC AC Ac AC PHOTOVOLTAIC SYSTEM EQUIPPED
[ L [ [ WITH RAPID SHUTDOWN
a—4 O O O

CEC 690.56(C)

NOTE: CEC 705.10 requires a permanentplaque or
directory denoting all electric power sources on or in
the premises.
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Solar PV Standard Plan — Simplified
Microinverter & ACM Systems for One- and Two-Family Dwellings

Equipment Schedule

Single-Line Diagram #1 for Microinverters or ACMs

/\ TAG [ DESCRIPTION: (Provide model # f provided) (Load Side Connection)
1 Solar PV Module or ACM:
> Microinverter (if not ACM): Check a box for dc system grounding: O Grounded, (I Ungrounded
3 Junction Box: For ungrounded dc pow er systems, EGC is required
4 SolarLoad Center, Yes / No: For grounded dc pow er systems, GEC & EGC are required
5 Performance Meter Yes / No: Refer to CEC 250.120 for EGC installation & Table 250.122 for sizing
6 *Utility External Disconnect Switch Yes / No: * Consult with y our local AHJ and /or Utility
7 Main Electrical Service Panel

1

!

- \
[Py ek} o— . A A
1 T ' A4 i 2 R v A 1
1 1
= DC -> AC |- { 1
[PV D—I .
1 T 1
1 I \
| - 1 ' [ Branch Circuit OCPDs
! : 1 (Table 3)
1 1
[ J!\ __________ 1] | Branch 1 OCPD size __
DC GEC, Branch 20CPD size ______ Main Service Panel OCPDs
When Required Branch 3 OCPD size ______ Main OCPD size: (table 5)
SolarLoad Qenter Combined Inverter Output OCPD: (Table 4)
Busbar(Section 5) Main Service Panel Busbar: (Table 5)
Conductor, Cable and Conduit Schedule
it . Conductor Number of Conduit/ Conductor/ .

TAG | Description and Conductor Type: (Table 3) Size Conductors Cable Type Conduit Size

Current-Carrying Conductors. (for each branch circuit) | | | | | | | |
A EGC:

GEC (when required):

Current-Carrying Conductors:
B EGC:

GEC (when required):
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Solar PV Standard Plan — Simplified
Microinverter & ACM Systems for One- and Two-Family Dwellings

Equipment Schedule Single-Line Diagram #2 for Microinverters or ACMs
[/\ TAG [ DESCRIPTION: (Provide model # if provided) (Supply Side Connection)
1 Solar PV Module or ACM: Check a box for dc system grounding: [ Grounded, [I Ungrounded
2 M'Cro"”"e’ter('f not ACM): For ungrounded dc pow er systems, EGC is required
3 Junction Box: : For grounded dc pow er systems, GEC & EGC are required
4 | SolarLoad Center, Yes/No: Refer to CEC 250.120 for EGC installation & Table 250.122 for sizing
5 Performance Meter Yes / No: - =
— - - - * Consult with y our local AHJ and /or Utility
3 NllJtlll|t3é:5xt’:e.mallsl,3|scgnn§ct Slthch Yes / No: Supply Side Connection (Select One)
aln tlectnical service Fane O Utility-and AHJ-approved metersocket adapter.
Adapter name/model:
4 O senice equipment listed for PV interconnection.
Description / model number:
PV OCPD Rating _ -
_ ,, A O,
r|Pv__ [oconcl A @ \ , ~
1 fm ===\ Jr--v--1 |---y--------1 1
1 ' I LI
[ B W | i [
1 PV |:| | A —- 1 I ( Main OCPD
: I . : \ : Rating___
FIPV - 113 “!|[ Branch Circuit ocPDs |
1 T 1 (Table 3) [
1 1 1 -
| I, J)‘ __________ ___1]|Branch10CPDsize __ |
i 1
DG GEC, Branch 3 OGPD 26 (4]
When Required SolarLoad Center
Busbar(Section 5)
Conductor, Cable and Conduit Schedule 1
- . Conductor Number of Conduit/ Conductor/ e -
TAG | Description and Conductor Type: (Table 3) Size S o Cable Type Conduit Size
Current-Carrying Conductors: (for each branch circuit) [ [ [ [ [ [ [ [
A EGC:

GEC (when required):

Current-Carrying Conductors:

B EGC:

GEC (when required):
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SOLAR PV STANDARD PLAN — SIMPLIFIED

Microinverter and ACM Systems for One- and Two-Family Dwellings
ROOF LAYOUT PLAN

Items required: roof layout of all panels, modules, clear access pathways and approximate
locations of electrical disconnecting means and roof access points.
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Use of this document

This toolkit document includes a one-page list of structural criteria for over-the-counter or online approval, as
well as attached tables and figures that supplement the criteria and explain their use.

This document applies to flush-mounted solar arrays installed on the roofs of wood-framed one- and two-
family dwellings. “Flush-mounted” means the modules are installed parallel to, and relatively close to, the
roof surface (see the “Solar Array Check” section of the Structural Criteria for specific qualifying
requirements). This list is intended to be a simple pre-installation check to gain reasonable assurance that the
design of the solar array complies with the structural provisions of the 2016 California Building Code
(CBC) and 2016 California Residential Code (CRC). Itis not intended to provide post-installation inspection
criteria.

Currently Used Expedited Solar Permitting Approaches

This document is intended for jurisdictions without an expedited process for residential solar structural
permitting, and is not intended to replace or supplant procedures for jurisdictions with an expedited process
already in place. Good examples from jurisdictions with provisions for expedited structural permitting
include the City of Los Angeles, which exempts residential solar installations from structural permitting if
five simple requirements are met, and the East Bay Green Corridor’s streamlined solar permitting process,
which uses structural criteria tailored to typical conditions for that consortium of nine cities.

Regional and Site Assumptions
This document is based on the following regional and site assumptions:

» The dwelling is located in a ZERO snow load area (see Map 1).

» The dwelling is not in Wind Exposure D (within 200 yards of the ocean or a large coastal
bay).

« Ifin Wind Exposure B (urban, suburban or wooded areas), the dwelling may be located:
— in a Special Wind Region (see Map 2) with design wind speeds between 110 and 130

mph.

— onatall hill, provided average slope is no steeper than 15%.

» Ifin Wind Exposure C (within 500 yards of large open fields or grasslands), the dwelling is:
— inastandard 110 mph design wind speed region.
— not on a hill with a grade steeper than 5%.

Additional Options
The Chief Building Official (CBO) may consider adding rows to the structural criteria, based on
personal judgment and their jurisdiction’s conditions and history. Possible additional questions include:

* Regional and Site Checks _ _
— If the jurisdiction is in a mixed snow load area, with zero snow load only at lower elevations,

consider asking, “Is the dwelling lower thanelevation feet?”
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— Ifthe jurisdiction is in a coastal region, consider asking, “Is the dwelling farther than 200 yards from
the ocean or a large coastal bay?” to verify the dwelling is not in Wind Exposure D.

— Ifthe jurisdiction is in a Special Wind Region with design wind speeds between 115 and 130 mph,
consider verifying that the dwelling is in Wind Exposure B by asking, “Is the dwelling in anurban,
suburban or wooded area, and not within 500 yards of open fields and grasslands?”

— Ifthe jurisdiction is in a Special Wind Region with design wind speeds between 115 and 130 mph,
consider verifying that there are no significant topographic wind speed-up effects by asking, “Is the
dwelling in a relatively flat area (grade less than 5%) and not within 500 yards of the crest of a tall hill?”’

» Roof Check
— Basedon the jurisdiction’s one- and two-family housing stock and code compliance history, many

CBOs will find it reasonable to assume that most dwellings’ roof structures were designed to the
building code in effect at the time the houses were built. If so, the roof structure code compliance check
consists of the Contractor’s visual roof audit, checking for unusual sagging or deterioration, without
requiring additional measurements of existing rafters to check against span tables.

— For CBOs of jurisdictions with evidence of structurally deficient one- and two-family housing stock or
poor structural code compliance history, the CBO may elect to add the rafter span check option
described in the criteria.

The Structural Toolkitand CRC Wind Speeds

The 2013 CRC contained an inconsistency related to wind speeds. Despite referencing ASCE 7-10 asits
standard, the 2016 CRC’s text and tables use outdated ASCE 7-05 wind speeds. Under the old ASCE 7-
05/CBC 2010, the basic design wind speed in most regions of the state was 85 mph (max. 3 second gust in 50
years).

Under ASCE 7-10/CBC 2016, the design wind speed has increased to 110 mph (max. 3 second gust in 700
years). Despite the different definitions of wind speed, design wind pressures remain essentially unchanged.

Because the toolkit’s structural document is intended to be forward looking, all wind speeds in the toolkit
document are based on the ASCE 7-10. This is clearly stated in the caption to the state wind speed map, and in
the Table 1 footnotes. This anticipates an obvious and expected correction to the CRC; otherwise the toolkit
would become immediately outdated when the CRC is amended to change the base design wind speed from
85 mph to 110 mph.

2013 CRC text (ASCE 7-05) wind speeds equivalent to the 2016 CRC and CBC Reference Standard
(ASCE 7-10) are shown below. See ASCE 7-10 Table C26.5-6 for additional information.

2013 CRC text 2016 CRC and CBC Referenced
Standard ASCE 7-05 ASCE 7-10

85 mph 110 mph
90 mph 115 mph
95 mph 120 mph
100 mph 126 mph
105 mph 133 mph
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Structural Technical Appendix

This toolkit document is supported by a Structural Technical Appendix that describes the technical analysis
behind these criteria, which are based on structural engineering principles and the California Building

and Residential Codes. The Technical Appendix also provides some additional guidance to address non-
conforming items, such as when an anchor layout is not based on a solar support component manufacturer’s
guidelines, or when a coastal site is located within 200 yards of the ocean (Exposure D). This document can
be found online.

Probability of Code Compliance

The Structural Technical Appendix includes a section that examines the probabilities associated with the
assumptions behind Table 1 that allows six feet cross-slope anchor spacing in some circumstances. That
statistical analysis estimates that the probability of code noncompliance for six feet anchor spacing is only 2
in a thousand installations (0.2%). Note that probability of structural failure is orders of magnitude lower than
the probability of code noncompliance.
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Map 1. CaliforniaGround Snow Load Map (Ref: ASCE 7-10).

The numbers in parentheses represent the upper elevation limits in feet for the ground snow load in psf listed
below the elevation. Example: (2400) ZERO in the South San Francisco Bay Area indicates that zero ground
snow loads occur from sea level up to an elevation of 2,400 feet. CS indicates “Case Studies” where extreme
local variations in ground snow loads occur. Non-zero snow load areas and CS areas are excluded from the
use of this structural toolkit document. See the Technical Appendix for additional information.
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CITY OF RANCHO CUCAMONGA

10500 Civic Center Drive | Rancho Cucamonga, CA 91730 | 909.477.2700 | www.CityofRC.us

Map 2. California Design Wind Speed Map (Ref: ASCE 7-10).

The number outside the parentheses represents the design wind speed in mph. Typical design wind speed
is 110 mph. The gray shaded areas on the map indicate “Special Wind Regions” where higher wind speeds
may apply. When the project is in a gray shaded area, contact the local building department for the design

wind speed.
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STRUCTURAL CRITERIA FOR RESIDENTIAL FLUSH-MOUNTED SOLAR ARRAYS

1. ROOF CHECKS

A. Visual Review/Contractor’s Site Audit of Existing Conditions:

1) Is the roof a singleroof without a reroof overlay? Oy 0ON
2) Does the roof structure appear structurally sound, withoutsigns of alterations
orsignificantstructural deterioration or sagging, as illustrated in Figure1? Oy ON
B. Roof Structure Data:
1) Measured roof slope(e.g.6:12): 112
2) Measured rafter spacing (center-to-center): inch
3) Type of roof framing (rafter or manufactured truss): O Rafter O Truss
2. SOLARARRAY CHECKS
A. Flush-mounted Solar Array:
1) Is the plane of the modules (panels) parallel to the plane of the roof? Oy ON
2) Is there a 2” to 10” gap between underside of module and the roof surface? Oy 0ON
3) Modules do not overhang any roof edges (ridges, hips, gableends, eaves)? Oy 0ON
B. Do the modules plus support components weigh no more than:
4 psffor photovoltaic arrays or 5 psffor solar thermal arrays? Oy 0ON
C. Does the array cover no more than half of the total roof area (all roof planes)? Oy 0ON
D. Are solar supportcomponent manufacturer’s project-specific completed worksheets,
tables with relevant cells circled, or web-based calculator results attached? Oy ON
E. Is aroof plan of the module and anchor layoutattached? (see Figure 2) Oy 0ON
F.Downward Load Check (Anchor Layout Check):
1) Proposed anchor horizontal spacing (see Figure 2): '~ "ft-in
2) Horizontal anchor spacing per Table1: - "ft-in
3) Is proposed anchor horizontal spacing equal to or less than Table 1 spacing? Oy 0ON
G. Wind UpliftCheck (Anchor Fastener Check):
1) Anchor fastener data (see Figure 3):
a. Diameter of lagscrew, hanger boltor self-drilling screw: inch
b. Embedment depth of rafter: inch
c. Number of screws per anchor (typically one):
d. Are 5/16” diameter lagscrews with 2.5” embedment into the rafter
used, OR does the anchor fastener meet the manufacturer’s guidelines? Oy ON

3. SUMMARY

O A. All items above are checked YES. No additional calculationsare required.

O B. One or moreitems arechecked NO. Attach project-specific drawings and calculations stamped and signed by a

California-licensed civil or structural engineer.

Job Address: Permit #:
Contractor/Installer: License # & Class:
Signature: Date: Phone #:

Optional Additional Rafter Span Check Criteria
[ At option of CBO, insertrows (4) to (7) below into table above after row 1.B.(3) ]
1. ROOF CHECKS

B. Roof Structure Data:
4) Measured rafter size(e.g. 13/4 x 33/4, not 2x4):
5) Measured rafter horizontal span (seeFigure 4):
6) Horizontal rafter span per Table2:

7) Is measured horizontal rafter spanless than Table2 span?
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‘ Table 1. Maximum Horizontal Anchor Spacing

Rafter Spacing
Roof Slope
16” o.c. 24" o.c. 32" o.c.

Photovoltaic Arrays (4 psf max)
Flatto 6:12 0° to 26° 5'-4” 6'-0” 5-4”
7:12 t012:12 27° to 45° 1-4” 2'-0” 2'-8"
13:12 to 24:12 46° to 63° 1-4” 2'-0” 2'-8"

SolarThermal Arrays (5 psf max)
Flatto 6:12 0° to 26° 4-0" 4-0" 5-4”
7:12 t012:12 27° to 45° 1-4" 2'-0” 2'-8"

13:12 to 24:12 46° to 63° Calc.Req’d Calc.Req’d Calc.Reqg'd

Solar support component manufacturer’s guidelines may be relied upon to ensure the array above the roofis
properly designed, but manufacturer’s guidelines typically do NOT check to ensure that the roof itself can
support the concentrated loads from the solar array. Table 1 assumes that the roof complied with the building
code in effect at the time of construction, and places limits on anchor horizontal spacing to ensure thata roof
structure is not overloaded under either downward loads or wind uplift loads. Note 4 below lists the basic
assumptions upon which this table is based.

Table 1 Notes:

1. Anchors are also known as “stand-offs,” “feet,” “mounts” or “points of attachment.” Horizontal anchor
spacing is also known as “cross-slope” or “east-west” anchor spacing (see Figure 2).
2. Ifanchors are staggered from row-to-row going up the roof, the anchor spacing may be twice that shown
above, but no greater than 6’-0”.
3. For manufactured plated wood trusses at slopes of flat to 6:12, the horizontal anchor spacing shall not
exceed 4’-0” and anchors in adjacent rows shall be staggered.
4. This table is based on the following assumptions:
» The roof structure conformed to building code requirements at the time it was built.
* The attached list of criteria is met.
» Mean roof height is not greater than 40 feet.

« Roof sheathing is at least 7/16” thick oriented strand board or plywood. 1x skip sheathing is acceptable.
« If the dwelling is in Wind Exposure B (typical urban, suburban or wooded areas farther than 500
yards from large open fields), no more than one of the following conditions apply:
— The dwelling is located in a Special Wind Region with design wind speed between 115
and 130 mph per ASCE 7-10.
— The dwelling is located on the top half of a tall hill, provided average slope is less than 15%.
« Ifthe dwelling is in Wind Exposure C (within 500 yards of large open fields or grasslands), all of
the following conditions apply.
— Design wind speed is 110 mph or less (not in a Special Wind Region).
— The dwelling is not located on the top half of a tall hill.
« The solar array displaces roof live loads (temporary construction loads) that the roof was originally
designed to carry.

 The Structural Technical Appendix provides additional information about analysis assumptions.
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Non-Tile Roof? Tile Roof?
Assumed | Nominal Actual ]
Vintage Size Size Rafter Spacing
16" o.c. | 24" o.c. | 32"0.c. | 16”7 0.c. | 24" 0.c. | 32" 0.
x4 | 1Ax3%" | 9-107 8-0" 6-6" 86" | 6-11" 5-6"
Post-1960|  ox6 | 14"xs%” | 14-4" | 119" 9'-6” 12-5" | 10-2” 8-0"
28 | w7 | 182" | 14-10" | 120" | 15-9" | 12-10" | 10-3"
24 | X3 | 1137 9-9" 7-9" 10-3" 8-6" 6-9"
Pre-1960 | 2x6 | wa'xs%” | 17-0" | 14-0" | 11-3" | 14-9" | 12'-0” 9-9”
28 | w7 | 2.3 | 1807 | 146" | 19-0" | 156" | 126"

Beyond a visual review by the contractor checking for unusual sagging or deterioration, some CBOs may want
additional assurance that the roof structure complies with structural building code requirements. Table 2 is an
optional table some CBOs may elect to use to provide additional assurance by requiring a check of existing
roof rafter spans, and supports optional criteria 1.B.5 and 1.B.6. For post-1960 construction, these span tables
match the rafter span tables found in the 2016 California Building and Residential codes. For pre-1960
construction, the rafter span tables are based on structural calculations with lumber sizes and wood species
and grade appropriate for older construction. Note 5 below lists the basic assumptions upon which thistable is

based.

Table 2 Notes:

1. See Figure 4 for definition of roof rafter maximum horizontal span.

2. “Non-tile Roof” = asphalt shingle, wood shingle and wood shake, with an assumed roof assembly
weight of 10 psf.

3. “Tile Roof” = clay tile or cement tile, with an assumed roof assembly weight of 20 psf _
4. Unaltered manufactured plated-wood trusses may be assumed to be code compliant and meet intent of

Table 2.

5. This table is based on the following assumptions:
« Span/deflection ratio is equal to or greater than 180.
* For post-1960 construction, wood species and grade is Douglas Fir-Larch No. 2.

* For pre-1960 construction, wood species and grade is Douglas Fir-Larch No. 1.
» Other wood species and/or grade are also acceptable if allowable bending stress is equal or greater

to that listed.

Page 31 of 33



Ridge sag in inches not to exceed ridge length in feet divided by 20.

D= Rafter Depth

Holes allowed only in middle third of rofter
depth, D, and no larger than D/4 in diameter.
Minimum spacing betueen holes at least D.

~
\\
~ -
e e - -
"~ S~ —~ —~
~ ~ ~ -~
"~ ~

to exceed rafter length
in feet divided by 20.

T —
\ \\//
\ \— Verify that no diagonal or vertical roof
Notches deeper than %" truss members are cut or notched
ml‘;ﬁ :Fl“r‘%f‘tt:r or Where rafters are visible from attic #/or
underside of roof, visually review rafters
to verify that no significant structural
"Bird's Mouth" notches at end of rafters OK decay or un-repaired fire damage exists.

Figure 1. Roof Visual Structural Review (Contractor’s Site Audit) of Existing Conditions.

The site auditor should verify the following.
1. Novisually apparent disallowed rafter holes, notches and truss modifications as shown above.
2. Novisually apparent structural decay or unrepaired fire damage.
3. Roof sag, measured in inches, is not more than the rafter or ridge beam length in feet divided by 20.

Rafters that fail the above criteria should not be used to support solar arrays unless they are first strengthened.

Anchor Layout Existing Rafter
/—Ridqe Layout
[ [ I [ [ 3
[ [ [ / [ [ Eg
| | | | | | A3
| | | | *
[ L A L
I I I I I
| | | | |
| | | | #
1=~ T [~ % Gable End
| | | '
| | | |
| | |
I . -
I I I I
| | | |
| | |
j-t-4-1-11-4
: | : : : ::k
qL 7L'- Roof Edgz
Anchor qulzmtal Distancs
Cartilever ¢ L/3 Spacing

Figure 2. Sample Solar Panel Array and Anchor Layout Diagram (RoofPlan).

Page 32 of 33



"3

EMBED

5,10
LAG SCREW

/ .
%" MINIMUM EDGE

DISTANCE EACH SIDE

ALLOWED SCREW
INSTALLATION ZONE
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Figure 4. Definition of Rafter Horizontal Span.
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