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General Overview

 Energy institute of the State of Florida
— Largest and most active in nation

— 25+ year history of research and training
excellence

e Approximately 130 staff
— 80 professionals
— 35 technical support and clerical staff
— 15 graduate student assistants
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FSEC Program Areas

* High-Performance Buildings

e Solar Thermal Systems

* Photovoltaics

* Testing & Certification

 Hydrogen and Fuel Cells

 Education and Training

e Electric Vehicle Transportation Center
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Education & Training

Creating Energy Independence
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EnergyGauge* Software

Florida’s Energy Code compliance tool

e Plus...

— Nationally accredited
Home Energy Ratings (HERS)

— ECO n O m i C a n d fi n a n C i a I £ EnergyGauge U.S.A. - Baltimore - Example E-star

File View Calculate Reports Regutration Help

Creating Energy Independence

analysis e e P
. . Project Info-
— HVAC System sizing Tte:  [Batimore - Example E-stor Roter Name: [, Coriied

Owner: |i. B Proud Builder: [dobn Q. Better
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Type: [New (nspected and Tested)  ~| ool ol merype- }

— Automatic building N [
optimization pe— 'l_j | conmng | | syut BT
w w?-'m w Post Project I cty.  [Btinore sate: 0
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Right-click for page help, or place cursor in any field and press F1 for context-sensitive help.

e I Utilty Rates |
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Solar Test and Certification at FSEC

e Florida law requires FSEC to develop and promulgate
standards for solar energy systems (§377.705(4)(a), FS)

e Charged with establishing criteria for evaluating the
performance of solar energy systems (§377.705(4)(b), FS)

Creating Energy Independence

e Requires that all solar energy systems sold or
manufactured in Florida meet those standards

e “Such standards shall ensure that solar energy systems
manufactured or sold within the state are effective and

represent a high level of quality of materials, workmanship,
and design”
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Solar Test and Certification at FSEC

e Standards developed put into effect by FSEC are subject
to rulemaking under the Florida Administrative
Procedures Act (Chapter 120, FS)

e This process requires notice to interested parties,
workshops, and hearings in order to assure the standards
are developed with industry input and consensus to the
extent possible.

Creating Energy Independence

e The standards are then adopted by reference in the
Florida Administrative Code (FAC) Rule Chapter 6C7-8

 There are no provisions for enforcement by FSEC
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Creating Energy Independence

System Electrical

€ Some lack of familiarity with NEC Article 690 by code
officials, installers and design professional
€ Relatively new article
€ Frequent changes and additions initially
€ Relatively few installations in Florida

€ Specific areas with frequent questions

= DC rated equipment and components versus AC ratings
Temperature requirements (above 30°C)
Grounding, bonding, lighting protection confusion
Conduit types and applications
Labeling
Disconnect requirements

= Adequate schematic drawings for permitting and installation
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FSEC System Certification Process

* Process
— Review PV system electrical plans
— Verify UL listed components are used
— Ensure code compliant electrical design of PV systems
— Verify basic performance expectations

e |ntent

— Consumer protection
— Safety
— Value to owners, installers, and inspectors
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B o
Photovoltaic System Certification Application % F S EC
—

e
_/cg

v. 20130111
A i i line electrical d i PV system must be submitted in PDF file format.

v As this is the mest important document considered in the review, please check that t includes the folk minimLIm reg befor

§ . [Name: | Acidress: | |
c| g%
6|8 . . ;
% ‘2.; company: | Jeme | ‘SW‘E-DZ‘PCOC'& [[] Manufacturarand model number of all P\ modules, inwarters, charge controllers, and bartaries
ERE= : all
Ele TE‘QP‘“’"E\ \EMB“ | \WG““?| \ [[] Thesize. type, anel maximum run length of all conductors
543 r
= % | [ PV module wiring

[} E
g %'.:? Narer | Addoes: _E [] Pvmodule equipment grounding
=58 2
2| 3 [company: | ciy: [ st zipcode| 2| [ symemgrounding
< |2 5

£= Mall: } ¥

2 Te‘e’““"a‘ ‘EME“l ‘W‘Ebs“' £ | [ seteen wiring (fapplicable)

a
W | [] Thesize/rating and location of all overcurrent protection devices (e.g- fuses and circuit breakers)
[[] The rating and location of all discannects

T ion: ing:
i [frstem Desgnation:| |Terai Nameplstaating: L [] Peint of connection to the wtility f applicable)
1
& |SymemType Quility Interactive  ()Stand Alone (Oother [ Compliancewith National Elctic Code

2| Manufacturer| | wiodel Number: | Registration Number< l:| Nameplate Rating: |:| W 4
=232
(- Quartity: Number of Series Strings/Branch Circuits: Nurmber of Modules per Series String/Branch Circuit: 2
- iy g e 'J -
< F
4 1]
£ a
5 Manufacturer| [ miodet umber | Registration Number= |:| Nameplate Rating: |:| w [
> L]
2 Ouartity: Number of Series Strings Branch Circuits: l:l Nurniber of Modules per Series String/Branch Circui :| £
£ >
a
e an FSHC i Humber, found . hutgn/fucuro i i it modles
IF & module Is net listed, please iefor T it A : a
Please submit the following required documentation in PDF file format with your application:
z Manufaclurer—.l | Wodel Numbal:‘ |Quamlly‘ ‘ ‘Tyue‘ () Centralinverter () Microinverter [7] Electrical schematic (25 darailed above)
5
2 53 |Maximum DCInput Power: W Maximum DT Input Current: l:l A DClnput Voltage Range: Mm:l:l e l:[ [[] Manufacturers data sheet for all PV modules
E| = y
,-% £ |ACNominal Cutput Puwer:l:l W AC Maximum Output Current l:l aat Orzov Qmav Quov Qzrv 8 | [ Manufscturer’s data shest forall inverters
'E [ manufacturers data sheet for charge controlier (if applicasle)
; £ |Manufacturer:| | wodel Number| | cuantity: [ype: (O Centralinverter () Microinverter 3| [ Manufacturers data sheet for batteries (f applicable)
= o
E ;E Maximum DC Input Power'.l:lw Maximum DE Input Current: I:l A DClnput voltage Range: Mm:l:l M l:[
£2
5 [AcNominalGutputPower| W ACMadmumOuputCunent|  |a au (Oi2ov Qs Qv Q2rv
L Tha completed application and documentation must be E-mailed in PDF file format to pvsystem@fsec.ucf.edu. (f the Submit button below does notwork with
vour browser, save this applicatian te your computer and then fill it out using Adobe Acrobat Reader (available at httpi//get.adebe.com/reader).
Do notsend paymentuntil an invoice has been received. Afteran application packet s received and passes a basic check for completeness, FSEC will returm
a ; . i 8 [an imvoice by E-mail. Payment of the non-refundable cartification fae is required to start the design review process. Te ensure proper credi, the invoice number
5: Manufacturer: ‘ | Wodel Number: ‘ ‘ Uistingto UL 1741 Verified: (Do (O}t must be referanced on any form of payment. The fee schedule is available st hetpy uef. i df/PV Test Cert Fees.pef
r
2 £ |Upon receipt of the completed application, all data sheets, the electrical schematic, and full payment, a respense will be provided within twenty business days
2| Eo [paery Manutacturer | Hosehumer |tves: (O Fiooded Qyseset (L () A B [tnotincluding holiddays or any other days during which FSEC s closed.) The response time starts anew Upon each submitted revision.
23 E
£ | £ [rots Number of Batteries l:l Number of Series Strings: D Numberof Batteries per Saries String: l:| Capacity (C/20 rate} l:| ah
@&
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Certification Process

 Multiple steps involving frequent
communication with the applicant

e Currently the process is all
electronic by utilizing pdf
applications, e-mail communicatio

and data entry.
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Applicant Downloads application from
FSEC Website

v

Submission of initial application

(E-mail to pvsystem@fsec.ucf.edu) -
Manually create applicant file and
enter system information
Completeness -
Review A Application
- Rejected

\\\. }/
Application
Accepted

Send Invoice
(E-mail)

v

Applicant makes payment
(FSEC on-line store or Check)

v

Notify Applicant
{e-mail)

Forward Application to System Reviewer

,_{

(E-mail)
//*\\
p ~
//
-
// \\
.
.
System ~, -
- L
. Approwval e Design
., e Deficiencies
. e
\\ /.f
“ -
", #

" Py
vy

Design
Approved

Applicam revises and re-submits
electrical schematics
(E-mail)

|

Notify Applicant
{e-mail)

Certification documentation is created,
sent to applicant and updated on-line




6&0LAR | FLORI DA @ FLORIDA SOLAR ENERGY CENTER"
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FSEC Website
v .
Submission of inital application | e This only accounts for the FSEC
(E-mail to pvsystem@fsec.ucf.edu) "' . . . .
¥ certification of electrical designs
Manually create applicant file and ..
eﬂ*ﬂﬁ*ﬁ:'mmaﬂm » Several additional steps from the
e contractor are still required for system
Completeness o Notify Applicant d pprova|
Review Aggj”;:tgsn = (e-mail)
o Structural Design
Mcemed
S e Local Permitting
v Processes

Applicant makes payment
(FSEC on-line store or Check)

v

Forward Application to System Reviewer | Applic‘:;:;;g:?;i’;m}é:bmns Utl I Ity N et M ete rn g
- (E-mai Agreements
System N o Notify Applicant Inspectlons
Approval Design o (e-mail)
- Deficiencies
Design \l’
Approved

Certification documentation is created,
sent to applicant and updated on-line
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System Design Approval

e FSEC certification ensures NEC compliant design that performs as expected.
e CRITERIA FOR SYSTEM DESIGN (ELECTICAL) APPROVAL

— Module specifications, array design and inverter compatibility

Creating Energy Independence

— Wire type, gauge, lengths

— Conduit type, size, lengths

— Voltage sizing, voltage drop

— Disconnect rating, location

— Overcurrent protection rating, location

— Combiner/junction box rating, location, NEMA rating
— Grounding type, placement, wire gauge

— Appropriate ground fault protection

— Service panel requirements

— Appropriate markings and labels

sunshot
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FSEC Experience

 Wide variety of electrical schematics submitted
e Variations in layout, symbols, notation, etc.

e Often requires several interactions between the system
reviewer and the applicant to arrive at a complete and
code compliant design.

A more standardized electrical schematic will streamline
both the certification, permitting and inspection processes.
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Varying Complexity

Canadian Solar 240W Modules.
#10A%G ; Wired in 13 Series strings of 3
. i ITOAWG ITOAWG Iredin ries strings of .
Canadian Solar \“#-‘M vare USE-27XP USE-2/0LP USE-2/XLP
C56P-240P : o
VOC: 37.0V —
ISC:8.59A USE2MLP
yMPi2ev | el 0 == 1T PV Combiners are rated for 600VDC and consist of an
IMP:8.03A ‘ isolated negative bus along with 600VDC rated fuse
” anns, = holders, fusing each pv source circuit individually with
1 5tring of 3 Modules *fﬁ::f’u COMBINER -:-|-|r-‘ " t:t-v“"'/ 15A fuse.
Vac:111.0v THHH — \
ISC:8.46A L_ HUB 12 BOAGFDN  #6Aws
VMP: 89.7V €0 AMP P, T ﬁ B0 AME P = ﬁ o ::::‘l-”
DISCONNEL] 90 _Aup PY @ B1SCONNEE @ LIRS
IMP:8.03A TOLSEE] £2405 fzau F-125AMP
T2/ = THRN-24 DE Breakers W/
5 $trings of 3 Modules #2ans e NG Outbiack Big Bus
VOC:111.0V TiN2f o,
ISC:42.3A AC Loads L1 n
VMP:89.7V Secure  |120/240VAC = | Outback | Y
hma Load center ¥ System - Big Bus
IMP:40.15A ¥ L1 StL."ge 60.‘;0 L2 Communications For Negative setve
continuous Terminations .
3 Strings of 3 Modules F2surge 120A BOA o) Ky {IHImJ
VOC:1110v  L2[continuous &0 |l—= ?} 120Vac - =
ISC:25.77A [ L
VMP:89.7V — i 1H: ﬁ%ﬁ‘ﬁ"’%
IMP: 24 .09A ) ;,:\,;( Z T THHN
- Battery Cables
bl 3 GVFX 3648 S~ THWN-2/ 1 Y
~ Inwverter/Chargers THHN »
1704 Inverter Cables
120a 240vac | AC Source 120Vac - - .
120/240VAC A ) Harme run cables
E o ; |> all the same length
L2 MATE [ES g
ll_ o Temperature 3 yhe 31 AGM non-spillable batteries
o — L1 Sensor 3 series strings of 4 batteriesin parrallel
— ‘ 48V nominal
Earth Ground Jn.L..ulm
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Automated Design Tool

e Our goal is to develop design software in
which the applicant can input system
information, design requirements, choose
from a database of approved components
(modules, inverter, etc.), and receive a set of
custom plans.

e All design aspects will be calculated using the
NEC, FL Building Code, ASCE 7, and all relevant
code requirements.
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Applicant Downloads application from
FSEC Website

v

Submission of initial application
“E-mail to pvsystem@fsec.ucf.edu)

Automated Desigh Too

N\ v

ManuaWy create applicant file and
ent tem information

A

Applicant uses on-line system to
input Photovoltaic system information
and access the list of approved
system components

//, \\
" Completeness N o Notify Applicant 7
\\ Review - Application (e-mail) /-" \\\
~ 4 Rejected P 5
o P ! i .
S yd . Automated B
LN < Design >
Application h e Syst S
Accepted . ystem o
\\\ 7
b 7
Send Invoice 5~ -
(E-mail) N
* Approved

Applicant makes p ent
(FSEC on-line sto Check)

Design Plans
are Created

Forward Appli n to System Reviewer | Apphcalm rel\nsrasi e-submits
(E-mail) - eectncrilE scl 'F
1=l FSEC certified design plans and
* relevant documentation are created,
Y g . sent to applicant and updated on-line
/// \\\
s
// \\
o System . - Notify Applicant
™ Approval e Design - (e-mail)
. //’ Deficiencies
\\\ //
\\ ///
S

Design
Approved

Certification documentation is created,
sent to applicant and updated on-line
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Expedited Permit Process for PY Systems
A Standardized Process far the Review of Small- Scale PY Systzms

Study Report Overview

This fact sheet surnmarizes the findings and recommendations of
a new study report frorm the Solar America Board for Codes and
Standards (Solar ABCs)., Expedifed Permil Process for PV Systems
~ A Standardized Process for the Review of Smali-Seale PV Sys-
fers. The permit process presented in this report was created
o meet the needs of the growing, small-scale photovoltaic (PV)
market in the U.5. and is applicable nationwide. It takes ad-
. wvantage of the many common characteristics inherent in most
EXPEDITED PERMIT of the small-scale PV systems installed today to strearrline both

PROCESS FOR. PV SYSTEMS the application and award of permits
oS tandandized Process for the Redien of This study report describes a process that has advantages
Small.Seale P‘:’ Bl throughout the permitting cycle. Use of this process simplifies
LA the technical requirernents for PV contractors subrmitting the ap-
Bill Brooks

plication for constiuction of a new PV systermn while also faciitar-
Engineering - tural content by the local jurisdiction awarding the perrmit.

Solar imerica Board
for Codes and Standar

ing the efficient review of the application’s electrical and struc-

Key Findings

Local jurisdictions are responsible for establishing the permitting
requirerments for new PV systern construction and installation in
their rerritory. While jurisdictions everywhere share most of the
sarne challenges in ensuring the safety of new FV systerms, inexpert-
ence with PV has led many to irmplement unnecessarily cormplex and
inconsistent permitting procedures. In these cases, barriers of time and
expense brought about by requiring multiple departments to review the
same application severely inhibit the timely and efficient construction of
new PV systerms.

AT the sarme titne, the majority of residential-sized PV systerns installed in
the United States share many similarities of design. It is the similarity and
cornrmonality of these designs that would allow for a nationally standard-
ized expedited permit process for small-scale PV systerns.

Solar ABCs Recommendation

The selution is to begin with a consistent starting peint and using the nation-
ally standardized Expedited Pertmit Process. Jurisdictions can be assured that
they are consistent in their application of codes and standards. Contractors
can also be assured that the requirerments for permitting will not vary drarmati-
cally among jurisdictions. Both of these assurances result in safe, cost effective
installations and accelerate FY technology use.

The term “expedited permit process” refers 1o an organized permitting process
by which a majority of small PV systermns can be permitted quickly and eas-
ily. It is not intended to apply to all types of PV systerns. The primary need
and use forthis process is for systems of less than 15KW maximum power
ourput. The expedited permit process is intended to simplfy the stnactural
and electrical review of a small PV systermn project and  minimize the need for
detafled engineering studies and unnecessary delays

The majority of PV spstems installed in the 1.5, meet the elegibility
requirements otttlined in this process and will benefit from the
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Standard Design Plans

e Standardizing the way in which plans are constructed
with consistency in layout, notations, and symbols

* This will reduce the time required to read and
understand system design plans.

* Potential for faster approval processes and
Inspections.

 Produce electrical diagrams that allow for simple and
straight forward inspection process

e Creation of a single database for all certified PV
components.
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Standard Design Plans

S Oe DM: c=US, st=Florida,
. = |=Coral Gables,

1| SR PV NDDUE - AFFROVED HY &0 SILIR " email=enrique sosa@tylin.c
2 PV ARRAT - AFFROVED BY 50 50L4% om, o=TY Lin International,
3 J—mﬂrusm]:l - FER HEC cn=Enrique Sosa

4 | COMENER (F USED) - FER WFG (WAY EE W WVERTER) . . i

~ T oo = — PR W (Y EC N ) Datle. ?{}13.05.30 11:40:40

[ [C/40 WVERTER - PER WFG -04'00

7 |GEN NETER {F USE)| - PER WFG UTLITr SEFicE

B AL DISC (F USHD) - SHALL CoMPLY WITH MEC &5015,14,77

o | sz eam - TR 7 MODULES IN SERIES SOURCE-CKT

M3, OF STRIM0S | MO.MODULES | WWTTS | WOLTASETYFE Wi
[BEE NOTE 5 FOR |NWVERTER OCP08, ALSO SEE GUIDE SECTION §)

| sTne 7HOOUES | RN | TOTAL Wee Kl
EAMIDAE | 250 W [vee FER WOOULE 37 W
THIOUES | TR0 | TOTAL Vae =Y
@ € @ ! STRHG ER/MICULE | 250 W |vee FER WODULE 37 ¥
TMEUE | THOW | TOTAL Ve 50 ¥

1 STRMG

ER/WELLE 25D W (Voo FER WODULE, 3T W
7 WOULES 1750 W | TOTAL Vac 2=y
EA/MWILLE 250 W Voo PER MODULE, 37 W

4,750 WATT SYSTEM
4 STRKES AKD 7 WODULES

]
WHJ e _'_S}_"Z'_ s 00 7 40

|
A

DISFEGARD IF PROVDED WTH WVETER HEY NOTES:

(SEE GUIDE APPEMDIC C FOR IFORNATION OM UOOULE & ARRAT GROUNDING] @SIIE BNkFD}I BREﬂkB‘t PERNIEF?JNﬂéu
LIS'I'ED BA.GCFE} BRR SHALL WOT 8E
MORE THAM 208 OF BUS

(ZmoouLEs SHAL BE LISTED TO UL
STANDARDS 1

@INU‘ERTERS SHALL BE LISTED TO LIL
ST.GNDAHGS 1741 INYERTER TO H
WITHIM 10" OF SERVICE, WTHIN SIGHT

[===hs o o =

7 MEULES K SERES snuiE—crr| |_‘

I STRMNG

1 EA/MODULE TO JBOK USE 2 OR PV WFE & EGC 10 & 1210 GND | PER KEC EGC SWALLER THAM & AWG SHALL BE FROTECTED WEC 25001200 CF INVERTER OR LOCKASLE
B TG COMBINER THAH—2XHHE-2,FHW-7 & EGC 140 & 1§00 64D | PER MEC {F COUBIMER USED, OTHERWEE GO DRECTLY FROM JB00C TD IMVERTER) @CMEINER, OC—DISCONNECT AND
INVERTER MAY COMBINE WITHIN ONE
TO/FROM DL OECOMMECT | THWH-2/0HH-2 FHW-F & INSULATED EGC | 16 & 1 #6 GND | PER REC | [IF OC DISCONKECT USED, CTHERWISE GO DRECTLY FROM JECH TO WVERTER) INVERTER LNIT
MHH OCFD TO WVERTER bC GROUMDRG ELECTROOE CoNoulT 16 &1 §6OND | PER MEC Efy, Gl COMD. [EGE) SHOULD BE SFED WEC G505 (&) @Eﬂ- GND. COND. (EGE) SHALL BE SIZED
TO/FROM AC DISDORNECT | THWh-2/SHHW—2 RHA-2 & BSULATED ESC | 16 & 1 46 GND | PER WEC (F METER MOT USED GO ORECTLY FROM BAVERTER TO AL CISC) PER MEC EB0.45 (A)

{EJMVERTER CUTPUT CONN. SHALL BE
SI7ED PER MEC 890.64(A)(7)

iy s e e ek b B il i - - Gy bl b L 6D e e
Ee I Y Y

= TESNED BT [oX Toenz
TFYLININTERNATIONAL [l BROWARD COUNTY rs o
21 ALHAEA CRELE » SUTE s - . 7 KW PV SYSTEM ELECTRIC DIAGRAM e
mms [0y Ser- ms rnx a:m sar 1T (SHECED BY an EXPEDITED PERMIT FORM GO SOLAR A
M —— ECT RaminG Wo, [SHEET Mo
N | DATE REMISINS ar | o [arav] i T PROJ |

= P —

US. Deodf @20 ebray
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SITE INFORMATION

Existing Service Panel Information Location: I:]
Voltage Level: l:l Minimum Operating Temp: |:|
Maximum Current Rating: :l Maximum Operating Temp |:|

MODULE INFORMATION

Manufacturer: :I Nominal Power Rating: I:l
Model: I:l Operating Voltage: I:l
Operating Current: |:|

MODULE CALCULATIONS Cpelaleioges |

Short Circuit Current: I:l
Temperature Coeff of Vmp: |:|
Temperature Coeff of Voc: |:|
Temperature Coeff of Imp: |:|
Temperature Coeff of Isc |:|
Temperature Coeff of Power: |:|

Max Operating Voltage:
Min Operating Voltage:
Max Open Circuit Voltage:

Min Open Circuit Voltage:

il

INVERTER INFORMATION

What type of power conditioning is being used for this system: l:l
Manufacturer |:\ Power Rating: |:|
Model: |:| Max. DG Input Current: I:l

Max. DC Input Voltage: |:|

Min. Peak Power Tracking Voltage : I:l

Max. Peak Pewer Tracking Voltage: |:|

DC Startup Voltage: I:l

Number of DC Input Terminals: |:|

Number of Independent Peak Power Tracking Inputs: |:|

Powered by Generate Array Options | Hide Calculations: ]
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Design Tool Calculations

User Input Process Flow Calculations Output
Site Information
; |1 Identify Operational
Secaion " Temperature Conditions
Service Panel Voltage Level ——» Limit Inverter Selection
Service Panel Max | Limit System String
Current Rating Sizing Options
System Design Questions
Power Conditioning System | Limit Module and
(Inverter/Micro-inverter) Inverter Selections
Module Selection o
1. Manufacturer - Extractf?;z::l:‘laet:;)::;ﬁcahon
2. Model
Inverter Selection . .
1. Manufacturer ™ Extraotf::vmerdt:;asbpaesc;ﬁcatmn T
2. Model v
Calculate minimum and
Abbreviation list maximum operating parameter
T, — Minimum Operating Temperature ('C) 8 Maximum Module
MIN X(25-T, ) x MV L
T, — Maximum Operating Temperature ("C) yoe i e Open Circuit Voltage
MP._ — Module Operating Power at STC (W) Mini
WP inimum Module
MV, — Module Operating Voltage (V) (Bune X (T 25) X MV, St UaEgs
MI,,. — Module Operating Current (A)
MV, - Module Open Circuit Voltage(V)
MI__ — Module Short Circuit Current (A)
B, .~ Temperature Coefficient of Open Circuit Voltage (V/°C)
B,,.- Temperature Coefficient of Operating Voltage (V/'C)
Powered by |
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PV System

BMA 100D-U8

Inverter
AMA Sunny Tripower
15088TL-SS.

Connection Unit

Standardized
Output
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Automated Design Tool

 The expected users are residential/small
commercial photovoltaic installers.

 The system will produce code compliant plans
that are easily understood and include all
required notations.

 The system will be maintained to
accommodate code changes and updates.

e Requires feedback from code officials during
development and buy-in for implementation.

Creating Energy Independence
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Wind Loads
and
Structural Code Compliance

A
ASCE STANDARD {

This document uses both the
International System of Units (SI)
and customary units

Powered by
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Wind Load Calculations for PY Arrays
Study Report Overview

This fact sheet summarizes the findings and recornmendations for
the Solar America Board for Codes and Standards (Solar ABCs)
Study Report, Wind Load Caloufations for PV Arraps

Solar America Board
for Codes and Standards

Today’s photovoltaic (PV) industry must rely on licensed structur
al engineers” interpretations of various building codes and stan-
dards to design FV mounting systems able to withstand wind-
induced loads. However, the safety and sufficiency of structural
attachments for PV arrays are not adequately addressed within
any codes or standards. The result is a diversity of code inter
pretations from different individuals and groups, often yielding
different design loads for the same design specifications.

This report provides sarmple caleulations for determining wind
loads on FY arrays based on ASCE Standard 7-05. The report
focuses on application of PV arrays mounted parallel to the roof
slope and relatively close (3 to & inches) to the roof surface. The
report does not address other array configurations or building
integrated FV.

\_/

WIND [OAD
CALCULATIONS FOR
PV ARRAYS

Stephen Barkaszi, PE.
Florida Sclar Energy Center

Colleen O’Brien, PE. Key Findings

BEW Engineering

It is necessary to evaluate equipment and attachment methods to
ensure that PV equipment will remain attached to structures during
windstorm events and that the additional loads or load concentra-
tions produced durng these events do not exceed the structural ca-
pacity of the building. ASCE Standard 7-05 is the standard for evaluating
wind forces on structures, but it does not provide sufficient guidance to
the design professionals and code officials to assess wind loads on FV
installations
This lack of guidance creates obstacles for the PV industry. The resulting
problems include frustrated installers, dissatisfied customers, and wind-
related structural faflures. In addition, uncertainty about what constitutes
a safe and secure installation for a given wind load can slow or stop the
approval process for FY installations and complicates the training of code
officials.

PV modules and arrays present a unique design challenge in high wind re-
gions. Eventually, codes and standards will be updated to address the mount-
ing of PV arrays to rooftops thus eliminating potential barriers to market devel-
oprment in high wind regions.

In the meantime, this repott provides design guidance including sample calcula-
tions for determining the wind loads on PV atrays based on the recognized meth-
ods of ASCE Standard 7-05.

Solar ABCs Recommendations

1. Base the structural design of roof-mounted FV systerns on the

ASCE Standard 7-05 as follows:

a. Section 6.5.12.2, main wind-force resisting systemn (MWFRS),
is the recommended starting point for designing the PV
mounting structure, with the PV module oriented above and
parallel to the roof sutface,


http://windspeed.atcouncil.org/
http://windspeed.atcouncil.org/
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Guidance is Lacking

Frustration, uncertainty, inconsistency, and gross
negligence will result from the current lack of guidance.

ASCE 7 does not
currently address solar
equipment

Powered by
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Computational Fluid Dynamics Model

At rs s oy Award Number: DE-SC0010161
~enieCorp Project Title: “Real-time POD-CFD \Wind-Load Calculator for PV Systems”
Company Name: Central Technological Corporation (CENTECORP)

i

Velocity: Magnifude (mph)

SLF sty 409 1824 12273 18364 20055
]: 7 VA, Total Prassure (psi)
Yook L1sws geed  0SARS ol 04

- -qq%«r 163 2317 12347 16403 206,70
o : L =
i Total Pressure (osi)
g 7513 13069 Q8425 041623 0O6111 047045
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Wind Load Calculator

Award Mumber: DE-SC0010161
Preject Title: "Real-time POD-CFD Wind-Load Calculater for PV Systems”
Company Name: Central Technological Corporation (CENTECORF)

x Tetol Prpssten coe)
e comw olET Q4TRT Q@RI GanMs

Figure 7: Streamlines colored by velocity and pressure contour plot of panel assembly, roof, and ground,

Configurations are: 0" (Top Left), 30° [Top Right), 60° (Bottom). 30 view,

Page 12 of 31
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Real-fime POD-CFD Wind-load
Calculator for PV Systems

A web-based calculator which utilizes Computational Fluid Dynamics
(CFD) and Proper Crthogonal Decomposition (POD)

Wind loading calculations for
structures are currently performed
according to the ASCE 7 standard.
The values in this standard were
calculated from simplified models
which do not account for turbu-
lence generation and dissipation,
3D effects, as well as minor effects.
Attempts to apply this standard
may lead to significant design
errors as wind loads are incorrectly
estimated,

A real time respense framework
based on the Proper Orthogonal
Decomposition (POD) method is
used to provide a solution that
would not only take advantage of
the great detail and accuracy of a
grid-converged 3D CFD analysis,
but also calculates in real-time the
loads that result from wind-
induced drag and lift force on PV
systems.

The key is to generate before-
hand an off-line extensive set of
solutions using CFD within our
defined design space (various
modules sizes, wind speed, topog-
raphy, roof dimension and pitch,
etc) and store them in a database.

FLORIDA SOLAR
ENERGY CENTER"

\" Cantarnarn

TOOL BENEFITS

This tool will accelerate solar
deployment nationwide.

It will reduce the total
installed cost of solar energy
systems by 75%

It will reduce system design,
installation and permitting
cost since the calculator will
suggest proper hardware
configuration by calculating
wind-loads in real time for
any solar system design.

The web-based wind-load calcula-
tor would then access the database of
known solutions, and generate in
real-time an approximated solution
by means of the POD methad, which
can be thought of as a multifaceted
interpolation that preserves the
physics of the problem.

Because the POD method can
produce a low-order approximation
of the solution field with minimal
loss of accuracy and fidelity, it serves
as a reliable, fast and accurate
response surface within the design
space than can enable a real-time
web-based calculator.

In addition. The POD algorithms
rely uniquely on algebraic
manipulation of previously gener-
ated field data, the entire POD
modelling framework can be
implemented  in  modest
platforms such as laptops and
tablets while allowing for ‘true’
real-time prediction of design
parameters.

FLORIDA SOLAR
ENERGY CENTER'

centecorplcom
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Applied Technology Council

WINDSPEED BY LOCATION
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About This Site

Lat/Long Finder Related Resources

The purpose of the “Wind Speed Web Site” is to provide users with a site specific wind
speed using the GPS coordinate system. On this website, users can refrieve wind speeds
from ASCE 7-10, ASCE 7-02 and ASCE 7-93. Wind speeds are also provided for
serviceability purposes for 10, 25, 50 and 100-year return periods.

The reason this utility is needed is that the spatial resolution of the wind speed maps that
are displayed in ASCE 7 are not sufficient to determine a site specific wind speed. There
are no reference city or town locations on the ASCE 7 maps and while county boundaries
are shown, the resolution is affected when the maps are expanded large enough to
distinguish the boundaries and approximate the city locations.

To find the windspeed for a specific area, select one of the
following methods:

1. Click the radio button for decimals and enter latitude and longitude in the spaces
in decimal form and select “Get Windspeed™ or

2. Click the radio button for address and enter the desired address; Select “Find™ to
auto-populate the latitude and longitude and select *Get Windspeed® or

3. Find the site an the map, right click the mouse and the latitude and longitude will
be displayed in decimals. The coordinates auto-populate in the decimal location.
Select "Get Windspeed™ or

4 Ifyour site is in the US Virgin Islands, Guam, American Samoa or Hawaii, click the
appropriate radio button below and select *Get Windspeed™,

5. Ifyou are unsure of the location use the “LatlLong Finder” tab at the top ofthe page

to enter an address and retrieve a latitude and longitude.

Windspeeds are site-specific for the GPS coordinates provided and are found by
interpolation to the nearest 1-mph.

Sponsors AboutATC  Contact

® Decimal (Enter Decimal Value)
Latitude Longitude
28.3863994 -80.755056599

' Address (Enter Complete Address Below)
1679 Clearlake Road, Cocoa, FL 329

0 US Virgin Islands

L Guam

' American Samoa

) Hawail

Get Windspeed

@ QATC

Support this site
through sponsorship

MNew App-Calculate
Wind Pressures
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Search Results § """

Latitude: 28.3643
Longitude: -80.6086

ASCE 7-10 Wind Speeds
(3-sec peak gust MPH*):

Risk Category I: 137
Risk Category II: 148
Risk Category llI-IV: 159
MRI** 10 Year: 83

MRI** 25 Year: 99

MRI** 50 Year: 110
MRI** 100 Year: 121

ASCE 7-05: 127
ASCE 7-93: 98

*MPH(Miles per hour)
**MRI Mean Recurrence Interval (years)

Users should consult with local building officials
to determine if there are community-specific wind speed
requirements that govern.
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Solar America Board for Codes and Standards /. —
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Automated System Design Tool
Limitations
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Roof Types

Source: Quick Mount PV
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PV Arrays on Rooftops

Creating Energy Independence

Two general categories for roof mounted PV arrays

20°
c0°
20° i
80
1) Above and parallel to the 2) At a tilt relative to the
roof plane roof plane
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Design Loads

e UL 1703 describes the
structural loading tests for
PV modules

e Minimum design load
30 psf* 1.5 =45 psf

e The Design Load can be
greater if specified by the
manufacturer

Power

nShot
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Figure 41.1
Load application
1.5 Times

POSITIVE (DOWNWARD) LOAD DISTRIBUTION

1.5 Times 1.5 Times
Design Lood Design Lood

A
Roof Covering

o
= \-Roof Covering

Direct Roof Mounting Above—Roof Mounting

Integral Roof Mounting

x)_
NEGATIVE (UPWARD) LOAD DISTRIBUTION 0.78 Times

1.5 Times
Design Lood

1.5 Times
Design Lood

.
\Raol Covering

T
= \Roof Covering

Figure from UL 1703 Test Standard

38
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Net Desigh Wind Pressures

e Roof Component and Cladding design
pressures can exceed 100 psf

e Upward (negative) design pressures
typically exceed the downward (positive) for
components and cladding

* 50 psf meets requirements for 100 mph
wind zones

e May be exceeded in 100+ mph wind zones

* Arrays should be installed in the interior
zone of the roof to minimize the wind
loading

sunshot

U.S. Department of Energy
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Mounting Hardware

 Array mounting rails and attachments transfer loads from
the modules to the structure

e Loads can be concentrated and may exceed the design
strength of structural members if installed incorrectly

SolarMount

foot spacing”

Powered by
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Module
Attachment
Hardware

Roof
Attachment
with lag screw

Attachment for
rack

Rack for the
Array

Hardware to
attach the
modules to
the rack
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Building Integrated PV Limitations
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Rooftop PV Array Installation Process
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Pilot Hole for Truss

e A pilot hole should be
drilled to prevent
splitting the wood.

e The drill bit used should
be 50-75% of the shaft
diameter of the lag
screw.

e For softer wood use a
smaller pilot hole; for
harder wood use a
larger one.

U Er”fiSyhO't
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Attachment to Trusses

e High-quality, roof-compatible caulk should be applied
before attaching the mounts to roof

'/%/ unShot
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Attaching the Array Rack

e Additional piece provides a point of attachment for the
aluminum rack

e Aluminum rack is then placed over the bolts protruding from
the mounting hardware.

1 SunShot
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Rack and J-Box

e Making sure module J-box doesn’t hit the rack

Powered by
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Securing Rack in Place

* Once the rack distance has been determined, the rack
can be fastened to the roof attachments.
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Module Fasteners

» Special assemblies are then @ These assemblies slide in the
groove at the top and bottom of

used to attach the modules the rack and clamp the
to the rack. aluminum frame of the module in
place.

U.S. Depat@nent of Energy
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Attaching the Modules

e The aluminum frame of the modules then slips under
the clamps and are secured with a bolt and socket
wrench.

U.S. Depdsnent of Energy
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Wiring Modules Together

e Once the array is installed, the modules can then be
wired in series using the quick connects provided
with each module.
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