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SECTION 26 31 00

FAC!I LI TY- SCALE SOLAR PHOTOVOLTAI C (PV) SYSTEMS
11/ 21

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This specification covers the requirenents
for facility-scal e solar photovoltaic (PV) systens,
and rel ated equi pnent and materials. Facility-scale
systens are typically less than 1 nmegawatt, maxi num
DC string input voltage not exceed 1,000 VDC, has
the grid interconnection point at the facility's
service entrance equi pnent and general ly provides
electricity for the facility. Large scale
(Uility-scale) systens are considered greater than
1 negawatt and grid connected. Refer to UFC
3-540-08 Utility-Scal e Renewabl e Energy Systenms and
UFGS-48 14 00 Sol ar Photovoltaic Systems for the

| arge scal e systemrequirenents. Photovoltaic
nodul e requi renents provided in this docunent also
apply to Section 48 14 00 SOLAR PHOTOVOLTAI C SYSTEMS

Adhere to UFC 1-300-02 Unified Facilities Cuide
Speci fications (UFGS) Format Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
items, choose applicable iten(s) or insert
appropriate informtion.

Renove i nformation and requirenments not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel come and shoul d be
submtted as a Criteria Change Request (CCR)

EE R I R R S I R R I R I R I R S R R R R O S R I R R R R R R R R R

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Ensure the followi ng information is shown on
t he project draw ngs:

1. Mounting surface features (i.e. drains, hatches,
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vents, and lightning protection).

2. Locations of solar PV nodul es, inverters,

conbi ner and junction boxes, conduits and raceways,
system nmoni toring panels, data acquisition sensors,
cable tags with | egend, control panels, overcurrent
protection, surge protective devices (SPD) if
lightning protection is required, and other rel ated
equi prent and materi al s.

3. Circuit wiring diagram of solar PV energy system

4. Mounting structure system for solar PV nodul es,
i ncl udi ng buil ding roof or ground.

5. Nunmber, location, and letter designation of
nanepl at es.

6. Troubl eshooting instructions.

EE R R R S I R R R I R S R R R R R O S R R I R R R R R R R R

PART 1 GENERAL

1.1 REFERENCES

EE R R R S I R R I R R I R S R R R I R S I R R I R R R S R R R R

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in

t hi s paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a Reference ldentifier (R D) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard' s Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci fication when you choose to reconcile
references in the publish print process.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by
t he basic designation only.

AVERI CAN CONCRETE | NSTI TUTE ( ACl)
ACl 318 (2019; R 2022) Building Code Requirenents
for Structural Concrete (ACI 318-19) and
Commentary (ACI 318R-19)
ACl 318M (2014; ERTA 2015) Buil di ng Code

Requi renents for Structural Concrete &
Comment ary
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ANSI

ASCE

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI )

Ci2.1

(2014; Errata 2016) Electric Meters - Code
for Electricity Metering

AMERI CAN SOCI ETY OF ClVIL ENG NEERS ((ASCE)

7-16

(2017; Errata 2018; Supp 1 2018) M ni mum
Desi gn Loads and Associated Criteria for
Bui | di ngs and Ot her Structures

ASTM | NTERNATI ONAL (ASTM

C260/ C260M

D149

D257

D709

D882

D903

D1876

D2244

D2765

D5870

D7567

E308

(2010a; R 2016) Standard Specification for
Ai r-Entraining Adm xtures for Concrete

(2020) Dielectric Breakdown Vol tage and
Dielectric Strength of Solid Electrical

Insulating Materials at Commercial Power
Frequenci es

(2014) Standard Test Methods for D-C
Resi st ance or Conductance of |nsulating
Material s

(2017) Standard Specification for
Lam nated Thernosetting Materials

(2012) Tensile Properties of Thin Plastic
Sheet i ng

(1998; R 2017) Standard Test Method for
Peel or Stripping Strength of Adhesive
Bonds

(2008; R 2015; E 2015) Standard Test
Met hod for Peel Resistance of Adhesives
(T-Peel Test)

(2021) Standard Practice for Calcul ation
of Col or Tol erances and Col or Differences
fromlnstrunentally Measured Col or

Coor di nat es

(2016) Standard Test Methods for
Determ nation of Gel Content and Swell
Rati o of Crosslinked Ethylene Plastics

(2016) Standard Practice for Calcul ating
Property Retention | ndex of Plastics

(2009) Standard Test Method for
Deternmining Gel Content in Crosslinked

Et hyl ene Pl astics Using Pressurized Liquid
Extraction

(2022) Standard Practice for Conputing the
Col ors of bjects by Using the CIE System
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ASTM E424 (1971; R 2023) Standard Test Methods for
Sol ar Energy Transmittance and Refl ectance
(Terrestrial) of Sheet Materials

ASTM E772 (2015; R 2021) Standard Term nol ogy of
Sol ar Energy Conversion

ASTM E1171 (2015) Standard Test Methods for
Phot ovol tai ¢ Modul es in Cyclic Tenperature
and Hum dity Environnents

ASTM F1249 (2020) Standard Test Method for Water
Vapor Transni ssion Rate Through Plastic
Fil m and Sheeting Using a Mdul at ed
Infrared Sensor

ASTM GL55 (2021) Standard Practice for Qperating
Xenon Arc Lanp Apparatus for Exposure of
Material s

| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)
| EEE 1547 (2018) Interconnection and
Interoperability of Distributed Energy
Resources with Associated El ectric Power
Systens | nterfaces
| EEE C2 (2023) National Electrical Safety Code

| EEE Stds Dictionary (2009) | EEE Standards Dictionary: d ossary
of Terns & Definitions

| NTERNATI ONAL CODE COUNCI L (1 CC)

I CC IBC (2021) International Building Code
| CC | gCC (2018) International Geen Construction
Code

| NTERNATI ONAL ELECTRI CAL TESTI NG ASSCOCI ATI ON ( NETA)

NETA ATS (2021) Standard for Acceptance Testing
Specifications for Electrical Power
Equi prent and Systens

| NTERNATI ONAL ELECTROTECHNI CAL COWM SSI ON (| EC)

ANSI | EC 60529 (2020) Degrees of Protection Provided by
Encl osur es

| EC 61215 (2005; ED 2.0) Crystalline Silicon
Terrestrial Photovoltaic (PV) Mdules -
Desi gn Qualification and Type Approval

| EC 61646 (2008; ED 2.0) Thin-Film Terrestrial

Phot ovol tai ¢ (PV) Mddul es — Design
Qualification and Type Approval
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| EC 61730-1 (2023) Photovoltaic (PV) Mdul e Safety
Qualification — Part 1: Requirenents for
Construction

| EC 61853-1 (2011; ED 1.0) Photovoltaic (Pv) Mdule
Perf ormance Testing and Energy Rating —
Part 1: Irradiance and Tenperature
Per f or mance Measurenents and Power Rating

| EC 62446 (2018) Photovoltaic (PV) Systens -
Requi renents for Testing, Docurentation,
and Maintenance - Part 1: Gid Connected

Systens - Docunentation, Comi ssioning
Tests and | nspection

| EC TS 62727 (2012; ED 1.0) Photovoltaic Systens —
Speci fications for Solar Trackers

| NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON (| SO

| SO 9001 (2015) Quality Managenent Systens-
Requi renent s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMVA)

NENMA 250 (2020) Enclosures for Electrical Equi prent
(1000 Vol ts Maxi mum

NENVA | EC 60529 (2004) Degrees of Protection Provided by
Encl osures (I P Code)

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)
NFPA 1 (2021) Fire Code

NFPA 70 (2023; ERTA 4 2023; ERTA 5 2023; ERTA 6
2023) National Electrical Code

NFPA 70E (2024) Standard for Electrical Safety in
t he Workpl ace

NFPA 780 (2023) Standard for the Installation of
Li ghtni ng Protection Systens

NATI ONAL ROOFI NG CONTRACTORS ASSCOCI ATl ON ( NRCA)

NRCA 3767 (2012) NRCA Cuidelines for Roof Systens
Wth Rooftop Photovoltaic Conmponents

Pl LE DRI VI NG CONTRACTORS ASSOCI ATI ON ( PDCA)

PDCA Specification 103 (2007) Installation Specification for
Driven Piles

SANDI A NATI ONAL LABORATORI ES ( SAND)

SAND2007- 5036 (2007) Performance Model for
Gi d- Connected. Photovoltaic Inverters
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UL

uL

UL

uL

uL

uL

UL

2

U. S. NATI ONAL ARCHI VES AND RECORDS ADM NI STRATI ON ( NARA)

CFR 1910 Qccupational Safety and Heal t h Standards

969

1449

1703

1741

2703

6703

UNDERWRI TERS LABORATORI ES (UL)

(2017; Reprint May 2023) UL Standard for
Saf ety Marking and Labeling Systens

(2021; Reprint Dec 2022) UL Standard for
Saf ety Surge Protective Devices

(2002; Reprint Jun 2016) UL Standard for
Safety Flat-Plate Photovol tai c Mdul es and
Panel s

(2010; Reprint Jan 2015) UL Standard for
Safety Inverters, Converters, Controllers
and I nterconnection System Equi prent for
Use Wth Distributed Energy Resources

(2015; Reprint Jul 2023) UL Standard for
Saf ety Mounting Systens, Munting Devices,
C anpi ng/ Retenti on Devi ces, And G ound
Lugs For Use Wth Flat-Plate Photovoltaic
Modul es And Panel s

(2014, ANSI Approved Decenmber 22, 2017)
Standard for Connectors for Use in
Phot ovol t ai ¢ Systens

El ectrical Construction (2012) Electrical Construction Equi pnent

Directory

RELATED REQUI REMENTS

EE R R R S I R R I R R I R S R R R S R R R S I R I R I R R R R R S R R

NOTE: Include this optional reference to Section

26 08 00 APPARATUS | NSPECTI ON AND TESTI NG when it is
al ready being used and referred to for other

el ectrical equiprment on the project. Coordinate

wi th optional paragraph in PART 3.

Coor di nate photovol tai c equi prent with Governnent's
cybersecurity requirenments and interpretations.
Include this optional reference to Section 25 05 11
CYBERSECURI TY FOR FACI LI TY- RELATED CONTROL SYSTEMS
if the photovoltaic systemincludes renote control
or renpte access capability.

Use Section 33 71 02 UNDERGROUND ELECTRI CAL
DI STRI BUTI ON for an exterior ground nount system

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Sections 26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM , 26 08 00 APPARATUS

| NSPECTI ON AND TESTING [, 25 05 11 CYBERSECURI TY FOR FACI LI TY- RELATED
CONTROL SYSTEMS][ and 33 71 02 UNDERGROUND ELECTRI CAL DI STRI BUTI ON] apply
to this section with additions and nodifications specified herein

SECTION 26 31 00 Page 9



1.3 DEFI NI TI ONS

a. Unless otherw se specified or indicated, electrical and el ectronics
ternms used in these specifications, and on the draw ngs, are as
defined in the | EEE Stds Dictionary.

b. Unless otherw se specified or indicated, solar energy conversion terms
used in these specifications, and on the drawi ngs, are as defined in
ASTM E772.

1.4 SUBM TTALS

EE R R S I R R I R I R I R S R R R O S R R I R I R R S R R R R

NOTE: Review Submittal Description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list, and correspondi ng submttal
items in the text, to reflect only the submttals
required for the project. The Guide Specification
technical editors have classified those itens that
requi re Governnent approval, due to their conplexity
or criticality, with a "G" Cenerally, other
submttal items can be reviewed by the Contractor's
Quality Control System Only add a "G' to an item
if the submittal is sufficiently inportant or
conplex in context of the project.

For Arny projects, fill in the enpty brackets
following the "G' classification, with a code of up
to three characters to indicate the approving
authority. Codes for Arnmy projects using the

Resi dent Managenent System (RVS) are: "AE" for
Architect-Engineer; "DO'" for District Ofice

(Engi neering Division or other organization in the
District Ofice); "AO" for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy
and Air Force projects.

The "S" classification indicates submttals required
as proof of conpliance for sustainability Guiding
Principles Validation or Third Party Certification
and as described in Section 01 33 00 SUBM TTAL
PROCEDURES.

Choose the first bracketed itemfor Navy and Air
Force projects, or choose the second bracketed item
for Arny projects.

EE R I R R S R I R I R I R S R R R R R S R I R I R I R R S R S R R R S

Covernment approval is required for submttals with a "G' or "S"
classification. Subnittals not having a "G' or "S" classification are
[for Contractor Quality Control approval.][for information only. Wen
used, a code following the "G' classification identifies the office that
will reviewthe submttal for the Governnment.] Subnmit the following in
accordance with Section 01 33 00 SUBM TTAL PROCEDURES:

SD- 01 Preconstruction Submttals

Commi ssioning Plan; G, [ 11

SECTION 26 31 00 Page 10



Conmi ssioning Schedule; G, [ 1]

SD- 02 Shop Drawi ngs

Schematic Diagrans; G ,[__ 1]

I nterconnection Diagrams; C[,[__ 1]
Installation Drawings; G ,[_ 1]

Site Plan Drawings; C[, [__ 1]

Ri ser Diagram and General Notes; C, [ 1]
Installation and Assenbly Details; G, [ 1]
Shop Drawings; G, [ 1]

Conpl ete Sol ar PV System Conponents and | nterconnection Wring
Di agrams; C[, | 11

SD- 03 Product Data

Conbi ner Boxes; CG[,[__ ]

Di sconnects; C[,[__ 1]

Inverters; C,[__ 11; S

String Inverter Efficiency; ¢,[__ 11; S

M croinverter CEC Efficiency; C[,[___ 11]; S

Roof Mounting Structure for Mddules (Racking); C,[__ 1]
Ground Mounting Structure for Mdules; G ,[_ 1]
Phot ovol tai c Modul e Backsheet; C[,[__ 1]

Phot ovol t ai ¢ Modul e Encapsulent; C[,[_ 1]
Photovoltaic Modules; C,[__ 11; S
Photovoltaic Wre; C,[__ 1]

System Monitoring; G ,[_ 1]

SystemWring; G, [ 1]

SD- 05 Design Data
System Qperation; ¢ ,[_ 1]
Calculations; C[,[__ 1]; S
System Performance Cal culations; C,[__ ]]; S

SD-06 Test Reports

SECTION 26 31 00 Page 11



NABCEP Accept ance Checks and Tests; CG,[_ 11
NETA Acceptance Checks and Tests; G ,[_ 1]
Inverter Startup Tests; C[, [__ 11
Functional Performance Testing; C[, [
SD-07 Certificates
Installer; C[,]|

Materials; ¢,

Warranty; G ,[_ 11
Cybersecurity Equipnent Certification; C[,[___ 1]
Conmi ssi oning Agent Qualification; G, [ | 1]

Seismic Certification; C[, |
Wnd Certification; C[, [

SD- 08 Manufacturer's Instructions

SD-10 Operation and Mai ntenance Data
El ectrical Systems, Data Package 5; C[,[_ 11
Training Course; CG,[_ 11

SD-11 Cl oseout Submittals
Sol ar Posted Qperating Instructions; G, [ 1]
Sol ar Trai ning Docunentation; C[, |
Fi nal Conmi ssioning Report; G, [__ 11
Warranty; ¢, [ 1]

As-Built Drawings; ¢, [ 1]

1.5 MNAI NTENANCE MATERI AL SUBM TTALS
Conply with requirements specified in Section 01 78 00 CLOSEQUT SUBM TTALS.

1.6 QUALITY ASSURANCE
1.6.1 Regul at ory Requi renents

Interpret references in these publications to the "authority having

SECTION 26 31 00 Page 12



jurisdiction,"” or words of simlar nmeaning, to nean the Contracting
Oficers. Provide equipnment, materials, installation, and workmanship in
accordance with the nmandatory and advi sory provisions of NFPA 70 unl ess
nore stringent requirements are specified or indicated.

.6.2 Install ati on Draw ngs

Submit a mninmum of three hard copies of draw ngs for governnent approval
prior to manufacturing and equi pment construction or integration. Submt
site plan drawi ngs and riser diagram and general notes at a mni numof 610
mm by 915 nmr 24 by 36 inches. Subnit installation and assenbly details at
a mnimumof 610 nm by 915 mr 24 by 36 inches. Subnit at m ni mum scal e of
13 mr 1/2 inch per foot for overview and 51 nm 2 inches per foot for
detail .

In addition to requirenments in Section 01 33 00 SUBM TTAL PROCEDURES,
i ncl ude the foll ow ng:

a. Al details legible and all text no smaller than 2.54 mr 0.1 inches in
hei ght on any drawi ng. As needed, provide enlargenents to ensure
clarity of intent.

b. Submt shop drawings at a mni numof 280 mm by 432 nmr 11 by 17 inches
in size using a mninmumscale of 7 mm 1/4 inch per foot, for the
exception of draw ngs not required scale. Shop drawi ngs must include
[one][three]-wire diagrans and installation details of photovoltaic
(PV) system equi prrent indicating |ocation as proposed in design
draw ngs, |ayout and arrangenent of PV nodul es, support and mounti ng
mechani sm inverters, comnbiner boxes, AC and DC di sconnects, equi pment
encl osures, conduits, nonitors, nmeters, security systens, and al
ot her accessories associated with the installation of the PV system
Wring diagrans nust identify circuit terminals and indicate the
internal wiring for each item of equipnent and the interconnection
bet ween each equi pnent item

c. Shop drawi ngs may include | egible copies of manufacturer's product
literature, with selected itens and specifications highlighted thereon

d. Mdifications to original drawi ngs made during installation nust be
i mediately recorded for inclusion into the as-built draw ngs. When
items have changed relative to the approved design, the designer nust
provide certification indicating that the changes will not negatively
af fect the system s operation or the structure supporting the system

.6.2.1 Installati on and Assenbly Drawi ngs and Details

Submit site plan draw ngs, conmponents and interconnection wring and
general notes, and installation and assenbly details drawi ngs prior to
start of construction. Drawi ngs nmust include sufficient detail for al
parts of the work to enable the Government to check conformty with the
requi renents of the contract documents. Include in the site plan

draw ngs: topographic and utility survey; bore |logs; soils report; site
plan(s); site construction details; structural draw ngs; structura
construction details; site electrical plan; and site electrica
construction details. Include in the installation and assenbly draw ngs
and details: parts lists; assenbly draw ngs; interconnection wring

di agrams; wire and cabl e schedules; wire and cable term nati on schedul es;
i nstrument plan; instrunent and control wire, conduit and cabl e schedul es;
instrument wire and cable term nation schedul e; control diagranms; contro
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sequence of operation; seisnmic restraint details; and wind restraint
details.

.6.2.2 "As-Built" and Record Draw ngs

After conpletion of construction, subnit As-built draw ngs prepared and
certified by the construction contractor, showing in red ink, on-site
changes to the original construction details and all underground utilities
nmeasured fromfield benchmarks, accurate to within 1" of centerline of the
utility. Imediately record for inclusion into the as-built draw ngs al
nodi fications to original drawings made during installation. |Indicate
adequat e cl earance for operation, nmintenance, and replacenent of
operati ng equi pnent devi ces.

After submittal and approval of "As-built" draw ngs, submit Record

Drawi ngs, prepared and by the project engineer(s) and architect(s), of the
original design drawi ngs reflecting all design changes and contractor
noted changes in the "As-built" draw ngs.

.6.3 System Operation

Provide a conplete description of the function of each conponent incl uding
PV modul es, DC wiring, conbiner boxes, inverters, AC wiring, AC and DC

di sconnect switches, and nonitoring system Provide a discussion of the
overal | system operation.

.6.4 Installer

Submit NABCEP (North Anerican Board of Certified Energy Practitioners) PV
Installation Professional certification, and a resume with references that
details least [four]][ ] successful projects that, in aggregate, equa
or exceed the size of the proposed project. Provide references for each
of these referenced projects.

.6.5 Standard Materials and Products

Provide material s and equi pnent that are products of manufacturers

regul arly engaged in the production of such products which are of equa

mat eri al, design and wor kmanshi p. Provide products with satisfactory
commercial or industrial use for [2]] ] years prior to bid opening,
and past performance docunentation with consistent design and bill of
materials. Include applications of equipnent and naterials under sinmlar
circunstances and of simlar size. Wuere [two]] ] or nore itens of
the sane class of equipnent are required, products will be froma single
manuf acturer; however, the conponent parts of the item need not be the
products of the sane manufacturer unless stated in the technical section
Submit proof of compliance with requirements of UL, where material or

equi pment is specified to conply. The label of or listing in

UL Electrical Construction Directory will be acceptable evidence. In lieu
of the label or listing, a witten certificate froman approved nationally
recogni zed testing | aboratory (NRTL) equi pped to perform such services,
stating that the itenms have been tested and conformto the requirenents
and testing nethods of Underwriters Laboratories nay be submtted.

.6.5.1 Alternative Qualifications
Products having |l ess than a 2-year field service record will be acceptable

i f the manufacturer has been regularly engaged in the design and
producti on of sol ar photovoltaic products for a mni numof 5-years.
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Sim | ar photovoltaic products nust have been in satisfactory commercial or
i ndustrial use for 5-years prior to bid opening and nust have been on sale
on the comercial market through advertisements, nmanufacturers' catal ogs,
or brochures during the 5-year period.

1.6.5.2 Mat eri al and Equi pnent Manufacturing Date

Products manufactured nore than [3]] ] years prior to date of delivery
to site must not be used, unless specified otherw se.

[1.6.6 Cybersecurity Equi pment Certification

EE R R S I R R I R I R I R S R R R O S R R I R I R R S R R R R

NOTE: Select this option if the solar photovoltaic
systemincludes renote control or renote access
capability even if the systemis separate from an
ener gy management control system Exercise a Risk
Managenent Framework (RMF) for inplenenting
cybersecurity. Refer to Section 25 05 11
CYBERSECURI TY FOR FACI LI TY- RELATED CONTROL SYSTEMS
and UFC 4-010-06 Cybersecurity of Facility-Rel ated
Control Systems for requirements on incorporating
cybersecurity into control systemand for genera

i nfornati on on the R sk Managenent Franework (RMF)
process as it applies to control system Coordinate
equi prent certification with Governnent's
cybersecurity requirenments and interpretations.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Furnish a certification that control systens are designed and tested in
accordance with DoD I nstruction 8500.01, DoD Instruction 8510.01, and as
requi red by individual Service |Inplenentation Policy.

11.6.7 Operation and Mai ntenance Data

Submit Sol ar Photovoltaic Systens data package for the following itens in
accordance with Section 01 78 23 OPERATI ON AND MAI NTENANCE DATA.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: To aid in identifying |ocations of nodul es
for troubl eshooting, identify nodules on as-built
pl ans according to groups or zones.

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

a. Troubl eshooting guide[ with as-built plans displaying nmodul es
identified accordi ng groups or zones, coordinated with activity to
organi ze as required].

b. Warranty.

c. Operation instructions.

d. Preventive maintenance and inspection data, including a schedule for
syst em oper at or s.

1.6.7.1 El ectrical Systens

Submit operation and mai ntenance data in accordance with Section 01 78 23
OPERATI ON AND MAI NTENANCE DATA. In addition to requirements of Data
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Package 5, include the followi ng for the actual solar photovoltaic (PV)
syst em provi ded:

a. Service and maintenance information including preventive mai nt enance,
assenbly, and di sassenbly procedures.

b. Conplete operation, repair, and maintenance information, detailed to
the smal |l est replaceable unit.

c. Adjustment, trouble-shooting, configuration, tuning, and system
calibration instructions.

d. Programming information for the communi cati ons and nonitoring
i nterface.

e. An instruction manual with pertinent items and information highlighted.

f. A layout drawi ng showi ng |ocations as well as views of equipnent;
front, top, and side views.

g. A one-line drawi ng showi ng all conmponents and interfaces to the
el ectrical system

EE R R R S I R I R I R I R S R R R R S R R I R R R R R S R R O

NOTE: Option to provide spare nodul es and inverters
is prohibited for the Navy, and do not provide for
ot her Services w thout specific authority of
Contracting O ficer.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

h. Prices for spare parts and supply list[ including spare nodul es and
i nverters].

i. Inverter efficiency report and field acceptance test reports.
j . Actual nanepl ate di agram
k. Date of purchase.

1.6.7.2 Trai ni ng Course

Provide training by a factory trained instructor to provide ful

i nstructions to designated Governnment personnel in the operation

mai nt enance and programm ng of the specified systens and equi pnent.
Include safety training for first responders including fire

department[, 11, 1[ and ][ ] representatives. The proposed
Trai ning Course Curriculum (including topics and dates of discussion)
indicating that all of the itenms contained in the operating and

mai nt enance instructions, as well as denonstrations of safety and routine
nmai nt enance operations, including testing procedures included in the

mai nt enance instructions, are to be covered. The proposed Training Course
nmust be vi deo-recorded and provided with any Power Point slides as part of
the final docunentation for those that cannot attend. Submt training
docunentation along with the proposed training date[s], at |east

[14] ] ] days prior to date[s] of proposed training course. Provide
training session for [siXx]] ] personnel specifically oriented to
install ed equi pnent, system | ayout, and user operations.
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1

6.8 Bill of Materials

Submit a Bill of Materials listing each product being incorporated into
the system Bill of Materials includes a general description of the
product, quantity, and exact manufacturer's nodel nunber. \Where the
manuf acturer's nodel nunber does not fully identify the product, |ist
options, accessories, or customfeatures by additional descriptions.

.6.9 Qualified Testing O ganization

Conply with requirements specified in Section 26 08 00 APPARATUS

| NSPECTI ON AND TESTI NG. Engage the services of a qualified testing
organi zati on, NABCEP-certified professional, or licensed electrician to
provi de inspection, testing, calibration, and adjustnent of the solar
photovoltaic electrical distribution systemand equi pment |isted herein
Organi zati on must be i ndependent of the supplier, manufacturer, and
installer of the equipnment. The organization rmust be a first tier
contractor.

Submit nane and qualifications of organization. O ganization nust have
been regularly engaged in the testing of electrical materials, devices,
installations, and regularly engaged in solar PV systens for a m ni num of
five years.

Organi zation calibration programrequirenments:

a. Provide a calibration programwhich assures that all applicable test
instruments are maintained within rated accuracy.

b. Accuracy: Traceable to the National Institute of Standards and
Technol ogy.

c. Instrument calibration frequency schedul e: Less than or equal to 12
nmonths for both test floor instruments and | eased specialty equi pnent.

d. Dated calibration tables: Visible on all test equipnrent.

e. Calibrating standard: H gher accuracy than that of the instrunment
t est ed.

f. Keep up-to-date records that indicate dates and test results of
instrunments calibrated or tested. For instrunents calibrated by the
manufacturer on a routine basis, in lieu of third party calibration
i nclude the follow ng:

1) Maintain up-to-date instrunent calibration instructions and
p
procedures for each test instrunent.

(2) ldentify the third party | aboratory calibrated instrunent to
verify that calibrating standard is net.

.6.10 Conmi ssi oni ng Agents

Conmi ssi oni ng Agents Qualifications: Engage comm ssioning service
personnel, that specialize in the types of inspections and tests to be
per f or med.
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1.6.11 System Perfornmance Cal cul ati ons

Submit system perfornmance cal cul ations to show that the components
provided will produce the m ni mumrequired production of power in
accordance with PERFORMANCE REQUI REMENTS par agr aph

1.7 DELI VERY, STORAGE, AND HANDLI NG

a. Store solar PV nodules in their original packaging according to the
manuf acturer's gui dance, and do not renove from packagi ng until day of
installation.

b. If a solar PV nbdule is removed fromits packaging, store it according
to the manufacturer's gui dance.

c. Do not store solar PV nodul es on-site for nore than [12]] ] rmont hs.

1.8 WARRANTY

EE R R R S I R R R I R S R R R R R O S R R I R R R R R R R R

NOTE: Option to provide spare nodul es and inverters
is prohibited for the Navy, and do not provide for
ot her Services w thout specific authority of
Contracting Oficer.

EE R I R R S I R R I R I R I R S R R R R S I R R I R R R S S R S R R

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Cenerally PV nodul e degradation data is not
readi |y avail able fromthe manufacturer.

Envi ronnental factors can significantly influence
degradation. Long-termfield degradation studies

i ndicate 0.5-0.8 percent for nonocrystalline and

pol ycrystalline nmodul es. Degradation is higher for
thin-filmnodules at 0.7-1.0 percent. New PV nodul e
designs general ly have inproved degradation rates.

EE R I R R S I R R I R I R I R S R R R R S R R I R R R I R R R R O

Provide a list of all applicable warranties for all equi pnent and
conmponents. Include warranty information, names, addresses, telephone
nunbers, and procedures for filing a claimand obtaining warranty
services. The equipnent itenms nmust be supported by service organi zations
whi ch are reasonably convenient to the equipnent installation in order to
render satisfactory service to the equi pment on a regular and energency
basis during the warranty period of the contract.

Warrant the overall systemfor both parts and |abor for a ninimm period
of [5]] ] years. Provide specific warranties for solar photovoltaic
nodul es, inverters, conbiner boxes, [and ]nounting systeni, and
cybersecurity].

1.8.1 Sol ar Phot ovol t ai ¢ Modul es

Furni sh the sol ar photovoltaic nodul e manufacturer's witten warranty.

The warranty rmust be a 25-year linear 80 percent (mninmun) power warranty
(at the end of the 25th year after purchase an actual m ni mum power out put
of 80 percent based on the naneplate rating nmust be achi eved) and not | ess
than 10-years for worknmanship material and manufacturing defects fromthe
dat e of manufacture.
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The warranty must state that the mal functioni ng sol ar photovol taic nodul e
nust be exchanged by the manufacturer and pronptly shipped to the using
Government facility. The replacenent solar nodul e nust be identical to,
or an inprovenment upon, the original design of the nmal functioning solar
nmodul e.[ Provide an extra | ] percent of spare nodules in the event
of necessary replacenent of nal functioning installed nodul e.]

1.8.2 Inverters
Furni sh the inverter manufacturer's warranty. Inverter to be free from
defects in material and workmanship for a mni mum of [20]] ] years
fromthe date of nmanufacture. |Inverter device installation
transportation, and on-site storage nust not exceed 12 nonths, thereby
permtting [19]] ] years of the [20][ ] year warranty to be in

servi ce and energi zed.

The warranty must state that the mal functioning inverter nmust be exchanged
by the manufacturer and pronptly shipped to the using Governnent facility,
and arrive in no nore than ten days. The replacenent inverter nust be
identical to, or an inprovenent upon, the original design of the

mal functioning inverter.[ Provide an extra [ ] percent of spare
inverters in the event of necessary replacenment of mal functioning
installed inverter.]

1.8.2.1 Inverter Software Updates Title

Provi de, at no cost or charge, any inverter software upgrades that becone
avai |l abl e during the warranty period.

1.8.3 Conbi ner Boxes

Conbi ner boxes to be free fromdefects in material and worknanship for a
period of [5]] ] years.

1.8.4 Mounti ng System
Provi de PV nounting systemwarranty of nininmm 15 years.
1.8.5 Warranty Excl usion

The warranty must cover all system nal functions and failures except those
resulting fromm suse, abuse, neglect, fire, vandalism acts of nature, or
ot her causes beyond the control of the Contractor or manufacturer.

[1.8.6 Cybersecurity During Warranty Period

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Select this option if the solar photovoltaic
system i ncludes renote control or renote access
capability.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Al work performed on the control system after acceptance nmust be
performed using Government Furnished Equi prent or equi prent specifically
and individually approved by the Governnent.

11.9  CALCULATI ONS

If construction deviates from design, provide relevant calculations to
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denonstrate that new design is satisfactory and approved by a |icensed
pr of essi onal engi neer

.10 CERTI FI CATI ONS

Provide seismic certification and wind certification, prepared by a

I i censed professional engineer or National Recognized Testing Laboratory,
(NRTL) for all components and assenbl ed systens in accordance with | CC | BC,
ASCE 7-16 state and | ocal building codes. Seismc and wind certifications
nmust denonstrate system nmust withstand wi nd and seisnic requirenments as
installed and remain online and functional after a seismc or wind event.

11 HEALTH AND SAFETY RECOMVENDATI ONS

Section 01 35 26 GOVERNMENTAL SAFETY REQUI REMENTS, applies to this section
wi th additions and nodifications specified herein.

PART 2 PRODUCTS

1 SYSTEM DESCRI PTI ON

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: System voltage greater than 1,000 VDC is
permtted for the utility-scaled PV systens. Refer
to UFC 3-540-08 Wility-Scal e Renewabl e Energy
Systens and Section 48 14 00 SOLAR PHOTOVOLTAI C
SYSTEMS. Air Force does not allow paralleling
facility-scal e renewabl e energy systems with any

st andby power regardl ess of whether it is for
energency, Critical Operations Power Systens (COPS)
or other purposes.

EE R R R I R R R R I R S R R R R O S R R S I R R R R R S R R R R

a. The PV systemdescribed in this docunent is a facility-scale |less than
1 negawatt with system voltage not exceeding 1,000 VDC
[single][multiple] PV systens with a single service, and is of the
grid-connected type which provides a direct interconnection of PV
system and grid power service supplying building [that do not utilize
engi ne gener ators][have backup power systens that woul d never operate
in parallel with the grid power and PV system because backup power
generator is supplying power via an automatic transfer switch]. The
PV system does not include battery/backup storage or secondary
el ectrical generation devices. PV systemfeeds AC power into the
| ocal services when solar energy is available and i mediately
di sconnects fromthe grid upon | oss of grid power to the service in
accordance with | EEE 1547and local utility regulations.

b. PV systemnust conply with these specifications, all applicable
construction docunent draw ngs, all applicable codes, and all I|oca
authorities having jurisdiction. Systemnust conply with all policies
and standards required by the electrical utility having jurisdiction
and all applicable incentive program gui delines. PV system equi pnent
i ncludes, but is not limted to, PV nodules and electrical insulating
conponents such as encapsul ants and backsheets, raceways, inverters,
conbi ner boxes, disconnect switches, wire, conduit, junction boxes,
nounti ng hardware, nounting structure for nodul es (racking),
noni tori ng and comuni cati on equi prent.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S
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NOTE: Applies if PV array is roof-nounted.

EE R I R R S I R R I R I R I R S R R R R S R I R R R R S R R R R S O

[ c. Coordinate with roofing to provide certificate of roof warranty not
i nval i dated by solar PV installation. For rigid solar cell PV systens
on nmetal roofing panels, integrate with the roofing system Section
07 60 00 FLASH NG AND SHEET METAL.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Applies if lightning protection systemis
required.

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

[ d. Provide surge protective device (SPD) conplying with NFPA 780
requirenents and listed to UL 1449.

]12.1.1 Syst em Requi renent s

Conformelectrical installations to | EEE C2, NFPA 70, and requirenents
specified herein

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: I nput values generated froma solar PV
conput er program such as the System Advi sor Mode
(SAM conputer programor PWatts or fromdata
suppl enented by nmultiple prograns. |f another
nmounting structure is provided, the project

docunents nust fully describe it.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

a. Sol ar photovoltaic systemcharacteristics provided includes:

(1) [____ ] mnimumrated kW DC out put

(2) [____ ] mnimumrated kW AC out put

(3) [___ ] mnimmkw AC per year for year one
(4) [____ ] systemvoltage

(5) [Gound][Roof][___ ] mounted

b. Al equipnent nust be |isted and | abel ed in accordance with NFPA 70
and OSHA-listed nationally recognized testing | aboratories (NRTL) and
installed in accordance with the listing requirenments and the
manuf acturer's instructions.

c. Provide all accessories needed for a conplete, secure, operationa
grid-tied PV system

d. Wring and connections of inverters, PV source circuits, AC branch
circuits, and all interconnections nust be rated at a m ni num for | P65
in accordance with NEVA | EC 60529.

2.1.1.1 System Wring

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The possi bl e exposure to a corrosive
envi ronnent should be carefully exam ned. Even when
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the correct conductor size and the sel ected joining
(connecting) nethod have satisfied all the | EEE 837
test requirements, it may be prudent to choose a

| arger conductor size to conpensate for some gradua
reduction in the conductor cross section during the
design life of the installation where the soi
environnent tends to pronote corrosion. Coordinate
soi |l environment with Geotechnical Engineer. Al

Wi ring rmust be copper conductor if the Navy
eventual |y takes ownership of system

Rk Ik kR IR Rk O kO e S S R ARk Rk R R R e I O O R SRR I b S R R

Systemwiring nmust conformto Section 26 20 00 | NTERI OR DI STRI BUTI ON
SYSTEM and rmust be in accordance with Section 690 of NFPA 70. Cabling
exposed to sunlight nust be UV resistant.[ Al wiring nust be copper
conduct or. ]

Provi de conduits in accordance with Section 26 20 00 | NTERI OR DI STRI BUTI ON
SYSTEM Use gal vani zed rigid steel conduit above grade and nount on W
resi stant hi gh-density pol yethyl ene (HDPE) supports. Conduit bel ow grade
nmust be [ Schedule 40 PVC, 25.4 nm 1-inches mninunj[Schedule 80 PVC, 25.4
nmr 1-inches mnimunj[as required by Section 33 71 02 UNDERGROUND
ELECTRI CAL DI STRI BUTI ON] .

[2.1.1.2 Site Design

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Facility-Scale PV systemmay be up to 1
megawatt. Apply if required.

EE R R R S I R R I R I R I R S R R R R S R R I R R R S R R R R R

Provi de adequate space for personnel, vehicles and equi prent throughout
the PV array to facilitate installation, inspection and maintenance access
to all nodul es.

12.1.2 Per f or mance Requi renents

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

NOTE: Provi de m ni mum annual renewabl e energy
production requirenent of no | ess than 20 kWh/ m2
6.0 kBtu/ft~2 multiplied by total roof area for

singl e-story buildings, and not |ess than 32 kW/ 2
10 kBtu/ft"2 nultiplied by total roof area for al

ot her buildings, over the life of the system This
result refers to the rated DC namepl ate capacity of
t he system

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Syst em conponents provi ded nmust be selected to achieve a m ni mum
cal cul at ed energy production of | ] kWh per year as required by
I CC I gCC

2.2 PHOTOVCOLTAI C MODULES

EE R R R S I R R I R I R S R R R R S I R R I R R R R R R R R

NOTE: For crystalline-silicon nodul es, manufacturer
must submit a Letter of Conformance to certify the
consi stency and quality of materials used.
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TO DOMNLOAD LETTER OF CONFORMANCE, go to
https://ww. wbdg. org/ffc/dod/unified-facilities-guide-

speci fications-ufgs/forns-graphics-tabl es
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

EE R R R S I R R I R I R I I R S R R R O S R R I R I R R R R R R R

NOTE: | EC 61215 applies to crystalline-silicon
nodul es and | EC 61646 applies to thin-film nodul es.
Use UL 1703 applies to domestic projects and | EC

61730 applies to international projects.
EE IR I Sk S I I S S S I R R R Rk I I S kS kR Sk Ik S S I R Sk I O

a. PV nodules nust be [I EC 61215][| EC 61646] conpliant and [| EC 61730-1
conpliant] [listed to UL 1703], and manufactured in an | SO 9001
certified facility.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Sel ect conmercial ly-avail abl e solar PV nodul e
technol ogy that neets the requirenents in this UFGS
and with the guidance from UFC 3-440-01
Facility-Scal e Renewabl e Energy Systems. The newest
technol ogy will provide solar cells made from
organic materials, quantum dots, and hybrid
organi c-i norganic materials (al so known as
perovskites). The ultra-high efficiency perovskite
conpound material with a special crystal structure
formed through chem stry which woul d repl ace
silicon. Advance technol ogy of the fine-tuning a

m x of lead and tin would provide about 23 percent
efficiency of the new solar cell. In conparison
silicon solar panels on the market today have around
an 18 percent efficiency rating.

Bui | di ng-i ntegrated photovoltaics (BIPV) seam essly
blend into building architecture in form of roofs,
canopi es, facades, and skylight systenms. BIPV
provides the foll owi ng benefits: increased thernal
and sound insul ation; clean and free power output
fromthe sun; decreased O&M costs; zero carbon
footprint. Warning: Currently, only nonocrystalline
and pol ycrystalline can nmeet energy density

requirenents. |If BIPV is the chosen technol ogy,
there nust be at |east three manufacturers that
offer a viable product. If thin-filmis the chosen

technol ogy, there nust be at last three
manuf acturers that can be of different thin-film

t echnol ogi es.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

[ b. PV nodul es must be of [mpnocrystalline ][polycrystalline ]Jtechnol ogy
and

(1) [for rack-rmounting.]
(2) [BIPV.]
][c. PV nodul es nust be of thin-filmtechnol ogy and

(1) [for rack-rmounting.]

SECTION 26 31 00 Page 23



2.

(2) [anorphous. ]

(3) [BIPV.]

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Select efficiency appropriate to solar PV
nodul e technol ogy. |If selected technol ogy is not

gi ven bel ow, designer of record nust have nodul e

ef ficiency measurenent verified by a
national | y-recogni zed testing | aboratory (NRTL)
under standard test conditions (STC): Irradi ance of
1,000 Wnmt2, solar spectrumof air mass (AM 1.5,
and nodul e tenperature of 25 degrees C 77 degrees F

EE R R R S I R I R I R I R S R R R R O S R R S R R R R R R R R

d. PV nodule efficiency nust be greater than [15 percent for crystalline]
[13 percent for thin film [10 percent for anorphous and Bl PV] | ]
t echnol ogy.

e. PV npodul es must be of the sanme manufacturer and npdel nunber and
consi stent sub-conponents.

f. Submit on cutsheets PV nodul e perfornmance data fromthe manufacturer
that nust include a flash test data in accordance with | EC 61853-1
and tenperature coefficients at: STC, nom nal operating cel
tenperature (NOCT), low irradiance conditions (LIC), high tenperature
conditions (HTC), and | ow tenperature conditions (LTC)

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Sol ar PV nodul es with single conductor output
cabl es are commonly avail able. Conduit-ready
junction boxes are only necessary in hazardous

| ocati ons.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

g. PV nodul e bypass di odes nust be inside the solar PV nodule's
[ condui t-ready] [single conductor cable] junction box.

h. Photovoltaic wire, wiring methods, and utilization of |ocking-type
connectors must conmply with the requirements of NFPA 70 and UL 6703.
Provide USE-2 or RHH or RHW 2 wire, and sunlight-resistant wire when
exposed to sunlight.

2.1 Crystal |l i ne Photovoltai c Mbdul e Backsheet

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: UFC 3-540-08 Utility-Scal e Renewabl e Energy
Systens has sane nodul e requirenments as are

descri bed i n paragraph PHOTOVOLTAI C MODULES, i st
item"a.". Facility-scale PV systens allow a

maxi mum syst em vol t age of 1000 VDC and Uility-scale
PV systens all ow a maxi num system vol t age greater
than 1000 VDC. Use bracketed option for the
Facility-scale PV systens if such a clarification is
required.

EE R R R S R R I R R I R S R R R R S R R I R I R R S R R R R O

a. Backsheet conmponent must consist of a tri-layer construction (m ninmm
t hi ckness of 250 microns 9.8 mls) with outer |ayers of polyvinyl
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fluoride (PVF) and an inner

| ayer of polyester for crystalline-silicon

nodul es[ with a maxi num system vol tage of 1000 VDC].

b. Alternate polyneric backsheets consisting of different chem ca

conposi tion, thickness, or

construction nust fulfill

the safety and

performance specifications and acceptance criteria in Table 1. The

requi red conponent
report

properties in Table 1 nust

be verified by a test

| aboratory (NRTL) and a cutsheet submtted.

provi ded by an OSHA-listed nationally recognized testing

TABLE 1 - PV MODULE BACKSHEET COVPONENT SAFETY AND PERFORMANCE

Itens Test Met hods Speci fication
Tensile Strength (MPa) ASTM D882 >=100 (TD)
>=100 (MD)
El ongation at Break (percent) ASTM D882 >=80 (TD)
>=100 (MD)
D mensional Stability (percent, 150 ASTM D882 <=1.0 (TD)
degrees C, 0.5 h) <=1.0 (MD)
Br eakdown Vol t age (kV) ASTM D149 >=18
W/TR (g/ nt2 day, 37.8 degrees C, 100 ASTM F1249 <=2.5
percent RH)
Interlayer Peeling Strength (N cm ASTM D1876 >=4
Peeling Strength with EVA (N cm ASTM D903 >=40
Danp Heat (85 degrees C, 85 percent RH,
1000 hrs)
-Col or Change delta b ASTM E1171 <=2.5
-El ongati on Retention (percent) ASTM E308/ ASTM D2244 >=70

- Appear ance

ASTM D882/ ASTM D5870

No cracking or
del ami nati on.

W Exposure Irradi ance of 0.55 Wm2 at
340 nm (61 Wnt2) using a xenon |anp
with a daylight filter (outer I|ayer).
Exposure is 4200 hours (260 kWh/ nmt2
total UV (300-400 nm)

-Col or Change delta b

-El ongati on Retention (percent)

-Tensil e Retention (percent)

- Appear ance

ASTM G155
ASTM E308/ ASTM D2244
ASTM D882/ ASTM D5870
ASTM D882/ ASTM D5870

<=2.0
>=70
>=70
No cracking or
del am nati on.

2.2.2

a. Encapsul ant conponent
total nom nal
greater
percent VA content.
manuf act ur er

percent gel content per

must consi st of ethyl
(prel am nation) thickness of 900 microns 35 mls or
have a m ni mum of 28
process control

in the conpl eted nodul e.
Through statisti cal
must ensure that the cured EVA has a m ni mum of 70
ASTM D7567 or

Crystal | i ne Photovol tai c Mbdul e Encapsul ent

Vi nyl

The EVA must

ASTM D2765.

acetate (EVA) with a

The EVA nust

WV cutof f wavel ength of 360 nm as neasured according to ASTM E424.
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The EVA nust
ASTM D257.

have a m ni mum vol une resistivity of 1X10"15 ohm cm per

b. Thernopl astic encapsul ants consisting of different chemnica

conposition,

t hi ckness,

or construction nust ful fill

the safety and

performance specifications and acceptance criteria described in Table

2. The required conponent
verified by a test

report

properties described in Table 2 nust be
provi ded by an OSHA-listed nationally

recogni zed testing | aboratory (NRTL) and a cutsheet submitted.

TABLE 2 - PV MODULE ENCAPSULANT COVPONENT PROPERTI ES

Itens

Test Met hods

Speci fication

Appear ance

Vi sual Exam nation

No bubbl e, crack, or
del am nati on.

Gel Content (percent) ASTM D7567/ ASTM D2765 >=70
W Cutof f Wavel ength (nm ASTM E424 >=360
Vol unme Resistivity (ohmcm ASTM D257 >=1X10715

2.

2.3 El ectrical Characteristics

Provi de hi gh-power type PV nodul e(s), with typical peak power of not |ess

than [315]] ] watts, plus or minus [3]] ] percent power tol erance
under Standard Test Conditions (STC). The AC output nust not be | ess than
[80]] ] percent of the DC kW rating. The individual current

harmoni cs and TRD shall not exceed the limts specified in | EEE 1547.

The operating voltage corresponding to the power output nentioned above
nmust be at | east [54][ ] volts. The open circuit voltage of the PV
nodul es under STC should be at |east [64]] ] volts. Operate PV nodul e
at an anbient tenperature range of [m nus 40]] ] degrees C [m nus

40] [ ] degrees F to [plus 85][ ] degrees C [plus 185]] ]
degrees F with [100][ ] percent relative humdity.

.2.4 Ter mi nal Box

Include a term nal box on the nodul e having a provision for opening for
repl acing the cable, if required.

.2.5 Nanepl at e

Include the follow ng on the nbdul e naneplate so as to be clearly visible:
a. Name of the Manufacturer or distinctive |ogo;

b. Model or Type Nunber;
c. Serial Nunber;
d. Year of meke;

e. Peak wattage rating;
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2.

f. Peak voltage; and
g. Peak current.

3 I NVERTERS

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

NOTE: \Where possi bl e, enploy maintainabl e design
practices sel ecting nunmber of inverters for project
to prevent the failure of one inverter from
affecting the entire system

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

a. Array-to-inverter kWratio nmust not exceed manufacturer
recomendati ons. Inverter rnmust be | EEE 1547 conpliant, listed to
UL 1741, comply with the | atest applicable ANSI and FCC standards and
addenda, and inspected before commi ssioning, testing, and operation of
the system Submit docunentation validating system perfornance
requi renents.

b. Inverter nust be approved by FCC Part 15, Cass A as an unintentiona
radi at or .

c. Al same-sized inverters supplied nust be of the sanme manufacturer and
nodel nunber.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Select the inverter nmounting system
appropriate for the project environnent. Select
support structure nmount or nodule attached for
m croi nverters.

EE R R R I R R R R I R S R R R R O S R R S I R R R R R S R R R R

d. Provide inverter utilizing a [floor-mount][wall-nmount][support
structure nmount][nodul e attached] system

EE R R R S I R R I R R I R S R R R S R R R S I R I R I R R R R R S R R

NOTE: Sel ect the NEMA encl osure and encl osure

mat eri al appropriate for the project environnent.
Verify that a mnimum of three inverter

manuf acturers can provide inverter enclosure nmade of
the selected materi al

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

e. Provide inverter utilizing a [ NEMA 6/ 6P outdoor for coastal
envi ronnent s] [ NEMA 3R outdoor] [ NEMA 1 indoor] enclosure in accordance
wi th NEVA 250. Provide encl osure nade of [steel][alum nunm|[stainless
steel ][ pol yneric].

f. Provide inverter with anti-islanding protection to prevent
back-feeding inverter generated power to the grid in the event of a
utility outage. Anti-islanding protection rmust be listed to UL 1741
and | EEE 1547.

g. Overcurrent protection, ground fault protection, arc fault circuit
interrupter (AFClI), and rapid shutdown nust conply with the
requi rements of NFPA 70.

h. Provide inverter with sel f-diagnostics routines, and renmote and | oca
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di spl ay of operating status and renpote nonitoring capabilities.
Provide inverter conpatible with nonitoring system and netering
system |If capability for renmpte nmonitoring and control does not
exist, then it nust be added.

EE R R R S I R R I R I R I I R S R R R O S R R I R I R R R R R R R

NOTE: Consider inplenenting an inverter with
integrated nonitoring systemif design allows, for
better safety, and operations and mai ntenance. Mbst
m croinverters have this feature as well as sone
source circuit inverters.

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

[ i. Provide inverter with integrated nonitoring system Data nmonitoring
equi prent must be able to sustain an overload across its output
term nals up the [150][ ] percent |oad, while supplying any | oad

within its rating and without reducing its output voltage. Fuse power
sem conductors in the inverter with fast acting fuses to prevent
cascading failures. Provide each fuse with a blown fuse excl udi ng
String and Mcro inverters and alarmindicating diodes on the control
panel .

]

EE R R R S I R I R I R I R S R R R R S R R I R R R R R S R R O

NOTE: \Where possible, excluding String and Mcro
inverters, limt inverter size to 500 kW maxi mum
with a mnimum 96 percent efficiency.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O
j. Rate inverter[s] output as [ ] AC kWat wunity (1), [ ] phase
[ ] volts, | ] maxi mum power point tracki ng (MPPT) voltage
range. The peak inverter[s] power conversion efficiency nust be
[96][97] [ ] percent or greater

k. Match inverter DC input to the design of the PV nbdule array outputs
and account for the foll ow ng:

(1) The inverter low voltage is 50 percent of the nmaxi mum system
voltage, to account for 25 year degradation

(2) Voltage decrease due to high tenperatures at project site.
Qperate inverter at an anmbient tenperature range of [m nus
20] [ ] degrees C [m nus 4][ ] degrees F to [plus
50] [ ] degrees C [plus 122]] ] degrees F with [95]] ]
percent humi dity (non-condensing).

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: If inverters are provided without
transformers built-in, provide an isolation
transformer to serve multiple inverters for the PV
system Isolation transforner is necessary to

i sol ate inverter AC conmponents fromentering the
grid. Many utilities do not allow inverters without
i sol ati on.

EE R R R S I R R I R I R I R S R R R R S R I R I R I R R S R R S R R R

. Provide isolation transformer via [built into each inverter][system
central transformer for multiple inverters] to provide safe gal vanic
separati on between the AC side of the inverter and the grid.
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EE R R S I R R I R I R I R S R R R O S R R I R I R R S R R R R

NOTE: String inverter with integral AC and DC

di sconnecting neans is optional. Disconnecting
nmeans may be internal or external to the inverter
I ntegral disconnecting means is not an option for
m croi nverters.

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

m [Inverter must include AC and DC di sconnecting means. DC and AC
di sconnecting nmeans nust be listed with ratings suitable for the
i ntended use and purpose. ]System disconnecting neans must neet the
requi renments of NFPA 70.

2.3.1 String Inverters

Rk Ik Sk kR IR R R O O Ok e S S R AR Ik R R O o O R O I S bk b R

NOTE: String inverters sized greater than 600kW and
DC-optim zed string inverters of any size nust have
an efficiency of at |east 98 percent. Conventiona

and smaller string inverters nmust have an efficiency

of at |east 96 percent.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

a. Subnit String Inverter Efficiency of having a wei ghted average
i nverter power conversion efficiency of [98 percent][96 percent][93
percent with external isolation transfornmer] or greater

b. Alowthe use of DC optim zers provided that a design which
coordi nates the DC optimzers and the inverter(s) is approved by the
Contracting Oficer.

EE R R R I R R R R I R S R R R R O S R R S I R R R R R S R R R R

NOTE: Apply if string inverter does not use DC

power optim zer. DC power optimzer provides MPPT.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

[ c. Inverter nust feature maxi mum power point tracki ng (MPPT).

12.3.2 Mcro Inverters

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Mcro-inverters may be provided preattached
to each solar PV nodule, or may be installed on the

racki ng or nounting system
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

a. Provide mcroinverters [nounted on racking or nmounting system by the
installer][preinstalled on each solar PV nodule], and conply with
applicable requirenments in article | NVERTERS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The California Energy Conmi ssion (CEC)

wei ght ed average inverter power conversion

efficiency is a standardi zed nethod. |nverter
efficiencies are updated on the CEC web site
https://ww. ener gy. ca. gov/ prograns- and-t opi cs/ progr ans/

sol ar-equi pnent-1lists
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O
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2.4

Submit Mcroinverter CEC Efficiency as verified by CEC SAND2007- 5036
of having a wei ghted average inverter power conversion efficiency of
96 percent or greater

Inverter must feature maxi num power point tracking (MPPT).

COVBI NER BOXES

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: |If photovoltaic system size becones |arger
than 1 megawatt, refer to Section 48 14 00 SOLAR
PHOTOVOLTAI C SYSTEMS for | arge-scal ed PV systens.

EE R R S I R R I R I R I R S R R R O S R R I R I R R S R R R R

a.

[2.5

Al'l conbi ner boxes nmust be listed to UL 1741, and inspected before
conmi ssi oni ng, testing, and operation of the system

Provi de conbi ner boxes [in wall-nmount][support structure nount], [ NEMA
6/ 6P out door for coastal environments][ NEMA 4/ 4X outdoor] [ NEMA 3R
outdoor] [steel][alunm num[stainless steel][polyneric] enclosures in
accordance with NEVA 250.

Supply conbi ner boxes designed for use with the inverter provided, and
coordinated to the specific PV source circuit design

Include in the conbiner box[es] fuses and a bus to conbine the outputs
of the strings. FEach conbiner box nust be UL 1741 |isted and operate

at an anbi ent tenperature range of [m nus 25]] ] degrees C [m nus
13] [ ] degrees F to [plus 57][ ] degrees C [plus 135]] ]
degrees F. Provide conbi ner box capable of at least [12]] ]

i nputs and an input fuse rating of [15]] ] anps.

Provi de conbi ner box output terminals for paralleling two conductors
for the PV positive and negative, as well as the equi pment ground
conductors. Run set of wires fromthe conbiner box to the inverter
Provi de overcurrent protection and output disconnecting nmeans |isted
for intended use and purpose that conply with the requirenents of
NFPA 70.

ROCF MOUNTI NG STRUCTURE FOR MODULES ( RACKI NG

EE R R R S R R I R I R I R S R R S R I R S I R I R I R R R R R I R R R

NOTE: Del ete paragraph if the project does not
utilize a roof nounting structure.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Coordinate with |icensed professiona

engi neer for the design of the nmounting structure
details and connection to existing building.
Racki ng | ayout may include a gap between conti nuous
rows of modules to allow for ventilation

Coordinate with UFC 3-110-03 Roofing, "Photovoltaic
Systens — Rack Mounted Systens”

Coordinate with the Activity and determne if
tracking is desired and ensure they understand the
uni que additional naintenance requirenents

i nvol ved. Refer to UFC 3-440-01 Facility-Scal e
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Renewabl e Energy Systenms for additional infornmation.

EE R I R R S I R R I R I R I R S R R R R S R I R R R R S R R R R S O

a.

Provide racking [with [single-axis][dual-axis] tracking Jfor array as
i ndi cated on the draw ngs, including the nodule azimuth and tilt[ for
each inverter's separate array].[ See paragraph entitled PV TRACKI NG
SYSTEM for tracking requirenments.] Provide racking conpliant with

UL 2703.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Indicate snow | oad and wi nd | oad requirenents
as applicable for the |location and buil di ng
occupancy category in accordance with UFC 3-301-01
Structural Engi neering, ASCE 7-16, and |IBC

nodi fications in UFC 1-200-01 DoD Buil di ng Code.

Rk Ik Sk kR IR R R O O Ok e S S R AR Ik R R O o O R O I S bk b R

Racki ng and PV array, including nodules, hardware, and attachnents,
nmust wi thstand seisnic | oads, [snow | oads], and wi nd |oads as
required by ASCE 7-16 and I CC | BC. Coordinate with structura

engi neer to insure roof will withstand the racking and PV array | oads.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Defer to | ocal code where applicable, UFC
3-301-01 Structural Engineering, ASCE 7-16, and |BC
nodi fications in UFC 1-200-01 DoD Buil di ng Code.

O herwi se the structure's Seism c Design Category is
based on the risk category of the structure, |ong
and short period nmapped accel eration paraneters for
the area, and site class based on soil conditions.

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

Racki ng nmust be suitable for Seismc Design Category | ] as
defined by ASCE 7-16 and | CC | BC.

Submit seismic and wind[ and snow] |oad design cal culations for the
array mounting systemand its attachnent to the structure show ng
conpliance with seisnic and wind[ and snow] requirenents while
supporting the PV nodul es.

Provi de the nmechani cal hardware for nounting the PV arrays and al
ot her hardware required for assenbling the PV nodules, and the
attachnments to the building structure.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: In hostile environnents, the additional cost
of stainless steel conmponents nay be justified.

Manuf acturer's standard construction material is
acceptable only in noncoastal and noncorrosive

envi ronnents defined as Environnmental Severity
Classification Category ClL and C2 as determ ned by
Tables A-1 and A-2, Appendix A, UFC 1-200-01 DoD
Bui | di ng Code. Choose bracketed option for hostile
environnents. All fasteners for PV nodul e al um num
frames must be stainless steel. Galvanized
fasteners nust not contact alum num PV nodul e franes
or racking. Coordinate with structural engineer and
geot echni cal report.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S
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f. Use array nounting hardware conpatible with the site considerations
and environment. [Select mechani cal hardware for corrosion resistance
and durability. ]Use a stainless steel, galvanized steel, or alum num
support structure. Do not use wood or plastic conponents for support.

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

NOTE: Choose bracketed option for corrosive soil
Coordinate with structural engineer and geotechnica

report.
EE IR I Sk S I I S S S I R R R Rk I I S kS kR Sk Ik S S I R Sk I O

g. Use cathodic protection conpatible with the site considerations and
environnent. Utilize gal vani zed anchor[ encased in concrete] driven
i nto ground.

2.5.1 Mounti ng System Base Supports
Fabricate with fastening points integral to the nmounting structure.
Mounti ng system supports must be permanently affixed stanchions that are

anchored to the building structure. Coordinate height wth thickness of
roof insulation.

2.5.2 Fl ashi ng Boot

Fabricate for precision fit over base support. Coordinate height with
base supports.

2.5.3 Base Cap

Fabricate to overlap base support and flashing boot a m ni mumof 51 nm 2
i nches.

2.5.4 Base Cap CGasket

EPDM wi t h sel f-adhesi ve cl osed cell foam or other gasketing nateria
conpatible with the roofing nateri al

2.5.5 Fram ng

Provide with wall thickness as determ ned by structural cal cul ations.
2.5.6 Har dwar e

Bolts, nuts, washers, and screws nust be 18-8 stainless steel

]1[2.6 GROUND MOUNTI NG STRUCTURE FOR MODULES

EE R I R R S I R R I R I R I R S R R R O S I R R R R R S R R S R R R

NOTE: Del ete paragraph if the project does not

utilize a ground nmounting structure.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

EE R R R S I R R I R I R I R S R R R R S R I R I R I R R S R R S R R R

NOTE: Coordinate with |icensed professiona

engi neer for the design of the nmounting structure
details. For tracking array design, refer to UFC
3-440-01 Facility-Scal e Renewabl e Energy Systens and
coordinate with Activity.
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EE R R S I R R I R I R I R S R R R O S R R I R I R R S R R R R

a. Provide racking[ with [single-axis][dual-axis] tracking] for array as
i ndi cated on the draw ngs, including the nodule azimuth and tilt[ for
each inverter's separate array].[ See paragraph entitled PV TRACKI NG
SYSTEM for tracking requirenments.] Design all structural conponents
in a nanner commensurate with attaining a mnimum[50]] ] year
design life. Provide racking conpliant with UL 2703.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Indicate snow | oad, seismc |oad, and w nd

| oad requirenents as applicable for the location and
buil ding risk category in accordance with UFC
3-301-01 Structural Engineering, ASCE 7-16, and |BC
nodi fications in UFC 1-200-01 DoD Buil di ng Code.

Rk Ik Sk kR IR R R O O Ok e S S R AR Ik R R O o O R O I S bk b R

b. Racking and PV array, including nodules, hardware, and attachnents,
nmust wi thstand [snow | oads, ]seismc and wind | oads as required by
ASCE 7-16 and | CC | BC.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Defer to | ocal code where applicable, UFC
3-301-01 Structural Engineering , ASCE 7-16, and |IBC
nodi fications in UFC 1-200-01 DoD Buil di ng Code.

QO herwi se the structure's Seism c Design Category is
based on the risk category of the structure, |ong
and short period napped accel eration paraneters for
the area, and site class based on soil conditions.

EE R R R S I R R I R I R I R S R R R R S R R I R R R S R R R R R

c. Racking nust be suitable for Seismc Design Category | ] as
defined by ASCE 7-16 and | CC | BC.

d. Subnit seismic and wind [and snow] | oad design cal cul ations for the
array mounting systemand its attachnent to the structure show ng
conpliance with seisnic and wind [and snow] requirenents while
supporting the PV nodul es.

e. Provide the nmechanical hardware for mounting the PV arrays and al
ot her hardware required for assenmbling the PV nodul es, and the
attachnments to the mounting structure

EE R R R S I R I R R I R S R R R R S R R I R R R S R R S R R

NOTE: In hostile environments defined as

Envi ronnental Severity C assification Category Cl
and C2 as determ ned by Tables A-1 and A-2, Appendi x
A, UFC 1-200-01 DoD Buil ding Code, the additional
cost of stainless steel conponents nay be
justified. WManufacturer's standard construction
material is acceptable only in noncoastal and
noncorrosive environnments. Choose bracketed option
for hostile environnents. All fasteners for PV
nodul e al umi num franes nust be stainless steel

Gal vani zed fasteners nust not contact al um num PV
nodul e franes or racking. Coordinate with structura

engi neer and geot echni cal report.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O
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f. Use array nounting hardware conpatible with the site considerations
and environment. [Select nechanical hardware for corrosion resistance
and durability. ]Use a stainless steel, galvanized steel, or alum num
support structure. Do not use wood or plastic conponents for support.

EE R R R S I R R I R I R I I R S R R R O S R R I R I R R R R R R R

NOTE: Choose bracketed option for corrosive soil
Coordi nate with structural engineer and geotechnica

report.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

g. Use cathodic protection conpatible with the site considerations and
environnent. Wilize gal vani zed anchor [encased in concrete] driven
i nto ground.

[2.6.1 Driven Pile

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

NOTE: For appropriate pile type, coordinate with

structural engineer and geotechnical report.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

Provide driven pile as indicated in accordance with PDCA Specification 103.

1[2.6.2 Helical Pile
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NOTE: For appropriate pile type, coordinate with
structural engineer and geotechnical report.
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Provide helical pile as indicated in accordance with | CC I BC. Coordinate
helical pile requirenents with Section 31 63 26.60 [ GROUTED] HELI CAL PI LES.

12.6.3 W nd and Seism c Ratings

The nounting systemand overall installation nust be capable to withstand
wi nds of Category [1][2][3][4] or [5] as defined by the Saffir-Simpson
Hurricane Wnd Scale for all attachment points and consistent with the
manuf acturer's installation instructions. Provide wind certifications for
al |l components and assenbl i es.

Al structures and structural elenents nust be suitable for Seisnic Design
Cat egory | ] in accordance with | CC | BC, ASCE 7-16, and all other
applicabl e building codes and standards pertaining to the erection of such
structures. Submit seismic and wind [and snow] | oad design cal cul ations
for the array nounting systemand its attachment to the structure show ng
conpliance with seisnic and wind [and snow] requirenents while supporting
the PV nodul es.

112.7 CAST- | N- PLACE CONCRETE

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Use the first bracketed paragraph when
project includes a concrete section in Division 03;
ot herwi se, the second bracketed paragraph may be
used. Coordinate requirenents with Section 03 30 00
CAST- 1 N- PLACE CONCRETE. Coordinate with structura
engi neer and geot echni cal report.
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[ Provide concrete associated with electrical work for other than encasenent
of underground ducts rated for 30 MPa 4000 psi m ni num 28-day conpressive
strength unl ess specified otherwise. Conformto the requirenents of
Section 03 30 00 CAST-I N PLACE CONCRETE.
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NOTE: If concrete requirenents are detailed and no
cast-in-place section is to be included in the
project specification, refer to Section 03 30 00
CAST- | N- PLACE CONCRETE and sel ect such portions as
needed to provide conplete requirenents in addition
to the requirenents bel ow
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[ Provide concrete associated with electrical work as foll ows:

a.

Conposed of fine aggregate, coarse aggregate, Portland cenment, and
wat er so proportioned and m xed as to produce a plastic, workable
m xture. Provide fine and course aggregates in conpliance with
requi renents of ASTM C33, and Portland cenent in accordance wth
requi renents of ASTM C150.

Fi ne aggregate: hard, dense, durable, clean, and uncoated sand.

Coarse aggregate: reasonably well graded from 4.75 nmto 25 mm 3/16
inch to 1 inch.

Fi ne and coarse aggregates: free frominjurious anounts of dirt,
vegetable matter, soft fragments or other del eterious substances.

Water: fresh, clean, and free fromsalts, alkali, organic matter, and
other inpurities.

Concrete associated with electrical work for other than encasenent of
under ground ducts: 30 MPa 4000 psi mini num 28-day conpressive strength
unl ess specified ot herwi se.

Sl unp: Less than 100 mm 4 inches. Retenpering of concrete will not be
permtted.

Exposed, unfornmed concrete surfaces: smooth, wood float finish.

Concrete nust be cured for a period of not |ess than 7 days, and
concrete made with high early strength Portland cement nust be
repai red by patchi ng honeyconbed or otherw se defective areas with
cenent nortar as directed by the Contracting O ficer.

Air entrain concrete exposed to weather using an air-entraining
adm xture conformng to ASTM C260/ C260W.

Air content: between 4 and 6 percent.
Wel ded wire fabric reinforcenment nust be in accordance with ASTM

C185. Deformed bar reinforcenent nust be in accordance with ASTM 615,
G ade 60.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S
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NOTE: Coordinate with UFC 1-200-01 DoD Bui |l di ng
Code and UFC 3-301-01 Structural Engineering
requi renents.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

m Coordinate reinforced concrete design with environnental severity
classification requirenents.

12.7.1 Foundati on Anchor age
Anchor mounting structure to concrete pad in accordance with Sections
03 30 00 CAST-I N PLACE CONCRETE, 05 12 00 STRUCTURAL STEEL, and 05 05 20
POST- | NSTALLED CONCRETE AND MASONRY ANCHORS, as required.

1[2.8 PV TRACKI NG SYSTEM
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NOTE: For tracking array design, refer to UFC
3-440-01 Facility-Scal e Renewabl e Energy Systens

whi ch provides the PV tracking system Pros and Cons,
and coordinate with Activity.
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Provi de PV tracking systemin accordance with | EC TS 62727.
12.9 PV SYSTEM MONI TORI NG

a. Provide a PV systemnonitoring panel nounted as indicated.
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NOTE: Sel ect display option(s) as indicated.
Bracketed attributes are optional. Select
attribute's source based on use of mcro-inverters
or string-inverters.
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b. The following quantities nmust be viewable [froma [renpte] [l ocal]
[touch ]screen display nounted at |ocation as indicated]:

(1) DC Input Voltage from PV [array][ nodul es]
[ (2) DC I nput Power from PV [systeni][nodul e]
] (3) DC Input Current from PV [systeni [ nodul e]
(4) AC Phase Current from[inverter][PV systen] (average)
(5) AC Voltage from[inverter][PV systen] (average)
(6) AC Real Power from[inverter][PV systeni
(7) Daily, Weekly, Mnthly, Yearly, and Cumul ative Energy Production
(8) Fault Status Report
(9) DC Ground Current Report

(10) AC Neutral Current from[inverter][PV systen]
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11

2.

(11) AC Reactive Power from[inverter][PV systeni
(12) AC Apparent Power from[inverter]

(13) AC Power Factor

(14) AC Phase Current frominverter (A B, O
(15) AC Voltage frominverter (A B, O

(16) AC Vol tage and Current Bal ance.
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NOTE: Sel ect data acquisition sensors as

i ndi cated. Irradi ance neasures anount of sunlight
avai l able. Wnd speed, anbient tenperature, and PV
nodul e tenperature can affect perfornance.

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

10

Provi de additional data acquisition sensors to nmeasure [irradi ance]
[wind speed] [anbient tenperature] [PV nodule tenperature]. Any
additi onal data acquisition sensors require a conduit separate from
the current conductor conduit.

PV SYSTEM METERI NG
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NOTE: Navy projects require the use of Section

26 27 14.00 20 ELECTRICITY METERING. Air Force
projects may require the use of Section

26 27 13.10 30 ELECTRIC METERS. Arny projects refer
to Section 26 12 21 SI NGLE- PHASE PAD- MOUNTED
TRANSFORVERS

Use a revenue-grade neter if excess power wll be
sent back to the utility, otherw se use a
non-revenue- grade neter.
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a.

Conply with netering requirenents in [Section 26 27 14.00 20
ELECTRICI TY METERI NG [ Section 26 27 13.10 30 ELECTRI C METERS]
[Section 26 12 21 S| NGLE- PHASE PAD- MOUNTED TRANSFORMERS] .

Provi de a [revenue-grade] [ non-revenue-grade] |Interval Data Recording
(IDR) meter conplete with industry standard telenmetry for
conmuni cati ons with Ethernet, cellular, or other conmmon out put
capabilities. Conformto CSI requirenments and electrical utility
requi renents.

Connect to a nonitoring/data collection recording solar production
through time increments applicable to installation and utility
standards, with a mninumof 15-mnute intervals and 30-day nenory.
UL listed and conformto ANSI Cl2.1

Measure kWh, denmand, instantaneous power, volts, anps, and watts.

Provide UL |isted comruni cati on and annunci at or panel
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2.

11 POSTED OPERATI NG | NSTRUCTI ONS

Provi de for each system and principal itemof equiprment as specified in
the technical sections for use by the operation and mai nt enance
personnel. The operating instructions include the foll ow ng:

a. Wring diagrans, schenatic diagranms, interconnection diagrans, control
di agranms, and control sequence for each principal systemand item of
equi prent .

b. Array layout showi ng the | ocations of all DC and AC di sconnects.

c. Start up, proper adjustnent, operating, and shutdown procedures.

d. Safety precautions.

e. The procedure in the event of equipnment failure.

f. Oher items of instruction as reconmended by the nmanufacturer of each
systemor item of equipnrent.

Print operating instructions and frane under glass or in approved

| am nated plastic. Post instructions where directed. For operating

i nstructions exposed to the weat her, provide weather-resistant materials
or weat herproof enclosures. Qperating instructions do not fade when
exposed to sunlight and secure to prevent easy renoval or peeling.

.12 MANUFACTURER S NAMEPLATE

Each item of equi pnent nust have a nanepl ate bearing the nanufacturer's
nane, address, nodel nunber, and serial nunber securely affixed in a
conspi cuous place; the naneplate of the distributing agent will not be
acceptable. For PV nodules, a | abel on the back of the nodule is
accept abl e.

13 FI ELD FABRI CATED NAMEPLATES
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NOTE: Use the follow ng paragraph where namepl at es
are fabricated to identify specific equi pnment
desi gnated on the draw ngs.
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ASTM D709. Provide | ani nated plastic naneplates for each equi pnent

encl osure, relay, switch, and device; as specified. Each naneplate
inscription identifies the function and, when applicable, the position
Nanepl ates are of nelamne plastic, 3.175 mr 0.125 inch thick, white with
bl ack center core. Surface is of natte finish. Square corners.
Accurately align lettering and engrave into the core. M nimm size of
naneplates is 25.4 mmby 63.5 mr 1 inch by 2.5 inches. Lettering is a

m ni mum of 6.35 mr 0.25 inch high normal bl ock style.

.14 PV EQUI PMENT MARKI NG AND WARNI NG LABELS

Provi de PV equi pment listed or be evaluated for the application and have a
field | abel applied in conpliance with NFPA 70.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Vol tage nust not exceed 1, 000 VDC
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Provi de warning signs for the enclosures of electrical equi pnent having a
nom nal rating exceeding 600 volts.

a. Provide PV equipnent with UL 969 weat her-resi stant marking and warni ng
| abel s in conpliance with NFPA 1 and NFPA 70.

[ b. Wen such equi pnment is guarded by a fence, nount signs on the fence.
Provi de nmetal signs having nom nal dinmensions of 355 mm by 255 mr 14
i nches by 10 inches with the | egend "DANGER H GH VOLTAGE KEEP QUT"
printed in three lines of nomnal 75 mr 3 inches high white letters on
a red and black field.
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NOTE: Refer to UFC 3-501-01 El ectrical Engi neering
and UFC 3-560-01 Operation and Mi nt enance:

El ectrical Safety requirements. UFC 3-560-01
approved the followi ng types of arc flash | abe
formats: General |abel; General |abel referring to
OSHA; Details label, conpliant with NFPA 70E
Ceneral label that refers to a separate arc flash
calcul ation for requirenents; Label for equiprent
that has not received adequate mmi nt enance or
testing; Label for equipnent where an arc flash
calculation identifies an avail able incident energy
greater than 40 cal/cm2. The arc flash | abe
format can be nodified provided that the required
information is included. For Arny projects, provide
arc flash labels in accordance with NFPA 70E
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[ c. Provide warning signs for arc flash protection in accordance with |
NFPA 70E] [as indicated] for all electrical equipnment and conponents
that are requiring exanm nation, adjustment, servicing, or nmaintenance
whi |l e energized. Provide field installed signs to warn qualified
persons of potential electrical arc flash hazards when warni ng signs
are not provided by the manufacturer. Provide nmarking that is clearly
vi si bl e and readabl e from each accessible side to qualified persons
bef ore exam nation, adjustnent, servicing, or maintenance of the
equi prent .

12.15 CABLE TAGS I N MANHOLES, HANDHCLES, AND VAULTS
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NOTE: Verify cable |labeling requirenents with the
| ocal Activity. Provide |lead cable tags only when
specifically required by the Activity.
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Provi de tags for each power cable or wire | ocated i n manhol es, handhol es,

and vaults. The tags nust be pol yethyl ene[ or sheet lead]. Do not
provide handwitten letters.[ The first position on the power cable tag
denotes the voltage. The second through [sixth] [ ] positions on the

tag identify the circuit.[ The next to |last position denotes the phase of
the circuit and nust include the Greek "phi" symbol.] The |ast position
denotes the cable size.][ Tag |egend nust be as indicated.]
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2.16

[2.17

GROUNDI NG AND BONDI NG

Provi de properly sized equi pnent groundi ng conductors. Equi prment
groundi ng conductors rnust be insul ated stranded copper, except that
sizes 10 AWG and smal l er must be solid copper. Insulation color rmnust
be conti nuous green for all equipnent groundi ng conductors, except
that wire sizes 4 AW and | arger shall be identified per NFPA 70.

Provi de grounding lugs for alum num PV sol ar nodul e frames of either
stainless steel or tin-coated copper

Bondi ng conductors nust be bare stranded copper, except that sizes 10
AWG and smal |l er nust be bare solid copper. Bonding conductors nust be
stranded for final connection to notors, transforners, and vibrating
equi prent .

Provi de bonding fittings on concentric/eccentric knockouts with neta
conduits for circuits over 250 volts in accordance with NFPA 70.

Provi de bonding fittings for ferrous netal conduits encl osing
groundi ng el ectrode conductors in accordance with NFPA 70.

PV LI GATNI NG PROTECTI ON SYSTEM
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NOTE: Provide a lighting risk assessnent

cal cul ation in accordance with UFC 3-501-01

El ectrical Engi neering and UFC 3-575-01 Lightning
and Static Electricity Protection Systens
requirenents, and if lighting protection is a design
requi renent, include this paragraph in the

Speci ficati on.
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Provide PV Lightning Protection for electrical and mechanical systems in
accordance with Section 26 41 00 LI GHTI NG PROTECTI ON SYSTEM and NFPA 780.

] PART 3 EXECUTI ON

3.1
a.

b

MANUFACTURER' S | NSTALLATI ON | NSTRUCTI ONS AND | NSTALLATI ON DRAW NGS
Conplete all electrical work in accordance with NFPA 70.

Provide all pernmanent and tenporary shoring, anchoring, and bracing
required by the nature of this work in order to make all parts
absolutely stable and rigid, even when such shoring, anchoring, and
bracing are not explicitly called for.

Install the solar PV systemin accordance with this section
installation drawings, and the printed installation instructions of
t he manufacturer.

Fol | ow the manufacturer's installation recomendati ons to ensure no
electricity is being fed to the grid and that all avail able

di sconnects are in the open position and fuses are not installed
during wiring operations. Uilize on-site neasurenments in conjunction
wi th engi neering designs to accurately cut wires and | ayout before
maki ng per manent connections. Locate wires out of the way of w ndows,
doors, openings, and other hazards. Ensure wires are free of snags
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3.

and sharp edges that have the potential to conpromise the wire
insulation. |If the systemis roof-nounted, it nust have direct
current ground fault protection in accordance with NFPA 70. Ensure
breakers in conbiner box are in the off position (or fuses renoved)
during conbiner box wiring. Ensure wires and conduit are not
installed as a trip hazard.

e. Attach solar PV nbdules to the nounting structure according to the
manuf acturer's instructions and approved pl ans.

f. Install instrumentation according to the manufacturer's instructions,
with control panels |located as indicated.

1.1 Wring Methods

Furni sh and install conductors required to connect incom ng and out goi ng
circuits. Install conductors with conduits, boxes, and terninal cabinets
inatotally enclosed installation. Install wiring in accordance with

NFPA 70 and Section 26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM

1.2 El ectrical Connecti ons

a. Use twist on wire connectors listed for the environment (i.e. wet,
danp, direct burial) and installed per nmanufacturer's instructions.

b. Use listed power distribution blocks.

c. Use terminals containing nore than one conductor listed for nmultiple
conductors.

d. Use connectors and term nals used for fine strand conductors that are
listed for use with such conductors.

e. Uilize appropriate tools for connector type as recomended by the
manuf act urer.

f. Tighten and secure nodul e connectors.

g. Provide corrosion protection in accordance with Section 26 20 00
| NTERI OR DI STRI BUTI ON SYSTEM and by addi ng a stainless stee
i sol ati ng washer between conmponents of inconpatible netals on the
racki ng structure.

h. Rate all enclosures for electrical connections and interconnections
for [NEMA 6 in accordance with NEMA 250][ or ][IP67 in accordance with
ANSI | EC 60529].

1.3 Di sconnect s
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NOTE: UFC 3-440-01 Facility-Scal e Renewabl e Energy
Systens and NFPA 70 requires providing a Rapid

Shut down of PV Systens on Buildings. PV system
circuits installed on or in buildings nust include a
rapi d shutdown function to reduce shock hazard for
firefighters using the Rapid Shutdown Initiation
Devices. Miltiple PV systeminitiation device(s)
must consi st of not nore than six switches or six
sets of circuit breakers, or a comnbination of not
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nore than six switches and sets of circuit breakers,
nounted in a single enclosure, or a group of
separ ate encl osures.
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Provi de di sconnecting nmeans in accordance with NFPA 70 requirenents.

a.

Install disconnects for all current carrying conductors of the PV
source.

Install disconnects for the PV equipnment. For inverters and ot her
equi pment that are energized fromnore than one source, group and
identify the disconnecting neans. Equi pnment di sconnecting neans or
its renote operating device or the enclosure providing access to the
di sconnecti ng nmeans nust be capabl e of being | ocked in the open
position when not within sight or not within 3 m 10 ft of the

equi prent .

Install disconnects and overcurrent protection for all ungrounded
conductors in ungrounded (transfornerless) PV power systens.

Install disconnecting nmeans with a rapid shutdown function using the
rapi d shutdown initiation devices as specified in NFPA 70. Each
device's "of f" position nmust indicate that the rapid shutdown function
has been initiated for all PV systens connected to that rapid shutdown
initiation device.

Di sconnecti ng nmeans equi prent that perforns the rapid shutdown
function, other than initiating devices, nmust be listed for providing
rapi d shutdown protection.

Bui |l di ngs with rapid shutdown di sconnecti ng neans nust have a
per manent | abel as specified in NFPA 70.

Overcurrent and Overvol tage Protection
Install the PV interconnect overcurrent protective device as indicated

in accordance with NFPA 70. Overcurrent devices used in PV systemdc
circuits nust be listed for use in PV systens.
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NOTE: Applies if lightning protection systemis
required. Use UFC 3-520-01 Interior Electrica
Systens requirenents al so.
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[ b.

13.1.5

Install overvoltage surge protective device (SPD) as indicated and in
accordance with NFPA 780 and NFPA 70. PV surge protective devices
nmust be listed for use in PV systemand nmarked "DC' or "PV SPD." |f
the systeminverter is nore than 30 m 100 ft fromthe cl osest conbiner
or reconbi ner box, provide additional PV SPDs at the PV output circuit
adj acent to the inverter.

Fire Safety
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NOTE: Fol | ow UFC 3-440-01 Facility-Scal e Renewabl e
Energy Systens requirements for access to Smoke
Ventilation. Ofice of State Auditor (OSA) may
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provi de safety requirenments for roof nounted
equi pnrent that requires access for periodic
mai nt enance.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Firestop conduit that penetrates fire-rated walls, fire-rated partitions,
or fire-rated floors in accordance with Section 07 84 00 FlI RESTOPPI NG

For all buildings other than one and two-famly dwellings and townhouses
provi de access to roof nounted PV systens by providing a minimunm 1.8 m 6 ft
wi de clear perimeter around the edges of the roof.[ Follow OSA safety
requi renents for roof mounted PV system equi prment that requires access for
peri odi ¢ mai nt enance. ]

3.2 GROUNDI NG

3.2.1 PV System Groundi ng
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NOTE: Racki ng manufacturers allow for different
groundi ng schenes. Follow the racking

manuf acturer's groundi ng scheme. NFPA 70 approves
the use of a single made el ectrode for the

system groundi ng el ectrode, if its resistance does
not exceed 25 ohnms. In nost applications, it is
desirable to have a maxi mum resi stance of nuch | ess,
typically 5 ohns or |ess.
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NFPA 70 and | EEE C2, except provide grounding systems with a resistance to
solid earth ground not exceeding [25] [ ] ohns.[ Gound according to
racki ng manufacturer's recomendati ons. ]

Install grounding lugs in |locations on the solar PV nodul e as desi gnated
by the nodul e manufacturer, using stainless steel machine screws of the
thread size provided in the pre-tapped holes, along with a stainless stee
star washer placed between the grounding |lug and the sol ar nodul e frane.

[3.2.2 Groundi ng El ectrodes
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NOTE: Include if grounding el ectrodes are provided.

EE R R R S R R I R I R I R S R R S R I R S I R I R I R R R R R I R R R

Provi de driven ground rods as specified in Section 33 71 02 UNDERGROUND
ELECTRI CAL DI STRI BUTI ON. Connect ground conductors to the upper end of
ground rods by exotherm c weld or conpression connector. Provide
conpressi on connectors at equi prent end of ground conductors.
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NOTE: Include if lighting protection is a design
requi renent. Use UFC 3-550-01 Exterior Electrica
Power Distribution requirenents.
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[ Provide ground ring electrode in accordance with NFPA 780 encomnpassing the
peri meter of each ground-mounted PV array. Interconnect all building
groundi ng el ectrode systens, including |lighting protection
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113.3 | NSTALLATI ON OF EQUI PMENT AND ASSEMBLI ES
3.3.1 Roof Mounted Structures
a. Ensure roof access points, paths, and cl earances are as indicated.

b. The solar photovoltaic systemdetails nust be accepted by warranty
roofing system manufacturer prior to installation. Upon conpletion of
a rooftop systeminstallation, obtain witten certification that the
rooftop warranty is still valid.

(1) For installation on a new roof, coordinate with roof nanufacturer
of new roof and obtain certificate.

(2) For installation on existing roof, coordinate with activity to
provide certificate of continued validity of warranty from
manuf act urer.

c. Flash and counter-flash all roof penetrations in accordance with
| CC | BC.
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NOTE: The | atest anal yses of the phenonenon of heat
transfer arrived at optim zed gap to be between 100
mmto 110 nmr 3.94 inches to 4.33 inches beyond which

the benefits are negligible.
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d. Provide a mnimun 115 mr 4.5 inches air gap between the solar PV
nodul e frame and the roof surface.

e. Comply with requirements in NRCA 3767 for working with different roof
types.

[3.3.2 Ground Mounted Structures
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NOTE: Include if ground nounted structures are

provi ded, and indicate appropriate foundation type.
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[ a. For concrete ballast or pad, install in accordance with Section
05 12 00 STRUCTURAL STEEL

][b. For driven pile, install in accordance with PDCA Specification 103.
][c. For helical pile, install in accordance with | CC | BC.

13.3.2.1 Installation

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Indicate appropriate installation

requi renents. Account for snow depths and known
snowdrift patterns to determ ne |ocations and
nounti ng hei ghts in Snowbelt | ocations.

EE R R R S R R I R R I R S R R R R S R R I R I R R S R R R R O

In order to maxim ze potential energy output fromeach PV system the
system nmust be sited to maxim ze the anpunt of sunlight it receives daily,
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wi t hout shadi ng from adj acent structures or trees. Existing and proposed
| and uses adjacent to the PV systemnust not be taller than the PV
| ocati on.

a. Site Preparation

Prepare the site for systeminstallation by renmoving vegetation,
gradi ng for adequate drai nage and avoid standing water on site[, and
excavating and conpacting foundations for individual nodul e
installation].[ Provide access roads, pathways, fencing and ot her

i mprovenents as necessary for site access and security.][ Provide
vegetation barrier to keep surrounding area free from array-shadi ng
vegetation as required.]

[ Provi de wal ki ng and vehi cl e space throughout the PV array to
facilitate installation, inspection, and mai ntenance access to al
nmodul es in accordance with NFPA 70 and | EEE C2.][ Maintain a m nimm
ground cl earance of [3]] ] m[10][ ] ft around arrays.

Mai ntain a mni mum ground cl earance of [1]] ] m[3]] ] ft

bel ow arrays for all site-specific conditions including possible
array-shadi ng vegetation, ground/vegetation maintenance, and/or
array-shadi ng snowfall.][ Account for snow depths and known snowdri ft
patterns to determ ne |ocations and nounting heights in Snowbelt

| ocations. ]

EE R R R S I R R I R R I R S R R R I R S I R R I R R R S R R R R

NOTE: Comply with UFC 3-260-01 Airfield and
Hel i port Pl anni ng and Desi gn when PV systemis sited
near an airfield or related facilities and equi prment
used to sustain flight operations.

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

[ b. Airspace Coordination

VWhen PV systemto be sited near an airfield or related facilities and
equi pment used to sustain flight operations subnit plans to the
airfield manager and safety officer (anbng other stakehol ders) for
approval. Contact the DoD Siting Cd earinghouse and provi de applicable
data itenms required for the DoD Siting coordination. Avoid glare from
sol ar panels following FAA interimpolicy. Provide dare and dint

cal cul ati on using Sandi a Labs software which is nmaintained by
ForgeSol ar now. Use link https:/share-ng.sandi a. gov/ gl are-tool s.

1113.3.3 Tracki ng Equi pnent

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Apply if tracking equiprment is provided.

EE R I R R S R I R I R I R S R R R R R S R I R I R I R R S R S R R R S

Install solar tracking equiprment in accordance with |EC TS 62727.
13.4  FIELD APPLI ED PAI NTI NG
Pai nt el ectrical equiprment as required to match finish of adjacent

surfaces or to neet the indicated or specified safety criteria. Painting
nmust be as specified in Section 09 90 00 PAINTS AND COATI NGS.
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3.5 FI ELD FABRI CATED NAMEPLATE MOUNTI NG

Provi de nunber, | ocation, and letter designation of naneplates as
i ndi cated. Fasten naneplates to the device with a mni numof two
sheet-netal screws or two rivets.

3.6  WARNI NG SI GN MOUNTI NG

a. Display calcul ated maxi mum and m ni mum vol tages and their respective
anper ages on engraved warni ng | abel s.

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

NOTE: Coordinate arc flash warni ng | abe
requi renents wth paragraph PV EQU PVENT MARKI NG AND
WARNI NG LABELS, list item"c" requirenents.

Rk Ik Sk kR IR R R O O Ok e S S R AR Ik R R O o O R O I S bk b R

b. Display information on the arc flash warning |abels [in accordance
wi th NFPA 70E][as indicated].

c. Provide the nunmber of signs required to be clearly visible and
readabl e from each accessi ble side. Space the signs in accordance
with NFPA 70E.

3.7 CABLE TAG | NSTALLATI ON

Install cable tags in each manhol e, handhol e, and vault as specified,

i ncluding each splice.[ Tag only new wire and cabl e provided and exi sting
wire and cable which are indicated to have splices and term nations
provided.] Install cable tags over the fireproofing, if any, and | ocate
the tags so that they are clearly visible without disturbing any cabling
or wiring in the nmanhol es, handhol es, and vaults.

[3.8 FOUNDATI ON FOR EQUI PMENT AND ASSEMBLI ES

EE R I R R S I R R I R I R I R S R R R R S R R I R R R I R R R R O

NOTE: Provide if ground mounted system Use the
first bracketed option when project includes a
concrete section in Division 03; otherw se, the
second bracketed option (nmetric) or the third
bracketed option (English) may be used

EE R R R S R R I R I R I R S R R S R I R S I R I R I R R R R R I R R R

Provi de cast-in-place concrete work in accordance with the requirenents of
[ Section 03 30 00 CAST-I N PLACE CONCRETE][ ACI 318M [ ACI 318].

13.9 FI ELD QUALI TY CONTRCL

EE R I R R S I R R I R I R I R S R R R O S I R R R R R S R R S R R R

NOTE: Use Section 33 71 02 UNDERGROUND ELECTRI CAL
DI STRI BUTI ON for an exterior ground nount system

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Performin accordance with Section 26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM
[and 33 71 02 UNDERGROUND ELECTRI CAL DI STRI BUTI QN .

3.9.1 Per f ormance of NABCEP Acceptance Checks and Tests

Performall inspections using a NABCEP-certified professional and in

SECTION 26 31 00 Page 46



accordance with NABCEP inspection procedures, and in accordance with the
manuf acturer's recommendati ons, and include the follow ng visual and
nmechani cal inspections and electrical tests.

3.9.1.1 PV Modul es
a. Visual and Mechani cal | nspection

(1) Solar PV nodul e manufacturer, nodel, and nunber of nopdul es nust
mat ch the approved pl ans.

(2) Solar PV nodul es nmust be in good conditions (including but not
limted to no broken glass or cells, no discoloration, franmes not
danmaged) .

b. Electrical Tests

(1) Verify output of PV nodul es according to nmanufacturer's
recomendat i ons and NABCEP practi ces.

3.9.1.2 Inverters
a. Visual and Mechani cal |nspection

(1) I'nverter manufacturer, nodel, and nunber of inverters nust match
t he approved pl ans.

(2) Inverters must be in good condition
b. Electrical Tests

(1) Verify output of inverters according to nanufacturer's
recomendat i ons and NABCEP practi ces.

3.9.2 Per f ormance of NETA Acceptance Checks and Tests

Performin accordance with the nanufacturer's recommendations, and include
the follow ng visual and nmechani cal inspections and electrical tests,
performed in accordance with NETA ATS.

3.9.2.1 Groundi ng Syst em
a. Visual and Mechani cal | nspection

(1) Inspect ground system for conpliance with contract plans and
speci fications.

b. Electrical Tests

(1) Perform ground-i npedance nmeasurenents utilizing the
fall-of-potential method. On systens consisting of interconnected
ground rods, performtests after interconnections are conplete.

On systenms consisting of a single ground rod, performtests before
any wire is connected. Take neasurenents in normally dry weat her,
not |less than 48 hours after rainfall. Use a portable ground

resi stance tester in accordance with manufacturer's instructions
to test each ground or group of grounds. Use an instrument

equi pped with a nmeter reading directly in ohms or fractions
thereof to indicate the ground value of the ground rod or
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groundi ng systens under test.

(2) Submit the neasured ground resistance of each ground rod and
groundi ng system indicating the location of the rod and groundi ng
system Include the test method and test setup (i.e. pin
| ocation) used to determ ne ground resistance and soil conditions
at the time the neasurenents were made

. 9.3 Functi onal Acceptance Tests

a. Provide final and conpl ete conm ssioning of the solar PV systemin
accordance with | EEE 1547,

b. Verify that all electrical conponents are installed and connected
according to the requirements of the PV electrical draw ngs,
speci fications, and manufacturer's witten instructions.

c. Before starting or operating the system check continuity of al
conductors and groundi ng conductors to verify that there are no faults
and that all equi prment has been properly installed according to the
manuf acturer's recomendati ons. Check factory instructions to see
that installations have been made accordingly. Check equi pnment for
any damage that may have occurred during shipment, after delivery, or
during installation. Replace damaged equi pnent.

d. Before starting or operating the system obtain a final inspection
approval and final inspection fromthe Contracting Oficer. Be present
on site for both of these inspections.

e. Mke final adjustnents to all inverters and nonitoring equi pnent so
that they will be placed in an acceptable operating condition
Adj ust abl e paranmeters nust be set so that the PV systemw || produce

t he maxi mum possi bl e anbunt of energy on an annual basis.

.10 COW SSI ONI NG

EE R R R S I R R I R R I R S R R R S R R R S I R I R I R R R R R S R R

NOTE: Section 01 91 00.15 BU LDI NG COMM SSIONI NG i s
i ntended for building systems, however, the basic
requi renents are applicable to PV conm ssioning
processes. Section 01 91 00.15 will need to be
tailored for PV systems when conpiling project

speci fications.

EE R R R S I R I R R I R S R R R R S R R I R R R S R R S R R

Conduct Commi ssioning, after the systemis installed and is ready for
operation, in accordance with Section 01 91 00.15 BU LD NG COW SSI ONI NG
item (6) renewabl e energy generation, to verify that the conpl eted and
installed systemnmeets the requirenents of | EEE 1547. Tailor for
non- bui | di ng systens.

.10.1 Conmi ssi oni ng Agent Qualification
I ndividual qualified in testing protective equi pment (e.g., professiona
engi neer, factory-certified technician, licensed electrician with

experience in testing protective equi pnent) mnmust performor directly
supervi se comm ssi oni ng tests.
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3.10.2

Conmi ssi oning Pl an and Schedul e

Devel op and i npl emrent a conmi ssioning plan and conmi ssioning schedule in
accordance with Section 01 91 00.15 BUI LDI NG COVW SSI ONI NG

3.10.3

Start-up Pre-functional Checklists

Carry out a checklist of startup requirenents and conduct a series of
safety tests to ensure proper installation, safe operation, and
performance confornming to specification

3.10. 4 Functional Performance Testing
Prepare test procedures and conduct functional performance testing of the
installed system Include the follow ng test requirenents:
a. Al inverter startup tests as specified by the inverter manufacturer

in the inverter operation nmanual;

Act ual power;

Loss of grid;

Gid resune;

Data nonitoring check out;

V,. measurenent of every source circuit and log it;
Verify tightness of all wiring term nations;

Verify proper markings and | abeling of all wire terminations and
encl osur es;

Verify startup/shut down procedures;
Verify system|[5]] ] mnutes delay upon restart;

Verify PV array quick connectors are fully mated and wires are neatly
secur ed;

Verify no debris on the nodul es, no danaged or broken nodul es;
Verification and i nspections (see | EEE 1547.1 7. 2)

Fi el d-conducted type and production tests (see | EEE 1547 7. 3)
Unintentional islanding functionality test (see | EEE 1547. 1)
Cease-to-energi ze functionality test (see | EEE 1547. 1)

Uni ntentional islanding functionality test (see | EEE 1547. 1)
Cease-to-energi ze functionality test (see | EEE 1547.1 7.5)

Revi sed settings (see | EEE 1547.1 7.6)
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3.10.5 Functi onal Performance Testing Results

Coordi nate, observe and record the results of the functional perfornance
testing. Coordinate retesting as necessary until satisfactory perfornance
is verified. Verify the intended operation of individual conponents and
systeminteracti ons under various conditions and nodes of operation

Docurent items of non-conpliance in materials, installation or operation
| mredi at el y address observed non-confornmance and deficiencies in terns of
notification to responsible parties, and provide recomended actions to
correct deficiencies.

.10.6 Fi nal Conmi ssi oni ng Report

Prepare and submt final conm ssioning report. Summarize all tasks,

findi ngs, conclusions, and recomendati ons of the conm ssioning process in
accordance with | EC 62446. Include the results of all tests and a listing
of the final settings.

11 FI NAL ACCEPTANCE

The acceptance of the solar PV systemoccurs only after all deficiencies
identified by the functional acceptance tests and conmi ssioning report are
corrected[, and the system operates successfully during a [30][ ] day
initial testing period].

The Contracting O ficer nust sign appropriate certificates, if equiprment
and systens are operating satisfactorily in accordance with the
specifications, stating the systenmi s operation has been tested and
accepted at the end of the final start-up and testing.

.12 CLCSEQUT ACTI VI TI ES
.12.1 Denpnstrati on

Upon conpletion of the work and at a tine approved by the Contracting

O ficer, provide instructions by a qualified instructor to the Governnent
personnel in the proper adjustnment, system operation, and nai ntenance of
the specified systens and equi prent, including pertinent safety

requi renents as required. Covernment personnel rmust receive training
conparable to the equi pmrent manufacturer's factory training. Instructor
nmust provide a separate training course for the nonitoring system

.12.2 Instructor's Qualification Resune

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Use the nost appropriate and avail able option
to provide the necessary training.

EE R I R R S I R R I R I R I R S R R R O S I R R R R R S R R S R R R

Instructor(s) must be enployee(s) of [installer] [manufacturer] [certified
sol ar photovoltaic systemtraining prograni. Instructors nust be
thoroughly famliar with all parts of the installation and trained in
operating theory as well as practical operation and mai ntenance work
Submit the nane(s) and qualification resune(s) of instructor(s) to the
Contracting O ficer for approval.
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3.12.3 Trai ni ng

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Use the nost appropriate hours to provide the
necessary training. Video record instruction for
absent and future enpl oyees.

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

Furni sh training service by a factory-trained representative. Docunent

t hat each qualified enployee has received the required training in
accordance with 29 CFR 1910. Mintain all training documentation in a
central location for the entire enployee's enploynent duration. M nimm
docunent ati on data includes enpl oyee's nane, training nane, and date(s) of
training.

The training period must consist of a total of [2] [ ] hours of norma
working time and begin after the systemis functionally conpl eted but
prior to final acceptance tests. Submt the training course curriculum
for approval, along with the proposed training date, at |east 14 days
prior to the date of proposed conduction of the training course.
Instruction rmust be [video-recorded and ]given during the first regul ar
wor k week after the equi pment or system has been accepted and turned over
to the Government for regular operation. Provide [video recording and
]any Power Point slides as part of the final documentation for those that
cannot attend. Extend safety training to fire departnment
representatives. Coordinate with Contracting Oficer for Fire Departnment
first responder training.

-- End of Section --
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