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ARMY AVIATION SUPPORT FACILITY (AASF  
KALAELOA IMPROVEMENTS  
HAWAII ARMY NATIONAL GUARD, JOB NO. CA-1825-C 

Addendum No. 3 
Photovoltaic Systems 

13650-1 

DIVISION 13 – SPECIAL CONSTRUCTION 

SECTION 13650 – PHOTOVOLTAIC SYSTEMS 
(THIS SECTION 13650 REVISED BY ADDENDUM 3)

PART 1 - GENERAL 

1.01 GENERAL REQUIREMENTS 
As specified in Section 01100 – PROJECT REQUIREMENTS 

1.02 SUMMARY 
This section includes the following for installation of photovoltaic systems. 

1.03 SUBMITTALS 
A. General: Submit under provisions of Section 01300 – SUBMITTALS.

B. Shop Drawings:  Submit complete shop drawings and manufacturer's literature
for the Owner’s review before any work is fabricated.  Comply with all
requirements of the Section 01300 – SUBMITTALS.  Submit five sets of
manufacturer's literature for the following:
1. Photovoltaic Modules

2. Inverters

3. Combiner Boxes

4. Raceways

5. Panel Mounting Hardware

6. Rapid Shutdown Device

7. One-line Diagram

8. Three-Line Diagram Shop Drawings. Show system details, devices, and
circuiting.

9. Provide photovoltaic installation if layout is different than as shown on
drawings. Indicate revised layout, wiring, panel and device locations, new
equipment, etc.

10. Contractor’s qualifications to indicate minimum experience.

11. Warning Signs

1.04 GUARANTEE AND CERTIFICATE 
As specified in Section 16050 – BASIC MATERIALS AND METHODS. 

1.05 GENERAL REQUIREMENTS 
The Contractor shall furnish all labor, materials (except as hereinafter noted), 
tools, equipment and appliances required to provide and install all Electrical 
Work, complete, as indicated on the drawings and/or as herein specified.  The 

Alan
Text Box
ATTACHMENT 6
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drawings note various sizes of equipment as determined for basis of design; the 
electrical work, however, shall be installed to comply with the equipment 
furnished by the successful supplier.  The work shall include but not necessarily 
be limited to, the following: 

A. Complete photovoltaic system installation, including all necessary equipment,
conduit, wiring, controls and accessories.  Any omission in specified equipment
will not relieve the contractor of the responsibility for providing a complete
system, including all items required proper operation except for such items which
are specifically noted as being furnished by others.

B. Before bidding on this work, carefully examine each of the drawings and the site.
By submitting a proposal of the work included in this contract, the Contractor
shall be deemed to have made such examination and to be familiar with and
accept all conditions of the job site.
1. Prior to ordering equipment, the Contractor shall examine the plans to

verify the amount of space allocated for the electrical equipment and to
determine if the material proposed will fit within the allotted space.  It shall
be the Contractor's responsibility to provide equipment that will fit within the
allotted space.

2. Contractor shall have a minimum of 5 years experience installing
photovoltaic systems.

1.06 COORDINATION WITH OTHER TRADES 

During bidding and construction, Contractor shall coordinate his work with other 
trades to avoid omissions and overlapping of responsibilities.   

1.07 CODES, REGULATIONS AND STANDARD SPECIFICATIONS 
A. Work shall conform to latest edition of National Electrical Code.

B. Applicable rules, standards and specifications of following associations shall
apply to materials and workmanship:
1. AMSE PTC 50 (solar PV performance)

2. ANSI Z21.83 (solar PV performance and safety)

3. NFPA 853 (solar PVs near buildings)

4. NEPA 70 (electrical components)

5. IEEE 1547 (interconnections)

6. National Electrical Safety Code – ANSI C2 – 2005

PART 2 - PRODUCTS 

2.01 MATERIALS 
A. All materials shall be new, except as specifically noted, and shall bear the label

of Underwriters' Laboratories whenever standards have been established and
label service is normally and regularly furnished by the agency.
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B. Photovoltaic Modules:
1. High efficiency, poly or mono-crystalline modules.

2. Tempered glass low reflectance panel within a corrosion resistant anodized
aluminum frame. Panel frame shall be provided with pre-drilled mounting and
grounding holes.

3. Each panel shall have ratings as indicated on drawings.

4. Nominal panel size shall not exceed 40” x 77”.

5. Listed on the California Energy Commission’s PTC list.

6. Modules shall be certified to UL 1703 – “Flat-Plate Photovoltaic Modules and
Panels”

7. 25-year minimum power output manufacturer’s warranty.

8. Canadian Solar, Grape Solar, Hyundai Heavy Industries Co., LG Electronics
or approved equal.

C. Photovoltaic Panel Mounting Racks:  Mounting racks shall utilize type anodized
aluminum frames, and support members, and type 316 stainless steel hardware
to secure the photovoltaic panels to the parking lot canopy system.  Exposed
bare aluminum on field cut frames or supports shall be coated with a corrosion
inhibitor prior to installation. All frame members shall be provided with
manufactured end caps.

D. Three-Phase Transformerless String Inverters:

1. LCD user interface.

2. 98% minimum CEC efficiency rating.

3. Maximum open circuit voltage of 1000VDC.

4. Nominal DC input voltage of 750VDC.

5. For exterior locations or locations exposed to moisture, the enclosure shall
be NEMA 3R or NEMA 4, IP65.

6. Nominal AC voltage, phase, and maximum output power ratings as
indicated on drawings.

7. Reverse-Polarity Protection.

8. Ground-Fault Isolation Detection.

9. Supports communication interfaces via RS485 and Ethernet.
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10. DC disconnecting unit with DC surge protection and DC fuses on positive
and negative DC inputs.

11. Minimum warranty of 10 years. Specify warranty extension modalities.

12. Must comply with the following requirements:

a. UL 1741 – “Standard for Static Inverters and Charge Controllers for
use in Photovoltaic Systems”

b. Listed on the CEC list of eligible inverters

13. The inverter shall include provisions for connection to a web-based remote
monitoring system.  A third party monitoring system will be acceptable in
lieu of an integrated monitoring solution.

14. Solaredge, SMA or approved equal.

D. Combiner Boxes: Rated for 1000VDC, integral fuse cover/puller.  16-circuit with
fuses rated for 15A, with provisions to incorporate blocking diodes in series with
each circuit, and an integral of aftermarket lighting arrester.  The enclosure shall
be lockable NEMA 4 rated.

E. Rapid Shutdown Device

1. Module level voltage shutdown capacity.

2. DC Input Power Rating: 475W

3. Maximum PV module open circuit voltage at STC: 75V

4. Maximum Input Voltage: 90V

5. Maximum Current Isc: 12A

6. Output Power Range: 0 - 475W

7. Output Voltage Range: 0 - Voc

8. Maximum Allowed System Voltage: 1000V

9. IP68 rated for outdoor use.

10. NEC 2017 690.12 compliant.

11. SMA TS4-R-F or approved equal.

F. Remote Inverter Monitoring System:  The remote monitoring system shall provide
access to the photovoltaic system performance data through any web browser.
The remote monitoring system shall include the following features:
1. Recording of daily, monthly and annual energy generated.
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2. Remote configuration of the photovoltaic system by authorized users.

3. Remote diagnosis of the photovoltaic system.

G. Raceways:
1. Conduits:  Galvanized rigid steel and PVC schedule 40, 3/4" minimum

diameter unless otherwise indicated, for exterior installations only. Electrical
metallic tubing for interior installations.  Aluminum conduits shall not be
used.

2. Flexible Conduit:  3/4" minimum, zinc-coated inside and outside; PVC
coated, liquid-tight with factory compression fittings.

H. Wires and Cables: Conductors shall be copper, No. 12 AWG minimum; No. 10
AWG and smaller, solid and round; No. 8 AWG and larger, 7 or 19 strands
concentric.  All conductors for photovoltaic direct current systems shall be type
USE-2.

I. Warning Signs: Engraved white lettering with red background, 1/2” high lettering
minimum, stainless steel (316) screw type fasteners.

J. Nameplates: Bakelite nameplates shall be black finish with white core and shall
have 1/4" high engraved letters indicating the name of the equipment being
served by the device on which the nameplate is to be installed or the name of the
device, etc.

K. Conduit and Equipment Supports: Conduit and equipment supports shall be
fabricated from stainless steel type 316. All mounting hardware shall be stainless
steel type 316.

L. Hardware, Supports, Backing, Etc.: All hardware, supports, backing and other
accessories necessary to install electrical equipment shall be provided.  Wood
materials shall be “wolmanized” treated against termites, iron or steel materials
shall be galvanized for corrosion protection, and non-ferrous materials shall be
brass or bronze. Exterior materials shall be stainless steel (316) with the
exception of mounting brackets for the photovoltaic panels which shall not
produce electrolysis with the metal framing, corrosion resistant aluminum or
brass.

PART 3 - EXECUTION 

3.01 GENERAL 
A. The Contractor shall provide all the hardware and appurtenances as needed for

a complete solar photovoltaic system.

B. All systems shall be installed in accordance with all applicable requirements of
local electrical codes and the National Electrical Code (NEC), including but not
limited to Article 690, “Solar Photovoltaic Systems” and Article 705 –
“Interconnected Electrical Power Production Sources”.

C. Systems shall be designed and installed using UL or ETL listed components,
including mounting systems.
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D. All Balance of Systems (wiring, component, wiring, conduits, and connections) 
must be suited for conditions for which they are to be installed.  Inverters shall be 
installed in all-weather enclosures suitable for exterior location. An interval data 
meter must be installed to measure the AC output of the inverter.

E. Interconnection must comply with HECO “Standard Interconnection 
Agreement” (SIA) standards. The contractor shall complete the HECO SIA and 
provide all required submittals to HIARNG.  HIARNG will for submit to NAVFAC. 
NAVFAC will submit the SIA to HECO for processing and approval.

F. For a building with an existing fire alarm control panel (FACP), provide wiring as 
necessary from inverter to FACP. The FACP shall disable the operation of the 
inverter when alarmed. 3/4” minimum conduit.

G. For inverters connected to the emergency power of an emergency/standby
generating system, provide wiring as necessary from inverter to the automatic
transfer switch (ATS). The ATS shall disable the operation of the inverter when
operating on emergency power. 3/4” minimum conduit.

3.02 INSTALLATION
A. Structural Supports:

1. All structures supporting photovoltaic and array systems shall be designed
to resist dead load, live load, plus wind and seismic loads per IBC 2006
with City and County of Honolulu Amendments.

2. Photovoltaic systems, including rail support system, shall be designed to
support all loading specified based on spacing of structural steel support
framing shown on the drawings.

3. Thermal loads caused by fluctuations of component and ambient
temperatures must be combined with all the above load combinations

4. All structural components, including array structures, shall be designed in a
manner commensurate with attaining a minimum 30 year design life.
Particular attention shall be given to the prevention of corrosion at the
connections between dissimilar metals.

5. Construct concrete equipment pad for inverters and other equipment, if
necessary.

B. Wiring System:
1. For exterior locations above grade where exposed to damage, use PVC

schedule 80.

2. Above grade interior locations where not exposed to damage, use EMT
with UL approved grounding connectors.

3. Conduit system shall be continuous from outlet to outlet or fitting to fitting
so that electrical continuity is obtained between all conduits of the system.
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4. Conduits cut square and inner edges reamed.  Butt together evenly in
couplings.

5. Make bends and offsets with hickey or conduit-bending machine.  Do not
use vise or pipe tee.  Flattened or crushed conduit not acceptable.

6. Use of running threads not permitted.  Where conduits cannot be joined by
standard threaded couplings, approved water-tight conduit unions shall be
used.

7. Cap conduits during construction with plastic or metal-capped bushings to
prevent entrance of dirt or moisture.  Swab all conduits and dry before
installing wires.

8. Pull wires shall be placed in all empty conduits ten feet in length or longer.

9. Install insulating bushings and two locknuts on each end of every conduit
run at enclosures and boxes.  Provide grounding bushings as required.

10. Label wiring at combiner boxes with circuit or string numbers.

11. All support rails shall be closed ended with manufacturer supplied end
caps.

C. Grounding:
1. All metallic enclosures, raceways, and electrical equipment shall be

grounded according to requirements of NEC Article 250.  Final connection
to equipment, raceways and other metallic parts directly exposed to
ungrounded electric conductors shall be No. 12 AWG minimum, copper,
NEC type TW, green insulation.

2. All grounding wire runs within building shall be routed together with circuit
conductors.

D. Cleaning and Repairing:
During the progress of work, all rubbish, waste lumber, displaced materials, 
etc. shall be removed as soon as possible and upon completion of the 
work, Contractor shall remove from the State’s property and from all public 
and private property, at his own expense, all temporary structures, rubbish 
and waste material resulting from his operations. 

E. Finishing:
1. All cutting or wall penetrations that may be required for complete

installation of the electrical work shall be carefully performed, and all
patching shall be finished in first-class condition by the Contractor.

2. Close unused knockouts in boxes or enclosures with metal cap.

3. Wipe clean all exposed raceways, enclosures and supports with rag and
solvent.  Unfinished raceways, enclosures and supports shall be
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prime-painted and finished to blend into background.  (Do not cover 
nameplates.)  Factory finished enclosures shall not be painted. 

F. Miscellaneous Details:
1. Provide permanent labels on the top frame of each photovoltaic panel

identifying the string and panel numbers (i.e. “A-6/5” would identify string 6,
panel 5 in array A).  The labels shall be embossed or engraved to prevent
fading and shall be permanently attached to the panels.  The panels may
be engraved with the information in lieu of providing permanent labels.

2. Cut, drill and patch as required to install electrical system.  Repair any
surface damaged or marred by notching, drilling or any other process
necessary for installation of electrical work.  Cutting, repairs and refinishing
are subject to the approval of the Owner.  Need for remedial work
determined by Owner as attributable to poor coordination and workmanship
shall be cause for reconstruction to the satisfaction of the Owner.

3. Attachment of electrical equipment to wood by non-ferrous wood screws.
Attachment to concrete by expansion anchors.  Powder-charge-driven
studs and anchors permitted only with prior approval.

4. All grounding wire within building run in metallic conduit, and where
practicable, routed together with circuit conductors.

5. Furnish necessary test equipment and make all tests necessary to check
for unspecified grounding, shorts and wrong connections.  Correct faulty
conditions, if any.

6. Revise all panel circuit directories, using typewriter.  Verify “use”
designations before typing. Provide new nameplates on all new
switchboard mounted circuit breakers.

7. Prime and paint all exposed conduits and junction boxes (including
stainless steel junction boxes) to match exterior finish of the building.

8. Provide warning sign on the main building disconnect reading “WARNING:
BUILDING IS FED BY PHOTOVOLTAIC GENERATING FACILITY”.
Provide warning sign on the main distribution panel disconnect reading
“WARNING: BUILDING IS FED BY MULTIPLE PHOTOVOLTAIC
GENERATING FACILITIES”.

9. Provide warning sign on photovoltaic system AC disconnect circuit breaker
reading “ATTENTION: PHOTOVOLTAIC GENERATING FACILITY”.

10. Provide warning signs on disconnecting means where all terminals may be
energized in the open position reading “WARNING: ELECTRICAL SHOCK
HAZARD, DO NOT TOUCH TERMINALS, TERMINALS ON BOTH THE
LINE AND LOAD SIDES MAY BE ENERGIZED IN THE OPEN POSITION”.
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3.03 TESTING AND INSPECTION 
A. If the Owner discovers any errors, the Contractor, at his own expense, shall go

over all similar portions of the entire job, taking the necessary or directed
remedial action.

B. Installations, 600 volts and less shall be tested for insulation resistance after all
wiring is completed and ready for connection to equipment.  Using a 500V
megger, measure and record the insulation resistance from phase to phase and
phase to neutral.  The above tests shall be witnessed by the Owner and the
records turned over to him for proper disposition.  The Contractor shall notify the
Owner when this test is to be performed.

C. The Contractor shall retape splices which have been bared for inspection.  The
Contractor shall test all portions of the electrical system furnished by him for
proper operation and freedom from accidental grounds.  All tests shall be subject
to the approval of the Owner.

D. Wherever test or inspection reveals faulty equipment or installation, the
Contractor shall take corrective action, at his own expense, repairing or replacing
equipment or installation as directed.

3.04 OPERATION AND MAINTENANCE 
A. Any item of material, apparatus, equipment furnished and installed, or

construction by the Contractor showing defects in design, construction, quality or
workmanship within one year from the date of final acceptance by the Owner
shall be replaced by such new material, apparatus or parts as may be found
necessary to make such defective portion of the complete system conform to the
true intent and meaning of the specification and/or the drawings.  Such repairs or
replacement shall be made by the Contractor free of all expense to the Owner.

B. The Contractor shall provide notification to the Owner as early as practical, but in
no event less than five working days, prior to any planned maintenance and
repairs.

C. The Contractor will provide a minimum of ten working days notification to the
Owner if any planned repairs or maintenance that will result in any disruption to
electrical distribution system.

D. There shall be no interruption of power supply to any of the State’s facilities as a
result of the installation of the Solar Photovoltaic System.  Contractor shall
provide standby backup generation at its own cost if required to prevent
interruption of the power supply.

END OF SECTION 
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