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Abstract

This report documents the demonstration of a self-adhering, thin-film
photovoltaic (PV) technology applied to a new aluminum-zinc coated
standing-seam metal roof (SSMR) with a high-performance coating. The
demonstration took place at Kilauea Military Camp (KMC), HI, which has
a uniquely corrosive environment due to the periodic presence of volcanic
gases. It also has high electric utility costs and limited grid capacity.

The corrosion performance of the roof and PV solar array was evaluated by
periodic visual examination, onsite atmospheric coupon testing, and accel-
erated weathering laboratory tests of material coupons. Sensors were also
installed at the interface between the PV membrane and roofing material,
mounted in outdoor exposure at the site, to record any developing signs of
corrosion. After a year in service, the PV appliqué modules were found to
have no deleterious effect on the new SSMR, and the PV system performed
as expected. However, due to the high first-costs related to procuring the
thin-film PV components, the 30 year return on investment (ROI) ratio
was only 0.19. Although the system is not economical enough to warrant
Army-wide implementation, it may be specified in individual cases where
energy sustainability is a higher priority than ROI.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Executive Summary

This DoD Corrosion Prevention and Control project demonstrated the use
of a flexible-membrane photovoltaic (PV) solar array in conjunction with a
corrosion-resistant aluminum-zinc standing-seam metal roof (SSMR) with
a high-performance coating. The system was installed on a building at Ki-
lauea Military Camp (KMC), Hawaii. The KMC environment is unique,
characterized by moderate temperatures, high humidity, and periodic ex-
posure to corrosive volcanic gases. The corrosion performance of the roof-
ing system and thin-film PV system components were evaluated by

« periodic visual examination of the completed roof

« examination of atmospheric exposure coupons mounted at the site

» accelerated weathering tests of material coupons in the laboratory

« sensors installed at the interface of a roof panel and PV module on a
specimen that was mounted in outdoor exposure.

This report documents installation of the SSMR and PV system, onsite ob-
servations, and data collection taken during the first year. To date, no cor-
rosion or water intrusion has been observed on the roof. For the exposure
and laboratory testing, some coupons were cut from metal panels with the
high-performance coating and some without the coating. Both sets of cou-
pons included some with thin-film PV appliqués applied and others with-
out.

Through 1 year of exposure testing, only the scribed, uncoated coupons
without the PV appliqué show signs of degradation, with corrosion evident
in the area of the scribe and several pinpoints elsewhere. In laboratory
testing, the coupons with PV appliqué generally performed better than un-
coated coupons without the appliqué. Scribed PV coupons showed evi-
dence that upon moisture penetration, corrosion within the PV cell occurs
more rapidly than corrosion of the metal panel beneath the appliqué. The
findings indicate that the PV system does not compromise corrosion-
resistance of the roofing system. However as was seen in the scribed la-
boratory coupons, if a breaks occur in the surface of the PV appliqué, the
internal corrosion vulnerability within the cell is high, and the break
should be sealed immediately even if it reduces the operational efficiency
of that cell.
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The calculated 30 year return on investment ratio for this system was 0.19,
which does not offer attractive economics for Army-wide adoption. The
dominating economic factor was current system procurement costs. It is
possible that with significantly lower PV system first costs, this flexible-
membrane PV technology could become an economical option for supply-
ing electricity to facilities in areas with high electrical costs or grid-
capacity constraints.

A lesson learned during this project was the need to allow for plenty of
time to obtain the proper permits when intending to connect a PV system
to the electric utility grid. Permitting is a critical-path item, and is more
likely to be a cause of delay than technical or construction issues.
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Unit Conversion Factors

Multiply By To Obtain
degrees Fahrenheit (F-32)/1.8 degrees Celsius
feet 0.3048 meters

gallons (US liquid) 3.785412 E-03 cubic meters
in. 0.0254 meters

mils 0.0254 millimeters
square feet 0.09290304 square meters
pounds (force) per square inch 6.894757 kilopascals
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1.1

Introduction

Problem statement

Kilauea Military Camp (KMC) is a Department of Defense (DoD) facility
located in Hawaii Volcanoes National Park, where it is subject to a harsh
marine environment and highly corrosive gases venting from the nearby
Kilauea Caldera. The metal roofing used on several buildings at the camp
has become severely corroded from atmospheric exposure and a microcli-
mate of alternating rain and sunlight. These structures protect mission-
essential equipment, spare parts, and maintenance equipment from the
tropical outdoor environment. Most new DoD roofing systems are based
on metal-panel designs. Current metal roofing systems with coatings such
as polyvinyl fluoride (PVF) and polyvinylidene fluoride (PVDF) can pro-
vide excellent corrosion protection in corrosive environments such as
KMC.

Sustainable, building-integrated photovoltaic systems are a technology of
growing interest to US military installations and other building owners in
Hawaii. US military installation electric power costs continually rise, and
show no sign of leveling in the near future. Because metal roofs comprise a
large portion of an installation’s building-surface area that is directly ex-
posed to sunlight for most of the day, they can be exploited to help capture
solar energy. For example, thin-film photovoltaic (PV) appliqué systems
can be integrated with metal roofing systems, potentially offer a large
source of sustainable energy. However, to be considered a viable sustaina-
ble energy solution, integration of such products must not compromise the
corrosion resistance or performance of a roofing system at any point dur-
ing its design service life.

Currently, the effects of thin-film PV appliqué systems on the corrosion
resistance of coated metal roofing systems is not known. Potential corro-
sion mechanisms include moisture trapped between the appliqué and
metal roofing panel interface, and potential initiation sites where connec-
tions are made between roofing components and PV appliqué sheets.
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1.2

1.3

Objective

The objective of this project was to demonstrate the efficacy of a flexible-
membrane (thin-film) PV power system as attached to a metal-panel roof
that is protected with a high-performance, corrosion-resistant coating.

Approach

A severely corroded corrugated metal roof on Building 84 at KMC was se-
lected for the demonstration. The old roof was replaced with an alumi-
num-zinc coated standing seam metal roof (SSMR) with a PVDF coating. A
thin-film appliqué PV system was selected and adhered to the roofing pan-
els, installed on the roof, and connected to a power inverter to convert di-
rect current (DC) to alternating current (AC).

The effects of the thin-film PV solar array on the corrosion performance of
the new roof were monitored through periodic onsite visual inspections,
examination of exposure coupons mounted onsite, and laboratory testing
of roofing material coupons. The monitoring continues in order to assess
the longer-term performance of the systems and materials.
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2.1

Technical Investigation

Project overview

Building 84, which is located in a service-utility section at KMC, was se-
lected for the demonstration. The building (Figure 1) was constructed in
1946. It is used primarily as a warehouse and for vehicle storage, with
some office and storage space on the east and west ends. It has one level
with approximately 5,500 sq ft of flooring. The main section of the build-
ing has a gable roof and open bays along the north wall for vehicle access
and parking. Figure 2 shows a layout of the building sections. There are
two additions on the south side of the building’s main section that have
monoslope (“shed”) roofs (Figure 3). The roofs on all three sections of the
building were made of corrugated metal panels, and were severely corrod-
ed as a consequence of time in service.

Figure 1. Building 84.

Figure 2. Layout of roof - Building 84.
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Figure 3. South side of building showing two shed roofs.

2.1.1 Description of the thin-film modules

The demonstrated PV modules are manufactured by depositing a thin film
of amorphous silicon onto a metal substrate. The film material includes
three layers of semiconducting material (Figure 4). The bottom, middle,
and top semiconducting layers absorb red, green, and blue light, respec-
tively, for maximum capture of energy from the solar spectrum. A reflec-
tive film is adhered below the PV layers and bonded to a flexible stainless
steel substrate. The top, exposed layer of the appliqué is a transparent,
electrically conductive oxide film. The PV modules are backed with an eth-
ylene propylene copolymer adhesive material that includes a microbial in-
hibitor.

Figure 4. Thin-film photovoltaic cell (www.Unisolar.com).

Thickness of Complete
Multijunction Cell <1.0mm
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Conductive
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Blue Cell
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The efficiency of amorphous silicon used in the PV modules is between 5
to 8 percent. This is much lower than the 15 percent efficiency of standard


http://www.unisolar.com/
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framed, rigid crystalline silicon PV panels that are mounted on metal racks
and attached to the roof surface. However, because the thin-film PV mod-
ules can be adhered directly to metal roof panels, they do not add signifi-
cant weight to the roof structure or create any wind resistance loads.
Therefore, engineered strengthening of the structure is typically not re-
quired.

Application of the PV modules to metal roof panels is straightforward. The
release sheet is peeled away from the back of the appliqué, exposing a layer
of the adhesive. The appliqué is then rolled onto the roof panel using a
technique to avoid trapping air between the two surfaces. A rubber roller is
applied to the top of the appliqué in order to create optimum contact be-
tween the adhesive and the roof panel.

To provide adequate power for greater electric loads, the PV appliqués can
be joined together to form larger units. The modules can be connected in
series to produce higher voltage, or in parallel to produce more current.

2.1.2 Roof system design

An engineering study was performed to establish the design wind forces
for the new standing seam metal roofing (SSMR) system using American
Society of Civil Engineers (ASCE) Standard 7, Minimum Design Loads for
Buildings and Other Structures. The design wind load was a 3 second, 105
mph gust at a 50 year mean recurrence interval. The subsequent wind up-
lift resistance of the system was designed to meet International Building
Code (IBC) requirements for the KMC location.

Based on a site survey, documentation of the existing construction, and a
structural analysis, the existing wooden roof framing system for Building
84 was determined to be inadequate for supporting the new roofing sys-
tem and its design live load (Figure 5). Therefore, it was decided to replace
the roof framing. Truss configuration and design loads are shown in Fig-
ure 6. The engineering drawings for the new framing system and roof are
provided in Appendix A. A roof live load of 19 pounds per square foot was
required for a replacement gable roof having a slope of 5:12.
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Figure 5. Original gable truss structure.

Figure 6. Truss configuration and roof design loads.
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2.1.2.1 Gable roof framing system

For the gable roof section of the building, a fabricated metal plate-
connected gable truss system (Figure 7 and Figure 8) was designed with
trusses installed at 2 ft on-center. The replacement trusses were construct-
ed of treated lumber to resist insect damage. Permanent longitudinal brac-
ing of the roof trusses was achieved by using nominal 2 x 4 in. members
connected to the top and bottom ends of the truss king posts.

Figure 7. Replacement gable end truss.

g ey :
= S L

The original ribbed metal panel roof system, mounted to the truss struc-
ture, provided diaphragm resistance for the structure. The replacement
SSMR provides no diaphragm resistance because it is designed to allow
thermal expansion and contraction of the roofing panels. Therefore, to
provide necessary structural reinforcement for the new roof, the design
required that horizontal x-bracing be added to the bottom side of the bot-
tom truss chords. Purlin spacing was dictated by the gravity and wind up-
lift resistance requirements of the roofing system.

2.1.2.2 Shed roof framing systems

The in-place shed roofs of the two building additions were supported by
rafters located below the eaves of the main roof’s gable trusses. These raft-
ers were nominal 2 x 8 in. wood members spaced at 4 ft on-center. This
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rafter spacing, for the larger building addition, created a loading condition
that did not meet code requirements. Therefore, for both additions, sup-
plementary rafters were added between the joists at a spacing of 16 in. on
center. For the larger addition, the rafters were supplemented with
sistered nominal 2 x 4 in. members in high wind zones near the rake to in-
crease their flexural strength. For both additions, new purlins of 2 x 4 in.
dimensioned lumber were attached to the rafters at a spacing of 2 ft on-
center to accommodate the span capacity of the new SSMR panels.

2.1.2.3 Metal roofing system

The selected SSMR utilizes 16 in. wide, 24 gauge, 50 ksi aluminum-zinc
coated roof panels. The standing seam is 1.5 in. high and has a snap-lock
configuration. The profile of the roofing panels can be seen in Figure 9.
The panels are coated with a PVDF organic coating on the external facing
surface and polyester enamel on the interior-facing surface. The high-
performance coating provides greater scratch and mar resistance than
previous generation PVDF coatings. Polytetrafluoroethylene (PTFE) is in-
cluded in the coating to resist stains and improve cleanability. The coating
complies with Cool Roof Energy Council, Energy Star, and LEED 2009
standards.

Figure 9. Eave end of new standing seam metal roof.

P ‘

Anchoring of the metal panels at the eave is provided by fixed metal clips.
With the line of fixity being provided at the eave, accumulated panel con-
traction and expansion is designed to occur at the ridge, which is con-
cealed beneath a ridge cap.
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2.1.2.4 Gutters

The original roof gutters were constructed of stainless steel (Figure 10),
having a rectangular cross section measuring 6 in. wide by 4 in. high. The
primary downspouts were painted 4 in. diameter polyvinyl chloride (PVC)
piping with a 45 degree elbows at the discharge end. With the gutters and
downspouts being in very good condition, they were salvaged and rein-
stalled after the new roof system was installed. Due to the slight increase
in the eave length of the new roof, the original downspout leader had to be
changed. The existing downspout hardware was modified with 4 in. PVC
pipe as shown in Figure 11.

Figure 10.0riginal gutter and downspout leader.

o

Figure 11. Updated connection between gutter and downspout.
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2.1.3 PV system design

The PV system design utilized two different sizes of PV laminate modules:
the Uni-Solar PVL-144, which is 216 in. in length; and the PVL-68, which
is 112 in. in length. Both modules are 15.5 in. in width, which is a suitable
width for placing between the standing seams in the roofing system. The
bank of PV modules for the large shed roof incorporates four strings of ten
Uni-Solar PVL-144s. For the gable roof, the metal panels were not long
enough to accommodate the PVL-144s. Therefore, for both the north and
south exposure of this roof, the shorter PVL-68s were selected. For each
exposure, a bank of four strings of twenty modules was specified. For the
overall design, there are 160 PVL-68 modules having a total rating of
10.88 kW, and 40 PVL-144 modules having a total rating of 7.20 kW. The
PVL-68 module has a rated power capacity of 68 W, and the PVL-144
module has a rated capacity of 144 W. Physical and electrical specifications
for the two module types are summarized in Table 1.

Table 1. Physical and electrical specifications for PV laminate modules.

Physgca| Laminate Laminate Laminate Weight
5 o Length Width Thick
Specification: g : cness
PVL-68 9ft 4% in. 15% in. 0.16 in. 9 Ib.
PVL-144 18 ft. 15% in. 0.16 in. 17 Ib.
Electrical Specification: FVERE VLt s
Rated Power 63l 144 Watts
Pmax
Nominal Operating Voltage 12 24 Volts
Operating Voltage (Volts)Vmp 16.5 33.0 Volts
Operating Clurrent (Amps) 413 436 Amps
mp
S -
Open C|rcu|tv/oltage (Volts) 93 1 46.2 Volts
oc
Short-Circuit !Curi'ent (Amps) 51 53 Amps
SC
Series Fuse Rating (Amps) 10 10 Amps
Min. Blocking Diode 10 10 Amps

The PV modules are electrically connected to an inverter capable of sup-
plying power directly to the building or providing power to the local power
grid. When the PV power output is greater than that needed for building
usage, the excess is transferred to the grid for use by other buildings at
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KMC. There is no means of energy storage provided with the system.
Technical data for the PV system are provided in Appendix B.

The inverter and associated hardware, which include a combiner box, two
disconnects, and a system-monitoring module, are shown as installed in
Figure 12. The Solectria PVI 15 kW inverter is housed in a weatherproof

National Electrical Manufacturers Association (NEMA) 3R steel enclosure.

The inverter converts DC produced by the solar array into AC that suitable
for powering the building or supplying the electrical grid. Internally, the
current generated by the inverter is run through a filter, a delta/wye trans-
former, and electromagnetic interference (EMI) filters. The inverter’s
specifications are provided in Table 2.

Figure 12. Inverter and associated hardware.

Table 2. Solectria PVI 15 kW inverter specifications.

FESOLECTRIARS

Inverter

$EPOLECIRIA

Output

Maximum continuous power 15 kW AC

Power factor Unity

Voltage (L-L), -12%, +10% 240 VAC, 3-phase
Maximum continuous current 42/18 A (AC)

Current distortion < 5% THD, Nominal power
Frequency, +1% 60 Hz

Inverter peak efficiency (1)

94.5%

Input

Array configuration: monopole, negative grounded (positive ground optional)
Max Voc (2) 475VDC

Maximum DC current 68 A

MPT voltage range 225-380VDC

CEC full power voltage range 235-380VDC
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Protection (3)
Over/under voltage
AC grid-connection Over current
Over/under frequency

AC disconnect (internal)

NEMA 3R, w/fuses

DC combiner-fuse enclosure
(optional (4))

10A/15A fuses available, 6-7 pole NEMA 3R TVSS

DC disconnect integral

Break load rated, NEMA 3R

Environmental

Ambient temperature -25t0 50 deg C
Cooling Forced convection
Enclosure NEMA 3R
Enclosure-electronics Sealed, |IP-64
General

Weight 398 1b /181 kg (1)

Dimensions (4) in. (mm)

34.5 [876] 26 [660] 13.6 [345]

Warranty

5 years (10& 15 extended available)

Communications, optional data
acquisition

RS232, RS485, PVIDAQ PC software Fat spaniel inverter-direct
option

1. Fully Integrated Package: Includes transformer, filters, fan, AC & DC disconnects,

and combiner-fuse box.

2. Max Open circuit voltage (Voc) of PV array = 1.25 x Voc-rated (per National Electri-

cal Code [NEC] 690-7).

3. Complies with grid connection and safety standards ("Safety Features").
4. Integrated into inverter package if selected.
5. Forward-facing disconnect option width is 47" 1194 mm.

The combiner box houses the collection of electrical leads from the PV
modules and their connections to the inverter (Figure 13). The DC discon-
nect switch disconnects the inverter from the PV array. With the inverter
being powered by DC from the PV array, this switch also cuts power to the
inverter’s internal electronics. The AC disconnect switch allows for electri-
cal disconnection of the inverter from both Building 84 and the local grid.
The electrical connection between the inverter and the building’s electrical

system is housed in the breaker box.

The monitoring module, manufactured by Fat Spaniel Technologies, al-
lows remote monitoring and recording of its performance. The interior of
the monitoring module enclosure is shown in Figure 14. Above the module
is a wireless bridge that provides communication between the monitoring

system and the KMC guest wireless computer network.
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Figure 13. Interior of DC combiner box.

Figure 14. Interior of monitoring module enclosure.
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2.2

System installation
2.2.1 Replacement roofing system

The existing gutters and downspouts were removed and stored for reuse.
Next, the old metal roofing was removed from the frame on both the main
building section and the two additions. The gable trusses were removed
from the main building and the purlins were removed from the roof fram-
ing systems of the additions. Some salvaged material was used to tempo-
rarily brace the gable end walls until the permanent trusses were installed.

The roof trusses and associated bracing were assembled on the ground be-
fore being lifted and placed onto the building. The installation of the new
trusses is shown in Figure 15. This construction method helped prevent
damage to the trusses, which are weak in the out-of-plane direction, and
improved work safety by minimizing rooftop assembly work. Once the
trusses were in place, the purlins were attached. Before installing the hori-
zontal x-bracing, the SSMR system was installed.

Figure 15. Truss installation.

Roof panels were formed and cut to proper length. Panels were installed
perpendicular to the roof ridge. Roofing clips, which secure the metal pan-
els to the structure, were installed at the side laps of the roof panels and at
each purlin location. Panel clips were attached to purlins using #10 x

0.5 in. wood screws (detail shown in Figure 16). Before adjacent roof pan-
els were seamed together, a construction-grade flexible silicon joint seal-
ant was field-applied within the seam. Eave flashing and gutters were in-
stalled as shown in the eave detail provided in Figure 17. For the gable
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roof, the roof cap flashing at the ridge was design and installed to allow for
unrestricted panel movement at the ridge (Figure 18). For the two shed
roofs, the flashings at the headwall-to-roof intersection were installed as
shown in Figure 19 to also allow for thermal movement.

Figure 16. Clip detail.
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Figure 18. Ridge detail.
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The horizontal x-bracing beneath the trusses were connected next. Field
modifications to the strapping size and quantity were accomplished under
the direction of the engineer while in the field. The x-bracing changes were
made because of local availability of specified materials and sizes. Multiple
layers of narrower sheet metal strapping were used to provide an equiva-
lent capacity where unavailable wider sheet metal strapping had been
specified. In these cases, coated strapping was used instead of galvanized
strapping in order to mitigate accelerated corrosion associated with
stacked galvanized metal.

222 PV System

For the gable roof, the modules were applied to the roof panels before the
roof sections were installed, as recommended by the manufacturer. The
panel surfaces were first wiped with a solvent (Figure 20). Next, the re-
lease paper was removed from the back side of the PV appliqués (Figure
21) and each module was pressed in place against the panel using a rubber
roller to avoid the formation of air bubbles at the interface (Figure 22).
The metal panels were then raised to the rooftop, with the ends having
electrical connectors placed upslope (Figure 23). Figure 24 shows the PV
modules installed on the gable roof section.

Figure 20. Roof panel surface wiped with solvent before applying PV module.
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Figure 21. Removal of release paper from back of PV module.
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Figure 24. PV modules installed on gable roof section of Building 84.

For the two shed roofs, the PV modules were placed on the metal panels
after the panels were installed on the roof (Figure 25). This order of work
was decided upon so the replacement shed roofs could first be used as
working surfaces while placing the SSMR system on the gable roof. Once
the gable roof was completed, the PV modules were installed on the metal
shed roof panels. Application of the solar modules to the already installed
shed-roof panels required the same steps as previously described for the
gable roof panels, but with the additional safety considerations given for
working at roof level.

Figure 25. Application of PV modules on shed roof section.

Each array of PV modules had an 8 A fused circuit installed. The arrays
were connected to the inverter using #2 thermoplastic high water-resistant
nylon-coated (THWN-2) wire for the positive and negative lines, and #6
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2.3

AWG" copper wire for the ground. The connection to the inverter is rated
for a current of 105 A (maximum rated output of the array is 67.3 A). All
wiring was enclosed in 1.5 in. PVC conduit. Three #2 THWN-2 wires and
one bare copper #6 AWG wire for ground run through 1 in. PVC conduit
were used to connect the inverter to the building’s breaker box. The con-
nection to the building’s energy system and power grid was performed in
accordance with National Electrical Code (NEC) Article 690.

Technology operation and monitoring

Due to permitting and technical issues, the activation of the inverter was
delayed for several months after completion of the SSMR and PV systems.
The PV system was commissioned in December 2010, and performance
monitoring began shortly thereafter. The inverter reports energy and pow-
er production information to the monitoring system. However, the power
production data does not indicate whether the electricity is consumed by
Building 84 or is distributed to the other buildings at KMC. The data are
automatically uploaded to an external server. Users with an authorized ac-
count can access the data from a secure website in the form of tabulated
data and graphs describing the system’s performance. The user can down-
load the data to a spreadsheet application for analysis and processing.

Two identical sets of coupons of the coated metal panels and PV laminate
were constructed—one set to be placed on an exposure rack at the KMC
site (Figure 26) and the other set to be subjected to accelerated corrosion
testing in the laboratory. (In this discussion the term PV laminate refers to
a small sample of the PV material cut from a module.) Four different con-
figurations of test coupons were made. These included coated metal panel
(as supplied by the SSMR manufacturer) both with and without the PV
laminate applied; and metal panel with only zinc-aluminum coating and
no PVDF, both with and without the laminate applied. For each configura-
tion, three coupons were scribed and one was unscribed. Scribing of the
bare metal coupons was performed according to instructions in ASTM
D1654, Standard Test Method for Evaluation of Painted or Coated Spec-
imens Subjected to Corrosive Environments. However, the method had to
be altered for the coupons covered with PV laminate material. A rotary
disc with a fin cutoff disc was used to cut through the PV laminate and into
the metal material to achieve a scribe as close as possible to the ASTM re-
quirement.

* AWG: American Wire Gauge.
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Figure 26. Exposure rack.

The set of coupons that underwent accelerated aging were subjected to la-
boratory conditions as prescribed in ASTM G85, Annex A5, Standard
Practice for Modified Salt Spray Testing. These coupons were exposed to
500 cycles of 1 hour of salt spray at room temperature (24 + 3 °C), with
each cycle followed by 1 hour of drying at 35 + 2 °C (1,000 hours total). Af-
ter completion of the accelerated aging, the coupons were evaluated using
standard tests as described in Chapter 3. These same tests were used to
evaluate the coupons placed on the exposure rack after they were exposed
to the KMC climate for 1 year.

Corrosion conditions at the interface between the PV appliqué and metal
roof panel are being monitored using a non-operational mockup of a PV
module and roofing panel installed on the exposure rack. Four experi-
mental corrosion sensors manufactured by Aginova, Inc., have been placed
at different points along the interface. A sensor and its data-logger box are
shown in Figure 27. An additional sensor is mounted on a coupon of roof-
ing material with an inert section of PV attached to act as a control. The
sensors record wetness and corrosivity data hourly.
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Figure 27. Ribbon sensor (near left center) with recording box.
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3.1

3.2

Discussion

Metrics

The corrosion performance of the SSMR with the integrated PV power sys-
tem was assessed by (1) visual observation and evaluation of the completed
roof, (2) evaluation of coupons that have been subjected to natural expo-
sure and accelerated corrosion testing, and (3) evaluation of recorded en-
vironmental conditions at the interface between the PV module and roof
panel. The energy and power output of the inverter are also being moni-
tored to assess the energy performance of the PV modules.

The discussions below cite the industry or technical standards applied to
the assessments.

Results
3.2.1 \Visual inspection

Technicians visited the project site both 6 and 12 months after installation
and inspected the SSMR and PV systems. Both systems were determined
to be performing exceptionally well in the KMC environment. There were
no visual indications of corrosion in components of the roof or PV systems,
and no roof leaks were reported. The metal panel coating and PV modules
showed no visible sign of deterioration, and the wiring and connections
showed no signs of corrosion.

3.2.2 Coupon evaluation

The observations of the accelerated-aging coupons are summarized in Ta-
ble 3. The coupons with PV laminate and no scribe performed well. This
may be attributable the gummy nature of the appliqué adhesive, which be-
haves like a sealant to inhibit moisture penetration. However, the coupons
with the scribed PV laminate did show some corrosion effects (Figure 28),
which were advancing beneath the top surface of the laminate material.
This result was not replicated on the same scribed coupon configurations
that were mounted on the exposure rack; the outdoor coupons were not
exposed to the same levels of chlorides and surface wetness that occur in
accelerated testing, and the conditions for the oxygen concentration cell
corrosion were not present. Therefore, it seems possible that a damaged
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PV module properly mounted on a roof would not experience the same
level corrosion that was seen in the ASTM G835 testing.

Table 3. Evaluation of coupons after accelerated aging.

Configuration | Sample | Observations
Uncoated with | #1 No evidence of blistering, cracking, peeling or delaminating
no PV laminate | ng scribe
#2 No evidence of blistering, cracking, peeling or delaminating
scribe
#3 No evidence of blistering, cracking, peeling or delaminating
scribe
#4 No evidence of blistering, cracking, peeling or delaminating
scribe
Coated withno | #1 Evidence of blistering, cracking and peeling
PV laminate no scribe
#2 Evidence of blistering, cracking and peeling
scribe
#3 Evidence of blistering, cracking and peeling
scribe
#4 Evidence of blistering, cracking and peeling
scribe
Uncoated with | #1 No evidence of blistering, cracking, peeling or delaminating
PV laminate no scribe
#2 No evidence of blistering, cracking, peeling or delaminating
scribe
#3 Evidence of peeling
scribe
#4 Evidence of peeling
scribe
Coated with PV | #1 No evidence of blistering, cracking, peeling or delaminating
laminate no scribe
#2 Evidence of peeling
scribe
#3 Evidence of peeling
scribe
#4 Evidence of peeling
scribe
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Figure 28. Corrosion occurring at the cut edges and along the scribe
of the PV laminate material (accelerated-weathering coupon).

The set of coupons placed on the exposure rack at KMC were visually in-
spected after 6 months. Examination showed that the coupons displayed
no evidence of corrosion, with the exception of the uncoated metal panel
coupons, which began to show corrosion in the scribes and also spots of
corrosion elsewhere. An example is shown in Figure 29.
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Figure 29. Corrosion on scribe on uncoated coupon from exposure rack.
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After 12 months in place, the coupons were removed from the exposure
rack and evaluated using test methods ASTM D1654, ASTM D610 Stand-
ard Practice for Evaluating Degree of Rusting on Painted Steel Surfaces,

and ASTM D714, Standard Test Method for Evaluating Degree of Blister-
ing of Paints.

Using ASTM D1654, the amount of rust creepage that occurs at the scribe
area is measured. A rating of 0—10 is used, with 10 being no creepage and
0 being creepage of 0.625 in. or more. The inspection metric for ASTM

D610 is a rating of 0—10 of visible rust, with 10 being less than or equal to

0.01% of the surface area of visible rust. Results from these two test meth-
ods are summarized in Table 4.

Table 4. Evaluation of coupons after 12 months on exposure rack at KMC.

Configuration | Sample | ASTM Observations
Method
Uncoated with | #1 D-1654 No visible corrosion, small chip in AL-ZN coating, appears to be mechanical
no PV laminate | no scribe damage. rating: 10
D-610 Rust distribution - O, grade 10
#2 D-1654 Corrosion in scribe, not extending (< 1mm) into coating. rating 9.5
scribe D-610 Rust distribution - n/a, percent of area rusted - 0.5%, grade 6, type H
#3 D-1654 No visible corrosion. rating: 10
scribe D-610 Rust distribution - pinpoint; percent of area rusted - < 0.3%, grade 9, type P
#4 D-1654 No visible corrosion. rating: 10
scribe D-610 Rust distribution - O, grade 10
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Configuration | Sample | ASTM Observations
Method
Coated with no | #1 D-1654 No visible corrosion, slight mechanical damage to coating
PV laminate no scribe D-610 Rust distribution - O, grade 10
#2 D-1654 No corrosion in scribe, rating 10
scribe D-610 Rust distribution - O, grade 10
#3 D-1654 Very light corrosion in scribe, not extending into coating. rating 10
scribe D-610 Rust distribution - in scribe only; percent of area rusted - <0.3%, grade 9, type
H (hybrid)
#4 D-1654 No corrosion in scribe, rating 10
scribe D-610 Rust distribution - O, grade 10
Uncoated with | #1 D-1654 No corrosion visible, rating 10
PV laminate no scribe D-610 Rust distribution - O, grade 10
#2 D-1654 No corrosion in scribe, rating 10
scribe D-610 Rust distribution - O, grade 10
#3 D-1654 No corrosion in scribe, rating 10
scribe D-610 Rust distribution - O, grade 10
#4 D-1654 No corrosion in scribe, rating 10
scribe D-610 Rust distribution - O, grade 10
Coated with PV | #1 D-1654 No corrosion in scribe, rating 10
laminate no scribe
D-610 Rust distribution - O, grade 10
#2 D-1654 No corrosion in scribe, rating 10
scribe D-610 Rust distribution - 0, grade 10
#3 D-1654 No corrosion in scribe, rating 10
scribe D-610 Rust distribution - 0, grade 10
#4 D-1654 No corrosion in scribe, rating 10
scribe D-610 Rust distribution - 0, grade 10

The inspection standard for ASTM D714 is a rating system describing blis-
ters in the paint. The results of this test did not provide discernible differ-
ence between the coupon configurations; none of the coupons experienced
blistering.

As can be seen from examining the data produced by the other two tests,
the coupons are generally performing very well, and the coupons with
coating and the PV laminate show no signs of corrosion.
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3.2.3 PV module-metal panel interface conditions

Examination of 1 year’s data downloaded from the corrosion sensors
placed between the metal panel and PV module on the system mockup in-
dicated no wetness or any corrosive activity at the metal/appliqué inter-
face.

3.24 PV energy performance

Monitoring of the PV system began on 20 January 2011. However, after 3
months the remote monitoring system failed and was offline for 4 months
before it could be repaired. The monitoring was continued beyond the
original 12 months to collect a full year’s worth of data for the energy sav-
ings assessment.

A 1 week plot of power output data can be seen in Figure 30. Each point in
the graph represents the average power output over a 15-minute period.
The energy output from the solar panel system was measured by the data
logger on an hourly basis. The weekly outputs ranged from 224 kWh to a
maximum of 530 kWh. The wide range of energy output levels is attribut-
ed primarily to variable weather affecting the solar exposure of the PV
modules. Based on the first 12 months of data (Figure 31), the monthly av-
erage energy output from the solar panels was approximately 1,594 kWh.

Figure 30. PV System power output over one week.

14

2 vt ] R!
% i ‘r
Pl -
i
T

1 + 4“
N AN WA
SRS I‘Lfrli.h.iu

3/20/2011 3/21/2011 3/22/2011 3/23/2011 3/24/2011 3/25/2011 3/26/2011 3/27/2011 3/28/2011
0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00

©

=
o
_e__‘,_..__v«r—w“

Power Output (kW)
[e)]




ERDC/CERL TR-14-1 29

3.3

Figure 31. System energy output.
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Records submitted to the State of Hawaii Public Utilities Commission by
the local electric utility company, Hawaiian Electric Light Company
(HELCO), state that the cost per kWh for general service during that time
was approximately $0.3518. Based on this figure, the total energy cost sav-
ing attributable to the PV system during a 12 month period of service
would be approximately $6,729.

Lessons learned

In completing the demonstration, it became apparent that the permitting
process involved with connecting a PV system to a local electric utility
company grid is a critical-path item, and more likely to be a cause of delay
than technical or construction issues. This is especially true in situations
similar to KMC, where there are multiple parties responsible for taking
necessary actions or providing necessary information, some of whom have
no direct interest in the project.

The PV material provides an effective barrier to moisture intrusion and
corrosion initiation, but if breaks occur in the thin-film surface, the cells
are highly vulnerable to corrosion. This vulnerability dictates that any
breaks should be sealed at once, even if the repair reduces the operational
efficiency of the affected cell.
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4.1

Economic Summary

The projected return on investment (ROI) for the demonstrated technolo-
gies has been developed based on the actual project costs. Along with the
costs of installing and commissioning the demonstrated system, costs for
performance monitoring and CPC project management are also accounted
for. The costs for local companies to install the roofing and PV systems on
similar buildings would not include those demonstration-related costs.

Costs and assumptions

Conventional Baseline Case. KMC maintenance personnel report that
original corrugated steel roofs at KMC need to be replaced after 10—15
years. For the baseline scenario (i.e., continue using corrugated steel
roofs), a service life of 10 years is assumed for a replacement roof of galva-
nized corrugated metal panels. It is also assumed that a new framing sys-
tem would have been needed, as in the demonstration project, because the
original was deteriorated and damaged. The Year 1 estimated total cost for
roof replacement in kind and a new framing system is $34,159. For this
analysis, the corrugated metal roofing is expected to be replaced at Year 11
and Year 21. The estimated cost for roof removal and replacement is
$19,159. Annual maintenance for the corrugated panel roof is estimated to
be $0.08/SF.

SSMR with PV Appliqué. The total cost of installing the new SSMR on
Building 84 was $42,662, with an additional cost for framing improve-
ments estimated to be $7K. There was an additional $8K design effort for
the roof framing system and the SSMR, which was performed as part of
the overall project design subcontract. The SSMR with PV appliqués is ex-
pected to last more than 30 years, with annual maintenance for the SSMR
estimated to be $0.02 per square foot (SF). The cost of installing the PV
system was $195,674.

Finally, the value of the estimated annual power generated by the PV sys-
tem, at current electrical rates, is included as savings (approximately
$6,729) provided by the new system.
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4.2 Projected return on investment (ROI)

A 7% discount rate is used for the ROI calculation, consistent with CPC
program guidance (OMB Circular A-94). The projected ROI is 0.19 over 30
years. The calculation is based on a required CPC project investment of
$688,000. A summary of the analysis is shown in Table 5.

Table 5. ROl analysis.

Return on Investment Ratio Percent

Investment Required

Net Present Value of Costs and Benefits/Savings 1,463 134,225

A B C D E F G H
Future Baseline Baseline New New Present Present Total
Year Costs Benefits/ System System Value of  Value of Present
Savings Costs Benefits/ Costs Savings Value
Savings

1 34,159 118 6,729 110 38,214 38,104
2 472 118 6,729 103 6,289 6,186
3 472 118 6,729 96 5,878 5,782
4 472 118 6,729 90 5,493 5,403
5 472 118 6,729 84 5,134 5,050
6 472 118 6,729 79 4,798 4,719
7 472 118 6,729 73 4,484 4,410
8 472 118 6,729 69 4,191 4,122
9 472 118 6,729 64 3,916 3,852
10 472 118 6,729 60 3,660 3,600
11 19,159 118 6,729 56 12,299 12,243
12 472 118 6,729 52 3,197 3,145
13 472 118 6,729 49 2,988 2,939
14 472 118 6,729 46 2,792 2,747
15 472 118 6,729 43 2,609 2,567
16 472 118 6,729 40 2,439 2,399
17 472 118 6,729 37 2,280 2,242
18 472 118 6,729 35 2,131 2,096
19 472 118 6,729 33 1,991 1,958
20 472 118 6,729 30 1,861 1,830
21 19,159 118 6,729 28 6,252 6,223
22 472 118 6,729 27 1,625 1,599
23 472 118 6,729 25 1,519 1,494
24 472 118 6,729 23 1,419 1,396
25 472 118 6,729 22 1,326 1,305
26 472 118 6,729 20 1,240 1,220
27 472 118 6,729 19 1,159 1,140
28 472 118 6,729 18 1,083 1,065
29 472 118 6,729 17 1,012 996
30 472 118 6,729 15 946 931
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The project cost for this particular implementation of the PV system on the
new metal roof is roughly four times the cost of the new roofing and fram-
ing system without a PV system. It is clear that this application does not
provide an attractive return on investment for Army facilities. However, a
few supplementary comments are appropriate for context.

First, it is reasonable to suppose that costs for the current demonstration
project were probably higher than cost of a similar SSMR project with this
type of PV system undertaken outside the context of a formal demonstra-
tion project.

Another aspect of the economic analysis worth noting is that the ROI is
highly sensitive to the affordability of thin-film PV technology. After the
demonstration project was begun, the cost of conventional crystalline and
silicon-cell PV technology fell dramatically, making thin-film PV technolo-
gy much less cost-beneficial by comparison (Deign 2012). Cost reductions
and efficiency gains by overseas manufacturers of conventional rigid-panel
PV collectors have forced most US thin-film PV manufacturers out of
business.

It also should be noted that it was beyond the scope of this demonstration
to evaluate corrosion-resistant rooftop applications of conventional rigid-
panel PV technology, so no conclusions may be inferred about the overall
life-cycle costs of conventional solar panels versus thin-film PV technology
in highly corrosive environments.

Finally, potential future technical or economic developments could make
thin-film PV technology more affordable and attractive for Army use. For
example, a technical breakthrough in the design or manufacture of thin-
film PV modules could make the technology more competitive with con-
ventional solar panels. Similarly, if system-procurement costs could be re-
duced in comparison with those recorded for the current project, and giv-
en other building structural constraints that would favor thin-film
modules over heavier rigid solar panels, the demonstrated technology
could become an economically viable option in areas with high electrical
costs or grid-capacity constraints.
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5.1

5.2

Conclusions and Recommendations

Conclusions

Standing seam metal roofing with high-performance coatings and heat-
shedding pigments is already widely used for Army facility renovation and
new construction. This roofing technology has been validated and accept-
ed by industry and the marketplace. Based on the results of this demon-
stration, the application of self-adhering thin-film PV modules and com-
ponents has not negatively affected the corrosion performance of a typical
standing-seam metal roof. Neither the coated metal roofing panels nor the
PV modules exhibited corrosion or other visible deterioration. This finding
is supported by the evaluation of test coupons in both environmental and
accelerated-weathering exposures, and also by sensors installed at the in-
terface of a non-operational PV module/roof panel assembly mounted on
the outdoor coupon exposure rack.

The demonstration results indicate that thin-film PV technology is an ef-
fective means of generating electrical power in locations where direct solar
radiation is available during most of the year. However, system costs at the
time of the demonstration were too high for thin-film PV collectors to be
considered cost effective, even over 30 years in an area with high electric
utility costs. With significantly lower system procurement costs, it is pos-
sible that this PV technology could become an economical option for
providing electricity to facilities in areas with high electrical costs or grid-
capacity constraints.

Excluding cost considerations, thin-film PV systems can provide benefits
relative to systems that use traditional crystalline and silicon-cell technol-
ogy. Thin-film PV modules can be adhered to the metal panel surface, re-
ducing or eliminating penetrations and metal flashings that are often used
with conventional rack-mounted PV systems. As a result, the potential for
moisture intrusion and subsequent water damage can be greatly reduced.

Recommendations

At present, the cost/benefit ratio of this technology does not justify imme-
diate Army-wide adoption.
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The technology does operate as designed and has not had any negative ef-
fects on the corrosion resistance of the metal substrate or the roofing sys-
tem in general. In places where energy conservation or the use of alterna-
tive energy is desired or mandated, or where the capacity of the existing
power infrastructure is deficient, this technology may be considered a pos-
sible option. However, users must be aware that current system acquisi-
tion costs provide little better than break-even economic benefits over 30
years.

If a PV system is specified as part of a roofing a project, first consideration
should be any regulatory requirements set by the local utility if the system
is to be connected to the grid. In this project, obtaining the necessary ap-
provals and permits for grid-tied operation was unexpectedly time-
consuming; the lesson learned was that application for such permits
should probably begin several months before the start of construction to
avoid schedule delays.
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Appendix A: Engineering Drawings



INSTALL CORROSION RESISTANT ROOF
WITH

INTEGRATED PHOTOVOLTAIC POWER SYSTEM

KILAUEA MILITARY CAMP, HAWAII

SUMMARY OF WORK

IESTALL STANDUNG SEAM METAL ROOF lﬁﬂ?TmTM.LHEHME'HE 601
ROOF ROOF, G0

EXISTING PURLINS, AND EXISTING m.ss!s s-\!u DI REMCVID, SALVAGE o
EXISTING GUTTER AND DOWNSPOUT 801
542

INETALL LE TRUSEES, 501
Nswmm_mmnmmunumumm R
FHOTOVOLTAIC POWER SYSTEM. (=]

ADD N!W 2 x L] MI!NSION!D LUMBER ROOF JOISTS AT 18 NCHES.
CH-CI MONCSLOPED ROOPS AT THE SOUTH ELEVATION CF
BLDG N IIFIN.L NEW PURLING AND STANDING SEAM METAL ROOF.

INSTALL T INCLLIDE
BUT NOT LNnEDWPHCI’WVOL\‘NC LAMINATES ELECTRICAL IWVERTER,
ELECTRICAL DISCONNECT, AND ASSOCIATED CABUNG AND CONDUT,

PROUECT SITE = PROJECT SITE
EUILDING B4 %, BUILDING 84
-.\ FILALIEA MILITARY CAMP, HAWAI

HILALEA MILITARY CAMP, HAWAI

DRAWING INDEX
PROJECT LOCATION AND WORK SLMMARY
NERAL NOTES

STAMDING SEAM METAL ROOF
OMI-UNE ENERGY SYSTEM

THIS WORK WAS PREFARED BY ME
OR UNDER MY SUPERVIEION AND
CONSTRUCTION OF THIE FROUECT
VAL BE UNDER MY DBSERVATION
)

e \ 430.2010

Sgnatie  Expritn D of e Loarss

CESCRIPTION
BUILDING 84
KILAUEA MILITARY CAMP

CORROSION RESISTANT ROOF
WITH INTEGRATED PHOTOVOLTAIC
POWER SYSTEM

HILAUES WILTARY CAMP, HaWa)

PENTA ENGINEERING GROUF. INC.

BT55 Faschiras Induatrial Blvd
Sulte 150
Mlenta, Gesrgie 30380

E7B=282=1999
FAX 878-282-1993
DESSAFTION

PROJECT LOCATION
SUMMARY OF WORK
DRAWING INDEX

09-4-1193

NOVEMBER 19, 2008

T-vT-41 1439/00ay3

8¢



1 A3z 7.8 LM CESTY
sTR.CTLRES

T BI5-23 STIRLCTLIAL GONEDERATIONS PO METAL RCOPHD

or STEEL STRUCTUTAL MEVEER:
ANELAFAE NDA-3005 RATIORAL DEEKCH SPECIMGATION FOR WOCD
oone

A FLOOR LOADS: B ALTERATIN

5 3 o
. GRUND SMOW LOAD: EXGETIMG NP CHNGED. Py 0P,
LOADS APE LESS THANACOR LVE LOATE.
CUMMDDESGUDATA:  SPEED: 108 WPH,3-EECOND (UBT.
WD MPORTANCE FACTDR: w

PARTIALLY EMCLOSED BULOWG

Lnss

ISR CAMAMES To#8 HEET PO GOMAORENTS A CLACO) WHDLEAE.
VIR AL TERATCRS 1) FTLETAR, ELEVENTS. FHAAIIREH 191

2 BOPE OF WORS: HSTALL RSPLACKMINT GAILE LTINS A0 MEW STAMDHG BEAM NDOF SYSTEW. SALVADE GUTTERS AHD
mmmmmlmml ETALL REW RATTERS, FURLNE 0 HEW STANDAAS BEAM PP T2
A RELATER FASCUA FINEHAES O

2wy

& IDCF PAELE B4 SADS. 40 KEL AL UMM VG CITED BTAMEH BB UETAL RCGE RANELS.
AR MM ACTURED B CAEKT 0 ETAL REEFIME, REARL) HANAL

BRI B4 OE HTANDNG 56N
ST 1

FROFLE BRCOTHRIN

SEAGR AN BRATE

EXTERR FALEH. CURASDN 0 WTH TEFLOH B DURACDAT
TR i S TRBTER ML - CFF-WHITE COL0R
AL BT 8

THE METAL ROCF AGAST NLPTLE O PERFORATION O PROW AL DU TO L
WARRANTY AOARET

TURER AL WAL ETUCTILLY
P ACEPY A, TR PR A PG O MUY 281 TEA L ASIoN, AAMLYAGTLER AL PTFE B 5 TEAR A
PEELING ASD DL ISTERMG, CoALK, AND FALSE (COLOR CHANGE,

WETALLER BHALL A WAITTEN VAMILANTY PO T ) FEAE FRICH THE CATE DF FFGAL COMPLETICH 80 ANCE. AARNTEE RS
VIATERIALIS 440 WCEMAEHT PO WA TERTIOHTRESE, L ALAPET ALL AAFS. LRV T8 FATIAL T 21 VAR PG T

THERTI TR,
ETALLEW EHALL e A BTEN TSR 38 THE ROICH
WITHIUIT AT T 10 THE B0 CMAER.
B FLR D A TR ACERRIARE: BHALL e
FREVERD ROCF PANELE
£ Wooo PG
AL LIS AL ACED CAl. CBAA

T M AR

COMITLICTION BV EHALL BE PROVORD BY T CONTRACTIR TE MARTAR THE SULCHV FLUME
AN TR T BRASA SAALL SEMAM LIVTR T SFECFIED FERIARENT BRACHG AMD STRUSTLRAL
BSUBERS ARE WSTALLED ARD FULLY COMMECTED.

TRUSS COCUMENTS T IMCLUDE SEALET LAYOUTS, SEALED PROFLES 440 CALDULATIONS:
A TRUGS BLOCHMG FECLTTMENTE.

STAM AMD GIGUATURE CF EMGNEER NESPOREISLE FOR PREPAATION OF AL TRUSE DEBGN
DL

ALLOVABLE L0ADS M LISEFPECTIVE R
Y IR0 A na

STRERE REDETOM FACTORS LSESFOR PLATES
58 A T ey

FABRICATE TRUGSES COHTACT JCHTE.

L COMPOMEMT Y MRS RECUSSA) LATRROAL BEACT) SALL HAYE 30 TARACES
LRSS COPCARAT SMGINEER FROMOES CTHER BRACIMG CESGM AMD DETALS.

EETURE COMTENT OF ALL LUMIES: SHALL DT ECESD 165
© FASTENERE:
FASTENERS 0 CORMEZTORS BaiLL
LHLESERCTRD TS
AL GEREA B, B FELF-DRLUMS SFLETASF WITH TYRE, 505, ARD

LEOEATII AB SHCWAI O THE [SAWNGES
SCHEWS, BOLTH, AMD AVC-0A PEAETRATIAG TREATES WOOD SHALL BE 14T 0FRED GAAMEED
M AGETACANGE WETH ASTH L 1745, 1130 58 A5TH.A 1640, 1630 45 APSROPRIATE

Eapomen o
[Ty
B whLES oA

F. CLOGURES AMD SEALANTEGLAS

TLDE: 194 1M 8 FEET LT OF PLUMS, M3% CLMATIVE, 50

B PSR L SHALL BE ASTTALLED AB FOLLOWE:
L S 8 PORMED %3 LENTH. ENELASEWALL WEIT B A1LCMED
DWTA, TECHMCAL MALETRG,

AL AL LM LEVEL A BTRAIHT & WDDCATED 8 THE PAILECT DSAWRIS.

HETALL PaE | BLCELRR THE PAMELE.
P TG A RECAUTRED T
Pt———
T ————
R B e s S8 S T o e S s
DAL SCHECULE
3 HUMBER: O SPADMG.
. Facs it R
JCHRT T #A. OR GRDSE, TOE MAL B SO
e Sme P
e oo R -
e i aan oo sy car sce )
S 0 o B AR LG S FACE WAL 1 ARG
e T o Ak o woo
PreAtry ] f
e ke e e o H
. 7 0l COMMON e
SR e et ] e
o r— i~ —
A [EeT——
Ey e e ¥
B Toe . W
e PR PACE . ot —

o ¥

WIND LOADS

11-2-09) FOR CERL REVIEW

DATE DESCRIFTION
BUILDING 84
KILAUEA MILITARY CAMP

CORROSION RESISTANT ROOF
WITH INTEGRATED PHOTOVOLTAIC
POWER SYSTEM

KILAUEA MILITARY CAMS, HAWAI

PENTA ENGINEERING _GROUP. INC.
6755 Peachires Mndusirial Bivd|

"
AMianta, Desrgia 30350

E78-282-1999
FAX 678-282-1993

GENERAL NOTES

09-4-1193

DA

NOVEMBER 18, 2009

T-vT-41 1439/00ay3

6€



WAL BE UNDER MY OBSERVATION,

\ b
IREATAS
Wy 4302010
- Gigraiure  Exparaton D of B Lisenes.

T T e e e T IO AR B B BN

war
P
|

PR
e vy

11-2-08] FOR GERL REVIEW

T-vT-41 1439/00ay3

- RENCHE BRI METAL RCCE DATE | DESCAIFTION
. N T I N N N N A AN AN A AN AN (N N ——— ] BUILDING 84
J_ KILAUEA MILITARY CAMP
- - CORRDSION RESISTANT ROOF
| @ wares. WITH INTEGRATED PHOTOVOLTAIC
. - S— S —— BELERGE DEVGLITIN WORS WTH POWER SYSTEM

or
LD EREY e o
e o s KILALEA WILITARY CAMP, Hawat

N
PENTA ENGINEERING GROUP, [NG.
6755 Feachtres Industrial Blvd

5 150

v S THUBSES u
Alonta, Georgla 30380

— SRR
SEARAdam : £78-282-1959
FAX E7B-282-1993

,
N " Iy DESCRFTION

N . s DEMOLITION PLAN

T VA - —

09-4-1183

DEMOLITION - SECTION
@7.&. W TT =
NOVEMBER 19, 2008

e
o001 OF 8

ot



—®

7
A

@

....... e
) i ] \ o
", -
B - R s
! . —
'II CABLE THUES /
| e B/
fil|
e || ,a’!
| %
Ll | {
! |
' | ] A H
E H
0 ¥ ] ;
LOMSI'IUIDMLM ING \ g
(T L TRUSS ARABING
—_—
f ot e
] ]
D amce —
FREE S,
-~ WEW TS uEwTRLEE T ]
1. AHD 8 . m'&mu-vm T
14 808 X1 10 TO TRUSS M B8 X1 15 TO TRUSS
06 K3TOTOR PLATE 4505 X 3TOTER PLATE 180 1 0 ETAGOERED
e ! Lumﬁa”
—— preim— Lugw

@,wwum_ @W @ ml;lzsfcll?_m REINF

[ i)
2 DR ERACE—
T T~ wewmss .
L ! iy ——————
— oA, 7 EACH LNl LAFGAULY GRACED ..
1453 112 0 e £ sEcTon
] | g 130385373 TR AT =
[ L o s, ——

¢ 5, SOLID BRIDGING - BOTTOM PURLIN
& @m

REINE TRUSS-TO-WALL CONN
(o IBUER CHORDREINE i PSS G AL GO

THES WORK WAS PRERARED BY ME
OF UNDER MY SUPERVISION AN
COMSTRUCTION OF THIS PROJECT
WILL BE LINDER MY OBSERVATION.

[

v [

11208 | FOR CERL REVEW
DATE DESCRETION
BUILDING &4
KILAUEA MILITARY CAMP
CORROSION RESISTANT ROOF

WITH INTEGRATED PHOTOVOLTAIC
POWER SYSTEM

KILAUEA MILTARY CAMP, HaWAI

Penta EncinEERmG GROUP, INC.
6785 Panchires Indusiriel Bh
Sulte 150
Avarde, Jesrgla 30360
675-282-1999
FAX 678-282-1383

DESCRIFTION

ROOF STRUCTURE
DETAILS

08-4-1183

e
NOVEMBER 18, 2008

BHEET
503 OF &8

1174

T-vT-41 1439/00ay3



ey
Lo

7-roc

THIS WO WAS PREPARED Y ME
DR UINDER MY SUPERWSION AND

CONSTRUCTION OF THiS PROJECT
WWILL BE UNDER W'Y CBBERVATION.

2

E% 4.30-2010
Sgnatre rrton Dute of the Licasa

1 - -
1 Iy LIl _L_]1
|
[T
T [ T LN
I L] L L]
T T T T T T

v
L Ry

SEmtE T nOTE
T
e L BT §. 003 11BN B3

-

LD vemrY

Py
v

13| T TV OMANGED  AALABLE MATERAL
1385 | 4, wewma otanon

11-208| FOR CERL REVIEW

DATE DESCRIPTION

i o et 13 AT 4 TG RATE

ROOF RATER BE HPORCEADNT
8- %0dx0.17 PER TOOT
4 EACH FAE HTADGERED)

BUILDING 84
KILAUEA MILITARY CAMP
CORROSION RESISTANT ROOF
(WITH INTEGRATED PHOTOVOLTAIC]
POWER SYSTEM

KILAUEA MILITARY CAMP, HARAIL

PENTA ENGINEERING _GROUP, INC.
Oe?ss Peachires Industrial Bhvd
Sulte 150
flonta, Georgla 30360
678-282-1599
FAX 67B-282-1993

DESCIFTION

ROOF STRUCTURE

09-4-1193

DATE
NOVEMBER 19, 2009

BHEET
501 OF 8

T-vT-41 1439/00ay3

(47



@ . o 4
NN NV N L N N
A s AN 7 N /\: A / N 7 N / N /\: \ /
e XXX XX | e X e
AN 0 4 N /TR EE N N /TR EE s |
A NN NS NS NS WS N
B

o a—
|

H

PSP I S |

WIND BRACING CONN DETAILS
@7-:“»»-1@

OATE DESCRIPTION
BUILDING 84
KILAUEA MILITARY CAMP

CORROSION RESISTANT ROOF
WITH INTEGRATED PHOTOVOLTAICH
POWER SYSTEM

KILAUEA MILITARY CAMP, HAWAL

PENTA ENGINEERING GROUP. [NC.
6755 Peochires Industrial Bivd|
Sulte 150
Abante, Gecrgle 30360

678-282-1999
FAX 678-282-1993

DESCRPTION

ROOF STRUCTURE
DETAILS

08-4-1193

DATE
NOVEMBER 19, 2009
SeEET

502 OF 8

T-vT-41 1439/00ay3

334



g
PandL CLE
nvEEnE

e
e
B,

o
4

T
SSe= —_— e __.__:_ _— — — — = |_
T .
HEREREREEE ® !
™ — — T T T ST |s_—-—=!f—-“1-“:*:ﬂ“§:*%;i if
| ‘ TATATATATATATATRARTETA & NI
= | l\ g = 3

L N =

OUU———_ P - Db cewcumon wekwme
noor
TENFR PHATEC I oF CFPRE
) ATCRALE NAEAS
N
L=y

FIELE SN BANEL U -1
PR EETATIFOE - |

|
3 o scn
LT STy

sars e
PR T

by

AR Sk

Wi
\ e
b
LI

THIS WORS. WAS PREPARED BY ME

BUILDING 84
KILAUEA MILITARY CAMP

CORROSION RESISTANT ROOF
WITH INTEGRATED PHOTOMOLTAIC
POWER SYSTEM

KILALIEA MIUTARY CAMF, HAWAI

PENTA ENGINEERMNG _GROUP. INC.
E755 Peachires Indusiricl Bhvd|
Afanta, Georgla 30360

E78-282-1998
FAX G7B-202-1%33

CESCRIFTIGH
ROOFING PANELS
AND DETAILS

09-4-1193
DATE

MNOVEMEBER 18, 2008

BHEET

R-01 OF &8

T-vT-41 1439/00ay3

144



ERDC/CERL TR-14-1

y % o S
m_ i N
awgrdt B gt [ e gl
Bl 61 04 | 0
i § 4 B .m-umu_-w“-““m“

_n_m. _m_m_.ﬁ.mn_hmmm%_m_m“ i w _m._ iy

Syl Lo _m_ -._m__ ._m___
w____ i i “_N_q_, il
w i
29 28a7° Bal HH
mm s i m
meM =888 mmmw _m ™
E il 5 r.IJﬂ :
= mMm & g H
R TR RN d
T el TR
=I5 i S
&
i ) o
mm“m -




ERDC/CERL TR-14-1

46




ERDC/CERL TR-14-1

a7

Appendix B: PV Equipment Documentation

The following four pages of specifications are extracted from the manufac-
turer’s product literature.
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Solar Laminate PVL-Series

Model: PVL-68

High Temperature and Low Light Performance

20 Year Warranty on Power Qutput at 80%
Quick-Connect Terminals* and Adhesive Backing
Bypass Diodes for Shadow Tolerance

UL 1703 Listed to 600 VDC @

IEC 61646 v1 certified

|EC 61646 v2 and 61730, TUV certification pending

Performance Characteristics
Rated Power (Pra): 68 Wp
Production P, Tolerance: +5%

.

.

.

.

.

.

Construction Characteristics

Dimensions: Length: 2849 mm (112.1"), Width: 384 mm (15.5"), Depth: 4 mm (0.2"),
16 mm (0.6") including potted terminal housing assembly
Weight: 3.9 kg (8.7 Ibs)

Qutput Cables: 4 mm? (12 AWG) cable with weathemproof DC rated guick-connect terminals®
580mm (22°) length.

By-pass Diodes: Connected across every solar cell

Encapsulation: Durable ETFE high light-transmissive polymer

Adhesive: Ethylene propylene copolymer adhesive-sealant with microbial inhibitor

Cell Type: 11 friple junction amerphous silicon solar cells 358 mm x 239 mm
(14" x 9.4") connected in series

Qualifications and Safety
Listed by Underwriter's Laboratories for electrical and fire safety (Class A Max. Slope 2/12, @
Class B Max. Slope 3/12, Class C Unlimited Slope fire ratings) for use in systems up to 600 VDC.
Flexible
Laminate Standard Configuration
FPhotovoltaic laminate with potted terminal housing assembly with output cables and quick-connect
terminals*
Lightweight

Application Criterion
+  MNew or qualified new roof installations
= Installation by certified installers only

| Data Sheet

- Minimum slope: 5/8:12 (3°) @

= Installation temperature between 10°C-40°C (50 °F - 100 °F) No-(3lass
*  Maximum roof temperature 85 °C (185 *F)
+ Maximum slope 21:12 (60°) m
+  Membrane: Select EPDM and TPO substrates from approved manufacturers only Durable o
*  Metal: PVDF Coated (Galvalume® or Zincalume®) steel metal roofing pan with flat surface (without T
pencil beads or decorative stippling) and 406 mm (16") minimum width @ :
adow Tolerant :

=

Refer to manufacturers installation guide for approved substrates and installation methods

*e.q., Multi-Contact (MC®) Connectors @ m

High Temp
Parformance

#AA4-3698-03

Tec
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Solar Laminate PVL-Series

Model: PVL-68

IV Curves at various Levels of Irradiance at
Air Mass 1.5 and 25 °C Cell Temperature

i 849
mzm |
STC (1000 Wim?)
- Do ——
800 Wim? 11:: 1 2 3| 4 | 5| s 7|8 g | 10| 1
— g — B
£ I T |
E 600 Wim*
E w PVL-88
< 400 Wim? )
e All measurements in mm. Cuick Connects Terminals
, Inches in parentheses.
200 Wim Tolerances: Length: + 5 mm (1/4"), Width: £ 3 mm (1/8")
1 . .3
L H 4 13 L T 7
Voltage (V)
Electrical Specifications
gTC NOCT
(Standard Test Conditions) (Nominal Operating Cell Temperature)
(1000 Wim?, AM 1.5, 25 °C Cell Temperature) {800 Wim?, AM 1.5, 1 m/sec. wind) Global Headquarters Sales
Maximum Power (Prs.): 68 W Maximum Power (Pr): 53 W oy~ SN
Voltage at Pmax (V) 16.5 V Voltage at Pmax (V) 15.4 V 2958 Waterview Drive
Current at Pmax () 4.13 A Current at Pmax (l.): 3.42 A Rochester Hills, M1 48308
Short-circuit Current (l-): 5.1 A Short-circuit Current (1.): 4.1 A iy
Open-circuit Voltage (V) 23.1 V Open-circuit Voltage (V) 21.1 VW Toll Free (USA): 800.528.0617
Maximum Series Fuse Rating: 8 A NOCT: 46 °C info@uni-sclar.com
Temperature Coefficients European Sales Office
{at AM 1.5, 1000 Wim? irradiance) United Solar Cvenic
. Europe GmbH
Temperature Coefficient (TC) of |5 0.001FK(0.10%/°C) Trakehner Strasse 7-9
Temperature Coefficient (TC) of V,.: -0.0038FK. (-0.38%/FC) D-80487 Frankfurt am Main
Temperature Coefficient (TC) of Py, 0.00217K (-0.21%/°C Germany
i fcient (TC) e ( ) Tel: +49.69.7137667.20
Temperature Ceefficient (TC) of |.,;: 0.001°K (0.10%FC) Fax: +49.69.7137667.67
Temperature Coefficient (TC) of V0 -0.0031FK (-0.31%FC) europeinfo@uni-solar.com
y = yreference « f1 + TC « (T- Treference)]
Southern European
Motes: Sales Office
1. During the first 8-10 weeks of operation, aelectrical cutput exceads specified ratings. Power output may be higher United Solar Ovenic
by 15 %, operaling vollage mey be higher by 11 % and operaling current mey be higher by 4 %, Europe GmbH
2. Flectrical specifications are based on measurements performed at standard test conditions of 1000 Wimd \iia Monte Baldo, 4
Irradiance, Alr Mass 1.5, and cell temperature of 25 °C after stabilization. 1-37069 Villafran "_.a (VR)
3. Actual parformanca may vary up to 10 % from rated power due to low ti tral and other

Italy

Tel: +39.045.86800082
Fax: +39.045.8617738
italyinfo@uni-solar.com

refaled ellects. Maximum system open-circuil vollage nol Lo exceed 800 VDO per UL,
4. Specifications subject to change without notice.

‘Your UNI-SOLAR® Distrivuter:

www.uni-solar.com

A subsidiary of Energy
Conversion Devices, Inc.
(Nasdag: ENER)

© Copyright 2009 United Solar Ovenic -All Rights Reserved #AA4-3698-03
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Model: PVL-144 UNI-S@®LAR.

+ High Temperature and Low Light Performance
+ S5-Year Limited Product Warranty
+ Limited Power Output Warranty:
92% at 10 years, 84% at 20 years, 80% at 25 years (of minimum power)
* Quick-Connect Terminals and Adhesive Backing
« Bypass Diodes for Shadow Tolerance

Performance Characteristics
Rated Power (Ppa): 144 Wp
Production Py..x Tolerance: +5%

Construction Characteristics

Dimensions: Length: 5486 mm (216"), Width: 394 mm (15.5"), Depth: 4 mm (0.2"),
16 mm (0.6") including potted terminal housing assembly

Weight: 7.7 kg (17.0 Ibs)

Output Cables: 4 mm? (12 AWG) cable with weatherproof DC-rated quick-connect terminals
560 mm (22") length

Bypass Diodes: Connected across every solar cell

Encapsulation: Durable ETFE high light-transmissive polymer

Adhesive: Ethylene propylene copolymer adhesive sealant with microbial inhibitor
Cell Type: 22 triple junction amorphous silicon solar cells 356 mm x 239 mm
(14" x 9.4} connected in series Flexible

Qualifications and Safety

UL 1703 Listed by Underwriters Laboratories for electrical and fire safety (Class A Max. Lig
¢ US  Siope 2/12, Class B Max. Slope 3/12, Class C Unlimited Slope fire ratings) for use in

systems up to 600 VDC.

g

eigl

Durable

ATUVMM IEC 61646 and IEC 61730 certified by TUV Rheinland for use in systems up

to 1000 VDC. @

Laminate Standard Configuration e
Photovoeltaic laminate with potted terminal housing assembly with output cables and quick-connect ’
terminals on top.

g

0

/

Shadow Tolerant

Application Criteria*

« Installation temperature between 10 °C - 40 °C (50 °F - 100 °F)

« Maximum roof temperature 85 °C (185 °F) Mare Kivn
Minimum slope: 3° (1/2:12)

+ Maximum slope 60° (21:12)

+ Approved substrates include certain membrane and metal roofing products. See United Solar for High Temp
details. Performance

6

Technical Data Sheet

*Detailed installation requirements are specified in United Solar installation manuals. LTt
Performance

#AAS5-3636-03
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Model: PVL-144

IV Curves at various Levels of Irradiance at
Air Mass 1.5 and 25 °C Cell Temperature
. STC (1000 Wim?)
(X H) - _‘____‘_'_‘“—-—

300 Wim?

—_—

600 Wim*

Current (A)

400 Wim?

200 Wim?

5486

UNI-SOLAR.

MEm

£
[ 05 7

e

PVL-144

All measurements in mm
Inches in parentheses

* Voltage (V)

Electrical Specifications

STC

(Standard Test Conditions)

(1000 W/m?, AM 1.5, 25 °C Cell Temperature)

Maximum Power (Pr..): 144 W
Voltage at Pmax (Vi) 33.0 V
Current at Pmax (ly:): 436 A
Short-circuit Current {I..): 5.3 A
COpen-circuit Voltage (V..): 46.2 V
Maximum Series Fuse Rating: 8 A

Temperature Coefficients
(at AM 1.5, 1000 W/m? irradiance)

NOCT
(Nominal Operating Cell Temperature)
(800 Wim’, AM 1.5, 1 misec. wind)

Maximum Power (Pyq.): 111 W
Voltage at Pmax (V). 30.8 V
Current at Pmax (k) 3.6 A
Short-circuit Current {I..): 43 A
Open-circuit Voltage (V..): 422 V
NOCT: 46 °C

Temperature Coefficient (TC) of I..: 0.001/°K(0.10%/°C)
Temperature Coefficient (TC) of V.. -0.0038/°K (-0.38%/°C)
Temperature Coefficient (TC) of Py, -0.0021/°K (-0.21%/°C)
Temperature Coefficient (TC) of |,,,;: 0.001/°K (0.10%/°C)
Temperature Coefficient (TC) of V,;: -0.0031/°K (-0.31%/°C)

¥ = yreference « [1 + TC « (T- Treference)]

Notes:

1. During the first 810 weeks of operalion, electrical output exceeds specified ratings. Power output may be higher
by 15%, operating voltage may be higher by 11% and operating current may be higher by 4%.

2. Electrical specifications are based on measurements performed at standard test conditions of 1000 VWm?
irradiance, Air Mass 1.5, and cell temperature of 25 °C after stabilization.

3. Actual performance may vary up to 10% from rated power due to low temperature operation, spectral and cther related effects.

Maximum system open-circuit voltage not to exceed 800 VDC per UL, 1000 VDC per TUV Rheinland.

4. Specifications subject to change without natice.
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