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Executive Summar_q

After receiving the qualifications for choosing a Senior Thesis ]ouilcling in mid-June of 2003, many
different buildings [ was familiar with came into mind. Having worked on numerous buildings around the country
for the past five summers, structures that ranged from a new Professional Baseball Ballpark to a 48~stoyg Green
high-rise in Times Square mid-town Manhattan, [ was unsure of which to choose. Although each of these buildings
have many fascinating entities and design components, [ felt as though most of them were much too large to focus on
lighting and electrical elements. [ recruited help from Bernardon, Haber, Halloway Architects PC, a widely known
firm in the Philadelphia and Wilmington areas. After providing them with the criteria, they suggested several of
their projects. The AstroPower Headquarters in Newark, Delaware was my first choice.

AstroPower is an international company that is a major solar power development firm. They manufacture
solar panels that can be used in constructing toclag’s major lauildings. In {fact, they used their own products in the
construction of their Headqguarters. With the installation of these solar panels on both the facade and roof of the
building, the electrical energy requirements for the structure have been significantly reduced. I thought it would
be very interesting to see how a building like this would function, seeing as how Green Building Design is the future
of construction.

After taking a look at the building, | was impressed with their use of natural light through the solar panels,
and the amount of open space, skylights, and domes. Since their company is based on solar design, it is nice to see
them incorporate so much of sun into the design of their [Headquarters. It made me think about how much natural
light they had to work with when coming up with a lighting scheme during the design process.

The most unigue feature on the building is the glass facade. When you approach the curved building and
its blue slass curtain wall, you immediately realize that you are looking at a very different type of lauilcling. Upon
closer inspection, you can see the solar cells embedded in the spandrel glass of the facade. The spectacular 30-
kilowatt facade uses a combination of single-crystal solar cells and Ape-xTM solar cells, which are proclucecl using
AstroPower's proprietary Silicon-Film™ process. There are a total of 226 custom~shaped modules, which were
manufactured at AstroPower’s existing production facility in Newark, as well as the 168 translucent shading
modules. A total of 83 different sizes of modules were integrated into the facade and the lauilding's skylight. The
BIPV solar installation generates solar electric power for the building, but it also serves as the building envelope as
well. The solar modules replaced many of the traditional building elements.

Having a total 160,000 square feet, interesting architecture, a unique electrical system and lighting

design, [ felt the AstroPower Headguarters far surpassed any requirements for a great Senior Thesis building.

In the Depth portion of the thesis study, five spaces were analyzed for the redesigning of the lighting
system. These spaces include a Conference Room, Lunch Room, Lobby Atrium, Open Office Area, and the Front

Entranceway. The Open Office area involves an in-depth comparison of two distinct lighting systems; a
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direct/indirect system with hanging fluorescent pendants, to a direct system with downlights. The goals in all of the
spaces were to develop an energy efficient design that is both visually attractive and adds an element of design to
the existing architecture. It was also to incorporate a theme throughout the spaces that united the various building
spaces. The calculations used in the analysis were all performed using the AutoDesk Lightscape program.
Renderings of the new and existing lighting systems were also made using the AutoDesk Lightscape program, for a
realistic view of present versus future design.

Also in the Depth portion is an analysis of the current electrical system in the building. The analysis
contains information regarding new ballasts and luminaires that have been implicated in the Lighting redesign.
Due to the complexity of the builcling’s electrical system with the solar input from the facade and roof, a resize and
redesign of the Panels would have required assistance from an AstroPower representative and a licensed Electrical

Engineer. Despite the set back, viewing the existing system was a beneficial learning experience within itself.

The first Breadth portion of the Thesis Portfolio is an analysis and design of the building’s
telecommunication system. The design will start with placement of new Telecommunications Rooms, layout of the
equipment within these rooms, and the distribution of cable over the entire office. Details regarding the new system
will include equipment in the rack, cable type, riser information and placement, and other information pertaining to
the new system.

The second Breadth portion of the Thesis Portfolio will be a LEED Building Analysis. Seeing as how the
building represents everything that should be incorporated into a Green building, I thought it appropriate to do a
LEED study to see what rating the AstroPower Headguarters would receive. A listing of all achieved points will be
incorporated into a summary, along with improvements the building can make to gain extra points to be as

environmentallq {riendlg as possilale.

In the end, after all the late nights and long hours, the Senior Thesis project turned out to be a fantastic way
to learn more about my future profession, how buildings are put together, and to see how things work in the real
world. After it's completion, it was comforting to see how the integration of all building elements, Structural,
Electrical, Lighting, Mechanical, Telecommunications, and many more can come together to make sense for a

Pennsylvania State University Architectural Engineering student.
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Introduction
The Architectural Engineering fifth year Senior Thesis is an investigative and design-oriented project
based on a building or building model obtained from an outside sponsor. Throughout the course of this year-long
project, the students are required to investigate the background of the project, including the existing design and
other engineering related issues. The students are then to redesign in depth one major portion of the building
system, depending on their specialized option work. A breadth redesign portion of the project is also required to

demonstrate the student’s broad knowledge of the architectural engineering field.

For the analysis of the AstroPower Headguarters, a redesign of the existing lighting systems will be
performed on the following spaces: A Conference Room, Lunch Room, Lobby Atrium, an Open Office Space where
two different systems are designed and compared, and finally the l)uilcling’s Front Entrance. The main analysis, or

depth portion, will also include an analysis of the existing electrical system in the lauilcling.

A further requirement of the Senior Thesis project is to explore two different breadth areas of the building,
The first is a design of a telecommunications system from start to finish. This will include laying out the system,
telecommunications closets, racks, equipments, all the way to the desk terminations. The second breadth topic will
be an examination of the builcling’s LEED Certi{ication; what level it is, how it can be better, and other information

regarding LEED Design and it's future in the ]ouilcling industry.
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Project Background
The AstroPower Headguarters is located in the Pencader Corporate Center, 300 Executive Drive in

Newark, Delaware. The buﬂding is two stories high, with an Office section of 58,000 square feet and a
Manufacturing section of 100,000 square feet. The Manufacturing section is used to create the very products that
are sold by AstroPower. The Office section houses the company 's chief employees, as well as design technicians and
sales associates. A design studio and showcase is also in the Office section to offer perspective buyers a close up
view of the quality product that is made at this location. The facility was completed in March of 2002, and has been
occupied by the AstroPower company ever since.

Other important

ek

information pertaining to the
AstroPower Headquarters
include  the  building’s
placement. Following in line
with other Green buildings,
the front door faces southeast.

The entire office section spans

a semi~circular 81ass curtain

wall, which enables every
part of the facility to experience natural daylight at all times during the work day. In addition to the glass facade,

high open ceilings with numerous skylights offer an abundance of natural light as well.
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Project Information

The building I have selected to base my Senior Thesis project on is the AstroPower Headguarters located in
the Pencader Corporate Center, 500 Executive Drive in Newark, Delaware. The building is owned by The
McConnell Johnson Corporation. At this time, AstroPower is the sole tenant, utilizing both the office space, which
consists of 58,000 square feet, along with the warehouse and manu{acturing space, which consists of 100,000 square
feet. The total building size is around 160,000 square feet. Although only two stories above grade, the
manufacturing section offers 30 feet clearance height.

The architect and interior designer for this project was the firm of Bernardon, Haber, Halloway Architects PC
(http:/ /www.bemardoncom). The owner and developer of the building is McConnell Development, Inc.
(http:/ / www.mcconnelljohnson.com). The structural engineer for the AstroPower Headquarters was the firm of
OvDonnell, Naccarato, (5" Maclntosh (http:/ / www.onmac.com), and the mechanical and electrical engineering was
handled lag the firm of Bruce E. Brooks & Associates (http:/ / www.])rucel)rooks.com). The fire protection for the
project was taken care of by Bear Industries, Inc, and the General Contractor was the Commonwealth Construction
Company.

The AstroPower Headquarters began construction in 2001 Using a Design-Build project delivery method and
fast-track construction, client move~in was in March of 2002. The actual cost of the building has not been disclosed
at this time.

The architectural features of this building are guite impressive. The positioning of the building provides

maximum exposure to the path of the sun while maximizing the preservation of wetlands on the site. There is a 30-
kilowatt building-integrated facade of single-crystal solar cells and Apex™ solar cells, which happen to be
produced using AstroPower's proprietary Silicon-Film™ process. In addition to the facade, the building also
features a 310-kilowatt rooftop system, which incorporates more than 2400 solar modules. The interior focuses
mainly on openness and airiness. Skylights and vision glass embedded with solar cells cast a pattern of shadows on
floors and walls. The l)uilcling iszoned in a corporate builcling park, with no signi{icant historical elements. The roof
is a flat joist system so that it can accommodate the solar panels. The exterior building envelope features a glass
curtain wall in the office area, and CMU's around the warehouse.
The following codes were utilized in the construction of this building: Fnergy Conservation — ASHRAE/IESNA
00.1-1989, Building Construction — 1996 BOCA National Building Code, Fire Protection — 1997 Delaware State
Fire Prevention Regulations, Electrical - NFPA 70 National Flectric Code, Plumbing — 1996 National Plumbing
Cocle, and the 1991 Americans with Disabilities Guidelines.

Electrical System
The electrical system in the AstroPower Headquarters is very different than most other buildings. Using
the solar panels that are on the exterior facade and roof, extra energy is provided within, optimizing the green

building ideas for energy consumption. The facade provides a total of 30-kilowatts to the system, while the roof
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adds an additional 310-kilowatts. They used branch circuit #12 wire for the 480 convenient power circuits up to
100 feet, and #10 wire for everything over that. The system is a standard 480/2TTV system. The emergency back~
up is covered by the solar energy that is supplied using the panels. A diesel generator that is 480/2717V, 3 phase,
four wire system. The average draw is 1000 kVA. There are total of four electrical closets located throughout the
lauilcling.

Lighting Sgstern
The lighting system in the AstroPower Headquarters is rather simple. Using a total six different fluorescent
fixtures throughout, with low-energy ballasts, it follows with the l)uilclingys green concept. Dimmers and motion
sensors are used throughout, and with the presence of so much natural daylight from the skylights and glass curtain
wall, a complex lighting system was not really necessary. Information regarding the existing Lighting System can

be found in the Depth Study, Lighting Analysis sections further along in this Portfolio.

Mechanical Sgstem
The mechanical system in the AstroPower Headquarters is also fairly simple. There are cooling towers
behind the exterior of the building. There is a centrifugal water chiller that feeds the cooling coils of the Air
Handling Units that are located in the ]ouilcling’s mechanical rooms. A gas boiler is the source for the required load

in the heating coil. The ductwork features acoustic insulation that allows the system to run at a minimal noise level.

Structural System
The structural system used is not very complex, seeing as the structure is only two-stories in height. The
glass curtain wall that wraps around fifty percent of the building's exterior provides an attractive structural support.
The remainder of the building, which is the manufacturing space, has CMU's and steel beams to support the roof
structure. As mentioned above, there is a slab on grade concrete system with footers. The building has steel columns

spaced throughout to provide support for the roof structure.

Fire Protection
The AstroPower Headquarters features both active and passive fire protection systems. Sprinkler heads
are found in both the office and manufacturing spaces, and the heating and ventilation system features an
emergency smoke evacuation mode. All steel that has been installed in the building follows the 1997 Delaware

State Fire Prevention Regulations.
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Transportation System
Consiclering the building is not very large and only two-stories, there is only one elevator. It is accessed
through the lobby and is in accordance with ADA regulations. There are three separate staircases in the office

section of the building.

Telecommunications System
The AstroPower Headguarters features a local area network system throughout the offices and
manufacturing side. A copper backbone and Single and Multi-Mode fiber lead back from each termination to a
central telecommunications room. In the rack, the cables are cross-connected and patched in from a cable coming
in through the building’s foundation. Each termination has a capability of have four connections (for example
phone, PC, fax, network printer). Equipment in the data rack located in the closet has not been identified at this

time, and additional information has been requested from the network consulting firm that designed the system.

Special Sg stems
The only special system in the AstroPower Headquarters is the usage of the solar cells that AstroPower
designed integrated with the electrical system. Information regarding the APex™ solar cells, produced using
AstroPower's proprietary Silicon-Film™ process, along with the BIPV solar installation process can be found on

AstroPower’s web site (http:/ / www.astyopowey.com).
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Con{erence Room

Design Criteria

The Conference Room on the first floor has specific design criteria relating to the space. The appearance of
space and luminaires is very important in a room like this. Direct slare can also be a problem, so the effects the
fixtures have on the table also should be put into consideration. The new lighting design should also reflect an
emphasis on seeing others. The modeling of faces and objects is also a very important part of the room. With these

criteria in mind, a redesign was developed for the Conference Room space.
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Design Schematic

The existing space only has downlights arranged around the perimeter, with two hanging pendants over

the table (not shown in existing Lightscape renderings).

The idea for the redesign is to take advantage of the yoom's architectural piece, the trayed ceiling. Color
will also be added to the space to continue the theme of the outdoors and to mirror the glass curtain wall. Finally
solar cells will be added to the walls to attract more attention and to show off the new lights. The cove over the table
will be similar to the one shown below to the left, with fluorescent strips along the edges. This will provide a soft

light without glare for the table.

Wallwashers will be placed around the exterior walls, aclcling a clean wash while enhancing the new solar
panels that will be placed to give the room a little character. The wallwashers will provide an atmosphere similar to
the one shown above to the right. Finally, three downlights will be added over the conference room table, giving the
appearance of an abundance of light coming down from the cove, without drawing the room inhabitant’s eyes
upwards. With these basic luminaires, a clean design will be established, creating an environment that is visually

attractive while maintaining a low power density, keeping the concept of green design throughout the space.

1
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New Lighting Equipment

For the wallwash lighting, the Peerless Lightline™ Recessed Wall Wash Fixture is going to be used. The
lamp that will be in this fixture is a Philips SILHOUETTE™ Programmed Start TD Miniature Bipin Fluorescent
Lamp. It is a 28-watt bulb, with a Color Rendering Index of 8. The ballast to be used is the Advance VCN-132-
MC, with a voltage of 277 volts, 60 Hertz frequency, 28 watts, a ballast factor of 0.98, and a power factor of 0.98.

For the cove lighting, the Columbia Lighting CN2 One lamp TD Narrow Strip Fixture is going to be used.
The lamp that will be in this fixture is a Philips SILHOUETTE™ High Output Programmed Start TD Miniature Bipin
Fluorescent Lamp. It is a 39-watt bulb, with a Color Rendering Index of 8). The ballast to be used is the Advance
ICN-2S39@277V, with a voltage of 277 volts, 50,/60 Hertz frequency, 39 watts, a ballast factor of 100, and a
power factor of 0.98.

For the downlights, the Frco Lightcast Downlight will be used. The lamp that will be in this fixture is a
Philips TC-TEL 18 WGx24g-2 compact fluorescent lamp. It is a 18-watt bulb, with a Color Rendering Index of 82.
The ballast to be used is the Advance ICE-2S18-M1-BS@277V, with a voltage of 277 volts, 50/60 Hertz
frequency, 20 watts, a ballast factor of 1.0D, and a power factor of 0.97 (Spec sheets for all the equipment mentioned

above can be found in the Appendix).

Control Zones

The Conference Room will feature a Control System that has several different functions. Three predefined
settings will be automatically set for the space; the first will be General Meeting Environment, which features all
luminaires illuminated, the second will be Audio/Visual Presentation Environment, which is specifically designed
for use with a projector, television, or other Audio/Visual output device which would require low light levels, and
the third will be Midday Meeting Environment for use when the natural daylight coming through the glass curtain
wall is at high levels. The system will also have the ability to have User Defined lighting scenarios. All different
types of lights are controlled on different circuits, allowing flexibility and convenience for the occupants of the
AstroPower Headquarters ]auilcling. In addition to the Control System, dimmers and motion sensors will also be

added to the space for energy conservation.
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Reflected Ceiling Plan

Fixture Description Fixture Type | Lamp Type | Lamp Watts | CRI] Ballast Watts | Ballast PF
A Peerless Lightline Wallwasher Indirect Fluorescent 28 85 28 0.98
B Columbia C2 Narrow Strip Indirect Fluorescent 39 85 39 1
C Erco LC Downlight Direct Comp. Fluor. 20 82 20 1.05
POW@Y Sl.lll‘ln‘léll’q

After the layout of the new fixtures was determined, a power summary could be put together. Having 12
fluorescent lamps and ballasts in the cove, 18 wall wash fixtures and ballasts,and 3 downlights and ballasts, a power

density of 1.31 W/#2 was computed. According to the ASHRAE/IESNA Standard 901, the recommended power

density is 1D W/#2 Thisisa very good improvement for the electrical system load.

Conference Room Lighting System
Fixture | Lamp Watts | # of Lamps| Input Watts| # Used | Total Wattage
A 28 1 28 18 504
B 24 2 24 12 288
C 20 1 20 3 60
Total Wattage (W) 852
Total Area (ft2) 648.8
Power Density (W/ft2) 1.313

15




AstroPower Headquarters Steve Neimeister
Newark, Delaware

Architectural Engineering Senior Thesis Portfolio

Light Loss Factors

Several Light Loss Factors that pertain to the Conference Room are the Ballast Factors, Lamp Lumen

Depreciation Factor, Room Surface Dirt Depreciation Factor, and the Luminaire Surface Depreciation.

Conference Room Light Loss Factors

Fixture | Ballast Factor LLD RSDD LSD LLF
A 0.98 0.95 0.89 0.88 0.73
B 1 0.96 0.89 0.86 0.74
C 1.05 0.95 0.89 0.88 0.78

These final numbers will be applied in the Lightscape Software program when renderings for the new

design are completed.

Lighting Analusis

A complete Lighting Analysis for the space has been made using the AutoDesk Lightscape program.

Several renderings of the redesigned AstroPower Conference Room are presented below:

View from the southern corner (Glass curtain wall seen to the right)

14
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View from the table looking south (Glass curtain wall shown to the le{t)

View from southeastern corner
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A Photoshop rendering of the Conference Room with Blue tinted Fluorescent wallwashers

[luminance Renclering

llluminance [Ix]

The reason for the high value on the walls is to accentuate the Solar Panel cells that will be placed on the
walls at random (not shown in renclering), continuing the theme of solar power and green design throughout the

interior of the AstroPower Headquarters.

16
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Lunc]a Room

Design Criteria
The Lunch Room is located off of the Atrium Lobby on the first floor of the AstroPower Headqguarters. The

room has some specific design criteria to take into consideration with the new lighting design. Each of the tables
should be illuminated to a level that anything on the surface can be easily viewed, such as food or papers. On the
contrary, faces in the evening should not have direct light shining on them so that lines and imperfections are
brought out to those sitting at the same table. In addition to the table lighting, aisles should also have adequate
light for walking in between other tables and chairs. The space also needs more of a visually interesting lighting
atmosphere that relates to the rest of the AstroPower Headqguarters and continues the theme of nature and solar

panels throughout.

17
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Design Schematic

The existing space currently consists of two-by-two fluorescent troffers arranged over the tables. In
addition to those, there are fluorescent downlights located by the entrance doors and near the curved wall at the

north end of the room. A picture and rendered image of the existing room are shown below:

MRS
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The idea for the redesign is to create a more visually interesting space. In addition to this, color will also be
added to bring the theme of the outdoors into the space, and to mirror the glass wall on the south side of the
building. Each table will feature a compact fluorescent pendant that hangs above focusing on the surface below.
Both the east and west walls will receive a fluorescent wallwash; the curved wall and columns will be lit from below

with Blue LED. fixtures mounted in the floor.

With these basic luminaires, a clean and interesting design will be established, creating an environment
that is visually attractive while maintaining a low power density, keeping the concept of green design throughout

the space.

19
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New Lighting Equipment

For the wallwash lighting, the Peerless Lightline™ Recessed Wall Wash Fixture is going to be used. The
lamp that will be in this fixture is a Philips SILHOUETTE™ Programmed Start TD Miniature Bipin Fluorescent
Lamp. It is a 28-watt bulb, with a Color Rendering Index of 8. The ballast to be used is the Advance VCN-132-
MC, with a voltage of 277 volts, 60 Hertz frequency, 28 watts, a ballast factor of 0.98, and a power factor of 0.98.

For the luminaires over the tables, the Fxco Parabelle Pendant Downlight will be used. The lamp that will
be in this fixture is a Philips PL-T Triple 4-Pin Fluorescent Lamp. It is a 26-watt bulb, with a Color Rendering Index
of 82. The ballast to be used is the Advance ICE-2526-HI-LD@120, with a voltage of 277 volts, 50,/60 Hertz
frequency, 26 watts, a ballast factor of 1.10, and a power factor of 0.98.

For the Blue LEDs, the Exco Tesis Recessed Floor Luminaire is going to be used. The lamp that will be in
this fixture is a Philips MasterColor® Tubular Single-Fnded T-4 Lamp, a 39-watt bulb.

Control Zones

The Lunch Room will feature a Control System that has several different functions. Three predefined
settings will be automatically set for the space; the first will be Morning/ Afternoon Dining, for when natural
daylight is the strongest, the second will be Evening/ Reception Environment, for a more romantic setting and use
with little daylight, and the final setting will be Unoccupiecl/ Night Light, for when the space is unoccupied. The
system will also have the ability to have User Defined lighting scenarios. All different types of lights are controlled
on different circuits, allowing flexibility and convenience for the occupants of the AstroPower Headqguarters
building. In addition to the Control System, dimmers and motion sensors will also be added to the space for energy

conservation.
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Reflected Ceilin‘q Plan

Fixture Description Fixture Type | Lamp Type | Lamp Watts | CRI] Ballast Watts | Ballast PF
A Peerless Lightline Wallwasher Indirect Fluorescent 28 85 28 0.98
D Erco Tesis Recessed Luminaire | Direct/Indirect| Blue LED 39 N/A N/A N/A
E Erco Parabelle Pendant Direct Comp. Fluor. 26 82 26 1.1
POWQI Summarq

Adter the layout of the new fixtures was determined, a power summary could be put together. Having 26
wall wash fixtures and ballasts around the perimeter, 14 total Blue LED. lights with ballasts, and 14 fixtures over

the tables, a power density of 086 W /42 was computed. Accorcling to the ASHRAFE/IESNA Standard 901, the

recommended power density is 1.5 W /2. This is a tremendous improvement for the electrical system load.

Lunch Room Lighting System
Fixture| Lamp Watts | # of Lamps| Input Watts| # Used [ Total Wattage
A 28 1 28 26 728
D 39 1 39 14 546
E 26 1 26 14 364
Total Wattage (W) 1638
Total Area (ft?) 1900
Power Density (W/ft2) 0.862
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Light Loss Factors

Several Light Loss Factors that pertain to the Conference Room are the Ballast Factors, Lamp Lumen

Depreciation Factor, Room Surface Dirt Depreciation Factor, and the Luminaire Surface Depreciation.

Lunch Room Light Loss Factors

Fixture | Ballast Factor LLD RSDD LSD LLF
A 0.98 0.95 0.89 0.88 0.73
D 1 0.91 0.89 0.88 0.71
E 1.1 0.95 0.89 0.88 0.82

These final numbers will be applied in the Lightscape Software program when the new renderings for the

new design are completed.

Lighting Analusis

A complete Lighting Analysis for the space has been made using the AutoDesk Lightscape program.

Several renderings of the redesigned AstroPower Lunch Room are presented below:

View of the curved north wall illuminated with the Blue LED:s and the east wall
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View of table surface

View of the Lunch Room looking north
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View looking towards the south glass curtain wall

Nluminance Renc]ering
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Lol)l)g Atrium

Design Criteria
The Lobby Atrium is by far the most impressive room in the AstroPower Headguarters. Upon entering the

building, an immense, octagonal room is bestowed upon you. It rises up above the second floor height to a square
raised skylight that sits in the yoom's center. Naturally, the lighting design of this space is critical. It is the first room
people see when they enter, and the last room they see when they leave. Visitors to the building sometimes never
see any of the other spaces. The appearance of luminaires is very important in a space like this. There must be
enough light on the ground and common spaces so that it is not difficult to see where you are going and others

around you. The modeling of faces and objects is also important. With these criteria in mind, a redesign was

developed for the Lobby Atrium.
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Desip,n Schematic

The existing space consisted of downlights scattered over the second floor ceiling and around the perimeter
of the first floor. The fixtures were also placed in the center of the room around the center skylight, to provide light

to the ground floor below.

[FEN 70 ABDVE

FABRIC SCULFTURE
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The idea for the redesign is to take advantage of the room's architectural pieces. These include the
openness of the room, accentuated by the railings around the second floor balcony, and the skylight in the center of
the room. Color will be added to the space to continue the theme of the outdoors and to mirror the glass that
surrounds the space. Solar cell panels will also be added to the walls to continue the theme of the building
representing solar panels and green design. To achieve these design elements, fluorescent wall washers will be

added to both the first and second floor walls, provicling a soft indirect source for the space, similar to a window.
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For the color element, Blue LED:s will be placed in many different areas of the room. First, they will be

placed around the railing to provide an effect similar to the ones pictured below:

This will draw attention upwards when entering from the main doors, in addition to introducing the
concept of the blue light to everyone who enters the building. The blue LED:s will also be placed by the front doors,
the space opposite the front doors, the second floor tier along the northwestern curved wall, and the southeastern
window corridor.

Wallwashers will also be placed along the freshly glazed lower portion of the center skylight. This will
help with light levels on the ground floor, as well as attract attention up to the skylight at night, when natural
claglight is not entering the space.

With a unique, clean lighting design as this, the entrance to the AstroPower Headquarters will be
something those who enter will not soon forget. A clean design is established, creating an environment that is
visually attractive and romantic, while maintaining a low power density, keeping the concept of green design

throughout the space.
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New Lighting Equipment

For the wallwash lighting, the Peerless Lightline™ Recessed Wall Wash Fixture is going to be used. The
lamp that will be in this fixture is a Philips SILHOUETTE™ Programmed Start TD Miniature Bipin Fluorescent
Lamp. It is a 28-watt bulb, with a Color Rendering Index of 8. The ballast to be used is the Advance VCN-132-
MC, with a voltage of 277 volts, 60 Hertz frequency, 28 watts, a ballast factor of 0.98, and a power factor of 0.98.

For the downlights above the rear doors on the second level, the Erco Lightcast Downlight will be used.
The lamp that will be in this fixture is a Philips TC-TEL 18 WGx24¢-2 compact fluorescent lamp. It is a 18-watt
bulb, with a Color Rendering Index of 82. The ballast to be used is the Advance ICE-2S18-M1-BS@277V, with a
voltage of 277 volts, D0,/060 Hertz frequency, 20 watts, a ballast factor of 1.0D, and a power factor of 0.97.

For the Blue LEDs, the Exco Tesis Recessed Floor Luminaire is going to be used. The lamp that will be in
this fixture is a Philips MasterColor® Tubular Single-Ended T-4 Lamp, a 39-watt bulb (Spec sheets for all the

equipment mentioned above can be found in the Appenclix).

Control Zones
The Lobby Atrium will feature a Control System that has several different functions. Three predefined
settings will be automatically set for the space; the first will be Moming/ Adfternoon Environment, for use with high
daylight, the second will be Presentation Environment for use during evening events, and the third will be
Unoccupied/ Night Light, for when the building is unoccupied. The system will also have the ability to have User
Defined lighting scenarios. All different types of lights are controlled on different circuits, allowing flexibility and
convenience for the occupants of the AstroPower Headqguarters ]ouilcling. In addition to the Control System,

dimmers and motion sensors will also be added to the space, for energy conservation.
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Steve Neimeister

Reflected Ceiling Plan
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Fixture Description Fixture Type | Lamp Type | Lamp Watts | CRI| Ballast Watts | Ballast PF
A Peerless Lightline Wallwasher Indirect Fluorescent 28 85 28 0.98
C Erco LC Downlight Direct Comp. Fluor. 20 82 20 1.05
D Erco Tesis Recessed Luminaire | Direct/Indirect| Blue LED 39 N/A N/A N/A
POWGY Summarq

Alfter the layout of the new fixtures was determined, a power summary could be put together. Having a

total of 63 wallwashers and ballasts, 2 fluorescent downlights and ballasts, and 111 Blue LED. lights, a power
density of 0.73 W/#2 was computed. According to the ASHRAE/IESNA Standard 901, the recommended power
density is 0.7 W/#2, with an additional 10 W/#? for Decorative and Accent Lighting; a combined total of 17

W/#2

Lobby Atrium Lighting System
Fixture | Lamp Watts | # of Lamps| Input Watts| # Used | Total Wattage
A 28 1 28 63 1764
C 20 1 20 2 40
D 39 1 39 111 4329
Total Wattage (W) 6133
Total Area (ft?) 8400
Power Density (W/ft?) 0.73
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Light Loss Factors

Several Light Loss Factors that pertain to the Lobby Atrium are the Ballast Factors, Lamp Lumen

Depreciation Factor, Room Surface Dirt Depreciation Factor, and the Luminaire Surface Depreciation.

Lobby Atrium Light Loss Factors

Fixture | Ballast Factor LLD RSDD LSD LLF
A 0.98 0.95 0.89 0.88 0.73
C 1.05 0.95 0.89 0.88 0.78
D 1 0.91 0.89 0.88 0.72

These final numbers will be applied in the Lightscape Software program when the renclerings for the new

design are completed.

Lighting Analusis

A complete Lighting Analysis for the space has been made using the AutoDesk Lightscape program.

Several renderings of the redesigned AstroPower Lobby Atrium are presented below:

View from entering Front Door
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View of Front Door




AstroPower Headquarters Steve Neimeister
Newark, Delaware
Architectural Engineering Senior Thesis Portfolio

View of Center Skylight
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View of ceiling

Railing with Blue LED. lights

View from balcom] level
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[luminance Renclerings

llluminance [Ix]
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Qpen Office Space

Design Criteria
The Open Office Area on the second floor has specific design criteria relating to the space. The

appearance of space and luminaires is very important in an area like this. Direct 8lare can also be a pro]alem on
both the work planes and Computer Monitors, or VDT's, so the effects the fixtures have on these items also should be
put into consideration. The new lighting design should also reflect an emphasis on adequate light levels without
shadowing. The partitions in the space should also be taken into consideration, as they are very important for

luminaire placement. With these design criteria in mind, a redesign was developed for the Open Office space.
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Design Schematic I — Direct/Indirect Fixture Approach

The existing space only has two-by-four troffers arranged over top of the octagonal shaped cubicles. A

rendered image of the existing area is shown below to the right:

The idea for the redesign is to create a more visually interesting space. In addition to this, color will also be
added to bring the theme of the outdoors into the space, and to mirror the glass wall on the east side of the building,
along with the skylights over top of the atrium space located to the left. Each cubicle will feature a hanging
pendant, with fluorescent clownlight and blue LED. uplights. The uplights will provide an “air-like” atmosphere

when being viewed from other areas.

In addition to the hanging fluorescent fixtures, fluorescent downlights will be placed in walking areas
between cubicles, where seeing others might be important. With these basic luminaires, a clean design will be
established, creating an environment that is visually attractive while maintaining a low power density, keeping the

concept of green design throughout the space.
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New Lighting Equipment

For the hanging fluorescent fixtures, the Orgatech LightStar LED. will be used. The lamp that will be in
this fixture is a Philips ALTO® SILHOUETTE™ High Output Programmed Start TD Miniature Bipin Fluorescent
Lamp. It is a D4-watt bulb, with a Color Rendering Index of 83. The ballast to be used is the Advance ICN-2554-
90C@277, with a voltage of 277 volts, 50,/60 Hertz frequency, 4 watts, a ballast factor of 1.02, and a power factor
of 0.96.

For the downlights, the Frco Lightcast Downlight will be used. The lamp that will be in this fixture is a
Philips TC-TEL 18 WGx24¢-2 compact fluorescent lamp. It is an 18-watt bulb, with a Color Rendering Index of 82.
The ballast to be used is the Advance ICE-2S18-M1-BS@277V, with a voltage of 277 volts, 50/60 Hertz
frequency, 20 watts, a ballast factor of 1.0D, and a power factor of 0.97 (Spec sheets for all the equipment mentioned

above can be found in the Appendix).

Control Zones
The portion of the Open Office area that is represented in this analysis will be one control zone. The
Fluorescent downlights will be on one circuit, the downlights in the aisles will be on another. There will be two sets
of switches located near the north and south sides of the space. Fach zone will feature motion sensors, to
automatically turn off the lights if the space is unoccupied. There will also be dimmers on the switches to

compensate for the amount of natural daylight in the space. A complex Control System will not be required.
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Reflected Ceilin‘q Plan

Fixture Description Fixture Type | Lamp Type | Lamp Watts | CRI] Ballast Watts | Ballast PF
C Erco LC Downlight Direct Comp. Fluor. 20 82 20 1.05
F Orgatech LightStar LED Direct/Indirect| Fluor./LED 54 N/A 54 1.02
POWQI Summarq

After the layout of the new fixtures was determined, a power summary could be put together. Having 10

fluorescent lamps and ballasts over the cubicles, and 8] downlights and ballasts, a power density of 096 W /42 was
computed. According to the ASHRAE,/IESNA Standard 901, the recommended power density is 1D W/42. Thisis

a tremendous improvement for the electrical system load.

Open Office Lighting System - Schemaitic |
Fixture | Lamp Watts | # of Lamps| Input Watts| # Used | Total Wattage
C 20 1 20 9 180
F 54 2 54 10 1080
Total Wattage (W) 1260
Total Area (ft?) 1320
Power Density (W/ft2) 0.96
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Light Loss Factors

Several Light Loss Factors that pertain to the Conference Room are the Ballast Factors, Lamp Lumen

Depreciation Factor, Room Surface Dirt Depreciation Factor, and the Luminaire Surface Depreciation.

Open Office Schematic | Light Loss Factors

Fixture | Ballast Factor LLD RSDD LSD LLF
C 1.05 0.95 0.89 0.88 0.78
E 1.02 0.95 0.88 0.87 0.74

These final numbers will be applied in the Lightscape Software program when the renderings for the new

design are completed.

Lightinfi Analusis

A complete Lighting Analysis for the space has been made using the AutoDesk Lightscape and Adobe

Photoshop programs. Several renderings of the redesigned AstroPower Conference Room are presented below:

(A cloud-like image was added to where the Orgatech Luminaires will be hanging)
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Even light distribution on the work surface with no shadows
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INluminance Rendeying
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Design Schematic Il = Direct Fixture Approach

For an alternative approach to lighting the Open Office Area, a direct lighting design will be used. A
more visually interesting could be achieved using pendant downlight fixtures, however the price and function
ability is not appropriate for an Open Office area. In addition, direct color on the work surface would also be
inappropriate for the work environment. Therefore, the second lighting design will feature stronger fluorescent
downlights overtop of the hexagonal cubicles. Once again in the walkways the regular fluorescent downlights will
be used to provide ample lighting for walking. The clean design of these fixtures will be consistent with the rest of
the new lighting scheme. The power density will also remain low with the usage of fluorescent lamps, keeping the

concept of green design throughout the space.

New Lightin,d, Equipment

For the walkway downlights, the Erco Lightcast Downlight will be used. The lamp that will be in this
fixture is a Philips TC-TEL 18 WGx244-2 compact fluorescent lamp. It is an 18-watt bulb, with a Color Rendering
Index of 82. The ballast to be used is the Advance ICE-2S18-M1-BS@277V, with a voltage of 277 volts, 50,/60
Hertz frequency, 20 watts, a ballast factor of 10D, and a power factor of 0.97.

For the downlights over the work stations, the Frco Lightcast Downlight will also be used, however in a
larger size. The lamp that will be in this fixture is a Philips PL-T Triple 4-Pin Fluorescent Lamp. It is a 32-watt bulb,
with a Color Rendering Index of 82. The ballast to be used is the Advance ICE-2526-HI-LD@277V, with a
voltage of 277 volts, D0,/60 Hertz frequency, 32 watts, a ballast factor of 098, and a power factor of 098 (Spec

sheets for all the equipment mentioned above can be found in the Appenclix).

Control Zones
The portion of the Open Office area that is represented in this analysis will be one control zone. The
stronger Fluorescent downlights over the cubicles will be on one circuit, the smaller downlights in the aisles will be
on another. There will be two sets of switches located near the north and south sides of the space. Each zone will
feature motion sensors, to automatically turn off the lights if the space is unoccupied. There will also be dimmers on
the switches to compensate for the amount of natural daylight in the space. A complex Control System will not be

requirecl.

45




Steve Neimeister

1March 2004

AstroPower Headquarters
Newark, Delaware

Senior Thesis Presentation

Reflected Ceiling Plan

Fixture Description Fixture Type | Lamp Type | Lamp Watts | CRI| Ballast Watts | Ballast PF
C Erco LC Downlight Direct Comp. Fluor. 20 82 20 1.05
G Erco LC Downlight - Large Direct Comp. Fluor. 32 82 32 0.98
Power Summarq

After the layout of the new fixtures was determined, a power summary could be put together. Having 14
walkway fluorescent downlights and ballasts, along with 22 work surface fluorescent downlights and ballasts, a
power density of 12OW /2 was computed. According to the ASHRAE/IESNA Standard 901, the recommended
power density is 1D W/H#2 Although this is an improvement from the existing design, it is still far from the power

density achieved by using the Direct/Indirect system.

Open Office Lighting System - Schematic Il
Fixture [ Lamp Watts | # of Lamps| Input Watts| # Used | Total Wattage
C 20 1 20 14 280
G 32 2 68 22 1496
Total Wattage (W) 1776
Total Area (ft?) 1320
Power Density (W/ft?) 1.35
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Light Loss Factors

Several Light Loss Factors that pertain to the Open Office Area are the Ballast Factors, Lamp Lumen

Depreciation Factor, Room Surface Dirt Depreciation Factor, and the Luminaire Surface Depreciation.

Open Office Schematic Il Light Loss Factors

Fixture | Ballast Factor LLD RSDD LSD LLF
C 1.05 0.95 0.89 0.88 0.78
G 0.98 0.95 0.89 0.88 0.73

These final numbers will be applied in the Lightscape Software Program when the renderings for the new

design are completed.

Lighting Analysis

A complete Lighting Analysis for the space has been made using the AutoDesk Lightscape program.
Several renderings of the redesigned AstroPower Open Office Area are presented below:

(A view of the Open Office area {acing west)
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(A view of the Open Office facing the east glass facade wall)

(An illuminated work sur{ace)
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Nluminance Rendeying
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Su stem Comparisons

After inspecting the results of the first Design Schematic with the second Design Schematic, a final
recommendation has been developed. In addition to the fact that the power density is lower, it meets all of the
design criteria, including the usage of color and visually interesting luminaires and the illuminances values are
higher on the work surface, the first Design Schematic (Indirect/Direct fixtures) is clearly the way to go with the

reclesign.
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Front Entranceway

Design Criteria

The Front Entranceway has very specific design criteria when a new lighting design is developed. It is
important that the luminaires are visually appealing to those who enter, along with the color of the lamps and the
color contrast. It is also important to not have light pollution, but to light the space adequately enough so that
people and their faces are easily seen without shadows or glare. To incorporate the design of the interior with the
exterior is a challenging task, but one that can be accomplished. With these criteria in mind, a redesign was

developed for the Front Entranceway.
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Design Schematic

The existing space has four two-by-two troffers arranged over the front canopy entranceway.

AN IR

The idea for the redesign is to make the area stand out dramatically from far away. It is to invite people in
to the building, making it a place they would go to even if they did not need to. The exterior of the building is
covered with the blue// green solar panels, and a blue tinted glass on all other places. With an abundance of light

shining on the surface, a blue reflection appears. This will keep the design continuous with the rest of the building.

To achieve these ideas, soft fluorescent downlights will be added in abundance. Due to the low power

requirements, more can be added at the entranceway., for an outcome like the one in the picture below.
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New Lightinﬁ, Equipment

The downlights that are to be used are the Frco Lightcast Downlight for Outdoors. The lamp for these
fixtures is the Philips PL-T Triple 4-Pin Compact Fluorescent Lamp. It is an 18-watt bulb, with a Color Rendering
Index of 82. The ballast to be used with this luminaire is the Advance ICE-2S18-HI-LD@277V, with a voltage of
277 volts, 50,/60 Hertz frequency, 20-watts, a ballast factor of 1.0D, and a power factor of 0.97.

Control Zones
The Front Entranceway will feature a Control System that has several different functions. Three
predefined settings will be automatically set for the Entranceway; the first will be Evening/ Nighttime
Environment, where all of lights will be on at full strength. The second will be Early Morning, to be used when the
building is unoccupied. It will dim the lights to a level that is still bright enough to maintain visual acuity when
coming and going from the building, but the “awe’ that is created from full strength is not necessary when the
building is empty. The third is manual control, where the lights can be turned on or off, at any strength desired by

the building occupant. With these control options, saving on electricity will be easier for the AstroPower Company.

Reflected Ceilinfi Plan

Fixture Description Fixture Type | Lamp Type | Lamp Watts | CRI| Ballast Watts | Ballast PF
H Erco Lightcast Downlight Direct Comp. Fluor. 18 82 20 1.05
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Power Summary
After the layout of the new fixtures was determined, a power summary could be put together. Having 16
fluorescent downlights and ballasts, a power density of 10.01 W/ linear foot was computed. According to the
ASHRAE/IESNA Standard 901, the recommended power density is 2D W/ linear foot. This is still a tremendous

improvement from the existing design.

Front Entranceway Lighting System

Fixture | Lamp Watts | # of Lamps| Input Watts| # Used | Total Wattage
H 18 1 20 16 320
Total Wattage (W) 320

Total Linear Feet (ft) 31.95

Power Density (W/In.ft) 10.01

Light Loss Factors

Several Light Loss Factors that pertain to the Conference Room are the Ballast Factors, Lamp Lumen

Depreciation Factor, Room Surface Dirt Depreciation Factor, and the Luminaire Surface Depreciation.

Front Entranceway Light Loss Factors
Fixture | Ballast Factor LLD RSDD LSD LLF
H 1.05 0.95 0.9 0.92 0.83
Lightinﬁ, Analusis

Although the Front Entranceway was not rendered in a computer program such as AutoDesk Lightscape,
however the new design is considered to be successtul. With the addition of many fixtures, while maintaining a

minimal power density, the new design will surely draw attention to the space while providing ample light for those

entering and exiting.
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Electrical Analg sis

The AstroPower Headquarters building was constructed a few years ago to act as both a Headquarters and
to be a display of what the product they manufacture can accomplish when put to work. The building features both
office and manufacturing areas, requiring ample power in both spaces to attend to the research and professional
sides of their corporation. The electrical system for a building like this must be designed to suit the use of the
building, and also be able to provide flexibility for future additions the building might encounter. This report will go
into the different aspects of the existing electrical system while providing information related to power usage,

power distribution throughout the building, and other electrical load calculations.
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Part - Single Line Diagram
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(A magnified version of the Single Line Diagram can be found in the Appenclix)
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Part Il - Flectrical Systems Existing Conditions
The following is a compilation of information pertaining to the building electrical system that currently

exists in the AstroPower Headquarters building.

System Type

The AstroPower Headqguarters building features a Load-center system using radial-type circuit
arrangement. This design allows the power to be distributed at the highest economical voltage level to areas of
concentrated load where the voltage is transferred down to the utilization level. The utilization equipment is then
supplied using relatively short low-voltage feeders.

The load-center type of distribution has been made possible by the development of drytype medium-
voltage switchgear and transformers that do not require expensive fireproof vaults and by the development of
lower-cost medium-voltage feeder cables. The primary distribution switchgear is the metal-clad type using

medium-~voltage air circuit breakers.

Building Utilization Voltage
Incoming electrical power is provided at 12kV, which is then transferred into 480Y/27TV to be
distributed to the different distribution panels and air handling units for the lighting and mechanical systems. The

lines are transterred again into IQO/ 208V for receptacles and other power loads.

Transformer Con{iguration

All transformers used in the electrical distribution system are dry energy saving units square ‘D" T5HB
series. The
transformers convert
three phase, three
wire 4060 volt delta
primary to  three
phase, four wire
208,/120V  grounded
wye secondary. The

tYélIlS{OYl‘l’leYS dlSO have

a 220° insulation and

o
80" rise temperature

rating, with 2 % % FCAN and 4 - 2% % FCBN taps. For the computer distribution panels the TC-1 transformers

are used. They are K-rated, electrostatically shielded, square D and Class 7400.
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Emergency Power Systems
Emergency power in the AstroPower Headquarters is provided by a Diesel Emergency Generator located
outside the building. It is underneath a weatherproof enclosure and on top of a concrete pad. The generator is a
480/277V three phase, four wire system that provides 200 kilowatts of power. When the Emergency Generator is
not in use, the Emergencq Distribution panel is powered by a line coming in from the Main Distribution Board.
Upon power shut down, a three pole transfer switch connects to the generator providing 600 volts to the Emergency
Distribution panel. This panel is equipped with 120/208V, three phase four wire connections to power the

emergency lighting, exhaust fans, and other equipment located in the building.

Over-current Protective Devices

The AstroPower Headquarters uses several measures for over-current protection. After the transformer
steps down the power from 12 kV to 480/ TV, circuit breakers are located on each line out to the individual
distribution panels. On the main distribution ]ooayd, the circuit breakers are listed as three pole 80, 1?5, c.200, 295,
400, or 600 amp circuit breakers. On the computer distribution panels, three pole 200 amp and 40 amp circuit
breakers are used. On the main distribution panels, three pole 100 amp circuit breakers are used. Finally, the
emergency distribution panel uses three pole 100 amp circuit breakers.

The air handling units are equipped with fuses and fused switches. They lead off the main distribution
board with three pole 225 amps circuit breakers. There are a total of seven air handling units.

Finally, off of the main distribution board and the two computer distribution panels there are Libert
Interceptor series transient voltage surge suppressors. They lead off the main lines with three pole 40 amp circuit

breakers. With these protective devices, any type of damage will hopefully be prevented.

Location of Electrical Rooms and Equipment

A main electrical room, number 194, is located between columns L and M and line six, on the first floor in
the office area. It is approximately twenty feet deep by eight feet wide. The room has the following panels and
equipment: two 1D0kVA transformers, a security panel, and emergency distribution panel, a fire alarm panel, a
600A transfer switch, along with the panels IEM1, IEM2, 1CP1, 1CP2, ICP3, IRP1, IRP2, IRP5, MDP1, ILP1, and CDP.

A secondary electrical room, number 174, is located between columns K and L and line three, on the first
floor in the office area. It is approximately ten feet deep by six feet wide. The room has the following panels: 1LP2,
IRP4, IRP), IRPG6, ICP4, 1CP3, 1ICP6, IEM3.

Another main electrical room, number 244, is located between columns L. and M and line six, on the second

floor in the office area. It is approximately sixteen feel deep by cight feet wide. The room has the following panels

and eqguipment: two 150k VA transformers, along with panels 2EMI, 2EM2, 2CP1, 2CP2, 2CP3, CDP2, 2RP1, 2RP2,
2RP3,MDP2, and 2LP1L.
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Another seconclarg electrical room, number (27(2, is located between columns K and L and line three, on the

second floor in the office area. It is approximately ten feet deep by six feet wide. The room has the following panels:

2LP2, 2RP4, 2RP), 2RP6, 2CP4, 2CP), 2CP6, and 2EM3.

Typical Lighting Systems
The lighting used in the AstroPower Headquarters is categorized as being fluorescent and LED. All
fluorescent and LED. fixtures in the building are to have an input of 277V and a frequency of 60 Hz. The THD shall
be less than 20% for the main lamp design, and the Lamp Current Crest factor shall not exceed 17. The power

factor must be greater than 98%, but for most lamps is assumed to be 1.0. For the fluorescent fixtures, the ballasts

must be CSA approved and UL listed class P.

Important Design Requirements
Since two of the four electrical panels feed the computer areas, a Leibert Interceptor Series transient
voltage surge suppressor is connected. There is also one off the main line on the main distribution board after the

transformer steps down the 12kV line in. There are also four additional transformers from the main distribution

board to the four other panels that step down the voltage from 150 kVA 480V to 208Y/120V.
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Steve Neimeister

Part IIl - Lighting and Mechanical Systems Information

The following tables list the primary lamps and ballasts that are used in the AstroPower Headquarters

l‘)uildingz
Lamps
Fixture] Manufacturer Model Feature Watts| Bulb] Base JCRI] CCT |Des. Lumens] Init. Lumens
A Philips Lighting SILHOUTTE™ Programmed Start T5 Miniature Bipin Fluorescent Lamps | 28 T5 | Min. Bipin| 85 [4100 K 2750 2900
B Philips Lighting SILHOUTTE™ High Output Prog. Start T5 Miniature Bipin Fluorescent Lamps [ 24 | T5 [ Min. Bipin| 85 |4100 K 1895 2000
C Philips Lighting PL-T Triple 4-Pin Fluorescent Lamp ALTO® Lamp Technology 18 |PL-T| GX24qg-2 | 82 |4100 K 1020 1200
D Philips Lighting MasterColor® Tubular Single-Ended T-4 Lifetime Color Stability 39 | T4 G8.5 |N/A| N/A 2640 3300
E Philips Lighting PL-T Triple 4-Pin Fluorescent Lamp ALTO® Lamp Technology 26 |PL-T| GX24g-3 | 82 |4100 K 1530 1800
F Philips Lighting | ALTO® SILHOUTTE™ High Output Prog. Start | T5 Miniature Bipin Fluorescent Lamps [ 54 | T5 [ Min. Bipin| 85 | 4100 K 4750 5000
G Philips Lighting PL-T Triple 4-Pin Fluorescent Lamp ALTO® Lamp Technology 32 |PL-T| GX24g-3 | 82 |4100 K 2040 2400
H Philips Lighting PL-T Triple 4-Pin Fluorescent Lamp ALTO® Outdoor Lamp Technology 18 |PL-T| GX24q-2 | 82 | 4100 K 1020 1200
Ballasts
Fixture | Manufacturer Model Brand Name Type Starting Method | Volts | Frequency | Input Power | Ballast Factor | Power Factor
A Advance VCN-132-MC CENTIUM Electronic Instant Start 277 60 30 W 0.98 0.99
B Advance ICN-2S24@277V CENTIUM Electronic Prog. Start 277 50/60 52 W 1 0.98
C Advance ICF-2518-M1-BS@277 | ADVANCE CFL | Electronic Prog. Start 120-277 50/60 20 W 1.05 0.98
D N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
E Advance ICF-2526-H1-LD@120 | ADVANCE CFL [ Electronic Prog. Start 120-277 50/60 29 W 11 0.98
F Advance ICN-2S54-90C@277 CENTIUM Electronic Prog. Start 277 50/60 62 W 1.02 0.98
G Advance ICF-2524-M2-BS@120 | ADVANCE CFL | Electronic Prog. Start 120-277 50/60 68 W 0.98 0.98
H Advance ICF-2S18-H1-LD@120 | ADVANCE CFL | Electronic Prog. Start 120-277 50/60 20W 1.05 0.98
The following tables list the mechanical equipment that is used in the AstroPower Headqguarters building;
Roof Top Units
Net Cooling Mixed Air NetHeating
ngbnl Desc[ipl:incu Tot CEM | Min O.A CPM Capacitg Ent. Capacitl] (MBH) Capacitg Power
AmhDB Temp WE. Tot Sens. i Aj.rTem].a I.uput [MBH] O‘u.tput {MBH} V/PH/’Hi
RTU-1| 1FlPerim. | 12000 1020 a3 53 301 228 G035 200 240 460,/3/60
ETU-2| IFNerth | 12000 1520 83 645 360 292 668 500 170 460,/3/80
FTU-3| SF1Merth | 15,000 1520 a3 G4 1 436 305 688 850 o156 460,/3,/60
ETU-4| SFlScuth | 15000 1520 83 G41 436 205 588 850 216 460,/3/60
FTU-5| 1FScuth 12,000 1520 Q3 G415 360 209 668 500 170 460,/3/60
ETU-G| ©FPerim | 14000 1020 93 039 435 205 0.3 500 204 460,380
ETU-T | AirHazd Unis| 30000 7500 a3 675 920 465 2565 - 410 460,/3/60
FTU-8 | Air Haed Umse| 30000 7500 83 G615 920 465 25635 - 410 460,/3/80
FTU-0 | firHaed Uaie| 30000 7500 a3 675 920 405 5635 - 410 460,/3/80
BTU-10] Ai Haod Uait| 30000 7,200 o3 o) 220 405 203 - 410 460,/3/80
RTU-I | fir Haed Uaie| 30000 7500 a3 675 920 405 5635 - 410 460,/3/80
FTU-19| Air Haod Uit | 30000 7200 a3 o) 920 405 203 - 410 460,/3/80
RTU-13] Air Haed Umie| 30000 7500 o3 G615 920 465 2635 - 410 460,/3/80
RTU-14] Air Hand Unse| 30000 7200 o5 675 G20 405 3635 - 410 460,/3/60
Symbel Basis
ﬁl-i T]'al:eSﬁ'E‘C-‘iOP_ 40 ton nom.
RTU-2 Trane SFHECACP, 40 ton nom.
RTU-3 Trane SFHEC4CF, 40 ton nom.
RTU-4 Trane SFHECACP, 40 ton nom.
RTU-S Trane SFHECACP, 40 ton nom.
RTU-G Trane SFHEC4OF, 40 ton nom.
RTU-T Trane SFHECTOP, 75 ton nom.
RTU-8& Trane SFHECTSP, 75 ton nom.
RTU-O Trane SFHECTSP, 75 ton nom.
RTU-10 Trane SFHFCTSF, 75 ton nom.
RTU-11 Trane SFHFCTSP, 75 ton nom.
RTU-12 Trane SFHFCTSF, 75 ton nom.
RTU-13 Trane SFHFCTSP, 75 ton nom.
RTU-14 Trane SFHFCTSP, 70 ton nom.
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Exhaust Fans
Symbel | Description | Location | CEM |ESE. | Fan REM | Motor HE. | Sones V/PH/HE Basis
EF-1 1Fl. Core Roof 1800 is 1445 1 139 938,"3,’f60 FPenn Ventilator Domex DX14B

EF-2 9F] Core Roof 1000
EF-2 | Machine Rm Roof 400
EE—"I' Flec. RM3 Foof 400
EE-5 Elec. RMS Roof 400

05 26 938_}"2‘,"’"50 FPenn Ventilator Domex DXIIB
025 a1 115;”1:‘4’60 Penn Ventilator Domex DXIIB
025 a1 115;"’1:"60 Penn Ventilator Domex DXIIB
025 a1 115;”1.-‘4’60 Penn Ventilator Dome= DXIIB
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Part IV - Building Load Calculations

The total building loads were tabulated for the AstroPower Headquarters building. Listed below are the
total loads from the lighting and receptacle load. The mechanical load has not been included in the final building

total.

Receptacle Load

Location Square Feet | Number of Receptacles
Warehouse 100,909 2019
Office ~F1.1 29,645 293
Office -F1.2 29565 589
Total Number of Receptacles 3201
=180 VA /Rece]nacle = =180
Receptacle Load (VA) 576,180
First 10,000 VA a1 100% 10,000
Remaiuil.qj 566,180 at 50% ‘28:).090
TOTAL Com]:lui‘e(l Load (V’A} (29:).0 90
(kVA) 293.09

Total Receptacle Load = 203,090 =295.05kVA

Lighting Load
Data taken from NEC 2002 Table 220-3(a) General Lighting Load by occupancy:
Wayehouse/ Manu{acturingt 100,909 #t2x2VA= 201,818 VA
Office Area: 59,208 1.7 x 37 VA = 207,228 VA

Total Lighting Load = 400,046 VA =400.046 kVA

Demand Factor

Data taken from NEC 2002 Table 220-11 Lighting Load Demand Factors:
All Others - Total volt-amperes = 100%

Total Building Load (for Lighting and Receptacles)
The total building load for Lighting and Receptacles (exclucling Mechanical) is T02136 kVA.
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Telecommunications Sg stem Design

The AstroPower Headquarters represents the advancement of solar design in our world today. The
building itself is an example of this. A Headqguarters this dedicated to moving into the future should have a
Telecommunications system just as advanced. A new Telecommunications system has been developed for the
AstroPower Headguarters.

The new design will feature the addition of two new rooms to the building. On the first floor, a 16-8" by 8-
6" room will be built off of the existing electrical room in the northwestern part of the building. The second floor
room will be directly above the first floor room. It will measure 16-8" by 17-2" and is located directly off the

existing electrical closet on the second floor. It is also located in the northwestern part of the building.

Telecommunications Rooms

The second floor telecommunications room, which will double as the lauilding‘s Data Center, will contain
all file servers, PBX, main UPS, OCTEL, and all related peripherals associated with the successful operation of the
firm's technology needs. All cable distribution will originate in the new room, with a significant amount of fiber
cable to be installed in accordance with infrastructure design. The new room will be constructed on a raised access
floor. The floor will have a slab to tile depth of 127, All power and HVAC distribution will be accommodated
within the cavity of the new floor. Communications cable requirements for the room will be routed overhead via an
overhead ladder rack/cable tray system. Cabinet cables (fiber and copper) for both the data and voice systems, as
well as riser and backbone cables will utilize this overhead system.

Power and HVAC for the room will be provided using the existing systems that are already in place in the
AstroPower Headquarters. A pre-action fire suppression system will be installed in the new room. Access to the
room will be controlled using the existing pass card security system already implemented in the lauilding.

There will be no ceiling in the room, with the under slab surface from the second floor repaired, sealed, and
painted according to the firm’s preferences. Leak detection and grounding will be provided under the floor, with
grounding also provided to all cabinets.

The room will be constructed to house only elements of the technology infrastructure. An estimated five
new cabinets will be installed to house servers. They will measure approximately 24" wide, 42" deep, and seven
feet tall. The telephone switch (PBX) will be relocated into the room as well. The Configuration of the moved switch
will require two individual spaces within the room. PBX connections to the service provider network(s) as well as to
the individual work area outlets will occur at the Voice Main Distribution Facility. A new Local Area Network
system will also be installed. The LAN will consist of core equipment servicing all of the file, print, and applications
servers via the Data Main Distribution Facility. In addition, all work area outlets will be connected to the LAN via
individual fiber connections collapsed into the Data Center. All LAN equipment will be mounted using open
frame racks rather than cabinets. A new Kegboard/ Mouse/ Monitor, or KVM, will be installed which will also

interface with the cabinets and servers using the Data Main Distribution Facility at the cross connection point. The
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KVM hardware will be located with the core LAN switching equipment. Other equipment to be added to the room
will be relocated from the existing network.

The first floor telecommunications room is intended to be used strictly for passive connectivity between the
horizontal (Work Avea Outlet) system and the vertical (riser/ back]oone) system. The room will consist of a riser up
to the second level. There will also be a ladder rack/cable tray system implemented in the room from the riser to
the free standing rack. The room will mirror the characteristics of the second floor telecommunications room, in

exception of the raised floor system.

Vertical Subsg stem

The vertical component of the cable infrastructure will consist of high pair count copper cables for the
voice requirements, and high fiber count backbone cables for the data requirements. All vertical subsystem
component cables will originate in the second floor Telecommunications Room and extend to the first floor
Telecommunications Room below.

The voice riser cable system consists of multiple 300 pair high pair count copper cables. Cable sizing has
been developed based on input from the AstroPower Voice Technology staff. All cable used as riser cable will meet
or exceed Category 3 performance standards.

The Voice Main Distribution Facility will consist of wall mounted BIX style termination blocks arranged in
order by floor and PBX Peripheral Equipment Cabinet. Riser cables will be terminated on separate and separated
block fields within the Voice Main Distribution Facility.

Riser cables will be terminated on separate 300 pair block assemblies in the telecommunications rooms.
Theg will be wall mounted. Each pair of riser cable will be color coded and identified. Color cocling will utilize
standard communications coding schedule within individual 25 pair binder groups. Pair identification will consist
of floor number-serial number (ex. 01-001, 01-002W for wall phones). Specific pair usage will be defined for the
riser cables. Fach work area outlet will have two individual cross connections installed in the telecommunications
room from the voice cable to pairs on the riser cable.

The system is also implemented with significant expansion possibilities in place.

Data System
The data backbone system will consist of multiple 144 strand, D0 micron, laser optimized, multi-mode fiber
cables. Cable size to each individual floor has been developed to provide adequate day one connectivity,
reasonable expansion provisions, maximum utilization of standard accessories and termination equipment, and
economical practice to minimize costs.
Each data connection will require use of two individual fiber optic stands. Adequate fiber stands will be
installed to support minimally 1 connection to every work area outlet on each floor with a minimum of 100%

expansion. The fiber optic racks in the Data Center will support multiple fiber optic termination cabinets.
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Horizontal Subsystem
The horizontal subsystem of the Infrastructure consists of the cables originating in the telecommunications
rooms and extending to the individual Work Area Outlet. Two individual style Work Area Outlets have been
designed for the AstroPower Headquarters:
Full Compliment
Wall Phone
Full compliment Work Area Outlet locations will be furnished with both a copper complement (2 cables)
and a Fiber component (4 strands). Wall phone locations will be furnished with just the copper component of the

system.

Copper Component

The copper component of the horizontal subsystem will consist of two individual, Categorg 6 compliant,
plenum rated, 4 pair cables. Copper cables will extend to the Work Area Outlet locations to be detailed on the
drawings. Within the telecommunications room, each individual copper cable will be fully terminated using BIX
style punch down blocks designated to provide Category 0 performance characteristics both at the cable level as
well as at the cross connection level. Each of the two cables will be uniguely colored. Each cable will be fully
terminated at the Work Area Outlet.

Cable I will be terminated in a split fashion using two individual 6-position jacks, each jack having 2 of
the 4 cable pairs terminated. Terminations at each jack will utilize USOC termination schemes. Cable 2 will be

terminated using a single, 8~postion, modulay, Categoyg 6 compliant connector. Termination at the jack will utilize

EIA /TIA 568-B termination schemes. Each cable installed will be identified at the jacket with the number of the
Work Area Outlet it is installed to.
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First Floor — Telecommunications Technology Infrastructure Plan

Existing Electical Room —_|
New TELECOMM. EOCH

Idatch Line

Iatch Line

(An en]argecl version of this plau can be viewed in the Appendix)
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Second Floor — Telecommunications Technology Infrastructure Plan

Ezisting Electical Room -
New TELECCh{M. ROO!

IMatch Line

Ilatch Line

= N/

(An en]argecl version of this plau can be viewed in the Appendix)
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Telecommunications Room Plan — First Floor
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Telecommunications Room Flevation — First Floor
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Telecommunications Room Plan — Second Floor
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Telecommunications Room Flevation — Second Floor - West Wall
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Telecommunications Room Flevation — Second Floor — Fast Wall
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Telecommunications Room — Typical Rack Detail

Cahble harnesses are to be installed from the ports of the switch to the wall field and
terminated on the blocks for cross connection to the Data workarea cahle.

Each hamess shall consist of six (8) category 5 cable, each cahle numbered 1 thru 8, with
apprapriate colored boot cavering the & position modular jack.

Each cable colar shall be used with each boot color in order. That is, harness 1 will cansist
aof si% blue cables with white boots; harness 2 will consist of six orange calles with white
boots; harmess 3 will consist of six green cables with white boots, hamess 4 will consist of six
brown {or alternately grey) cables with white boots; harness & will consist of six blue cables
with red boots, etc.

A minirnum of ninety six cables shall be installed from the switch ports to the wall field

All hamesses shall be separately bundled, neatly routed, and able to be plugged into the
switch eguipment furnished and installed by others.

Each hamess shall be terminated in order on a single row of the 110 blocks on the wall field.

Specific orientation and position of harnesses to be dependant on electronics to be installed

Cahle Colars Boat Colors
Elue White
Orange Red
Green Black
Brown (Grey) ¥ ellow
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Telecommunications Riser Diagram
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LEFD Building Analysis

The concept of Green Building design is the future of design and construction. LEED, or Leadership in
Energy and Environmental Design, has composed a checklist of guidelines and restrictions that are applied to new
buildings in order receive the honor of being a Green Building.

The pre-certification estimates range from Certified, which is 26 — 32 points; Silver, which is 33 - 58
points; Golcl, which is 39 - 51 points; and Platinum, which is 52_-69 points.

By using the US. Green Building Council, Leadership in Energy and Environmental Design Green
Building Rating System for New Construction and Major Renovations, (LEED-NC) Version 21, November 2002, an
analysis of the AstroPower Headqguarters was completed. This report will show the outcome of this analysis, what
sections AstroPower received points for, what sections they did not receive points for, and different ways to improve

their current rating.
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@ L E E D Version 2.1 Registered Project Checklist

LEADERSHIF IN ENERGY & ENVIRONMENTAL DESIGN

COTNE

AstroPower Headquarters
Newark, Delaware

? No
. Sustainable Sites 14 Points

Yes

Prereq1 Erosion & Sedimentation Control Required
1 Credit1  Site Selection
1 Credit2  Urban Redevelopment
1] Credit3 Brownfield Redevelopment
1 Credit4.1 Alternative Transportation, Public Transportation Access
1 Credit4.2 Alternative Transportation, Bicycle Storage & Changing Rooms

1| Credit4.3 Alternative Transportation, Alternative Fuel Vehicles

Credit4.4 Alternative Transportation, Parking Capacity and Carpooling
Credit 5.1 Reduced Site Disturbance, Protect or Restore Open Space

Credit 5.2 Reduced Site Disturbance, Development Footprint

Credit6.1 Stormwater Management, Rate and Quantity

1| Credit6.2 Stormwater Management, Treatment

1 Credit7.1 Landscape & Exterior Design to Reduce Heat Islands, Non-Roof
1| Credit72 Landscape & Exterior Desigh to Reduce Heat Islands, Roof

1 Credit8  Light Pollution Reduction

R

RGP U UL U UL G G U U (U U U U UL G

Yes

? No

1| Credit1.1 Water Efficient Landscaping, Reduce by 50%

1| Credit1.2 Water Efficient Landscaping, No Potable Use or No Irrigation
1| Credit2 Innovative Wastewater Technologies

1 Credit 3.1 Water Use Reduction, 20% Reduction

1 Credit 3.2 Water Use Reduction, 30% Reduction

[ U U U Y

Yes ? No

.. Energy & Atmosphere 17 Points

Prereq 1 Fundamental Building Systems Commissioning Required
Prereq2 Minimum Energy Performance Required
Prereq3 CFC Reduction in HYAC&R Equipment Required
Credit1  Optimize Energy Performance 1t0 10

Credit2.1 Renewable Energy, 5%
Credit2.2 Renewable Energy, 10%
Credit2.3 Renewable Energy, 20%
Credit3  Additional Commissioning
Credit4  Ozone Depletion

Credit5 Measurement & Verification
Credité  Green Power

SN TS Y I [N T T [ (< < [=<

[N\ U Ul UL Ul UL G §
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Yes ? No

Prereq 1 Storage & Collection of Recyclables Required
1 Credit 1.1 Building Reuse, Maintain 75% of Existing Shell 1
1| Credit1.2 Building Reuse, Maintain 100% of Shell 1
1| Credit1.3 Building Reuse, Maintain 100% Shell & 50% Non-Shell 1
1| Credit21 Construction Waste Management, Divert 50% 1
1| Credit22 Construction Waste Management, Divert 75% 1
1 Credit 3.1 Resource Reuse, Specify 5% 1
1 Credit 3.2 Resource Reuse, Specify 10% 1
1| Credit41 Recycled Content, Specify 5% (post-consumer + %z post-industrial) 1
1| Credit42 Recycled Content, Specify 10% (post-consumer + %2 post-industrial) 1
1 Credit5.1 Local/Regional Materials, 20% Manufactured Locally 1
1 Credit 5.2 Local/Regional Materials, of 20% Above, 50% Harvested Locally 1
1| Credit6é Rapidly Renewable Materials 1
1| Credit7 Certified Wood 1

Yes ? No
I ndoor Environmental Quality 15 Points
Prereq1  Minimum IAQ Performance Required
Prereq2 Environmental Tobacco Smoke (ETS) Control Required

Credit1  Carbon Dioxide (CO, ) Monitoring 1

Credit2  Ventilation Effectiveness 1

1| Credit3.1 Construction IAQ Management Plan, During Construction 1

1 Credit 3.2 Construction IAQ Management Plan, Before Occupancy 1

1 Credit4.1 Low-Emitting Materials, Adhesives & Sealants 1

1 Credit4.2 Low-Emitting Materials, Paints 1

1 Credit4.3 Low-Emitting Materials, Carpet 1

1 Credit4.4 Low-Emitting Materials, Composite Wood & Agrifiber 1

1| Credit5 Indoor Chemical & Pollutant Source Control 1

1 Credit 6.1 Controllability of Systems, Perimeter 1

1 Credit6.2 Controllability of Systems, Non-Perimeter 1

1| Credit71 Thermal Comfort, Comply with ASHRAE 55-1992 1

1| Credit7.2 Thermal Comfort, Permanent Monitoring System 1

1 Credit8.1 Daylight & Views, Daylight 75% of Spaces 1

1 Credit8.2 Daylight & Views, Views for 90% of Spaces 1
Yes ? No

1| Credit1.1 Innovation in Design: Provide Specific Title 1

1| Credit1.2 Innovation in Design: Provide Specific Title 1

1| Credit1.3 Innovation in Design: Provide Specific Title 1

1| Credit14 Innovation in Design: Provide Specific Title 1

1 Credit2 LEED™ Accredited Professional 1
Yes ? No

. Project Totals (pre-certification estimates) 69 Points
Certified 26-32 points Silver 33-38 points Gold 39-51 points Platinum 52-69 points

(6
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Point Accumulation

The following is where the AstroPower Headguarters gained points in the pre~certification estimate:

Sustainable Sites
PreReql - Frosion & Sedimentation Control

Intent
Control erosion to reduce negative impacts on water and air quality.
Reguirements
Design a sediment and erosion control plan, specific to the site, that conforms to United States Environmental Protection Agency (EPA)
Document No. EPA 832/R-92-005 (Septembey 199?), Storm Water Management for Construction Activities, Chaptey 3,0OR local erosion
and sedimentation control standards and codes, whichever is more stringent. The plan shall meet the following objectives:

®Prevent loss of soil during construction by stormwater runoff and/orwind erosion, including protecting

topsoil ]3LJ stockpiliug for reuse.

®Prevent sedimentation of storm sewer or receiving streams.

oPrevent polluting the air with dust and particulate matter.

Credit 1 - Site Selection

Intent

Avoid development of inappropriate sites and reduce the environmental impact from the location of a builcling on asite.

Reguirements

Do not develop ]auilclings, roads or parking areas on portions of sites that meet any one of the following criteria:
®Prime farmland as defined by the United States Department of Agriculture in the United States Code of
Federal Regulations, Title 7, Volume 6, Parts 400 to 699, Section 6375 (citation 7CFR657.5).
®Land whose elevation is lower than D feet above the elevation of the 100~year flood as defined by the Federal Emergency
Managemeut Ageucg (FEMA)
®Land which is specifically identified as habitat for any species on Federal or State threatened or endangered lists.
o Within 100 feet of any water including wetlands as defined by United States Code of Federal Regulations 40 CFR, Parts 230~
253 and Part 22, and isolated wetlands or areas of special concern identified by state or local rule, OR greater than distances
given in state or local regulations as defined by local or state rule or law, whichever is more stringent.
®Land which prior to acquisition for the project was public parkland, unless land of equal or greater value as parkland is accepted
in trade bg the public landowner (Payk Authoyitg projects are exempt).

Credit 2 — Development Density

Intent

Channel development to urban areas with existing infrastructure, protect 8reen{ields and preserve habitat and natural resources.
Reguirements

Increase localized density to conform to existing or desired density goals ]JLJ utilizing sites that are located within an existing minimum
development density of 60,000 square feet per acre (two story downtown clevelopment).

Credit 4.1 - Alternative Transportation: Public Transportation Access

Intent

Reduce pollution and land development impacts from automobile use.

Reguirements

Locate project within 1/ 2 mile of a commuter rail, light rail or su]awag station or 1/ 4 mile of two or more pu]alic or campus bus lines usable ]31]
building occupants.

Credit 42 - Alternative Transportation

Bicg cle Stoyage & Changing Rooms

Intent

Reduce pollution and land development impacts from automobile use.

Reguirements

For commercial or institutional buildings, provide secure bicycle storage with convenient changing/ shower facilities (within 200 yards of the
]auilcling) for 9% or more of yegular ]auilding occupants. For residential l)uildiugs, provide covered storage facilities for securing ]aicg cles for
15% or more of building occupants in lieu of changing/ shower facilities.
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Credit 44 — Alternative Transportation: Parking Capacity

Intent

Reduce pollution and land clevelopment impacts from single occupancy vehicle use.

Requirements

Size parking capacity to meet, but not exceed, minimum local zoning requirements AND provide preferred payking for carpools or vanpools
capable of serving D% of the building occupants; OR add no new parking for rehabilitation projects AND provide preferred parking for
carpools or vanpools capable of serving 5% of the buildiug occupants.

Credit 51 - Reduced Site Disturbance: Protect or Restore Open Space

Intent

Conserve existing natural areas and restore damaged areas to provide habitat and promote biodiversitg.

Requirements

On greenfield sites, limit site disturbance including earthwork and clearing of vegetation to 40 feet beyond the building perimeter, D feet
beyond primary roadway curbs, walkways and main utility branch trenches, and 23 feet beyond constructed areas with permeable surfaces
(such as pervious paving areas, stormwater detention facilities and playing fields) that require additional staging areas in order to limit
compaction in the constructed area;

OR, on previously developed sites, restore a minimum of 90% of the site area (exclucling the building {ootpyint) by replacing impervious
surfaces with native or adapted vegetation.

Credit 52 - Reduced Site Disturbance: Development Footprint

Intent

Conserve existing natural areas and restore damaged areas to provide habitat and promote biodiversity.

Reguirements

Reduce the development footprint (defined as entire building footprint, access roads and payking) to exceed the local zoning's open space
requirement for the site by 25%. For areas with no local zoning requirements (e.g., some university campuses and military bases), clesignate
open space area adj acent to the building that is equal to the development footprint.

Credit 61 - Stormwater Management: Rate and Quantity

Intent

Limit disruption and pollution of natural water flows by managing stormwater runoff.

Reguirements

It existing imperviousness is less than or equal to 50%, implement a stormwater management plan that prevents the post-development 15
year, 24 hour peak discharge rate from exceeding the pre-development 13 year, 24 hour peak discharge rate.

OR, If existing imperviousness is greater than 50%, implement a stormwater management plan that resultsin a 25% decrease in the rate and
guantity of stormwater runoff.

Credit 71 — Heat Island Effect: Non-Roof

Intent

Reduce heat islands (then‘nal 8yadient differences between developed and undeveloped areas) to minimize impact on microclimate and
human and wildlife habitat.

Requirements

Provide shade (within 5 gears) and/or use 1igl1t~colorecl/ high-albedo materials (reflectance of at least 0.3) and/or open grid pavement for
at least 30% of the site's non~roof impervious surfaces, including parking lots, walkwags, plazas, etc;

OR place a minimum of 50% of parking spaces uudetgrouncl or covered bLJ structured parkiug; OR use an open~gric1 pavement system (less
than 50% impeyvious) for a minimum of 50% of the parking lot area.

Credit 8 - Light Pollution Reduction

Intent

Fliminate light trespass from the building and site, improve night sky access and reduce development impact on nocturnal environments.
Requirements

Meet or provide lower light levels and uniformity ratios than those recommended by the [lluminating Engineering Society of North America
(IESNA) Recommended Practice Manual: Lighting for Exterior Environments (RP-33-99). Design exterior lighting such that all exterior
luminaires with more than 1000 initial lamp lumens are shielded and all luminaires with more than 3900 initial lamp lumens meet the Full
Cutoff IESNA Classification. The maximum candela value of all interior lighting shall fall within the l)uilding (not out through windows) and
the maximum candela value of all exterior lighting shall fall within the property. An\) luminaire within a distance of 23 times its mounting
height from the property boundary shall have shielding such that no light from that luminaire crosses the property boundary.
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Water Eﬂiciencq
Credit 51 - Water Use Reduction: 20% Reduction

Intent

Maximize water efficiency within builclings to reduce the burden on municipal water supply and wastewater systems.

Reguirements

Employ strategies that in aggregate use 20% less water than the water use baseline calculated for the building (not including itrigatiou)
after meeting the E.uergl) Policg Act of 1992 fixture performance requirements.

Credit 3.2 - Water Use Reduction: 30% Reduction

Intent

Maximize water efficiency within buildings to reduce the burden on municipal water supply and wastewater systems.

Requirements

Employ strategies that in aggregate use 30% less water than the water use baseline calculated for the building (not including iyrigation)
after meeting the Energy Policy Act of 1992 fixture performance requirements.

Energy & Atmosphere
PreReq 1 - Fundamental Building Systems Commissioning
Intent
Verity and ensure that fundamental building elements and systems are designed, installed and calibrated to operate as intended.
Requirements
Implement or have a contract in place to implement the following fundamental best practice commissioning procedures.
OEngage a commissioning team that does not include individuals directly responsible for project design or construction
management.
®Review the design intent and the basis of design documentation.
.Incor})orate commissioning requirements into the construction documents.
®Develop and utilize a commissioning plan.
®Verity installation, functional performance, training and operation and maintenance documentation.
0Complete a commissioning report.

PreReq 2 — Minimum Fnergy Performance

Intent

FEstablish the minimum level of energy efficiency for the base building and systems.

Requirements

Design the building to comply with ASHRAE/IESNA Standard 90.1-1999 (without amendments) or the local energy code, whichever is

more stringent.

PreReq 3 - CFC Reduction in HVACER Equipment

Intent

Reduce ozone depletion.

Reguirements

Zero use of CFC-based refrigerants in new base building HVACE&R systems. When reusing existing base building HVAC equipment,

complete a comprehensive CFC phase-out conversion.

Credit 1 - Optimize Energy Performance

Intent

Achieve increasing levels of energy performance above the prerequisite standard to reduce environmental impacts associated with excessive
energy use.

Reguirements

Reduce design energy cost compared to the energy cost budget for energy systems regulated by ASHRAE/IESNA Standard 90.1-1999
(without amendments), as demonstrated by a whole building simulation using the Energy Cost Budget Method described in Section 11 of the
Standard.

New Bldgs. Existing Bldgs. Points
15% 5% 1
20% 10% 2
25% 15% 3
30% 20% 4
35% 25% 5
40% 30% 6
45% 35% 7
50% 40% 8
55% 45% 9
60% 50% 10

Regulated energy systems include HVAC (heatiug, cooling, fans and pumps), service hot water and interior lighting. Non-regulated systems
include plug loads, exterior lighting, arage ventilation and elevators (vertical transportation). Two methods may be used to separate energy
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consumption for regulated systems. The energy consumption for each fuel may be prorated according to the fraction of energy used by
regulated and non-regulated energy. Alternatively, separate meters (accouuting) may be created in the energy simulation program for
yegulated and 11011~re8ulatec1 energy uses. Ifan analgsis has been made comparing the proposed desi8n tolocal energy standardsand a
defensible equivalency (at minimum) to ASHRAE /IESNA Standard 901-1999 has been established, then the comparison against the local
code may be used in lieu of the ASHRAE Standard. Project teams are encouraged to apply for innovation credits if the energy consumption of
non-regulated systems is also reduced.

Credit 21 - Renewable Energy: 5%

Intent

Encourage and recognize increasing levels of on-site renewable energy self supply in order to reduce environmental impacts associated with
fossil fuel energy use.

Requirements

Supplg atleast D% of the builclingys total energy use (as expressed as a fraction of annual energy cost) through the use of on-site renewable
energy systems.

Credit 22 — Renewable Energy: 10%

Intent

Encourage and recognize increasing levels of self-supply through renewable technologies to reduce environmental impacts associated with
fossil fuel energy use.

Requirements

Supplg atleast 10% of the ]Juilcling’s total energy use (as expressed as a fraction of annual energy cost) through the use of on-site renewable
energy systems.

Credit 25 — Renewable Fnergy: 20%

[ntent

Encourage and recognize increasing levels of self-supply thiough renewable technologies to reduce environmental impacts associated with
fossil fuel energy use.

Reguirements

Supplg atleast 20% of the l)uildiug‘s total energy use (as expressed as a fraction of annual energy cost) through the use of on-site renewable
energy systems.

Credit 5 - Additional Commissioning

Intent

Verify and ensure that the entire building is designed, constructed and calibrated to operate as intended.

Requirements

In addition to the Fundamental Building Commissioning prerequisite, implement or have a contract in place to implement the following

additional commissioning tasks:
LA commissioning authority independent of the design team shall conduct a review of the design prior to the construction
documents phase.
2. An independent commissioning authority shall conduct a review of the construction documents near completion of the
construction document development and prior to issuing the contract documents for construction.
3. An independent commissioning authority shall review the contractor submittals relative to systems being commissioned.
4.Provide the owner witha siugle manual that contains the information required for re~commissioning ]auilding systems.
5.Have a contract in place to review building operation with O&M staff, including a plan for resolution of outstanding

commissioning-related issues within one year after construction completion date.

Credit 4 — Ozone Protection

Intent

Reduce ozone depletion and support early compliance with the Montreal Protocol.

Reguirements

Install base building level HVAC and refrigeration equipment and fire suppression systems that do not contain HCFCs or Halons.

Credit ) —Measurement and Verification
Intent
Provide for the ongoing accountability and optimization of building energy and water consumption performance over time.
Requirements
Install continuous metering equipment for the following end-~uses:
®Lighting systems and controls
#Constant and variable motor loads
®Variable {requencg drive (VFD) operation
oChiller efficiency at variable loads (kW/ ton)
.Cooling load
® Air and water economizer and heat recovery cycles
o Air distribution static pressures and ventilation air volumes
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®Boiler efficiencies

OBuilding~related process energy systems and equipment

®Indoor water risers and outdoor irrigation systems
Develop a Measurement and Verification plan that incorporates the monitoring information from the above end-uses and is consistent with
Option B,CorDof the 2001 [uternational Performance Measurement ¢ Verification Protocol (]P MVP) Volume I Concepts and Optious for
Determining Energy and Water Savings.

Credit 6 — Green Power

Intent

Encourage the development and use of grid-source, renewable energy technologies on a net zero pollution basis.

Requirements

Provide atleast 50% of the l:)uilcling’s electricity from renewable sources by engaging in at least a two-year renewable energy contract.
Renewable sources are as defined 131] the Center for Resource Solutions (CRS) Green-e products certification requirements.

Materials & Resources
PreReq 1 - Storage & Collection of Recyclables
Intent
Facilitate the reduction of waste generated by building occupants that is hauled to and disposed of in landfills.
Reguirements
Provide an easily accessible area that serves the entire building and is dedicated to the separation, collection and storage of materials for
recycling including (at a minimum) paper, corrugated cardboard, glass, plastics and metals.

Credit 11 - Building Reuse: Maintain 75% of Existing Walls, Floors and Roof

Intent

Extend the life cx)cle of existing building stock, conserve resources, retain cultural resources, reduce waste and reduce environmental impacts
of new buildings as they relate to materials manufacturing and transport.

Reguirements

Maintain at least 79% of existing building structure and shell (exterior skin and framing, excluding window assemblies and non-structural
roofing material).

Credit 31 - Resource Reuse: 3%

Intent

Reuse l)uilclins materials and products in order to reduce demand for virgin materials and to reduce waste, therelag recluciug impacts
associated with the extraction and processing of virgin resources.

Reguirements

Use salvaged, refurbished or reused materials, products and furnishings for at least D% of building materials.

Credit 52 — Resource Reuse: 10%

Intent

Reuse building materials and products in order to reduce demand for virgin materials and to reduce waste, thereby reducing impacts
associated with the extraction and processing of virgin resources.

Requirements

Use salvaged, refurbished or reused materials, products and furnishings for at least 10% of building materials.

Credit D1 - Regional Materials: 20% manufactured regionally

Intent

Increase demand for ]auilcling materials and proclucts that are extracted and manufactured within the region, therebg supporting the regional
economy and reducing the environmental impacts resulting from transportation.

Reguirements

Use a minimum of 20% of building materials and products that are manufactured” regionally within a radius of 500 miles.

) Manufacturing refers to the final assemblg of components into the builcling product that is furnished and installed 131) the tradesmen. For example, if the
hardware comes from Dauas, Texas, the lumber from Vancouvel, British Columbia, and the joist is assembled in Keut, Washington; then the location of the final

assembly is Kent, Washington.

Credit 52 — Regional Materials: 950% extracted regionally

Intent

Increase demand for l:)uilcling materials and products that are extracted and manufactured within the region, thereby supporting the regional
economy and reducing the environmental impacts resulting from transportation.

Reguirements

Of the regionally manufactured materials documented for MR Credit D1, use a minimum of 50% of ]auildiug materials and products that are
extracted, harvested or recovered (as well as manufactured) within 500 miles of the project site.
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Indoor Environmental Quality

PreReq 1 —Minimum IAQ Performance

Intent

Establish minimum indoor air quality (IAQ) performance to prevent the development of indoor air quality prol)lems in l:)uilclings, thus
contributing to the comfort and well-being of the occupants.

Reguirements

Meet the minimum requirements of voluntary consensus standard ASHRAE 62-1999, Ventilation for Acceptalale Indoor Air Qualitt], and
approved Addenda (see ASHRAE 62-2001, Appenclix H, for a complete compilation of Addenda) using the Ventilation Rate Procedure.

P!eReq 2 — Environmental Tobacco Smoke (ETS) Control

Intent

Prevent exposure of building occupants and systems to Environmental Tobacco Smoke (ETS).

Requirements

Zero exposure of non-smokers to ETS by EITHER:
®prohibiting smoking in the building and locating any exterior designated smoking areas away from entries and operable
windows;
OR
®providing a designated smoking room designed to effectively contain, capture and remove ETS from the building. At a minimum,
the smoking room must be directly exhausted to the outdoors with no recirculation of ETS-containing air to the non-smoking area
of the l)uilding, enclosed with impeymea]ale deck-to-deck partitions and operated at a negative pressure compared with the
surrounding spaces of at least 7 PA (0.03 inches of water 8auge).
®Performance of the smoking rooms shall be verified by using tracer gas testing methods as described in the ASHRAE Standard
129-1997. Acceptable exposure in non-smoking areas is defined as less than 19 of the tracer gas concentration in the smoking
room detectable in the adjoining non-smoking areas. Smoking room testing as described in ASHRAE Standard 129-1997 is
required in the contract documents and critical smoking facility systems testing results must be included in the builcling
commissioning plan and report or as a separate document.

Credit 1 - Carbon Dioxide (CO‘Z) Monitoxing

Intent

Provide capacity for indoor air quality (IAQ) monitoring to help sustain long~term occupant comfort and well~being.

Reguirements

Install a permanent carbon dioxide (CO2) monitoring system that provides feedback on space ventilation performance in a form that atfords

operational adjustments. Refer to the CO2 differential for all types of occupancy in accordance with ASHRAE 62-2001, Appenclix D.

Credit 2 - Ventilation Fffectiveness

Intent

Provide for the effective delivery and mixing of fresh air to support the safety, comfort and well-being of building occupants.

Requirements

For mechanically ventilated buildings, design ventilation systems that result in an air change effectiveness (Eac) greater than or equal to 0.9
as determined by ASHRAE 129-1997. For naturally ventilated spaces demonstrate a distribution and laminar flow pattern that involves not
less than 90% of the room or zone area in the direction of air flow for at least 9% of hours of occupancy.

Credit 3.2 — Construction IJAQ Management Plan: Before Occupancy
Intent
Prevent indoor air quality problems resulting from the construction/renovation process in order to help sustain the comfort and well-being of
construction workers and building occupants.
Requirements
Develop and implement an Indoor Air Qualitg (IAQ) Management Plan for the pre~occupancy phase as follows:
® After construction ends and prior to occupancy conduct a minimum two-week building flush-out with new Minimum Efficiency
Reporting Value (MERV) 13 filtration media at 100% outside air. After the flushout, replace the filtration media with new MERV
15 filtration media, except the filters solely processing outside air.
OR
®Conduct a baseline indoor air quality testing procedure consistent with the United States Environmental Protection Agencg’s

current Protocol for Environmental Requirements, Baseline IAQ) and Materials, for the Research Iriangle Park Campus, Section
01445

Credit 41 - Low-Emitting Materials: Adhesives & Sealants

Intent

Reduce the guantity of indoor air contaminants that are odorous, potentially irritating and/or harmful to the comfort and well-being of
installers and occupants.

Requirements

The VOC content of adhesives and sealants used must be less than the current VOC content limits of South Coast Air Quality Management
District (SCAQMD) Rule #1168, AND all sealants used as fillers must meet or exceed the requirements of the Bay Area Air Quality
Management District Regulation 8,Rule DL 81
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Credit 42 - Low~-Emitting Materials: Paints and Coatings

Intent

Reduce the guantity of indoor air contaminants that are odorous, potentially irritating and/or harmful to the comfort and well-being of
installers and occupants.

Reguirements

VOC emissions from paints and coatings must not exceed the VOC and chemical component limits of Green Seal’s Standard GS-11

requirements.

Credit 4.3 — Low-Emitting Materials: Carpet

Intent

Reduce the guantity of indoor air contaminants that are odorous, potentially irritating and/or harmful to the comfort and well-being of
installers and occupants.

Requirements

Carpet systems must meet or exceed the requirements of the Carpet and Rug Institute’s Green Label Indoor Air Quality Test Program.

Credit 44 - Low-Emitting Materials: Composite Wood

Intent

Reduce the quantity of indoor air contaminants that are odorous, potentially irritating and/or harmful to the comfort and well-being of
installers and occupants.

Requirements

Composite wood and agri{iber proclucts must contain no added urea~{ormalclelujde resins.

Credit 61 - Controllability of Systems: Perimeter Spaces

Intent

Providea high level of thermal, ventilation and lighting system control 1)1) individual occupants or specitic groups in multi~occupant spaces
(i.e. classrooms or conference areas) to promote the productivity, comfort and wellbeing of builcling occupants.

Reguirements

Provide at least an average of one operable window and one lighting control zone per 200 square feet for all regularly occupied areas within
15 feet of the perimeter wall.

Credit 6.2 — Controllability of Systems: Non-Perimeter Spaces

Intent

Provide a high level of thermal, ventilation and lighting system control by individual occupants or specific groups in multi-occupant spaces
(i.e. classrooms or conference areas) to promote the pyoductivitg, comfort and well]aeing of ]Juilcling occupants.

Requirements

Provide controls for each individual for airflow, temperature and lighting for at least 50% of the occupants in non-perimeter, regularly
occupiecl areas.

Credit 81— Daylight and Views: Daylight 73% of Spaces

Intent

Provide for the building occupants a connection between indoor spaces and the outdoors through the introduction of daylight and views into
the regularly occupied areas of the building.

Requirements

Achieve a minimum Daylight Factor of 2% (exclucling all direct sunlight penettation) in 79% of all space occupied for critical visual tasks.
Spaces excluded from this requirement include copy rooms, storage areas, mechanical plant rooms, laundry and other low occupancy support
areas. Other exceptions for spaces where tasks would be hindered by the use of daylight will be considered on their merits.

Credit 82 - Daylight and Views: Views for 30% of Spaces

Intent

Provide for the building occupants a connection between indoor spaces and the outdoors through the introduction of daylight and views into
the regularly occupied areas of the building.

Requirements

Achieve direct line of sight to vision glazing for building occupants in 90% of all regularly occupied spaces. Examples of exceptions include
copy rooms, storage areas, mechanical, laundry and other low occupancy support areas. Other exceptions will be considered on their merits.

Innovation & Desi.qu Process

Credit 2 - LEED Accredited Professional

Intent

To support and encourage the design integration required by a LEED Green Building project and to streamline the application and
certification process.

Requirement

Atleast one principal participant of the project team that has successfully completed the LEED Accredited Professional exam
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Summary

After the completion of the Pre-Certification Estimates Checklist, it has been determined that the
AstroPower Headqguarters should receive a rating of Gold. This is a huge accomplishment for the design
professionals involved in the project.

Several other points can be achieved by offering Alternative Fuel Vehicles for some of their employees. In
addition to that several other points can be added by improving their Water Efficiency. By the addition of purifiers
and other water efficient devices, their impressive point total can rise even more.

In the end, the AstroPower Headquarters would be an excellent example for what a design developer

should strive for inan energy efficient l)uilcling.
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Conclusions

Lighting
The overall lighting redesign has accomplished all of the goals set out in the beginning of the project. The
new fixtures are clean and simple, and very energy efficient due to the fact they use fluorescent and LED. bulbs.
The color concept of using blue to mimic the sky and outdoors ties in to all spaces. The idea of relating solar cells to
the space to act as a theme works with the placement of solar panels on the interior walls to diffuse the light,
creating art in the spaces as well. The relationship between building functionality and appearance is now

noticeable and striking to all that enter.

Electrical
The overview of the Electrical system at the AstroPower Headquarters was extremely beneficial in seeing
how different systems come together. To see how the solar panels contribute to the building’s system was also a
beneficial learning experience. It was important to see how technology is affecting designs that we are used to

seeing.

Telecommunications
The telecommunications infrastructure of the AstroPower Headquarters is now available to help the
company move forward through the twenty-first century. By using the combination of copper and fiber, and the
installation of new telecommunications rooms and risers, a well organized, easily upclateable system is now in place.
Every work area outlet is now customizable to those who sit around it, making the system both convenient and

effective.

LEED Analg sis
With the completion of the LEED Building Criteria Checklist, is was found that the AstroPower
Heaclquarters would receive a rating of Gold, the second highest honor bestowed upon a Builcling from the US.

Green Builcling Council. This lauilding can now be viewed as an example in how the design and development of the

future should be based.

Summary
In the end, I believe that the final thesis presentation that has just been viewed far surpassed any
expectations [ could have ever hoped for. Not only did [ have the opportunity to explore in depth the current
systems of the building, but actually was able to contribute my own thoughts and ideas to an already existing
structure. This senior thesis has been a valuable experience unlike any other, and will take it with me as [ goout into

the world as a Penn State Architectural Engineering graduate.
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Fixture A Ballast

VCN-132MC
Brand Name | CEMNTIUK
A\ ADVANCE Salioet Type | Eleckonic
Slan "Ig keshod | Instani Sart
Lamp Conneclon | Seriss
= nows Vallags | 277
Iriput Freg UENCY 6l HZ
Shatus |Aciive

Lamp Twps M. of Rased Min. Start mout Imgiut Salact | MAX | Power MAX Lamp B.EF.
Lampe  |Lamp \Watbe | Teamp ("5 Curant Fowar Faator | THD | Faotor Currant
AmoE] (AN S Wathe) b Cresd Faoior
FHEITS 1 21 iy [a] 0.0 a7 1.10 10 .53 1.7 407
s 1 i 2-1 LI T o | | ose 17 3m
" FZETS 1 -] iy ] 011 a0 oeg il 095 1.7 327
F32TE 1 32 =18 0.1 an sa i 0538 1.7 327
FIZTEES {30W) 1 E] elfs 0.10 28 osg il 058 1.7 350
Wiring Diagram Enclosure
'W‘-!II_ —
s EALLAST -
- —
-
[T I
L
Diag. 82

Th= wiring dagram hat appears abovs Is for

e i bype denoi=d by The asisrisk ("]
! Enclosurs Dimsanslona

Creerdd (L) wldin O Height (- Mouming (]

gtandard Laad Length {Inchasg) = T J1 = e

e rl 513 12025 i420] @300

e 3 eloalEus L 241cm 27 cm| 17 cm I3 om
wihee | 2a] ezg]  mweranes o
Bue 315 TET Broan 0
S an 94/ Cangs o
i o o CrangeiBlace [
Gy o| smckwnes| 2m| ssz
Wioiet ol  mediwers o

Ravlcsd 0BE2EI002

by Adwancs Ieemier in s cantrallss] arvironmss Arfual parlcemanss

ADVANCE TRANSFORMER CO.
CHARE INTERMATICNAL CENTESR - 10275 WEST HIGGINS RCAD - ROSEMOMNT, IL 501E
Customer SupporiTachnical Sendoes Phomes B00-372-3321 - Fax: S30-307-2071
Corporate Offpes: Fhone: S00-323-2086
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Fixture A Ballast 1Cont.!

VCN-132-MC
Brand Mame | CENTIL

AAD'U’A,NGE Ballag: Type |Elctronic

Slan ng Keshod | Instant Start

Lamip Connacton | Serles

: nout Vallags | 277

Ingul Freguency |61 HZ

- Siatus | Aciive

1 Fhyskcal Requirements

1.1 Bailyst must be physically Rterchangeabis with a magnetc core & coll bakast
1.2 Ballxst must hase perman=niy conneci=d l=ads infegral 1o e balast or pok=-n conmeciors, color coded b AME] C82. 11 [la%est wersion)

12 Ballxst must be formsd from recyciabi= si=sl painted In accordance with UL S35 standands. Flastc products with gaseous dischangss
are mot aloaed.

2 Lighting Ferformance Sequlrements.

Z1 Ballast must have a baflast fackor of:
244 75 7H%or 3 low wabspe design (LWL
21.2 .B592 %or a nonmeal Bghi cutput d=skgn
2 Ballxst must hase a maximem input watiags (ARS!) as Indicai=d on the dats sheas
3 Ballast must have a Ballast EMoacy Facior greater tham or egual fo as Indicaisd on the data sheet
4 Ballxst must be abie 1o stat and operate the specfisd lamps ot a minimum femperature of (-20,0,32,50. 200 degrees Fatrenheit as
d

2 5 Ballast must be sound mi=d A [T13HO and T125Imilne maisd B
2 & Ballast must be d=signed and UL lisied o operate th= nember of lamps as indical=d on the data shest

3 Elecirical Ferdomanoe Requiremsnts

1 Ballast THD shall be =55 fhan 10% for the main amp d=sing (2s hdicaled on the dais shesi).

2 Lamp Cunrent Crest Facior shall not evo=sd 1.7 for th= maln amp design

3 Ballast Power Fachor must be grealer than 32% for She main lamg design.

4 Ballastouipet frequency shall be gregter than Z0KHE and less than 30kHz or greater than 42xHz. Salast culput shal not be betaesn 20
and 42Kz for any [amp combination.

3 S Ballast must opemais between 10513201200, 24 3D5VETTV], H2-382034TY], or £32-5325 (420N 60 He

2 & Ballyst must maintain light ouipnst at =i~ 10% during & vollage Tuciuadon of = 105

32 Al ballssts for Compact Fluorescent Lamps (CFL) and TS dameler lmps must comisin a lamp Enc-0f-LHz (E0L} detsction and shut down
clmult In accondance sl ANBLIEC proposed siandards and muss be apsmaisd on a mapkd sta ballast Compact Fleorescent lamps shal not
b cperaled on an instant start drcut

4 Regulaiory Requirements

4.1 Ballystsal mes ARS| CH2.11 limks for Te@l Harmonic Distorion {THD.

4.2 Ballxst shall meet FGC Part 12 non-corsumer sandards for electical squipment (Shass Al

4.3 Ballast shall mest AMS| 62 41 Category A siandands for Transient Yolisge profeciion.

4.4 Balystshal mes UL SE5 sandancs amal be UL lsted and CE& appeoeed.

4.5 Balystshal be UL Tlass P ans Type | oo,

4. Balystshal contaln o Folychiorinated BEipherns (POES] In soconcancs with LS s,

4.7 Ballast shall mest all US siate and f=dery) eMcacy laws and al Canadan provinclal and fesersl sficacy laas

5 Crher

.1 Ballastshall camy & S pear waTanty (om date of manstaciurs | wth PLUE SO sysiem probection wamanty (muest regisi=s, \Wamanty
shal b= vald af case temperiures of 700 oF less. For SOC rated balasts, wanranty shall be 2 years Tor balast case i=mperatones banwesan
TOC and 30C.

52 Mamfsciurer must have a 15 year history of designing and manufacturing elecimnic ballasis for the Marth Americsn market.

23 Balast must be manufaciorsd In & facl By Ceriffed o S0 2002 Quallty Sysi=em Standamds

2 4 Balast must be ord=red and shipped fom a distibuiion center Cerified o 150 5002 Cually System Siandands.

S5 Balast must be Aovance Transiormer So. hrand, part # A progosed subsies must be submitted So the
specitsing actharty twe wesks pricr 2o bid due dal=. Submittal coes not guarani=s acceptance.
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Fixture B

FEATURES:

« Byaliatie nomingl ¥, ¥ or &

« Heavy die farmed sheel channed,

» Rolary ook ISMpNokIers for pasiie amp contact.

* INARICLEA] O FOW MAUNENG. SUTAce OF GUEPENcad.

« Spealy JeSkgNed TF LSe WEN TS ar TS HO lamps

« Mamow 27 Btrp

« KiZ¥s Imend cap or back of NouBing Tor 2asker power hook un

CN2
CN3
CN4

ONE OR TWO LAMP T5 OR T5 HO
NARROW STRIP

Type:

Jok Cesoription:

SPECIFICATIONS:
Gallazts

Programmed start, siecironic, high power facior, low harmanic
sound rated AN are UL Isied.

Hiouslng
Die formed sise] sulable for surface or sizm moandng.

Finl=h

Al paris pre-panted with high gloss baked whits =nams
minimum refiectance 56%, applied over iron phasphate pre-
treatment for maximum adhesion and rust resistanc= For post
palried howssnp and reflscior suifiy cataiog number with PAF

Labals
Al fivturss camy the UL Isoed, (2234 approval avalablis. Uss
Suffte “5EA"

Cross Section
16%" Canber o Cenler
|— mounting Fnookzuts —|

B

24" Crawrall Flfurs Langts —|

234" Canfer bo Conler
|——— mounting Knoakouls. ———|

e O

W |l

A&%" Owerall Fiaburs Lengih

8%~ Canber fo Cenisr
Mounting Knookouls

ele

27| =1 a3y To Canter Knookowt __|

& - ' Dlameter Knodout

Hoba: A dimensions am= In Inches; dmensions ars subject o change wilhout nodoe. Pleass consuit facony or chack sample: for verfSoation

484~ Overall Fixhes Lesngih ——

[l 1 =]

wheme B2 il il ghting S0m « JEE MaN® Sulheas M, BEg O = Dpcares, WS SECE o (200 RS-0 00

Celumbla
[LTasvinal

T
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Fixture B (Cont.)
Costicienls of UHlzalion
Cl.mm = | fomsl Cwviry eioed Tlzor Aefecance - 30
2 o 0 e bt e TR 2l = 0 0 2
Emranmasial Labavarans i AW | ™0 &0 30 10| 7 &0 20 10| &0 30 1@ ]
= i |103 57y 92 8|98 53 &85 & |86 H2 72| &5
= || 2 |92 B3 7& ES|BE BD T3 &7 |73 BB &3 | 5%
(|3 | 72 54 ST|BD 70D E2 55|54 GF 52| 43
1l 4 |78 B84 = 47|72 B1 23 45| 2E &3 34| =
EEEBEE%BEEE-SAEEEEEBGB!}
EEEEI‘JEJ-E-E!BJI‘-EEEEEHBENE
E 2|7 |5 44 32 II|85 43 3 ZE|Z 2 T | I
e (|8 |5 40 3 5|51 38 0 4|3 28 23 (18
- . gl 9 |# 3 7 ZU|4&F 3£ & 20| 2 2 19| 15
d L 10 &5 32 1B |& M 23 15|28 22 17| 1=
=
T
B
o . T LER: FI-E8 Emgrgy Cost: $3.53*
E : Input Watts: 123 BF: 1.00
]
¥ E | Theabove energy calouiations wers canducted using &
= Epeciic larpfoallas? combinalon. Achual resulis may vary
F) B | peneroing upon the lamp and ballast ussa. Lamp and
z % | ballast specifications ane sumject 1o change without
il jenie
“Comparatis= annual lighting snergy st per 1000 lumens
" 11 barsed on 3000 howrs and F0.02 per KIWVHL
&
Crrdering Information
Example: CN4-234-EB5120
CH - - - - -
Garlac
oM “ioitags
120 -120v
¥ -V
dlze |
T 347 - TV
3-¥
S Ballct
EB6 - TS or TS HD Bechonic
ho. of Lampe Ealast (Bailast wil ke Channal Options
In CroGe Ssothan determinad oy laTE e T e
1 - = For a spectlic balast vendor, show GMF - Show Elow Fuse
2-Two %5 aptien. C34 - Approved, Coradian Standands Associafon
PAF - Faini Afler Fabrication
Lamg Typs C&F - Cond and Plug
14 - TS {F Hominal} Channal Sooscgoriss
24 - TS =0 (2 Nomiral) CHR - Symmetnc Refedorfor 2, ¥, &
21 - TS {F Womiral} CHRA - Asymmeric Reflecior for 5, 3, &
28 - TS 3 (= Nominall CH3AR - Specular Bymmerk Refleciorfor 29, 37, 4
28 - TS 4 "!ﬂ'ﬂ"ﬂ: CHIARA - Spscular Asymmeinc Retedorior 27, 37, 4°
E4 - TS HIG 4 Nomimall For addlEonal oplions and acosssorss consct fackony.

o

Cslumbla

LIBHTINGSG SE0E H Sullbun Rl Bidg 81 » Spchr, WA G208 « [ME U04-TUCD » weww colcFrbdalig=Bng oo [l o
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Fixture BLam

PHILIPS
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H Glozsary

B Technical SILHOUETTE™ High Output Programmed Start a
Descriptions b |
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EI_:I(':I'ER.MTURE Watt.s. o - ',‘
stalogs Bulb: TS

B Product Bulletins | Base: Min. Bipin - = Bookmark

B Technical Data Product Number: 046677-29021-3 i == this page
Shests Ordering Code: F24T5/341/H0 '

B Material Safaty Package Quantity: 40
Data Sheet b :
S Snasts Description: TL 841, 4100K

B

B Phaotametric Data CRI: 85 Printable
) . page
m“ Case Studies Rated Avg. Life (Hrs.): 20,000

FEATURED : .

EEODLETS Desu::m Lumens: 1395 'f_\]
duct Nominal Length: 22 . .

BaQL I”""Ct“:"" Approximate Initial Lumens: 2000 F' Energy i1 v
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B MasterColar”

B DuraMax” Image Downloads
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Fixture B Ballast

ICN-2S24@277V
Brand Mame | SENTIUR
A\ ADVANCE 61 Type | Becon:
Skar "Ig keshad p"l:l;'a"l' med Start
Lamip Conneclon | Series
. nput Wolage (277
Iniput Freg JENCY S00%E0 HE
Slatus | Aclive

Lamp Type M. of Fated Min. Ztart nzuk Input Salact | MAK | Powar MAX Lamp B.EFF.
Lamps  |Lamp Watke | Temp (5521 Cumrsnt Forasr Fagbar | THD | Facior Currsnt
A LK Waths) % Cresd Faotor
F2A TS0 1 i =15 0.80 a7 1.03 10 sg 1.7 378
"E2ATEHD - a) -1 049 c= 100 1] 0isg 1.7 152
FIETSHO 1 33 ] 0.5 4l 0Ll il 058 1.7 2.25
FCAZTS 1 a0 0-15 045 4 0ad il nsa 17 210
=oaTE 1 22 =15 0.90 a7 1.02 10 o.sa 1.7 378
=CITE Z 22 ] 0.18 B 1.00 il 058 1.7 1.92
FT24WEETT 1 24 =15 0.80 a7 1.03 10 sg 1.7 378
FT24WEE 1 i 24 a-15 0.f5 £2 1.00 il 058 1.7 1.52
FTIE2ETT 1 35 =15 0.13 24 0.s0 10 sg 1.7 255
FTETNEE1 1 40 a-18 017 47 1.00 il 058 1.7 2.13
Wiring Diagram Enclosure
"'L:: O BALLAST
-l
=
| ===
I T
Thz wirng dingram that appears above |5 for
e g by denoled by ihe asterisk
Enclosurs Dimanslons
CreerAd L) Wil GG H:ghtH! Meoumiing (M
Standard Laad Length {Inchas) pp— 18" 100" 153
Ty =T fn] cm 16 710 1 W50 1 15 1750
Eiack 2 81 Yelow(Blue o o 424 cm Zem 2.5 cm 41.5om
‘e a a Blusfvhl= il il
Bue a a Broan 0 0
R a a Cmngs ¥ ¥
el o 2 2| Crange/Biack i i
Gy a a Slack ivhhz ¥ ¥
‘Wiolet a a Aed b= il il
Reviced 0 E2EIN02 @ @
[ 4]

=l raluires

ADVANCE TRANSFORMER CO.
O'HARE INTERNATICHAL CENTER - 10275 WEST HIGEMNS ROAD - ROSEMONT, IL 530S

Customer SuppoiTachnical Sendoe- Phone- B00-372-3331 - Fax: S30-307-3071
Comorate Ofipes: Phone: S00-322-2026
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Fixture B Ballast (Cont.)

ICN-2824@277V
Brand Name [CENTILM

A ADvANcE Ballast Type | Elactronic

Skarting Method | Programmed Start
Lamp Connecton | Series
5 nout Wollage | 277
Input Freguency | SI060 HE
Holoe: Status [Aciive

1 Fhysical Reguirements

11 Ballxst mustbe physically mierchangeabl= with & magnelc cor= & ooll balas:

1.2 Balast must hawe pemansndy conmecied l=ads integral 1o the balast or pok=-in CONRECiarns, oolor coded o AMSN CE2.11 {lasest version).
1= Ballast must be formzsd from recyclable sizel painted in accordance with UL 525 siandards. Flashc producs with gaseous discharges
ar= not alicaed.

2 Lighing Feronmancs Sequlemsnts

Z.1 Ballast must have a baflast factor of:
214 757 for & low wabspe design (LW
21.2 .B5-.92 for & mormal lgh catput design
2 Ballyst must haee a manimem inpot watiags (ARS]) as indicri=d on the dats shset
3 Ballast must have a Ballast EMoacy Facion preaisr Than or equal o as Indiceisd on the data shest
4 Ballyst must be able 1o siart and operate the specTisd lamps &t a minimum smperature of [-20,0,32 50 £0) degress Fatrsnheit as
ndicai=d on the data sh=at and shal be in accordance whn lamp manufacturer recommencations.
5 Ballyst mustbe scund misd A (T1ZHO and T12rSimine misd B
£ Ballyst must be designed and UL [isi=d 50 operate the number of lamps as indicate=d on the dais shest

z

[

[

3 Elecirical Feriommance Requirmmenis

Ballast THD shiall b= =55 Tan 10% Tor the main amp desing (as mdicaled on the dass shes).

Lamp Cunment Crest Facior shall net exossd 1.7 for the maln amp d=sign.

Ballyst Power Factor muss be greai=r than 22%; for = main lamp design.

Baflyst outet frequency shall be presi=r ihan 20kHz and less. than 20kHz or greater than £42%Hz. Balast oulpwi shal nod be betaesn 300
42 -z for any lamp combination.

Bailast must opamais Detwesn 1051320120V, 2453-305WETTY], 312-382W(347Y], or 32525V 420V ED He

£ Ballyst must mainiain light ouiput at +- 10% during a vollage fuciuadon of =~ 10%

37 Balast shall be (Instant Siart Faralls, Rapid Siart Series. Frogrammed Rapdd S22 Ser=s) as indicai=d on the dats shest

25 A pallasts for Compact Fluorescem Lamps (CFL) and TS dameisr lamps must comain a lamp Enc-0f-LHz (EOL] deisction and shut down
clroukt In accondance wit ANZELUIEC proposed siandands and must be aperaizd on 3 mpld stor ballast  Comipect Fleorescent lsmps shal not
b operaied on 2n irstant stat drcut

[EURELR T T

ar

Wop Bl ki

sl it

4 Reguisiory Regquinements

4.1 Ballast shall mest ARSI CH2.11 limbs for Tof@l Harmonic Distorion {THD.

4.2 Balast shall mest FOC Part 18 non-Consumar sandards for siectical squipmesnt (Ciass &)

4.3 Balyst sl mest ANEl B2.41 Calegony A sandands for TrRnsenl Vohsge proteciion.

4.4 Balast shall mest UL 535 siandarcs and be UL lsted and S5& appeoreed.

4.5 Balast shall be UL Class P and Type 1 Cutdoor,

4.5 Balyst shal contaln no Folychionnatsed Biphenyl (PCES) I scconanos with LS o,

4.7 Balast shall mest all LS siate and Pederyl eMcacy laws and al Cansdian provinclal and fsders) sffcscy e

S Crifer

5.1 Ballast shall camy a S pear wamanty (om date of mansfaciues | with PLUE 20 sysiem protection wamanty (mest regisi=ry, \Wamanty
shall b= vald &t case temperstures of 700 or ks, For S0C rated balasts, wanranty shiall be 3 years for ballast case f=mperadores between
TOZ and S3C.

=2 Marmfaciurer must have a 15 sear history of designing and manufaciering secianic fallasis for the Harth American markest.

5.2 Ballast mustbe manufactersd In & facl By Cerified to B0 S002 Qually Sysiem Slandamds

5.4 Ballast mustbe omered and shipped from & distibution center Cerifled to 120 3002 Quallly System Standands.

S5 Balast mustbe Aovance Transtormer Co. prand, part £ Al proposed subsiiuies must be submitted o the
speciying authoriy bvo wesks prior o bid dee dal=. Submittal does not guarani== acceptance.
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ERCO Lightcast Downlight
for TC-T lamps
2 157
2
I EB 1N "
-
= \
a5
T-TEL Lo
i

ZXITI 000

Refizcbar pobour SHver
TC-TEL 19W GX343-2 11 E0Im
ECG ['W- 10

Product desoription
Hoarsdneg: el alareinium, desigred

a5 heataink

Bounting Ang: ezl alminium,

white (R i E1- pCahed,
Tapks nat Ter meuntng

with d-polni zuppart and orews
Ttd

Jur:ilim hiex for thrangh-ming,

E-palz brminal biock, misg ralsd

cable clamp Electronic coninl
Ea

aridight reflesbor: aluminun,

bright anadeed l:uI:-:-IT:rliIr e,
i o lanp cover: plaatle,

Iranslucent, can be rancyed far
lamp replacersent withoul took
Welght: | 40kn

TC-TEL 1

M=
DiM:
UTE:
HBH:
CEEE
TH5:
CE:
UGH:

B GE3G-2 1150im

oG
AF
o6 B
BZ1

BZ 1

0 1 104
176
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ERCO

Mannirg data
Connected lomwd of lumingire
Iru.amtmlﬁfﬁr
TC-TEL 19W GX349-3 11 E0im PL: XM
Connected ol per 100k
TC-TEL IEWGE“&‘ 1150Im LT W
Humiter of luninalres per 1000
TC-TEL 18W GET49-2 11500m ns A3 11m nF
Humiber of luninalres per
10e0ere for 100k
TC-TEL 18W GX34-3 11 50im i 7
Numinances (W] for nodule iml L23LE 18218
TC-TEL 19W GXE343-3 11 500m 199 133
Elenchingshew ertung nach LGR
SH=015 I:“.Tn:\d.'rli.lrﬁ
TC-TEL 18W GE343-3 11 50im
Caling el O O OB QR0 030
Wl %) 050 030 05 030 03n
Hoar & O 03 020 020 020
Room shre Wew leckin klar
X ¥ ta the lan q:ﬁpm
2H 2H 182 141 B4 14E 195
kL 180 1BS 1BRE 141 194
4H IS IBE 1BRZ 190 193
aH IT% BB BT 180 9%
aH ITA 1BE BT 188 192
12H 178 8L 183 148 9.
iH W 180 1BE 1B3 120 193
3IH 178 8L 183 148 9.
iH 177 183 181 147 190
GH 177 18I 1B1 186 185
aH 175 181 1BOD 185 185
12H 175 18D 18D 184 185
8H 4H 175 181 18D 185 184
aH 175 175 18D 184 188
aH 175 17.E 1BD 1832 |88
12H 174 15T 170 18% 187
12ZH  4H 175 B8O 1RO 184 184
aH ITE 17.E 18O 143 I88
aH 174 15T 17.80 142 187
Warlation of pleersr's pod Hon for inlmdre gmeings
= 10H ID.'-PITI!.I:I
15H anmz
20H o 11

Shndard table B0/ 13

Camectad qlar Inded wrl 1150n toEl ol e e

Fixture C !Cont.!

Lightcast Downlight

Imk S0

m 118
124 Ll

24 Th

Whew kzaling paraliz]
I the: bmp @k
Slandard table -

=
Lighricamt D rlighrt
11moen =

Comacton tebke
Cellng 07 07

1 7 05
Floor Q& 03
ks Bl &l
kKl 1@ 70
K15 117 @l
[ 3 17 100
[T IR i I [ c

sEE-E BEE

[=-T-]
—bkaln

SEBON

BRER® coo
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Fixture C !Cont.!

Lightcast Downlight

Arvessories
B3GR, 000 G296 000
Conerete haeing Meunting plate for panei=d
e S i
Recesued depth 17nm. | coated, Mesdule 100 15, B4/ 16L
Celing aperture @ 157 mm ‘b = ﬁéﬂﬁ;#nh:ullhulhngr-
| Raceszing dimerslon 1675197 mm,
1
23980000
Crerrin
Metzl, white. For covering the
Mg W5, M0, whare caling :lt-ulu:rrlmfg
- Ei Inrer and cuter dEmeEler 1o b=
| — *I—_—-—l speacifiad when plecing arder.
VLS L LT RE LY
AA05 1. 000
Plter
Metal, while
Hzlght SOmm
HE]'H-.D:I:I

MEIII. mllr poawder coated Far
Tush-mounting Installaikon In
keterioard cdlngs

ameEler 1Tmm

ey
g
E
oh
=}

Celing sperture g 174mm.
aim
00@ 174
82050000

Fdounting plate Tor pandisd
cell
== ml?mlleLHMI,lpunder-

unlrd.lndhlm: ded
(' - plate mﬂg ta
-cHIn-; I'.'pr and uminalre, Cuob:
| celing ivpe and dmnerelone.

et »




AstroPower Headquarters Steve Neimeister
Newark, Delaware

Architectural Engineering Senior Thesis Portfolio

Fixture C Lamp

PHILIPS
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Pressroom | Where To Buy |

P PHILIPS LIGHTING | Morth America | Product Information | Lighting App Center | Featured Events |

The Light Site North America

EeCATALOG

E Search Producks Pr‘:.duct

Q—atalég = Qomﬁact Flug ESCEIEH: e &radon

E Category Search

H Slaoszary

E Technical PL-T Triple 4-Pin Fluorescent Lamp ma
Deszcriptions b |

EBROWSE Feature: High color rendering, high efficacy lamps Back

LITERATURE feature 4-pin base for use with preheat, rapid "

B Catalogs start, electronic and dimming circuits, Featuring : ‘

B Product Bulletin: | ALTO® Lamp Technology ! 7 Boskmark

E Technical Data Watts: 15 _=. this page

B r?ﬂl;?:::i2| Safety B Oy -

Data Sheets Base: GxZ4g-2 I;ﬂ
B Photormetric Data Product Mumber: 046677-26822-7 Printable
B case Studies Orderi.ng Cu!:le: F‘I._—T 18W/841/4P/ALTO page

IS Generic DESIgn:‘:ﬂIIDn: CFTR1SW/GxZ240,/341
PRODUCTS Package Quantity: 12 'fg
. Description: 4100K
oIt | MLOLL. (in.): 4 5/8 " i Enersy Sttt
13 CRI: 82 ) Product
B MasterColor Approximate life (hrs): 10,000
PIEIEE Lumens: 1200
CIEEIEE Design Lumens: 1020
B Marathan™ Yiew Compatible Ballasts
E Tanning
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/A ADVANCE

Fixture C Pallast

ICF-2818-M1-BS@277

Brand Name

ADVANCE CFL

Ballast Typs

Elecironic

Starting Method

Programmed Start

Lamp Connecilon

Sefes

= nput Vollage | 130-277
nout Frequenicy | SOMED HZ
Etaws | Aclive
Lamp Typs Hurn. of Tated Min. Btart rout Imgut Samact | WaX | Powsr | MaXLamp |BEF
Lampe Lamp Tamp Currsnt Foanr Fastor | THD | Fastor Currsnt
wiatts FEI [Amps] ANEI % Crecd Fastor
Wiathed
o CEMN EWNIEX 223 1 158 a-1s8 0.08 20 1.05. 10 OL5T 1.5 525
CEM BG40 Z 18 =18 .98 35 105 il 085 15 258
CFQ1EIRE240 1 12 o-18 0.07 15 1.00 il os7 1.5 525
CRO1EIRE3dg 2 15 =15 0.3 35 055, il 085 15 2.7
CFE1ENGRI0S F 15 =18 0.13 37 1.00 o0s 085 15 2.70
CFE2IWIGR10g 1 2 0-15 0.o07 20 020 13 L) 15 450
CFE21WGR10g Z 2 =15 092 40 [y 08 085 1.5 2.28
Wiring Diagram Enclosure
WIRING: (2 L.!.HF‘L (11 LAMF
FELY BL
BALLAITYELL
FRE 1 RE
Graan Terminasl rmust be Groundsd
The wirng dagram thai appears above s
foir his | Sype denoted oy the asterzk 7]
Enclasure Dimanslong
CopmrAl] ILY NhildER ) Height {H0| Mounding (k)
Standard Laad Length {Inchas) FED S e o
— g S L 415 225 0£5/50 z
Slack | 19 ERDR. 7o £1cm Z5cm 51cm
Wik 0.2 Blu="#hke
Elue 0.2 Erowm
Red a.a Crange
Yelow 4] Crarge/Eack
Sray Black ihke
Wiol=t RedAihke
Reviced JEEWII0T @ @
o
DOwin is bamsd uzen tawin brp Bed Te (BT i mra] g of elnilea g Beziunl

condiizne ¥

dicalianm ara wehied io che

= witioul nooce &1

scilicaiiarm ars noming wniswe gifsraine roded.

ADVAMCE TRANSFORMER CO.
OYHASE INTERMATIONAL CEMTES

Comporaie Cifices: Fhone; S00-333-902E

0275 WEET HIGGEING ROAD - ROSEMONT, IL 503

Customer BupporsTachnical Sendoec Phome- B00-372-3331 - Fax: S30-307-307¢
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J/\ ADVANCE

Fixture C Ballast (Cont.)

ICF-2818-M1-BS@277

Brand Mams

ADWVAMCE CFL

Balast Typs

Elecironic

Starting Mefhod

2rogrammed Start

Lamp Cannection

Serles

q nput Voltage | 130-277
nput Frequency | SIVED HZ

e — Slatus | Aclve
Eaction | - Priysical Chamciensics
14 The slecironic allast shal be furnishsd with poke-in wire trap conreciors, color-cod=d o ANS standard S22 14,
Eaction || - Perfomance Reguinements
24 The sliecionic Dallast shal be ndeildoH (TR and shall operake from a lin= wofage ange of 108 - 305 wolis, S0S0 He.
22 The slectonic allast input cumr=nt shall hizve Total Harmonic Cistation (THD) of kess than 10% wnen cperabed &t nominal Ine voiage

1120 - 277 vois | with primary lamps.

The siecionic allast shal hase a Power Fachor greater than 55%.

The slectronic allast shal hase a Progammed-Sta type sysem

The slectonic Hallast shal hasve a lamp end-of-fe deection and shuldown ciptull.

The secionic balkst shal be Scund Reiss A

The siecionic Dallast ouput frequency o the lmps shal b= abovs 42kHz o minkmize: Imsrf=ence wtih Infrared oontrol systems and
Iminai= visibie ficker.

The siecionic allast shal mesi ANS]CE2. 11, where apoilicabie

The elecironic fallast shal aihstand mnsients speciied i AME]C52 44, Location Categony AJ.

S B e

Fdobd R PE BB R R

b

Eaciion |l - Regulalory Reguiements.

34 The siecironic Dallast shal mesi e requiremenis of the Federal Communkcations Commission nules and regelaiions, Ti= 47 CFS panrt
18, for Non-Consumer sguioment.
3z The siecionic Dallast shal comply wii all appicabls siale and federal aficlency standards.

33 The pl=cdronic balast stall be Undenariiers Laboratores (UL) Uisiss (Class Pland C5A Cariffed whers applicable.
34 The eledronkc balast stall be Undemwriiens Laboratores (UL mied for use I ale handl ing spaces

Eeciion IV - Cther

41 The slecitonic allast shal not contain Polychicrnaied Elphemyl (PCBs].

4z The slectronic allast shall canry & flve-year wamanty om the daiz of manutsctune when operated at a case =mpemture of 75°C
or egs. When operaled &7 & case i=mperatons bebween 75'C and 25'C the wamanty shal b= 2 y=ars from the date of mansfaciure.

43 The mamsfacier=r shall have a fifeen-year hisiory of poducing secroric balasis for the Marth Amerdcan mares

44 The siecionic allast shal be produced In a Tachory cerified o 1590 9002 Cusl Ry System Standands.
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Fixture D
ERCO Tesis Recessed floor luminaire

Uplight for metal halide lamps

EETS
D ag7=m

1&g
ISEmim

00 g 1ghe”
L
00 @ 227 mm
Sire &
! )
T d

A A

Diry Damp'tet
A
L= Dutdoor

IET13023
Reflector color Siker
E&B’E"ﬂ g5 3300km

Product deseription

Howsing como=on-resstant, cest
aluminum, Mo-rinse surface treat-
ment. Black double powdercoated.
Meurting by meare of an ad-
psizhle Bar Clamp extersion up to
1R | 25mm.

Electronic control gear 120, 60Hz.
Cable, L 357 Tm.

Lows brighiness eflector: aumin- Td 3= GEE 3000Im
um, sibeg lar ancdized Cut-

off angle S from horizon al [NF-

EMI:E olam, Trosted. Without spil

gh.

Serew-moured cover ring with
flieh mfety glem: comosicn resit-
glriladnh-z--sllrgii p

ety alam: 127 12mm, deac
Surface temperature 155°F | 70°C
Can he driven cver by vehides with
Emrruhl: tyres load sesnhost |

Suitzhle Torwet location i|Psaj:
d.lﬂ-glmd‘.
Waigth: 13.23 ke | 500 by
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Fixture D Ballast

PHILIPS

cencr I »

Pressroom | Where To Buy |

B PHILIFS LIGHTING | Morth America | Product Information | Lighting App Center | Featured Events |

The Light Site North America

MeCATALOG
B Search Producks

Product

B Category Search l"fﬂl"‘r':l"latlﬁn
B Slossary
B Technical MasterColor® Tubular Single-Ended T-4 Lamps Fa
Cescriptions ;|

M EROWSE Feature: Single-Ended T-4 Style. Enclosed o
R Luminaires Only. Lifetime Colar Stability Wwithin +/- L/ /
E Catalogs 200K ‘
H product Bulletins Watts: 39 Bookmark
B Technical Data Bulb: T-4 this page
E:d';iee:iZI Safet Base: 8.5

Dats Sheets i Product Number: 046677-37372-0 I;“

B Fhotemetric bata| CTdering Gode: COM35/TC/830 Printable
Bease Studies AMNSI CDdEfBEll!ElSt Ref.: M130/E page

T — Package Quantity: 12
PRODUCTS Description: G, Clear, FadeBlock rfg
B gL Induction M.O.L. l;"]'): 3 11/32 Compatible
BALTO® L.C.L. {in.): 2 Ballasis

Rated Avq. Life {(Hrs.): 9000
B MasterColor Approximate Initial Lumens: 3300
B DuraMa Approximate Mean Lumens: 2640
HHalogena® CRI: 21
B Marathon™ CcCT (K): 2000
ETanning
Contact Philips Lighting | ¥i€w Gompatible Ballasts
1.800.555.0050
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Fixture E

ERCO Parabelle Pendant downlight

for compact fluorescent lamps

ayr
H_'_H‘ 521\2 iR
L ]
-

CFM

W A

Ciry Damp'iflet
Q(—Ind:u:r

1717

BTROTOZ3 Siker
C 25 G423 1aucim

ﬁﬁ'nd!.h:td;:ujplimmﬂ
pieing auminum 3
powder-coabed, designed & heat
=nk. Mounting bish, o 1127/
13mm, for pendant tuhe or wire

SN

m control gear 1300277V,

anHe.

Licaw hrighiness efAector: aimin-

un.:ih!elliq:t-uh.llar anadized, o
r

termaly siver hequered Cut-off CFM 25 GE245-3 18900im
angle 47 from horizontal

Fodng ring: plastic, imemaly Hack EFfidency: e
entemally sher.

Suspension o be ordered separ-
ate
‘Weigth: 2521bs | 1.60kg

ERCO Uighting, Inc Tecmial B : L3OWYe0H:

N0 Rl Camier Farioaay wmmﬁ’:.mrm

Suliz 10 Please dowmbaed aiest versan from
wr{lm‘ﬂ' o ST 0T

Tel: 41712 TI5E35E
Faic + | T332 125 3357

I usdere.com )
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ERCO

Connected kad of luminaire
CR 2W GH24g-3 18000m

Connected kad per 100fc
CH 25 G243 1a00m

HNumbser of luminaires 1ninfe
CI 2w Gda-3 1800dm

Humber of luminaires per
100fE for
CH 25 G243 1a00m

uminances ifc) for moduke iftl
CR 2W GH24g-3 1800im

Fixture E(Cont.)
Parabelle Pendant downlight

Planning Data

PL: 28W

P s WiFe

n®: .7 1 1000 fie

1ofe  zofc 3 G0fe

] 13 g 45

ki L [ 2l
43 e} = 16
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ERCO

Carddlepower disiribution

Verlicll  Candela
Angl

o 1323
e 132
ey 1016
' T8
e el
ol o
En' o
o' ]
' ]
= o

Coefficiants of Uilisation

Reflectances

Celing Ao B0 A0
Halz 0310
Floor o 20
Resom Caraity Ratic

n 42 EX A%
| 7T OTE T4
2 73 M &
3 = I )
4 5 EX &0
5 el LB BB
] £8 Lt B3
7 56 Lz EO0
a8 B3 42 47
8 B0 45 44
o 47 43 41
Luminance Data
Werlical Faotlamherts
Angle

85" 5524

ot 0

E5' 0

" 0

5" ]

m" L]

n" L]

Ll 0

5" 0

0" 0

BEa
=

SENRETRENHE
BRGNS REAREER

=]

Fixture E(Cont.)
Parabelle Pendant downlight

Photorretric report

Zonal Lumen Summery Lamp infomation
Zone  lumens  “olamp  fixiure CFM 26 G 3249-2 1 B00lm

iy e o Q Hlote:

1o 1 T 10 Photometnic data may change
Ry 445 13 15 when using different lamps
an aa1 458 0
4 1167 =4 = ] These guide values are hased on
5 1237 [0} 100 10t cesling height in & square
[y 1237 ) 100 rcom af 10007 and mean reflect-
T 1237 ] (L] ar-c\e:[uilha?ﬂﬁ walls 50 % and
an 1237 [} 106 floor 20 %l Uther moom shapes or
amr 1237 =] 100 reflactances should be convertsd

acoordingly The values include the
light lom factor ofi0g.

OGS0 B3 O L0 3 0 10 1o 0
10 B3 30 10 50 30 10 Wonn
pec U ] e w e« s | e e e x ]| T |
& 7 76 T 73 T3 OTL YD 7O TO &8
73 FL 7@ 71 M) =8 GBS BB BT BT &5
M B3 B 95 BT BB BR 56 55 BE &2
&3 B o &1 B B3 Bl 53 51 6O EA
B9 BEX 51 B9 EX &0 BE 5] B4 BT EF
B BO BF B BB BT BR EE BS GBI ER
53 57 GSb K] b5 B4 BT BE K3 G2 Bl
49 54 Gl 49 54 Bl 45 53 RO 49 48
45 BT 4B 4= 51 43 45 B0 43 45 45
43 45 46 43 48 45 43 4B 45 43 42
45 43 41 45 43 41 45 42 41 40
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Fixture E (Cont.)
Parabelle Pendant downlight

ERCO

Arcessories
Ta944.023 Tods023
Pendant tube suspens Wire rope u
Tube: metal, whbe wdernn Wire rope with mounting bash:
n 1.'1 .ll:'.mm. ldlﬂs.’ls’.’ o 116 | 1.50mm, L ag 308" |
I 2500mm.
white, @4 58/ Canopy: plastic, white, o4 5% |
II]‘mm.ﬁ 5"15 { Femm TI7mmH 2 1 fsamm
Egﬂh Ceiling focture;: cast abimin-
Load | 20bg. un\'md.d white porwder-
Approsal: o Ul us Ested.
Mumtn a:m et metal,
I::hl-ee e clamp, terminal
Imdlaguﬂ:ulg
s Approral: o UL us Ested.
117 =m
L
&5 mm E
e 1_1
3 B
[T ] = E
g
5 mm
TA94E.023 835 10,000
Pencant tube Sabety gl
Tube: metal, siber Plastiz ring, slwer Rapid locking

mud “ooiled
8 1{27 ! 12mm, L40 15017

|u-1un-m
sivyer, o 45087
] I]‘rnn'l, 5"15 ) TEmm

md'ﬁﬁﬂu

Approeal: rUlul.E.'I.HJ

clips.

H!hj'll:l 11015° | 43mm.
Diameter 107 252mm

Weight 1.7cks] 0a0kn

1l
&4 mm w |E
T:"E
Tl =
E'E 1 o
] 12 =

Farsoelbe Perelal dosmlight 44
TR 023
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Fixture ELam

PHILIPS

seancr I >

Pressroom | Where To Buy |

B PHILIPS LIGHTING | North America | Product Information | Lighting App Center | Featured Events |

The Light Site North America

MeCATALDG
E Search Products

Product

B Categary Search lnfﬂl"matlon
B Glozsary
B Technical PL-T Triple 4-Pin Fluorescent Lamp VA
Descriptions b |
TBROWSE Feature: High color rendering, high efficacy lamps Back
LITERATURE feature 4-pin base for use with preheat, rapid "
B Catalogs start, electronic and dimming circuits, Featuring ! ‘
B product Bulletins | ALTO® Lamp TEChﬂDng'}f ! ¥ Bookmark
E Technical Data Watts: 26 .’. ‘ this page
E;hie‘t_sl sutar, | BuUIbIPL-T
ataria arety . _ P
Data Sheets Base: Gx240-3 ;“
B Ehotommetric Data Product Number: 045677-26825-0 =
o Ordering Code: PL-T 26W/841/4P/ALTO page
I Generic Designation: CFTR26W/GX240/24 1
PRODUCTS Package Quantity: 12 ' J'_\I
) Description: 4100K
B gL Induck . c bl
Rl M.O.L. (in.): 5 P cnersy Conpatible
BALTO " i saving
B MasterCalar® CRI: 82 hll Product
=emareaar Approximate life (hrs): 10,000
ED”“M‘”‘ Lumens: 1200
LRl Design Lumens: 1530
B Marathon™ Wiew Compatible Ballasts
E Tanning
. . Image Downloads
Contact Philips Lighting f
1.800,555.0050 Family Photo
ALTO Product Logo
Product Photo
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Fixture F Ballast

ICF-2526-H1LD@120
Brand Namea | ADVANCE CFL

A ADVANCE S

Starting Method | Programmed Start
Lamp Cannectlon | Seres
- nput Vollage | 130-377
nout Frequency | SOVED HZ

Siatus | Acllve

Lamg Typs M. of Rated Min. Btart reut Input Salach | MAY | Power MAX Lamp B.EF.
Lampe Lamp Tamp Currsnk Poramr Facfor | THD | Fastor Currant
Walte D 1AmpE] fAaMEl % Crest Factor
Wiathe)

" CEMENTEX 24T i 25 =18 .24 25 1.10 i 0S8 15 3.79
CENZEWIER a4 2 25 =18 .45 g4 1.00 i 055 15 185
CEMEIWIE a4 i iz =18 0.3 3E oS8 i 0S8 15 2.72
CSEMIIWIER a4 i 42 =18 0.38 4E oS8 i 0S8 15 2.13

CFQESWiGIdq 1 25 =18 0.23 27 1.00 0 0S8 1.5 3.7
CFQESWiGIdq 2 25 =18 0.43 S 1.00 0 055 1.5 1.55
CFE2WiGR10g 2 =1 =18 0.42 S 1.2 0 055 1.5 2.
FTWIET 2 24 =18 .41 48 oS3 0 055 1.5 1.34
Wiring Diagram Enclosure
WIRENG: () L.!.MP'L 1 LAMP
FELU BL
BALLAZEYELL
GEEE HE 1 BE

Graan Terminal must bs Groundad

The wirng diagram that appears abowe s
for the lamp fype dencted by the astedsk {7}

Enclosure Dimanslons

CramrA& L) WA NG H=ight {H)| Moundng (M}

Standard Lead Length {Inchag] e s o e

Elack ::“:l . ellowiElus : = —— e . 225

= = 126 o 1 om Z5cm 11.7 cm
WA b 0.a Blustiihne
Eue 0.a Eroam
Fed i) Crange
Yelow o CrangeEiack
Gray Blackiihbe
\ioled Redffihbe

of relaiien g Eeztunl
scilicuins srs nomine unisws glbsrsies noded.

Aevicsd 0BZEI003 @ @
[
] inm angl
e pearad

B
dlcatiomm mra muh st i chargs wifcol nodics &l

ADVAMNCE TRANSFORMER CO.
OHASRE INTERMATICHAL CENTESR - 10275 WEET HIZEINE ROAD - ROCSEMONT, IL 502
Customer SupporiTechnical Senvice- Phones B00-372-3331 - Fax: §30-307-3071
Compomie Ofices; Fhone: S00-322-205€
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Fixture E Ballast (Cont.)

ICF-25826-H1-LD@120

Brand Nama

ADVANCE CFL

A\ ADVANCE

Ballast Tvps

Elecironic

Starfing Method

Programmed Start

Lamp Cannectlon

Serles

q nput Voliage | 1310-277
nput Frequency | SOVE0 HZ

Hobse: Slatus | Active
Eaciion | - Prysical Chamcherisdics
14 The slecionic allzst shal be fumished with poke-in wine trrp conneciors, color-codsd to AN siandard C52.91,
Section |l - Parfarmance Regquirements.
21 The secionic izt shal be ot Pdoit (T and shall cperabe from a line volage ange of 108 - 305 woks, 5050 Hz.
22 The sectonic sallast nput cursnt shal have Total Harmonic Distorton (THD) of kess than 10% whan operated &t nomisal Ine woiage

{120 - 377 volis} wit primary lamgs.
The secionic fallzst shal hawe a Powsr Fachor greater than 35%.
The siectronic ballast shal hawe a Progamimed-Shart ype system

L dsi

The sectonic allzst shal be Sound Raiss A

Iminai= wisibie ficker.
The secionic fallzst shal mest ANSI T52.11, whene apoilcable:

[ CCRT R SR R ST SV )
U]

i o

Saction |l - Reguiaiony Rsgulnemens

The sectonic ballxst shal haee a emp end-o-Hfe detection and shuldosn ciecub.

The sectonic tallast shal sitsiand ranslents specified In ANE 052 41, Localion Categony AJ.

The secionic el ouput freguency o the Bmps shal b= aboys 42kHz o minlmize Imerf=ence wkin Infaed coning systems and

31 The slectonic ballast shal mest e requirements of e Federal Communications Commission rules and repelations, THe 47 CRR part

158, for Non-Consumer squinment.

3z The siectronic Sallast shal comply Wit all appicabis siale and federal eMicency standards.
3.3 The el=cronic balast shall be Undenwriiers Laboratories (UL Ust=sd (Tass Pl and C54 Coriffed whers applicabie.
34 The el=dronic balast shall be Undenwriiers Laboralories (UL mied for use I air handling soaces

Saction IV - Other
41 The sectonic balizst shal noi coniain Polychicenaled Slphenyl (TS,
4z

43
44

The secionic bl shal canry & flve-year wamanty Fom e dalz of manuizciure when operated at & cass Empeatue of 75°C
or sz, When operied & @ case iemperaturs bebween TG and $5°C, the wamanty shal b= 3 y=ars from the dates of mansaciure.

The marfaciorsr shall have a fifeen-year hisiony of producng secronic balass for the Marth Amercan mane:
The siectonic Sailast shal be produced In a factory cersfied 0 150 9002 Qualfy System Standanss.
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Fixture F

LIGHTSTAR L.E.D. o
333-0010 /20
2-534W/TSHD 547 [Froject:
INDIRECT/DIRECT
52 17 Canbeis

SPECIFICATIONS:

COMSTRUCTION: Sculptured, extnsded afaminum body
only 3.625" high, sandwiching laminated clear temmperad
plass panels.

80 minature Blue or white LEDs are emibedded within the
panels, ard gre enengized from an irwisilble low weltage
power supgly.

Aluminum trimes protect glass edges

REFLECTOR: Die formed semi specular slaminum reflector
fair igh performance ndirsct Sghting.

OPTICAL EFFECT- Dimmakle, kigh output glare free
indirect illumninatson, with decorative downlighting from
wolored LE.DS which can e seperately controlled to
remain illamineated when thie flucrescers: lames sre off,
LEDs operate witrout ary visible power source creating a
fizazing light sculpture.

LAMPS: - INCLUDED -2 - 54'W TS5 High Qe

5, 000Lurm =2} (16, 000Hrs)

Ortion - 28W T (2900Lum ea ) by speciol request.

L.E.Ds awe rated fiowr 150,000 howrs. (Approx 50 years at 8
thowrs per day)

Ordering Cuide Color
Blue LED Model 333-0020- _____- 120%
001
002
010
011
006
White LED Madel  333-0020- ______- 120V

Orgatech Omegalux
www, orgatechomegalux.com

511 M. Virginia Ave; Azusa, Ca 91702.

saabety rui

MOUNTING: Single steel cable suspension to each end of
the fxture, with adjustable akle grippers with side cakle
exit enable gquick, secune leveling. Fixtures ane fully
asseminled for eesy rmstallation. Camopies and Fardware
supplied.
Stendard 48" cable provided, ather lengths svmiable on
FEQUESL.

Stem supports are available on regeest.

ELECTRICAL: 120V or 240V anly, Prewired ready for
nstallation. Decorntive quality cord prowides power and
dimmirsg corfral to the fluorescent lamps. Imbernal
minehare low vaoltage 20V 0T diiver cantrols the LEDs.

BALLAST: Electromiz =im prafile 2 lamp TS low <1 0% THDL
Dimmable ballusts.

LABEL: UL Listed
INISH: AL colors S001-Creme White, 3002-Crey White,

F
201 0-Erightt White, 8011 Crapkste, 3006-Silver
Cetion- Custom colors- seddeyr.

WEIGHT: 46lbs.

— OG-80

O 000 s
Ies Fle ZE0E0083

626.969. 6820 / fax G830
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Fixture F !Cont.!

s

LIGHTGUIDE INSTALLATION:

AppHes % Lightwing ! Lightolane | Prisma, Cable suspended Mxtures.
Ficuras are suppiled prewired with Iamps Installed for quick Instalation, by

3 qualiied elecinzian.

Bafors Inetalling:- Discannact power.

Check ihe label on fhe fop of the Mxture 1o ensure that the Mxlure s sullabie for the Vollage you Imlend o use. Mne
[ab=i Indizates Universali 20 fo 277 Vot the ballast wil automatically sense ihe vollage applied io ensure comect

operalion.

Mounting:

Calling Couplers atiach the shesd cable to 104-20 shugs. - (Crossars wilth studs are provided fo fix o standam

ociagonal boees).

Instad ihe steel cabies o ihe celing at 43 34" Centers. Decorative Flal or Conlcal Canopy Cavers are provided for
the comd- sloe suspension, with cord retalners which atiach to the cable io hold the cord.

Elactrical: Line and Meulral Inputs 1o the callast are universal and it = nol necessany 1o offerentiale far conneclion

iz ihe supply. Green must be connected for proper operation

43 3" Cenars

Cord grip holds
2 cord o cabée.

Side axt Cabie grippeTs
‘_,,_,.-r—-”"'"#_ﬂ areacy F1ached g

T2 Mictunz.

! a7 5

Flxbure wedght 20 Lbs.

Paris

[ “etagonal box - by oihere
—y— Canopy bar with 1/£-20 Stud
Celing Colpler - 1/4-20

Cons Canopy cover
Snap-in Cable/Carg grip

Adjustable Cable gripper

Decarative Flat or Condeal
Canopy Cowers are provided,
win cord retalners which attach
the cord to the cable.

with 6lde 2xT & ¥ cable - Ready ssembied on the fxture

FIXTURES ARE PRE WIRED - LAMPS INSTALLED - ND DISMANTLING REQUIRED

Orgatech Omegalux 511 M. Virginia Awe; Azusa, Ca. 91702, G25.960.6820 / fax 630
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Fixture FLam

PHILIPS

cencr I »

Pressroom | Where To Buy |

B PHILIFS LIGHTING | Morth America | Product Information | Lighting App Center | Featured Events |

The Light Site North America

MeCATALOG
B Search Producks

Product

B Category Search l"fﬂl"‘r':l"latlﬁn
B Slossary
B Technical MasterColor® Tubular Single-Ended T-4 Lamps Fa
Cescriptions ;|

M EROWSE Feature: Single-Ended T-4 Style. Enclosed o
R Luminaires Only. Lifetime Colar Stability Wwithin +/- L/ /
E Catalogs 200K ‘
H product Bulletins Watts: 39 Bookmark
B Technical Data Bulb: T-4 this page
E:d';iee:iZI Safet Base: 8.5

Dats Sheets i Product Number: 046677-37372-0 I;“

B Fhotemetric bata| CTdering Gode: COM35/TC/830 Printable
Bease Studies AMNSI CDdEfBEll!ElSt Ref.: M130/E page

T — Package Quantity: 12
PRODUCTS Description: G, Clear, FadeBlock rfg
B gL Induction M.O.L. l;"]'): 3 11/32 Compatible
BALTO® L.C.L. {in.): 2 Ballasis

Rated Avq. Life {(Hrs.): 9000
B MasterColor Approximate Initial Lumens: 3300
B DuraMa Approximate Mean Lumens: 2640
HHalogena® CRI: 21
B Marathon™ CcCT (K): 2000
ETanning
Contact Philips Lighting | ¥i€w Gompatible Ballasts
1.800.555.0050
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Fixture FBallast
ICN-2554-90C@277
Brand Wame | CENTIUM
/A ADVANCE asi Tupe [Skcions
Sarting Method | Programmed Start
Lamp Carnectlon | Seres
3 nput Wollage | 277
nput Frequency | 3060 HZ
Ziatus | Aclive
Lamp Typs M. of Sated Min. Etart mput Imput Eallach | BAY | Power MAX Lamp B.EF.
Lampg Lamp Tamp Cumrent Fiormmr Fasior | THD | Factor Current
‘Walte G 1Ampe] AN | Crest Faclor
witte)
" FEATEHD 1 o a-18 0.23 Ed 1.02 1] OLSE i7 188
FEATS=D 2 54 a-1s 0.43 147 1.00 il o 17 985
FCAITSHD 1 55 a-18 0.2 55 OLET 15 OLSE 1.7 1.58
FCAITEHD 2 55 a-15 0.38 103 OLEs il osa i7 283
FTISMZE11 1 35 a-18 0.8 4E 1332 20 CLEE 1.7 255
FTIsWEGE11 2 5 a-15 0.32 g2E 120 il osa 1.7 140
FTEIMNZET 1 50 a-18 023 Ef 142 15 CLEE 1.7 1.54
FTEIRZE1T ] ] a-18 0.42 115 1.0 il osg 1.7 Q.5
FTESMNZE11 1 55 a-18 0.22 58 oSz 15 CLEE 17 1.58
FTESMZE1 2 55 a-1E 0.84 105 oLso il 0S8 17 Q.83
Wiring Diagram Enclosure
SETEY T
= ol BALLAS
L E
-
The wirng dagram thai appears abowve Is
for the lamp fype denoted by the asi=dsk {7}
Enclosurs DIimanslonsg
CramrAll (LY hilash A Height {HI] Mourding (M}
standard Lead Length [Inchss) T = —",E—.l—"-'—‘ﬁ e
. Inl cm . Pl oom 15 70 12020 15 1750
o g O] welowEius e e 4z40m iom Z5cm 41.5cm
Win b ] 4] Blu="Ahke s s
Eue ] 4] Ermani [ [
Red o 4] Crange 5} 5}
Telow ] 0| OrangeiEfack [ [
Gray o 0] Black fihke 5} 5}
“Wiiolet ] 4] Red®Nhie [ [

Faviced 0RIDEIN0D

ADV.

MC

CMHARE INTERMATICNAL CENTER

E TRANSFORMER CO_
0275 WEET HIGGING ROAD - ROSEMONT, IL 53112
Cuslomer SupporiTechnical Senvice- Phone- B00-372-331

Comporate Ofices: Phone: S00-3232-20CE

Fax: 530-307-3074
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Fixture FBallast (Cont.)

ICN-2854-90C @277
Brand Mame | CENTIUM

A ADVANGE Ballast Type | Eleciranic

Starting Method | Programmed Sart

Lamp Cornectlon | Seres

3 nput WVolage | 277

nput Frequency | SVE0 HZ

Hobsg: Zlgtus | Active

1 Fhysical Gequirements

1.1 Balast must be physically Rterchangsabis with 2 magnetic cors & ooll balast.
1.2 Balast must have permanesdy connscied leads Imtegral 10 the baliast or poke-in conmeciors, coior coded S AMSI C22.11 {latestwersion).

1= Balast must be formed from recyciable steel palnfesd In acoordanc= with UL 555 sisndards. Flastc products with gaseous dischap=s are
nioft aliowed.

2 Lighing Ferformance Reguelemers

2.1 Balast must have a balast fachor o
2.1 .75-.7H dor a low watiage cesign (L),
242 .B5-52 tor a mormal Bght ceput design
Z Balast must have a maxlmem Inpet watiags (AMED a3 Indlcai=d on the daia she=
3 Balast must have a EBallast E¥cacy Facior gregisr than or =gl o 25 indiczi=d on the daia shest
4 Balast must be abie 1o start and operate the specfisd lamps at & minimum =mperaiune of (-20,0,32,50,50] degrees Fahrenhst as Indicated
on the data shest and shall be In accordance with lamp mansfactrsr recommendations.
25 Balast must be sound raied A (T1200 and T125EImins mi=d B)
25 Balast must be d=sigred and UL [lsi=d io cperie the romber of Bmps 23 ndicaled on the data shest

=
r.
=
r.
r.

3 El=cinzal Ferformance Requirements

3.1 Balast THD shall = l=ss then 10% for the main E=mp d=sing =5 mlcated on e data sheet)

3% Lamp Curment Crest Facior shall not exce=d 4.7 for the main 2mp de=sign

3.3 Balast Powesr Fachor musi b= greater than 25% for the maln lamp design.

34 Balast cutout freguency shall be greaisr than Z0kHz and less than 30KHZ or greaser than 42iHz. Salast cutput shal not = bejaeen 30
A 42Kz Tor any lamp combinaton.

35 Balast must cperale Detwesn 1051 ITW1200), 245-305W(2TTV), 1 2-3ESVITY), or 432528V (4500 E0 Hz

3£ Balast must makiain light culpui a2 =~ 10% during a woEage Thaciusfon of =~ 105,

3.7 Balast shall ke Jrsiant: Stard Parylls, Rapkd Stard Beres, Frogrammed Rapld Star Series) a3 ndlcat=d on the daia shest,

35 Al balasts for Compact Fuocrescent Lamps {GFL) and TS dismeter Ismps misst contain a lamp Enc-CHLHe (EOL) def=ction and shut down
cirosit I accordance whin ANSVIEC propossd standands and must be operied on a rapld start balast. Compact Fluor=soent Iamps shal not e
operatesd on an instant stari ciroul.

4 Regulstory Requirsmenis

4.1 Balast shall mest AMNS|CEL.11 Iimis for Total Hamaonic Disiortion (THD )

4 Balast stall meet FCC Part 18 non-~consumer standands for secrical equipmen {Class AL

432 Bolast srall mest AMNS1E2.41 Categany A standanrss for Transient Viollage proteciion.

44 Balast shall mest UL 935 sismdards and be UL Isied and CEA apprgeed.

45 Balast stell be UL Class P and Type 1 Cuidoor,

45 Balast stall comialn no Folschionnated Biphenyl {PTEs) In acoordancs with UE s,

4.7 Balast stall meet &l LS siste and federal efficacy aas and all Canadian provindal and federal efficacy laws.

5 Ciher

5.1 Balast shall camy a S yearsamanty (from date of manwstaciue) with FLUS S0 sysism profection samanty (must regisier). \Wamanty
shal be walid &1 case Empeatures of 70000 =55 For 300 mted balasts, wamanty shail be 3 years for balast case {emperatores betssen
TG and S0C.

S32 Manuisciurer musé have a 45 year bistory of designing and marsfaciuring skectonic ballesis for fhe Korth Amerdican market

5.2 Balast must be manufacier=d In & faciiy Certified o B50 SO02 Gasalty System Standans

54 Balast must be orered and shipped fom & dsTibution canter Ceriflad o 120 3002 Qualy Sysi=m Siandards.

S5 Balast must be SAcvance Trensformer Co. brand, part# Al proposed subsSini=s must be submiied io e
specifying authorly wo weeks prior to bld dee daie. Submial does nof guaranies scceplance.
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Fixture G

ERCO LC Downlight

far compact flusrescent lamps

1 s
230 mm

421 mm

173

o DO
EETED
12 18
€108 mm

'im .al ) M —

B b5 A

Diry Damp#iet
“~Indoor

n

22234023
Reflector aclor Siker
f&".:FM W GE24g-3 2400im

Product deseription i
Howeing et abiminum, designed
as heat sink. .
Hmnllr? 1ing: cast aiminum,
white [R&1=002] powder-coated
d-point support and screw fighben-
ing for fixing 1o mownting plabe.
El=ctronic contraol gear 1 200277V,
&nHr, ol Pirside cast housing.

2500 e

Wounting plate for preimstallation ZoCRA 32W G243 24000m
with junction bes: for throughewir-
g Wad: powder. coabed Smap- EFfidency: 46%

in phg for connection between
jnction b and luminaine,
Loww brighiness rflector: aimin-
um, specular anodired. Cul-off

e 40 from horizontal
Diffuser as lamp cover: plastic,
tranelucent, for lamp repboement
remcrable without tocks.
Type Hon IC uminairs
Inzulation maberials must he kept
away from the luminaire by a min-
mum of . Suitable for wet loc-
ation Remowal of reflector allows
acress 1o junction bos from below,
Wi ceiling thickne= 347
‘Weigth: 12,78 ke 580 ky
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ERCO

Connectad kad of lumiaine
M 32N GX243-3 24000m

Connected koad per 100fc
2 22 G243 24000m

Humker af lamingies 1o0fe
ZaCFM 3N GE24-3 24000m

Numbser of luminaies per
1oafe for
2P 22 G243 2400im

Muminances (fed for module (i
2P 32N G243 2400im

Fixture G (Cont.)
LC Downlight

Flanning Data

PL: g2 W

P oo WiFE

n": &1 11060 fi:

lofc mfe  30fc cofe

5 o 14 4

EE =) [ axd
al £ 41 an
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ERCO

I'.'mdlepcmu' duulhutm

Wertical
Amgle

Reflectances

Celing 80 BO A0
‘Wals 50 3010
Floor 0 ® 1o
Recsom Carvity Ratio

L] &7 &Y &7
| B4 B B2
2 Sl 4= 48
3 48 45 44
4 45 43 41
5 43 40 3B
] 40 3B 36
T | ¥ M
a 36 I a3l
8 34 31 28
1o 2 = 17
Luminance Dats
n.':flll::l Footlamherts
Angle

5" 4137

e =]

E5" 8

n” 131

5" 135

m" 7

n" n

o a1

& 73

" 1]

BEa

EEReELRLEER

f=1-F=

BEARENR

35
3

Fixture G !Cont.!

LC Downlight

Phowrretric report

Zonal Lumen Sum

fone  lumens Slamp  Soficiure
Ly =} a] a]
1 181 4 a
am THS L] |
ELy 1535 iz =
4 Z18E 48 o5
ELy 297 458 1028
& 230 45 10
Ly 2 48 o]
an 201 458 1028
an a0l 4E 10
™ B B0 ROO30 30 3D 10 10
o B3 30 10 50 30 10 B0 30
pro U | [, W e, W | e e ] 1 .
B 63 B3 B3 61 Bl 51 45 49
Bl BT E0 43 45 48 4B 47 47
47 48 47 45 47 46 4R 45 45
44 ds 44 43 48 44 4z 4 43
4 b 42 40 43 4 4D 42 4
3E 41 39 M 41 38 2 40 34
mOF 37 B O I ¥ O3B AT
34 37 35 33 37 35 X O3 M4
A 035 33 31 35 33 3 M 32
< I SO | N I ] I B
& 3 28 ZF 31 @@ T 31 B

oo

HECEhuEEE8E

L;r&: information
T 22W G HE4g-3 24000
Huote:

Photometnic data may changs
when using dl[fﬂenll[:

These guide valuess are bassd on
10ft estling height in a square
room of 10007 and mean reflact-
ancves[l:nlngl?l:lh walls 50 %and

accordingly The \ldue-smtludrthe
light | e factor of o,
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ERCO

Fixture G (Cont.)
LC Downlight

Beressories

23950, 000
Corer :-I?

Metal, .h.Furrw:fingﬂle-Ep
where cziing cut-outs are too Big
Ininer and cdiber dameter bo be
specified when placding onder.

LC Coardgivl
arany
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Fixture GLam

PHILIPS
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P PHILIFS LIGHTING | Morth America | Product Information| Lighting App Center | Featured Events | Pressroom | Where To Buy |

The Light Site North America

HeCATALOG

B Search Products Product

Catalog - Compact Fluo ESCENt | nformation

B Category Search

H Glozsary
B Technical PL-T Triple 4-Pin Fluorescent Lamp ra
Crescriptions b |
T BROWSE Feature: High color rendering, high efficacy lamps Back
LITERATURE feature 4-pin base for use with preheat, rapid ',
B Catalogs start, electronic and dimming circuits. Featuring | ‘
B product Bulletins | ALTO® Lamp Technology ! ¥ Bookmark
B Technical Data Watts: 32 .’. ‘ thiz page
Eiﬂh‘:e?s outar, | BulbzPL-T e
ateria arety . _
Dats Sheets Base: G¥249-3 ':"
B Ehotommetric Dats Product Number: 046677-26872-2 Printable
Bcase Studios Ordering Code: PL-T 32W,/841/4P/aLTO page
R Generic Designation: CFTR32W/GX24q/541
PRODUCTS Package Quantity: 12 [ L\I
. Description: 4100K
B L Induck . G bl
Qb tnduction M.O.L. {in.): & 5/B ot 30 Eifrleeats
BALTO . saving
B MasterCalar® CRI: 82 ol Product
x Approximate life (hrs): 10,000
ED""EM"XPS Lumens: 2400
Ll Design Lumens: 2040
B Marathan™ Yiew Compatible Ballasts
ETanning
. N Image Downloads
Contack Philips Lighting
1 500.555. 0050 ALTO Product Logo
Product Photo
Family Photo
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Fixture G Ballast
Brand Mame | ACWVAMCE CFL
ADVANCE Ballast Type | Electraris
Etarting Method | Programmed Sart
Lamp Carnection | Seres
= nput Voltage | 1310-277
nput Frequency | SIVED HE
Stas | Active
Lamp Typs M. of matsd Win Start nput Irpiut Eamact | MaX | Powar | MaXLamp |BEF.
LampG Lamp Tamp Cumrant Fonamr Fasdor | THD | Fasfor Currant
Walte D 1Amps] aMEl % Cresd Faotor
Wiatte)
(1} FCETS & (1) 2 a =18 O.E1 Ef (- a s 15 1.3
Fo1ETS
CRM2INIGHIER 2 25 a-1s8 0.48 55 1.00 il 0sg 15 1.52
' CRM3ZWNGE G 2 2 ] 057 E8 =g il 058 15 144
MG 24 2 2 ] 0.78 93 [vE-ry il 055 15 1.4
CRMSTNIGHILT 1 57 32100 0.50 55 05 il 058 15 1.528
CRMIONIGRILT 1 T 1410 0.E3 TE 0ZE il 058 15 1.28
CFQIEWIE4q 2 25 ] 0.42 £2 1.00 i0 058 15 1.52
CFE2ENWIGR10g 2 2 a-1s8 0.48 £ 1.00 20 058 15 1.75
CFE3gNWIGR10g 2 33 a-1s8 0.55 Ed 0LED 20 058 15 128
FTIAW2ETT 2 24 a-1s8 0.40 48 ns3 15 058 15 1.4
1-10 Cantinu=d
Wiring Diagram Enclosure
WERENG: (2] L.!.HF‘L 11 LAMP
EELU BL
BALLAITYELL
GEEE A e BE
Grean Terminal must be Grounded
The wirng diagram that appears above s
o 1ie lamo fype denoted oy the azberizk 7]
Enclogure DIimanslons
Coramrdl (L) WATRIER (A H=ight {Hi| Moundng (M}
Standard Lead Length {Inchag) P T T Shos
S B L — plom +4zEn 3|  1mmam z
Elack | 13 ERCEE_ 126 om TEom iicm E1cm
\Whlle 0.0 Blu="hke
Elu= 0. Erowm
Fed 0. Crange
| Yelgw D SrargeiEack
Cray Bisck Nhke
Winlet Red®fNihkz
Reviced OTI01/2003 UL
o
Drtn i bams s ugon tewia by Te inm i wrel =g of redaiien g Eeztanl

ficatiorm wra muhmcs io chal

& wificul noncs &1

scilicaiars are nomine vnsws giterviee roded.

OHARE INTERMATICNAL CENTER
Custlomer SupporiTechnical S=nice- Phome- 2800-372-3331

ADVANCE TRANSFORMER CO.

Comporane Ofices: Phone: S00-322-202E6

10275 WEET HIGGIMNG ROAD - ROSEMONT, IL 302
Fax: &30-307-3071
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Fixture G Ballast !Cont.!

f ICF-2542-M2 BS@120
Brand Kame | ADWVARCE CFL

A\ ADVANCE e
Slart 'I; Katod Z'r:g"ar"unal:l Slart
Lamp Cannectlon | Serles
= nput Vollzge | 130-277
nput Frequency | SIVED HE

Status | Aclive

Condinued._11 - 11

Lamg Type Hum. of Rated Win. Etart nEut It Salach | BAX | Power MAE Lamp B.EF.
Lampg Lamp Tamp Cumrent Fiormmr Fasior | THD | Factor Current
‘Walte G 1Ampe] AN | Crest Faclor
Wiaite)
FT&INZET 2 40 a-18 0.E6 T8 OLss ] OS5 1.5 1.22

Faviced 070172003 @ @
[}
im wrel

in bamad ugon tewin by Bed Tr ] [ of reluiies @ Bezhanl
can wury dapsrading on opseaiing cordiione. Specdicatiorm s wuhsc io changs wifioul nofics. &l specilicaions sre nominel onises oibsrwvise nofed.

ADVAMCE TRANSFORMER CO.
CFHARE INTERMATIONAL CENTER - 10275 WEET HIZEINES ROAD - ROSEMONT, IL 3012
Cuslomer SupporiTechnical Senvice Phone- 800-372-333 - Fax: S30-307-3071
Comporate Ofices: Phone: S00-3232-20CE
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Fixture G Ballast !Cont.!

ICF-2542 - M2-BS@120

Brand Nams

ADWVANCE CFL

Ballast Typa

Slecironic

Sfarting Method

Programmed Start

Lamp Connectlon

SEfles

g nput WVolage | 130-277
nput Frequency | SIVE0 HZ

Habsc: Slatus | Aclive
Eection | - Prysical Chamotensics
14 The electronic ballast shal be furnishisd with poke-in wire trap cornecions, color-coded 5o AMEI standard S22 11,
Eeciion |l - Performance Requinsmenis.
24 The elecironic ballast shal be IndsiPdol (TR and shall operate from a line volEage range of 102 - 305 wolts, 50050 Hr.
232 The sliecironic ballast input curr=ni shall faye Total Fammonic Dislartdon (THD) of k== than 10% when operabed &t nominal Ine sofbage
{120 - 277 vois| wit pimary lamps.
23 The secionic kst shal have a Powsr Fachor greaber than 5%,
24 The secionic kst shal have a Fropammed-Start tyoe sysi=m
25 The siectronic ballast shal haee a lamp end-oi-fe detection and shuldown circul.
25 The siectronic ballast shal be Sound Ratsd A
vl The sliecironic ballast ouput frequency o the lamps shal b= abovs 42kHz o minlkmize Imerfsrence wiih Infaed oontnod systems and
=limingis visibie ficker,
25 The siecironic ballast shal mes=t ARSI 552 11, whene apoiicable
25 The sliecironic ballast shal wihsiand Tansents speciied in ANS] 552 41, Location Categony A3,

Eaciion Il - Regulalony Resguineme=nis

31 The electronic ballast shal mest the requirements of the Federal Communications Commission miles and regelations, The 47 CFS part
18, fior Mon-Consumer squlpment
3z The electronic ballast shal comply st all appicable staie ana fedemal eMic=ncy standards.

3.3 The eiscironic balast shall be Undenartiers Laboratoies (UL Listes (Class Pl and C5A Canffed wners applicabie.
34 The elscironic balast shall be Uindsnawriiers Laboraiories (UL meied for use In alr handing speces

Eaciion IV - Cther

41 The secionic kst shal not conlain Polypchicrnaied Slphenyl (FCBs].

43 The siectronic ballast shal canry 2 flve-yesr &amanky rom e dals of manuiaschure when operated at a case empemture of 750
or gz When cpermisd & & case lemperaters bebween T5'C and §5°C, the wamanty shal b= 3 y=ars from the date of manutaciure.

43 The mansfacier=r s=all have a fiSeen-year history of producing siecimonic baliasts for the Morth American mares

24 The seceonic mallast shal be produced In a facikory cerified o F=0 900F Gl By Systerm Standanss.
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Fixture H

ERCO Lightecast Downlight

for compact flusrescent lamps

2 155
=
i

=N
2 21
n-\\
<D 1 -
-TEL Els

B1020.000

Refsctar eodour SIver
TC-TEL 18W GE249-3 11 50im
{ir]

Priduct desorl pHon

Hearsdng: casl alminium, =iver

powder-ccabsd. KMoaniing wiih =
Inizuppart and =crew-tighien-
Shd= maun tes] cantnol gEar
1k, back.

cabiz sntries Thiough-winng
Ble, 5-pake bermined bk,

lscienk contro gear,

Darkdight reflesbor: aluminbr,

bright anoded Cut-edl angle 307,

ot = lanp cowr: plastl, Wml  Hbgtimi Cim)
Iranslucent, [T
Srresy mcdinbsd cover frame with 1 X4 Lo
salbeiy qlas: cor s lon -redsand, 2 75 L
st duminhim, M- s sarfaes 3 1z LEd
Ireaiment Siver dautile powder- 13 9 TEa
ooabsd, Ta be e logeihe & 12 o449

with Darklght refl=cior far mp
mlllﬂlﬂ 3

leztion miode IFR5: dust- procd
and weailer- et prat

Weloht: 2.40ig
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PHILIPS
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Pressroom | Where To Buy |

B PHILIPS LIGHTING | Morth America | Product Information| Lighting App Center | Featured Events |

The Light Site North America

MeCATALOG : ; i .
B Search Products cata|0g - Compact Flug escent :::;ﬂ:f:tion

Category Search §

E Glossary
E Tachnical PL-T Triple 4-Pin Fluorescent Lamp A

Deszcriptions b |

M BROWSE Feature: High color rendering, high efficacy lamps Back

LITERATURE feature 4-pin base for use with preheat, rapid "
E Catalogs start, electronic and dimming circuits. Featuring ‘
B product Bulletins | AL TO® Lamp Technology ! 7 Bookmark
E Technical Data Watts: 18 ':. ' this page
:ﬂha:::isal Safety LB

Data Sheets Base: Gx24q-2 I;“
B Fhotometric Data| PTOAuUCct Number: 046677-26822-7 Printable
B Case Studies Orderi_ng Cu!:le: F'I__—T 18W/841 /4P ALTO page

A Generic Designation: CFTR18W/GX240,/541
PRODUCTS Package Quantity: 12 V@
) Description: 4100K
EL‘TI;?”Ct'“” M.O.L. (in.): 4 5/8 ” i Enery it
E CRI: 82 LT Product
B MastarColor Approximate life (hrs): 10,000
BDuralMax - Lumens: 1200
BHalogend® Design Lumens: 1020
RIS S thor Wiew Compatible Ballasts
E Tanning
R Image Downloads
Confagt RS LSS | Eamiy photo
Product Photo
ALTO Product Logo




AstroPower Headquarters
Newark, Delaware

Architectural Engineering Senior Thesis Portfolio

Steve Neimeister

Fixture H Ballast
Brand Name [ADWANCE CFL
ADVANCE Ballast Type [Exectronic
Starting Method | Programmed Siart
Lamp Connacllon | Serles
- nput Wollage [ 130-277
Input Frequency | 51060 HZ
Slatus | Active
Lamp Typs Murmi. of Rated Min. Etart mzut Irgut Saiact | MAK | Powsar MAX Lamp B.EF.
Lampt  |Lamp \Walle | Temp (°F/C1|  Cumrsnt Forwsr Fantar | THD | Faolor Currsnt
[EmpE] LANEN Waths) % Crecd Factor
"M WIS 24T 1 18 a-ig o7 a0 1.0= il oSy 15 525
CEMHEWIEX e F 1 0e1 033 ag 105 10 | oss 15 255 |
CFG1S\WE2d4q 1 13 a-1&8 016 15 100 il osr 15 526
CFQ1S\WARE24q Z 18 a-12 0.20 35 OLsE il OEg 15 2.71
CFE18WGR10g 2 158 a-1&8 031 a7 100 ] 0LE5 15 2.7
CFE21WIGR10g 1 2 a-18 046 20 osn 13 os7 15 L
CFE21WIGR 10 Z 2 a-18 0.33 a0 iy 1] L] 15 225
Wiring Diagram Enclosure
WIRIG: (2] LAMF {11 LAMF
FELU BL
BALLAZTYVELL
QEEE - -
Grean Terminal must be Groundad !
T wiring dagram it appears above I for
e |3 by denoied by the astetsk ()
Enclasurs Dimanslons
Cremrdd (L) ‘Wldin (W) Height (<] Mouming (M
Standard Lead ﬂ_ﬂ_th ilnchas] e s T D
— E":; =L e il & 450 23 1 435
2 I mlaEus -
126 om 1 emi 2.5om 11.7 om
vie= | o Bluz/whts = == =
Bu=| 00 Broan
Sied 0.0 Crangs
allcaw a CrangeBlack
Sy Siackfdvhb=
clet Rediivkhe
Fevlead 0BDETI02 @ @
0
Dt i Bamsd wpon issts in & carera s W rea
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Comporaie Ofices: Fhone: S00-322-2026
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/A ADVANCE

Fixture H Ballast (Cont.)

ICF-2818-H1-LD@120

Brand Mame

ADVANCE CFL

Ballasi Typs

Electronic

Staring Methad

Programmed Start

Lamp Connechon

aries

npwt Vollags

120-277

Inputl Frequency | 53060 HZ
Shatus [Active

Hobse:

Sectan | - Prysical Ohsracterisdcs
11 The slecionic ballast shal be fumishesd with poke-in wine tap conreciors, color-code=d o ANES standard CE53 41,

Secion Il - Ferlormiance Reguirements

1 The slecionic Dallzst shal be nteiloit (TR and shall cperate from a line vofage mnge of 108 - 305 wohs, 500 Hz.

e The elecionic ballast input cumesnt shal have Tolal Hammonic Cisiotion (THD ) of less than 13% when operated &t nominal Ine
vorage (120 - 377 wols) wih primary lamps

I3 The secionic ballst shal hase a Power Factor greater than 35%.

24 The elecionic ballast shal have a Progmmmed-Siont bype sysi=m

25 The elecionic ballast shal have a lamp end-of-fe deferction and shuldown circuli.

15 Thee sliectronic ballzst thal be Sound Rasd A

i The siectonic ballast ouput frequency to the mps shal bz above 42KHz o minlmize Imerf=rence whn Infaned controd systems and
eliminsie viskie Ticker.

iE Thee sliectronic ballest thal me=1 ANS! D2 11, where apoilcabke

28 The slecionic ballast shal wihsiand arslents speciied In ANEDDSZ 41, Location Cabegory A3,

Secion Il - Regalniony Sequirements

31 The siecironic ballast shal mest the requirements of the Federal Communications Commission rukes and regaations, ThH= 47 GFR part
18, fior KMon-Consumer equioment.

c ] The elecionic ballast shal comply with all applcablz sinle amd fedemal efficlency siandards.

3.3 The slecironic ballsst shall be Und=rarizrs Laboraton=s (UL Listed (Class P and C2A Corifizd wieere appicabie.

3.4 The eiectronic ballast shall be Und=rartisrs Laboratori=s (UL) med for wse In ak hancling spacss

Secdan IV - Siher

4.1 The siecironic ballast shal not contain Polychicrnated Slphenyl (FCEsL.

4.3 The siecironic ballast shal carry a five-year samanty fom the dai= of manuiscure when operated at a case Empemiure of 75'C
orless. When opsmi=d af 3 case femperaluine betwesn TE" G and S5°C, the wamanty shal be 3 y=ars from the date of marsaciure.

43 The mansfachr=r shall have a fiteen-year histony of producing secmonic balasts for the Marth American mankoes

4.4 The slectonic Dallast shal be produced In afactory cerified o 150 300E Qually Sysiem Siandands.
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Telecommunications Plan — Floor 1 South
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Telecommunications Plan — Floor 2 North

Existing Electical Eoom -]
New TELECCOMM. EOO

Match Line I
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Flectrical Line Diagram — Part [
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Flectrical Line Diagram — Part I
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Electrical Line Diagram — Part Il
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