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Executive Summary 

The Shepherd University Wellness Center allows for a balanced recreational program for the students, 

faculty, and staff of the University.  Located in the center of Shepherd University's campus, the facility 

contains an eight-lane 25 yard swimming pool, two indoor gyms, an indoor elevated 1/10th mile jogging 

track, over 7,500 square foot weight and fitness area, two multi-purpose rooms, causal seating area, and 

administrative area. 

The following report covers several topics regarding aesthetics, functionality, energy efficiency, and cost 

analysis.  The lighting depth provides complete lighting re-designs for four spaces throughout the 

Wellness Center.  Lighting design criteria, documentation, equipment, graphics, and performance data 

are provided for the Outdoor Entry, Rotunda, Multi-Purpose Room, and Fitness Room.  The lighting 

designs for all spaces enhance the architecture and interior design while expressing excitement and 

movement throughout this exercise facility. 

The existing electrical design was modified to meet the change in lighting design.  Electrical depth topics 

include additional studies on equipment efficiency, cost, and functionality. 

As part of the general goal to enhance the interior spaces and complete interdisciplinary studies in the 

design industry, an architectural breadth and an acoustical breadth aid in the redesign of the multi-

purpose room. 

The re-design solutions prove to be aesthetically pleasing, functional, and energy efficient.  Each 

solution engages the users and emphasizes the Wellness Center's presence on campus. 
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Building Information and Statistics 

Building Name | Shepherd University Wellness Center 

Location | Shepherdstown, West Virginia 

Building Occupant | Shepherd University 

Occupancy | Fitness and Education Center 

Size | 73,400 Square Feet 

Number of Stories | 2 

Date of Construction | June 11, 2009 

Construction Cost | $21,600,000.00 

Project Delivery Method | Single Lump-Sum Contract 

Primary Project Team 

 Owner | Shepherd University 

 General Contractor | Palmer Construction Company in McConellsburg, PA 

 Architect | Hughes Group Architects in Sterling, VA 

 Structural Engineer | Ehlert/ Byan, Inc. in Mclean, VA 

 MEP and Fire Protection Engineer | Brinjac Engineers in Harrisburg, PA 
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Lighting Depth 

The Shepherd University Wellness Center is located on Shepherd University’s campus in Shepherdstown, 

West Virginia.  The facility is over 70,000 square feet with two stories and was completed in June of 

2009 with the cost of construction of about 21.6 million dollars.  As a university fitness and educational 

center, the building serves as a multi-function facility that provides a balanced recreational program for 

the students, faculty, and staff of the University.  The three key elements are the fitness zone, a pool 

area, and a multi-function gymnasium. The building contains open spaces adjacent to a large rotunda 

that promote circulation and openness.  Also included in the building are a 25 yard pool, 2 basketball 

courts, an indoor jogging track, an over 7,500 square foot fitness area, dining venue, and administrative 

offices. 

The four spaces that will be studied are the outdoor entry, as the outdoor space, the rotunda, as a 

circulation space, the multi-purpose room, as a special purpose space, and the fitness room, as a large 

work space.  The outdoor entry relates the building to the University campus.  The rotunda enhances 

the architecture of the building entrance.  The multi-purpose room allows for flexibility of the use of 

light for each type of aerobic activity, while the fitness room uses light to distinguish sub spaces of 

different workout tasks. 

The architect’s vision was to have “three key elements provide a balanced recreation program: fitness 

zone, new pool, and a multi-function gymnasium” (Hughes Group Architects).  The lighting design will 

mirror this image of balance through the concepts of movement, navigation, and safety.  Movement will 

energize the users and stimulate their interest to workout.  Navigation is imperative to directing the 

users to and through the spaces.  The design will provide enough light for the users to use the space and 

its components safely. 
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Outdoor Entry | Outdoor Space  

Description 
This gathering exterior space serves as the focal point of the building, drawing visitors inside.  The space 

connects the parking lot and exterior pathways to the vestibule entrance and the building’s front façade.  

The space serves as circulation and egress.  The space contains the stairs and pathway leading up to the 

main entrance, the brick façade, and a two-story glass storefront. 

Dimension 

Area= approximately 1970 sq. ft. 

Materials 

Table 1: Outdoor entry materials. 

MATERIAL OBJECT COLOR REFLECTANCE 

Cement Ground Covering White 0.47 

Asphalt Ground Covering N/A 0.26 

Brick Wall  Red 0.1 

Note: For N/A colors, reflectance is designed for material specified. 
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Drawings 
Figure 1: Existing plan of the outdoor entry. 

 

Lighting Design Criteria and Considerations 
IESNA Lighting Handbook 9th Edition 

 Classification: Building Exterior, Entrance, Active (pedestrian/ conveyance) 

 Appearance of Space and Luminaires: Very Important 

o Spatial appearance shall be aesthetically pleasing to create a comfortable space. 

 Color Appearance and Color Contrast: Very Important 

o The lighting shall allow visitors to distinguish objects and people from the backdrop of 

the sky and building.  The color appearance and contrast shall allow for easy 

identification for the safety of visitors. 

 Direct Glare, Reflected Glare: Very Important 

o Direct glare shall be avoided to minimize discomfort and visibility interference to 

pedestrians and drivers in this outdoor space. 

 Light Pollution/ Trespass: Very Important 

o Light pollution could affect the surrounding campus buildings.  Illumination exceeding 

the boundaries of this outdoor space shall be minimal. 

 Light Distribution on Surfaces, Modeling of Faces or Objects, Peripheral Detection: Very 

Important 

o Visitors must be able to recognize people and vehicles traveling throughout the space 

for their own safety.  The lighting shall reveal the depth and shape of the objects 

throughout the space for easy identification. 

 Points of Interest: Important 

o The main doors shall be the point of interest to lead visitors into the building. 
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 Shadows: Very Important 

o Shadows shall be minimal to create a safe space for visitors. 

 Source/ Task/ Eye Geometry: Very Important 

o Safety is a main concern that will need to be addressed by the illuminated ground 

surface plane. 

 Horizontal Illuminance: Very Important 

o 5 footcandles is recommended for simple orientation for short visits. 

 Vertical Illuminance: Very Important 

o 3 footcandles is recommended for public spaces. 

ASHRAE/IESNA Standard 90.1 2007 

 Lighting Power Density Allowance for Building Exteriors 

o Building Grounds: Tradable Surfaces 

 Plaza areas: 0.2 W/ square feet 

Architectural Lighting Design Third Edition by Gary Steffy 

Psychological Aspect 

o This space is designed for visual clarity to emphasize the walkways and entrance of the 

building. 

Lighting Design Concept 

The outdoor entry should be an inviting and safe space.  The large two-story storefront serves as the 

building core and will illuminate the building from within.  Additionally, step lighting will guide the users 

to the building, while path lighting will draw the users to the space. 
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Lighting Solution 

Luminaire Schedule 

Table 2: Outdoor entry luminaire schedule. 

TYPE IMAGE 
MANUFACTURER/ 

CATALOG 
NUMBER 

DESCRIPTION MOUNTING  
POWER 
SUPPLY 

VOLTAGE LAMP WATTAGE 

L06 

 

Bega-US 
2289P 

Recessed wall luminaire, 
unshielded for steps, die-

cast and extruded 
aluminum housing, 1/8” 

thick, clear tempered 
glass with translucent 
white ceramic coating 

Recessed 
Wall 

Integral 
Magnetic  

120/277V 
(1) 

F9BX/827/ 
ECO 

9W 

 

  



Shepherd University Wellness Center 

Lisha A Brown 

 

  
Page 13 

 
  

Light Loss Factors 

IESNA Lighting Handbook 9th Edition 

Table 3: Outdoor entry light loss factors. 

Luminaire 
Type 

Lamp Lumen 
Depreciation 

Luminaire Dirt 
Depreciation 

Ballast 
Factor 

Light Loss Factor 
Total 

L06 0.83 0.88 0.98 0.72 

Controls 

The outdoor entry lighting will be controlled by an astronomical time switch.  The digital time switch will 

automatically turn lights off after a preset time when the facility closes. 

Table 4: Outdoor entry controls. 

Control 
Type 

Product Name Manufacturer 
Catalog 
Number 

Description Location 

TS 
Digital Time 

Switch 
WattStopper TS-400 

InteliSwitch TS-400 series 
digital time switches 

automatically turn lights 
off after a preset time 

Rotunda  
1st level 

Performance Graphics 
Figure 2: Outdoor entry illuminance contour lines.  Navy, red, and green lines represent 0.3, 0.6, and 1.0 footcandles 
respectively. 
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Energy Code Compliance 

ASHRAE Standard 90.1 

Table 5: Outdoor entry energy code compliance. 

Area Size 
Power Density 

Allowable 
Power Density 

Designed 

Outdoor Entry 1973 sq. ft. 0.2 W/sq. ft. 0.132 W/ sq. ft. 

Performance Summary 

Table 6: Outdoor entry performance summary. 

Area 
Average 

Illuminance 
Maximum 

Illuminance 
Minimum 

Illuminance 
Max/ Min 

Ratio 

Outdoor Entry 0.54 fc 2.2 fc 0.3 fc 7.3 

Summary 
The outdoor entry defines the entrance to the Shepherd University Wellness Center.  While the step and 

path lighting alone do not meet the average illuminance of 5 fc desired, the additional light provided by 

the core of the building spills onto the outdoor entry.  Thus, the step, path, and core illumination 

adequately provide for safety of the users and direct users to the space.  The Wellness Center makes its 

presence known with its inviting atmosphere through the use of outdoor lighting. 
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Rotunda | Circulation Space 

Description 
This two-story circular space provides views to outside the front of the building as well as to interior 

spaces, like the fitness room and gymnasium.  The first level contains a casual seating area and front 

desk.  On the second level, a circular walking path with a bisecting arc shaped walking path breaks up 

the openness of the space.  The main purpose of the space is for circulation and egress. 

Dimension 

Approximately 70 ft. in diameter  
Ceiling height of first floor= 12.5 ft. 
Ceiling height of second level= 23.5 ft. 
Area= approximately 3,780 sq. ft. 

Materials 

Table 7: Rotunda materials. 

MATERIAL OBJECT COLOR REFLECTANCE 

Paver Tile Flooring 
Titanium P523, 
Gunmetal P504 

0.32 

Plastic Laminate Walls Wild Cherry 7054-60 0.18 

Wall Covering Walls 
Watermark Moire 

Wheat 
0.34 

Acoustical Ceiling 
Tile 

Ceiling N/A 0.78 

Acoustical Wood  Ceiling N/A 0.55 

Laminated Glazing Door N/A 0.20 

Note: For N/A colors, reflectance is designed for material specified. 
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Drawings 
Figure 3: Floor plan of the first level rotunda. 

 

 

  



Shepherd University Wellness Center 

Lisha A Brown 

 

  
Page 17 

 
  

Figure 4: Floor plan of the second level rotunda. 
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Figure 5: North elevation of the rotunda. 
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Figure 6: South elevation of the rotunda. 
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Lighting Design Criteria and Considerations 
IESNA Lighting Handbook 9th Edition 

 Classification: Educational Facility Corridor 

 Daylighting Integration and Control: Very Important 

o Views of the outdoors through the large façade windows shall be utilized for 

psychological and physiological reasons, including to identify the time of day.  Daylight 

and sunlight shall be utilized as ambient illumination. 

 Direct Glare: Very Important 

o Direct glare shall be avoided to minimize discomfort and visibility interference in this 

circulation space. 

 Light Distribution on Surfaces: Very Important 

o Illuminance patterns shall correspond with the circular architectural features of the 

walking path on the second level.  The patterns of light shall take into consideration the 

tasks of visibility, comfort, and perception. 

 Modeling of Faces or Objects: Very Important 

o The front desk must be able to recognize facility visitors.  The lighting shall reveal the 

depth and shape of the objects throughout the space for easy identification of the 

designated flow of the space. 

 Points of Interest: Very Important 

o The lighting shall draw attention to the front desk, as well as indicate the direction of 

pedestrian flow.  Attention can be drawn using movement, luminance contrast, and 

color contrast. 

 Vertical Illuminance: Very Important 

o For a working space where simple visual tasks are performed 10 footcandles are 

recommended.  

ASHRAE/IESNA Standard 90.1 2007 

 Lighting Power Density Allowance  

o Lobby 

 1.3 W/ square feet 

Architectural Lighting Design Third Edition by Gary Steffy 

 Psychological Aspect 

o With the peripheral accent of the space and the use of daylight along the main entrance 

façade, this space creates an open atmosphere. 

Lighting Design Concept 

The grand interior entrance and architecture of the rotunda should be accentuated through the use of 

light.  Light will invoke the impression of spaciousness by emphasizing the perimeter of the space.  The 

users will be directed through the space by a pathway of light. 
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Lighting Solution 
Luminaire Schedule 
Table 8: Rotunda luminaire schedule. 

TYPE IMAGE 
MANUFACTURER/ 
CATALOG NUMBER 

DESCRIPTION MOUNTING  
POWER 
SUPPLY 

VOLTAGE LAMP WATTAGE 

L01 

 

Zumtobel 
2LS1D1H32GX24Q3 

8” Square 
aperature,  
Specular 

aluminum 
reflector above 
lamp, Faceted 

specular plastic 
reflector with 
patterned wall 
wash section 

above clear glass 
enclosure 

Recessed Universal  120/277V 
(1)CF32DT/ 

E/IN/ 
841/ECO 

32W 

L04 

 

Elliptipar 
F204- 

H142-T-02-1-000 

Small semi-
recessed 

adjustable wall 
washer, Semi-

gloss white 
finish, Two 
parabolic 

reflector sections 

Semi-
Recessed 

Adjustable 

Integral 
Electronic 

120V 

(1) 
CFTR42W 
/GX24q, 
3000K,  
80 CRI 

42W 

L05 

 

Elliptipar 
M200- 

035G-T-02-1-000 

Small semi-
recessed 

adjustable wall 
washer, Semi-

gloss white 
finish, Two 
parabolic 

reflector sections 

Semi-
Recessed 

Adjustable 

Integral 
Electronic 

120V 
(1)CDM35/T6/8

30 
35W 
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Light Loss Factors 

IESNA Lighting Handbook 9th Edition 

Table 9: Rotunda light loss factors. 

Luminaire 
Type 

Lamp Lumen 
Depreciation 

Luminaire Dirt 
Depreciation 

Ballast 
Factor 

Room Surface  
Dirt Depreciation 

Light Loss Factor 
Total 

L01 0.85 0.88 0.98 0.92 0.67 

L04 0.84 0.88 0.98 0.92 0.67 

L05 0.76 0.88 0.98 0.92 0.60 

Controls 

The rotunda lighting will be controlled by an astronomical time switch.  The digital time switch will 

automatically turn lights off after a preset time when the facility closes. 

Table 10: Rotunda controls. 

Control 
Type 

Product Name Manufacturer 
Catalog 
Number 

Description Location 

TS 
Digital Time 

Switch 
WattStopper TS-400 

InteliSwitch TS-400 series 
digital time switches 

automatically turn lights 
off after a preset time 

Rotunda  
1st level 
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Renderings 

Figure 7: Rotunda 1st level rendering. 
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Figure 8: Rotunda 2nd level rendering. 
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Figure 9: Rotunda rendering of both levels. 
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Performance Graphics 

Figure 10: Rotunda 1st level illuminance contour lines.  Navy, red, and green lines represent 6, 8, and 12 footcandles 
respectively. 
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Figure 11: Rotunda 2nd level illuminance contour lines.  Navy, red, and green lines represent 6, 8, and 12 footcandles 
respectively. 
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Figure 12: Rotunda 1st level illuminance pseudo color rendering in footcandles. 
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Figure 13: Rotunda 2nd level illuminance pseudo color rendering in footcandles. 
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Figure 14: Rotunda illuminance pseudo color rendering of both levels in footcandles. 

 

Energy Code Compliance 

ASHRAE Standard 90.1 

Table 11: Rotunda energy code compliance. 

Area Size 
Power Density 

Allowable 
Power Density 

Designed 

Rotunda 3780 sq. ft.  1.3 W/sq. ft. 1.256 W/ sq. ft. 

Performance Summary 

Table 12: Rotunda performance summary. 

Area 
Average 

Illuminance 
Maximum 

Illuminance 
Minimum 

Illuminance 
Max/ Min 

Ratio 

Rotunda 1st level 7.98 fc 17 fc 2 fc 4.75 

Rotunda 2nd level 8.93 fc 19 fc 4 fc 4.75 
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Summary 
The rotunda defines the grand interior entrance to the Shepherd University Wellness Center.  Wall 

illumination adequately defines the boundaries through the use of wall washers.  Small downlights guide 

the users through the curved space directing them to the facility’s amenities.  While the average 

illuminance does not meet the preferred 10 footcandles, the space reaches illuminance values above 10 

footcandles at its perimeters where people need the light most.  Daylight will provide additional light at 

times through the large two-story storefront; however, this space study does not take into account a 

daylighting analysis. 
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Multi-Purpose Room | Special Purpose Space 

Description 
Located on the second floor of the facility, the multi-purpose room is an open square for freedom of 

movement required by the aerobic and dance classes that take place here.  Two large windows in the 

space overlook the building’s large gym.  This space does not contain furniture or any permanent layout.  

The room is equipped for dance, aerobic, and wellness classes. 

Dimension 

Approximately 40 ft. x 38 ft.  
Ceiling height= 14 ft. 
Area= approximately 4,300 sq. ft. 

Materials 

Table 13: Multi-purpose room materials. 

FINISH OBJECT COLOR REFLECTANCE 

Wood Athletic 
Flooring 

Floor N/A 0.55 

Glass Window N/A 0.50 

Paint Wall Elmira White HC-84 0.70 

Acoustical Ceiling Tile Ceiling White 0.78 

Note: For N/A colors, reflectance is designed for material specified. 
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Drawings 

Figure 15: Floor plan of the multi-purpose room. 

 

Lighting Design Criteria and Considerations 
IESNA Lighting Handbook 9th Edition 

 Classification: Educational Facility, Gymnasium, Social Event 

 Color Appearance and Color Contrast: Important 

o The use of warmer color temperatures will create a more pleasant feel to the aerobic 
environment.  A higher Color Rendering Index, above 80, will improve the appearance of 
people and aerobic equipment.  Good color renderings in the space will add visual 
interest and produce a welcoming environment. 

 Direct and Reflected Glare: Important 

o Direct glare can increase the risk of injury of those participating in the aerobic classes, as 
well as cause discomfort for such participants.  Indirect or inconspicuous lighting and 
luminaire placement out of the line of sight of participants is recommended. 

 Modeling of Faces or Objects: Important 

o People’s facial expressions are important to many forms of dance aerobics.  The 

appearance of objects is important for proper aerobic equipment use. 

 Shadows: Very Important 

o Shadows may cause risk of injury to the participants’ visual limitation.  The light shall be 

directed from several locations to minimize shadows. 
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 Sparkle/ Desirable Reflected Highlights: Very Important 

o High luminance on small specified points in the space will enhance the visual interest.   

 System Control and Flexibility: Very Important 

o Switching and dimming can enhance the users’ satisfaction within this large space, 

especially to accommodate the various types of aerobic and educational classes that will 

utilize the space.   

 Horizontal Illuminance: Somewhat Important 

o 5 footcandles is recommended for orientation and simple visual tasks; however, for 

certain aerobic classes, such as kick-boxing, a higher illuminance value of at least 10 

footcandles may be used. 

ASHRAE/IESNA Standard 90.1 2007 

 Lighting Power Density Allowance  

o Conference/ Meeting/ Multipurpose 

 1.3 W/ square feet 

Architectural Lighting Design Third Edition by Gary Steffy 

 Psychological Aspect 

o The uniform overhead lighting coupled with the peripheral lighting along the wall with 

large windows allows for visual clarity.  Since this room will be used for different forms 

of fitness activities, including aerobic dance and yoga, it should be designed for both 

festive and relaxation impressions. 

Lighting Design Concept 

As an open square for freedom of movement, the multi-purpose room should reflect the playfulness of 

the users.  Rhythmic patterns of light with longer wavelengths will reinforce the high energy within.  

Reflected light will create sparkle throughout the space.  Light as visual clutter creates an enchanting 

festive impression.  For some activities, a relaxation impression will be used by providing uniform 

lighting along the peripheral areas of the space.  Such activities include more subdued fitness activities, 

like yoga, and educational teaching lectures.   Thus, two scenes are specified for the multi-purpose 

room.
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Lighting Solution 

Luminaire Schedule 

Table 14: Multi-purpose luminaire schedule. 

TYPE IMAGE 
MANUFACTURER/ 
CATALOG NUMBER 

DESCRIPTION MOUNTING  
POWER 
SUPPLY 

VOLTAGE LAMP WATTAGE 

L01 

 

Zumtobel 
2LS1D1H32GX24Q3 

8” Square aperature,  
Specular aluminum 

reflector above lamp, 
Faceted specular 

plastic reflector with 
patterned wall wash 
section above clear 

glass enclosure 

Recessed Universal  120/277V 

(1)CF32DT/ 
E/IN/ 

832/ECO  
 

32W 
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Light Loss Factors 

IESNA Lighting Handbook 9th Edition 

Table 15: Multi-purpose light loss factors. 

Luminaire 
Type 

Lamp Lumen 
Depreciation 

Luminaire Dirt 
Depreciation 

Ballast 
Factor 

Room Surface  
Dirt Depreciation 

Light Loss Factor 
Total 

L01 0.85 0.88 0.98 0.92 0.67 

Controls 

Two line-voltage switches are located in this room to control the two lighting scenes: relaxation and 

festive.  The first switch controls the perimeter downlights for the relaxation scene, while the second 

switch controls the remaining downlights for the festive scene. 

Renderings 
Figure 16: Multi-purpose room rendering. 
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Performance Graphics 

Figure 17: Multi-purpose room illuminance contour lines.  Navy, red, and green lines represent 12, 14, and 16 footcandles 
respectively. 
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Figure 18: Multi-purpose room illuminance pseudo color rendering in footcandles. 

 

Energy Code Compliance 

ASHRAE Standard 90.1 

Table 16: Multi-purpose energy code compliance. 

Area Size 
Power Density 

Allowable 
Power Density 

Designed 

Multi-purpose 1512 sq. ft. 1.3 W/sq. ft. 0.938 W/ sq. ft. 

 

Performance Summary 

Table 17: Multi-purpose performance summary. 

Area 
Average 

Illuminance 
Maximum 

Illuminance 
Minimum 

Illuminance 
Max/ Min 

Ratio 

Multi-purpose 14.61 fc 25.5 fc 9.2 fc 2.77 
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Summary 
The controllable light allows this aerobic space to be playful.  With an average illuminance of 14.61 

footcandles, above the suggested 10 footcandles, this spaces is bright and lively for energetic 

movement.  The festive impression is achieved through the random placement of light by small angled 

downlights.  Light bounces off of the suspended ceiling metal panels to create sparkle throughout the 

space and on the users as they move.  The relaxation impression is achieved by controlling the light to a 

lower light level and using uniform lighting that emphasizes the peripheral space.  
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Fitness Room | Large Work Space 

Description 
Located on the second floor of the facility, the fitness room is viewed as a “rotunda balcony” (Hughes 

Group Architects).  The space provides views of the building amenities and outside onto the campus.  

This weight and fitness area consists of free weights, resistance machines, and cardio equipment.  The 

space also contains nine flat screen televisions. 

Dimension 

Approximately 155 ft. x 28 ft. 
Ceiling height= 14 ft. 
Area= approximately 4,300 sq. ft. 

Materials 

Table 18: Fitness room materials. 

FINISH OBJECT COLOR REFLECTANCE 

Glass Windows Diffuse 0.40 

Athletic Flooring Floor Grey G707 0.23 

Paint Walls Elmira White HC-84 0.70 

Acoustical Ceiling Tile Ceiling Yellow Cream 0.78 
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Drawings 

Figure 19: Finish floor plan of the fitness room. 
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Figure 20: Architectural sketch of the fitness room. 

 

Lighting Design Criteria and Considerations 
IESNA Lighting Handbook 9th Edition 

 Classification: Sports and Recreational Area Lighting; Class IV 

 Direct Glare 

o Direct glare from light sources and luminaires must be prevented to avoid improper use 

of machinery. 

 Light Distribution on Task Plane (Uniformity) 

o The task plane is the level at which the free weights, resistance machines, and cardio 

equipment rests.  Uniform light distribution at proper illuminance levels will be 

important to mitigate risk of injury.  

 Illuminance 

o General uniform and diffuse lighting of an average of 30 footcandles at the task plane. 

ASHRAE/IESNA Standard 90.1 2007 

 Lighting Power Density Allowance  

o Gymnasium/ Exercise Center 
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 Exercise Area: 0.9 W/ square feet 

Architectural Lighting Design Third Edition by Gary Steffy 

 Psychological Aspect 

o The overhead lighting along the ceiling is more central with some peripheral lighting to 

reinforce the work space’s visual clarity. 

Lighting Design Concept 

The design complements the architecture of the space and encourages the theme of movement.  The 

lighting design for the fitness area provides for safety and visual clarity.  The long narrow area is defined 

by spaces within through the use of three light levels: ambient, architectural, and task.  Strips of light 

between the columns define the spaces within the fitness area and provide ambient light with linear 

recessed fluorescent luminaires.  Adjustable downlights highlight the columns and define the 

architecture in the space.  Task lighting draws attention to the reception desk for the fitness zone. 
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Lighting Solution 

Luminaire Schedule 

Table 19: Fitness room luminaire schedule. 

TYPE IMAGE 
MANUFACTURER/ 
CATALOG NUMBER 

DESCRIPTION MOUNTING  
POWER 
SUPPLY 

VOLTAGE LAMP WATTAGE 

L01 

 

Zumtobel 
2LS1D1H32GX24Q3 

8” Square 
aperature,  

Specular aluminum 
reflector above 
lamp, Faceted 

specular plastic 
reflector with 
patterned wall 

wash section above 
clear glass 
enclosure 

Recessed Universal  120/277V 

(1)CF32DT/ 
E/IN/ 

841/ECO 
 

32W 

L02 

 

Zumtobel 
PL-OLP-65-1805-U 

Plateau, 6” 
recessed, Opal lens, 

6” x 5’, 
Narrow aperature 

recessed direct 
lensed luminaire 

for continuous row 
mounting 

Recessed Universal 120/277V 
(1) 80W (5’) 

T5HO 
85 CRI, 4100K 

80W 

L03 

 

Alfa 
P208- TOM-TOM 

Drum Pendants, 
glass shade, 78” 

long cord, 12V 5W 
LED light engine 

with diffusing cover 

Suspended 
Electronic 

Transformer 
12V 

LED 
80 CRI, 300K 
50,000 hour 

life 
to 70% of light 

output 

5W 
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Light Loss Factors 

IESNA Lighting Handbook 9th Edition 

Table 20: Fitness room light loss factors. 

Luminaire 
Type 

Lamp Lumen 
Depreciation 

Luminaire Dirt 
Depreciation 

Ballast 
Factor 

Room Surface  
Dirt Depreciation 

Light Loss Factor 
Total 

L01 0.85 0.88 0.98 0.92 0.67 

L02 0.92 0.88 0.88 0.92 0.66 

L03 0.88 0.88 -- 0.92 0.71 

Controls 

Three line-voltage switches are located in this room to control the three levels of light: ambient, accent, 

and task.  The first switch controls the linear downlights for the ambient light level, the second switch 

controls the adjustable downlights that accent the architectural columns, and the third switch controls 

the pendants suspended above the reception desk for task lighting. 
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Renderings 

Figure 21: Fitness room rendering. 
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Performance Graphics 

Figure 22: Fitness room illuminance contour lines.  Navy, red, and green lines represent 20, 30, and 40 footcandles 
respectively. 
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Figure 23: Fitness room illuminance pseudo color rendering in footcandles. 

 

Energy Code Compliance 

ASHRAE Standard 90.1 

Table 21: Fitness room energy code compliance. 

Area Size 
Power Density 

Allowable 
Power Density 

Designed 

Exercise 4278 sq. ft. 0.90 W/sq. ft. 0.88 W/ sq. ft. 

 

Performance Summary 

Table 22: Fitness room performance summary. 

Area 
Average 

Illuminance 
Maximum 

Illuminance 
Minimum 

Illuminance 
Max/ Min 

Ratio 

Exercise 31.7 fc 46.9 fc 5.3 fc 8.85 
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Summary 
The lighting design adequately provides the desired 30 footcandle average illuminance.  The light clearly 

defines the space within and breaks up the long narrow area through the use of three light levels: 

ambient, accent, and task.  The strips of light produce uniform light levels across the equipment task 

plane allowing for user safety of the machinery.  The adjustable downlights highlight the columns to 

accent the architecture.  Pendants effectively light the reception desk for secretarial tasks.  The overall 

lighting solution complements the space by directing movement within the fitness room. 
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Electrical Depth 
The Shepherd University Wellness Center has a simple radial electrical system that enters the building 

through one service entrance point located in the building’s main electrical room.  The main 

transformer, which is provided by the contractor, has a secondary voltage of 480Y/277V, 3Ph, 4W.  The 

2500A main distribution panel supplies power to subsequent feeders and panels.  Emergency power is 

provided by a 75kW propane fired generator.  The existing electrical design is modified to meet the 

change in lighting design.  Through the re-design of the panelboards and feeders, the equipment will be 

sized appropriately to minimize cost and maximize efficiency. 

Four Lighting Spaces 

Description 
The four spaces to be re-designed are the outdoor entry (exterior), rotunda, multi-purpose room, and 

fitness room.  The outdoor entry exterior space serves as the focal point of the building, drawing visitors 

inside.  The two-story circular rotunda provides views to outside the front of the building as well as to 

interior spaces, like the fitness room and gymnasium.  The first level contains a casual seating area and 

front desk.  On the second level, a circular walking path is bisected by an arc-shaped track.  The outdoor 

entry and rotunda are both circulation and egress spaces.  The multi-purpose room is an open square 

space used for aerobic and dance classes.  This space does not contain furniture or any permanent 

layout.  The room is equipped for dance, aerobic, and wellness classes.  The fitness room is also located 

on the second floor.  This space provides views of the building amenities and outside onto the campus.  

This weight and fitness area is about 4,300 square feet and consists of free weights, resistance 

machines, and cardio equipment.  The lighting re-design complements the architecture of the space and 

encourages the theme of movement.  The lighting provides for safety and visual clarity.  Throughout all 

four spaces, the lighting creates a hierarchy of light from ambient to architectural to task.   

Existing Panelboards 

Table 23: Existing panelboard information for four lighting spaces. 

PANEL TAG VOLTAGE SYSTEM EXTERIOR ROTUNDA MULTI-PURPOSE FITNESS 

HP1 480Y/277V, 3PH, 4W N  X X X 

EHP1 480Y/120V, 3PH, 4W E X X   
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Luminaire Controls 
The outdoor entry and rotunda lighting will each be controlled by their own astronomical time switch.  

Both digital time switches will automatically turn lights off after a preset time when the facility closes. 

Table 24: Outdoor entry and rotunda luminaire control information. 

Control 
Type 

Product Name Manufacturer 
Catalog 
Number 

Description Location 

TS 
Digital Time 

Switch 
WattStopper TS-400 

InteliSwitch TS-400 series 
digital time switches 

automatically turn lights 
off after a preset time 

Rotunda  
1st level 

Two line-voltage switches are located in this multi-purpose room to control the two lighting scenes: 

relaxation and festive.  The first switch controls the perimeter downlights for the relaxation scene, while 

the second switch controls the remaining downlights for the festive scene. 

Three line-voltage switches are located in this fitness room to control the three levels of light: ambient, 

accent, and task.  The first switch controls the linear downlights for the ambient light level, the second 

switch controls the adjustable downlights that accent the architectural columns, and the third switch 

controls the pendants suspended above the reception desk for task lighting. 

Lighting Plans 
Lighting plans for the four re-lighted spaces can be found in Appendix A. 
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Existing Panelboard Schedules 

Figure 24: Existing normal lighting/ power panelboard, panel tag HP1. 

 

Figure 25: Existing life safety branch emergency panelboard, panel tag EHP1. 

 

 VOLTAGE:  MIN. C/B AIC: X

 SIZE/TYPE BUS:  OPTIONS:

 SIZE/TYPE MAIN:  

DESCRIPTION LOCATION LOAD (WATTS) C/B SIZE POS. NO. A B C POS. NO. C/B SIZE LOAD (WATTS) LOCATION DESCRIPTION

LIGHTS ROTUNDA 2100 20A/1P 1 *   2 20A/1P 3800 MULTIPURPOSE LIGHTS

LIGHTS CORRIDOR 1200 20A/1P 3  *  4 20A/1P 1500 ROTUNDA LIGHTS

LIGHTS OFFICE 3900 20A/1P 5   * 6 20A/1P 4300 ROTUNDA LIGHTS

LIGHTS OFFICE 3500 20A/1P 7 *   8 20A/1P 1300 CORRIDOR LIGHTS

LIGHTS RM 128,130 800 20A/1P 9  *  10 20A/1P 1400 MECH./GYM STOR. LIGHTS

LIGHTS CABANA 400 20A/1P 11   * 12 20A/1P 1600 POOL LIGHTS

LIGHTS GYM 1900 20A/1P 13 *   14 20A/1P 3200 POOL LIGHTS

LIGHTS GYM 3500 20A/1P 15  *  16 20A/1P 3200 POOL LIGHTS

LIGHTS GYM 3500 20A/1P 17   * 18 20A/1P 2900 FITNESS LIGHTS

LIGHTS GYM 2700 20A/1P 19 *   20 20A/1P 3900 FITNESS LIGHTS

LIGHTS ROOF 500 20A/1P 21  *  22 20A/1P 1100 114 LIGHTS

LIGHTS CORR./SERV. 1600 20A/1P 23   * 24 20A/1P 2400 MURALS LIGHTS

LIGHTS LOCKER 2800 20A/1P 25 *   26 20A/1P 1600 GYM LIGHTS

LIGHTS RAQUETBALL 2000 20A/1P 27  *  28 20A/1P 2900 GYM LIGHTS

DRYER  3700 20A/1P 29   * 30 20A/1P 2900  SPARE

---  10500 20A/1P 31 *   32 20A/1P 0  SPARE

---  10500 20A/1P 33  *  34 20A/1P 0  SPARE

---  10500 20A/1P 35   * 36 20A/1P 0  SPACE-PFFB

SPACE-PFFB  0 20A/1P 37 *   38 20A/1P 0  ---

---  0 20A/1P 39  *  40 20A/1P 0  ---

---  0 20A/1P 41   * 42 20A/1P 0  ---

CONNECTED LOAD (KW) - A Ph. 37.30 TOTAL DESIGN LOAD (KW) 124.32

CONNECTED LOAD (KW) - B Ph. 28.60 POWER FACTOR 0.80

CONNECTED LOAD (KW) - C Ph. 37.70 TOTAL DESIGN LOAD (AMPS) 187

225A/3P C/B

P A N E L B O A R D   S C H E D U L E

480Y/277V,3PH,4W

225A

HP1

ELECTRICAL 127

PANEL MOUNTING:
 

SURFACE

PANEL TAG:

PANEL LOCATION:

 VOLTAGE:  MIN. C/B AIC:

 SIZE/TYPE BUS:  OPTIONS:

 SIZE/TYPE MAIN:  

DESCRIPTION LOCATION LOAD (WATTS) C/B SIZE POS. NO. A B C POS. NO. C/B SIZE LOAD (WATTS) LOCATION DESCRIPTION

LIGHTS STEPS 500 20A/1P 1 *   2 20A/1P 2400 ROTUNDA LIGHTS

LIGHTS ROTUNDA 800 20A/1P 3  *  4 20A/1P 600 CORR. 212 LIGHTS

LIGHTS CORR. 103 1100 20A/1P 5   * 6 20A/1P 2400 POOL LIGHTS

LIGHTS CORR. 131 1600 20A/1P 7 *   8 20A/1P 2400 POOL LIGHTS

LIGHTS LKR RMS/CABANA 1300 20A/1P 9  *  10 20A/1P 3200 FITNESS,MEN,WOMEN LIGHTS

LIGHTS EXTERIOR 500 20A/1P 11   * 12 20A/1P 2700 GYM LIGHTS

SPARE 0 0 20A/1P 13 *   14 20A/1P 900 POOL FILTER LIGHTS

SPARE 0 0 20A/1P 15  *  16 20A/1P 500 ELECT 152 LIGHTS

SPARE 0 0 20A/1P 17   * 18 20A/1P 800 MULTIPURPOSE LIGHTS

SPARE 0 0 20A/1P 19 *   20 20A/1P 0 0 SPARE

SPARE 0 0 20A/1P 21  *  22 20A/1P 0 0 SPARE

SPARE 0 0 20A/1P 23   * 24 20A/1P 0 0 SPARE

--- 0 0 20A/1P 25 *   26 20A/1P 0 0 ---

--- 0 0 20A/1P 27  *  28 20A/1P 0 0 ---

---  0 20A/1P 29   * 30 20A/1P 0  ---

0  0 20A/1P 31 *   32 20A/1P 0  0

0  0 20A/1P 33  *  34 20A/1P 0  0

0  0 20A/1P 35   * 36 20A/1P 0  SPACE-PFFB

SPACE-PFFB  0 20A/1P 37 *   38 20A/1P 0  0

0  0 20A/1P 39  *  40 20A/1P 0  0

0  0 20A/1P 41   * 42 20A/1P 0  0

CONNECTED LOAD (KW) - A Ph. 7.80 TOTAL DESIGN LOAD (KW) 26.04

CONNECTED LOAD (KW) - B Ph. 6.40 POWER FACTOR 0.80

CONNECTED LOAD (KW) - C Ph. 7.50 TOTAL DESIGN LOAD (AMPS) 39

100A/3P C/B

X

P A N E L B O A R D   S C H E D U L E

480Y/277V,3PH,4W

100A

EHP1

ELECTRICAL 127

PANEL MOUNTING:
 

SURFACE

PANEL TAG:

PANEL LOCATION:
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Branch Circuit Calculations 

Table 25: Branch circuit calculations for panelboard HP1. 

 

Table 26: Branch circuit calculations for panelboard EHP1. 

 

  

Type Quantity W/ Luminaire Total W PF Total VA

L01 18 32 576 0.98 587.76

Type Quantity W/ Luminaire Total W PF Total VA

L01 43 32 1376 0.98 1404.08

Type Quantity W/ Luminaire Total W PF Total VA

L04 33 42 1386 0.98 1414.29

Type Quantity W/ Luminaire Total W PF Total VA

L05 33 35 1155 0.98 1178.57

Type Quantity W/ Luminaire Total W PF Total VA

L02 42 80 3360 0.88 3818.18

Type Quantity W/ Luminaire Total W PF Total VA

L01 12 32 384 0.98 391.84

L03 4 5 20 1.00 20.00

404 0.99 411.84

Circuit 20

Total

Circuit 1

Panelboard HP1 Circuit Calculations

Circuit 2

Circuit 4

Circuit 6

Circuit 18

Type Quantity W/ Luminaire Total W PF Total VA

L01 3 32 96 0.98 97.96

Type Quantity W/ Luminaire Total W PF Total VA

L01 3 32 96 0.98 97.96

Type Quantity W/ Luminaire Total W PF Total VA

L06 20 9 180 0.98 183.67

Panelboard EHP1 Circuit Calculations

Circuit 2

Circuit 3

Circuit 11



Shepherd University Wellness Center 

Lisha A Brown 

 

  
Page 54 

 
  

Panelboard Worksheets 
Figure 26: Panelboard sizing worksheet for panel tag HP1. 

 

HP1

277 3

480 4

Pos Ph. Load Type Cat. Location Load Units I. PF Watts VA

1 A LIGHTS 1 ROTUNDA 576 w 0.98 576 588

2 A LIGHTS 1 MULTIPURPOSE 1376 w 0.98 1376 1404

3 B LIGHTS 1 CORRIDOR 1200 w  1200 1500

4 B LIGHTS 1 ROTUNDA 1386 w 0.98 1386 1414

5 C LIGHTS 1 OFFICE 3900 w  3900 4875

6 C LIGHTS 1 ROTUNDA 1155 w 0.98 1155 1179

7 A LIGHTS 1 OFFICE 3500 w  3500 4375

8 A LIGHTS 1 CORRIDOR 1300 w  1300 1625

9 B LIGHTS 1 RM 128,130 800 w  800 1000

10 B LIGHTS 1 MECH./GYM STOR. 1400 w  1400 1750

11 C LIGHTS 1 CABANA 400 w  400 500

12 C LIGHTS 1 POOL 1600 w  1600 2000

13 A LIGHTS 1 GYM 1900 w  1900 2375

14 A LIGHTS 1 POOL 3200 w  3200 4000

15 B LIGHTS 1 GYM 3500 w  3500 4375

16 B LIGHTS 1 POOL 3200 w  3200 4000

17 C LIGHTS 1 GYM 3500 w  3500 4375

18 C LIGHTS 1 FITNESS 3360 w 0.88 3360 3818

19 A LIGHTS 1 GYM 2700 w  2700 3375

20 A LIGHTS 1 FITNESS 404 w 0.99 404 408

21 B LIGHTS 1 ROOF 500 w  500 625

22 B LIGHTS 1 114 1100 w  1100 1375

23 C LIGHTS 1 CORR./SERV. 1600 w  1600 2000

24 C LIGHTS 1 MURALS 2400 w  2400 3000

25 A LIGHTS 1 LOCKER 2800 w  2800 3500

26 A LIGHTS 1 GYM 1600 w  1600 2000

27 B LIGHTS 1 RAQUETBALL 2000 w  2000 2500

28 B LIGHTS 1 GYM 2900 w  2900 3625

29 C DRYER 9  3700 w  3700 4625

30 C SPARE 2  2900 w  2900 3625

31 A --- 3  10500 w  10500 13125

32 A SPARE 2  0 w  0 0

33 B --- 3  10500 w  10500 13125

34 B SPARE 2  0 w  0 0

35 C --- 3  10500 w  10500 13125

36 C SPACE-PFFB 3  0 w  0 0

37 A SPACE-PFFB 3  0 w  0 0

38 A --- 3  0 w  0 0

39 B --- 3  0 w  0 0

40 B --- 3  0 w  0 0

41 C --- 3  0 w  0 0

42 C --- 3  0 w  0 0

93.4 115.2 Amps= 138.6

kW kVA % Amps

A 29.9 36.8 32% 132.8

B  28.5 35.3 31% 127.4

C 35.0 43.1 37% 155.7

Ver. 1.04

kW kVA DF kW kVA PF

1 55.3 67.6 0.60 33.2 40.5 0.82

2 2.9 3.6 0.60 1.7 2.2 0.80

3 31.5 39.4 0.60 18.9 23.6 0.80

4 0.0 0.0  0.0 0.0  

5 0.0 0.0  0.0 0.0  

6 0.0 0.0  0.0 0.0  

7 0.0 0.0  0.0 0.0  

8 0.0 0.0  0.0 0.0  

9 3.7 4.6 0.60 2.2 2.8 0.80

 56.0 69.1   

20% 11.2 13.8  

67.2 82.9 0.81 Amps= 99.8

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

space

Demand

PHASE TOTAL

PHASE LOADING

Remarks

PHASE TOTAL

PHASE TOTAL

PANELBOARD SIZING WORKSHEET

Panel Tag-------------------------->

 Nominal Phase to Neutral Voltage------->

Nominal Phase to Phase Voltage-------->

Phase:

Wires:

Panel Location: ELECTRICAL 127

Total Demand Loads

unassigned

PANEL TOTAL

Connected

 

 

 

Spare Capacity

Total Design Loads

LOAD CATAGORIES

lighting

spare
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Figure 27: Panelboard sizing worksheet for panel tag EHP1. 

 

EHP1

277 3

480 4

Pos Ph. Load Type Cat. Location Load Units I. PF Watts VA

1 A LIGHTS 1 STEPS 500 w  500 625

2 A LIGHTS 1 ROTUNDA 96 w 0.98 96 98

3 B LIGHTS 1 ROTUNDA 96 w 0.98 96 98

4 B LIGHTS 1 CORR. 212 600 w  600 750

5 C LIGHTS 1 CORR. 103 1100 w  1100 1375

6 C LIGHTS 1 POOL 2400 w  2400 3000

7 A LIGHTS 1 CORR. 131 1600 w  1600 2000

8 A LIGHTS 1 POOL 2400 w  2400 3000

9 B LIGHTS 1LKR RMS/CABANA1300 w  1300 1625

10 B LIGHTS 1FITNESS,MEN,WOMEN3200 w  3200 4000

11 C LIGHTS 1 EXTERIOR 180 w 0.98 180 184

12 C LIGHTS 1 GYM 2700 w  2700 3375

13 A SPARE 2 0 w  0 0

14 A LIGHTS 1 POOL FILTER 900 w  900 1125

15 B SPARE 2 0 w  0 0

16 B LIGHTS 1 ELECT 152 500 w  500 625

17 C SPARE 2 0 w  0 0

18 C LIGHTS 1MULTIPURPOSE 800 w  800 1000

19 A SPARE 2 0 w  0 0

20 A SPARE 2 0 w  0 0

21 B SPARE 2 0 w  0 0

22 B SPARE 2 0 w  0 0

23 C SPARE 2 0 w  0 0

24 C SPARE 2 0 w  0 0

25 A SPACE-PFFB 3 0 w  0 0

26 A SPACE-PFFB 3 0 w  0 0

27 B --- 9 0 w  0 0

28 B --- 9 0 w  0 0

29 C --- 9  0 w  0 0

30 C --- 9  0 w  0 0

31 A 9  0 w  0 0

32 A 9  0 w  0 0

33 B 9  0 w  0 0

34 B 9  0 w  0 0

35 C 9  0 w  0 0

36 C 9  0 w  0 0

37 A 9  0 w  0 0

38 A 9  0 w  0 0

39 B 9  0 w  0 0

40 B 9  0 w  0 0

41 C 9  0 w  0 0

42 C 9  0 w  0 0

18.4 22.9 Amps= 27.5

kW kVA % Amps

A 5.5 6.8 30% 24.7

B  5.7 7.1 31% 25.6

C 7.2 8.9 39% 32.3

Ver. 1.04

kW kVA DF kW kVA PF

1 18.4 22.9 0.60 11.0 13.7 0.80

2 0.0 0.0 0.60 0.0 0.0  

3 0.0 0.0 0.60 0.0 0.0  

4 0.0 0.0  0.0 0.0  

5 0.0 0.0  0.0 0.0  

6 0.0 0.0  0.0 0.0  

7 0.0 0.0  0.0 0.0  

8 0.0 0.0  0.0 0.0  

9 0.0 0.0  0.0 0.0  

 11.0 13.7   

20% 2.2 2.7  

13.2 16.5 0.80 Amps= 19.8
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Demand

PHASE TOTAL

PHASE LOADING

Remarks

PHASE TOTAL

PHASE TOTAL

PANELBOARD SIZING WORKSHEET

Panel Tag-------------------------->

 Nominal Phase to Neutral Voltage------->

Nominal Phase to Phase Voltage-------->

Phase:

Wires:

Panel Location: ELECTRICAL 127

Total Demand Loads

unassigned

PANEL TOTAL

Connected

 

 

 

Spare Capacity

Total Design Loads

LOAD CATAGORIES
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Revised Panelboard Schedules 
Figure 28: Revised normal lighting/ power panelboard, panel tag HP1. 

 

Figure 29: Revised life safety branch emergency panelboard, panel tag EHP1. 

 

 VOLTAGE:  MIN. C/B AIC:

 SIZE/TYPE BUS:  OPTIONS:

 SIZE/TYPE MAIN:  

DESCRIPTION LOCATION LOAD (WATTS) C/B SIZE POS. NO. A B C POS. NO. C/B SIZE LOAD (WATTS) LOCATION DESCRIPTION

LIGHTS ROTUNDA 576 20A/1P 1 *   2 20A/1P 1376 MULTIPURPOSE LIGHTS

LIGHTS CORRIDOR 1200 20A/1P 3  *  4 20A/1P 1386 ROTUNDA LIGHTS

LIGHTS OFFICE 3900 20A/1P 5   * 6 20A/1P 1155 ROTUNDA LIGHTS

LIGHTS OFFICE 3500 20A/1P 7 *   8 20A/1P 1300 CORRIDOR LIGHTS

LIGHTS RM 128,130 800 20A/1P 9  *  10 20A/1P 1400 MECH./GYM STOR. LIGHTS

LIGHTS CABANA 400 20A/1P 11   * 12 20A/1P 1600 POOL LIGHTS

LIGHTS GYM 1900 20A/1P 13 *   14 20A/1P 3200 POOL LIGHTS

LIGHTS GYM 3500 20A/1P 15  *  16 20A/1P 3200 POOL LIGHTS

LIGHTS GYM 3500 20A/1P 17   * 18 20A/1P 3360 FITNESS LIGHTS

LIGHTS GYM 2700 20A/1P 19 *   20 20A/1P 404 FITNESS LIGHTS

LIGHTS ROOF 500 20A/1P 21  *  22 20A/1P 1100 114 LIGHTS

LIGHTS CORR./SERV. 1600 20A/1P 23   * 24 20A/1P 2400 MURALS LIGHTS

LIGHTS LOCKER 2800 20A/1P 25 *   26 20A/1P 1600 GYM LIGHTS

LIGHTS RAQUETBALL 2000 20A/1P 27  *  28 20A/1P 2900 GYM LIGHTS

DRYER  3700 20A/1P 29   * 30 20A/1P 2900  SPARE

---  10500 20A/1P 31 *   32 20A/1P 0  SPARE

---  10500 20A/1P 33  *  34 20A/1P 0  SPARE

---  10500 20A/1P 35   * 36 20A/1P 0  SPACE-PFFB

SPACE-PFFB  0 20A/1P 37 *   38 20A/1P 0  ---

---  0 20A/1P 39  *  40 20A/1P 0  ---

---  0 20A/1P 41   * 42 20A/1P 0  ---

CONNECTED LOAD (KW) - A Ph. 29.86 TOTAL DESIGN LOAD (KW) 67.22

CONNECTED LOAD (KW) - B Ph. 28.49 POWER FACTOR 0.81

CONNECTED LOAD (KW) - C Ph. 35.02 TOTAL DESIGN LOAD (AMPS) 100

100A/3P C/B

P A N E L B O A R D   S C H E D U L E

480Y/277V,3PH,4W

100A

HP1

ELECTRICAL 127

PANEL MOUNTING:
 

SURFACE

PANEL TAG:

PANEL LOCATION:

 VOLTAGE:  MIN. C/B AIC:

 SIZE/TYPE BUS:  OPTIONS:

 SIZE/TYPE MAIN:  

DESCRIPTION LOCATION LOAD (WATTS) C/B SIZE POS. NO. A B C POS. NO. C/B SIZE LOAD (WATTS) LOCATION DESCRIPTION

LIGHTS STEPS 500 20A/1P 1 *   2 20A/1P 96 ROTUNDA LIGHTS

LIGHTS ROTUNDA 96 20A/1P 3  *  4 20A/1P 600 CORR. 212 LIGHTS

LIGHTS CORR. 103 1100 20A/1P 5   * 6 20A/1P 2400 POOL LIGHTS

LIGHTS CORR. 131 1600 20A/1P 7 *   8 20A/1P 2400 POOL LIGHTS

LIGHTS LKR RMS/CABANA 1300 20A/1P 9  *  10 20A/1P 3200 FITNESS,MEN,WOMEN LIGHTS

LIGHTS EXTERIOR 180 20A/1P 11   * 12 20A/1P 2700 GYM LIGHTS

SPARE 0 0 20A/1P 13 *   14 20A/1P 900 POOL FILTER LIGHTS

SPARE 0 0 20A/1P 15  *  16 20A/1P 500 ELECT 152 LIGHTS

SPARE 0 0 20A/1P 17   * 18 20A/1P 800 MULTIPURPOSE LIGHTS

SPARE 0 0 20A/1P 19 *   20 20A/1P 0 0 SPARE

SPARE 0 0 20A/1P 21  *  22 20A/1P 0 0 SPARE

SPARE 0 0 20A/1P 23   * 24 20A/1P 0 0 SPARE

--- 0 0 20A/1P 25 *   26 20A/1P 0 0 ---

--- 0 0 20A/1P 27  *  28 20A/1P 0 0 ---

---  0 20A/1P 29   * 30 20A/1P 0  ---

0  0 20A/1P 31 *   32 20A/1P 0  0

0  0 20A/1P 33  *  34 20A/1P 0  0

0  0 20A/1P 35   * 36 20A/1P 0  SPACE-PFFB

SPACE-PFFB  0 20A/1P 37 *   38 20A/1P 0  0

0  0 20A/1P 39  *  40 20A/1P 0  0

0  0 20A/1P 41   * 42 20A/1P 0  0

CONNECTED LOAD (KW) - A Ph. 5.50 TOTAL DESIGN LOAD (KW) 13.23

CONNECTED LOAD (KW) - B Ph. 5.70 POWER FACTOR 0.80

CONNECTED LOAD (KW) - C Ph. 7.18 TOTAL DESIGN LOAD (AMPS) 20

100A/3P C/B

X

P A N E L B O A R D   S C H E D U L E

480Y/277V,3PH,4W

100A

EHP1

ELECTRICAL 127

PANEL MOUNTING:
 

SURFACE

PANEL TAG:

PANEL LOCATION:
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Dimming Wiring Diagrams 
No dimming controls were specified for this project. 

Feeders Re-sized 
Each panelboard re-design includes a resizing of the main circuit protection and feeder.  Feeder sizing is 

based on copper wire, 75 degree C, THWN and IMC conduit.  The building wiring is assumed to be 100 

percent neutral due to the use of fluorescent and HID lighting. 

Note: Panelboard EHP1 has a calculated load of less than 40 Amps.  According to the NEC, this 

panelboard breaker has to protect the feeder.  Therefore, this panelboard will be sized based off of a 

100A panelboard and will take into account extra spare loads. 

Table 27: Feeder sizing worksheet. 

Feeder Sizing Worksheet 

Panelboard 

Tag HP1 EHP1 

Voltage 480Y/277V 480Y/277V 

Calcuated Design Load (kW) 67.22 13.23 

Resultant Power Factor 0.81 0.80 

Calcuated Design Load (kVA) 82.99 16.54 

Calculated Design Load (A) 99.82 19.89 

Panel Size 100 A 100 A 

Feeder  

Feeder Protection Size 100 A 100 A 

Number of Sets 1 1 

Wire Size     

Phase (NEC Table 310.13A) 
(3) #3 
AWG 

(3) #3 
AWG 

Neutral 
(1) #3 
AWG 

(1) #3 
AWG 

Ground #8 AWG #8 AWG 

Wire Area (sq. in.) (NEC Table 5)     

Each Phase 0.0973 0.0973 

Total- Phase Conductors 0.2919 0.2919 

Neutral 0.0973 0.0973 

Ground 0.0366 0.0366 

Total Area 0.4258 0.4258 

Min. Conduit Area (sq. in.) 
(above*2.5) 

1.0645 1.0645 

Conduit Size (NEC Table 4) 1 1/4 EMT 1 1/4 EMT 

Conduit Size (NEC Table C.1) 1 1/4 EMT 1 1/4 EMT 

Feeder Length 25 ft. 50 ft. 

Final Voltage Drop (V) 0.49 V 0.99 V 

Final Voltage Drop (%) 0.21% 0.10% 

Feeder Re-Sizing N/A N/A 
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Electrical Equipment Cut Sheets 
Eaton Pow-R-Line panelboards are specified for the re-sized HP1 and EHP1 panelboards.  Manufacturer’s 

information for the re-sized panelboards can be found in Appendix D. 

Short Circuit Analysis  
An electrical distribution system should be safely designed and selective in design to ensure continuity 

of the service.  A short circuit calculation is performed through a single path along the distribution 

system.  The source will begin at the utility transformer and go through feeder MDS-2, the main 

distribution panel section 2, feeder #7 PB-H1, and panelboard H1. 

Calculation 
This short circuit calculation is performed using the per-unit method with an assumed base kVA of 

10,000kVA and an assumed utility contribution of 100MVA.  The transformer load is sized off of the 

MDS-2. 

Figure 30: Short circuit calculation chart. 

 

Overcurrent Protection Coordination Study 
The overcurrent protection of an electrical system protects the power system from faults that may 

occur.  The system protection isolates faulted parts from the rest of the electrical system by using 

current and voltage transformers, protective relays, and circuit breakers.  This study focuses on the 

overcurrent protection provided by the circuit breakers. 

  

Base kVA 10000

Utility Contribution (MVA) 100

Mark %X %R %Z kVA X/1000ft R/1000ft Z/1000ft Length # sets 3Ph Voltage (V) Mark Xu Ru Zu Isc

Utility 0.1 100000 12470 Utility 0.1 0.1

4629.914

TRANSFORMER 5.662 1.000 5.750 2500.000 TRANSFORMER 0.22648 0.04 0.229985

36450.52

FEEDER MDS-2 0.046 0.026 0.053 100 6.000 480.000 FEEDER MDS-2 0.033492 0.018591 0.038306

32659.28

MDS-2

32659.28

FEEDER #7 PB-H1 0.046 0.026 0.053 25 1.000 480.000 FEEDER #7 PB-H1 0.050239 0.027886 0.057459

28251.58

PB-H1

Equipment Characteristics Per-Unit Value Table

MDS-2

PB-H1
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Trip Curves  

Table 28: Overcurrent protection information. 

Overcurrent Protection 

Circuit Breaker Voltage Frame Size (A) Trip Size (A) 

 MCB MDS-2 480Y/277V 2500 2500 

BCB PB-H1 480Y/277V 400 400 

Trip curve plots are based off of Square D’s circuit breaker trip curves for the above rated circuit 

breakers.  Molded case breakers were used for this study.  Assume the circuit breaker trip size is the 

same as the circuit breaker trip size.  
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Figure 31: Trip curves plot where the light gray represents the MCB MDS-2 circuit breaker and the dark gray represents the 
BCB PB-H1 circuit breaker. 
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Arc Fault Study 
The arc fault study continues the short circuit analysis and overcurrent protection study of the electrical 

system.  The short circuit analysis determines the momentary duty, interrupting duty, and short circuit 

rating of the electrical equipment.  The overcurrent protection study determines the time required for 

the protective equipment to isolate an overload or short-circuit condition.  An arc-flash hazard 

calculation is performed based on these two studies and determines the incident energy at assigned 

working distances throughout the electrical system and the arc-flash protection boundary.  Thus, an arc-

flash release of energy can be minimized by the proper protection of the electrical system. 

Photovoltaic Solar Roof Array 

Description 
The Shepherd University Wellness Center will take advantage of incorporating solar power to save 

energy.  Solar power will enable the facility to reduce operating costs, increase efficiency, and develop 

strategies to achieve sustainability.  Photovoltaic solar roof arrays will be located on the Northwest side 

of the facility. 

Climate Conditions 

Location: Shepherdstown, West Virginia 
Average Wind Speed: 7.7mph 
Average Snow Load: 30psf 

Solution 

Equipment Selection 

Mounting System: Unirac; SolarMount-I 
Solar Module Type: Sharp; Monocrystalline NU-U235F1 (39.1” x 64.6”) 
Inverter: Sharp; (1) IGPlus10.0, (3) IGPlus7.5, (2) SB8000US, (2) SB7000US 
Manufacturer’s information for the equipment selected can be found in Appendix D. 

Table 29: Photovoltaic array equipment schedule. 

Array System Size Panel Quantity Inverter Tag Inverter Model 

A 9.17 kW 39 IA SB8000US 

B 9.87 kW 42 IB IGPlus10.0 

C 9.17 kW 39 IC SB8000US 

D 8.46 kW 36 ID IGPlus7.5 

E 8.46 kW 36 IE IGPlus7.5 

F 8.46 kW 36 IF IGPlus7.5 

G 7.76 kW 33 IG SB7000US 

H 7.76 kW 33 IH SB7000US 

Total 69.11 294 -- -- 
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Equipment Sizing 

Table 30: Photovoltaic array equipment sizing. 

TAG INVERTER KW PF KVA AMP WIRE 
CONDUIT 

SIZE 

1 IA 9.17 0.8 7.34 8.82 (3) #14 AWG 16 EMT 

1 IB 9.87 0.8 7.90 9.50 (3) #14 AWG 16 EMT 

1 IC 9.17 0.8 7.34 8.82 (3) #14 AWG 16 EMT 

1 ID 8.46 0.8 6.77 8.14 (3) #14 AWG 16 EMT 

1 IE 8.46 0.8 6.77 8.14 (3) #14 AWG 16 EMT 

1 IF 8.46 0.8 6.77 8.14 (3) #14 AWG 16 EMT 

1 IG 7.76 0.8 6.21 7.47 (3) #14 AWG 16 EMT 

1 IH 7.76 0.8 6.21 7.47 (3) #14 AWG 16 EMT 

  DISTRIBUTION PANEL 55.29 66.50   

Panelboard will be sized to 100 Amps. 

Results 

Array Information 

Table 31: Photovoltaic array equipment cost and energy analysis. 

No. Panels Cost Per Array No. Used Total Cost of Array kW/hr Energy Output of Array  

39 $34,765.00 2 $69,530.00 9.17 18.34 kW/hr 

42 $38,588.00 1 $38,588.00 9.87 9.87 kW/hr 

36 $33,316.00 3 $99,948.00 8.46 25.38 kW/hr 

33 $29,834.00 2 $59,668.00 7.76 15.52 kW/hr 

Key Figures and Assumptions 

Table 32: Photovoltaic array key figures. 

Constant Quantity 

Initial Cost of Arrays $267,734.00 

Initial Cost of Mounting $53,214.00 

Initial Cost of Installation $100,000.00 

Federal Offset of Initial Cost 30.0% 

Cost of Electricity in West Virginia $0.137/ kW/hr 

Electricity Generated by System 69.11 kW/hr 

Value of Electricity Generated by System $15,205.72  

Usable Hours in West Virginia 4.4 kWhr 
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Time to Payback 

Table 33: Photovoltaic array payback chart. 

Year Cost of System/ Year 

Year 1 $279,457.88 

Year 2 $264,252.16 

Year 3 $249,046.44 

Year 4 $233,840.72 

Year 5 $218,635.00 

Year 6 $203,429.28 

Year 7 $188,223.56 

Year 8 $173,017.84 

Year 9 $157,812.12 

Year 10 $142,606.40 

Year 11 $127,400.68 

Year 12 $112,194.96 

Year 13 $96,989.24 

Year 14 $81,783.52 

Year 15 $66,577.80 

Year 16 $51,372.08 

Year 17 $36,166.36 

Year 18 $20,960.64 

Year 19 $5,754.92 

Year 20 -$9,450.80 

 

Summary 

The Array Information chart summarizes the costs of the complete roof array system.  The total cost of 

all the panels is $267,734.00.  Each mount costs about $181.00 per panel for a total of $53,214.00.  The 

initial installation is estimated at $100,000.00.  The yearly system maintenance costs are not taken into 

account for the photovoltaic solar roof array system costs.  The federal government will offset the cost 

of a solar installation with a 30 percent Investment Tax Credit.   

The payback year of the photovoltaic solar roof array system takes into account several factors.  Given 

that the cost of electricity in West Virginia is $0.137 per kilowatts/ hour, this can be multiplied by the 

total energy output of the arrays to get the amount of money generated per hour.  With the average 

usable solar hours in West Virginia of 4.4 kilowatt-hours and assuming a year consists of 365 days, the 

total amount of money generated yearly is $15,205.72.  The first year takes 70 percent of the initial 

costs of the arrays and mounting minus the total amount of money generated in a year.  Each year after 

continues to subtract the amount of money generated per year to calculate the cost of the system that 

year.  After 20 years, the photovoltaic solar roof array system will have paid off its initial cost and will 

begin to benefit the university. 
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Generator vs. Distributed Batteries for Emergency Lighting  

Description 
The Shepherd University Wellness Center currently uses a 75KW, 480Y/277V, 3Ph, 4W propane fired 

generator that distributes emergency power to the circuit breaker for the equipment branch automatic 

transfer switch and the life safety branch automatic transfer switch, both 60A, 600V.  When transferred 

to the emergency power position, power is distributed to the emergency distribution panels EL, for the 

emergency equipment and fire alarms, and EHP1, for the life safety equipment and egress lighting.  A 

change to a distributed battery system may improve the system reliability and reduce cost.   

Propane Generator 

Equipment Selection 

Type: 75KW, 480Y/277V, 3Ph, 4W propane fired generator 

Initial Cost: $46,156.86 

Distributed Batteries 

Equipment Selection 

Types: PSDL, PS3000, and ELM2 LED 

Note: Types of distributed batteries are determined form the emergency lighting schedule below.  ELM2 

LED emergency batteries are used in gym space where existing lighting consists of metal halide lamps. 

Manufacturer’s information for the equipment selected can be found in Appendix D. 
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Table 34: Emergency lighting schedule. 

 

Equipment Cost 

Table 35: Distributed battery equipment cost. 

EMERGENCY 
BATTERY 

QUANTITY 
BATTERY 

COST 
TOTAL 
COST 

PSDL 10  $        91.70   $      917.00  

PSDL 23  $        91.70   $   2,109.10  

PS3000 7  $        91.70   $      641.90  

PS3000 8  $        91.70   $      733.60  

PS3000 9  $        91.70   $      825.30  

PS3000 10  $        91.70   $      917.00  

PS3000 2  $        91.70   $      183.40  

PS3000 6  $        91.70   $      550.20  

PS3000 63  $        91.70   $   5,777.10  

PS3000 6  $        91.70   $      550.20  

PS3000 14  $        91.70   $   1,283.80  

PS3000 23  $        91.70   $   2,109.10  

PS3000 9  $        91.70   $      825.30  

ELM2 LED 8  $        72.00   $      576.00  

  TOTAL  $  17,999.00  
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Solution 
The cost of the propane generator of $46,156.86 is more than two and half times the total cost of the 

emergency lighting batteries of $17,999.00.  Thus, by cost alone the distributed batteries surpass the 

propane generator. 

Other factors may be taken into consideration when deciding between using a generator or distributed 

batteries for the emergency lighting system.  Battery backup power takes milliseconds to start up, while 

gas generators with automatic start up take 10 to 20 seconds to start running.  Batteries operate 

emission-free.  Gas generators must be operated outdoors due to their toxic exhaust and can be noisy.  

Gas generators also need a reserve supply of fuel, which requires outdoor storage as well as 

conditioning additives and periodic replacement of the fuel so the gas does not go bad while it sits.  

Batteries can only provide power for a few hours before needing a recharge, so they are most 

appropriate for short-term backup.  Gas generators will run as long as you need them to, provided you 

keep filling them with gas.  A large stationary unit, as required for the University building, can run for 

days on large propane tanks. 
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Architectural Breadth  
An architectural study of the multi-purpose room will evaluate and improve the interior space in 

addition to the lighting re-design of the space. 

Description 
Located on the second floor of the facility, the multi-purpose room is an open square for freedom of 

movement required by the aerobic and dance classes that take place here.  The room is approximately 

40 feet by 38 feet with a 14 foot ceiling.  Two large windows in the space look out into the building’s 

large gym.  In addition to the glass windows, other room materials include wood athletic flooring, 

cream-colored painted walls, and ceiling tile.  This space does not contain furniture or any permanent 

layout.  The room is equipped for dance, aerobic, and wellness classes.  As a space for energetic 

activities, the space should complement its use.  The multi-purpose room should be an exciting space 

that engages the users throughout their workout. 

Existing Conditions 
The existing multi-purpose room is an open square of freedom for movement with a typical 2 foot by 4 

foot fluorescent troffer lighting layout. 
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Plans 

Figure 32: Existing multi-purpose space lighting plan. 
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Renderings 

Figure 33: Existing multi-purpose space rendering. 
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Re-Design Solution 
The multi-purpose room should complete the high intensity of the activities within the space.  The 

lighting depth re-designs the space to create a festive impression.  A random pattern of point sources 

are used to create sparkle within the space.  For this architectural study, sheets of perforated metal are 

incorporated in the space to allow for light to reflect onto the surfaces and emphasize the playfulness of 

the space. 

Plans 

Figure 34: Re-designed multi-purpose space lighting plan. 
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Details 

Perforated metal panels are designed to suspend from the ceiling by cable cords.  Metal L-shaped angles 

will be used to frame the square shaped panels and keep them in rigid form.  Holes are cut out of the 

metal as an aesthetic detail and allow for light to penetrate into the space. 

Figure 35: Detail of metal panel.  Black color represents the metal and white space represents cutout spaces. 

 

Figure 36: Detail of metal panel suspended from ceiling grid.  Image is courtesy of Hunter Douglas Contract. 

 

Figure 37: Detail of metal L-shaped angle that will frame the metal panel.  Image is courtesy of Hunter Douglas Contract. 
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Renderings 

Figure 38: Re-designed multi-purpose space rendering. 

 

Summary 
The architectural re-design of the multi-purpose room takes a simple space and makes it more visually 

appealing.  Focal points and stimulating elements are added to increase movement throughout the 

space.  Users will experience the space differently depending on their stance and the light reflection at 

that point.  Thus, the re-design meets the needs of the aerobic space and successfully improves the 

existing room. 
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Acoustical Breadth 
An acoustical study of the multi-purpose room will evaluate the noise level in the existing space and the 

noise level in the re-designed interior architectural space. 

Description 
The multi-purpose room is an open square space with a 14 foot high ceiling.  The space is used for 

fitness classes and educational purposes and will contain speech from the instructor and music for 

dance lessons.  The space is categorized as a "Lecture and Conference room."  The optimum 

reverberation time for this space is high-lighted in the figure below. 

Figure 39: Optimum reverberation time bar graph indicating.  The average reverberation time at mid-frequency (average at 
500 and 1000Hz) are given for a variety of activities. 

 

Existing Conditions 
Room Volume: 21,317 ft³ 

Table 36: Multi-purpose room surface area calculations. 

SURFACE AREA 

CEILING 1511.44 ft² 

WALLS 1937 ft² 

DOORS 120 ft² 

WINDOWS 216 ft² 

FLOOR 1511.44 ft² 
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Assumed Materials 

Ceiling= Thin, porous sound-absorbing material, 3/4 inch thick 

Walls= Plaster on concrete block 

Doors= Wood, 1-inch paneling with airspace behind 

Windows= Ordinary glass windows 

Floor= Wood 

Table 37: Multi-purpose room material absorption calculations. 

MATERIAL ABSORPTION 

  S (ft²) α a (sabins) 

CEILING 1511.44 0.80 1209.15 

WALLS 1937 0.07 135.59 

DOORS 120 0.09 10.80 

WINDOWS 216 0.18 38.88 

FLOOR 1511.44 0.10 151.144 

 
TOTAL a 1545.57 

Table 38: Multi-purpose room reverberation time calculations. 

REVERBERATION TIME AT MID-FREQUENCY 

V (ft³) a T (s) 

21317 1545.57 0.69 

Analysis 

The existing conditions of the multi-purpose room indicate a reverberation time of 0.69 seconds.  For a 

lecture and conference room, this time is located within the preferred range of reverberation times at 

mid-frequency.  Thus, the existing conditions are adequate for the acoustics within the space and no 

acoustical re-design is necessary. 

Re-Design Evaluation 
As part of the re-design of the architectural interior of the multi-purpose space, an acoustical analysis 

evaluates the new acoustical levels.  In the re-design, the perforated metal panels are factored into the 

acoustical calculations. 
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Table 39: Multi-purpose room material absorption calculations. 

MATERIAL ABSORPTION 

  S (ft²) α a (sabins) 

METAL 68.15 0.57 38.85 

HOLES 31.85 1.00 31.85 

  
  

METAL AVG. a 35.35 

CEILING 1411.44 0.8 1129.15 

WALLS 1937 0.07 135.59 

DOORS 120 0.09 10.80 

WINDOWS 216 0.18 38.88 

FLOORS 1511.44 0.1 151.14 

 
TOTAL a 1500.91 

Table 40: Multi-purpose room reverberation time calculations. 

REVERBERATION TIME AT MID-FREQUENCY 

V (ft³) a T (s) 

21317 1500.91 0.71 

Summary 

The re-design conditions of the multi-purpose room indicate a reverberation time of 0.71 seconds.  For a 

lecture and conference room, this time is located within the preferred range of reverberation times at 

mid-frequency.  Thus, the re-design conditions are adequate for the acoustics within the space and 

deemed acceptable to implement.  
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Appendix A 
Lighting plans are provided in the following order: 

E 1.0 Outdoor Entry Lighting Plan 

E 1.1 Rotunda First Level Lighting Plan 

E 1.2 Rotunda Second Level Lighting Plan 

E 1.3 Multi-Purpose Room Lighting Plan 

E 1.4 Fitness Room Lighting Plan 
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Appendix B 
Electrical drawings are provided in the following order: 

E 2.0 Photovoltaic Array Roof Plan 

E 2.1 Photovoltaic Array Wiring Diagram 
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Appendix C 
Lighting equipment manufacturer information is provided in the following order: 

L01- Luminaire 

L01- Lamp 

L01- Ballast 

L02- Luminaire 

L02- Lamp 

L02- Ballast 

L03- Luminaire 

L04- Luminaire 

L04- Lamp 

L05- Luminaire 

L05- Lamp 

L06- Luminaire 

L06- Lamp 

L06- Ballast 
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L01- Lamp 
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L01- Ballast 
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L02- Luminaire 
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L02- Lamp 
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L02- Ballast 
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L03- Luminaire 
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L04- Luminaire 
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L04- Lamp 
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L05- Luminaire 
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L05- Lamp 
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L06- Luminaire 
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L06- Lamp 
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Appendix D 
Electrical equipment manufacturer information is provided in the following order: 

Panelboard- Pow-R-Line 

Photovoltaic Mounting System- Unirac SolarMount-I 

Photovoltaic Solar Module- Sharp NU-U235P1 

Photovoltaic Inverter- IGPlus 

Photovoltaic Inverter- SBUS 

Photovoltaic Inverter- PSDL 

Photovoltaic Inverter- PS3000 

Photovoltaic Inverter- ELM2 LED 
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Photovoltaic Mounting System- Unirac SolarMount-I 
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Photovoltaic Solar Module- Sharp NU-U235P1 
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Photovoltaic Inverter- IGPlus 
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Photovoltaic Inverter- SBUS 
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Photovoltaic Inverter- PSDL 
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Photovoltaic Inverter- PS3000 
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Photovoltaic Inverter- ELM2 LED 
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