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Electrical Depth | Tiered Classroom  

 
Spatial Description:   

The Tiered Classroom is located in the middle of the South Tower on the second floor and is a simple rectangular plan.  Four 
4” curved tiers increase the elevation in the back of the room 16”.  The room is wider (in the direction of the rows) than it is 
long (the direction the speaker will give lectures).  The teacher will be located at the front of the room with two exits on 
either side.  The ceiling mimics the tiered seating and will surely affect acoustic performance in the space.  The ceiling has 
four sections, front, two middle, and a back; these are symmetrical if looking at the side walls.  The front panel slants up 
away from the speaker, the middle two create a “pyramid” and the back slants down from the ceiling to the back of the 
room.  A drop ceiling surrounds these panels and is a few inches lower than their bottom.  

List of Activities:   

Students will receive lectures which would be presented with the use of white boards and video projectors at the front of 
the room.  The use of laptops to keep notes is possible.   

Dimensions:   
L x W:  64’ x 36’-10” 
Floor Area:  2256.75 SF 
Ceiling Height (front):  9’-2” A.F.F. 
Ceiling Height (back):  7’-10” A.F.F. 
Approx. Ceiling Height (center):  8’-6” A.F.F. 
 

Below in Figure 3, can be seen the existing panelboard 
HLP2S2 which serves the Tiered Classroom Lighting; circuit 
9 highlighted. 
 

 

Table 2 Existing Panelboard Schedule serving Tiered Classroom 
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Taking into account the new luminaires and the new loads associated with their ballast, I calculated the total load (in kVA) 
for the room.  Seen below in Table 3  

 

Table 3 Total kVA for new Tiered Classroom Circuit (9) 

Once found, I inserted these new loads into the supplied panelboard worksheet.  This can be seen in Table 4 below. 

 

Table 4 Redesigned Panelboard Schedule 

Adding in 25% spare capacity to the redesigned panelboard load (amps) I the new amps would be 36 x 1.25 = 45 A.  This 
would then be sized up to a 50A C/B.  Sizes for branch circuiting and feeders can be seen below. 
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Electrical Depth | Library  

Spatial Description:   

The Library has a “quartered circle” plan that extends up to the fourth floor.  It has two floors, the first which connects to 
computer stations and the stacks housed by the library.  The second connects to more stacks, service desk, and also has 
an opening in the center where people can see through to the two story height space on the floor above.  A curving 
staircase mimics the curve of the exterior curtain wall which extends the whole height of the expansive room.  Louvers 
have been added to reduce direct sun penetration. 

List of Activities:   

Used in addition to other parts of the library, the reading room is home to other stacks located on the first floor.  Like its 
name implies, the space is primarily used for reading, studying and various homework activities, but also has computer 
stations positioned around the stairs on the second floor.  

 
Below in Table 10, can be seen the existing panelboard HLP1S2 which serves the first floor of the Library. 
 

�

Table 10 As-Designed HLP1S2 
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Table 11 As Designed Panel HLP3S2 

On panel HLP1S2, circuits 9 and 13 provide power to the original luminaires specified for the first floor.  Circuits 7,9, and 11 
on panel HLP3S2 serve the original luminaires on the third floor.  After redesigning the new lighting scheme for the space, 
analyzed the change in power supply and circuits needed.  Seen below in Table 1 are the Luminaire types and quantities.  I 
then calculated the circuits that would be needed to serve this space.  I applied the following equation to find the total kVA 
for the Library:    
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Maximum amperage needed to run the ballast and a voltage of 277, were used to calculate each luminaire type’s associated 
kVA.  These values can be seen below in Table 12. 

 

Table 12 Circuit Quantities for Library 

Once found, I inserted these new loads into the supplied panelboard worksheet.  Seen below in Table 13. 

 

Table 13 Re-designed Panel HLP1S2 
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Table 14 Re-designed Panel HLP3S2 

Sizing for the feeders serving the panels, dedicated branch circuits serving the Library lighting loads, and conduit size can 
be seen in Table 8 and 9 below.  Sizing charts used were from the 2008 National Electric Code (Tables 10 and 11). 

 

Table 15 Wire and Conduit Size of Branch Circuits 

 

Table 16 Wire and Conduit Size for Feeders
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Electrical Depth | Roof Garden  

 
Spatial Description:   

Located on the roof of the Reading Lounge, the Roof Garden serves as an escape to the outdoors.  The Student Gathering 
space leads directly to the garden which is on the fourth floor.  The students will be greeted by a piece of custom art-work 
(sculpture).  Benches surround round planters that hold trees, which are also surrounded by a pathway that leads around 
the exterior façade of the lounge below.    
 
List of Activities:   

Transition through the space (mostly walking) is the main activity.  Others could potentially include reading (books), face-
to-face interactions, and computer use.   

Dimensions:   
North Wall Length: 73’-2” 
West Wall Length: 73’-10” 

 
Parapet Length: 99'-6" 
Area:  4319 SF 

 

No panelboard can be located that serves the Roof Garden.  Therefore I am theorizing that panel HLP4S2 serves the Roof 
Garden, mainly due to the close proximity.  Below is the current panel layout. 

 

Table 17 As-Design Layout for Panel HLP4S2 

Please see tables below for lighting power density and circuits needed.   
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Table 18 Roof Garden Lighting Power Density and Circuit Sizing 

By using these spreadsheets, I have found that two circuits are needed to supply power to the roof garden.  Please see the panel 
worksheet on the next page for layout of Roof Garden circuits.   
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Table 19 Redesigned Panel HLP4S2 

In this panel, I included 10 spare circuits (based on existing panel) and loaded them to 60% (or 12A).  I multiplied by 277V 
and then applied a .95 PF.  After totaling the design load to 75 Amps, I then applied a scaling factor of 1.25 for future space.  
In the end I was able to reduce the panel’s main breaker size from 225A to 100A.   The associated wire sizes are below. 

 

Table 20 Wire and Feeder sizing for HLP4S2
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Electrical Depth | Student Gathering  

 
Spatial Description:   

This space provides the main distribution outlet in Gateway.  It runs North to South and extends from the first level up to 
the fourth with and bridges cutting though the main central space.  A walkway borders on the East side of the atrium on 
every floor.  Openings extend from stairs and large landings up to the ceiling above, which seemingly hovers in the air, as 
light streams in from East and West clerestories which extend the length of the space.  Over George St. (which splits the 
North and South Towers) a walkway joins portions of the Student Gathering space.  This space is a continuous climb in 
through the middle of the building and ends when you reach the top of the Reading Lounge; it’s Roof Garden.   
 
List of Activities:   

Transition through the space (mostly walking) is the main activity through this space.  Others could potentially include 
reading (books and vertically posted materials), face-to-face interactions, or computer use.   

 

In the Student Gathering Atrium, three panels serve the electric lighting loads.  Two of these panels (HLP4S1 and HLP4S2) 
are located in the south tower of GCC.  Panel HLP4SN is located in the north tower.  The re-designed loads can be seen 
below for my current lighting design. 

Dimensions:   

Length (North Tower):  92’-8” 
Length (walkway):  76’-5” 
Length (South Tower):  261’ 

 
Width (NT):  19’-6” 
Width (walkway):  27’ 
Width (start/end ST):  24’-10” / 38’-7” 
Area (approx. total):  15867 SF 
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Table 21 Re-designed loads and Circuit Analysis 

The branch wire and feeder sizes are as follows: 
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Table 22 As-designed panel HLP4S1 

 

 Table 23 As-designed Panel HLP4S2 
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Table 24 As-designed Panel HLP4N 

 

Table 25 Re-designed panel HLP4S1 
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Table 26 Re-designed panel HLP4S2 

 

 

Table 27 Re-designed panel HLP4SN 

 



 Bradley Sisenwain Final Report Gateway Community College 

Lighting Electrical Option Electrical Depths New Haven, CT 
 

92�

Sizes for the Feeders serving these panels and the branch circuits serving lighting loads can be found below in Table 29. 

�

Table 28 Feeder and Branch Circuit Sizing for SG Panels 
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Table 30 NEC Wire Sizing Chart 

NOTE: Feeder, branch, and ground sizes are from Article 310 and 322 of NEC 2008. 

Table 29 NEC Ground Sizing Chart 



 Bradley Sisenwain Final Report Gateway Community College 

Lighting Electrical Option Electrical Depths New Haven, CT 
 

94�

Efficient Transformer Analysis  

 
As an added aim at saving energy, I researched the savings that could be produced by replacing the current transformers 
used with energy efficient transformers by Powersmiths.  To analyze this change I used the supplied The Powersmiths 
Energy Savings Payback Calculator (see Table 31). 

 

 
Table 31 Powersmiths Calculation 

 

Note #1 

Note #2 

Note #1:   
Because GCC is a Community College I am assuming that it is under operation 250 days out of the year.  Additionally, 24hrs of operation 
per day and 35% of load under these normal conditions is based off of an article from MGM Transformer Company (5701 SMITHWAY STREET 
CITY OF COMMERCE, CALIF. 90040) which states “Studies sponsored by the Environmental Protection Agency (EPA) show that the typical 
loading of low voltage (600V and below) drytype distribution transformers averages around 35% of the transformers full load rating over 
a 24 hour period.” 
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Table 32 Utility Rates for GCC 

Note #2:   
The utility rate of .201 $/kWh is based off the GST Rate supplied by The United Illuminating Company.  Below in Table 13, one will notice the 
two summer and two winter rates at the bottom.  An average of these rates follows: 
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Table 33 Powersmiths Calculation Cont. 

 

 

 

The specification (Section 16461) calls out the following: 

 

Figure 78 Transformer Specification 

 

 

 

 

Note #4 

Note #3:   
The Nameplate Efficiency (normal and outside normal hours of operation) was found by once again averaging the efficiencies of assumed 
transformers.  Since the actual efficiencies are not available to me right now, I checked the specification for the original transformer 
types and they are as follows:  

Note #3 
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Knowing that the transformers must comply with the NEMA Standard TP-1 I found the following chart (again from MGM 
transformer Company): 

 

Figure 79 NEMA TP-1 Minimum Efficiency Dry Type 

 

 

Size kVA Number of Transformers Minimum Efficiency 

15 4 97 
30 2 97.5 
75 19 98 

112.5 1 98.2 
 Avg Efficiency 97.8 

Table 34 Average NEMA TP-1 Efficiency 

Note #4:   
To assess the Air Conditioning system performance (kW/ton) I looked at the HVAC schedules supplied to me by BVH Engineering.   
 

�
Table 35 Chiller Schedule 

By averaging the full load kW/ton for the Centrifugal Water Chiller I found the value that I would use in the calculation: 
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Table 36 Powersmiths Calculation Cont. 

 

 

 

Note #5 

Note #6 

Note #5:   
The Nameplate Efficiency (normal and outside normal hours of operation) of the Energy Efficient Transformers was found by once again 
averaging the efficiencies.  Since the actual efficiencies of Powersmiths Transformers are not available to me right now, I used Cooper 
Energy Efficient Transformers to find the average efficiency: 
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Table 37 NEMA Class 1 Efficiency Levels for Liquid-filled Distribution 

 
Besides the energy saving effects of these transformers, Cooper also claims that they “have high fire point fluid, providing 
fire safety benefits and a projected life well beyond that of a traditional mineral oil transformer. Envirotran EF 
transformers are available to meet the  nationally recognized NEMA TP 1 efficiency standard, which provides a highly 
efficient, cost-effective option.”   
 
 

 

 

 

Size kVA Number of Transformers Minimum Efficiency 

15 4 98.6 
30 2 98.7 (assumed) 
75 19 98.7 

112.5 1 98.8 
 Avg Efficiency 98.7 

Transformer Type Price ($) 
(4) 15 kVA (Ventilated) 1,825 
(2) 30 kVA (Ventilated) 2,125 
(19) 75 kVA (Ventilated) 3,850 

(112.5) 112.5 kVA (Ventilated) 5,125 
Total  $ 89,825 

Note #5 Cont.: 
Using the highlighted efficiencies I found the average: 
 
 

Note #6:   
Equipment prices for standard transformers were assessed using RS Means 2009 version.  Information follows: 
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In closing, the following benefits were found: 

 

Table 38 Total Savings by Switching to Energy Efficient Transformers 

Total annual cost savings totaled $15,102 and the payback period was only 1.5 years.  Additional environmental savings can 
be seen above in Table 19.  Taking these saving into account, I would strongly recommend that Gateway Community College 
switch to Cooper Liquid-filled Envirotran EF Transformers.  

Note #6 Cont.:   
Equipment prices for energy efficient transformers were assessed by adding 25% to the price of the standard transformers. 
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Photovoltaic Analysis  

 
For my Depth investigation I will be analyzing the current Photovoltaic array used in GCC as well as incorporating a 
redesign (and analysis) into my ongoing daylight analysis and study.  The current array totals 448 PV units which are 
located above the 5th story  on the roof.  Please see the following Drawings (Figures 3 and 4) for the current layout, and the 
Spec sheet (Figure 5) for the Sanyo HIT Double 190 product data. 

 
Figure 80 PV Layout A 

 
 
 
 
 
 
 
 

 
Figure 81 PV Layout A 
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As a LEED GOLD rated building, it was not a surprise that GCC already was interested in incorporating photovoltaic panels 
into the new college campus.  The current system is mounted by steel channel to the top of the Atrium roof.  The array 
totals 448 panels of which the specification is listed later in this section (see pg. ___).   

To analyze the current system, I used a two methods.  To start, I used AGI to test whether the PV array was receiving direct 
sunlight consistently throughout the three test dates (March 21st, June 21st, and December 21st—all at 8am, noon, and 4pm).   

 

Figure 82 Daylight Exposure Study of GCC 

From this model I concluded that the amount of shadow created from the neighboring buildings would reduce the existing 
panel efficiency throughout the year (and especially during the winter months when the sun is at a lower profile angle and 
shadows are larger).  An area (as marked with red box) would be beneficial to place a new array, due to the longer 
exposure to sun light especially in hours soon after noon.     

I then used RET Screen to analyze the current system’s payback period.  On the next page, I have noted the inputs I used to 
run the as-designed analysis. 
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Figure 83 Input Into RET Screen 

 

Note #1 

Note #2 

Note #3 

Note #1:  85.1 kW production capacity is calculated by multiplying 190W (production) by 448 (number of units).   
Note #2:  $702,912 initial cost is based on a suggested list price of $ 1,569 supplied by Mona Rotkopf, Dealer Sales Manager for SunWize 
Technologies 
Note #3: Other Properties assumed 
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In the output above (given by RET Screen) the simple payback period is approximately 25 years.  While this time frame is 
somewhat acceptable for an education facility that has potential to be in operation for a long period of time, it was my 
intention to decrease the payback period as much as possible while also achieving the following:  

� Reducing the installation time and cost by removing the PV system from the highest roof and integrating new 
panels into the lower roofs  

� Reducing the amount of materials needed to support the system; therefore reducing the structure of the Atrium 
roof  

� Increasing the accessibility of the modules for maintenance  
� Increasing the exposure to sun by removing from the high roof which is exposed to longer periods of shade 

To achieve these criteria I utilized a photovoltaic system that could be incorporated as a roofing membrane.  By using this 
product I was not only replacing with a system that was more accessible, but one that could replace building material and 
serve as multiple features of the building.  Applied Solar is the manufacturer and the product name is Roofing Membrane.  
The Membrane requires no special structure to support and doubles as the roofing membrane itself (hence the name).  The 
data sheet also totes the high efficiency of the crystalline silicon PV cells and includes a 20 year warranty.  This warranty 
is the same as the original Sanyo HIT Double 190.  It was an additional guideline to reduce payback to within this time frame 
of 20 years and have the replacement system last the full warranty without the original system surpassing it in energy 
production and/or savings.   

The input for the new module is on the next page. 

22 years 
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The results of this analysis are on the next page. 

Note #1 

Note #2 

Note #3 

Note #1:  69.44 kW production capacity is calculated by multiplying 10W/ft2 (installed production) by 217 (number of units).   
Note #2:  $303,800 initial cost is based on a suggested list price of $4/W installed supplied by Len May a representative of Sun Tech 
Power 
Note #3: Other Properties assumed 
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The Membrane module had a significantly less payback period, reducing the original by seven years.  Also, by the 25 year range, the 
Membrane system had already produced $300,000 while the Sanyo system only produced $100,000.  The time to payback the 
difference of $200,000, assuming each system continually produces the same output was found by applying this equation; where x is 
the number of years it would take to payback.    

 

 

 

So, the total payback period from installation to when Sanyo fully replaces the Membrane system, assuming that neither array fails nor 
needs extensive maintenance, is 25 + 31 years or 56 years.  Knowing this, I would strongly recommend that the owner incorporate the 
Membrane system that I have researched.  It is assumed that the type and price of inverters is constant when comparing the two PV 
systems.   

 

 
 

 

 

 

 

 

15 years 
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Figure 84 Membrane Layout on 5th floor roof 
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Coordination Study  

  
A protective device study helped me analyze a single path in GCC; this path was from switchboards MSBS1 through HDP1S1 
through HLP1S1.  The protective devices incorporated into this equipment are Molded Case Circuit Breakers and range from 
Cord type style CC @ 400A (switchboard feeder), type F Style F6 @ 100A (distribution panel feeder), and type JD style CJ @ 
20A (lighting panel branch circuit).  Please see the single line drawing E-1 below for more information.   

 

 

 

 

Figure 85 Drawing E-1 Coordination Study Path 
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On the next page, please refer to the diagram showing the trip current curves for the aforementioned circuit breaker types and styles.   

 

Figure 86 Siemens TCC diagram for Trip Current 

In this diagram, there are little to no overlaps.  In the area designated by Note 1, the 400A CB may have a slight potential to trip before 
the 100A.  The lower limit of the type JD CB trips at a lower amperage rating than that of the higher limit of the type F CB.  This break in 
the normal trip order (20>100>400) occurs around 1500A and .0125 seconds.  The protective devices appear to operate and trip in 
normal order other than this overlap. 

 

Note�1�
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Short Circuit Analysis  

 
For my short circuit analysis I explored the path previously shown.   

 

Table 39 Short Circuit Spreadsheet 
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FAULT�CURRENT�(CALCULATED)� STD�BKR�RATING�

UTILITY XFMR SECONDARY 75232� 65000�

 MSB-BS 59484� 50000�

HDP1S1 9314� 25000�

HLP1S1 160� 14000�
 

In the table shown above, it is clear to see that my calculated fault current would trip the CB protecting the utility 
transformer and Switchgear MSB-BS.  This could mean either of two things one, my calculation is incorrect and the fault 
current is O.K., or two, that the protective devices on the two pieces of equipment need to be sized up.   

 

 


