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Branch Circuit Redesign

 Below is a redesign of the panelboards, feeders, and circuit breakers that are 

affected by the new lighting design system.  The panelboards are redesigned to 

accommodate the new lighting loads.  The over current protection device is sized 

according to the new design ampacity as well as the feeder serving the panel.

Club Room

 The dimming panel below is a Lutron Grafik Eye 4000 system.  The feeder for this 

panel below runs from panel A2LNH1. 

Design Load: 38A 

Circuit Breaker: 50A  

Feeder Size: (3) #8 AWG

Conduit: ¾” C
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Lobby

 Below circuits 6, 8, and 10 were redesigned with the new lighting loads. 

Sizes are based on Design Load and are determined by referencing the NEC Handbook 

Design Load: 115A 

Circuit Breaker: 125A 

Feeder Size:  (3) #1 AWG THHW 

Conduit:  1- ¼” C 
Note: Although a smaller feeder size could have been used, I chose to size up for safety.  
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Gymnasium

 Below circuits 2, 4, 6, 8, 10, 12, 14, 16, 18, and 20 were redesigned with 

the new lighting loads. 

Sizes are based on Design Load and are determined by referencing the NEC Handbook 

Design Load: 83A 

Circuit Breaker: 90A 

Feeder Size: (3) #3 AWG THHW 

Conduit:  1- ¼” C 
Note: Although a smaller feeder size could have been used, I chose to size up for safety.  
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Exterior

Below circuit 2 was redesigned with the new lighting loads for Layout 1. 

Sizes are based on Design Load and are determined by referencing the NEC Handbook

Design Load: 81A 

Circuit Breaker: 90A   

Feeder Size:  (3) #3 AWG THHW 

Conduit:  1- ¼” C 
Note: Although a smaller feeder size could have been used, I chose to size up for safety.  
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Exterior Continued

Below circuit 2 was redesigned with the new lighting loads for Layout 2. 

Sizes are based on Design Load and are determined by referencing the NEC Handbook

Design Load: 78A 

Circuit Breaker: 80A   

Feeder Size:  (3) #4 AWG THHW 

Conduit:  1” C 
Note: Although a smaller feeder size could have been used, I chose to size up for safety.  
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Copper vs Aluminum Conductor Study

 The debate between copper and aluminum conductors has been a constant 

struggle.  The following study looks at the disadvantages and advantages of each type 

of metal wiring.  In order to conduct the analysis, 25 different existing copper feeders 

found throughout Boston University’s Fitness and Recreation Center’s electrical 

distribution system were selected.  The aluminum wire sizes were determined by the 

overcurrent protection device from the original feeder, which then determined the new 

conduit size.      

Table 1: Price Comparison Copper vs Aluminum Conductors 

*The unit costs per linear foot were taken from CostWorks.  The pricing is based on 3 Copper conductors 

in a PVC jacket or 3 Aluminum conductors in a PVC jacket.  In the event there were more than one set of 

3 conductors the unit cost was multiplied by the number of sets.    
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Table 2: Copper Characteristics 

Copper Higher electrical conductivity than aluminum, therefore smaller wire sizes for 

the same ampacity 

 According to IEEE Standard 835-1994, copper’s ampacity is 1.6 times that 

of aluminum 

 Harder and stronger material which can stand much more abuse over time 

 Because of the smaller wire sizing; more flexible to install and less effort 

 Can withstand tighter twists, harder pulls, and more bends at junction and 

termination boxes without stretching or breaking 

 Higher resistance to corrosion 

 Forgiving metal to join electrically 

 Better connections than aluminum 

 Less bulky which means easier to transport to site and easier to install 

Table 3: Aluminum Characteristics 

Aluminum Softer material, lower modulus of elasticity 

 Need more critical installation procedures in order to secure bad 

connections

 Theirs is always an insulating oxide present 

 The thermal expansion coefficient is much larger than copper, which causes 

loose connections when the wire expands and contracts 

 Aluminum alloys are more active metals which make them more susceptible to 

corrode around moisture which causes a shorter life span 

From the Table 1 above, aluminum wires are much cheaper than that of copper.  

For this particular set of feeders, aluminum is 36% cheaper than copper which could 

save the project a considerable amount of money.  Although this seems like it could be 

very beneficial for the owner, there are many issues associated with aluminum wiring.  It 

is recommended by the NEC that aluminum wires should not be used for distribution 

systems and only used for utility service feeders or where the design ampacity does not 

fluctuate.  The utility service generally has a constant feed, unlike distribution feeders 

where the current running through them can have a large range. 

 Copper and aluminum metal have several differences that create advantages and 

disadvantages when wiring a building’s distribution system.  In order to allow the same 

ampacity, the aluminum wire would need to be sized larger than the copper wire.  This 

could create a problem within the building construction process; ceiling plenum space is 

limited as it is.  Although initial costs of aluminum are much less than copper the life 

cycle cost of copper is much less.  Aluminum is much more difficult to install and is 

susceptible to damage and failure which requires re-installation of the wire.  Overall, I 

would recommend using copper wire for building distribution systems. 
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Energy Efficient Transformer Analysis

 Transformers tend to have low efficiencies generating electrical losses.  

Powersmiths manufactures energy efficient transformers which will be compared to 

status quo transformers in the report below.  Each Recreation Center transformer will be 

replaced with an energy efficient transformer manufacturered by Powersmiths in order to 

calculate the energy savings as well as pay back period.   

Transformer Takeoff   

TOTEL Electric Bill for Current Transformers: $845,619 
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TOTEL Electric Bill for Powersmith Transformers: $825,722 

After thoroughly looking at the transformer analysis, I would recommend the high 

initial costs for Powersmiths transformers, which will ultimately save the owner money in 

the long run.  Although fifteen years seems like a rather long payback period, the 

transformers will be worth the energy savings for the building as a whole.   
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Protective Device Coordination
 The chart below shows an overcurrent protection coordination study.  

The Red lines 

represent a 20A 

circuit breaker from a 

lighting load.  The 

Black lines with blue 

highlights represent a 

150A circuit breaker 

for a panelboard.  The 

two devices are 

coordinated correctly 

as this table shows.  


