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Executive Summary

This report contains a general analysis of the existing electrical system for the UCSD Cal 
(IT)2 building.  Because of the location of the building, California Energy Code Title 24 
was accounted for in my analysis of lighting systems, power densities and energy 
consumption.   Using the National Electric Code (2002), I determined the lighting, 
receptacle, mechanical, and other various electrical loads.  From the panelboard, light 
fixture, and mechanical schedules, I was able to verify if my summing of Volt-Amps was 
correct or not.  After summing all my loads, and using the proper demand factors found 
in the NEC, I was able to check the size of my three main unit substations and feeder 
sizes.

After finding my values, I found that the main power feeds into the substations and 
circuit breakers were sized appropriately.  In fact, they were sized extremely high in case 
of growth, voltage drop, and number of conductors in the conduits.  On top of the 
analysis, the utility rate structure was given to see how this building will be billed for 
energy.







System Description 

Cal (IT)2 is serviced by the San Diego Gas & Electric Company.  A 12 kV service is 
provided from SDG&E.  This runs into a 6-way selector switch which services the three 
unit substations with a 3000A switchboard that provides power to UCSD Cal (IT)2.  Each 
substation uses a 2000 KVA step-down transformer from a 12 kV delta primary to a 
480Y/277 V secondary system.  From there, the voltage is distributed to the various 
distribution panels and panel boards accordingly.  One 2500A, 3 phase, 4 wire 
480Y/277V Plug-in Bus Riser feeds off the first unit substation distributing power to the 
upper floors of the tower.  More step-down transformers exist to drop the 480Y/277V 
primary voltage to the 208Y/120V secondary system for receptacles and some lighting.     

Emergency Power

Cal (IT)2 uses a 750 kW 3 phase, 4 wire standby emergency diesel powered generator.  In 
case of a power outage, there are three automatic transfer switches to transfer the power 
from the emergency generator to the emergency panel boards.  The panel boards include 
certain receptacle loads, emergency lighting loads, and emergency mechanical equipment 
including the elevator load.  The three automatic transfer switches are sized 225A, 400A, 
and 1000A respectively, all 4 pole.

Overcurrent Protection Devices 

For overcurrent protection, my building contains many circuit breakers and load 
interrupter switches to protect and isolate the problem in case of such an incident.  Each 
unit substation contains a load interrupter switch and fuse rated at 100E.  Just beyond 
each of those are 3000A forced air circuit breakers for each switchboard.  From there, 
each line going to a busway, distribution panel, or panel boards are circuit breakers sized 
accordingly.  Each substation is also connected to the next with a 3000A forced air circuit 
breaker.  In case of failure of one substation, it can be shut down and isolated to fix the 
problem with the others still operating.

Power Factor Correction 

There are currently no capacitors in the UCSD Cal (IT)2 electrical system.  Once the 
system is up and running, a study might be done to confirm a correction is not needed. 

Equipment Location 

Power from the utility company is fed into the building on the eastern end facing the 
courtyard.  It is fed directly into the electrical room on the bottom floor.  The emergency 
generator is located on the southern end of the building in an exterior room attached to 
the building.  The three substations that are powered from the 12kV line are located in the 
electrical room on the first floor which is adjacent to the pumping room and clean room 
electrical closet.  From here, the power is distributed to the distribution panels and the 
main 2500A busway riser for the 6 story tower.  The other panelboards are located in 
server rooms and electrical closets on the various floors. 



Design Requirements 

 Because my building is located in San Diego, CA, I must take into account the 
standards used by California Energy Code Title 24 which is slightly stricter than the 
current version of the NEC.  One issue surrounding Cal (IT)2 is the emergency power 
being provided.  In case of a power outage, a large portion of the power will have to serve 
the computer storage server rooms as well as emergency lighting, receptacles, and 
elevator loads for evacuation.
 Another issue is the control system by which the lighting is turned on and off.
Currently, a Lutron Grafic Eye system is in place with occupancy sensors for smaller 
rooms and the large open office areas.  With Title 24, the lighting power densities must 
be very low compared to the NEC codes as seen in my previous lighting system report.  
With this small allowance, energy is saved on the electric bill as seen in the utility rate 
structure in the last section of this report. 
 Another design consideration is spare room for power addition.  Because this is a 
technological research facility, more room should be left to add more sophisticated 
equipment in the future as well as growth for the building itself.  Since some conductors 
are traveling more than 100ft in some cases, voltage drop would also be a consideration 
in the design of the system.



Transformer Summary 

As seen below, all the transformers are step-down transformers from a primary voltage of 
480/277V to a secondary voltage of 208/120V.  The three main transformers in the 
substations are not shown in the chart.  All three transformers are 2000 KVA 12kV Delta 
primary to a 480Y/277V secondary.   



Feeders

The following chart shows all the feeders that exist in the building.  These will help 
distinguish the correct feeder sizing in my analysis.   



Typical Lighting Systems 

In Cal (IT)2, most of the lighting is using 277V T8 fluorescents or 32W triple tube 
compact fluorescents.  The ballasts used are mostly not dimmable and have a ballast 
factor of 0.88.  Incandescent and halogen lamps are on the 120V system but are very few 
in quantity.  The ballasts were taken from Advance Transformers since the actual ballasts 
used were not known. 

Primary Lamps 



Mechanical Equipment 

Below are charts listing the mechanical equipment present in the Cal (IT)2 building.  All 
list the KVA and the total power consumed by the mechanical load is found on the 
bottom of the chart. 



Note: A demand factor of 0.5 was applied to the largest motor.



Lighting Loads 

The lighting loads were calculated using the space-by-space method of areas and 
occupancy types.  All the unit load values were taken from the NEC 2002 table 220.3(A). 

Note: No demand factors were applied for the lighting loads. 



Substation Loads 

For Cal (IT)2, I studied the size of the three unit substations to make sure they were sized 
properly as well as the feeder sizes and transformer ratings.  I separated the loads into 
each substation accordingly and summed the KVA with demand factors to reach my 
estimate.  I then compared the size given and made comments. 

Unit Substation US-1A 

Receptacle Load 

Note: A demand factor of 1.0 was applied for the first 10 KVA and 0.5 for the remaining 
KVA.



Mechanical Load 

Note: No demand factor was applied for the mechanical load. 



Equipment Loads

The equipment loads are separated into three different sections.  The lab equipment loads 
contain the equipment used for research, special machine loads, and specialized hardware 
for technological advancement.  The kitchen equipment contains the refrigerators, 
microwaves, and various other kitchen appliances used on all the floors for a kitchenette 
area.  The miscellaneous load section is for the various equipment, such as fire alarms 
and security systems, that are not included in the above loads.





Note: A demand factor of 0.65 was applied to all kitchen loads. NEC 2002 table 220.20. 



Total Load for US-1A 

The given switchboard is sized as noted: 
(3000A) * (0.480 kW) * sqrt(3) = 2494 KVA 

2494KVA > 1312 KVA so, US-1A is sized appropriately. 



Unit Substation US-1B 

Receptacle Load 

Note: A demand factor of 1.0 was applied for the first 10 KVA and 0.5 for the remaining 
KVA.

Mechanical Load 

Note: No demand factor was applied for the mechanical load. 

Equipment Loads 

The equipment loads are separated into three different sections.  The lab equipment loads 
contain the equipment used for research, special machine loads, and specialized hardware 
for technological advancement.  The kitchen equipment contains the refrigerators, 
microwaves, and various other kitchen appliances used on all the floors for a kitchenette 
area.  The miscellaneous load section is for the various equipment, such as fire alarms 
and security systems, that are not included in the above loads.





Note: A demand factor of 0.65 was applied to all kitchen loads. NEC 2002 table 220.20. 

Total Load for US-1B 

The given switchboard is sized as noted: 
(3000A) * (0.480 kW) * sqrt(3) = 2494 KVA 

2494KVA > 1551 KVA so, US-1B is sized appropriately. 



Unit Substation US-1C 

Receptacle Load 

Note: A demand factor of 1.0 was applied for the first 10 KVA and 0.5 for the remaining 
KVA.

Mechanical Load 



Note: No demand factor was applied for the mechanical load. 

Equipment Loads 

The equipment loads are separated into two different sections.  The lab equipment loads 
contain the equipment used for research, special machine loads, and specialized hardware 
for technological advancement.  The Theater load section contains the loads associated 
specifically for    



Total Load for US-1C 

The given switchboard is sized as noted: 
(3000A) * (0.480 kW) * sqrt(3) = 2494 KVA 

2494KVA > 1204.15 KVA so, US-1C is sized appropriately. 



Feeder  and Circuit Breaker Sizing 

US-1A:

(1312.128 KVA) / (12 kV) = 109.34 A 
(109.34 A)*1.25*1.25 = 170.85 A 

Multiplying by 1.25 twice allows for future growth and if there exists a voltage 
drop.
Based on my calculation, the feeder size is: (4) #1 & (1) #6 ground. 
The designed feeder ((4) #500MCM & (1) #4/0 ground) was sized extremely high 
possibly for future growth because of the nature of the building’s use. 

(1312.128 KVA) / (0.48kV * sqrt(3)) = 1578 A  2000 A Ckt. Bkr. 
 The Circuit Breaker designed was much higher once again.  A 3000A circuit 
breaker exists there now. 

US-1B:

(1551.273 KVA) / (12 kV) = 129.2728A 
(129.2728 A)*1.25*1.25 = 202 A 

Multiplying by 1.25 twice allows for future growth and if there exists a voltage 
drop.
Based on my calculation, the feeder size is: (4) #1/0 & (1) #4 ground. 
The designed feeder ((4) #500MCM & (1) #4/0 ground) was sized extremely high 
possibly for future growth because of the nature of the building’s use. 

(1551.273 KVA) / (0.48kV * sqrt(3)) = 1865.9 A  2000 A Ckt. Bkr. 
 The Circuit Breaker designed was much higher once again.  A 3000A circuit 
breaker exists there now. 

US-1C:

(1204.15 KVA) / (12 kV) = 100.35 A 
(100.35 A)*1.25*1.25 = 156.79 A 

Multiplying by 1.25 twice allows for future growth and if there exists a voltage 
drop.
Based on my calculation, the feeder size is: (4) #2 & (1) #6 ground. 
The designed feeder ((4) #500MCM & (1) #4/0 ground) was sized extremely high 
possibly for future growth because of the nature of the building’s use. 

(1204.15 KVA) / (0.48kV * sqrt(3)) = 1448.4 A  2000 A Ckt. Bkr. 
 The Circuit Breaker designed was much higher once again.  A 3000A circuit 
breaker exists there now. 



Utility Rate Structure 

Below is a San Diego Gas & Electric rate structure for the San Deigo area.  Since the 
building is not yet functioning, a utility bill is not 
given.
















