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Executive Summary 
 
A plant and energy analysis was done on the Philadelphia School District (PSD) 
Administration Headquarters in Philadelphia, PA.  The building was evaluated against the 
LEED Certification requirements and also against the American Society of Heating, 
Refrigeration, and Air-Conditioning Engineers’ Standard 90.1-2004.  LEED design is based 
on sustainability of the whole building design and Standard 90.1 contains standards on 
building envelope and building lighting requirements.  More calculations were done to 
analyze building energy usage and system operating characteristics.  Lost rentable space 
and mechanical system first cost was also analyzed. 
 
The PSD building was constructed in 1948 as a printing facility so the thought of LEED 
design wasn’t “officially” present in the original design.  As for the renovations, they weren’t 
designed for LEED so the building did not receive many points in this analysis.  For the 
building envelope compliance, the walls and windows complied but the roof did not.  Also 
the window area is less than 50% which complies, but the skylight area for the atrium is not 
less than 5% which does not comply.  Lost rentable space due to MEP systems in the 
building amounted to 5.68% and mechanical system first cost was $4,456,500.00. 
 
Trane’s Trace program was used to assess the building’s energy usage and operating cost.  
The total kilowatt-hours used by the building was calculated to be 9,963,009 per year.  The 
following chart gives the distribution of energy use by different components of the building.   
 

 
 
Energy consumption was used to calculate the emissions per year by the mechanical 
system.  A summary of the calculations is provided below.  The most emissions by the 
system turned out to be CO2 with 13,744,649 lbm. 
 

 
 
The total energy cost for the year in the Administration building is $419,177.84.  Mechanical 
system operating cost is $153,137.97 per year, about 36.53% of the total operating cost.   
 
The loads within the building were analyzed using Trace.  By trying to match what actually 
exists in the building after design, it was noticed that the air handling units were sized about 
10% larger than estimated by the program, a common design practice. 
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Building AHU Systems Overview 
 
The Administration building has a total footprint area of 161,000 square feet (SF) with a 
total gross area of 848,000 SF.   
 

 
 
The building has a parallel fan-powered VAV system and is supplied by 17 new air handling 
units (AHUs) with supply air totaling 529,000 cubic feet per minute (CFM).  Individual units 
are contained in mechanical rooms on the floor it is supplying.  An example of an AHU’s 
schedule number is 1.4, where 1 is the floor number and 4 is the unit’s number on that 
floor.  The following is a color-coded schedule of the unit layout by floor: 
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Floors 1 through 3 are broken up by a north half and a south half, each with its own 
mechanical room.  The first floor has 5 AHUs, two serving the south half, two serving the 
north half and one serving the south tenant space (a double height space).  The later AHU 
rises through a shaft to serve the space from the second floor ceiling. 
 

 
 
 
Four AHUs serve the second floor: two serving the south half and two serving the north 
half.   
 

 
 
 
The third floor has 4 AHUs, two serving the south half, two serving the north half and one 
serving the south tenant space (above the tenant space on the first floor). 
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One AHU serves the entire fourth floor. 
 

 
 
 
The fifth floor has 2 AHUs, one serving the east half and one serving the west half. 
 

 
 
 
A new architectural feature in the building is the three story atrium between floors 1 and 
3.  This space is served by AHU 4 on each floor (1, 2, and 3).  It receives 15,000 CFM in 
total from these three air handling units. 
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LEED Green Building Certification Assessment 
 
Leadership in Energy and Environmental Design (LEED) Green Building ratings are meant to 
encourage sustainable design practices within the construction industry.  Certification is 
based on a system where points are assigned on different “green” objectives.  There are six 
categories in the assessment: Sustainable Sites, Water Efficiency, Energy and Atmosphere, 
Materials and Resources, Indoor Environmental Quality, and Innovation and Design Process.  
 
Because the PSD Administration Headquarters was originally built as a printing facility in 
1948, it did not pass on many of the aspects of LEED Certification.  Due to limited 
documentation, this assessment was completed by assigning no points if there was an 
insufficient amount of information to prove certification.  The Administration Headquarters 
received 6 LEED points in this assessment.  See Appendix A for the complete LEED chart. 
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ASHRAE Standard 90.1 Assessment, Building Envelope and Building Lighting 
Compliance 
 
The purpose of Standard 90.1 is to provide minimum requirements for the energy-efficient 
design of buildings with the exception of low-rise residential buildings.  This applies to the 
building envelope and the following systems and equipment used in buildings: heating, 
ventilating, and air conditioning; service water heating; electric power distribution and 
metering provisions; electric motors and belt drives; and lighting.  The focus of this 
assessment will be on the building envelope and on the building lighting. 
 
Building Envelope Compliance 
 
The building envelope consists of the walls, windows, and roof of a building that separates 
the outdoor environment from the indoor conditioned spaces.  A building envelope analysis 
was performed using Standard 90.1 Section 5 as a guide to determine whether Philadelphia 
School District Administration Headquarters complies with this section of the ASHRAE 
Standard. 
 
Method of Analysis 
 
1. Determine the Heating Degree Days (HDD) and the Cooling Degree Days (CDD) for 

the location of the building.  These values are provided in Table D-1 of ASHRAE 
Standard 90.1. 
* For Philadelphia, PA HDD is 4,954 and CDD is 3,623. 

 
2. Determine the Climate Zone from Table B-1 or Figure B-1. 
 * Philadelphia is climate 4A. 
 
3. Determine Standard 90 compliance U-Values and Solar Heat Gain Coefficents from 

Tables 5.5-1 – 5.5-8. 
 * For climate 4A, use Table 5.5-4 
 
4. Compare Standard 90 requirements with design requirements. 
 

 
 
For detailed results, reference Appendix B.  The walls and windows complied with Standard 
90 while the roof did not.  The percentage of exterior wall that is window area is 17.76% 
which complies since it is less than 50%.  The new atrium has 3 large skylights which total 
an area that is 29.94% of that portion of the roof.  Since this is more than 5% it doesn’t 
comply with Standard 90. 



 
Jayme Antolik 

Mechanical Option 
Philadelphia School District Administration Headquarters 

Technical Assignment #2 
 

 8

Building Lighting Compliance 
 
Interior lighting power allowance for a building is determined using either the Building Area 
Method or the Space-by-Space Method.  The Building Area Method uses the total building 
area to determine lighting power allowance.  The Space-by-Space Method determines power 
allowance from individual spaces within the building. 
 
A building lighting analysis was performed using Standard 90.1 Section 9 as a guide to 
determine whether Philadelphia School District Administration Headquarters complies with 
this section of the ASHRAE Standard. 
 
Method of Analysis:  Building Area Method 
 
1. Determine building area type and allowed lighting power density. 
 * For PSD Administration Headquarters, use Office building with 6 W/sf design power 

density. 
 
2. Determine gross lighted floor area. 
 
3. Multiply the allowed power density by the gross lighted floor area. 
 
4. Sum the lighting power allowances for all building area types to obtain the interior 

lighting power allowance. 
 
As can be seen in Appendix C, the Philadelphia School District Administration Headquarters 
did not comply with the lighting part of Standard 90.  The assumed lighting power density 
was taken from the design load calculations provided by the engineer.  This value was 6 
watts per square foot which is really high.  The actual lighting within the building most likely 
provides a lot less than 6 W/sf. 
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Lost Rentable Space 
 
Mechanical, electrical, and plumbing systems require a percentage of a building’s space.  
This reduces the amount of rentable space for the tenants who will occupy these spaces.  
Even though 440 North Broad is a very large building, Philadelphia School District loses out 
on a certain amount of office space.  However, this hardly affects the school district.  It can 
be seen from Appendix D that the total lost rentable space amounts to 5.68% with 
mechanical rooms amounting to 2.27% of the total building floor area.  Total unusable 
space is 27,916 square feet of 491,658 square feet between floors 1 and 5. 
 
 
 
 
 
 
 
 
 
 
 
Mechanical System First Cost 
 
The mechanical system first cost is detailed in the following chart.  Total first cost amounted 
to $4,456,500.00 through a Guaranteed Maximum Price bid. 
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Trace Energy Analysis 
 
Yearly Energy Utilization Data 
 
Because the Administration building was just opened for the current school year, actual 
energy data was not available.  Energy utilization was estimated using Trane’s Trace 
program.  The Philadelphia School District Administration Headquarters building uses one 
source of energy, electric.  The engineer used electric heat for maintenance and operational 
reasons that suited the School District better than alternatives like steam.  Since it is an 
office building a schedule based on a 6:00am to 8:00pm work period was assumed.  Total 
kilowatt-hours used for the building was calculated to be 9,963,009 per year.  A summary 
of the consumption can be found in Appendix .  Here is a simple pie chart to show exactly 
what is consuming energy in the building.  Lighting is the largest with 63.47%. 
 

Energy Consumption

Fans, 5.25%Lighting, 63.47%

Cooling, 31.06%

Heating, 0.23%

 
 
 
The total energy consumption was used to calculate the emissions of the building.  This was 
done on a lbm/kWh basis.  Details from the Trace simulation can be found in Appendix E. 
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Cooling and Ventilation Load 
 
Trane’s Trace program was used to calculate the cooling and ventilation load in the 
Administration building.  Once these values were found, they were compared to those on 
the Air Handler Unit schedules from the design documents.  The following chart shows a 
summary of the calculations.  By trying to match what actually exists in the building after 
design in Trace, it was noticed that the air handling units were sized using the load in ton 
per space.  Calculated airflow rates for the supply and ventilation air were higher than those 
scheduled because lighting loads were assumed to be 6 W/sf and the amount of people used 
in the simulation was higher than what was used to calculate the outdoor air.  Trace output 
files can be found in Appendix F and a more detailed spreadsheet can be found in 
Appendix G. 
 

 
 
Operating Cost 
 
The energy utilization data provided above gives a breakdown of the energy used for 
different components of the building load.  These energy consumption numbers are 
proportional to the operating cost of the system.  The total energy cost is $419,177.84 
per year.  This is an estimate based on the Trace energy analysis.  Taking lighting out of 
that estimate, HVAC operating cost is $153,137.97 per year.  This includes the cost to 
run the cooling compressor, supply fans, and condenser pump.  The lighting cost includes 
lights and other electrical equipment.  See the Economic Summary in Appendix H for more 
details. 
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Emissions Estimate 
 
Using the Yearly Energy Utilization Data, the emissions given off by the operating systems 
within the Administration building can be calculated. In the chart below it can be seen that 
this building gives off more emissions than the average taken from the 1995 database.  A 
detailed chart of the calculation of the emissions by PSD Administration Headquarters can 
be found in Appendix I. 
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Appendix A:  LEED Assessment 
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Appendix A 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Jayme Antolik 

Mechanical Option 
Philadelphia School District Administration Headquarters 

Technical Assignment #2 
 

 15

Appendix B:  Building Envelope Compliance 
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Appendix B (continued) 
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Appendix C:  Building Lighting Compliance 
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Appendix D:  Lost Rentable Space 
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Appendix E:  Energy Consumption Summary 
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Appendix F:  Trace Energy Analysis 
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Appendix F (continued) 
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Appendix G:  Energy Analysis Summary 
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Appendix H:  Economic Summary 
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Appendix I:  Emissions Estimate 
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