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Executive Summary
Technical report 2 consists of a design load estimation of the New Science and 
Technology Center as well as a summary of the annual energy consumption and 
operating costs.  These values were calculated using the Trace 700 simulation program.

The design load estimate of the building is best summarized by three values: the cooling 
load, supply air, and ventilation supply.  These values are 208 ft2/ton, 0.93 cfm/ft2 and 
0.54 cfm/ft2.  When compared with the design loads the calculated loads are slightly 
higher.  This can be attributed to a more cautious building design in Trace as to prevent 
an underestimation of the loads created by the building.  The loads created by the 
building are attributed to sensible and latent loads created by user occupancy, lighting 
loads, miscellaneous equipment loads (computers, lab equipment), and HVAC loads.  
Greater detail on the design load is provided further in the report. 

Once the design load calculations were completed the annual energy consumption and 
operating costs could be calculated.  After the input of utilization schedules and utility 
rates Trace 700 calculated the consumption rates and yearly costs.  The overall energy 
usage of the building was calculated at 132,347 Btu/(ft2-year).  The overall electric usage 
was 392,308 kWh/year and the 405,030 kBtu/year for natural gas.  The peak demand 
load of the chiller was 89.73 kW.  The total operating cost was calculated at $24,589 per 
year.  This breaks down into $0.352/ft2 for cooling and $0.439/ft2 for heating.  The 
corresponding schedules and utility rates are provided further in the report.

The owner furnished photovoltaic panels and wind turbine were not included in the Trace 
analysis.  By leaving these out of the simulation the energy consumption for the building 
will be calculated at a higher value .  It turn this will lead to an inflated annual operating 
cost.  As the PV panels and turbine are integrated into the building and optimized for 
energy efficiency the buildings annual energy consumption and operating costs will begin 
to decrease.
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Building Summary
The New Science and Technology Center at the Chestnut Hill Academy is a two level 
building with a footprint area of 9,200 square feet and an aggregate area of 18,400 
square feet on the two levels.  The cost of construction is $9.6 million.  The first and 
second levels are both occupied by classrooms and laboratories with the second level 
also containing a faculty office suite.  The labs will be equipped to teach physics, biology, 
and chemistry classes, with a separate lab for robotics that will include a workshop area.  
The building will include a photovoltaic roof array and a wind turbine to harvest solar and 
wind energy.  Both will be owner installed and operated.  The adjacent parking lot and 
sidewalks will be paved with porous asphalt covering an uncompacted subgrade, 
providing better absorption back into the earth. It is the intent of the owner to achieve a 
LEED certified level once the construction of the building is completed in November of 
2008.  

Mechanical System Summary
The New Science and Technology Center is planned to act as an addition to the already 
existing MEP infrastructure on campus.  Power and water (domestic, heated, and fire 
suppression) will all be supplied from the central plant.  A 480/277 V feeder will be run 
from the neighboring Inn building for the power supply.  A 57.1 ton scroll chiller will be 
installed remotely for current use, with plans to upgrade to a 144.4 ton unit for use with 
future developments.  The first and second levels will both be supplied by separate 
AHU’s, AHU-1 and AHU-2, respectively.  AHU-1 has a 6,300 CFM capacity and AHU-2 a 
8,000 CFM capacity.  Both are VAV units with an economizer and energy recovery in the 
form of a variable speed heat recovery wheel.  The initial supply air setpoint from each 
AHU is 55oF.  Once the zones are satisfied, the setpoint will be gradually adjusted to 
reduce energy use from heating and cooling.  The air is supplied to the different zones 
using a single duct VAV system.  The system is run on a user defined schedule with both 
occupied and unoccupied modes.  During the occupied mode, the cooling setpoint is 
74oF and the heating setpoint is 70oF.  During the unoccupied mode, the cooling setpoint 
is raised to 85oF and the heating setpoint is dropped to 65oF.  The system is also 
equipped to monitor zone CO2 levels and override the damper controls to maintain a 
level of 500 PPM.  Several exhaust fans are located in the labs to provide extra 
ventilation, if needed.
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Design Loads
Trace 700 was used to model the New Science and Technology Center’s annual energy 
consumption.  A model was created using the drawings and specifications provided by 
Turner Construction with the approval of the school.  All floors, walls, windows, and 
partitions were designed as accurately as possible.  The building and spaces were 
modeled to face the proper direction, with ASHREA Standard 62.1-2004 providing the 
requirements for the outdoor air supply.  The internal lighting loads were calculated from 
the drawings, while the miscellaneous loads were estimated from the design documents.  
Tables showing the space breakdown for airflows and load schedules are provided in the 
appendix.  

The HVAC system used in the Trace simulation consisted of a VAV system with 
baseboard heating.  A variable speed heat recovery wheel and an enthalpy enabled 
economizer were both included in the design.  A simplified schematic of the HVAC 
system is provided below.  For information on the specifications and operating 
procedures refer to the first Technical Report.  The design supply air temperature was 
55oF at maximum and 50oF at minimum.  The entering and leaving hot water 
temperatures for the baseboard heating were 180oF and 160oF, respectively.  The 
location of the New Science and Technology Center is Philadelphia, PA.  The 
corresponding heating and cooling design temperatures were provided by ASHREA 
Handbook of Fundamentals.  The heating temperature was 11oF, and the cooling dry-
bulb and wet-bulb were 89oF and 74oF, respectively. 

Simplified HVAC Schematic
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Design Loads

The above table summarizes the computed loads from Trace and the design loads from 
design documents.  The computed loads from the simulation run by Trace are slightly 
larger than the design loads, as evident from the previous table.  The program calculated 
a greater cooling load and supplied more cfm of supply air to the space.  A possible 
reason for this is because of the schedules used in the model.  Longer hours of space 
occupancy and equipment operation can account for higher cooling loads.  The 
thermostat schedule that was used for heating and cooling (provided in the appendix) 
used a simple version of the design change in space temperature setpoints, as 
described in the mechanical systems overview (increased cooling setpoint and 
decreased heating setpoint during unoccupied times).  A more thorough schedule could 
further reduce the computed cooling loads for the building.  The insulation of the exterior 
walls, including the glass curtain wall and windows, could have been underestimated as 
well, which would have resulted in higher loads. Some of the materials specified in the 
design documents were not available as choices in the Trace simulation.  In these 
situations the walls and floors were constructed using the closest approximations 
available.

Cooling Load (ft2/ton) Supply Air (cfm/ton) Ventilation Supply

Computed 208 0.93 0.54

Design 230 0.72 0.36

Computed VS Design Loads
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Annual Energy Consumption and 
Operating Costs

The  simulation run by Trace was also used to calculate the annual energy consumption 
and operating costs of the New Science and Technology Center.  The total electric 
consumption was calculated at 392,308 kWh per year.  The charts below shows the 
breakdown of various systems.  The heating consumption was calculated at 405,030 
kBtu per year as well.

Cooling

Fans

Cooling Accessories

Pumps

Miscellaneous

Lighting

Annual Energy Consumption

Cooling 8,777 kWh  Pumps 50,786 kWh
Fans 2,035 kWh Miscellaneous 256,666 kWh

Accessories 40,433 kWh Lighting 33,610 kWh

System Breakdown

The miscellaneous loads include various lab equipment, including fridges, dishwashers, 
and the numerous extractor arms.  The cooling and heating loads combine to make up 
the majority of the annual energy consumption.  The total energy consumption given by 
the simulation was 132,347 Btu/(ft2-year).   The charts on the following page shows the 
monthly breakdown of energy consumption for electricity and gas.

Tech 2 Report: Building and Plant Energy Analysis Report Page 7

Chestnut Hill Academy New Science & Technology Center David Klug - Mechanical Option



Annual Energy Consumption and 
Operating Costs
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Annual Energy Consumption and 
Operating Costs

The electric consumption is fairly constant throughout the year.  For a school, the electric 
consumption would normally be expected to decrease during the summer because of the 
summer holiday.  The reason why this is not the case is because of the schedule used 
for the Trace simulation.  During the colder months when less cooling is needed (the 
majority of the school year), the miscellaneous and lighting loads are at their peaks.  
During the warmest months (during the summer holiday), the miscellaneous and lighting 
loads are at a minimum as the space is used less.  However, the cooling loads are still at  
their peaks to keep the space properly conditioned to protect the space from damage 
due to moisture or overheating.  After a full year cycle of building occupancy, a more 
accurate schedule of occupancy and equipment use could be used to minimize energy 
usage on a monthly basis.

The chart above shows the monthly breakdown of utility costs for the building.  As 
expected, the gas costs are very minimal compared to the electric consumption and 
demand.  If we compare the electric consumption with the chart on the previous page we 
can see it varies accordingly.   The chart on the following page shows the local utility 
rates that were used in calculating the utility costs.
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Annual Energy Consumption and 
Operating Costs

For the simulation a time of day schedule was used to determine peak times.   The 
Philadelphia Electric Company, PECO, is the supplier for electricity and the Philadelphia 
Gas Works is the gas supplier.  Water costs were not included in the simulation as the 
entire campus is supplied as a whole.  The New Science and Technology Center was 
connected to the already existing campus infrastructure and was not set up to separately 
monitor the water consumption, thus an individual cost for water could not be calculated.   
The total annual operating cost was $24,589.  This can also be broken down into 
$0.382/ft2 for cooling and $0.439/ft2 for heating.

Electricity
On‐Peak Consumption 0.0753 $/kWh
Off‐Peak Consumption 0.0202 $/kWh
On‐Peak Demand 11.88 $/kW
Off‐Peak Demand 6.534 $/kW
Gas
Rate and Distribution 0.3213 $/therm

Utility Rates

CO2 1,606,763 lbm/year

SO2 12,388 gm/year

NOX 3,529 gm/year

Environmental Impact Analysis

The above table shows the emission produced by the new Science and Technology 
Center on a per year basis.  This table includes emission directly created by the building 
and what was created by utility suppliers.  These rates are based on the loads calculated 
by the Trace simulation
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Appendix

Weekday 12am‐7am 85oF

7am‐6pm 74oF

6pm‐12am 85oF

Weekend 12am‐12am 85oF

Weekend 12am‐7am 65oF

7am‐6pm 70oF

6pm‐12am 65oF

Weekend 12am‐12am 65oF

Thermostat Schedule
Cooling

Heating

Lights % Occupancy
Weekday 
Sept‐May

12am‐6am 0
6am‐7am 10
7am‐8am 50
8am‐11am 100

11am‐12pm 80
12pm‐1pm 20
1pm‐3pm 100
3pm‐5pm 30
5pm‐12am 0

Weekday 
June‐Aug

12am‐7am 0
7am‐8am 10
8am‐3pm 30
3pm‐5pm 10
5pm‐12am 0

Weekend 12am‐12pm 10

People % Occupancy
Weekday 
Sept‐May

12am‐6am 0
6am‐7am 50
7am‐8am 100
8am‐11am 80

11am‐12pm 20
12pm‐1pm 100
1pm‐3pm 30
3pm‐5pm 0
5pm‐12am 0

Weekday 
June‐Aug

12am‐7am 0
7am‐8am 10
8am‐3pm 30
3pm‐5pm 10
5pm‐12am 0

Weekend 12am‐12pm 0

Utilization Schedules
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Appendix

Loads Airflows

Space

Floor Area
(ft2)

 
# People

Lighting 
(W/ft2)

Misc 
(W/ft2)

People 
(cfm/person)

Area 
(cfm/ft2)

VAV min 
(cfm)

Max SA 
(cfm)

ASHRAE std 
62.1 OA 
fraction

3‐5 Classroom 618 20 1.59 0 10 0.12 420 904 0.6528
Bio Prep 127 3 2.21 0 10 0.18 350 206 0.5034
Biology Lab 1,092 22 1.54 0.78 10 0.18 620 1,118 0.6719
Chem/Bio Lab 1,070 21 1.57 0.8 10 0.18 525 925 0.7669
Chem/Physics Lab 1,058 21 1.62 0.65 10 0.18 500 902 0.8009
Chem/Physics/Bio Prep 305 3 1.61 7.98 5 0.06 250 641 0.1334
Commons 184 12 1.53 0 5 0.06 70 180 1.0000
Conference Room 170 13 1.65 0 5 0.06 150 383 0.5014
Corridor 1st Floor 1,055 0 0.94 0 0 0.06 450 407 0.4688
Corridor 2nd Floor 1,055 0 0.74 0 0 0.06 200 882 1.0000
Faculty WC 91 1 0.66 0 0 0 0 58 0.0000
Unisex WC 64 0 0.66 0 0 0 0 48 0.0000
Ind Lab (2nd Floor) 170 3 1.65 1 10 0.18 100 176 0.6060
Ind Physics Lab (1st Floor) 113 2 1.24 0 5 0.06 70 74 0.2397
K‐2 Classroom 588 12 1.55 0 10 0.12 250 671 0.7622
Lobby 1,290 20 0.73 0 5 0.06 440 2,396 1.0000
Men's WC 132 2 1.21 0 0 0 0 67 0.0000
Women's WC 166 2 0.97 0 0 0 0 72 0.0000
Office Suite 545 5 1.77 0.54 5 0.06 480 582 0.1202
Physics Lab 1,034 21 1.62 0.45 10 0.18 600 779 0.6602
Physics Prep 210 2 1.34 0 5 0.06 130 159 0.1738
Prep Room (108b) 107 1 2.62 9.35 5 0.06 80 245 0.1428
Robotics/Workshop 1,355 27 1.17 1.3 10 0.18 700 902 0.7341
Stairwell A 345 5 1.85 0 0 0 0 502 0.0000
Stairwell B 231 5 1.17 0 0 0 0 720 0.0000

Trace Load and Airflow Summary

Monthly Energy Consumption and Environmental Impact Analysis
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Appendix

Peak Cooling Loads by Space and Coil

System Temperature Profiles
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The above chart shows the space temperature profiles throughout the year.  It is clear from the chart 
that all of the space were maintained within the desired temperature range throughout the simulation.  
This solidifies that the system is properly conditioning the space.
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