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Executive Summary   
 

 This report will discuss the load and energy simulation analysis of Central High School.  Heating, 

cooling, energy consumption and operating costs will be reported. 

 Trane TRACE 700, software recognized in industry as a leading energy modeling program, was 

used to calculate both loads and energy consumption of the building.  Roughly 300 spaces were 

modeled that were then put into their respective zones serviced by 20 energy recovery units.  Block 

calculations done by TRACE 700 yielded a total cooling load of 678 [tons] and 13147 [MBH] for heating 

loads which was found to vary greatly from the design engineers calculations. 

 Energy consumption for Central High School came out to be 878,111 [kWh] per year.  An energy 

model was run by a previous MEP team but could not be obtained for comparison.   

 The emissions report from TRACE 700 shows that Central High School puts out CO2 at 1,174,596 

lbm/year, SO2 at 10,577 gm/year, and NOX at 2,204 gm/year.   
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Building Overview 
 

Building Description 
 

 

 

Central High School is a newly renovated high school located in the Mid-Atlantic region.  At roughly 

320,000 square feet it is an impressive state of the art school with two levels the top one being the 

addition.  The building has food and science labs, classrooms, offices, gyms and an auditorium to serve 

the learning needs of the occupants.  It is expected to be completed by February 2015. 

Mechanical System Overview 
 

Twenty energy recovery units are located throughout the building that delivers outdoor air to fan coil 

units with recirculated air serving the zones.  Along with that, two air cooled chillers and boiler serve the 

energy recovery units and fan coil units. 
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Occupant and Project Team 
 

Owner: Confidential 

Construction Manager: Jacobs     http://jacobs.com/ 

Architect: SHW Group, LLP         http://www.shwgroup.com/ 

Structural Engineer: Adtek Engineers, INC. http://www.adtekengineers.com/ 

Mechanical and Electrical Engineers: SHW Group, LLP           http://www.shwgroup.com/ 

Civil Engineers: Bowman Consulting    http://www.bowmanconsulting.com/ 

Kitchen Consultant: Nyikos Associates       http://nyikosassociates.com/ 

Acoustical and Technology: Polysonics Corporation           http://www.polysonics-corp.com/ 
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Load Calculation Procedure 
 

 To model the load and energy costs of the building, Trane TRACE 700 was the HVAC program 

used for this report.  In order to create an accurate model, information was taken from specifications, 

mechanical floor plans and schedules.  Assumptions were made to complete the model and will be 

stated later in this report. 

 

Design Conditions 
 

 Central High School is a high school located in the Mid-Atlantic region.  Baltimore, Maryland is 

the closet area to the building site found in the Weather Library in TRACE 700.  Default settings for the 

thermostats were typical of the Baltimore, Maryland region.     

 

Model Design 
 

 There are twenty zones throughout the building and within each one there are different 

occupancies, equipment and envelope loads to take into account.  Central High School has eleven 

varieties of rooms and therefore eleven templates were created for these general spaces.  The eleven 

templates are: Auditorium, Bathroom, Cafeteria, Classroom, Conference Room, Gymnasium, Hallway, 

Laboratory, Library, Office, and Reception.  Outdoor air ventilation rates from the design specifications 

were used in place of ASHRAE Standard 62.1 rates.  To further develop the model individual occupancies 

were used that were found in the design specifications.  Exact areas of the rooms, ceiling heights and 

how much glass were included for each space.  Directions of the walls were also included along with the 

entire direction of the building which is roughly 30 degrees from North.  

 

Load Assumptions 
 

 Certain rooms did not fit under the templates made such as kitchens which were put under the 

cafeteria template.  Lighting load information was not provided therefore basic ASHRAE Standard 90.1 

design lighting densities were used.  Standard school equipment was picked as the miscellaneous 

electrical loads on the building.  Figure 1 shows the Construction Template used for each room 

template.  An infiltration rate of 0.3 cfm/square foot (sf) of wall was inputted for a more accurate 

construction design.  Schedules were selected from the TRACE 700 library and inputted into internal 

loads, airflows and thermostats. 

 

 



Adam Brown | Technical Assignment 1 | Central High School Page 6 
 

 

Figure 1 – Construction Template 

 

Calculated vs. Design Load Analysis 
 

 An energy model was performed by a previous MEP team assigned to this project but could not 

be obtained, so the values shown in Table 1, under Design, were used.  These values were acquired from 

the schedules listed in Appendix A, Figure 7.  Table 1 gives the design calculations versus the model 

outputs.  Note that there are varying degrees of differences between the design and the model.  

Discrepancies can be accounted for by how the systems and plants were modeled along with data 

inputted for construction types and infiltration rates.  Heating loads were not as close as the cooling 

loads since there is a variance of 900 MBH compared to 173 ton difference among the two models .  

These of course would affect how the cooling square foot per ton and heating Btuh per square foot 

were calculated.  The supply airflows from the model yielded almost twice the amount of cfm/sf versus 

the calculated design.  More cooling and heating affected the amount of supply air to deal with the load 

in the space.  Ventilation rates had little difference between the design and model.  Differences in areas 

for spaces could be accounted for in the difference between the two rates. 



Adam Brown | Technical Assignment 1 | Central High School Page 7 
 

 

Figure 2 – Design Calculations vs. Model Outputs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Design Model

Cooling [tons] 505 678

Heating [MBH] 11289 13147

Cooling [sf/ton] 634 472

Heating [Btuh/sf] 35 41

Supply [cfm/sf] 0.51 1.22

Ventilation [cfm/sf] 0.48 0.41



Adam Brown | Technical Assignment 1 | Central High School Page 8 
 

Energy Calculation and Operating Cost 
 

Energy Consumption 
 

 The TRACE 700 report of energy consumption for Central High School is below in Figure 3.  

Electricity is the primary source of energy to the building with Natural Gas as the secondary source.  

Natural gas is used by the primary boiler in the mechanical room for the entire building as electricity 

powers the air cooled chillers.  Consumption of electricity peaks in May which makes sense since much 

of the mechanical equipment including chillers are running.  Even though in May there isn’t the largest 

on peak demand the chillers still consume the most amount of energy at this time.  Natural gas usage 

peaks in January and is not used in the summer months for the use of heating the zones.    

 

Figure 3 – Monthly Energy Consumption 
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Energy Inputs 
 

 No energy model could be provided by the original MEP team on the project.  TRACE 700 

template schedules were used as models for when equipment would be turned on/off were selected.  

Also occupancy times for schools were chosen using the occupancy templates.  Fuel costs were taken to 

be baseline costs from TRACE 700 library of energy costs.  All air and water flow rates along with 

equipment performances were taken from the equipment schedules.    

Annual Operation Costs  
 

Figure 4 and Figure 5 are monthly breakdowns for the end uses of heating, cooling, lighting, and 

miscellaneous loads.  July has the highest month of end use by equipment at about $11,257.  Utility cost 

per square area is $0.27 per square foot.

 

Figure 4 – Monthly Utility Costs 
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Figure 5 – Monthly End Use Cost 

 

Emissions 
 

 Figure 6 gives the yearly environmental impact the building has on the environment.  These 

output values were taken from the energy model done in TRACE 700.  The condensing boiler is the 

primary pollutant of the building and attributes to most of these gases.   

  

 

Figure 6 – Yearly Environmental Impact 
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Summary 
 

 A load and energy simulation was performed for Central High School with the goal of finding 

loads, energy consumption and emissions.  Inputs and assumptions for some of those inputs were 

included in this report.  Discrepancies exist between calculations from the mechanical engineer and this 

TRACE 700 model.   

 All values were compared to calculations in the specifications and drawings done by the 

mechanical engineer.  Therefore the assumptions made for the TRACE 700 model affected the outputs.  

Yet these outputs weren’t too far off from the calculated values showing that the model was within a 

close range of accuracy. 

 The emissions report shows that there is room for improvement on the entire building system 

when it comes to polluting the environment.  This will have a huge impact on how the re-designed 

system must perform with a goal to lower these emissions.  To do so reducing energy consumption from 

natural gas and electricity will reduce emissions from the mechanical equipment.    
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Appendix A 
 

Energy recovery unit schedule. 
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Appendix B 
 

ERU-1 Checksum 
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ERU-2 Checksum 
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ERU-3 Checksum 
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ERU-4 Checksum 
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ERU-5 Checksum 
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ERU-6 Checksum 
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ERU-7 Checksum 
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ERU-8 Checksum 
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ERU-9 Checksum 
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ERU-10 Checksum 
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ERU-11 Checksum 
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ERU-12/13 Checksum 
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ERU-14 Checksum 
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ERU-15 Checksum 
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ERU-16 Checksum 
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ERU-17 Checksum 
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ERU-18/19 Checksum 
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ERU-20 Checksum 
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