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Executive Summary 

 Technical Report Two evaluated the Elementary School One’s mechanical system as 
designed. The design load, energy consumption and cost of operation were modeled in Trane 
Trace 700 using information gathered from drawings and specifications. 

 Load calculation was performed using input of building materials, weather, internal 
loads and equipment. The calculations were done by block loads. The blocks were determined 
by the units and systems serving the areas.  

 The building equipment was analyzed for their energy consumption along with the 
buildings total consumption. The energy usage was broken down for each type of equipment. 
The building emissions was also calculated to see the impact on the environment. Finally, a cost 
analysis was performed to see the building operational costs annually and monthly. Elementary 
School One consumes 4,845,829 kBtu/yr, which is an annual cost of $47,581 for gas and 
electric. The building operational cost is on the cheaper side being only 0.85 $/sq ft. 

 

Building Overview 

Building Name:  Elementary School One 
Location and Site:  Town, Maryland 
Dates of Construction: 2010 – August 2011 
Size:    84,400 sq. ft. 
Number of Stories:  3 above and 1 below grade 

 

Figure 1: First Floor Plan.  

 The red line separates the existing building and the addition. The existing is on the right 
and the addition is on the left. 
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Mechanical Systems Summary 

Elementary School One modernization involved a renovation of the existing building and 
adding an addition on the west side. All new mechanical systems were applied to both the 
existing and the addition. The mechanical system has three dedicated outside air RTUs that 
supply VAV boxes in each space. Each space then exhausts air back to the RTUs for heat wheel. 
There are three VRF systems that condition these spaces with dedicated outside area. 

Two RTUs serve the cafeteria and two serve the multipurpose room. There are also base 
board radiators and cabinet heaters in some of the spaces near the exterior. In the 
administrative section of the existing building, an AHU conditions the spaces with its own 
outside air intake.  

Design Load Estimation 

 To analyze the load on Elementary School One, Trane Trace 700 was used. This program 
analyzed the building based on location, envelope materials, occupancy, internal loads and 
equipment. The calculation accounts an entire year of data to find the peak heating and cooling 
loads. Below are the areas chosen for the block analysis. 

Blue-  RTU-1 and 2 serve cafeteria 

Orange-  RTU-3 and 4 DOAS serve the existing building (heat wheel) 

Purple-  RTU-5 DOAS serve the addition (heat wheel)  

Green-  RTU-6 and 7 serve the multipurpose room 

Red-  AHU serves administrative offices 

 

 

Figure 1: First Floor Block Layout 
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Figure 2: Second Floor Block Layout 

 

 

 

 

Figure 3: Third Floor Black Layout 
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Design Assumptions 

 The program allows input of internal loads such as lighting, occupancy and equipment 
loads. The actual design input were used when possible and some were assumed larger in the 
model to be precautionary. Lighting density was assumed at 2 W/ sf, which is larger for some 
spaces. Occupancy actual design was used for RTU-1, 2, 6 and 7. The other blocks occupancy 
was assumed classroom or office space density depending on primary use. Miscellaneous 
equipment loads were assumed for areas with high density computer and other office 
equipment. The schedule of building operation was based on average school hours.  

 Summer Winter 

Designed Dry Bulb (°F) 91 13 

Designed Wet Bulb (°F) 77 - 

Indoor Air Temperature (°F) 75 72 

Figure 4: Weather based on Baltimore, Maryland data. 

 

 

Design Load Estimation Results 

 The estimated modeled loads are compared with the design loads in the figures below. 
The estimated loads are larger than the designed loads for a couple reasons. The location of the 
building has been moved to a colder climate and higher estimation of the internal loads. RTU 1, 
2, 6 and 7 modeled are close to the designed capacities. These units serve the cafeteria and the 
multipurpose room and supply over 4 cfm/ sq ft because of the double height ceilings. There 
was no information on the design loads of AHU that serves the administrative offices, but 1.37 
cfm/ sq ft seems to be high for that type of space. The administrative space should be closer to 
1.0 cfm/ sq ft. 

The RTU-3, 4 and 5 loads are largely off by a factor of 50%. This is due to the program 
limitations. Trane Trace 700 does not allow multiple systems to operate one space and those 
spaces have dedicated outdoor air (VAV) with VRF system to further condition the space. The 
system inputted into the program was a VRF with dedicated outdoor air in the same package 
unit. This adapted input is skewing my results for those spaces. Also, the controls of the 
designed system is very elaborate compared to the controls that could be inputted into Trane 
Trace in the simplified block estimation. 
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Modeled: 

  
Cooling Capacity 

(MBh) 
Heating Capacity 

(MBh) cfm/sq ft 

AHU 57.8 112.1 1.37 

RTU-1,2 344.8 118.3 4.47 

RTU-3,4 1557.1 1542.11 1.54 

RTU-5 1439.6 1181 1.54 

RTU-6,7 527.1 145.3 4.07 

Figure 5: Modeled load calculation results. 

Designed: 

  
Cooling Capacity 

(MBh) 
Heating Capacity 

(MBh) cfm/sq ft 

AHU n/a n/a n/a 

RTU-1,2 309.8 125.7 4.81 

RTU-3,4 914.1 932.4 1.1 

RTU-5 867.7 742.3 1.1 

RTU-6,7 359.8 217.7 3.42 

Figure 6: Designed load calculation from sponsor. 

 

System Energy Consumption & Costs 

 

System Comparison 

 Elementary School One consumes 4,845,829 kBtu/yr, which can be seen in Figure 7. 
Most of the energy consumed by the building is due to the lights. School only operates during 
normal school hours plus extracurricular activities after hours. The energy consumed cannot be 
decreased much because of the lighting requirements of ASHRAE. The second largest energy 
usage is mechanical cooling. This includes each RTU and AHU to cool the spaces. The school is 
not in full operation during the summer so the set temperature is higher so less cooling is 
needed. The operation spaces during the summer are mostly administrative offices which have 
their own AHU to condition that space. 
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Equipment Energy Consumption 

 

  % of Total Building Energy Total Building Energy (kBtu/yr) 

Heating 2.1 99,919 

Cooling 25.4 1,232,861 

Receptacles 3.5 168,870 

Lighting 69 3,344,179 

Total 100 4,845,829 

Figure 7: Equipment energy consumption modeled in Trane. 

Monthly Energy Consumption 

The monthly energy usage is mostly electricity because of the lights and equipment, 
seen in Figure 8. There is a small increase in electricity usage during the summer due to the 
increase in cooling. Gas is only used during the colder months for heating, but the energy usage 
of gas is very small compared to the electricity.  

 

Figure 8: Monthly energy usage of electricity and gas. 
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Building Energy Cost Analysis 

 The energy cost was found from the areas electricity and gas providers. The cost of 
electricity currently in the area is 13.1 cents per kWh. The cost of gas is $1.044 per therm 
currently and one therm is equal to 29.3 kWh.  

 The yearly estimated cost of electricity is $46,979 and the estimated cost of gas is $602. 
This brings the total operation cost of the equipment to $47,581. The building conditioned 
spaces are 55,927 sq ft and the utility cost per area is 0.85 $/sq ft. 

Environmental Impact 

 The environmental impact of the building systems can be seen below in Figure 9. 
Electricity is inefficacy source of energy and it contributes most of the impact to the 
environment. 

 

Figure 9: Gaseous emissions analysis from Trane model. 

 

Mechanical Energy Break Down 

 The largest amount of energy used in the mechanical system is the air-cooled chiller 
which is a part of the VRF system that conditions most of the building. Next, largest is the 
packaged RTU that serve the cafeteria and the multipurpose room. The majority of the energy 
consumed by the mechanical system is to cool the spaces. 

Annual Energy Usage per Equipment 

  Energy (kWh) 

Air-cooled chiller 312,662 

Packaged RTU 47,742 

Boiler 923 

Boiler Fan 1,906 

Control Panels 1,114 

Figure 10: Distribution of energy usage among equipment. 

 

 

 

Environmental Impact 
Analysis 

CO2 1,862,997 lbm/yr 

SO2 16,776 gm/yr 

NOX 3,210 gm/yr 
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Appendix A- Room Templates 

 

Administrative 

 

 

Cafeteria 
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Multipurpose 

 
 

Addition- Lower Level 
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Addition- First Level 

 
 

 

Addition- Second Level 

 
 

 

 

 

 

 



   Jonathan Cann | Elementary School One | Mechanical                         14 
 

Addition- Third Level 

 
 

 

Existing- First Level 
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Existing- Second Level 

 
 

 

Existing- Third Level 
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Appendix B- Zone Check Sums 
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Appendix C- Energy Consumption Output

  

  

 


