
Technical Report 2 | Delaware County Community College STEM Center 
 
 

Daniel A. Saxton                                                                                                                                           Advisor: Dr. Stephen Treado 10/27/10     

 

1  

 
Building and Plant Energy Analysis Report  

Delaware County Community College 

    Media, PA STEM Center

 
 

Dan Saxton 

Mechanical Option 

Faculty Consultant: Dr. Stephen Treado 

Date Submitted: 10/27/10 

 

 

 
 
 
 



Technical Report 2 | Delaware County Community College STEM Center 
 

Daniel A. Saxton                                                                                                                               Advisor: Dr. Stephen Treado 
10/27/10     

2 
Table of Contents 
Table of Contents……………………………………………………………………………………………….. 2 
Executive Summary…………………………………………………………………………………………….. 3 
Part 1: Design Load Estimation……………………………….…………………………………………… 4 
 Mechanical System Overview…....…………………………………………………………….. 4 
 Modeling Information…………………………….….…………………………………………….. 5 
 Load Simulation Analysis………..……..……………………..………………………………….. 7 
Part 2: Annual Energy Consumption and Operating Costs.………………………………….. 8 
 Energy Consumption Analysis……………….………………………………………………….. 8 
 Operating Cost Analysis..………………………………………………………….…………….. 11 

Environmental Impact Analysis….…………………………………………….…………….. 11 
Appendix A – TRACE™ Templates…………………………………………………..……………….… 13 
Appendix B – Emission Factors………………………………………………….………………………. 16 
 

List of Figures 
Figure 1 – Air Distribution………………………………………………………..…………………………………… 4 
Figure 2 – Electrical Energy Consumption……………………………………………………………………… 6 
Figure 3 – Gas Consumption…………..…………………………………………………………………………….. 8 
Figure 4 – Electrical Usage Breakdown……………..……………………………………………………..…. 10 
Figure 5 – Monthly Utility Costs………………………………………………………………………………….. 11 
Figure 6 – Room Construction Template…………………………………………………………………….. 13 
Figure 7 – Typical Room – Classroom………..………………………………………………………………… 14 
Figure 8 – Typical Internal Loads – Classroom…………..………………………………………………… 14 
Figure 9 – Typical Airflows – Classroom………………………………………………………………………. 15 
Figure 10 – Typical Schedule – People – College…………………………………………………………. 15 
Figure 11 – Emission Factors for Delivered Electricity ………………………………………………… 16 
Figure 12 – Emission Factors for On-Site Boiler Consumption…………………………………….. 16 
 

List of Tables 
Table 1 – Design Air Conditions..………………………………………………………………………………..... 5 
Table 2 – Lighting Power Density Values………………………………………………………………………. 6 
Table 3 – Occupant Loads…………………………………………………………………………………………….. 6 
Table 4 – Computer and Design Load Comparison………………………………..…………………..…. 7 
Table 5 – Energy Usage Breakdown………………………………………………………………..…………….. 8 
Table 6 – Monthly Energy Consumption…………………………….……………………………………….... 9 
Table 7 – TRACE™ and IES Results Comparison……………………………..……………………………. 10 
Table 8 – Monthly Utility Costs…………………………………………………………………………………... 11 
Table 9 – Annual Emissions Footprint………………………………………………….………………..……. 12 
Table 10 – Annual Emissions…………………………………………………………………………………..…… 17 



Technical Report 2 | Delaware County Community College STEM Center 
 

Daniel A. Saxton                                                                                                                               Advisor: Dr. Stephen Treado 
10/27/10     

3 
Executive Summary 

 
 

(Photos Provided by Burt Hill) 

 
 

The Delaware County Community College Science, Technology, Engineering, and Mathematics 
(STEM) Center is a new addition to their Marple Campus, and is part of the two-building STEM 
Complex. At 105,000 square feet and four stories it is a focal point for the campus, and stands 
out with both architectural and sustainable features. 
 
The purpose of this report is to analyze the energy consumption using a computer-based 
approach for simulation. In this case, Trane TRACE™ 700 Version 6.2 was utilized for modeling a 
block load to estimate the design load, annual energy consumption, and operating costs. These 
results were also compared to those of the simulation performed by the Burt Hill design team.  
 
Most information for input into TRACE™ was obtained from design documents generously 
provided by Burt Hill, which included drawings, schedules, and spreadsheets. The results of the 
simulation showed an overall design cooling load of 201.22 ft2/ton and heating load of 40.51 
Btuh/ft2. These values, as well as the airflow rates, were very close to those in the design 
documentation. 
 
In the way of energy consumption, TRACE™ was able to take into account the design loads and 
mechanical equipment to estimate the electricity and gas usage for the STEM Center. The 
yearly totals for the two came out to 2,009,362 kWh and 11,327 therms, respectively. 
Altogether, the building accounted for 7,991 MBtu/year of energy usage, the majority of which 
was electrical. 
 
These energy results were used to calculate operating costs based on utility rates for the area 
of Media, PA, where the campus lies. Using those rates, the calculated total utility cost was 
$177,826/year and $1.70/ft2-year. As a whole, this information will be very useful moving 
forward in the study of the Delaware County Community College STEM Center as a whole. 
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PART 1 – Design Load Estimation 
Mechanical System Overview 
The STEM Center uses just (2) roof-mounted 80,000 cfm custom air handling units, AHU-4 and 
AHU-5, which together condition the entire building. They are substantial in size due to high 
amount of ventilation and air conditioning required by the numerous laboratory spaces located 
in the building. Chilled water is produced for the building by a 650 ton electrical centrifugal 
chiller, (2) 40 hp primary chilled water pumps, and (2) 125 hp secondary chilled water pumps, 
all complete with variable frequency drives. For hot water, (2) new 250 BHP dual fuel heating 
hot water boilers, (2) primary hot water pumps, and (2) secondary hot water pumps are used, 
also complete with variable frequency drives. For condenser water, (2) 60 hp in-line water 
pumps are used. 
 
For the estimation of the design load for the STEM Center, Trane TRACE™ 700 Version 6.2 was 
utilized. To simulate the air handling, AHU-4 and AHU-5 were modeled as one unit, treating the 
whole building as one system, for all 160 spaces. Both air handlers are identical in size and 
performance, therefore this assumption seemed reasonable for a block load simulation. Shown 
below in Figure 1 is a 3D view of the main distribution of air throughout the STEM Center. 
 

 
Figure 1: Air Distribution (Provided by Burt Hill) 

 

All design data for the TRACE™ load simulation was taken from design documents generously 
provided by Burt Hill. This included the Autodesk Revit model, which was converted to a gbXML 
file for import into TRACE™. Along with the imported building room dimensions, U-values for 
floor, roof, wall, and window construction were determined also by provided design 
documents. These values can be seen in Appendix A TRACE™ Templates – Figure 6. 
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5 
Modeling Information 
Load Sources and Schedules 
The loads taken into account in a program like TRACE™ include lighting, electrical and 
mechanical equipment, occupancy, ventilation, infiltration, and direct solar gain. All supply and 
ventilation rates were taken from design documentation and mechanical drawings M-900 and 
M-901, which showed space-by-space air balances. 
 
For load schedules, the TRACE™ template for typical College was used for Lighting Loads, 
Miscellaneous Loads, People Activity, Ventilation, and Infiltration. This was deemed suitable for 
a building such as the STEM Center that was primarily used for academic purposes on a daily 
basis with minimal after-hour activity. For this schedule, the highest rates occur between 8 AM 
and 5 PM, and a detailed look at the schedule can be found in Appendix A – Figure 10. 
 
Indoor and Outdoor Air Conditions for Heat and Cooling 
From the ASHRAE Handbook of Fundamentals 2009, and using weather data for Philadelphia, 
PA (within 10 miles of the Delaware County Community College Marple Campus), the indoor 
and outdoor air conditions were determined to be as shown below in Table 1. 

 

      
Table 1: Design Air Conditions         

 

For the interior design, a value of 75°F was used for room temperature and 58°F for supply air 
temperature. Also, an assumption of 0.11 air changes per hour was made based on information 
provided in design documents. 
 
Lighting and Equipment Electrical Loads 
To determine the load created by lighting and equipment in the building, ASHRAE Standard 90.1 
was used. ASHRAE Standard 90.1 Section 9 Lighting provides Lighting Power Density (LPD) 
values for building types and individual space types. For a School/University building type, 1.2 
W/ft2 is listed as typical, and was initially inserted into TRACE™ for all spaces in the model. 
However, several room types found in ASHRAE Standard 90.1 Table 9.6.1 have a LPD greater 
than 1.2 W/ft2. These values were used for the appropriate spaces in the TRACE™ model, and 
are listed in Table 2. This provides a generous and conservative, but still accurate, 
approximation for the artificial lighting load of the building as a whole.  
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Table 2: Lighting Power Density Values   

 

Miscellaneous loads were also accounted for based on the TRACE™ default values for “Standard 
Office Equipment” and “Standard School Equipment”, and these were applied to all classrooms, 
laboratories, office spaces, and other similar room types. 
 
Design Occupancy 
The STEM Center has a broad range of academic spaces, including laboratories, classrooms, 
offices, and conference/collaboration rooms. The number of occupants per each individual 
space was provided in design documentation and put in TRACE™. The building occupancy for 
design totaled 1,688 people, the majority of which came from classrooms and labs. For sensible 
and latent loads for typical activity categories, the TRACE™ default templates were used and 
shown below in Table 3.  
 

          
Table 3: Occupant Loads   
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Load Simulation Analysis 
Simulation Results 
Upon simulation of the TRACE™ energy model, the results very closely matched those of the 
design as documented. Shown in Table 4 are the comparison between the modeled data and 
design data, including the percent difference of each category, the greatest of which was for 
the supply air (3.579%) and least of which was for the ventilation supply (0.396%). The air flow 
totals reflect a general ventilation rate of about 42% outside air. Although certain rooms in the 
building such as laboratories and preparation rooms require more delicate air conditioning 
considerations, those considerations do not call for 100% outside air. A substantial exhaust 
system much like the one implemented in the STEM Center is required to maintain high quality 
of air in such areas. 
 

 
Table 4: Computed and Design Load Comparison 

 
Although the compared data are relatively close to each other, particularly the air rates, there 
exists some error, which can be due to a handful of different reasons. Many slight 
simplifications and assumptions were made through entering data into TRACE™, including a 
conservative overcompensation for internal loads. As a whole, when conducting an energy 
model, only a certain amount of accuracy can be obtained, and so error will occur. Based on the 
closeness of the computed and designed load values, it can be concluded that reasonable 
assumptions were made for the block load simulation. 
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PART 2 – Annual Energy Consumption and Operating Costs 
Energy Consumption Analysis 
The second portion of this analysis involved a more in-depth look at the energy consumption 
and subsequent economics. The same TRACE™ file as previously discussed was used, which 
included the same ventilation rates and overall building information. Additional information 
was applied in regards to the systems and plants. The plants selected in TRACE™ were a water-
cooled chiller and a gas-fired boiler, which were discussed in Part 1 and were designed at 700 
tons, and 12,000 MBh, respectively. Once again, schedules were based on the template for 
typical College building, an example of which is shown in Appendix A – Figure 10. 
 
Energy Results 
Shown below in Table 5 are the results of the energy modeling conducted by TRACE™. As 
anticipated, the auxiliary loads from fans and pumps resulted in a significant percentage 
(48.6%) of the total building energy usage. This particular load category was greatly higher than 
that of the heating and cooling system and may be the result of an oversimplification along the 
way. Still, however, the amount of energy usage by each category is reasonable, and all add up 
to a total building energy usage of 7,991 mBtu/year. 

             

 
Table 5: Energy Usage Breakdown        
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Energy Consumption Breakdown 
A report for monthly energy use was compiled and showed a general peak of electrical energy 
usage in the summer months and a peak of fuel energy usage in the winter months. Though 
these graphs are not as perfectly normally distributed as would be assumed, they still provide 
evidence of the general pattern of energy usage based on necessary heating and cooling loads 
throughout the year. The highest therm consumption occurs in January and February, and 
likewise the highest amount of kilowatt-hours is in August. The numerical breakdown of 
monthly energy consumption is shown in Table 6, and Figures 2 and 3 display the pattern of 
energy usage in kWh and therms, respectively. 
 

 
Table 6: Monthly Energy Consumption 

 

 
        Figure 2: Electrical Energy Consumption 

 

 
Figure 3: Gas Consumption   
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The electrical energy total was also broken down by usage, including cooling, heating, fans, 
lighting, and general equipment, as per the data outputs from TRACE™. This breakdown is 
represented graphically in Figure 4, and once again it can be seen that a substantial amount of 
energy is used for auxiliary purposes (41.5%), as well as for cooling systems (40.99%).  
 

 
Figure 4: Electrical Usage Breakdown   

 
Results Comparison 
For the mechanical system design by Burt Hill, an energy simulation was conducted using IES 
(Integrated Environmental Solutions) software. This program was selected largely due to its 
versatility in providing graphical features and overall ability to model the building loads, 
specifically those produced by the solar gain from the south side glass curtain wall that is 
present at all floors. The results for the IES simulation had been generously provided, and upon 
comparison it was seen that the TRACE™ simulation produced comparable data. Shown in Table 
6 is a juxtaposition of the overall modeling results, showing the similarity of the values. 
Arguably, an amount of the roughly 8% error can be attributed to the difference in software 
used, as each method of energy modeling can vary to some degree. 
 

 
Table 7: TRACE™ and IES Results Comparison     
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Operating Cost Analysis 
The costs compared in Table 7 are based off of the basic utility rates provided in the design 
documentation, which were an electrical cost of $0.089/kWh and a gas fuel cost of 
$1.347/therm. With these rates, the monthly utility costs were calculated and are shown in 
Table 8 and graphically in Figure 5.  
 

 
Table 8: Monthly Utility Costs 

 

 
Figure 5: Monthly Utility Costs   

 

These show that it is the electrical cost that accounts for the majority of the utility bill, much 
more than the gas cost. Although no utility bills from Delaware County Community College 
were available for comparison, this distribution is reasonable for a month-by-month 
distribution.  
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Environmental Impact Analysis 
The STEM Center was also analyzed for emissions and environmental impact based on the 
energy consumed. The main concern was for the production of CO2, NOx, SOx, and particulates 
on a yearly basis. A detailed calculation for a broad range of pollutants was conducted based on 
information found in the June 2007 Technical Report by M. Deru and P. Torcellini entitled 
“Source Energy and Emission Factors for Energy Use in Buildings” (pages 18, 28). This 
information, provided by the National Renewable Energy Laboratory, is included in table form 
in Appendix B Emission Factors – Figures 11 and 12. A full calculation of the total building 
environmental impact breakdown for each harmful emission is shown in Table 9 (and in larger 
print in Appendix B – Table 10). A very high amount of Carbon Dioxide is emitted (more than 3 
million pounds) and additionally the amount SOx gas is substantial as well. The amount of CO2 
results from both forms of energy consumption, while SOx is produced almost exclusively by the 
electrical usage. The pollution from the gas combustion leads to considerable values of NOx and 
Carbon Monoxide on top of the relatively very high CO2 produced. This total amount of 
pollutant emission is cause for concern and provides significant room for improvement in the 
way of the environmental effect of the mechanical system design for the STEM Center. 
 

 
Table 9: Annual Emissions Footprint 
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Appendix A: TRACE™ Templates 
 

 
Figure 6: Room Construction Template 
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Figure 7: Typical Room - Classroom 

 
 

 
Figure 8: Typical Internals Loads - Classroom 
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Figure 9: Typical Airflows - Classroom 

 

 
Figure 10: Typical Schedule – People – College 
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Appendix B: Emission Factors 
 

 
Figure 11: Emission Factors for Delivered Electricity 

 
 

 
Figure 12: Emission Factors for On-Site Boiler Combustion   
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Table 10: Annual Emissions 


