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Executive Summary 
The purpose of this report is to estimate and analyze Father O’Connell’s load and energy 

consumption. This was done using Trane Trace 700 software, which is acceptable software with 

professionals across the industry. Due to time restraints a block load calculation was done for 

simplification. The building was split up into 54 zones and five AHU’s to analyze. Trace was used 

to calculate airflows and coil loads for each system. 

 

Father O’Connell estimated the total peak cooling load to be 105 tons and a total peak heating 

load to be 93.5 tons. It makes sense that the cooling load would be higher than the heating load 

because the building is located in Washington, DC. When these are compared to the design 

capacities of the chiller and boilers it seems to be fairly accurate.  

 

Energy consumptions were estimated using standard utility rates already in Trace. It was found 

that Father O’Connell consumes a total of 289,522 kWh/year,  3,095 therms/year of natural gas 

277(1000gal) of water each year.  These values are broken down further later in the report.  Also, 

utilities cost about $17,000 each year.  
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Building Overview 
Father O’Connell Hall is a 54,000 SF, 15 million dollar exterior and interior renovation on the 

campus of The Catholic University of America in Washington, DC. Father O’Connell Hall has 

three conjoined structures: the four story main building constructed in 1914, the three story 

east wing constructed in 1958, and the west wing constructed in 1962. The Hall is the third 

oldest building on campus; the renovation will preserve the historical Catholic culture which 

The Catholic University of America reflects in our nation’s capital. Father O’Connell Hall will be 

used for administrative/Enrollment services, admissions, financial aid, and a banquet hall which 

will be used to hold special events. Undergraduate Admissions is important because it 

generates revenue for the school. The design sells the school while still reflection the rich 

historical tradition of The Catholic University of America and of the surrounding buildings. 

 

The façade is primarly granite stone with Indiana limstone. The façade is broken up with a 

series of two story arched windows along the main building of the banquet hall, while the east 

and west wings use large rectangular on story windows. This closley represents a historic 

collegiate gothic style. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mechanical System Overview 
Father O’Connell Hall is ventilated using seven air handling units, with one being 100% outdoor 

air (OAHU-1). Figure 1 below shows the zoning for each air handling units throughout the 

building. All New AHU’s will be equipped with economizer cycle to maximize ventilation and 

reduce energy. The 100% outdoor air unit will also have an air-to-air plate exchanger as well as 

East Wing 

Figure 1: Father O’Connell Hall located on The Catholic University Campus. 
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a wraparound heat pipe heat recovery exchanger to pre-condition supply air temperatures and 

further reduce energy consumption. Recirculation of this air is provided by fan powered boxes, 

VAV’s, and air transfer ducts located in the plenum above the ceiling on the basement and first 

floors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chilled Water System 

Chilled water is provided from one 97.7 ton electric air-cooled chiller located on grade on the 

south side of east wing. Chilled water is provided directly to all air handling units (AHU’s) and all 

fan coil units (FCU’s) located on floors 2 to 4.  Chilled water flow delivered to all AHU’s and 

FCU’s is controlled by a proportional integral controller (PIC) control valve regulated by two 

Basement Floor 1st Floor 

2nd Floor 3rd Floor 

4th Floor 

Figure 2: Air Handling Unit Zoning 
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chilled water pumps with VFD’s. Additional cooling for two telecom rooms is provided by two 

ductless split system units. 

 

Heating Hot Water System 

Washington Gas Company provides a low pressure (2 psi), 2 inch gas pipe to two 500 MBH 

condensing pulse combustion boilers located on the basement level of the west wing. These 

boilers provide all hot water to the AHU’s, FCU’s, and reheat coils for the VAV’s and Fan 

powered boxes. The hot water flow is controlled the same way as the chilled water system 

using three heat water pumps with VFD’s. There are two additional existing boilers located in 

the east wing of the basement floor. These boilers provide heating to the small portion of the 

building that is not in the scope of this renovation. Information for this portion of the building is 

not available at this time.  

 

Load Calculation 
Father O’Connell Hall Renovation building load and energy modal was done using Trane Trace 

700. This is an accepted program by many building industry professionals for load and energy 

consumption calculations. Trane was utilized to calculate ventilation loads, heating and cooling 

loads, and annual energy and operating costs at Father O’Connell Hall. Block loading was done 

since time was a sensitive issue. Restrooms and stairwells were neglected since these would 

not contribute to any cooling loads. Also existing zones that were not changed were also 

neglected for these calculations. These block zones can be seen in the figures 3-7 below. 
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Figure 3: Basement Level Block Loads 

 

Figure 4: First Floor Block Loads 
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Figure 5: Second Floor Block Loads 

 

Figure 6: Third Floor Block Loads 
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Design Conditions 
Father O’Connell Hall is located on the campus of 

The Catholic University of America in Washington, 

D.C.  Figure 8 to the right shows the design 

conditions for Washington, D.C. specified from 

ASHRAE that Trane Trace 700 uses as default 

settings.  

 

 

 

 

 

Internal Loads 
The internal loads for the seven different space types are shown in table below. These values 

are found from a combination of ASHRAE Standard 90.1-2010 and design documents provided 

Figure : Fourth Floor Block Loads 

 

Figure 7: Fourth Floor Block Loads 

 

Figure 8: Washington, D.C. Design Conditions 
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from the owner. Note that for an office space 125 watts was used per person since each person 

will be provided a desk with computer, monitor, phone, etc. The occupancy was determined by 

counting chairs from the furniture plans provided from the design documents so each space is 

different. A summary of the internal loads for each space can be seen in Figure 9 below. 

 
 

Schedules 
Occupancy schedules for people, lights, and miscellaneous loads were utilized during normal 

work hours because Father O’Connell is mostly an office/administrative building. Loads during 

the day are much higher than at night with off peak hours of 11:00pm to 7:00am used during 

the weekday. 

 

Construction 
Father O’Connell Hall is constructed of three conjoined buildings: the east wing, the west wing, 

and the main building. Figures 10 and 11 below show the wall and roof construction for each 

conjoined structure. R-values were found from ASHRAE 2010 Fundamentals Handbook. There is 

not much insulation in the walls or roofs and may show a potential for improvement in my 

design. 

 
 

 

 

 

 

 
 

Figure 10: Wall Construction Values 

 

Figure 9: Internal Loads 
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Calculated Load vs. Design Load 
Using the system checksums, which can be found in Appendix B, the calculated airflow is 

compared with the design airflow found on the design documents. The load calculations were 

fairly accurate which can be seen in figure 12 below. A possible reason for additional error is 

that it is a common practice to oversize equipment to ensure peak cooling loads can be met. It 

should also be noted that there were complications modeling the 100% outside air handling 

unit. This was modeled in Trace so that the sensible cooling loads were also met by the air 

handling unit, rather than additional fan coil units as seen in the design documents. Although, 

the ventilation load was fairly accurate.  Figure 13 below shows the buildings peak cooling and 

heating loads compared to the capacities of the single chiller and combined two boilers. As you 

can see loads are fairly similar giving an indication the load calculations are somewhat accurate.  

 

 
 

Figure 11: Roof Construction Values 

 

Figure 12: Design vs. Calculated Airflow 
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Energy Consumption and Cost 
Trace was also used to calculate the Father O’Connell’s energy usage and cost. This energy 

usage is a rough estimate. One major assumption was that fan coil units were not taken into 

account so fan energy would be much higher. In addition, unit heaters located in stairwells 

were also not taken into account. An energy model from the mechanical engineers could not be 

obtained for comparisons.  

 

Figure 14 below shows that Father O’Connell consumes a total of 289,522 kWh/year,  3,095 therms/year 

of natural gas 277(1000gal) of water each year.  Graph 1 clearlybreaks down the building energy 

consumption usage into heating, cooling, fans/pumps, lighting, and receptacles. It makes sense that 

heating requires the most energy followed by cooling. 

 

 

 

Figure 13: Design vs. Calculated Energy Capacity 

 

Figure 14: Monthly Energy Consumption 
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Graph 2 below shows the monthly energy usage due to the chiller/compressor, 

condenser/tower fans, pumps, fan equipment, and the boiler. The graph makes sense with 

cooling equipment operating more in the summer months between May and September and 

the boiler operating in the winter months of November to March. 

 
Graph 2: Monthly HVAC Energy Usage 

 

Graph 1: Energy Consumption 
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Cost 
Exact utility rates were able to be obtained so standard utility rates were used from Trane Trace 

700. It was found that the annual utility cost is $16,965. The utility cost per area is 0.31 $/ft2. 

Figure 10 below shows the Trace output for monthly utility costs. 

 
 

Emissions 
The emissions for Father O’Connell Hall for CO2, SO2, and NOX can be seen in graph 3 below. As 

you can see CO2 by far has the highest emissions. This will be a goal of mine to reduce the CO2 

emission in future assignments. 

 

Figure 15: Monthly Utility Costs 

 

Graph 3 : Monthly Utility Costs 
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Appendix A 
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