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This technical assignment was set out to determine the Slippery Rock University Student Union interior 

loads along with the cost of operation of the building.  In order to find these pieces of information, 

various drawings, documents, and relevant building characteristics were put together into Trane TRACE 

to complete an energy model.  When certain pieces of information were unavailable, assumptions were 

made based on reasonable traditional values of design or the ASHRAE Fundamental Handbook. 

The first section of the assignment was to find the Slippery Rock University Student Union internal loads.  

The loads estimated from Trane TRACE were within reason.  However, it appears the building has an 

oversized mechanical system in most cases.  There were some discrepancies between the design and 

estimated building.  Some of these differences can be attributed to the differences in area that were put 

into Trane TRACE and what the actual designed total area is.   

The second part of the assignment was to investigate the cost analysis of operation in the building.  The 

equipment that took up the most of the energy consumption was the supply fans, using over 1/3 of the 

total energy consumed by the building.  The heating and cooling loads were about equal and between 

10 to 15 percent each.  The lighting and receptacle loads were also very similar to one another at 20 

percent each.   

The model has been simplified in order to obtain the necessary data.  Some information has been 

assumed, which can account for the differences between the estimated and designed load.  Overall, the 

energy model is a generally close representation of the Slippery Rock Student Union internal energy 

loads.  
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The Slippery Rock University Student Union will use highly efficient mechanical systems to ventilate, 
heat, and air condition the spaces in order to provide a comfortable environment for its occupants.  The 
basis of the system contains three major components that allow for the system as a whole to run 
effectively.   
 
First, the heat pump water transfer system allows for energy to be transferred between spaces for 
simultaneous heating and cooling throughout the year.  This allows for direct heat exchange between 
the five different energy recovery units without the cost and consumption of energy associated with 
producing or removing that heat.  The heat pumps are equipped to run with variable frequency drives in 
order to increase efficiency and reduce speed when the building loads are low.  Due to the nature of the 
building, this is one of several key elements that will help to improve efficiency and cut energy costs and 
consumption.   
 
The second component that enables the system to run well is the use of energy wheels in the energy 
recovery units.  There are five energy recovery units, each containing an energy wheel that captures 
otherwise wasted exhaust energy and transfers it to the incoming air that is used to supply the building 
with outdoor air.  These units are equipped with an economizer in order to allow up to 25 percent 
outsize air.  This decreases the load on the need to heat or cool the new supply air therefore needing 
less auxiliary power to heat or condition the air.   
 
Last, the use of the variable air volume fans allow to change the speed of the fan based on the 
conditions of the space.  Each space has a temperature control and an allotted variable volume box with 
hot water coils in order to allow for occupants comfort and control.  This helps to save on electrical costs 
by decreasing the energy output when internal loads are low.   
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Figure 1 - Energy Recovery Unit Plan 

 

As shown in the diagram, each ERU is equipped with prefilters and MERV 15 filters, an energy recovery 
wheel, supply and exhaust fans, variable frequency drives, a water source heat pump section and 
various controls.    
 
Five energy recovery units are used to serve all the ventilation requirements in the building.  Four of 
which are located on the roof with the remaining energy recovery unit located indoors on the first floor 
servicing the bookstore, bookstore storage, and bookstore offices.  There are also three make-up air 
units located on the roof to account for the kitchen hood exhausts.  The electrical and mechanical rooms 
are serviced using a ductless split system.   
 
The use of other auxiliary systems allows the building to maintain occupant comfort and wellbeing 
during the extreme and peak load conditions.  The use of the nearby university steam plant is used for 
heating during peak loads in the winter.  With the use of shell and tube heat exchangers, the steam is 
converted into water transferring heat to the water source transfer system.  During peak cooling loads, 
the use of two cooling towers will assist in allowing heat to escape from the water transfer system.  
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Assumptions  

Energy Simulation Program 

The energy analysis program designed by Trane program called TRACE 700 was used to determine the 

load estimation, the annual energy consumption and operating costs of the Slippery Rock University 

Student Union.  The drawings and schedules provide the necessary information in order to develop an 

energy model.  The model is designed to include each room, as well as the circulation spaces while 

incorporating a system similar to the described in the Mechanical Summary.  Using the TRACE model, 

one can accurately determine the loads throughout the year in various locations.   

Outdoor and Indoor Design Conditions 

The following design conditions were used based on the design conditions specific to the location.  

These design conditions are based on weather data supplied for Pittsburgh, PA because weather 

conditions for Slippery Rock, PA were unavailable.     

Table 1 – Outdoor Design Conditions 

 
 

Table 2 – Indoor Temperature Settings 
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Loads and Schedules 

Each type of space was given a different internal load based on its function.  The building has been laid out to allow common spaces to be 

located near one another.  This simple design allowed for large areas with generally the same internal loads to be modeled in larger zones.  It 

also limits confusing and sporadic ductwork throughout the building.  Lighting loads were provided by the engineer, while some miscellaneous 

and density loads were estimated.  The occupancy schedule shown is typical during a spring and fall semester, which was also provided by the 

engineer.   The following table shows the different templates used to determine each spaces internal load.   

Table 3 – Space Internal Load Templates 

 

Table 4 – Lighting Schedule                                 Table 5 – Occupancy Schedule 
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Zones 

The Slippery Rock University Student Union holds various types and varieties of functions throughout 

the building.  The mechanical system is designed to supply these spaces effectively and efficiently as 

possible by isolating each type of zone.  The following list describes which air handler will provide air to 

the spaces in the building.  Figure 3 is a colored floor plan showing where these spaces are located.   

 Zone 1: Heating only – This zone only requires the spaces to be heated.  It contains the 

perimeter stairwells, mechanical rooms, and the entry vestibules.   

 Zone 2: Energy Recovery Unit 1 – This unit will both heat in the winter and cool in the summer.  

Located on the roof, the energy recovery unit will provide air to the entrance lobby, café, UPS, 

cultural lounge, fireplace lounge, theatre, administrative offices, and surrounding corridors.   

 Zone 3: Energy Recovery Unit 2 – This unit is also located on the roof and provides both heating 

and cooling.  It serves the dining/cafeteria area, the kitchen support rooms, the servery, storage 

rooms, and the surrounding corridors. 

 Zone 4: Energy Recovery Unit 3 – This energy recovery unit is located on the roof which provides 

ventilation to the student organization rooms, meeting rooms, and the circulation spaces 

throughout the area.   

 Zone 5: Energy Recovery Unit 4 – This unit is located on the roof providing both heating and 

cooling.  It serves the ballrooms and the pre-function and circulation space surrounding the 

ballrooms.  It also provides ventilation to the supporting storage rooms.   

 Zone 6: Energy Recovery Unit 5 – The final energy recovery unit is located indoors on the first 

floor.  This unit serves the bookstore and its storage space and office space.   

 Zone 7: Make-Up Air Units – Three make-up air units supply air to the kitchen hoods located on 

the second floor kitchen.  These kitchen hoods exhaust large amounts of air so these units must 

bring in air in order to keep the space properly ventilated and conditioned.   

 Zone 8: Ductless Split System Schedule – This system is used to combat the heat gain that is 

caused by the electrical and IT spaces located throughout the building.  These rooms must be 

kept at a reasonable temperature in order to keep the equipment from being damaged.   
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Figure 2 – List of Zones 

 
Figure 3 – Third Floor Zone Layout 

 
Figure 4 – Second Floor Zone Layout 

 
Figure 5 – First Floor Zone Layout 
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Estimate Load vs. Design Load Comparison 

 

Table 6 – Estimated vs. Design Cooling Capacities 

 

The table shows the difference between the estimated loads from the energy model compared to the 
design loads calculated.  The design loads were calculated by the given cooling entering and leaving air 
properties along with the designed air flow rates.  The following latent and sensible load equations were 
used to find the total cooling capacity because they were not provided on the schedules.   

 QSENSIBLE= 1.08 x CFM x ∆T 
 

 QLATENT = 4840 x CFM x ∆w 
 

 

 
Figure 6 – Estimated tons vs. Designed tons 
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As you can see, the design conditions are typically higher than the estimated conditions using the TRACE 

model.  This could be due to the assumptions made.  It is also possible that not all of the entire building 

was modeled properly in trace.  Some spaces may have been left out which can account for some 

variance between the designed and estimated loads.  The following table shows a difference between 

designed and estimated conditions.   

Table 7 – Building Cooling Estimated vs. Design Conditions 

 

Table 8 – Building Heating Estimated vs. Design Conditions 

 

 

Energy Consumption Distribution Summary 

The energy distribution graph below depicts the estimated energy consumption distribution for the 

Slippery Rock University Student Union.  These values seem to be a fairly accurate depiction of the 

building system.  Due to the hot water heat transfer system, the energy cost due to heating and cooling 

should be relatively low as they are shown.  However, it seems that the pumps may actually use more 

energy than about ½ percent shown below.   
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Figure 7 – Energy Consumption Distribution Graph 

The remaining systems appear to be reasonable.  The building uses highly efficient lighting fixtures, so 

although they are substantially used throughout the day, the energy consumption remains at a lower 

rate.   

The energy consumption from the receptacles also seems to be correct.  The building has many offices, 

conference rooms, and lounges.  They will most likely provide the majority of the receptacle output. 

The primary heating and primary cooling are all relatively evenly distributed.  The building has spaces 

that are simultaneously being heated and cooled.  The energy transfer from the hot water heat transfer 

system allows for these loads to be lower because if one system is giving off heat in order to cool a zone, 

the excess heat is being used at a different zone.  
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Monthly Consumption 

Natural Gas 

 

 
Figure 8 – Monthly Natural Gas Consumption Graph 

 
The figure above shows the monthly natural gas consumption rates throughout the year.  As you can 
see, when heating loads are low enough, the hot water heat transfer system is able to completely satisfy 
the heating needs of the building.  The building does not require any auxiliary heating, therefore uses no 
natural gas.   

Table 9 – On Peak Monthly Natural Gas Consumption Cost Analysis 
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The cost per therm was found on the website of the U.S. Energy Information Administration website.  

The cost is equal to 12.01$ per cubic foot.  I then converted cubic feet into BTUs, then BTUs into therms 

to find the cost per therm.  I used the consumption in therms from the trace model to accurately find 

out the total monthly cost of natural gas and finally the total annual cost.   

Steam 
Table 10 – On Peak Steam Energy Consumption Cost Analysis 

 

 
Figure 9 – Monthly Steam Consumption Graph 

The steam is provided by the Slippery Rock University Campus Steam Plant.  I was able to obtain the cost 

of steam from the engineer in order to calculate the monthly energy costs.  Figure 7 shows that there is 

not much use for steam in the summer with exception to provide a sufficient amount of hot water. 
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Electricity  
Table 11 – On Peak Monthly Electricity Energy Consumption Cost Analysis 

 

Table 10 shows both the consumption and demand load for electricity both monthly and annually thoughout the year.  As shown in the table 

above, the cost of elecricity was found on the West Penn Power Company website.  It provides demand energy charges for the first and second 

block kilowatts along with the first and second block kilowatt-hour charges for energy consumption.  The total monthly costs are accurate due to 

the scale of the building.  They are likely lower than most buildings of similar size due to the high efficient mechanical systems and lighting 

fixtures.   
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Figure 10 – Monthly Electricity Consumption Graph 

Shown in Figure 8, the electricity rates drop dramatically in December, and also during the summer 

months of May through August.  This can be attributed to the fact that the building is part of The 

Slippery Rock University.  There are not as many students at school in the summer compared to rest of 

the year.  The students also are off for winter break in the December shown by the lower electricity 

rates.  

Total Cost Analysis 
Table 12 – Total Monthly and Annual Energy Cost 
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Once all of the energy rates were obtained, the next step was to use the amount of energy consumption 

for each energy source per month to find a monthly rate.  Then the monthly rates of natural gas, 

electricity, and steam were added together to get a total monthly energy cost.  The final step was to add 

all off the months together to get a total annual energy cost.  Table 11 shows that during the first month 

that each semester resumes, energy costs are greatly increased.  Each graph follows similar trends.  

Loads begin to increase around September where they tend to increase until January.  They then start to 

decline until they are low in the summer.   

 

Energy Consumption Summary 
Table 13 – Fractional Cost of Operation  

           Figure 11 – Fractional Energy Consumption Summary 

Emissions 
Table 14 – Total Emissions for Delivered Natural Gas 
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Table 15 – Total Emissions for Delivered Electricity 

 

Table 13 and Table 14 represent the amount of pollutants that are created through the energy 

distributed to the Slippery Rock University Student Union by the power plant generation.  Therms were 

converted into cubic feet in order to use the values given in Western area of the Regional Grid Emission 

Factors 2007 Guide.   

Summary 

Overall, the building energy analysis was successful.  The majority of the results appear to be reasonable 

to the actual design conditions with variation in some cases.  The variances can be attributed to the 

assumptions made in the model.  It appears that the building has a mechanical system that is 

considerably oversized in some zones.  This could potentially be an issue that could be improved upon 

later in the senior capstone project.   
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 Western area of the Regional Grid Emission Factors 2007 Guide 

 ASHRAE Handbook of Fundamentals 2009 

 http://www.paelectricrates.com/ 

 http://www.eia.doe.gov/oil_gas/natural_gas/info_glance/natural_gas.html 

 http://www.eia.doe.gov/kids/energy.cfm?page=about_energy_conversion_calculator-basics 

 CJL Engineering Mechanical Drawings and documents 

 DRS Architects Architectural Drawings and documents 

 Trane TRACE 700 
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