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Executive Summary 
 

 This report is a compilation of input data, assumptions, and results pertaining to a building 

energy model performed on the New Inpatient Tower at the Butler Memorial Hospital.  In order to 

perform the energy model Trane Trace 700H software was utilized.  The building was broken down into 

core and perimeter zones in order to alleviate conflicts which occur when doing a room by room 

analysis. 

 After extracting numerous pieces of data and information from design documents, a weighted 

average of all rooms within each zone was computed and the average values were assigned to each 

zone.  Upon completion of the energy model, it has been found that the design cooling load is 491 tons, 

and the design heating capacity is 7,200 Mbh.  This works out to roughly 297 ft2/ton of cooling capacity 

and 49 Btu/ft2.   

 Upon doing an energy consumption analysis, it was found that the majority of the energy use in 

the hospital is a direct result of medical equipment and lighting loads which account for 62% of the 

overall energy consumption within the building.  The remaining 38% of the energy consumption is due 

to mechanical equipment operation within the hospital.  It should also be noted that the carbon 

footprint of the hospital is caused by both on-site combustion in gas fired boilers as well as off-site 

electric production which produces emissions at the power plant.  The following sections will explain in 

further detail methods in which the analysis was performed as well as more detailed results. 
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Part 1: Design Load Estimation 
 

Assumptions 
 

Energy Simulation Software 

 The energy analysis which follows in this report is a direct result of a simulated model 

performed using Trane Trace 700H.  In order to model the simulation, a number of assumptions were 

made using available data within schedules, historic weather information, and best judgment. A number 

of design variables were given in the basis of design provided by HGA Engineers and certain values were 

used.  

 The Trace model used for this report is a block model which will attempt to accurately depict all 

of the zones without doing a room by room comparison.   When analyzing a block zone, all the interior 

zones were considered and then the weighted averages were calculated when entering the “block” 

data.  Sample weighted average calculations will be demonstrated later in the report.  The following 

sections will describe the data input into the model, data output, and an analysis of the results. 

Design Conditions 

 The weather data and outdoor conditions were taken from the design data within ASHRAE 

Fundamentals 2009 and are shown below.  Indoor design conditions were taken from the design 

documents basis of design.  The driftpoint was also specified. 

 

Outdoor Design Conditions 

Location  Butler, PA 

Summer Dry Bulb (°F)  89 

Summer Wet Bulb (°F)  73 

Winter Dry Bulb (°F)  2 

Summer Clearance #  .97 

Winter Clearance #  .97 

Summer Reflectance  .2 

Winter Reflectance  .2 

Carbon Dioxide Level  400 

Table 1: Outdoor Design Conditions 
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Figure 1: Indoor Design Conditions 

Airflow 

 Airflow design was taken directly off of the design documents and then averaged to find the 

appropriate ventilation air designated to each zone.  Chart found in Appendix B. 

Infiltration 

 It was assumed that the building is pressurized and built using average construction techniques; 

therefore the infiltration rate is 0.3 air changes/hr. 

Building Construction 

 Building U-values were taken directly from the basis of design performed by HGA Engineering 

and utilized for the purpose of the energy simulation. 

Construction Type 

Type Construction U-Value 

Slab 4" LW Concrete 0.2 

Roof Thermoplastic Membrane W/ Insulation 0.06 

Walls 6" Steel Stud W/ Insulation and Brick 0.1 

Glass Low e Tinted Glass (Shading Co = 0.28) 0.26 

Figure 2: Construction Materials 

Wall Heights 

Walls 9' 

Floor to Floor 14.75' 

Plenum 5.75' 

Figure 3: Wall Heights 

Operating Room Thermostat Parameter 

Cooling Dry Bulb (°F)  60 

Heating Dry Bulb (°F)  60 

Relative Humidity (%)  50 

Cooling Driftpoint (°F)  62 

Heating Driftpoint (°F)  58 

Typical Thermostat Parameter 

Cooling Dry Bulb (°F)  75 

Heating Dry Bulb (°F)  72 

Relative Humidity (%)  50 

Cooling Driftpoint (°F)  77 

Heating Driftpoint (°F)  70 

Auxiliary Settings 

Thermostat Location  Room 

Moisture Capacitance  Medium 

Humidistat Location  Room 
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Energy Simulation Block Zones 

 The block load model used to project the energy consumption of the New Inpatient Tower was 

set to alleviate tedious configuration which is necessary if the analysis is performed on a room by room 

basis.  The block load approach has broken up the building into the seven different floors.  Within each 

floor there are core and perimeter zones.  The perimeter zones are further broken down into North, 

South, East, and West zones.  This is to account for solar gain due to windows facing in different 

directions.  It should be noted that AHU-6, 7, & 8 which all serve single rooms were excluded from the 

analysis due to their negligible impact. 

 The following figures identify each zone within the building:  

 

Figure 4: Ground Floor Block Zones 

      =    Core Zone 
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Figure 5: First Floor Block Zones 

     =    Core Zone 
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Figure 6: Second Floor Block Zones 

   = Core Zone 

   = Perimeter North 

   = Perimeter South 

   = Perimeter East 

   = Perimeter West 
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Figure 7: Third Floor Block Zones 

   = Core Zone 

   = Perimeter North 

   = Perimeter South 

   = Perimeter East 

   = Perimeter West 

   = Core Operating Rooms 
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Figure 8: Typical Fifth, Sixth, & Seventh Floor Block Zones 

   = Core Zone 

   = Perimeter North 

   = Perimeter South 

   = Perimeter East 

   = Perimeter West 
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The individual rooms were broken down into block loads by using the room schedule.  Below is a 

sample schedule depicting how the second floor rooms were broken up into blocks.  Please note that all 

rooms and corresponding blocks were properly correlated and the results are displayed in Appendix B. 

 

 

Table 2: Example Zone Breakout from Room Schedule 

 Referencing Table 2 above, green highlighted cells correspond to core zones, yellow to north 

perimeter zones, and blue corresponds to west perimeter zones.  It should be noted that the colors are 

coordinated between the plan view of the room layouts (Figures 4 – 8) and the room schedule zone 

breakout shown in Table 2 and Appendix B.   

 To the right is a list of all the 

different zones that were used within 

the Trane Trace model.  A list of rooms 

within each zone can be found in 

Appendix B, as previously mentioned. 

 

 

 

 

 

                                      Figure 9: Summary of Block Zones 
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When performing block load calculations it is imperative that each room within the block is 

accounted for to ensure that any critical loads are not overlooked.  To ensure that each zone is well 

representative of their rooms within, a weighted average of every room and their respective loads has 

been calculated.  The weighted average of all the rooms within the zone was used in the final zone 

calculation.  An example of how this procedure was performed is shown below: 

 

Table 3: Example Calculation of Weighted Zone Calculation Method 

 In the above example, the following values were placed into the model for the Second Floor-

Core. Referencing Table 3 above, the number of people in the zone was entered as 174, lighting load 

entered as 1.57 W/sqft, and equipment load entered as 1.31 W/sqft.  The overall size of the zone is also 

shown and was entered as 27,433 sqft.  All values were calculated for each zone and are shown in 

Appendix C.  

 Similarly, each perimeter zone within the building has an exterior wall and glazing, which needs 

to be taken into account for the envelope loads when doing the thermal load model.  In order to 

determine the exterior wall and glazing area of each perimeter zone, a calculation was performed 

combining all the rooms within each zone.  A sample calculation for the Second Floor - Perimeter zones 

are shown in Table 4.  A compilation of all exterior walls for various zones can be found in Appendix D. 

 

Table 4: Example Calculation of Window and Wall Areas 
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Energy Simulation Systems 

 When modeling the New Inpatient Tower at the Butler Memorial Hospital, only the (5) main air 

handlers were modeled.  The remaining air handlers, units 6, 7, & 8 all serve mechanical rooms and 

were neglected from the overall building energy model.  AHU-1, 2, & 3 serve the majority of the hospital 

and are coupled together, enabling each air handler to supply every room if called upon.  AHU-4 & 5 

serve the operating rooms and are also coupled together.  Due to the nature of the systems being 

coupled, a detailed breakdown of each zone and the corresponding air handler, as modeled in Trane 

Trace is shown in Table 5. 

When modeling the operating 

rooms, the zone was split into 2 sub-

zones.  Each sub-zone corresponds to a 

different air handler; either AHU-4 or 

AHU-5.  The sub-zones are exactly half 

of the area of the overall zone and are 

therefore identical except when 

comparing the air handler which serves 

them. 

                                     

 

 

 

                       Table 5: Zone and Corresponding Air Handler 

 

 

 

 

 

 

 

 

 



 

10.27.2010 Technical Report 2 Matthew Geary 

14 
Butler Memorial Hospital | New Inpatient Tower – Senior Capstone Project – Mechanical Option 
Advisor: Dr. William Bahnfleth 

Trane Trace Results vs. Design 

Ventilation and Cooling Capacity Comparison 

 

 

 

 

 
 

  

Due to the fact that loads were not assigned to each air handler within the building design or 

schedule, the Trane Trace model was compared to the design calculations using a whole building 

approach.  The results of the comparison can be seen in Table 7 below. 

 

Table 7: Energy Model vs. Design 

 The Trane Trace model varies from the design calculations in most instances; however, the only 

drastic difference deals with the heating load.  Due to the fact that the Trane Trace model neglected 

rooms with negligible impact, stairwells, elevator shafts, etc., the Trane Trace model was significantly 

less square footage than the actual design data.  Because of this, even though the cooling and heating 

capacity of the Trace model were low, when we compare the two on a square foot basis the differences 

are not as noticeable.  The heating value of the Trace model was calculated at 7,122 Mbh at peak load, 

compared to designed value of 12,000 Mbh at peak load.  The reason for the drastic differences in peak 

Table 6: Air Handler Capacity 
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load is not clear.   After many approaches were made to determine the discrepancy, it is understood 

that the designers assumed that the peak heating load would occur with 100% outdoor air supplying the 

rooms.  This is not the case within the building, due to the VAV system only requiring, at most, 33% 

outside air.  Why the designer’s model was done in such manner is not clear.  
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Part 2: Energy and Operating Costs 
 

Energy Consumption Summary 
 After developing and fine tuning a Trane Trace model to develop heating and cooling loads 

within the New Inpatient Tower, Trace was then utilized to account for total building energy 

consumption and operating costs.  The following sections will analyze and breakdown the energy 

consumption and economic impact of the hospital addition.   

 

 

Figure 10: Energy Consumption Summary 

 

Figure 10 clearly displays the energy consumption breakout for the different loads within the 

building.  As seen in the pie chart, the bulk of the energy consumption is due to lighting and receptacle 

loads.  Since this is a hospital which requires extensive amounts of medical equipment and proper 

lighting twenty four hours a day seven days a week, it is appropriate to assume these values are fairly 

accurate.  The cooling load is higher than the heating load which is also expected.  A further breakdown 

of the actual amount of energy used for each process will follow. 
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Figure 11: Equipment Energy Consumption 

 

Figure 12: Energy Cost Including Make-up Water 

 

Figure 13: Monthly Energy Consumption 
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An energy analysis was not done on the New Inpatient Tower when the building was designed.  

The reason that an energy analysis was not done is due to the fact that the addition is not a LEED 

certified building, and to perform energy analysis adds extra costs which the owners and engineers did 

not desire to support.  The owners were also unwilling to supply information regarding utility bills.  For 

these reasons there is not any way to compare the Trane Trace model results with actual energy 

consumption.   Figure 14 shows the monthly electric consumption with the different equipment types 

broken out.  It should be noted that Misc Equip. refers to receptacle loads within the hospital. 

 

 

Figure 14: Monthly Electric Costs 

 

 As Figure 14 depicts, the receptacle and lighting loads are fairly constant throughout the year. 

This is due to the fact that these loads are not seasonal.  There should be a constant lighting and 

equipment load regardless of the outside temperature.  Below, in Figure 15 there is a breakout of the 

cooling energy utilized.  The graph depicts the amount of energy that each cooling component uses, as 

well as the profile variation on a monthly basis.  Figure 16 represents the amount of make-up water that 

must be supplied due to evaporation and drift in the cooling tower.  Due to increased solar heat gain 

and envelope loads, cooling equipment load is highest during summer months.  Since the chillers are 

running more often in the summer, make-up water for cooling towers also increases. 



 

10.27.2010 Technical Report 2 Matthew Geary 

19 
Butler Memorial Hospital | New Inpatient Tower – Senior Capstone Project – Mechanical Option 
Advisor: Dr. William Bahnfleth 

 
Figure 15: Monthly Cooling Energy 

 

Figure 16: HVAC Water Consumption 
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Figure 17: Monthly Analysis of HVAC Energy Usage 

 Figure 17 is a chart depicting the overall amount of energy consumed throughout the year by 

the HVAC equipment.  Chiller and cooling tower loads are highest during summer months.  The boiler is 

utilized primarily in the winter months in order to provide heating to meet loads due infiltration, 

conduction, and ventilation air.  Supply fan energy remains fairly constant through the year although 

increases marginally in the summer months.  
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Emissions 
  

 The emissions from energy use within the New 

Inpatient Tower were estimated using emission factors 

from the Regional Grid Emission Factors 2007 database.  

Since Butler, Pennsylvania is within the RFC region and 

the Eastern Interconnection in Figure 18, when 

analyzing emission rate factors, the Eastern zone data 

was used. 

 

                                                                                                                             
Figure 18: NERC Interconnections 

 

Table 8: Annual Emissions 

Summary 
 As noted in previous sections, the overall cooling load within the hospital addition is roughly 491 

tons on a design day and 297 ft2/ton.  The design heating load is roughly 7,200 Mbh and 49 btu/ft2.  This 

analysis appears quite accurate although it differs from design documents.  Unaccounted for heating 

loads could be due to the use of radiant finned ceilings and flooring in the perimeter zones which was 

not able to be modeled using Trane Trace. 

 Over 60% of the energy consumption within the hospital addition is due to lighting and 

receptacle loads while the remainder is a direct effect of the mechanical equipment.  After analyzing 

many of the features within the hospital addition, it is becoming more apparent that an energy efficient 

design was sacrificed for redundancy and reliability.  The hospital also shows great potential for the 

possible use of heat recovery from exhaust vents which were not taken advantage of in the original 

design. 
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