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Executive Summary 

The purpose of this report is to design and analyze an energy model of the Appell Life 

Sciences Building.  The Life Sciences Building is a university building that contains labs, 

classrooms and offices that have varying electrical equipment loads. 

To determine airflows, design load to the systems, and other energy values a model 

was created in the Carrier HAP analysis program.  Room dimensions, space 

occupancies, window areas, and wall exposures were all input into the building 

simulation.  This model was done as a block load calculation to simply compare to the 

design documents. 

The Carrier HAP’s results were very similar to the figures in the design documents.  In 

terms of accuracy: Cooling was within 2%, Air supply was within 6%, Ventilation rate 

was within 25%, and heating was within 31%.  The heating load computed was lower 

than the design document mostly because the greenhouses were most likely not 

modeled accurately in the Carrier program.  The ventilation rate is higher because AHU-

3 was computed to have more ventilation than that of the design documents.   

The Carrier HAP model was also used to calculate the building’s total energy use which 

is approximately 8.59 million kWh per year.  Heating was found to be the largest energy 

user at 33% of the total.  This can be attributed to the building’s location, orientation, 

and the three 2640 MBH boilers. 

Overall, there are some minor deviations from the design document and comparison 

figures from the Energy Information Administration.  However, the model was 

successful at approximating the life sciences building’s energy use to that of a 

comparatively similar building. 
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Design Load Estimation 
Energy Modeling Program Selection 

For my analysis of the Life Sciences Building I chose to model the building in Carrier 

HAP.  This program was chosen because of my familiarity with it from this past summer.  

I believe it is also more user friendly than Trane Trace.  These reasons will help my 

energy model to be as accurate as possible. 

Assumptions 

For effective modeling purposes, the building spaces and elements were simplified into 

blocks. 

• The wall was modeled as a CMU wall with face brick, which is the same 

as the existing life sciences wall (the R-values and U-values were 

obtained from the design documents) 

• The roof was modeled as steel deck with board insulation and a 

membrane. (the values for this roof were obtained from the design 

documents) 

• Area temperature setpoints for the Life Sciences building are 74º F and  

71 º F for summer and winter respectively. 

• The buildings location is York, Pa, however the design conditions used are 

from the Harrisburg International Airport. 

• Lighting and Miscellaneous loads have been approximated.  Table 1 

below shows these assumed values. 
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Table 1: Electrical Load Assumptions 

Space Type Lighting     
(W/SF)

Miscellaneous 
(W/SF)

Office 1.1 1.2
Laboratory 1.4 1.2
General Classroom 1.4 1.5
Computer Classroom 1.4 5
Mechanical/Electrical 1.5 2
Conference Room 
/Student Lounge

1.3 1

Restroom 0.9 0
Corridor 0.5 0

Electrical Load Assumptions

 
 

The miscellaneous loads for the computer labs are higher than the rest because of their 

smaller square footage but having about 30 computers and a couple printers each.  The 

offices have a high miscellaneous value as well because of their small square footage. 

Load Sources and Scheduling 

Since this building is a university building it has a different schedule than a normal 

school building.  The schedule used to remain consistent with the loads was 100% for 

lighting, people, and miscellaneous because the university schedule varies day by day.  

The thermostat schedules were also run at 100% to remain consistent with the rest of 

the schedules.  Loads from the laboratories will be coming from the lab equipment that 

is provided in each room.  There will also be a large load from the lab fume hoods when 

they are being used.  Because of the number of offices and computer labs in this 

building there will be a large load from computers and printers.  In the workroom/mail 

facilities there will be a large load from copiers and printers. 
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Design Conditions 

The outdoor design conditions used for the Life Sciences Building are the Harrisburg 

International Airport, which are given below. 
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Design Documents vs. Computed Load 

As seen from Table 2 below, the computed loads and the design document loads are 

relatively similar.  The computed cooling load is within 2% of the documented cooling 

load.  The computed heating load is much lower than the documented load, being within 

31%.  This could be due to the fact that the systems that I ran for the greenhouses 

could be much different than the systems that were run for the design documents.  The 

greenhouses were most likely modeled inaccurately because it was difficult to model 

wall hung radiation units and horizontal unit heaters in Carrier HAP.   The heating load 

from the greenhouses should have made the overall heating load larger, because they 

are enclosed in glass and the area the building is located normally has a large heating 

load for the winter months. The computed supply air rate is within 6% of the 

documented supply air rate.  The computed ventilation rate is within 25% of the 

documented ventilation rate.  This is most likely from AHU-3 which serves the second 

and third floor offices.  The ventilation rate from the design documents is lower than the 

computed rate.  The model for this system that was computed was taken from the 

design documents saying that AHU-3 needed the same amount of outdoor air as total 

supply cfm.  This value was input into the system for ventilation cfm so this could be 

why they are different.   

Table 2: Load and Ventilation Comparison 

Cooling (ft2/ton) Heating (BTU/hr‐ft2) Supply Air (cfm/ft2) Ventilation (cfm/ft2)
Design Document 325.9 32.75 0.61 0.41

Computed 320.6 22.4 0.65 0.55

Load and Ventilation Comparison
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Annual Energy Consumption and Operating Costs 
Annual Energy Consumption 

The annual energy consumption was calculated using the same model that was used 

for the load calculations.  With the exception of the gas-fired boilers, the rest of the 

building is powered by delivered electric power. 

Table 3 below shows the energy usage for the entire year separated into different loads 

for the building. 

Table 3: Annual Energy Consumption 

Load Electricity (kWh) Natural Gas (kWh) Total (kWh) % of Total

Gas‐Fired 2637639 2637639 31
Electric Heaters 190608 190608 2

Chiller 1991808 1991808 23
Cooling Tower 727097 727097 8

Condenser Pump 56390 56390 1

Supply Fans 221632 221632 3
Pumps 1573235 1573235 18
Lighting 703482 703482 8

Receptacles 487998 487998 6
Total 8589889 100

Annual Energy Consumption

Heating

Cooling

Auxiliary

 

The values above were computed using the energy model with equipment inputs taken 

from the design documents for the building. 

From this analysis it can be seen that the largest load is from heating at 31%.  This 

could be due to a number of things including, the buildings location, orientation, and 

boilers being the main supply for hot water to all the various systems in this project.  
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The buildings location is in York, PA, which can have very cold winters.  The orientation 

of the building is mostly north, which is not the best for winter solar gain.  The boilers 

supply a large amount of hot water to ahu’s, fan coil units, horizontal unit heaters, wall 

hung radiation units, vav boxes, and cabinet unit heaters. 

The second largest load is from cooling at 23%.  This is most likely because of the large 

amounts of various equipment in the computer labs, office, laboratories, and 

workroom/mail facilities.  

As seen in Chart 1 and Chart 2 below, the energy usage for natural gas and electricity 

changes throughout the year with the seasons.  For electric energy consumption the 

highest peaks are during the warmer months.  This is most likely because the chilled 

water pumps are working much harder to supply chilled water.  The natural gas 

consumption is peaked during the winter months because of the boilers. 

Chart 1:  Monthly Electrical Energy Consumption 
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Chart 2: Monthly Natural Gas Consumption 

 

 

The costs per unit of electricity and fuel are listed in Table 4 below.  Due to the lack of 

information, Met-ED and Columbia Gas rates were used for this analysis.  These two 

companies are two of the largest for electric and natural gas service in the York area. 

Table 4:  Utility Cost Information 

Electricity (cents/kWh) Natural Gas ($/1000ft3)
9.35 7.31

Utility Cost Information

 

This cost data was used to determine the cost per month for electricity and natural gas 

in Chart 3 and 4, respectively.  As seen in the charts the cost for both electricity and 

natural gas fluctuate the same as the monthly energy consumption for each.  This is 

most likely because the energy consumption for each was just multiplied by a price 

factor.  
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Chart 3:  Monthly Cost of Electrical Energy 

 

 

Chart 4:  Monthly Cost of Natural Gas 
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Table 5 below shows the equipment inputs used for the major systems in the building 

from the design documents. 

Table 5:  Equipment Inputs 

kW/ton ‐ 0.57
400 tons
960 gpm

2640 MBH each
Exit Temp ‐ 180 F

4200 cfm
1300 OA cfm
7.5 hp Supply Fan
2 hp Exhaust Fan
6900 cfm
6900 OA cfm
15 hp SF
7.5 hp EF
8000 cfm
8000 OA cfm
15 hp SF
5 hp EF
8100 cfm
8100 OA cfm
15 hp SF
5 hp EF
7550 cfm
7550 OA cfm
15 hp SF
5 hp EF

AHU‐4

AHU‐5 

Chiller

Boilers

AHU's

AHU‐1

AHU‐2

AHU‐3

Equipment Inputs
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Cost to Run Systems 

The specific costs to run each of the systems has been specified in Table 6 below, the 

purpose being to show the total energy cost of running the building.  It can be seen that 

the largest cost is for cooling the building.  Some reasons for this include the location of 

the building and the various equipment loads from offices, labs, computer labs, and 

workrooms being high.   

The second largest energy cost is for the pumps.  This is most likely because of the 

larger cooling load, so the chilled water pumps have more work to do.  It could also be 

because there are a number of hot water pumps to supply the systems with hot water 

during the winter heating months. 

With this information it can be concluded that the cost to heat the building is about 61 

cents per square foot.  The cost to cool the building is about $1.8 per square foot.  From 

the EIA, (Energy Information Administration), universities spend an average of $1.95 

per square foot on electricity and 15 cents per square foot on natural gas.  The cost for 

natural gas could be much larger than the national average because there are three 

boilers that each output 2640 MBH.  

Table 6:  System Specific Annual Energy Cost 

Load Electricity ($) Natural Gas ($) Total ($) % of Total

Gas‐Fired 62480 62480 10
Electric Heaters 17822 17822 3

Chiller 186234 186234 30
Cooling Tower 67984 67984 11

Condenser Pump 5272 5272 1

Supply Fans 20723 20723 3
Pumps 147097 147097 24
Lighting 65776 65776 11

Receptacles 45628 45628 7
Total 619015 100

System Specific Annual Energy Cost

Heating

Cooling

Auxiliary
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Professional Energy Analysis 

The design engineer chose not to run an energy analysis simply because the envelope 

and HVAC systems were not in question.  Since this is the case the energy analysis run 

for this report will be compared to the average numbers from the Energy Information 

Administration for Pennsylvania. 

Comparison to Energy Information Administration 

The annual cost of electricity for the Carrier HAP model is $556,535.  The annual cost of 

natural gas for the model is $62,480.  The cost for electricity from the EIA is $614,272.  

The cost for natural gas from the EIA is $103,730.  The average cost values used to 

compare to the model’s cost can be found below in Table 7 and 8.  The cost from the 

EIA is much larger for natural gas most likely because Columbia Gas rates are lower 

than most other natural gas companies in PA.   

Table 7:  EIA Average Natural Gas Cost per Year 

 

Table 8:  EIA Average Electricity Cost per Month 
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The EIA has done research into energy use by system for commercial buildings.  

According to Chart 5 below, 36% of commercial building energy use comes from space 

heating.  A total of 33% from the model run is used for space heating.  The chart also 

has lighting at 21%.  The lighting energy usage from the HAP model is 8%.  Cooling 

energy usage from EIA is about 8% of a commercial building.  The lighting for the life 

sciences is much lower than the average commercial building, most likely because the 

building used more energy efficient fixtures.  The energy usage for cooling from the 

model is about 24%.  This is much higher than an average commercial building, most 

likely because of the various electrical equipment loads throughout the building being 

high.    

Chart 5:  Commercial Building Energy Consumption 
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Annual Emissions Footprint 

Table 9 and 10 below show the emissions from delivered electricity and on-site 

combustion for the values from the Carrier HAP model.  The electricity has a high 

emission of CO2 and solid waste.  The natural gas also has a high emission of CO2.  

The emissions from the natural gas are most likely elevated during the winter months 

because of the heating load required.  The emissions from the electricity are most likely 

elevated during the warmer months because of the cooling load and other electrical 

equipment. 

Table 9:  Emissions from Delivered Electricity 

Pollutant (lb) Factors (lb of pollutant/kWh) Electricity (kWh/year) Emissions (lb of pollutant/year)
CO2e 1.55 5952250 9225987.5

CO2 1.48 5952250 8809330.0

CH4 0.0027 5952250 16071.1

N2O 0.0000322 5952250 191.7

NOX 0.00291 5952250 17321.0

SOX 0.00888 5952250 52856.0
CO 0.000601 5952250 3577.3

TNMOC 0.0000546 5952250 325.0
Lead 0.000000117 5952250 0.7

Mercury 0.000000027 5952250 0.2
PM10 0.0000714 5952250 425.0

Solid Waste 0.178 5952250 1059500.5

Emission Factors for Delivered Electricity

 

Table 10: Emissions from On-site Combustion 

Pollutant (lb) Factors (lb of pollutant/1000 ft3) Natural Gas (1000 ft3/year) Emissions (lb of pollutant/year)
CO2e 123 8763 1077849.000

CO2 122 8763 1069086.000

CH4 0.0025 8763 21.908

N2O 0.0025 8763 21.908

NOX 0.111 8763 972.693

SOX 0.000632 8763 5.538
CO 0.0933 8763 817.588

TNMOC 0.00613 8763 53.717
Lead 0.0000005 8763 0.004

Mercury 0.00000026 8763 0.002
PM10 0.0084 8763 73.609

Emission Factors for On‐Site Combustion

 

The emission factor values used for this analysis can be found in the appendix. 
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Conclusion 

The Life Sciences Building is a typical university building, but with a high amount of 

laboratory equipment and computer labs.  After modeling the building with the design 

document values, the output values of the Carrier HAP model are close to the values 

from the design documents.  Although the final number is only an approximate energy 

usage, it was close to a comparison of cost with the EIA.  This model was used more as 

a check to see that the simulation was close to that of a similar building.  Some of the 

main energy usage areas such as cooling and lighting were not close to the average 

commercial building usage.  The cooling value was much larger because of the high 

miscellaneous loads from the laboratories, offices and computer labs.  The lighting 

value was much lower because more efficient fixtures were used in this building.  

Overall the energy analysis was close to a typical university building. 
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APPENDIX A: Sample Carrier HAP Inputs 

Typical Office 

 

Typical Laboratory 
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Typical Classroom 

 

Typical Computer Lab 
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Typical Conference Room/Student Lounge 

 

Typical Restroom 
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Typical Corridor 

 

Typical Mechanical/Electrical 
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Wall Construction 

 

Roof Construction 
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APPENDIX B: Emission Factor Tables 

Delivered Energy Emission Factors 

 

On-Site Combustion Emissions 

 


