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Open floor plan 

Exposed Elements 

 Structural/Electrical/Mechanical 

Large Viewing Windows  
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Six Roof-top units 

•  2-53 tons 

One indoor AHU 

• Serves Blast Furnace Room 
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Energy Cost 
• $154,988 

• $2.31/sq. ft. 
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Goals 
• Minimize Energy Cost 

• Make building more efficient 

• Ease of Operability 
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GSHP 
 

Advantages 

• Thermal Comfort 

• Low maintenance 

• Quiet system 

 

Disadvantages 

• High first cost 
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GSHP 
 

How GSHP works 
 

• Use constant ground temperature as a 

heat source in winter and heat sink in 

summer 

• Refrigerant changes temperature through 

the ground and is used as the heat coil in 

the heat pump 
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Ductwork 

Heat Exchanger 

Warm liquid from ground 

Fan 

Antifreeze solution in 

ground loop 
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GSHP 
 

Site Considerations 

 

• 35,325 sq. ft. available for well field 

 

• No plans for possible new buildings 

 

• Field located close which reduces piping 

cost 
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GSHP 
 

Initial Information 
Ground conductivity - 1.00 Btu/(hr.*ft.*F) 

Undisturbed Ground Temperature - 53 F 

Borehole Spacing- 15 ft. 

Borehole Diameter- 6 in 

Borehole Thermal Resistance-0.3339 F/(Btu/(hr.*ft.)) 
 

Modeling 
Loads  

 

 

Boreholes 
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GSHP 
 

Sizing 
-Loops 

• 300 ft. wells 

• 85 wells 

Heat Pumps 

• Sized to designed specification 

• Same ductwork was used 

 

I. Introduction 

II. Existing Conditions 

III. Proposed New Design 

I. GSHP 

II. Thermal Storage 

III. Solar  

IV. Breadth 

V. Recommendations 

VI. Questions 



Initial Cost 

Michael Dean 

Mechanical Option 

Dr. Treado 

Steelstacks Performing Arts Center 

Bethlehem , Pa 

 

 

GSHP 
 

Equipment $60,265  

Bore Holes $255,000  

Boiler ($17,025) 

Total $298,240  

 

Name 

Capacity 

(ton) 

Bore 

Holes 

Estimated Cost* 

GSHP Existing 

GSHP-1 22.9 11 $31,000 $22,200 

GSHP-2 11.4 5 $19,040 $10,600 

GSHP-3 12.6 6 $19,760 $10,600 

GSHP-4 53.1 26 $51,040 $39,600 

GSHP-5 51.7 25 $49,940 $39,600 

GSHP-6 1.7 1 $5,310 $2,025 

GSHP-7 23.4 11 $31,000 $22,200 

Total 176.8 85 $207,090 $146,825 

$23,495 

Increase 

percentage 

Payback 

period 

0 10.6 

5 9 

10 7.5 

15 6.6 

20 6.2 

25 5.7 

Payback 
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Cost Comparison 
Yearly Consumption 
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Advantages 

• Constant Loads 

• Higher efficiencies 

 

Disadvantages 

• First cost 

• Space 
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Thermal Storage 
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Hours 

Cost Savings 
• Peak demand savings was based on 

a monthly schedule 

 

• On-Peak and Off-Peak shift was 

determined on a daily basis 
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$7,627 per year 

How it works 
• Supplies the cooling capacity 

required to a building while shifting 

electric utility 

• Levels the load to allow for chillers 

to be sized smaller 

Chilled vs. Ice Storage 
• Chilled water is more efficient  

• Ice storage takes up less space 



Michael Dean 

Mechanical Option 

Dr. Treado 

Steelstacks Performing Arts Center 

Bethlehem , Pa 

 

 

Thermal Storage 
 

Payback Period 
• 248 ton-hours of cooling capacity 

• 10,000 gallon tank 

• Chillers remained, &  were left 

oversized to allow for redundancy 

Initial Investment:  $32,125  

Payback Period:  4.2 years 
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Solar 
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Advantages 

• Lowers Energy Cost 

 

Disadvantages 

• High first cost 

• Architecture effects 
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Solar 
 

Site Considerations 
 

• Site 1- 15,690 sq. ft. 

 

• Site 2- Unlimited  (~150 ft. from building) 
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Solar 
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𝑈𝐴 =
𝑞 𝐻

𝑇𝐷𝐻 − 𝑇𝑂𝐴
 

 

𝒒 𝑯- hour load of the largest heating use (from TRACE software) 

𝑻𝑫𝑯-heating design set point 

𝑻𝑶𝑨-outside air temperature at when heating design occurs. 

Calculation 
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Cost 

Collector Cost 

w/installation 

& storage 

  

$113,750  

Boiler 

downsize 

  

($9,825) 

 

Total 
 

$103,925  
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Number of solar collectors (32 sq ft) 

Payback  
Savings 

• Full load could not fit on roof(538 panels) 

• 75% load covered entire room(404 panels) 

• Not effective due to low DHW load 

• Most cost effective system was very small 

(50 panels) 

• Could not effectively cover space 

heating load 
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Breadth  
 

• Acoustical  

 

• Architectural  
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Breadth  
 

• Improper installation of RTU 

 

• Vibration on roof could translate 

into the concert area 

 

• Effect the view experience 
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Acoustic Breadth 
 

α at different Hz 
Surface Surface ft2 125 250 500 1000 2000 

Ceiling 7280 0.25 0.28 0.31 0.17 0.16 

Floor 7280 0.2 0.21 0.21 0.37 0.6 

North Wall 2900 0.35 0.25 0.18 0.12 0.07 

East Wall 1125 0.28 0.215 0.22 0.15 0.145 

South Wall 2900 0.21 0.18 0.18 0.18 0.22 

West Wall 1125 0.21 0.25 0.06 0.07 0.09 

People 2500 0.35 0.35 0.42 0.46 0.5 

Volume 182000 

T60 125 250 500 100 2000 

4.631812 4.716753 4.730249 4.72712 3.714674 

Solutions 
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Payback Period 
• GSHP    10.6 

• Solar    50 

• Thermal Storage  4.2 

Profit Over Expected Life 
• GSHP    $338,328 

• Solar    $0 

• Thermal Storage  $158,641 

Curb Isolations System 
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