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Geothermal Field Reports & Data



CEP - Central Energy Plant

GSHX – Geothermal (Ground Source Heat Exchange)

PSSC - Public Safety Simulation Complex

GEB1 - General Education Building 1

T4.0 - Technology 4.0 Building

FTC - Fire & Rescue Training Center 

Eastern Wake 4.0



“Geothermal project will have impacts with infrastructure & roadways.”





Phase Building SF

1

CEP 20,000

Public safety 70,000

Technology 4.0 80,000

General education w/ student services 110,000

2
General classroom 80,000

General classroom 80,000

3
Academic building 4 80,000

Academic building 5 80,000

Total 600,000

The clouded areas are assumed to not be connected to the 
central energy plant. Connected buildings and assumed SF 
shown with phasing:

Buildings Served by Central Energy Plant



Thermal Profile

Total build out thermal profile

Annual load 
(kBtu)

Peak load 
(kBtu)

Peak load 
(tons)

Heating 11,088,387 10,825 902

Cooling 22,306,951 13,341 1,112

• Energy recovery in cooling mode

• No energy recovery in heating mode

• Hours where you can use the enthalpy 
wheel in the winter are very few

• In the winter, the supply air 
temperature > 55oF while using the 
enthalpy wheel, requiring the cooling 
coil to turn on to meet 55oF supply air 
into VAV boxes



Plant Design Options

Option # 1 Option # 2 Option # 3 Option # 3A Option # 4 Option # 4A Option # 5

Traditional 
chiller and gas 

fired boiler
Geothermal plant

Geothermal w/ ASHP 
(130)

Geothermal w/ ASHP 
(105)

Geothermal w/ 
cooling tower (130)

Geothermal w/ 
cooling tower (105)

CHW thermal 
storage (with 

option #4A 
parameters)

Description:

Traditional 
gas fired 

boiler, 
conventional 
chiller with 

cooling tower

Full 
geothermal 

(sized for 100% 
of the heating 

and cooling 
loads)

Geothermal with 
ASHP (sized for 

100% of the 
heating, use ASHP 

for favorable 
conditions and 

maintain a balanced 
borefield)

130oF HHW supply 
temperature

Geothermal with 
ASHP (sized for 

100% of the 
heating, use ASHP 

for favorable 
conditions and 

maintain a balanced 
borefield)

105oF HHW supply 
temperature

Geothermal 
with cooling 

tower (sized for 
100% of the 

heating, 
balanced 
borefield) 

130oF HHW 
supply 

temperature

Geothermal 
with cooling 

tower (sized for 
100% of the 

heating, 
balanced 
borefield) 

105oF HHW 
supply 

temperature

Chilled water 
thermal energy 
storage (with 
option #4A 

parameters)



Cooling Tower & Geothermal

• Combination of cooling tower and geothermal 
cooling and heating 

• Utilized cooling tower in cooler ambient 
conditions for all cooling load that is less than 
75oF OA temperature up to 500 tons capacity 

• Utilize cooling tower in high OA ambient 
temperatures over 650 tons to minimize GLHE 
size

• Unbalanced heating peak ~650 tons (what GLHE is sized 
for)

• Balanced GLHE
• Minimizes GLHE size

• No temperature creep of GLHE

• Maximizes GLHE performance

Geothermal heating

Cooling tower

Geothermal cooling

Annual load Heat rejected/extracted 
from borefield

Geothermal 
cooling

4,937,580 6,418,854

Geothermal 
heating

8,313,573 6,395,056



Technology Considerations

Thermal Energy Storage



Equipment Capacity

Option # 1 Option # 2 Option # 3 Option # 3A Option # 4 Option # 4A Option # 5

Traditional chiller 
and gas fired 

boiler
Geothermal plant

Geothermal w/ 
ASHP (130)

Geothermal w/ 
ASHP (105)

Geothermal w/ 
cooling tower 

(130)

Geothermal w/ 
cooling tower 

(105)

CHW thermal storage 
(with option #4A 

parameters)

Natural gas fired 
boilers

(4) 4,000 MBH (2) 3,000 MBH (2) 3,000 MBH (2) 3,000 MBH (2) 3,000 MBH (2) 3,000 MBH (2) 3,000 MBH

Chillers / heat 
pumps

(4) 500-ton (4) 500-ton (3) 500-ton (3) 500-ton (4) 500-ton (4) 500-ton (4) 500-ton

Closed circuit 
evaporative 

cooling tower
(4) 500-ton - - - (1) 500-ton (1) 500-ton (1) 500-ton

Simultaneous 
heat pump

- (1) 80-ton (1) 80-ton (1) 80-ton (1) 80-ton (1) 80-ton (1) 80-ton

Modular ASHP - - (9) 60-ton (9) 60-ton - - -

Geothermal 
borefield (at 

depth of 400’)
- 810 390 390 390 390 390

TES tank - - - - - - 5,000 ton-hr



Plant Energy Consumption



Plant Energy Consumption (MMBTU)
Option # 1 Option # 2 Option # 3 Option # 3A Option # 4 Option # 4A Option # 5

Traditional chiller 
and gas fired 

boiler
Geothermal plant

Geothermal w/ 
ASHP (130)

Geothermal w/ 
ASHP (105)

Geothermal w/ 
cooling tower 

(130)

Geothermal w/ 
cooling tower 

(105)

CHW thermal storage 
(with option #4A 

parameters)

Simultaneous 0 783 783 522 783 522 426

ASHP CLG 0 0 3,313 3,313 0 0 0

ASHP HTG 0 0 0 0 0 0 0

GEO CLG 0 3,351 890 890 765 765 792

GEO HTG 0 1,995 1,995 1,465 1,995 1,465 1,554

HYB CLG 3,977 0 0 0 2,803 2,803 2,836

HYB HTG 11,923 0 0 0 0 0 0

Total 15,900 6,130 6,981 6,190 6,346 5,555 5,609

Savings over 
baseline

9,770 8,918 9,709 9,553 10,344 10,291

% savings 61% 56% 61% 60% 65% 65%



Heat Pump Chiller Performance



Plant C02 Emissions



Plant OPEX (SGS Rate)



Plant OPEX (SGS Rate)
Option # 1 Option # 2 Option # 3 Option # 3A Option # 4 Option # 4A Option # 5

Traditional chiller 
and gas fired 

boiler

Geothermal 
plant

Geothermal w/ 
ASHP (130)

Geothermal w/ 
ASHP (105)

Geothermal w/ 
cooling tower (130)

Geothermal w/ 
cooling tower (105)

CHW thermal storage 
(with option #4A 

parameters)

Electricity 
consumption

$104,195.47 $172,986.33 $195,392.76 $171,015.93 $178,440.66 $154,063.82 $146,500.64

Electricity demand $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

Gas consumption $66,768.78 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

Water consumption $58,582.75 $0.00 $0.00 $0.00 $17,337.69 $17,337.69 $17,518.02

Chemical treatment $7,773.82 $0.00 $0.00 $0.00 $2,300.68 $2,300.68 $2,324.61

Maintenance $20,163.35 $10,686.51 $10,686.51 $10,686.51 $13,936.51 $13,936.51 $13,936.51

Total $257,484.16 $183,672.84 $206,079.27 $181,702.44 $212,015.53 $187,638.70 $180,279.77

Savings over baseline $0.00 $73,811.33 $51,404.89 $75,781.73 $45,468.63 $69,845.47 $77,204.39

Savings over baseline 
including social cost 

of carbon
$0.00 $115,887.98 $85,048.40 $117,258.62 $85,400.57 $117,610.79 $124,441.84



Capital Expenditures

Option # 1 Option # 2 Option # 3 Option # 3A Option # 4 Option # 4A Option # 5

Traditional chiller 
and gas fired boiler

Geothermal plant
Geothermal w/ 

ASHP (130)
Geothermal w/ 

ASHP (105)
Geothermal w/ 

cooling tower (130)
Geothermal w/ 

cooling tower (105)

CHW thermal storage 
(with option #4A 

parameters)

Natural gas fired 
boilers

$1,725,061 $780,455 $780,455 $780,455 $780,455 $780,455 $780,455

Chillers / heat 
pumps

$2,891,138 $6,875,559 $4,874,026 $4,874,026 $6,875,559 $6,875,559 $6,875,559

Closed circuit 
evaporative 

cooling tower
$3,025,107 $0 $0 $0 $748,684 $748,684 $748,684

Modular ASHP $0 $0 $2,349,870 $2,349,870 $0 $0 $0

Glycol & HX $0 $0 $197,378 $197,378 $0 $0 $0

Geothermal 
borefield (at depth 

of 400’)
$0 $5,433,333 $2,600,000 $2,600,000 $2,600,000 $2,600,000 $2,600,000

TES tank $0 $0 $0 $0 $0 $0 $963,515

Total $7,641,306 $13,089,347 $10,801,729 $10,801,729 $11,004,698 $11,004,698 $11,968,213

Incremental over 
baseline

$0 $5,448,041 $3,160,423 $3,160,423 $3,363,392 $3,363,392 $4,326,907



Life Cycle Cost Assessment



Life Cycle Cost Assessment
Option # 1 Option # 2 Option # 3 Option # 3A Option # 4 Option # 4A

M – 1A M – 1B M – 1C M – 1D M – 1E M – 1F

Traditional chiller and 
gas fired boiler

Geothermal plant
Geothermal w/ ASHP 

(130)
Geothermal w/ ASHP 

(105)
Geothermal w/ 

cooling tower (130)
Geothermal w/ cooling 

tower (105)

Electric utility cost $1,899,713 $2,787,878 $3,142,349 $2,777,254 $2,874,207 $2,498,636

Gas utility cost $1,289,871 $0 $0 $0 $0 $0

Water & chemical 
treatment

$1,125,106 $0 $0 $0 $332,986 $332,986

Total operating costs $4,314,690 $2,787,878 $3,142,349 $2,777,254 $3,207,193 $2,831,622

Maintenance $341,888 $181,202 $181,202 $181,202 $236,307 $236,307

Investment cost $7,159,637 $12,233,029 $10,120,843 $10,120,843 $10,311,018 $10,311,018

Replacement costs $2,530,879 $0 $0 $0 $377,086 $377,086

Residual value -$1,593,725 -$1,745,439 -$840,396 -$840,396 -$1,142,299 -$1,142,299

Net Investment cost* $8,096,791 $10,487,591 $9,280,446 $9,280,446 $9,545,805 $9,545,805

Total 25-year cost $12,753,369 $13,456,671 $12,603,998 $12,238,902 $12,989,305 $12,613,734

25-year savings $0 -$703,302 $149,371 $514,466 -$235,936 $139,634



Design Conclusions / Recommendations

• 105oF HHW supply temperature
• Benefit in heating efficiency will lead to savings annually for the CEP

• More competitive bid offers on equipment manufacturers 

• Allows for flexibility at building level to select standard or new coil technologies

• No difference in leaving air temperature on air handlers or VAV boxes (95F)

• Cooling tower
• Smaller footprint than ASHP
• Greater flexibility in maintaining healthy geothermal borefield temperature

• Can pre-cool geothermal borefield and lead to lower operating temps in the summer → (additional savings)

• No CHW TES tank
• Not viable financially, 25-years worth of operating costs savings won’t pay for the tank

• Geothermal w/ cooling tower (105oF HHWS) is preferred solution
• Lower 25-year cost to baseline
• Lowest EUI & greatest carbon emissions savings compared to all plant options
• Environmental stewardship

• 11,950 MTCO2 savings over 25-year period compared to traditional plant options



Geothermal Well Field



Plant Dispatch 
Strategy



Heat Pump Technology

ClimaCool Modular Scroll Waterfurnace Screw 

Speed Dual Screw

Water furnace Modular 

Scroll

Trane RTWD Screw Multistack Modular Scroll



Trane Centravac CentrifugalMultistack Centrifugal

York YK
York CYK

Heat Pump Technology

Carrier 19DV



Construction on a New Campus with Multiple General Contractors

• 4 Separate General Contractors

• Logistical Considerations for Each Project

• Staggered Design and Construction Start Dates

• Interim Milestones to Support Each Project 
Required Throughout

• Key to Success…Continuous Communication 
and  Collaboration with all Stakeholders!!!



Skanska

Balfour Beatty

Monteith

Metcon

Scope of Work Area by General Contractor



Logistics Plan…One of Many







Key Components:
Test Wells During Design

Subcontractor Bidding and Capacity

Installation Considerations
• Ground Water
• Soil Composition
• Logistics and Temporary Sediment Basins
• Significant QA/QC Items

Geothermal Installation



Geothermal Well Field



Geothermal Well Drilling Operation



Geothermal Temporary Sediment Pond Alternate Method for Capturing Water – Frac 
Tanks



Geothermal Well Field – 3 Drill Rigs



Geothermal Vertical Tubing



Geothermal Vertical Tubing Installation and Pressure Testing



Geothermal Grout Batching and Installation



Geothermal Horizontal Piping and Connection to Vertical Tubing





Long Lead Items and Procurement Methods





Central Energy Plant













• Hybrid Geothermal Central Energy Plant
• 105oF HHW supply temperature 

• 44oF CHW supply temperature 

• 1580 Tons (Phase 1, 2, 3)

• 297 Wells at 500 ft, 650 Tons: Phase 1

• Rooftop Solar PV Systems [net meter]
• CEP:  110kW, 283 Modules/Panels

• PSSC: 418kW, 972 Modules/Panels

• GEB & SS: 228kW, 576 Modules/Panels

• Solar PV Parking Lot/Roadway Lighting
• No wired fixtures

• EV Charging Stations
• 20 Ports campus wide (Phase 1) 

• Operational Transparency
• Energy/Sustainability Dashboard in Buildings

Eastern Wake 4.0 - Sustainability Highlights
• Connection with Nature

• Daylight & Views (HP windows/glazing) 
• Drought Tolerant/Native Plant Species
• Green Roof/Outdoor Spaces 

• Stormwater Mitigation
• Rainwater Harvesting 
• Pervious Hardscape
• Bioswales
• Bio-R Ponds/UG Storm Chamber System

• Solar Reflectance
• Light Colored Hardscapes & Paving
• Cool-rated Roofing Membranes
• Canopies/Vertical shading

• Community Connectivity
• Multimodal Pathways (bike lanes)
• Public Bus Access/Bike Racks
• Nature/Walking Trail

Green Globes Building Certifications



Thank You
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