
Energy Cost EUI CO2
Annual Energy 

Cost
Savings 
($/Yr)

Savings 
(%) kBtu/sqft/Yr Savings 

(kBtu/sqft/Yr)
Savings 
(%) Metric Tons Savings (metric 

tons)
Savings 
(%)

Social Cost of 
Carbon

Full Geothermal Design $84,000  $12,000  10% 26 16 38% 674 ‐13 ‐2% $34,300 
Hybrid Geo/Central Plant $86,000  $8,000  8% 30 12 27% 650 11 2% $33,100 

Proposed Design $94,000  ‐ ‐ 42 ‐ ‐ 661 ‐ ‐ $33,700 
Existing ALB $256,836  ‐ ‐ 119 ‐ ‐ 1819 ‐ ‐ $92,769 

Opportunities Challenges

Proposed Design

+ No design delays ‐ Annual energy cost

+ No additional costs ‐ Higher EUI

+ Social cost of carbon is less than full geo

Hybrid Geo/Central Plant

+ $8,000 annual energy savings ‐ Requires removal/relocation of stormwater containment system under lot R

+ Reduced EUI ‐ Additional maintenance cost for 6‐pipe chiller system

+ Reduced bore field size (compared to full geo) ‐ Increase sqft requirements for 1st floor mechanical room

+ Reduced CO2 emissions ‐ Power outage affects building heating

+ Better long‐term performance when compared to full geothermal ‐ Project will be delayed due to engineering design

+ Hybrid system allows for flexibility  ‐ Added study costs to campus as this is not in the scope of the project

‐ Repair costs for Parking Lot R due to bore field

‐Well depth of 150’ – 400’ needed, hitting bedrock around 30’

‐ Increased project cost (approx. $2.25M, would need to reduce 4,000 sqft of programmed space)

Full Geothermal Design

+ $12,000 annual energy savings ‐ Requires removal/relocation of stormwater containment system under lot R

+ Reduced EUI ‐ Additional maintenance cost for chiller system

+ 50‐year life expectancy  ‐ Increase sqft requirements for 1st floor mechanical room

‐ Power outage affects building heating

‐ Slight increase in CO2 emissions

‐ Project will be delayed due to engineering design

‐ Potential added cost to campus as this is not in the scope of the project

‐ Repair costs for Parking Lot R due to bore field

‐ Removal of storm water containment system under lot R

‐Well depth of 150’ – 400’ needed, hitting bedrock around 30’

‐ Full geothermal may cause surface instability due to hydraulic fracturing

‐ Return on investment

‐ Increased project cost (approx. $2.5M, would need to reduce 4,200 sqft of programmed space)

Albertson Hall Replacement Project – Geothermal Summary 
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Assumptions

Energy 
Source

Utility Costs

Electric $0.071 per kWh $0.023 per kBtu

Natural 
Gas

$0.0415 per therm $0.004 per kBtu

District 
Htg

$1.229 per therm $0.012 per kBtu

District 
Clg

$0.596 per therm $0.005 per kBtu



Proposed System Comparison Summary

System/Option

Energy Cost EUI CO2

($/yr)
Savings 
($/yr)

Savings
(%)

(kBtu/sqft/
yr)

Savings
(kBtu/sqft/yr)

Savings
(%)

(metric 
tons)

Savings
(metric 
tons)

Savings
(%)

Baseline ASHRAE 90.1 $102,000 - - 44 - - 716 - -

Proposed Design $94,000 $8,000 8% 42 2 5% 661 55 8%

The energy consumption data is listed as Energy Use Intensity (EUI). EUI is a measure of how much energy the 
building uses per square foot of building area per year. 

Existing Albertson Hall has EUI of 119.

Proposed 30 KW Photovoltaic System reduces energy consumption by 2.2% and has a 4.1% reduction in energy 
cost.



Future Temperature Estimates



Building Heating & Cooling Loading

Building site is significantly heating dominated. Unbalanced loading can cause long term 
temperature reduction in borefield. This requires increased borefield sizing.



Geothermal Evaluation

Evaluation of complete geothermal system and hybrid geothermal system  

Complete system replaces campus steam and chilled water utilities with 6-pipe chiller system 
that creates low temperature heating water and chilled water system for building heating 
and cooling needs.

Hybrid system has 6-pipe chiller system, but system is sized for peak cooling requirements with 
supplemental heating from campus steam system. Reduces borefield size and equal heating 
and cooling to the borefield for better long-term performance.

AHU systems (4th floor air handling units with VAV terminal air boxes) remain the same in all 
cases.

Geothermal Impacts
• Increase in first cost of project
• Additional maintenance cost for 6-pipe chiller system
• First floor mechanical room space requirements increase
• Site impacts for borefield
• Radiation sizes increase
• Power outage affects building heating



Geothermal Borefield Sizing

Hybrid Geothermal BorefieldFull Geothermal Borefield



EUI + Annual Energy Cost
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GHG emissions comparison

Emissions were calculated using local 
grid carbon density of 1,239 lbs
CO2/MWh, which is higher than the 
national average of 818 lbs
CO2/MWh.

Future renewables on the grid or on 
site would reduce carbon in the 
future.



Future Grid



Future Grid Impacts – Hybrid Version

Today’s grid in Wisconsin

National Average Grid

Fully renewable grid 
(hybrid system emissions remain)



Geothermal Comparison Summary

System/Option

Energy Cost EUI CO2

($/yr)
Savings 
($/yr)

Savings
(%)

(kBtu/sqft/
yr)

Savings
(kBtu/sqft/yr)

Savings
(%)

(metric 
tons)

Savings
(metric 
tons)

Savings
(%)

Proposed Design $94,000 - - 42 - - 661 - -

Hybrid Geo/Central 
Plant*

$86,000 $8,000 8% 30 12 27% 650 11 2%

Full Geo* $84,000 $12,000 10% 26 16 38% 674 -13 -2%

*Geo savings compared to proposed design

Geothermal system heating – 3 COP
cooling – 5.5 COP

Hybrid and full geothermal savings based on assumed bore field sizing. Results may vary 
pending final design and updated ground conditions. 
Likely savings of hybrid geothermal system in the  range of $3,000-$10,000 per year. 
Likely savings of full geothermal system in the range of $5,000 - $12,000 per year. 



Energy Breakdown of Hybrid Geo

Proposed: 2

Savings 11.6

DHW 0.8

Receptacles 3.5

Fans 5.1

Pumps 0.1

Cooling 2.0

Heating 12.6

Lighting 6.6
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Social Cost of Carbon

System/Option

CO2

(metric tons) Cost

Baseline 716 $36,500

Proposed Design 661 $33,700

Hybrid Geo/Central Plant* 650 $33,100

Full Geo* 674 $34,300

Current Federal Social Cost of Carbon is set at $51/ton 



PV Design Options 

Level 4 Roof – Lower Portion
o System Size: 223.9kW(dc)/170kW(ac)

o Racking: East-West 

o Tilt angle: 10 degrees



PV Design Options 

Level 4 Roof – Upper Portion
o System Size: 101kW(dc)/75kW(ac)

o Racking: East-West 

o Tilt angle: 10 degrees



PV Design Options 

Level 4 Roof – Maximum Capacity
o System Size: 324.9kW(dc)/245kW(ac)

o Racking: East-West 

o Tilt angle: 10 degrees



PV Design Options Summary

Roof System Layout Option System Size

Level 4 Roof – Lower Portion 223.9kW(dc)/170kW(ac)

Level 4 Roof – Upper Portion 101kW(dc)/75kW(ac)

Level 4 Roof – Maximum Capacity 324.9kW(dc)/245kW(ac) 

System Size Required to Offset All 
Power Usage of Proposed Design

1340kW(dc)/1000 kW(ac)

Proposed current design: 39 kW(dc)/30 kW(ac)
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