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Agenda
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1. Project Overview

2. Regulatory Process & Commercial Structure

3. Geothermal Network Process Flow

4. Geothermal Borefield 

5. Energy Modeling

6. Alternatives Analysis & Engineering Decisions

7. Construction Details & Building Conversions 

8. System Performance

9. Lessons Learned

10. Next Steps & Future Business Cases



Learning Objectives
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▬ Current best practice for system components and 
layout 

▬ Data needs to properly model the system

▬ How base construction costs compare to system 
expansion costs

▬ Nuances of the building retrofit challenge

▬ Future considerations 



Project Overview 
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▬ One main and two recharge borefields

▬ Primarily Environmental Justice 
Community

▬ Mix of loads for system balancing

▬ 1+ mile of ambient loop piping

▬ Six outside stakeholders to integrate 



Framingham Project Background 
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Eversource’s Approved DPU Order
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Assets: Eversource covered 100% of conversion costs for residents and commercial customers alike 
Ownership: Residences and commercial customers own and maintain the in-building equipment 
Economics: Small fee charged to customers quarterly 
Customer: Customer protection plan to guarantee savings as electric consumption increases 

Pilot Parameters

Pilot Objectives
Emissions: Reduce carbon emissions and align to Massachusetts Global Warming Solutions Act
Scalability: Obtain insights regarding the scalability of a cleaner, safer technology 
Environmental Justice: Target low-income, multi-family buildings in a dense geographical footprint with 
mixed loads to evaluate efficiencies of a geothermal network  
Expanded Rate Base: Evaluate the ability to remove consumers from delivered fuels 



Commercial Model (Value Prop)

Utility

• Provide customers an 
additional choice/alternative 
for heating

• Potential new business line
• Capitalize on existing gas 

company core 
competencies

• Flatter load profiles, higher 
utilization of infrastructure

Customer
• Provide low-cost heating 

where gas is not available
• Cleaner, quieter and 

reliable system
• Geothermal customer 

equipment is located inside 
the building so there is an 
ease of repair/maintenance 
and no aesthetic impacts

State

• Provides state with another 
way to meet climate goals

• Estimated 60%+ reduction 
in carbon emissions from 
combined heating and 
cooling for an average 
residence by installing 
geothermal
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Technical Learning Objectives
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Success Factors Data Points to Collect

Validated installation and 
operating costs

• System installation costs
• Ongoing O&M costs

Customer acceptance of 
technology

• Customer Satisfaction surveys
• Customer comfort

Environmental Benefits • Emission reductions
• System efficiency

Technology performance
• System performance
• Changes in customer energy 

consumption

Cost savings • Changes in customer heating and 
cooling costs



System Overview
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Borefield Needs



11

Energy modeling
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Alternatives Analysis & Engineering Decisions
Loop designs were considered with a number of criteria in mind:

§ One Pipe vs Two
§ Pumping Energy
§ Overall Efficiency
§ Glycol Cut
§ Temperature Variation
§ Ease of Expansion
§ Cost and Construction 

Scope

Other Key Decisions
§ Backup power
§ Domestic Hot Water 
§ Redundant Heating
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Pilot Project Cost Analysis

§ Main and service work almost identical to 
traditional pipe installation costs

§ Pump house and civil work will be a mostly fixed 
cost regardless of system size

§ Design costs will improve with experience and 
existing drawing sets to work from

§ Major project costs end up being the building 
conversion work and borefield drilling

Current Pilot Cost Breakdown



Framingham Expansion

§ Expansion on existing loop
§ Approximately doubling the capacity 

and number of customers
§ Utilize existing pump house, 

instrumentation, and controls
§ Add marginal boreholes as needed to 

support loads
§ Vaulted pumps to control flow



Projected Expansion Costs

§ Main and service work almost identical to 
traditional pipe installation costs

§ Pump house and civil work will be a mostly fixed 
cost regardless of system size

§ Design costs will improve with experience and 
existing drawing sets to work from

§ Major project costs end up being the building 
conversion work and borefield drilling

§ Overall costs expected to be about 40% lower vs 
original loop

Projected Expansion Budget



Building System Types

Single Family Home
• Forced air with ducting

• VRF with split heads (similar to air source mini-splits)

• Combination of forced air and splits

Apartment Buildings
• Corner / console units

• Stacked forced air units

• Hydronic / hot water only units (no cooling)

Commercial Buildings
• Water to water commercial system

• VRF with split heads

• Rooftop water to air units
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Water to Air Heat Pump Options

Packaged Unit Console Unit
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VRF Heat Pump Options

• Variable refrigerant flow 
systems allow for 
distributed conditioning in 
a building

• No ducting required, 
heating and cooling 
produced from head units

• Multiple options from wall 
mounted to ceiling 
mounted split heads
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System Performance in First Heating Season 
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System Monitoring:

SCADA with real time feedback:

Temperature

Pressure 

Flow 

Energy usage 

Impact:

Carbon Reduction

Energy Consumption

System Efficiency



Lessons Learned
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Plan reviews with stakeholders 
at 60% design phase 

Coordination of trades during 
construction 

Maintain contingency for 
unanticipated field change in 

building renovations

Pre-commissioning 
procedures, standards need to 

be enforced in the field 

Learning curve for drillers 
unfamiliar with local conditions

Retrofit buildings cannot be 
standardized – even in 

buildings with the same unit 
dimensions 

Shortage of qualified ground-
source heat pump installers 



The Future of Utility Scale TENs

Future of Retrofits
Regulatory Framework & 

Pathways
New Construction 

Partnership Evaluation
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Quiz
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1. What makes network geothermal compelling at utility scale?

2. What are the data needs for effective modeling?

3. What drives construction costs initially? How does the cost ratio change in scale-up?

4. What are the limitations of building retrofits?



Framingham Geothermal Network

Questions?


