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LeGUp - A Geothermal Energy Network (GEN) Research Consortium

Goals
® Evaluate the potential of networked Commercial Saq Bodies of Water
geothermal to deliver heating and cooling |4 e
in Massachusetts -
| o mEe( 2z
® Engage with and share findings with Rejecs st Srele plpe amblent e berare 008 Swimming
stakeholders (e.g., Department of Public ﬁ " ‘éonsume: neat
Utilities, gas utilities, communities) Res“’e““a‘ﬁ Borshotes "

Heat sink in summer

® Increase understanding and optimization
of GENs
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LeGUp Research
Areas & Collaborators

Cost Studies
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LeGUp
Project
Connections

#SCALING & DRIVING CHANGE

%%IMPACTS OF INSTALLATIONS

Community
Feasibility
Studies

éCORE MODELING

Electric Grid Impacts
GAS TO GEO

INSTALLATIONS Cost Modeling
—H‘ ‘ ﬂﬂ( Health Impacts

Equity Impacts

Environmental Impacts
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LeGUp Data - Installations in MA

Motivation: MA Decarb Roadmap mandates net-zero emissions
by 2050, 32% of emissions from building sector (MA)

Eversource Gas
National Grid

Eversource Gas

GAS TO GEO
INSTALLATIONS

nationalgrid EVERSSURCE he ot



GAS TO GEO
INSTALLATIONS

Smart Ground - Monitoring Temperature In Boreholes

DTS

e Real-time monitoring of temperature along 14 v|a

boreholes at Framingham
e Monitor subsurface temperature drift & study

thermal storage

(a) (b)

Looping Tests Cooling Buildings Heating Buildings
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LeGUp Develops GENs Modeling Tools

Develop Full Physics and Reduced Order models using data from the
first few installations:

CORE MODELING

heat



LeGUp Develops GENs Modeling Tools (NREL)

CORE

MODELING

Section temperature (C)
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LeGUp Models and Monitors Impacts of GENs

Develop data-driven models and test predictions:

@ R o

Emissions Grid Costs |MPACT UF
@ - . INSTALLATIONS
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SV 0
Ecology Health Equity
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Impact of GENs on Ecology

e 161 trees health assessment of crown and canopy,
[0 dead, 5 excellent]

e Difference between 2023 and 2024 not significant
(423 vs 4.29)

e After installation of GEN no negative nor positive
impact on the overallhealth of the trees

Construction of GEN Construction of GEN GEN partially operational GEN fully operational for
started in Framingham completed in Framingham for 1-year 2-years

BB heat




LeGUp Energy Systems Dashboard

~ Interested in Geothermal Service

Interested in Geothermal Service

Energy Cost

Housing Energy Cost
pntord
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Energy Cost(S)
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communities received
8 $50,000 for GENs

feasibility studies

communities received ognd
community engagement e




MA GEN Feasibility Learningsé’.u@;

Q Policy & regulatory hurdles challenge non-geothermal
S experts

0O 00O

mmmm Community trust is foundational - early engagement
)[I]\ M )H]\ with municipal leaders and residents significantly

impacted project momentum.
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LeGUp Develops Regional Scaling Projections

e Develop scaling projections from the Core Models
e Measure and maximize impact

SCALING AND

DRIVING CHANGE

heat



LeGUp Creates a Databank for GENs

-0—00
—000
-00—0
-0—00

Enable
guantitative
comparison

9

Identify costs and
energy use by stages

[#4

Contribute to
prediction models

@

Catalyze & derisk the
adoption of these
networks

Inform planning & optimization
of future systems

2

Demonstrate impacts on
emissions, environment
and human health

www.heet.org/

=

Record costs related
to heating and
cooling

K

=

Support development of
data-driven legislation &
regulation
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www.heet.org/databank

/ A public data bank of

\ geothermal network installations

. to inform and facilitate future
developments, enabling societal-scale
building decarbonization

. Interface with HEET website.
Database saved in perpetuity in

\Harvard Dataverse . Open acces s/




www.heet.org/databank

K A public data bank of

geothermal network installations

. to inform and facilitate future
developments, enabling societal-scale

building decarbonization

. Interface with HEET website.
Database saved in perpetuity in
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k for GENs

www.heet.org/

A public data bank of
geothermal network installations

(

to inform and facilitate future
developments, enabling societal-scale
building decarbonization

Interface with HEET website.
Database saved in perpetuity in

Harvard Dataverse . Open access.

heat



www.heet.org/databank

LeGUp Creates a Databank for GENs
Categories
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Framingham Project Selected by DOE Construction Grant

Partners:

- “'l Geothermal Expansion Project*

Prindiville Ave

< John .

Framingham Brady Dr
Public Schools
Welcome Center

Normandy Rd

Framingham
Housing
Authority Rose

Kennedy
Lane
=S

Berkshire
Rd

Gleason Pond

L ]
Proposed
route

L ]
Existing
Geothermal

a
-
.

<
Borefield
drilling sites

%%

Potential
residential
customers

(representation only)

*Project is in the very preliminary
stages and whether it goes
forward will depend on the

interest level of and support of
the residents along the route.

heat

HEET, Eversource Energy, City of Framingham, Salas O’Brien.



LEGUp Open Day Agenda & Register

Findings from Geothermal
Networks Research Consortium

April 28



Distributed Fiber Optic Sensing
In Geothermal Networks

NY GEO 2025

Presented by Eric Juma | HEET | April 23, 2025 h e\Gt



The Eversource Geothermal Pilot Project

Geothermal Pilot Project

Gulf Gas
Station

Concord St

— I_I ﬂt,ﬁ? HHHE

1mi|eof 90 375 tons 36

main boreholes of thermal buildings
load

Prindiville Ave




What is DFOS? (Distributed Fiber Optic Sensing)

Optical Pulse Interrogator
-
Back
vibration

scattered light
I~ deformation

Strain, Temperature
Resolution — 10-30 pe, 0.1 °C

Schematic representation of DFOS technology (Mahmoud et al. 2021)




Why do DFOS?

~ 3(){ Near surface =
<3

Typical monitoring = only input/output ;
temps (AT) )
DFOS = Actual borehole/subsurface

conditions

Detects thermal drift & groundwater flows
Measure thermal storage

Helps test models and integrate with them ol o el
Groundbreaking project - want to learn as 0,

0 10 20 0 10 20
AT(°F) AT(°F)
Outside Instrumentation

Farley Parking Lot

5
.‘: iR - N Pl —

Depth (ft)

500, | \
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T2k &0he déhr

much as we can
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Our project

e 14 boreholes instrumented total
e 1 borehole instrumented during

TRT at each borefield

e 2 boreholes instrumented, but not

connected to loop

EVERS=URCE

heat

SOGA RESEARCH GROUP
BERKELEY ENGINEERING
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Fiber configurations

— Analyzer

DTS DTS |

+ * * + 1 TH-L_| Supply Pipe

| Return Pipe
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DTRT Setup
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1.2 Temperature variation along time

Borehole ID  North_D1 Depth (m) ;;: Start Date  08/14/:0 End Date  04/23/:0
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2.2 Temperature variation along time

Borehole ID B3 Depth (m) 30 i Start Date ©8/14/:0 End Date 04/23/:0
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Date
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Next steps

Resolving intermittency issues
Integrated analysis with SCADA data
Analysis of thermal storage and thermal
drift

Integration with other LeGUp models
Sharing through HEET Databank
Franklin Field & Framingham 2nd loop
installations




LeGUp Core Modeling
NY GEO 2025

Presented by Rebecca Brenneis | Scientist at HEET | April 23, 2025
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Role of Modeling in LeGUp

#SCALING & DRIVING CHANGE

%}IMPACTS OF INSTALLATIONS

2 CORE MODELING

GAS TO GEO
INSTALLATIONS

&

Fu EW R
[TTT1

Community
Feasibility
Studies

Electric Grid Impacts
Cost Modeling
Health Impacts
Equity Impacts

Environmental Impacts
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Significance of Work

oD
5

Jo 4

Open-source, Techno-economic modeling tool for single-pipe, ambient
temperature, thermal energy networks

Assesses the economic feasibility of prospective geothermal energy
networks projects and identifies variables that maximize performance

Tool for project managers, developers, financial analysts, engineers and
researchers etc.

heat



_ LARGE OFFICE
BUILDING

Data Center

COLD STORAGE

HOSPITAL GEOTHERMAL . WAREHOUSE
BOREHOLE

FIELD

Refrigeration

Treated

‘\ Effluent

APARTMENT
COMPLEX

Wastewater

WASTEWATER
TREATMENT PLANT

KEY \ Heat Pump \ Heat Exchanger

5th Generation Networks

Simpson, et al 2024
Energy Conversion
and Management
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HEATNETS

Heat and Economic Analysis Tool for NEtworked Thermal Systems

Technical + Economic

& =

heat




Model Data Flow

System
specifications

Calculate
capital cost

Component costs

Pressure losses
& pump performance

Financial
assumptions

Heat pump
COP curves
Reduced-order model: . . Economic model:
Timeseries Calculate .
annual geothermal electricity consurmption enerav cost calculate economic
network simulation y P 9y metrics
Borehole

look-up tables

Electricity rates LCOX, NPV, IRR,

Timeseries TEP, efc...

building loads

Econ. ROM

Vo8 heat

Transforming ENERGY




Engineering Reduced Order Model

Heat pump electrical loads
Buildings loads are are calculated based on
directly input from ROM COP curves
TRNSYS building I
model data J
Building
lead Customer supply
Thermal loop inertia and return loop
and heat transfer 1

calculated in ROM

—-

Thermd loop
physics
Ambient-temperature
thermal loap
MN
Heat
Inertia transfer
Barehale field
LALIE (N B N
Barney, et al 2024, Linear regression model for predicting ' ®000
Stanford Workshop borehole field performance was B
on Geothermal created based on data from TRNSYS
Reservoir Engineering

Mass flow rates in
each section are
directly input from
TRMSYS data

Pump
Station

Pumping power for
ambient loop, educational
building, and borehole
field are calculated in ROM

ZINREL

Transforming ENERGY
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ROM Parametric Analysis

1000
= 800 ] ¢
: o
2
& 600
s s
3 9] o @ o g 6
S 400
[=
3]
E
e 200
® 25% glycol © 10% glycol ® 0% glycol
0
Simpson et al -6 . -2 0 £ 4 6
2024, Min. temperature limit (°C)
Geothermal Rising
Conference
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Techno-Economic Model

System

Specifications LCOx: Levelized

Capital Costs 2
Cost of ‘x" Energy

Component Flows
Costs Financial IRR: Internal Rate
s Assumptions of Return
Lo e NPV: Net Present

Value
Electricity Building TEP:Ther!"naI
Consumption Thermal Loads Energy Price
Building energy
payments by time-
Electricity Costs step

Electricity
Pricing

Jiang, et al 2024, Model Intermediary Maodel
Stanford Workshop Inputs Variables Outputs
on Geothermal

Reservoir
Engineering

mH=3
am
=

NREL

Transforming ENERGY
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Decision Use Cases

B ity

Land Use Building Demand Existing Energy Thermal Source
Tradeoffs Profiles Economics Potential

heat




Key Takeaways

-> HEATNETS is an open source, techno-economic
model for single pipe, ambient temp loops

- Integrates TENs and GENSs into broader energy
feasibility decision making and informs scalability

- Next steps: Launch tool to the public and continue
improvement with real world data training

Register for LeGUp
Annual Meeting




LEGUp Open Day Agenda & Register

Findings from Geothermal
Networks Research Consortium

April 28

Contacts: isabel.varela@heet.org eric.juma@heet.org rebecca.brenneis@heet.org heét
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