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The Smith Residence

Matt Dennis, Home Energy Advisor




Smith Residence

502 West Maple Ave
Newark, NY, 14513



Life’s Good


http://www.youtube.com/watch?v=vKNkphkjRyw

Retrofit job, not new construction. If we are going to bring geothermal to scale,
there are a lot more homes to be retrofitted than new homes being built.
Whole home makeover following historical guidelines, including major shell work.
Tight village application for horizontal ground loop
20 ton 3 phase VRF with heat recovery

- 30 ductless heads

- Hydro kit for domestic hot water



Design challenges due to historical significance

Tight lot

EXisting 2 pipe steam system not compatible with geo

Needed cooling

Future bed and breakfast, need individual heating and cooling abllities

Carriage house converted to apartment



Other Benefits to Electrification

- Removing boiler
means removing
chimney, used
chase for elevator

. Finished walk up
attic with 7
bedrooms



Addressing the building envelope

O AttIC'
Walk up attic converted into living
space

Spray foam roof deck and wall



Addressing the building envelope




Addressing the building envelope

. Windows
Old period specific leaded glass
windows
Installed insulated interior
storms to maintain the period

look of the house



Envelope Improvements

. Blower door
- lestin and test out blower doors
completed

- Made significant iImprovements

energyvanguard.com



Ground Loop

. 20-ton system
. 3 separate loop fields
. 9,000 feet of 3" HDPE

realtor.com









LG ARWM240BAS5 20 ton VRF with heat recovery GSHP
(6) Heat Recovery Units

Installed in the basement

30 ductfree heads from 5k-15k btu

Individual controls for simultaneous heating and cooling

2 large Energy Recovery Ventilators



GSHP Heating and Cooling



GSHP Heating and Cooling



LG ARNH763K3B2 Hydro Kit
(3) 120 gallon storage tanks
Installed in the basement

Heat recovery makes domestic
water nearly free for parts of the
year

Serves 18 bathrooms



GSHP Domestic Hot Water



In Conclusion...

Hal Smith, Owner and CEO of Halco has taken to heart our message and goal of energy
efficacy and electrification and has chosen to lead by example

Halco works diligently every day to make homes large or small, simple or complex to be the
most efficient they can be and we embrace the “Whole House Approach” to make sure

everything we do Is as efficient as possible.

We take pride in our customers for life policies and hope to continue to be the industry
leaders In home efficanty and electrification



Thank you!

Matt Dennis
Senior Energy Advisor
mattd@halcoenergy.com

Hal Smith
Halco CEO
hal@halcoenergy.com




Ingenuity

Obstacles
Overcome
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555 Greenwich Street — Project Overview

 Hudson Square Rezoning
e 270,000 ftz commercial space, 17-story building

 Highly contaminated site transformed into highly
sustainable, all-electric building

o Structurally tied to neighboring building at
345 Hudson Street (combined 1.2 milion GSF)

o 25% less electricity than other Class A office buildings of
similar size

« Reduce emissions by 45% over NYC’s 2030 climate targets
and become carbon neutral by 2032

| 2024 Top Jobs 24




Project Team
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555 Greenwich
Commercial
Building,

New York, NY

Design & Construction



Delivering Ingenuity & Efficiency



Greenwich NY - Design Approach

Improvement Over Business As

Usual

All Electric Geothermal Energy Piles DOAS Thermally Active Structure
(Heat Pumps/Heat Recovery) (Thermal Storage) (Direct Outside Air System) (Radiant Heating & Cooling)
Ventilation w/ Heat Recovery

Reduction in
electricity
consumption

Gallons of water
saved per year

40% Better 16% O perational

of Heating and Cooling Indoor Air Quality Greater Comfort carbon reduction

Fossil fuels
burning on-site

2024 Top Jobs Cost premium



The site prior to commencing work..

Geotechnical and environmental challenges

 Loose alluvial soils (liquefiable?)

« Differential settlement between 555 Greenwich and 345 Hudson
o Caisson foundations + deep bedrock

 Large diameter caissons to reduce drilling spoils (blessing in
disguise for geothermal looping)

« Site wide remediation through Brownfield Cleanup Program

10,200 tons of hazardous lead impacted soil removed

e 19,100 tons of petroleum impacted soil removed
13,000,000+ gallons of petroleum impacted GW treated and
discharged
: 2024 Top Jobs 29
-



Energy piles in dense urban areas

O

ptions to transfer energy to and from the ground are

imited in dense urban areas where the building footprint
extends to the entire site

O

ptimal building for energy foundation solution is a 15-

storey building with 100’ deep foundations

Co

ntaminated site will add significant environmental costs

and schedule impact to drill geo boreholes

GS
wit
hel

HP delivering base heating and cooling load combined
N ASHP to deliver top upload is a neat solution that will

0 deliver an all-electric building

Greenwich Office Building, New York NY

270,000ft2 commercial space
300 T of peak cooling load

70 T of peak heating load

Radiant slab heating & cooling

2024 Top Jobs



Foundation layout at Greenwich, New York, NY

Foundation Details

e 2137 dia piles 120’ deep
e« 2324” dia piles 120’ deep
« 40 36 dia piles 120" deep

2024 Top Jobs



Review / estimate thermal properties of soil / rock

Geotechnical information
reviewed to estimate
thermal transfer properties
of formation. Water table
and ground water
movement influences heat
transfer.

2024 Top Jobs



Energy modeling

 Understanding energy loads to and
from the ground is the starting point
for cost-effective, efficient and
reliable ground source heat pump
system design.

« Numerous iterations of hourly energy
models allow a designer to balance
energy loads to and from the
GHX...lowering CAPEX and OPEX

 Also provides the basis for long term
monitoring and performance
verification

2024 Top Jobs



Foundation layout at 555 Greenwich, New York, NY

Energy Piles

e 3 Geoloopsineach 24” & 36” piles = 192 u-tubes 120 ft. deep
 13” piles not used

Geothermal loop arrangement

3 Loops (u-tubes) connected in series per pile.

o 113”7 pile fitted with thermistor used for monitoring temperature
o 2 piles to be fitted with thermistor and strain gauges
Geothermal loops to be equally spaced around perimeter

o 24" piles, the u-tubes spaced at 1’

e 36" plles, the u-tubes spaced by 1.6’

Headering Arrangement
3 U-tubes in series represents 1 circulit.

8 circuits will connect to 1 sub-manifold
8 sub-manifolds connecting to 1 main manifold.

2024 Top Jobs



GHX piping in large diameter piles

:To manifold \

Three U-tubes installed in each 2’ and 3’
diameter pile.

il ———I———I

« Within casing, pipe equally spaced outside of
reinforcement cage to maximize energy
transfer to ground

 Within rock socket, piping attached inside of
reinforcement to protect pipe

 Three U-tubes connected in series to maximize
heat transfer and minimize pressure drop
through piping based on design flow rates

Cross-section within rock socket

2024 Top Jobs



63 Large diameter piles

"« Eight piles (24 U-
tubes) connected
to each manifold
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Greenwich NY — Anticipated energy pile capacity

Energy piles will deliver:
e 92T (31%) of the cooling loads

e 1903 kBtu/hr (38%) of the heating loads
« Remaining heating and cooling load delivered by ASHP

C@Jﬂﬂh Iﬂgkﬂf lﬂgkﬂvh Pﬂgkﬂf
Jan 0154 24| 458241 1903
Feb 11366 114 327472 1903
Mar 22151 1104 188710 1903
Apr 43416 1104 72857 1903
May 137253 1104 704 70
Jun 262416 1104 6 3
Jul 346195 1104 0 0
Aug 310797 1104 0 0
Sep 213676 1104 231 20
Oct 63588 1104 50859( 1903
Nov 16933 1104 144400 1903
Dec 12203 158 3266329 1903

1,449,148 1,104 1,609,809

Tons 314 Tons

EFLH 1,313 EFLH

2024 Top Jobs



Loop Installation — 555 Greenwich New York - December 2020

2024 Top Jobs

Energy Foundation solution delivered with..

« No schedule impact

« No excavated material removed

 No modification to foundation design

 No additional reinforcement

 Minimal additional cost compared to
other geo solutions

System will deliver 30 - 40% of the buildings
heating and cooling requirements possibly
much more!



Ensuring Quality At Every Stage Is Essential



Loop Installation into Pile 40 at Greenwich site

Protection to
loops in pile trim
zone

QA/QC Flow & Pressure test

Loops equally spaced
around circumference

2024 Top Jobs






Energy Pile to Pile Cap - Flow Test Pressure Test Each Key Stage

2024 Top Jobs



Energy pile to sub- manifold

2024 Top Jobs

Utilizing pile caps and structural
beams to run geo-loops to sub
manifolds means no additional
excavation and backfiling of
trenches.

Good coordination with
contractors ensures no
schedule impacts.

Each additional stage finishes
with flow test and pressure
being locked into confirm and
verify system integrity




Completed basement — Reverse returns & sub manifolds in progress

OO

/

Each geo loop fitted with pressure gauges to verify system until next stage

2024 Top Jobs



Completed basement — Reverse returns & sub manifolds in progress

Sub Manifolds enable 100% resilience — If 1 Energy Pile falils it can be isolated

O

2024 Top Jobs



Completed basement — Reverse returns & sub manifolds in progress

o

Removable flooring being installed

2024 Top Jobs



Main Manifold Flushing & Purging Undertaken

Purging & flushing to remove air
and debris in loops

Cr S

2024 Top Jobs



Main manifold completed & insulated

: )

June 2021 2024 Top Jobs

June 2023

47



Rooftop Ground and Air-Source Heat Pumps

Multistack Roof top heat pumps operate in either ASHP, GSHP or simultaneous mode saving

rooftop space and providing system resilience.
GSHP Delivers 40% of the Buildings Heating and Cooling ASHP makes up remaining heating and

cooling load

2024 Top Jobs



Financial Benefits

2024 Top Jobs



Benefits of an Energy Foundation solution

Financial & Schedule

1. Zero schedule impact related to

« NoO additional excavation works associated
with drilling

 No additional trenching operations required

 No additional driling equipment on an
already congested site

2. Minimal cost addition to foundation works as
 Foundation design remains unchanged

 Geo Loops installed within structural floors
and beams

« NoO additional excavated material removed
from site

3. Geo loop damage - Nil as concrete protects
loops

2024 Top Jobs



Greenwich
Office Building,
New York, NY

Designing & Building for the future!

Long Term Manhagement & System
Optimization



Monitoring & Controls System Installed — With The support of NYSERDA

Pile 4A & 10C - 20VW & 14 Temperature sensors (Pile 10C Conductivity test pile)
Pile 6 Mini — 14VW sensors

Instrumentation positioned at 2, 5, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 95, 98 ft
below pile cut off

2024 Top Jobs



Conductivity Testing — Energy piles

Undisturbed Formation
Temperature —

Approx. 66.6-73.0°F

2024 Top Jobs

Higher than expected ground
temperatures noted during conductivity
testing demonstrate depth of NYC’s
“urban heat island” effect

Test duration 114 hours




Long term monitoring and system controls

2024 Top Jobs

Predictive control system

Determines most economic
means of delivering heating
and cooling to building

GSHP V ASHP

Record & adapt system to meet
true building energy model

Enables system optimisation



View of Monitoring System at 561 Greenwich — October 2023

Controls system enables

Verification of design heating and
cooling loads

Ground loop and system are
maintained within design parameters
Management of thermal battery
Long term performance monitoring
System optimization

Thermal Battery
40F target - summertime
90F target - wintertime

2024 Top Jobs




View of Monitoring System at 555 Greenwich - February 2024

Wintertime goal is to allow ground loop temperatures to cool down to enable efficient summertime cooling

Reported Outside Air Temperature 24.7F

Ground loop temperature 54.4F

One of the coldest days of the year! An ASHP delivering
heating to the building would be using twice as much
electrical energy as the GS solution connected to energy
foundations

GSHP 55°F =5.7

ASHP 20°F =2.9

2024 Top Jobs



View of Monitoring System at 555 Greenwich — April 30 2024

Control algorithms use simultaneous heat pumps for energy
efficiency — Heat from cooling being used to deliver heating
needs

Reported COP’s Outside Air Temperature 61F

- HT Cooling Only COP (OA @ 61F): 6.5

- LT Cooling Only COP (OA @ 61F): 5.0

- LT Heating COP from Simultaneous Heating/Cooling: 9.4

2024 Top Jobs




View of Monitoring System at 555 Greenwich - July 8 2024

Summertime goal is to allow ground loop temperatures to warm up to enable efficient wintertime heating

Recorded COP’s Outside Air Temperature 96F

One of the Hottest days of the year and the GS solution using
energy foundations delivers cooling with 35 - 40% less electricity
- HT Cooling Only COP (GS@ 82F): 6.5 GSHP

- HT Cooling Only COP (OAT @ 96F): 3.7 ASHP

- LT Cooling Only COP (GS@ 82F): 4.5 GSHP

- LT Cooling Only COP (OAT @ 96F): 2.9 ASHP

2024 Top Jobs



Key Findings to date

First year data gathering ongoing — Actual vs. Design energy model being assessed

e Designh Energy Model — Very conservative compared to actual — possibly due to
occupation of building currently not being at capacity

» Algorithms working well in terms of heat pump mode selection and OpEx

 Energy foundations (thermal battery) performing as expected
 Geo loop temperature reached 45-50°F before summer season cooling started
 Geo loop temperature currently at 85-90°F being primed for winter season..

e Quality data being recorded to compare actual building model with design and
enable performance enhancement over next few years

2024 Top Jobs



With NYSERDA support - Data from temperature and strain instrumentation Is
being used for education and improving knowledge on energy foundation
performance when being heated and cooled

& f”\
o

n UNIVERSITY OF LEEDS VISR | Civil, Architectural and
S&T Environmental Engineering

Northwestern

2024 Top Jobs



Initial Monitoring Results — Caisson with Geothermal Loop

WITH GEOLOOP NO GEOLOOP

CAISSON #4A: Percent Change In Strain and Temperature vs. Time
(Depth = 30 ft)

20% % Ground Heats up Ground Cools down
Startupof | | w (Cooling Mode — (Heating Mode —
L% Mech. Syster Heat Absorption) Heat Extraction)

~
o

D
o

With GEOLOQOP

S Bes ot Percent change in strain ranges from about -
2= T 1.64% to +0.65%, indicating a very small
% 37 g expansion and contraction of the pile is
| : occurring during thermal cycles.
@Q"’ Q\;ﬁ’ p P v&’{:’ @j’ x*‘;?} & v&ﬁ’ %&’f’ O&C’% b2 o v \Q“ wa‘@ > ng?‘@{»“ \y:»”‘
©4A-SG06-%AStrain ~ ®4A-SG06_Temperature N O GE O |_ O OP
CAISSON #4A: Percent Change in Strain and Temperature vs. Time . .
0 (Depth =75 ft) Percent change in strain range from about -
Startup of 0.87% to +0.16%, indicating a very small
1.5% Mech. System 8 . . . .
] ) expansion and contraction of the pile is
3 o occurring during thermal cycles.
- Conclusion
. Very minimal effect of about a 0.5% to 1%
change (+/-) in strain from a geothermal loop

o

T T T S ST TP S S S

SRS IC R SR observed when comparing caissons with and

Date

©4A-5G15-%AStrain ~ ®4A-SG15_Temperature Wit h O u t G E O | O O pS .
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Energy Foundation Solution Key Takeaways

Energy Foundations

1)

2)

3)
4)
5)

6)
7)

Eliminate additional spoils removal from drilling and trenching compared to
conventional boreholes especially on highly contaminated sites

Larger diameter foundation elements reduce spoils and allow for geothermal
loops to be placed more easily

Can be installed with minimal to zero impact on construction schedule
Provide significant cost benefits

Over 50ft to 60 ft can be considered for geothermal foundations. The deeper
the better for energy capacity

Full time field oversight of geothermal energy foundations is highly critical

No major impacts noted to stress/strain behavior of foundation elements with
geothermal loops

As with all Geo Systems

1)
2)

Evaluate geothermal early in design process

Control, monitor and maintain ground loop once operational

A closing thought - is it time for some new building code leqislation?

2024 Top Jobs



endurant =

Thank you!

Tony Amis, MSc
Senior VP & Geothermal Subject Matter Expert
tamis@endurant.com
(312) 877-0021



mailto:tamis@endurant.com

Nation’s First Utility -Run Thermal Energy Network

2024 Top'Jobs



FRAMINGHAM, MA

Introduction

The Background:
e Diverse community with varied heating sources
e Natural gas, electric resistance, delivered oll
« SFH and MFHs lack centralized cooling sources
e Rely on electric window units

e Current and future energy affordability and carbon
emissions are major concerns

s
CELSIUS

ENERGY

The Need:
 Demonstrate New England’s vision of a clean energy future
e Customer acceptance (comfort & satisfaction)

* Environmental benefits (decarbonization)

Cost savings (energy consumption & efficiency)

Installation & operating costs

Alignment with existing public utility workforce

The first utilityoperated geothermal

network in the U.S- providing a
sustainable heating and cooling solution.

2024 Top Jobs
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FRAMINGHAM, MA

The Project

Network Geothermal Solution:
e 1-mile ambient loop
e 37 buildings
o 140 utility customers

« 3 GeothermalBorefields(90 bores):

 Normandy Rd (35)
* Fire Station (33)
 Rose Kennedy (20)

e 1 Central Pumping station
 Normandy Rd.

2024 Top Jobs

SLB-Private

CELSIUS

ENERGY




as
CELSIUS

ENERGY

EVERSSURCE

Project
Collaborators

2024 Top Jobs
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The Challenge

1. Construct theborefieldsnow!
2. Keep the sites clean, tight, and safe
3. Enable parking access during construction

4. Same or better thermal capacity

5. Same or reduced cost

2024 Top Jobs

SLB-Private

CELSIUS

ENERGY




The Solution

Vertical grid + Celsius Energy’snclined pyramid:

1. Two (2)stationary drill platforms at north & south
extensions of parking lot

2. Design of inclined pyramid feaame or better
thermal capacity (35 bores)

3. Well trajectory control & as-built measurements to
verify thermal performance

D l 4. Perimeter fencing around drilling zones

5. Diverters and surface tanks f@omplete capture of
drilling spoils

2024 Top Joos

SLB-Private



- y
The Solution s

Vertical grid + Celsius Energy’snclined pyramid:

2024 Top Jobs

SLB-Private



_ |
The Benefits ceLSIUs

Approval fromMassBayCC to construct during school term

Stationary drilling zones on drill platforms (no mob)
Safety perimeters (fencing) around drilling zones
Complete capture of drilling spoils for discharge é&hafil

2/3 of parking lot available during construction

Modeled and verified w/ CDM Smiteq¢R)
Verified thermal capacity w/ dmiilt measurements

-74% In surface piping & related groundwork
*-90% In permanent site impact (4 parking spaces)
* 0% collision rate on pyramid bores

2024 Top J @l




Beyond theBorefields... CELSUS

ENVIRONMENTAL IMPACT COMMUNITY IMPACT

~60% carbon emissions Geothermal for “environmental justice”
community

SCALABILITY

Reduce cost per building conversion

Reduces reliance on fossil fuels

Potential expansion to other
neighborhoods & cities

Utility workforce/skillset transfer

Aligns with Massachusetts’ carbdree
future goals Comfortable, affordable, equitable HVAC
for all

2024 Top Jobs

SLB-Private



Thank You

JOHNNY FRY
U.S. Country Manager

www.celsiusenergy.com

WWW.eversource.com

2024 Top Jobs

SLB-Private

EVERS=URCE

ERIC BOSWORTH

Manager— Clean Technologies
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