*ﬂ NY-GEO 2024
- October 22 -23 | BROOKLYN, NY

Feasibility Studies: Approaches & Tools

Scott Thompson/ Climate Control Group

&
Tim Ashmore / CDM Smith

DESIGN TRACK « DAY 1 « 2:45 PM



‘a NY-GEO 2024
- October 22 -23 | BROOKLYN, NY

Feasibility Studies: Approaches & Tools

Scott Thompson/ Climate Control Group

DESIGN TRACK « DAY 1 « 2:45 PM



Geothermal Feasibility Tools

Presenter:
Scott Thompson
Climate Control Group

NY Geo 2024 Conference




About Your Presenter

Scott Thompson

Regional Sales Engineer, CCG

Throughout his career, Scott has remaine
active in the HVAC and geothermal
industries through equipment sales,
application and engineering.

10+ years of commercial HVAC experience with
a focus on renewables and geothermal heat
pumps

Graduate from the University of Oklahoma
School of Engineering. Boomer Sooner!

Current focus is education and utilization of
geothermal technologies and tax incentives.



LET'S DISCUSS FEASIBILITY

FEASIBILITY

Client Desires a GeoExchange System

The Building Mechanical System Site & Geology

> Energy Cost Construction Cost Integrated
8 Design Process
CONFIRMATION Test Drill / Excavation TC Test

DESIGN

Hybrid Options

y

( Specs & Drawings ) ( :
Design

Conventional
HVAC system if
capital cost is too
high or site
unsuited for Geo

IMPLEMENTATION  (__ Constructionaa/ac )

SPERAT N

Operator Training




Feasibility Tools

« System operating and lifecycle costs
« Geo vs alternative systems — BEST software
« Energy efficiency and lifecycle cost

 Initial Cost
e Incentives and tax credits — Geo Economics Calculator

* IRA geo taxincentives

« Alternative Geo Application
« Hybrid geo system — HyGCHP Tool
« Balancing inifial and long-term costs




System Comparison

i
« BEST - Building Efficiency System Tool E m

g building efficiency system tool™

» Developed by the Hydronic Industry Alliance A
Downloa

 Intferactive commercial building HVAC system
efficiency comparison application

*https://www.tacocomfort.com/software/best-building-efficiency-systems-tool/



System Comparison - BEST

| EnergyCosts |

File View Edit Help
DzE&
Proect | Syem1 | Syem2 | Symem3 | Sysems | Overview
 Project
Project: |NYGEO Headguarters
Location: |Brooklyn,NY

Engineer. IBESI' Engineering

Date: 10/22/24

~Nearest Climatological Data Location

Country:  |United States

state: [N ~| O [NEW YORKLAGUARDIA ARPT |
~ Building Size

Length: [7100 () FioorHeight | 10 (M) Perimeterwidth: | 15 ()

Width: 100 (f) NumberofFloors: | 10 Tntamm:| 100000 (%)
—Heat Loss

(" Enter Total { Enter BreakDown

[ Zizse0
]
[0
[z

Total Heat Loss:
Heat Loss / Area:
Ventilation Loss:

EnvelopeHeatLoss:

-----Heat Loss / Area--—-
¥ Use Default " User Input
(BtuH)
(BtuH/ft*)
(BtuH)
(BtuH)

Monthly Energy Costs |

ey

oy building efficiency system tool™

Lfe Cycle Costs |

DEER

—Energy Costs
Appliesto: |AII Systems vI — Wizards
Electricity Demand: I .00 SiKw Simple
Electricity Consumpfion: 1944 SKwHr Get Building Types
Fossil Fuel Ol | 5.32 siGal by
State /
_ Advanced
Fossil Fuel Natural Gas: 1.00 STherm Prov Systems
Fossil Fuel Propane I N S/Gal
—Heat Gain
- Heat Gain/ Area -----
" Enter Total (" EnterBreakdown ¥ Use Default " User Input
Total Heat Gain: 2888000 (BtuH) People Heat Gain: I 200000 (BtuH)
Heat Gain / Area: | 289 LightHeat Gain: | €80000 (BtuH)
Ventilation Sensible Gain: | 243600 (BtuH) Equipment Heat Gain: | 340000 (BtuH)
Ventilation Latent Gain: 346545 (BtuH) Envelope Heat Gain: | 1075855




System Comparison - BEST

~ Nearest Climatological Data Location

» Preloaded with ARI data for all 50 i === &
states State: NY  w| % NEW YORK LAGUARDIA ARPT |
— Building Size
. T . Length: [7100 (R) FioorHeight [ 10 (!) Perimeterwidtn: [ 15 ()
« Customizable BUlldlﬂg D@Slgﬂ Width:  [T100 () NumberofFioors: | 10  Total Area: | 100000 (f)

—Energy Costs
foplimbo: A S - Regularly updated energy cost
e for each state
Electricity Consumpfiion: 1944 S/KwHr R(::;
Fossil Fuel Oil: 532  SiGal Stl;:er
FossilFuelNatural Gas: | 100 STherm  Prov » Reliable financial estimate
Fossil Fuel Propane 3.7 S/Gal




System Comparison - BEST

System Description: |WSHP Closed Loop Geothermal

Monthly Energy Cost

= Heating Pump & Fan Elec = Heat Flectric = Heat Fossil
= Cooling Pump & Fan Elec = Cool Electric = Cool Fossil

~ Total Annual Energy Cost

Electrical Consumption:
Electrical Consumption Cost
Electrical Demand Cost
Total Electrical Cost

Fossil Fuel Consumption:
Fossil Fuel Cost

Total Energy Cost

Domestic Hot Water

~ System Performance

Pump & Fan Distribution HP
System BEER




System Comparison - BEST

Total System Life Cycle Cost

$10,000,000

$8,000,000

O $6,000,000
°

$4,000,000

$2,000,000

$0

System 1
= Replacement  © Maintenance @ Energy

System2 System3  System 4

= First Cost

— System Description
System 1: WSHP Closed Loop Geothermal

System 2: WSHP Boiler/Tower

System 3: VAV, Hot Water Heating, Chilled Water Cooling, Air Cooled Chiller, 4 Pipe
System 4. VRF, Air To Air

Total HVAC System Energy Cost

$200,000

$100,000

(§) 180D

$0

System 1 System 2

System3 System 4

& Heat Electric @ Heat Fossil
= Cool Electric = Cool Fossil

\

= Heating Pump & Fan Elec
= Cooling Pump & Fan Elec




System Comparison - BEST

Cooling ~Total Annual HVAC Energy Cost
System 1 System 2 System 3 System 4
';:,"'f,f Elm F“;;Oi F"G’;'l'{if‘ m&:(s) Total (5) Electrical Consumpfion: [ s2704s | 4se002 [ 39295 | 1739308  KwHr
0 0 . Electrical ConsumptionCost |  g5195 | 6779 | 48609 | 215152 §
0 . i Electrical Demand Cost | o | o | o | o s
0 0 0
: . 3 Total Electrical Cost | es195 | s6779 | 48609 | 215152 S
0 0 0 Fuel Consumption Oi: | 0 | 0 | 0 | 0 Therm
0 0 0 Fuel Consumption Natural Gas: 0 | | 64427 | 0 Gal
E E E Fuel Consumption Propane | 0 ] | 0 | 0 Gal
3 > 0 Fossil Fuel Cost | | | 108430 | 0 S
0 0 0 Total Cost: | 65195 | | 157038 | 215152 S
E E E Savings for System 1: I [ | 91844 | 149957 5
0 0 0




Key Takeaways

« Powerful tool, but easy to use
« “Wizard” style easy selection or fully customizable
* Preloaded data for over 30 different systems
 The price is right!
* No upfront cost or licensing fees
* Big thanks to the Hydronic Industry Alliance

 Full system comparison reports
« Energy cost and consumption data
« Compare total system lifecycle costs
« Geo is the clear winner




Initial Cost %-

CLIMATEMASTER

A NIBE GROUP MEMBER

« Geo Economics Calculator

* Developed by ClimateMaster and Comfortworks
Download He

« Compare the upfront economics of Geothermal
vs traditional HVAC systems

« Take advantage of all the geo incentives
availablel

https://www.climatemaster.com/commercial/tax-credit



Federal GEO Incentives

CLIMATEMASTER

IRA 2023

COMMERCIAL GEOTHERMAL
Tax Guide 2023

See the Economics o0
Geothermal Savings Ver
\ Traditional HVAC!

Geothermal is now on renewabl
credits equal to wind and solar

This is not product or brand specifi
10 Year 30% Credit through 2032
10% Domestic Content

Direct IRS Pay for NFP & Govt Bldgs

179D increases from $1.80 to $5.



EfrFaEd TSR haned o CLire O
Tl i ary estimating food conde Gk Mere Ao Sisedsdmen, Terms & Cevditians

Project Mame:|Example Office Building CIJMATEMASM
Corditioned Area{sq ®:[_____ 50,000 | Vertical Marke| Office State:| Oklahoma |

=q ft per ton: i AT mer (o 5 fgriareoks o ST A covmnmenca Soiialings Manisdas e ey e e RS Sees S gme St dalties daiimg aedmig Assd S

Calculated HVAC Tons: EBrief Description: | i.e. 3 Story Structure | Business Type:l Pass-through Entities J
Geothermal Costs Conventional Costs
Geothermal HYAC Cnst per=q ft Conventional HVAC CDst per=q ft

$12,800 per ton 48,800 per ton
% 1,600,000 |Total Geothermal HWAC Cast

LRercrithe o TeciernTial SyeT |

Installation Comparison
(51100000 ol Comenors HVAC Cox Traditional HYAC ~ $1,700,00

i.e. 30 EER geothermal heat pumps LR o R Y e | i.e. Rooftop single-duct VAW with electric terminal reheat

0

Additional Cost: $ 500,000

Utility Rebate* 3 (25,000)
Net Additional Cost: $ 475,000 per ton estimate of utility geo rebate Pl Moo hasedcusegion andincentives. sl ot deal nesgeqsam srecislt o it Geothermal S 2 , 200, 00

Crther Installation Costs*™: $ 125,000 |portion of electrical, plumbing and GC fees related to HVAC system (for either system) Tie T G POt EREnEmee A O QUETES (G ESIITISVE RIS mumder Geot h e r T T al Savi n gs

Income Tax Rate: Corporate / Federal State B i IASIESE (RRe 20 SSE L abie B it Tt s T
Energy Credit: Domestic Content Credit: Energy Community Credit T Chencne SEinaiie crealt rate 3 wmeker A9 Guisiedines .
Energy Inflation: Tire FREE st Sgrieaily Aol ST S SENOR Eerer Sty Aetreen I8 e 8 E:::] IRA Tax Credlt S 8 60, 000
Savings per =q fL in energy and maintenance Fipe £ earm oo Mhe eymeriemee o pour e d AN mrofension sl 1o eslimale W Fanings o8 aternative Spslems
Arnual CostSavings|  $ 37500  calculated PrDjE:tCDmpIEﬁDnYear Project Completion QuarterlIl °
GED DEPREC ALLOWANCE GEO DEFREC DEDUCTION GED TAX SAVINGS ™ GEO CASH FLOW CONV CASH FLOW GEO NET CASH FLOW Sav] ngs per Sq Ft L4 75
Special ___5 Yr MACRS Special __5 Yr MACRS ax Cr __Depreciation t T 8 IV a Jed ax 5 gs Annual __Cumulative
2023 BO% ! 15.00% % 1,020,000 i § 38250 § BS000D: § 355572 % (475,000) § 1,205,572 | § 9375 3 : £ 10,554 § 729393 § 729393
2024 : 34.00% i% Ba7OD % 2931 g 29,131 § 39375 ¢ 34w0i  § 10554 § 579521 & 787348 ° °
2025 i 2040% i § 52,020 P8 1747 is 17479 5 41,344 § 3:awi  § 10554 § 482690 § 8350814 Geo Cu mu lat]ve SaV'l ngs
2026 Po1z24% § 31,212 ios 0ae7 is 10487 5 43411} § 340f § 10,554 § 4334} § B7B958
2027 11.30% $ 28815 % 9,682 i 9,662 | % 45581 & 340 % 10,554 5 44709 $ 923668
2028 : 7.08% $ 16,003 § 6,049 s eoazl  § a7TEel § 3:40f  § 10554 $§ 433561 4 967024 Year 1 S 78 7, 3 46
2029 : ! i § so2s4i § 3I4w0i § 10554| § 39000 & 1006723
2030 5 527661 s 340i & 10554 | 8 4zzizi 5 104893
2031 § 55405 $ 34w0i § 10554 §  44851) § 1093767 Year 5 S 967 024
2032 : : § 581751 § :M0f § 10554 § 478211 1141408 ’
2033 i i i : P8 61,084 $ 31410 $ 10,554 $§ 50530} § 1,191,937
ComventonalHUE oy e ool kbl oy 3331 21 e i cpeemt oo vt o e o i fepeacain alos ance Simple Payback Years: ’ Year 10 $1,191,93
Analysis assumes a mid-quarter depreciation convention based on the substantial completion quarter Internal Rate of Return: infinite
Tax credits may be caried back up to 3 vears for credits arising in tax vears beginning after 1213122 7
Tax credits maw be ransferred [generally sold at some discount] to an unrelated party beginning in 2023
Energy creditlmited to 1034 and domestic content and energy community tax credits are not available for projects placed in service before 1 23




Lireated ST haned ooy curent garts
Tl f ar entamating food ooy ok Mere Aow Dlinciaimer, Fenms & Comditions %

Project Name:[Catholic Charities cmm

Conditioned Area (sq ft): Vertical Market: | Aerospace State: | Oklahoma |
sqftpertom| 300 | T 4fsg s mer don s o (yninalveie o Shumd Ao commercisl Buiidings. Variaties phar eSfect this inartick grass ares and tyne, inslsticn wabies, fahting and i e ec
Calculated HVAC Tons: Brief Description: | i.e. 3 Story Structure | Business Type:l Non-Taxable Entities |
Geothermal Costs L Conventional Costs . .
Geothermal HVAC Custpersqﬂ Conventional HWVAC Custpersqﬂ Installat]on Comparl Son
per ton 54,501 per ton
& 737,120 |Total Geothermal HVAC Cost $ 508,640 |Total Conventional HVAC Cost Traditional HVAC $84 5 1 70
LRt L (RECT TRl S T | i.e. 30 EER gecthermal heat pumps Liesithe o Comemticinal A A St | i.e. Rooftop single-duct VAW with electric terminal reheat 4
Additional Cost: 3 228,480
Utiity Rebats* S (16.950) Geothermal $1,073,65
Net Additional Cost. S 211,530 per ton estimate of utiity geo rebate T Vianies based o reqion vl ieentives Camsul e sl ERergy EragraT SPeCIS Aor insight 0
Other Installation Costs*: portion of electrical, plumbing and GC fees related to HWAC system (for either system) T T 7 L ENREREnCE A OO FUGIES I ERHITrtE S mumber

:

Income Tax Rate: Corporate / Federal State Baced cn businens fgee snd siate tabie fx gt Dats Tab G e ot h e r m a l S av n gs
Energy Cred'rt:II| Domestic Content Cred'rt:II| Energy Community Cred'rt:l 0% : T Choee anlimalvie credlt rate 5 under 459 Guisednes

Energy Inflation: T This numbher (el Sl eacmamic indstion tends. (Generall beteen £ (o 8% I RA Tax R eb at e S O
Savings per sq ft in energy and maintenance T & e S e ERRENEREE CF PO St ed I R e ninmal io ERiTate SIS SaRGE 1 altemalive Syslems
Annual Cost Savings calculated Project Completion Year Project Completion Qu arterlIl
GEO DEPREC ALLOWANCE GED TAX SAVINGS ™" C 1 GEQ NET CA DA 3
YEAR 5 ial 5EYr MACRS a 5 V1A a s depr tion A a =2pr D W Annual Cumulative Savll ngs per Sq Ft 1 ‘OO
2023 5 ! ' 5 - 5 - 5 (211530) § = § 85000 S (203,030 s - 5 - 5 (203,030) 5 (203,030)
2024 i s - 3 - is - s 35020 5 35020 g - [ J s 350200 5 (168010)
2025 0.00% ] - ] = %] - § 36071 $ 3607 5 - 5 = § 360711 § (131939) ° °
2026 : 0.00% 5 - 5 - ‘s - s 3Tis3i 5 37153 s - s - S 37531 5 (84787) Geo Cu mu latlve SaVI ngs
2027 i 0.00% s - s - is - s 38267 § 38267 s - s - s 38267 5 (56519)
2028 0.00% s - s - is - S 39415 3 39415 s - s - s 3415 3 (17104)
2029 : i $ 40508: § 40508 s - s - $ 40508: 5 23404 Year' 1 (5168’010
2030 s 418161 5 41816 5 - s - 5 41,818} $ 65309
2031 $ 43070 5 43,070 s - | T S 43070% 5 108,380 )
2032 s 4362 5 4362 s - s - s 4s382) 5 152742
2033 i i H § 45693 5 45693 3 = b = § 45693 ¢ 5 198435
Geothermal HYAL systems are classified as "Energy Property” which are eligible for 5 ur MACE deprecistion and a special depreciation allow ance simple Payback Years: 54 Yea r 5 ( $ 3 7 » 04 )
Corwentional HWAC sustems are generally only eligible far 33 ur (27, 5 ur residential] straightline depreciation under tax code with no special depreciation allow ance
Analyzis assumes a mid-quarter depreciation convention based on the substantial completion quarter Internal Rate of Return: 14%
Tax credits may be caried back up to 3 wears for credits arising in tas years beginning after 1203122
Tan credits ma: be transferred [ge?'lera": sold at some discoust] ko anyunrelategd parti beginning in 2023 Yea r 1 o $ 1 9 8 ’ 4 3 5
Erergy credit limited to 1022 and dome stic content and energ-y community tax credits are not available for projects placed in service before 1 23




drdlated ARET haned cor cLient St
e i s estimating oo comly ok Mere for Diieciaimen, Tenmes & Comaltions

Project Name:lCathoIic Charities |

Conh_pba avea (sq e[ 34000

CLIMATEMASTER

Oklahoma |

Vertical Market: | Aerospace State:|

sqftperton:| 300 | 7 msgimer romis s sgnicatn of thumb o eomimercis bultings Varishies that eXEct thE inclict QIR a6 S e, IrSStinn aRes, Sabting snd i ioad et

Calculated HVAC Tons:

Brief Description: | i.e. 3 Story Structure | Business Type:| Non-Taxable Entities |

Conventional Costs

Conventional HVAC Cost $14.96 persq ft
24,501 per ton
3 508,640 [Total Conventional HVAC Cost

Tiescribe g Canventionsl 10 Susterm |

Geothermal Costs

Geothermal HVAC Cost|___$2168 __|persa
per ton
§ 737120 |Total Geothermal HVAC Cost

e o CREChERTIS S ET | i.e. 30 EER geothermal heat pumps

i.e. Rooftop single-duct WAV with electric terminal reheat

Additional Cost: $ 228,480
Utility Rebate* & (16,950)
MNet Additional Cost: § 211,530

Fire Martes hased oo reqion and inoemtives, Emalt pour ARca Emen o s Sreci it for dneiati

per ton estimate of utilty geo rebate

Other Installation Costs™: portion of electrical, plumbing and GC fees related to HWVAC system (for either system) T ey O O ERREHERCE OO UGS G ERTRENE (R muTiier

Income Tax Rate: |I| Corporate / Federal State B 0T SUSITESS (e RF State falvie i dgnur Date Tat
Energy Credit: Il Domestic Content Credit: Energy Community Credit: T e grplealde credlt rate 5 wnder 45 Guiedives
Energy Inflation: T T e tyricaiy fodios trems (Feneraly d Ficyloticy

T £ e cur e epmenianee o powr dresed S praienmiamal o ERtiTate WIS SRR T SNERTate SISETT

Project Completion Year

Savings per sq ﬂ in energy and maintenance
Annual Cost Savings 3 34,000 calculated

GED DEPREC ALLOWANCE GED DEPREC DEDUCTION
YEAR 5 ial 5Y¥r MACRS Special 5Yr ME

Project Completion Qu arterII|

GEO NET CASH FLOW

GEO TAX SAVINGS™ ™"

Annual Cumulative

- 5 (211,530)

tion I

2023 I 5 5 422585 5 2,500 5 219,555 5 - 5 = 5 219,555 5 219555
2024 0.00% 3 - E] - E] - $ 35,020 ¥ 35,020 3 - E] - ¥ 35,020 ¥ 254,575
2025 0.00% 5 - 5 = H] - 3 3607 £ 36071 5 - 5 = § 36,071 5 290646
2026 0.00% [ J s - s - T 37153 £ 37,153 s - s - s 37,153 5 327,798
2027 0.00% 5 - 5 = 5 - 3 38267 ¥ 38267 5 - 5 = § 38267 5 366,066
2028 0.00% 5 - s - s - 5 38415 s 39,415 5 - s - s 39,415 $ 405481
2029 $ 40,588 $ 40,596 3 = 3 = ¥ 40,598 3 446,079
2030 3 41818 3 4188 5 - 5 - 3 4138 3 4872854
2031 s 43070 s 43070 s - 5 - s 43,070 5 530,985
2032 5 44382 5 44382 1] - 5 - § 44382 5 575327
2033 $ 45693 S 45693 $ - s - $ 45693 S 621,020

Geothermal HVAC systems are classified az "Energy Property” which are eligible for 5 yr MACR depreciation and a special depreciation allow ance .

Conventional H‘\.I'F\Cysystems are generally only elisisl;le foF: 33ny [27.5wr resijential] striightline desreciation under t:u code wFi‘th no special depreciation allow ance Simple Payback Years: 0

Analysiz assumes a mid-quarter depreciation convention based on the substantial completion quarter Internal Rate of Return: infinite

Tax credits may be carried back up ta 3 years for credits arising in tas vears beginning after 12¢31122

Taw credits may be transferred [generally sold at some discount] to an unrelated party beginning in 2023

Erwergy credit limited to 105 and domestic content and energy community tax credits are not available for projects placed in semvice before W 23

Installation Comparison

Traditional HVAC $845,170

$1,073,65
0

Geothermal

Geothermal Savings

IRA Tax Rebate $422,585

Savings per Sq Ft 1.00

Geo Cumulative Savings
$254,575

Year 1
Year 5 $366,066

Year 10 $621,020



Key Takeaways

- Take advantage of the incentives!
« Up to 50% installed cost of the entire system
« Non-taxable entities are now eligible

« Geo is no longer the higher upfront cost
» Less expensive than traditionally “low cost”
alternatives
- We're here to help
« Contact ClimateMaster directly

« Contact one of our local manufacturer
representatives




Alternative Geo -3 slipstream

« HyGCHP - Hybrid Ground-Coupled Heat Pumps

. Developed by UW Madison and Energy Center of Wi Download He

« Compare upfront and lifecycle costs of Hybrid vs
Traditional Geo systems

https://slipstreaminc.org/tools/hygchp-modeling-tool



HYBRID GROUND LOOPS

Cooling tower or dry cooler rejects excess
system heat during peak cooling demang

« Strategic ground loop design

 Provides heat of extraction needed 10
handle entire heating load

* Provides heat of rejection option for
cooling load design optimization

« Opftimal for use with the IRA Tax Credit
program. 50% of heating must be by
geothermal




Alternative Geo

Pros: ’ _
Select Project
* CUSTOITNZO ble eq Ul pmeﬂT Hybrid Ground Coupled Heat Pumps
i N p U '|' S Energy Center of Wisconsin
Uw/-Madison Solar Energy Lab
° C U S'I'O a8 IZCI b | e |O O p | N p U 'I'S 1. Conventional water source: boiler and cooling tower
2. Conventional water source: boiler and dry fluid cooler
« Simulates 20 year lifecycle 4 Hybrid: ground hoat cxchanger and cooling tower
. 5: H;brid; glound heat exchangel and couling tower, tower downstream
C OSTS fOI’ com pO NOlf 6. Hybrid: ground heat exchanger and cooling tower, tower EWT ctil
7. Hybnd: ground heat exchanger and dry fluid cooler
8. Hybrid, heating dominant: ground heat exchanger and boiler
CO ns. «/ OK I X Cancel | ? Help |

* Only has loaded ARI data for
three cities

« Only compares with
condenser water or traditional
geo systems




ﬁSpeciﬁc Case Results == |

|Speciﬁc Case Results - Hybrid

See hourly results in . /HyGCHP/Results (Press F1 for other info about results)
Select Primary or Secondary units from the Calculate menu to change results' units.

20-yr. Life Cycle Cost* (real $) 714.79 k$

Equipment Cost (nominal $)

Total 320.84 k$

GHX cost 258.75

%

Operating Costs (nominal $)

Electricity - consumption 42356 k$
Electricity - demand 51.44 k$
Maintenance cost 12.67 k$
Water cost 22.03 k$
Gas cost 0.00 k$




Quiz Time!

« True or False, geothermal heat pump systems
have the lowest total lifecycle costs?

* Up to what % of the installed cost of a
geothermal system can qualify for IRA tax
creditse

« Does an organization need to pay taxes to take
advantage of the IRA tax incentives?

 What percentage of annual heat load must be
from geothermal for a hybrid system to qualify
for the IRA incentivese



“Geo exchange systems are the most energ
efficient, environmentally clean and cost-
effective space conditioning system available
today”

- United States Environmental Protection
Agency

_ ;7




Thank you

Scott Thompson

www.climatemaster.com

SThompson@climatemaster.com
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Approaches to Geothermal
Feasibility Studies
]

Tim Ashmore

October 2024



-
Learning Objectives

01 I Elements of a quality feasibility study

02 Differences between standalone building systems
and geothermal networks

03 I Important tools




FEL1 FEL2 FEL3

Feasibility Selection Definition ' Construction
Feasibility Selection Defining the Project Engineering Project
- Select Project o Documents Implementation
Permitting e,ﬁfpmg"c]ﬁc Finalize P&ID Solicit P
' : : ouci Purchase LLE
Feaibitiy Etedlen e Finalize Scope Stakeholder a
y Criteria Feedback Develop / Maintain
Cost/Schedule |dentify Equipment Perform Construction

Analysis and any Long Lead Engineering Obtain Permits Schedule




Project Purpose

Why is the Owner doing What 2-3 elements will
the project? make/break feasibility?

What end point creates
a smooth transition into
design?

How does geothermal fit

into its pro forma?




> C;(ngv] gpogglgarg\f(y?rgggotglon ElemenESEvaluate stakeholde
> i/raal:ea;; permitting pathway and establish _ Determine “offtake”
» Perform initial test fit — Consider conversion com
» Perform building energy model — Review potential for utilit
» Update borefield sizing infrastructure conflicts
> E;/:tlil:]ate tradeoffs of thermal conductivity _ Identi fy space for ener
g :
» Establish preliminary budget and schedule equipment
» ldentification of incentives — Evaluate environmental condi

Perform initial cost-benefit analysis



Framingham Pilot

K S PR Te

» One main and two recharge
borefields

- = TR = » Primarily Environmental Justice
LUGCCE s \e = Community

Area

e L= S > Mix of loads for system balancing

3

» 1+ mile of ambient loop piping

» Six outside stakeholders to
integrate

University Building
Residential Customer

Ambient Loop

Commercial Customer

Housing Authority

isiszisssd Borefield

33



Utility Network Geothermal: Finding
your starting point

Selecti
vy IoeS\

_ Connecting
with
@ HIE Stakeholders

Feasibility Education




Tools

& Library / Template Editors -
File View Options Window Help

Libraries '@ iV | Bl 90o@ms #6:E|& |

Global Templates 3

Export Custom Library

Exit

u Capacity !

Coolng tons 1.2193 KW fton

Heat Recoverny 14.4 Ibiion 0ms K fMbh

Iank!:hatﬁ_\g

Tuic.ﬁlu?"uthntm

| N Purnps Type

Prinasty chilled wstet Nons

Condenser water None

Heat recoven of aux condenser MHone

— Urdoading Curves

Primary Secomndany

Cusve type... Power consumed  |EQ1288L »| |AAHP Power Consumed Curve =l
(* Standad  Ambient modiication [EQ1288L - Amb Mod | [AAHP Ambient Rekef Curve ~]
" DODE Capacily I -;Il _:]




Tools

~Monmniy LO3g Laca

Update | L) ol “‘“‘a““-‘ E COOLING HEATING — Minimum EWT | Monthly Data
Total Peak Total e e nDay Monthly Hourly 70— —— Maximum EWT [— 1

_ancel |qpu) Ol ketuyhe) 2l (ketu) 2] (kBtw‘hr}J peston Day. fonth pesn ey

P 1804 34| | 2278697 Total Bore Length (ft): 200000.0 200000.0 - 200000.0 200000.0 -

February 41 q 3129 gum Borehole Number: 400 400 - 400 400 -

March 156 144 17 6573 | | Borehole Length (ft): 500.0 5000 - 500.0 500.0 - 60 -
April 85668 1953 112142(1 5266 | Ground Temperature Change (°F): -1.2 -- -- -1.2 - -

May EHEAES 363y |17 667369 3259 | peak Unt Inlet (=F): 762  68.6 - 362 300 - £

P 998451 6040 | 422179 1916 _ g

Peak Unit Outlet (°F): 856  74.2 - 30.8 246 - 2 w

July 1614522 6311 | 368986 1260 3
i 1297558 6270 | 349074 7770 | Total Unk Capacty (KBtu/Hr): 8832.0 63106 - 9974.7 99747 - 5

- ber | 718432 4630 | 394460 1852 | Peak Load (kBtu/Hr): 6310.6 63106 - 9974.7 9974.7 - =
October 296948 2696 52312q 3637 | Peak Demand (kW): 371.7 301.2 - 950.1 1063.2 -

e 12681 382 | 1321971 6508 | Heat Pump EER/COP: 182 227 - 3.2 2.8 - 40
December 4620 35 19'-"1595| TO56(| | system (Seasonal) EER/COP 17.0 122.4 - 3.1 3.6 -

Total: 54780300 | 3::&& 13388127 | lfm Avg. Annual Power (kWh): - 4.48E+4 - - 1.09E+6 -

Hours Howrs a
—— Equip. Flow Rate (gpm): 2208.0 1577.6 2493.7 2493.7 - %
30 gomfon  UtWet(R: | 904 | 354 System Flow Rate (gpm): 1577.6 1577.6 - 24937 24937 -
Caa




Decision Analysis Tool

Site 1 Site 3A
- . Criteria Metric . Weighted . . Weighted
Criteria and Metrics"* Weights? | Weights? 'get"c Metric Weighted Metric Metric
core Criteria Score Score
Score Score

Existing Electrical Territory 5% 100% 1 1 1 10 10

Viability for Future System Expansion 5% 100% 10 10 5 10 10

Customer Participation and Willingness 20% 6.7 13 5.85

Relative level of community interest in geothermal 10% 7 0.7 6 0.6

At least one government/municipal official has issued a letter of support

for the project 30% 10 3 7.5 2.25 0 0

At least one customer has issued a letter of support for the project 30% 0 0 5 1.5 0 0

At least one community organization has issued a letter of support

for the project 30% 10 3 5 1.5 0 0

Geological Conditions & Thermal Conductivity 20% 7 14 7.6 15 2.8 6
Depth to Bedrock 40% 7 2.8 7 2.8 3 1.2

Bedrock Conditions/Drillability 20% 10 2 10 2 3 0.6
Groundwater-Producing Formation(s) 20% 5 1 7 1.4 0 0

Overburden Type Drillability 10% 7 0.7 7 0.7 3 0.3

Thermal Conductivity 10% 5 0.5 7 0.7 7 0.7
Environmental Justice Impacts 10% 10 10 7.5 8 5 5
Presence on Site on GIS Mapping 100% 10 10 7.5 7.5 5 5

Right of Way (ROW) for Accessibility and Construction 20% 2.9 6 6.4 13 7.5 15
Borefield Work Area Accessibility 30% 0 0 5 1.5 10 3
Concentration of Utilities (Buried/Overhead) 20% 5 1 5 1 5 1

Buildings Adjoining or Separated 20% 0 0 10 2 10 2

Density of Pedestrian Usage 10% 5 0.5 5 0.5 0 0

Ease of Procuring Easement (if required) 10% 6 0.6 8 0.8 6 0.6

No. of Building Owners for Negotiation 10% 8 0.8 6 0.6 9 0.9

Building Loads 15% 1.5 2 10 15 0.5 1
Additional Land Area Required 50% 0 0 10 5 0 0

Load Size 50% 3 1.5 10 5 1 0.5
Environmental Impacts 5% 8 4 5.5 3 7 4
Proximity to Wetlands / Permitted Jurisdictions 40% 10 4 5 2 10 4

Proximity of Borefield Areas to Subsurface Environmental Contamination

(Federal/State Superfund or Brownfield Sites, etc.) 40% 5 2 5 2 5

Proximity to Classified Aquifers or Requlated Surface Water Bodies 10% 10 1 5 0.5 10 1

Proximity to Municipal / Private Drinking Water Supply Wells and/or

Associated Regulated Areas 10% 10 1 10 1
Notes: 1) Criteria are in bold, Metrics are in italics, 2) Green cells potentially
large cost impacts to project. Site Score 55 Site Score 36




Geological Conditions & Thermal Conductivity

Depth to Bedrock

Bedrock Conditions/Drillability

ted
ric
re

Weighted
Criteria
Score

Existing Electrical

Viability for Futur:

Customer Particip:

Groundwater-Producing Formation(s)

5

0

1

Relative level of c(

At least one goverl
for the project

Overburden Type Drillability

At least one custortrerTm

TCCCl U] SUpporc jor tre proje

At least one comn
for the project

Geological Condit]

nght of Way (ROW) for Accesélblllty and Construction

Depth to Bedrock

Bedrock Condition|

Groundwater-Prog

Borefield Work Area Accessibility

Overburden Type |

Thermal Conductiy

Environmental Ju

Concentration of Utilities (Buried/Overhead)

Presence on Site o

Right of Way (ROV

Borefield Work Ari

Buildin 19$ Adjommg or Separated

Concentration of Ceroreres

(Duricuar overr

Buildings Adjoinin

Density of Pedestr

Ease of Procuring |

Bmldlng Loads

No. of Building Ow

Building Loads

Additional Land Al

Additional Land Area Required

Load Size

Environmental Im

Proximity to Wetl

Load Size

Proximity of Boref

eld Areas l'O )UDSUF]’GC&’ environmentat Contamrnation | | I I

(Federal/State Su

Proximity to Clas:

Proximity to Muni

Environmental Impacts

Associated Regulc

Notes: 1) Criteria .
large cost impacts

Proximity to Wetlands / Permitted Jurisdictions

36




Learning Assessment

» How can the study phase set a project up for success?
» What areas of study are most important to a feasibility study?

» What additional areas of study are critical when considering geothermal as
part of a district or network?

» What materials will support the final decision-makers best?




Thank you

Tim Ashmore: ashmoret@cdmsmith.com, 617.452.6116



mailto:ashmoret@cdmsmith.com
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