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Outline

Outline for PPT:

1. Costs of Residential and Commercial Systems for Hi, Med, & Low temperatures
2. Limitations of Geothermal heat. Localized solutions using gas infrastructure

3. What are the possibilities of geothermal heating for industrial applications?
a) NZ has 18 geothermal plants. They want to reduce emissions. One plant is saving $8million per year from reduced emissions.
b) Use heat for wood panel drying, vegetable and horticultural pursuits.
c) 6X more transportation capable with LH2



Egg Geo’s part and a short history -

In the business since the 1930s; Authored two McGraw Hill Textbook on the subject

In Full Swing

Early Contracting Days § Now:
. Consulting & Education

y |
s 4
v a

MODERN GEOTHERMAL

ENGINEERING AND CONTROL APPLICATIONS

Theron “Jay” Egg

Copyright ©2024 Egg Geo LLC 3



A Passion for Sharing Knowledge

2990 e
g—e O education

Defining the Future of Geothermal

Plenary session at the 2022 GR Conference in Reno

Copyright ©2024 Egg Geo LLC



Validation
Consulting
Guidance
Education

Code Compliance
Program Writing
Technical Steering

Studies, Implementation, &
Water Conservation Efforts

Copyright ©2024 Egg Geo LLC 5



Geothermal Resources from Low-Temp to EGS

Nikkiso

GROUND MINE VOLCANO  HOTWATER  DISUSED HOT DRY
SERVICE WATER AQUIFER  OIL WELL ROCKS Green EnEW D

Hydrogen
Technology

9% 1

Nikkiso brings expertise Fueling
and experience in:
- Process Solutions
- Technology Integration G H 2 End Users & s
- Fabrication & Modularization HQO é;a:ews Fueling Solutions
- Equipment Manufacturing Water ydrogen
Gaseous
rogen
MAP KEY: e
\
) Turnkey
5 Solutions e ‘) B 7
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8 Servi D LH2 a Tank Farm
P ervice Liquid v, e r\ 0
@ (All Products) Hydrogen ( ) \l;lmfl {
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3 ‘ Trailer Loading &

GO End \ Fueling Soluti
Gaseeus2 Users g fons

Oxygen

Centrifugal
Pump

reservoir

1]
< Rec:procatmg &
§ Pump
Hot Dry Rock (HDR) 4-6 km

=
5 Igneous and with stimulation of fractures @ Vaporizer L02 snd

> K to increase permeability Oxygen and
= metamorphic rocks (Enhanced Geothermal
2 Systoms, EGS) @
o

Turbo -~
Expander NIKKISO
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Cascaded Utility Thermal Energy Network (TEN) Design

Thermal Energy Networks (TENs)
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A Cascaded Geothermal Energy Network
involves piped thermal infrastructure

y Q %q:}[l'“ | Convert Natural Gas to Geothermal Energy Networks
| ._' ) ‘ N 8
/ a—l eat Pum Heating -1
@5 : f ’ | (Ehft:":'i"ergy) =) pipeinthe Ground W) (CI:m;r':ssi:n) & 5 4
m@]ﬂil!!ﬁﬁg . ”__' JJ’ a xchange 300%+ Efficiency Cooling / g
€ \ - " I. L B
» &f - ! a ol Energy Input Infrastructure Utilization Technology Functional Output
= \'- Yoo i
A NE T N
n\" & / (r\(l:aturalGe:js) m)  Ppipeinthe Ground W) F(l(ltron;f)eu/:ioc::\e)r He(afi)ng i
IJ ” : y / . Zay | |tonsume ~95% Efficiency o @
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®
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Cascaded Geothermal Opportunities

120°C

district heating

green

houses heating

other agriculture

M H

individual
space heating

20°C

geothermal resource

70 e e ccerec e e e ———————-————————————————
Ti>93°c| ELECTRICITY
ViBVeL. — M (Technologies ORC or KC)
o ond COOLING
T2 > 80°C LRV P2 (Absorption or Adsorption Machine)
BUE @l ) e e e e e s
DIRECT
o4 . > 3“LEVEL |——»P3 USES
n<NC (Low Temperature)
on v e e
40°C iy RESOURCE | PRODUCT
Temperature T1 | Product P1
Temperature T2 | Product P2
Temperature T3 | Product P3 Reinjection
well
30°C

©EggGeolLC 2022



NZGA; Helping to fully utilize our Geothermal
Resources

A Dehventhermal Cascade
>

- Tlﬁ@iﬂi

Harnessmg the Heat Beneath Our Feet

©EggGeolLC 2022 10



NZ Geothermal Fields

Geothermal systems occur
in many parts of New
Zealand.

©EggGeolLC 2022
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NZ Geothermal Fields

The Taupo Volcanic Zone extends
frOm Whlt e I SI an d in th e Bay Of Figure 1.1: Aotearoa New Zealand Annual Generation by Fuel (calendar years)
Plenty southwest to Mt Ruapehu. NE ol Gerewtion by Ric
Geothermal fields are associated
with young and active rhyolitic
volcanism.

B Geoth MBiomass B Wind ®Solar Qil & Other m Coal Nat Gas H Hydro

©FggGeolLC 2022 12



Decarbonizing the Aotearoa New
Zealand Electricity Market

In 2014, geothermal electricity

generation overtook natural
gas as the second largest
source of electricity supply
after hydro generators.

Figure 2.1: NZ gas fuelled electricity emissions (running quarterly average) vs

kt CO2e

Gas-fired Emissions

©EggGeolLLC 2022
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Merilwdion

Hybrid System Configurations — _fsrenls

* The most significant advantage 3
of a hybrid systems is the ability A i

. . . ~~1

to econom.lcally. meet a.bundmg < Boiler
load that, if designed with a <y
ground loop alone, would be e
more costly. o Gl

* For this reason, a hybrid system NSRS -
is sometimes the better choice | ] SN <
for a short-term investment ROI b | | ( P‘

©OEggGeolLLC 2022 14



With all these building types, peak loads can
be managed with “peaker” plants

/I'hese could be Hydrogen Fired
VR End Use Facilities

* Designed to provide Needs +1

* Could provide a boost of needed
heat on extended cold snaps

* Provides a heat source when
other heat sources and sinks are
out of commission for any
reason

Sharing
eeeeeeeeeee

©EggGeolLLC 2022 15



Other great resources include Wastewater Energy
Recovery; can reduce loads by 40% to 60%

Wastewater Energy Recovery: Sharc Piranha

——

AACTER POwr

©EggGeolLC 2022 16



As Geothermal Energy Networks are built up, there will be a
need to supplement heat periodically, and as back-up for
unforeseen weather events and load conditions cearijassisseen

E
........... PROGRAM

Office N
Commercial Hydrogen End Use Heat o>
I e g Production Facility \ '
Surface Water &

Aquifer Geothermal
Exchange Facilities

Recreational
Pool Facilities

Exchange Facilities

Hybrid Configuration

Homes and
buildings will come
off of individual
loops, and onto
the ‘Geo-Thermal
Energy Grid”

©EggGeolLLC 2022 17




Emissions Comparison Between Combustion
and Electric Heat Pumps (Geothermal & Air)

Global electricity generation capacity by technology

Increasingly Renewable Electrical Grid

2 000
=
= 0
2011 2020 2030 2040 2050
M Hydro Variable renewables Non-variable renewables B Natural gas
@ Natural gas with CCS  m Oil Nuclear Coal M Coal with CCS

The Electric Grid is “Greening” Continuously

Carbon emissions from heating a typical home per year

“B80

eQm

= = i

All Electric Heat Pumps result in Low Emissions

©EggGeolLLC 2022 18



Measuring Performance Thresholds
Coefficient of Performance (COP)

* Electric Resistance Heating

* Engages when temperatures
outside are cold

e Efficiency (COP =1)

1 kW of Electricity = 1 kW of Heat=
COPof 1

©EggGeolLLC 2022
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Efficiency Ratings: EER and COP

* Energy Efficiency Rating (EER) is  * Coefficient of Performance
often used for Cooling Efficiency (COP) is often used for Heating

* EER is the is the Net Cooling Efficiency
Capacity/Applied Energy in watts * COP is the BTUs delivered/BTUs
consumed =

EER = COP x 3.412

1 watt of electricity = 3.412 BTU



Both GSHP & ASHP use a refrigerant system
MEIW HEAT PUMP

Cold air goes to the
heat pump

e The heat pump processes e
o
—

COLD AIR

heat from the ground RETURN

Heat is conducted through
ducts or pipes
The home is warmed the Heat o The system pulls cold air from the home

pumps The outdoor unit absorbs heat from
Superheat from the heat pump is cold air outside into refrigerant

sent into the DHW (Domestic Hot ) Refrigerant becomes warm and is sent
back into your house
Water) System

O Warmth is released back into your home

©OEgg Geo, LLC 2024
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Heat Pumps: How to cool & heat spaces by
“pumping heat”- exactly like a refrigerator

Coolant— “
vapor

i BB '<F Electric J8

—_— =S Furnace

Expansion A H |
valve b ’ ' '

Coolant—
liquid

Heat Pump

A. Outdoor fan

B. Outdoor coils

C. Compressor

D. Disconnect switch
E. Indoor coils

F. Electric coils

Compressor G. Air cleaner HEAT PU SYS “COOLING MODE"

Heatinto

room Heat Pump = about 3.0 to 5.0 + COP

©EggGeolLC 2022 22




s===1 1 kW of Electricity = 3412 BTUs
B! = 3,412 BTUs of heat

i | :jf | (Space Heater)

17,060 BTUs of heat™
> | (Thermal Loop Heat Pump)
A * It takes 20% the kW to do the same heating
ity [ SUperEffidency with a thermal loop heat pump
ih g *@ 5.0 COP

©EggGeolLC 2022 23



Thermal Energy Networks share energy between structures using
pipes between buildings and their Geothermal Heat Pumps

©FggGeolLC 2022 24



Replacing Old Gas Networks with Geothermal

©EggGeolLC 2022 25



Understanding efficiency; the ASHRAE
Thermal Energy Heat Pumps consume less energy than B v l ‘ d I N g I N At | d nta

air-source heat pumps

120,000.0

Ground (WSHP) vs. Air Source
1000000 2010 System Power (kWh)

15t Floor ASHP
2"d Floor GSHP

80,000.0

60,000.0

40,000.0

20,000.0 -

GEO" Hourly

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Power Consumption at ASHRAE Bldg., Atlanta

©EggGeolLC 2022



Building Electrification Promotes Load Sharing
/ Diversification of Energy Resources

Mixed-Use Heating and Cooling Loads - t

Provide Opportunities to Share Energy ;10000000 o

Prototype Street Segment Heating and Cooling Loads

l

Figure lI1-2 Medium density residential PSS

B Heating

M »ou -1
B Cooling [ I

Low Density
Residential

jil_l_l,l,l__lml_L_.J
\

Medium Density
Residential

e

Medium Density

Figure 111-3: Medium density mixed-use PSS
Mixed-Use

High Density
Mixed-Use

w0 o

—Il
—

0%

Figure 111-5: Comparison of residential and commercial peak heating demand patterns

Figure lil-4: High density mixed-use PSS

©EggGeolLC 2022 27



Understanding the refrigeration cycle in a water
source, or Geothermal Heat Pump (GHP)

Air Ducts (heating & cooling)
OR Hot Water Pipes (radiant heating)

Heat K

Exchanger

g

Z

‘\' .
. TXvalve  Heat .~ ©EggGeothermal Consulting 2018
Ground <, Exchanger
Loop A N . o
3-Loop Energy Transfer for Geothermal Heat Pumps
Source: Geo Power book | Illustration by Will Suckow An | m ated H eat P u m p CyC I e

https://youtu.be/cGYEUZVGpxw

©EggGeolLC 2022
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https://youtu.be/cGyEUZVGpxw

Forced Air & Hydronic Distribution

There are generally two ways to —

get the heating and cooling to the
areas served

* Forced air: usually through
ducted systems

* Hydronic distribution: usually
through water-based heat
transfer fluids*

*refrigerant based distribution circuits are also
used

©EggGeolLLC 2022



Like ASHPs GSHPs are also designed to fit
every type of structure

©FggGeolLC 2022 30



GHPs to fit every type of building, even roof
tops

Replacement Roof Top GHPs All Inside 100% Fresh Air (DOAS)

©EggGeolLC 2022
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Less Energy is required to move BTUs in
Water/Fluid compared to Forced Air

 this cut would desiroy the load-carrying * A %" pipe can effectively carry
\ablmy of the floor joists . .
S, the same cooling and heating

a w energy as an 8” X 14” air duct
N ﬁjg * Construction is simplified and
II° space is optimized
* Energy is saved in pumping vs.
Insulat?d ™  insulated duct - ‘ fa ne pgoywse ?a ed pu p g S

-

heat loss =7 Btu/hr/ft

tube wall temperature = 130 *F

* Almost 10x more energy is lost
PSR U N through the walls of the duct

duct temperature = 130 °F
surrounding air temperature = 55 °F
1" (R=4) fibergass insulation




Cascaded Energy to various resources

OPEN LOOP GEOTHERMAL WELLS
ESTIMATING 45-23 WELLS
30-15 SUPPLY WELLS
15-8 RETURN WELLS

Greenhouse Farm

ALLUVIAN AQUIFER ESTIMATED
TO PRODUCE 500-1000 GPM PER WELL

RADIANT PARKING LOT 110760000 BTU/HR
HEATING
5S
[
8'F
0BTUH
SOURCE TRANSFER
0GPM 12340.2 GPM
S5°F 80'F
*

DATA CENTER
55°F 45 28MW
HEAT EXCHANGS0'F W' 110760000 BTUWH

GPM
0GPM
P,
L e s
62°F  DATA CENTER
GW (GROUND WATER) FWS (FACILITY WATER SYSTEM)
18 degf Delta T 18 degF Delta T
s GENERATOR
THERMAL LOAD
DEgg Geo LLC 2021 27
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Catalog

Structures

“ ! Bl Chelsea Prep
u, Fashion Institute a,
23 Penn South Buildings [l /,
16 1942 |+ i ", { [ Penn South Garage
18 161 “| I USPS Distribution

[ Energy Center

Penn South Campus and

Adjoining Properties ﬁ\\egg "
geo

© 2022 E5e686 Consliting



EGG GEO

TASK 3

FLOW DIAGRAM

WELL DATA TO BE VERFIED
BY HYDRGEOLOGICAL TESTING

WELL CONFIGURATION

SUBJECT TO CHANGE | ESTIMATING (4) PRODUCTION WELLS

DOUBLE PIPE

ESTIMATING (2) INJECTION WELLS

2,580 TOTAL TONS
1,805 CONNECTED TONS

4,330 GPM

2165000 BTUM ase
06 GPM s

5

3900000 BTUM
100 P,

1100 GPM
GFT
FUTURE BORM

FUTURE DORM 75
275 TONS

FUTURE DORM - 275 TONS

SUPPLY AND RETURN WELLS 4
¥
- M smgim L‘ e
-
lDEﬁREEAPPROACHHEA"\Hﬁ
ABEGREEAFPRUMHDDOLING L REDUNDAN ”mﬁ""mc""ﬂnm ore y (REDUNDANT)
000 " 10200000 BTUH
ez Geu TRANSEER o @l !.".‘““g;m.. S| TRasren g & ;;ﬂm Bum
P fiad B Fad i iena  com 4 ER A
SINGLE PIPE - '
ﬂﬂ 21402 GPM *;:‘;‘W”G ﬂ-"'-_lq:r-;ﬂswu
CHWEGOWS: - GHNSIOWS. wows o cws-
sunoon T s
290,91157 4 Gy WRIGCHR o
i satows  @F | gomerious . e _._A "“‘“"”“t',, | 0 . ] < ain s CH 1513 G - 1
; . LA LT 100 TONS e PR 4 SLLIEEM g
! 2 BTUM 8 1F by Fi——— wux»;gﬁul ;:‘;“‘uumnuulc
¢ o - " ’ e B i r ey e ’
1 . CansF 1 " pon BADINGR § ) w0 e 1
H Towmvouss s | gaouehsouse e - * | g v orun nS 7
azaE WEIGOWR: {ANNA RUBIN HALL) 1
4500000 BTUM F . 90 TONS s 1v 44mE 7 -l--
Phr e dhoil o H 19% TTF SCOBTUM  FOODSERWICE 474F |
420000 BT W 1o - H w - o s paroRTs CERTE
ciicm ] . 125TONS MOF .“"‘“‘““‘”‘" w HARRY SCHURE RALLS) oL -+ '," 5% SPORTS CENTER .
e e S ¢ ol 7 g 1= [ #Twe feo ko - I
COMMUNICATION ARTS 249 GPM 1 B W ':’ oo srum 1%
ot o e T s z |
s (ROCKEFELLER)iE s < B crwsiscws S g S : . P L
e e I T usr o ¢ rmesMomg H L o s aun28 TONS 717 [ granemniooas |
DE SEVERSKY # ramconz ninkgy, e e N 2l sy SEE s
= 524°F NYCOM 2 - RILAND L S1UF 170 ToNs 5 PBALDING HOUSH,
AND R N , ety SEEE
COMMUNICATION - oo S g - »
ARTS - 160 TONS - R -
LOCATED
APPROX.
2,000 FEET UTILITY BUILDINGS = 215 TONS
MEDICAL BUILDINGS = 850 TONS TECHNICAL BUILDINGS = 740 TONS .
C')’TRSE"';'R (40 TONS OF MISC HEATING FOR SHOPS NOT INCLUDED)
BUILDINGS A CLUSTER B CLUSTER C CLUSTER

MGGEKARR T
100 TONS

i
‘2880000 BTUN
250 GFA
EDMALL T
240 TONS

MIDGE KARR AND ED HALL - 340 TONS

LOCATED APPROXIMATELY 3,000
FEET FROM OTHER BUILDINGS

b
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Modeling and Inventory of Data for Heating
ne NYIT Campus

and

Cooling t

APPENDIX-2-C

©EggGeolLLC 2022

APPENDIX - 3-F
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Some Economics:
Vertical Exchangers for Geothermal Heat Pumps: Average costs-S

Connected to
Heat Pump

Three Vertical Geothermal Exchangers
(Focus):

1. Closed Loop Vertical

CLOSED LOOP

[ I
NI PUMP
e 2. Downhole Exchanger
o (aka DCL; Darcy)

CONDUCTION +

Wﬁm&"* 3. Open Well Pair (aka
loemsTun, e B Doublet, ATET, Open)

—d = — XVQAK':"EFF:E:NTRY FROM THE
55°F
2. Downhole Exchanger

3. Open Well Pair (Doublet) ©Fgg Geo, LLC 2024

| FE Eg(l\)!:h(ﬂ[l)(ég CLOSED
1.Closed Loop Vertical M l
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Diversity of Writings to support Curriculum

and Geothermal Education

In-depth, practical details on

geothermal HVAC systems

This definitive guide covers commercial and
residential geothermal heating, ventilation, and air
conditioning technologies and explains how to take
advantage of their money- and energy-saving
features. Geothermal HVAC: Green Heating and Cooling
reviews the array of choices currently available,
offers market values for systems based on varying
options and conditions, and describes how to pair
the best systems for each application and budget.
Whether you're a contractor or a consumer, you'll
find out what you need to know to implement a
geothermal HVAC system in a retrofit or new
construction project, and start benefiting from this
sustainable, affordable technology.

Features:

« Learn the basic types of heat transfer——convection,
conduction, and radiation

* Understand how geothermal earth-coupled heat
pumps work

Jay Egg | Brian Clark Howard * Determine which ground loops to use for earth

coupling to best meet the demands of the site

ISBN 13:978-0071746106

* Use load sharing to channel the heat differential
Pages: 272 | Hardback of one device into useful energy for another
Photos: 50 | lllustrations: 50 . )
+ Calculate system efficiencies and heat gain and
loss

« Understand geothermal project proposals and
system pricing

« Benefit from incentives, tax credits, and rebates
for geothermal HVAC systems

« Calculate your long-term return on investment

To get the special 20% discount and free US, shipping,order at
mhprofessionalcom and use promocode GEOTHERMAL2016

eMHEngineering Education

©EggGeolLLC 2022

_'Bési pré‘cjtice“s for the.,-desi‘gn,f
and éngineering of'geqth_e:mgl"

HVAC systems

With a focus on market needs and customer goals, this
practical guide explains how to realize the full potential
of geothermal HVAC by integrating hydronic systems
and controls at maximum capacity. The book explains
how to engineer and specify geothermal HVAC for
building projects in varying geographic regions.
Typical details on control parameters are provided.
By using the proven methods in this innovative
resource, you will be able to develop highly
efficient, long-lasting, and aesthetically pleasing
geothermal HVAC systems.

Jay Egg is a certified geothermal designer and
founder of EggGeothermal, an HVAC services
company focused on

Greg Cunniff is an Application Engineering
Manager with Taco Hydronics, a manufacturer
and world authority in the field of controls and
pumping technologies related to geothermal
HVAC.

Carl Orio is a geothermal heat pump systems
design engineer, serving as Chairman of
Water Energy Distributors, Inc. He is a
Certified GeoExchange Designer and is
sharing his knowledge of 38 years and
14,000 geothermal designs and distribution.

Modern Geothermal HVAC
Engineering and Control Applications
0071792686

SAVE 20% Mc
Visit www.mhprofessional.com and use promo code GeoHVAC i

I
Education



Diversity of Writings to support Curriculum
and Geothermal Education

Buy it on Amazon, or just Google “Geothermal HVAC”

% Professional

Geothermal HVAC:
Green Heating and Cooling
reviews the array of choices currently available, offers
market values for systems based on varying options and
conditions, and describes how to pair the best systems for
each application and budget. Whether you're a contractor
or a consumer, you'll find out what you need to know to
implement a geothermal HVAC system in aretrofitor new
construction project, and start benefiting from this
sustainable, affordable technology.

Each day new
greenhouse gas
emissions further

accelerate these
physical changes

Bummg fuels in a home is not necessary and can
be harmful to us and to our environment.

Combustion heating (burning fuels) contributes
to climate change and health risks.

. D

PNt UL SO SN Y

By Jay Egg-llustrated by Sarah Cheney

Geothermal Activity Book

> Sharing ® Crossword ® Word Scramble
l f\geo sncinearog ond But there's a better way to heat: ® Science Experiment @ Maze
it ool s ok @ Coloring ® ...and more!

©EggGeolLC 2022 39



\ gg 06 expertise
eo education
engineering

Defining the Future of Geothermal

~

Jay Egg, Greg Cu

In-depth, practical details on
geothermal HVAC systems

Uniform

Mechanical
Code’

construction project, and start benefiting from this
sustainable, affordable Lechnology.

2021 Edition

haw genthermal earth-coupled heat

pumps work

= Detarmine w
coupling to

ground loops 1o usa far earth
meet the demands of the site

[l
P
I

Regular Special . geathermal project pruposals and
Price: Price: system pricing
+ Benofit from incontives, tax credits, and rebates
$ Tor geothermal HUAC systems
$71 56.80 . caciaoyour o term et i

2019 TECHNICAL COMMITTEE
MEETING MONOGRAPH

Denver, Colorado | Sheraton Denver Downtown Hotel

o o2t the special 20% discount and free US shipping.order at Mc May 1-2,2019
ane e Graw
o vmenginesning Bl

©FggGeolLC 2022 40



NZGA; Helping to fully utilize our Geothermal
Resources

A Dehventhermal Cascade
>

- Tlﬁ@iﬂi

Harnessmg the Heat Beneath Our Feet

©EggGeolLC 2022 41
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Defining the Future of Geothermal

Defining the Future of Geothermal



End of Slide Show



Capabilities:

Expertise, Engineering,
Education

Application of 35 years

of geothermal
experience

geo

Expertise

Internal Client Studies
Thought leadership
Articles

Textbooks

Seminars

Code writing

Education

Transferring knowledge to
engineering teams about
geothermal methods
models and techniques

Advocacy about

technologies and solutions
' Curriculum writing for
o specific trade groups and

professional organizations

Engineering (Consulting)

* Feasibility Studies

* Design

* Thermal loads of
community
Thermal bandwidth of
piping

* Layout of infrastructure
MNeeds +1
Costs of material and
labor

* |ncentives from federal,
local and utilities

* (Owners Rep Services
Validation
RFPs
* Construction oversight

* Commissioning

2021 EggGeo Consulting °
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