International Drivers for the Adoption of

Geothermal

Heating and Cooling S
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Driver #1: Decarbonization -- Where is the
CO2 coming from?

About 45% of emissions come from burning fossil
fuels to make energy, including heat and electricity.

"Having a fully electric house without a gas line is No on-site emissions, and provide the majority of

the direction we want to go," Vancouver City “site-sourced” energy from the earth...& they
Engineer, Brady Faught said. http://bit.ly/3az90pd manage electrical loads perfectly.
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Geothermal heat pumps help us attain the goal of



http://bit.ly/3az90pd

Emissions Comparison Between Combustion
Heating and Electric Heat Pumps (Includes Plant Emissions)

Global electricity generation capacity by technology Carbon emissions from heating a typical home per year

“590

Increasingly Renewable Electrical Grid

2000 0.00
z 0 Q
2011 2020 2030 2040 2050 stural ge o Electric Geothermal tv
B Hydro Variable renewables Non-variable renewables B Natural gas 4 ), N
@ Natural gas with CCS  m Oil Nuclear |Coal M Coal with CCS K
The Electric Grid is “Greening” Continuously All Electric Heat Pumps result in Low Emissions
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Driver #2: Electrification and Load Management —
Electrical Loads are “leveled out” using GHPs

Air Source Heat-Pumps tend to “peak” in the

Benefits of Geothermal Heating nationalgrid winter, as well as the summer
and Cooling ©
™ Utlllty Beneﬁts - Natural Gas and Electricity Demand s 9 /A\
= Highly efficient heating and cooling s - - 8
systems. 2 o J
= Potentially a cost-effective option =1Z§ '-4 § /'
to defer capital commitment for 3 Nt : g ~
utility gas and electric i 3 2T VA System

infrastructure.

z b
]
Ref: Gas Technology Institute, GRI 03/0173
= Reduces electric peak demand, \\“-\—-———\_’_.._,__/‘

improves load factor and improves N
33% Average Peak Demand Reduction

the efficiency of the electric
delivery system.

= Gas peak load reductions.

Jul-06 Aug-06 Sep-06 Oct-06 Nov-06 Dec-06 Jan-0' eb-07 \Mar-07 Apr-07 May-07 Jun-07

Ground Source Heat-Pumps Shave Both
Combination Gas-Heat & Electric-Cooling Peaks in the Summer Summer and Winter Peaks
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The Benefits of Ground Source Heat
Pumps for Beneficial Electrification

Figure 4. Total Cumulative Incremental Costs from 2020 to 2050 with GSHPs Included (5Billions)

Cost if all buildings electrify with ASHPs \ Cost if 10% of buildings electrify with GSHPs
$351B /

$3158 $3198 $2858 /Cost if 50% of buildings electrify with GSHPs
Jli $1508 . Cost if 100% of buildings electrify with GSHPs '
-568B

-$19B -$298B 4418 .

-589B

-$1508

Scenario 2 l
Scenario 1 P Scenario 3
(Renewables-Only) (Renewables and EX|St|ng GaS) arket-Based Generation)

W ASHPs Only m10% GSHPs m50% GSHPs ™ 100% GSHPs

9,
o HRAI (©dunsky
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Some facts from studies in the Northern

Climates: Boston, MA

66% of buildings use combustion to heat

Primary heating systems and type of energy

|
Electric Electric

Heating Forced air Boiler with hot water  Heat baseboard radiant
stove furnace or steamradiators pump  heaters heating
3% 55% 8% &% 26% 1%
CBC NEWS Source: Statistics Canada [2017)

Combustion Heating + Carbon Emissions

Natural Gas Leakage in Pipelines: MA. Unburnt natural gas is far more damaging by a factor of 84 than
combusted natural gas
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How air-source and ground-source heat
oumps help with Building Decarbonization

Both use “Renewable Energy”

| ouTsipe
N<| cONDENSER

Ground-Source’ | B Air-Source
Heat Pump | Q) Heat Pump
GHP - ’ (AHP)

Remote Outside Condenser

Nothing outside
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Understanding efficiency; the ASHRAE

Ground-coupled HPs consume less energy than air- B u l |d I n g I n At | a nta

source HPs, but can be more expensive (Earth Coupling)

120,000.0

100,000.0

80,000.0 -

60,000.0

40,000.0

20,000.0 -

Power Consumption at ASHRAE Bldg, Atlanta

R

2010 System Power (kWh)

Geo (WSHP) vs. Air Source

st P

2"d Floor GSHP

GEO" Hourly

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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Electrical Load is “leveled out” using GHPs

nationalgrid

HERE WITH YOU. HERE FOR YOU.

Benefits of Geothermal Heating

and Cooling

Natural Gas and Electricity Demand

= Utility Benefits

2800 340000
. . . . . 2600 Electn

= Highly efficient heating and cooling .., - 1

2200 300000
systems. = -
. ; ; 1800 Fa0000 &
= Potentially a cost-effective option ., NS
. . 3 24 u
to defer capital commitment for 3 Natul Gas oo &
age . 51200 X
utility gas and electric o0 -
InfraStFUCtu re. E Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ;

Ref: Gas Technology Institute, GRI 03/0173

= Reduces electric peak demand,
improves load factor and improves
the efficiency of the electric
delivery system.

= Gas peak load reductions.

Combination Gas-Heat & Electric-Cooling Peaks in the Summer

kBtu per Square Foot

Air Source Heat-Pumps tend to “peak” in the
winter, as well as the summer

N\
: /N

R, / \\//

—+— VAV System
—&— Geothermal

33% Average Peak Demand Reduction

Jul-06 Aug-06 Sep-06 Oct-06 Nov-06 Dec-06 Jan-0' eb-07 \Mar-07 Apr-07 May-07 Jun-07

Ground Source Heat-Pumps Shave Both
Summer and Winter Peaks
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Beneficial Electrification Means:

1. More
@ @ P 2 &
Building Electrification sttt
Homes
MORE LESS SAFER AND TN 2. Less Maintenance
COMFORTABLE MAINTENANCE EMISSIONS T 3 Safer & Emissions
HOMES FREE COSTS Froe

()

A ﬁ @ 4. Much Lower
Operating Costs
& Ml 2 (O
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National Grid and Eversource are advocating for
Geothermal Micro Grids through their respectwe PSCs

gggggg

’ On Frlday’ JU|y 31’ “In our homes and offices,
2020, National Grid filed a new | we are paying

5.1/'m;/tmveousl'y to heat and

rate case with the Public Service ol dilerentoreriand
Commission. Part of the froperes Z}Of o Cfi /inif
testimony is a 69-page "Future i i
of Heat" document in which the e ‘l
company proposes to install g! l

shared ground loops for il m
geothermal heating and cooling =
systems. https://Inkd.in/d86S5F —— " " " e



https://www.linkedin.com/feed/hashtag/?keywords=nationalgrid&highlightedUpdateUrns=urn:li:activity:6696068538857201665
https://lnkd.in/d86S5F2
https://lnkd.in/d86S5F2

National Grid and Eversource are advocating for
Geothermal Micro Grids through their respective PSCs

* To accomplish this, the Gas Leaks
Allies, including HEET, worked DRER,
together with legislators to create ™
the For a Utility Transition to Using
Renewable Energy legislation, or
the FUTURE bill (H.2849/S.1940).

* https://ma.mothersoutfront.org/m
ass_mof legislation team

e The FUTURE bill would create a
renewable thermal credit market
for gas utilities, allows them to bill
for BTUs, and gives them a path to
evolve into renewable energy
COm panIeS. Legend 250 0 250 500 750 IOJOOft



https://d3n8a8pro7vhmx.cloudfront.net/mothersoutfrontma/pages/2591/attachments/original/1569725914/H2849.pdf?1569725914
https://ma.mothersoutfront.org/mass_mof_legislation_team
https://ma.mothersoutfront.org/mass_mof_legislation_team

Opportunities for Geothermal Exchange

Surface Water Exchange
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Surface Water Geothermal Exchange

Cooling &
Heating

Plate Heat demand
heat pump
SoRanger [chiller

Image Inset: River Water Pipes;
World Trade Center, New York

Abstraction
Note: discharge is sited

Pum .
P J below pump to ensure
syphonic effect, which

gﬂfg BURINgIS0er0y, ©EggGeothermal 2018 (Combined Images)

Discharge |

(Reproduced courtesy of the Royal National Lifeboat Institution)
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UK studied surface water thermal capacity and
found that much of its heating and cooling needs

can be met through Surface Water Exchange

A

River Ouse

Total heat capacity
from rivers: ~6GW =

River Severn

River Trent

River Wye

River Thames

River Exe
1 h Level Water Source He A iy
River Tyne F i OO |
Ri M , Department Lo aram A1 o o e
iver Mersey Lo P s s -

Climate Change —
OOOOOOOOOOO Envomant Agucy deabar SpocaiAreas of Corservaen
EEEEEEEEEEE %@;ﬂzgmﬂﬂmemw, s | e i o bt dstrten

The heat capacity given in the table is for abstraction from rivers only. These locations could also

extract heat from either coastal or estuarine waterbodies.
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River and Surface Water GEO Nashville
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Nashville Airport Lake Plate Surface Water
Geothermal
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Nashville Airport Lake Plate Exchangers
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Assessment of National Benefits from
Retrofitting Existing Single-Family Homes with
Ground Source Heat Pump Systems

Table E-1. Potential Benefits of Retrofitting Existing U.S. Single-Family Homes with

State-of-the-Art GHP Systems at Various Market Penetration Rates

Estimated national benefits

Market penetration rate of GHP retrofit

20% 40% 60% 80% 100%
Primary energy savings [quad BTU] 0.8 1.7 2.5 3.3 4.2 o . .
Percentage savings 9.0% 18.0% 27.1% 36.1% 45.1% // 45.3% REdl.ICt.Ion in
CO2 emissions reduction [MM ton] 54.3 108.7 163.0 217.3 271.7 / Carbon Emissions
Percentage savings 9.1% 18.1% 27.2% 36.2% 45.3%
Summer peak electrical demand reduction [GW] 43.2 86.4 129.5 1727 215.9 o . .
Percentage savings 11.2% 22.4% 33.6% 44 9% 56.1% >6.1% REdUCtIOI‘I in
Energy expenditures savings [Billion $] 10.4 20.9 31.3 41.7 52.2 Summer Peak
Percentage savings 9.6% 19.3% 28.9% 38.5% 48.1% Electrical Demand

Notes: (MM ton, million metric ton).

©EggGeolLLC 2020
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Electrification Promotes Load Sharing /
Diversification

4

Provide Opportunities to Share Energy ‘,:iu“!"“‘*“* i

|

Mixed-Use Heating and Cooling Loads P '“_q t
EEEN

Prototype Street Segment Heating and Cooling Loads

Annual Heating and Cooling Consumption

Figure 1II-2 Medium density residential PSS
B Heating

[l Cooling j - _:i
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Figure 111-3: Medium density mixed-use PSS
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Figure IlI-5: Comparison of residential and commercial peak heating demand patterns

Figure lll-4: High density mixed-use PSS
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Beneficial Electrification-Deep Decarbonization

This shift to electricity as the fuel

Figure 14. Northeast Final Energy Demand by Fuel Type for HVAC and EleCtriC Vehic es Wil
Reference cause a significant increase in the
consumption of electricity, but will

5,000

reduce overall energy consumption
and carbon emissions

It’s clear that there is a reduction in
energy consumption (due partly to
COP of Heat Pumps).
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Evolved Energy Research
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