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Heat: The Sleeping Giant of the Energy Transition

Total Final Energy and Total Modern Renewable Energy Share, by Energy Carrier, 2020

Electricity 23 %

Buildings & industrial ——@
processes

Almost complete decarbonization of heat is
required by 2050 to meet Paris commitments.

9.9% 3.7% 30%
Renewable Biofuel Renewable
heat elecricity

Renewable Power and Heating and Cooling Targets, 2022

+3
= Heating
= and
cooling 46 o
0 Existing targets
+9

o ————— Few countries progressing at adequate rate
Fof e I 49 or scale on heat.
hydrogen . +6
vy~
| | |
I | |
Q 50 100 150 200

Mumber of targets

Source: Renewables 2023 Global Status Report, REN21 (Data from IEA World Energy Balances)
https://www.ren21.net/gsr-2023/modules/energy_supply/01_energy_supply/
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Simplistic Narrative

Electricity Use
+ Green Electricity Sources

Gas Use
+ Green Gases
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“Moving away from fossil fuels is more than
just a fuel change — it is a transformation of
the way we design, build and invest in the

Infrastructure for a net-zero future.”

- Agora Energiewende
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Spending from North American electric utilities will be

focused on the transmission and distribution segments

Key Drivers:

Publicly traded North American electric utilities: Composition of medium-term spending .
Other
7% _ .

Transmission

20%

Gas *
16%
>50% of planned
= nvestment is T&D
Non-renewables generation infrastructure

8%

Distribution
Renewables/storage 33%
Datacomplied July 23
NorthAmencan elec tiibeg in this report include Corp.. Allete Ino., Alliant Energy Corp., Ameren Comp., Amencan Elsctric Power Co l Avangrid In A’.‘-u: Corp., SBarkshire Hathaway E ' Co. (BHE), Black Hills C oc Canadian Utikties Ltd
CentefFont € S Energy Corp!, wrlolﬂlodim In DTE Energy Co., Duke E tional, Emera In E IQQ)C : Ev our . Exel p FirstEnargy Corp,, Fortis | Electric
Industres | lxc plr MGE Energy 1-: N vE' En Ine., NerthWestern Corp., O Otter Tad Corporation K-‘ 38E Corp,, Pinnacie West C X Pon;r:ooon ‘-tx o Co. (PGE), PPL Coep
lic Service up Inc., Sempra, The Southém Co., UntiC wp Inc, and Xcel Energy In udes distribution, transmission, $torage and other infrastructure (inciuding LNG| \,rre includes spending related 10 envronmenta
COTpOIate. and segm outsige of elgctric orgas :»peum.'u
Source: SEF Global Commodity Insights
92023 S&P Glgbal S&P Global

Commodity Insights

Source: https://lwww.spglobal.com/commodityinsights/en/ci/research-analysis/north-american-power-electric-utility-capex-growth-is-expected.htmi

Aging infrastructure
Resilience
Electrification

Distributed electricity
sources

NATIONAL BUILDING
DECARBONIZATION

e Y



Blindspots

Electric Grid Constraints Gas Grid Implications Complementary Solutions

WA oo + Waste heat
Mackenzie
oo
The Netherlands' gridlock: a cautionary % 100 * Thermal networks & storage
tale for the US % o5
70 =
Grid congestion map: load connection (left) and generation connection (right) :z :: g o |ntegrated energy systems
- 50 &
“ w0 3
0 0 &
20 20 3 « Spatial prioritization &
10 10 coordination of solutions
0 -——0 (area-based planning)

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

= Gas Demanded, Anncd Policies_Maintained Grid mmsm Gas Demanded, Anncd Policies_Pruned Grid
- ixed Cost, Anncd Policies_Maintained Grid - Fixed Cost, Anncd Policies_Pruned Grid

“Towards net zero heating: An analysis of technology and policy pathways for
decarbonizing building heat in British Columbia” (Thompson, 2023).

OTransparent: Transport capacity available
Yellow: Limited transport capacity avallable
©0range: No transport capacity available for the time being pending the outcome of the congestion management study
@Red No transport capacity available: congestion management cannot be appiied NATIONAL BUILDING

Source: htps: ekl DECARBONIZATION
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Neighbourhoods: The Last Kilometer of the Energy Transition

Community

Transportation
Infrastructure

Buildings

Distributed Energy
& Storage

Energy Grids

» Coordinate/ integrate multiple
infrastructures and energy sources

* Leverage community & place

* Increase scale & speed
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Neighbourhood Energy Systems

Neighbourhood Energy Systems

Thermal Networks Microgrids

Heating : :
. _ ! Cooling Primary Power Emergency Power
(including domestic hot water)

g
[ =
P A —{8

Short video “Why District Energy” Short video “Microgrids: Evolving the Power Grid

https://www.youtube.com/watch?v=cVuQsskKITk&feature=emb_logo

https://www.youtube.com/watch?v=7BznKyEbObc&t=15s

f ional Distri - NATIONAL BUILDING
rom International District Energy Association DECARBONIZATION
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https://www.youtube.com/watch?v=7BznKyEb0bc&t=15s
https://www.youtube.com/watch?v=cVuQsskKlTk&feature=emb_logo

Thermal Networks in Lower Mainland of B.C.

LEC

;\Eﬂva/te?t;;al Network

I Institutional Thermal Network
B Municipally-Owned Thermal Nets
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Electric & Gas Grid Benefits

US monthly total electricity demand by sector and projected changes to total
building energy demand under different building electrification scenarios.

Electricity Demand (TWh)

7504

g

N
e

-..*

F@ W@ PP P
Month

Electric Resistance
Heat

Air Source

f Heat Pumps

Ground Source
Heat Pumps

. /Thermal Energy

Networks using GSHPs

/zozo Electric Demand

Sector

B commercial

. Direct Use

B ndustrial

B Resicentia
Transportation

Solid area represents 2010-2022 monthly demand on the US electric grid from buildings. Dashed lines represent projected
monthly electricity demand from buildings under four electrification scenarios. Source (with modifications from Sightline
Institute): Buonocore, J.J., Salimifard, P., Magavi, Z. et al. Inefficient Building Electrification Will Require Massive Buildout of
Renewable Energy and Seasonal Energy Storage. Sci Rep 12, 11931 (2022).

More efficient electric heat sources

Waste heat and non-electric energy sources

Thermal storage

Centralize gas use (for pruning gas grid and

integration of novel gases)
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https://www.nature.com/articles/s41598-022-15628-2
https://www.nature.com/articles/s41598-022-15628-2

Example: New Neighbourhood in B.C.

Reference Case

Electrical Capacity Requirement
during Winter Peak

Building
Mechanical
Rooms

Thermal Network Case

— — —
LI | LI | L N
LI | LI | L N
— — LI | LI | L N
LI | LI | L N
[ I [ I LI | LI | L N
III III III III III

Central
Energy
Center

Electrical Capacity Requirement
during Winter Peak

Source: Reshape Infrastructure Strategies. 2023. BC Hydro Sector Coupling Study.
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Example: Existing Neighbourhood in B.C.

Reference Case Thermal Network Case

Building
Mechanical
Rooms
Central
Energy
Center
Electrical Capacity Electrical Capacity
Requirement Requirement
during Winter Peak during Winter Peak
NATIONAL BUILDING
Source: Reshape Infrastructure Strategies. 2023. BC Hydro Sector Coupling Study. DECARBONIZATION
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Area-Based Plans and Approaches

Heating & Cooling Plan for Hannover, Germany

T - 4 Tinerntas
f " C
O fa & oy
R ey

-
‘ « Optimal transition pathways by neighbourhoods

Coordinated planning of local energy infrastructure
« Spatially targeted policies and delivery for building retrofits
» Citizen engagement and participation

« Coordination and facilitation by local governments

Existing thermal network zones

Thermal network expansion zones

Thermal network study areas (expansion)
Thermal network study areas (localized)
Decentralized heating solutions (building scale)
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Zurich Heating & Cooling Plan

DECARB o 2 Some Features:

' =
‘ CITY PIPES-
. RN * _
ab? . A Clarity on areas for thermal networks
N s NN
|-,
) i Clarity on areas for pruning gas grids
} 2% (timing or further study)
Today: Future: Areas for
District Heating in District Heating in decommissioning Clarity for electric system upgrades
approx. 30 % approx. 60 % of the gas grid
of the city of the city m decided and communicated
not yet decided

Image Credit: Decarb City Pipes 2050 from, “Legislative Barriers And Solutions To Unlock Cities' Heating And Cooling Strategies” (July 2023)
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LA | —
- Germany = <IN Netherlands I I France

dh —
Examples of National Targets for 14% 2% 5% 3.5%
Thermal Networks l l l
(Current vs. Target Penetration) l
30% (2030) 20% (2050) 25% (2050) 15% (2035)
European Union Germany
Examples of Requirements for Local New EU mandate for all member states New nation-wide mandate for
Heating & Cooling Plans will require municipalities greater than community heat plans by 2026
45,000 people to prepare local heating for cities over 100,000 people
and cooling plans and 2028 for smaller cities
NATIONAL BUILDING
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Examples of Pilots & Bottom-up
Initiatives

Dutch Gas-free Neighbourhoods Pilot

OECD Regional Development Papers

https://www.oecd-ilibrary.org/urban-rural-and-
regional-development/decarbonising-homes-in-
cities-in-the-netherlands_b94727de-en

UK Heat Zoning Pilots

Existing Heat Network Density and Zoning Pilot city location
Number of heat networks by region and type

<
S

& ‘

"t

A}

Heat networks per 100km?

0 6000

®Zoning Pilot Cities

https://www.gov.uk/government/publications/heat
-networks-zoning-pilot
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https://www.oecd-ilibrary.org/urban-rural-and-regional-development/decarbonising-homes-in-cities-in-the-netherlands_b94727de-en
https://www.oecd-ilibrary.org/urban-rural-and-regional-development/decarbonising-homes-in-cities-in-the-netherlands_b94727de-en
https://www.oecd-ilibrary.org/urban-rural-and-regional-development/decarbonising-homes-in-cities-in-the-netherlands_b94727de-en
https://www.gov.uk/government/publications/heat-networks-zoning-pilot
https://www.gov.uk/government/publications/heat-networks-zoning-pilot
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Neighborhood Scale

Decarbonization

The Future of Building
Decarbonization
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Our current approach to decarbonizing buildings is a mosaic of

actors, decisions, and resources*
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Awarenes®
Funding

*This list is representative, not exhaustive; it includes tenants, community leaders, advocates, engineers,
regulators, legislators, developers, builders, architects, training programs, education and awareness programs,

local governments, customer service agents, and so on...
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Unmanaged Transition, Increasing Gas Bills

‘:
»
.




We need a coordinated, scaled, and managed transition
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There are two primary pathways for achieving neighborhood

decarbonization

Electric Network

& Space @ Improve Rooftop # @ Replace
Heating/ Insulation Solar Windows
Cooling and Doors
A\ N\
A N\ \ ¥
A N
A\ N\ N
h N
| s
' S |
Heat Pumpll Heat Pump L Air-source # Induction # Home
Electric Dryer Water Heater heat pump Range Battery

@B BDC

Thermal Network

& Replace
Windows

and Doors

—Il Ground-Source

Heat Pump

| I I £
Induction Home

Range Battery

Bore holes €& Thermal

Loop




PG&E, Northern California

e Over 100 small-scale
projects conducted to date
e Retired 22 miles of pipe
e 2 approaches:
o Targeted Electrification

‘\.1.9_1 Bl R |

S W 22 A A LN L l. ] . .
= R A o Zonal Electrification
Pipe $1.2M $20K
replacement/retirement
Customer electrification - $130K
Service retirement - $6K
TOTAL $1.2M $156K

Status quo gas Electrification I @h BUILDING NATIONAL BUILDING

replacement alternative DECARBONIZATION DECARBONIZATION
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Thermal Energy Network (TEN)

© Space @& Improve Rooftop @ Replace
Heating/ Insulation Solar Windows
Cooling and Doors

=\

A\ ¥ !
A S S N L
| | l | z | £
Heat Pump/ l Heat Pump Ground-Source Induction Home Ground-Source
Electric Dryer Water Heater Heat Pump Range Battery Heat Pump

Bore holes §—* Thermal
Loop

® BUILDING NATIONAL BUILDING
‘ g& DECARBONIZATION DECARBOMIZATION
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Thermal Energy Networks: Networked Geothermal

e Infrastructure in the
street

e Single pipe

e Ambient temperature

e Heat pump in every
building

e “Shallow” boreholes

DECARBONIZATION DECARBONIZATION
COALITION AR oRUM | APRIL 2024
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Eversource Pilot

Geothermal Pilot Project

Hillcrest
Rd

L

Prindiville Ave

Dennison
Ave

Hampshire
Rd

Lindbergh
Rd

Concord St

Burdette Ave

= Borefield

essssw Route drilling sites

. Participant .

Landmark
(not participants)

EJ community

37 Buildings, 140 customers

Converting gas, oll and
resistance electric

Includes offices, businesses,
households

Cost of installation spread over
all customers and time

‘ @!‘ BUILDING NATIONAL BUILDING

DECARBONIZATION DECARBONIZATION
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Path for Gas Workers

Gas Pipes

¥ BUILDING NATIONAL BUILDING
DECARBONIZATION DECARBONIZATION
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Utility Interest

- Gas Utility Pilots

- Utility NetGeo Coalition

DECARBONIZATION DECARBONIZATION
COALITION AR oRUM | APRIL 2024
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Thermal Network Legislation in US

Enabling Legislation:

e Allow utilities to sell thermal

: n/f////, | A energy
hn

e Amend obligation to serve

e Allow pipe replacement funds for
thermal networks

e Include labor transition
e Include equity priorities

e Joint gas and electric planning

Passed Legislation - Filed Legislation -Considering Legislation

NATIONAL BUILDING
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Neighborhood
Scale

The Future

of Building

Th a n k y O u I Decarbonization

BDC TENSs Site

Neighborhood Scale White Paper

November 2023

Reach out: @ BDC

acamargo@buildingdecarb.or ,
LOT
GRIDWORKS



https://buildingdecarb.org/resource-library/tens
https://buildingdecarb.org/wp-content/uploads/BDC_Neighborhood-Scale-Report.pdf

Feel a new kind

of energy.

Blatchford - District Energy

Sharing System and Utility NATIONAL BUILDING

DECARBONIZATION
e WY

.. : s~v. Blatchford
Christian Felske, Ph.D., P. Eng., City of Edmonton @- Eﬁgsg\:\;lable March, 2024
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Community Energy Strategy

CONSERVATION

High Performance
Buildings

EFFICIENCY RENEWABLES

District Energy
Sharing System

Geoexchange
Sewer Heat

Exchange
Solar PV

—. Blatchford NATIONAL BUILDING
1(;@- Renewable €dmonton DECARBONIZATION
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Blatchford Renewable Energy Utility

Blatchford Renewable Energy
IS a City of Edmonton utility that R3Sl Blatchford

orovides heating, cooling and R bl
not water services to homes, enewapie
pusinesses and schools in the Energy

Blatchford community.

2. Blatchford NATIONAL BUILDING
DECARBONIZATION
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Neighbourhood Plan

renewable energy

BLATCHFORD
REDEVELOPMENT
(EDMONTON, AB)
« Expected 30,000 residents
e 1.5 million m?2
(16 million sq. ft.)
* Residential, commercial,
institutional

DISTRICT ENERGY

SHARING SYSTEM -

5™ Generation Ambient

DESS provides:

« Heating, cooling and
domestic water heating

“A sustainable, net-zero carbon community powered by 100%

Future Heating Peak:
35 MW (119 MMbtu)
Future Cooling Peak:
46 MW (157 MMbtu)

ENERGY SOURCES

» Geo-exchange field

« Future sewer heat recovery

« Peaking boilers and cooling
towers

ENERGY STORAGE
« Ground
« Distribution piping system

z
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z
Z
2
Z
=
YELLOWHEAD TRAIL -
2
2
2
z
>
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N
>
@ :
BLATCHFORD =
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LATCHFORD
. CURRENT & PLANNED DEVELOPMENT “'/4,0 MARKET
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2
FUTURE DEVELOPMENT B,
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| PARK&OPEN SPACE 8
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Challenges and Opportunities

A FR LA
“_‘! z- PN~

1=

CHALLENGES
* |nitial infrastructure costs

* Funding gap and need

« Market acceptance on the ground

OPPORTUNITIES

* |Incorporation of new technologies

« Greenhouse gas reduction

« Leader in community led renewable
energy generation

» Asset for a public-private partnership

NATIONAL BUILDING
DECARBONIZATION
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Thank youl!

vk

BlatchfordEdmonton.ca il | “ NN T
BlatchfordUtility.ca

Reach out at:;

blatchfordutility@edmonton.ca
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Thermal Energy Networks

Market Opportunities

Geothermal Energy-as-a-Service
for District Heating & Cooling

NATIONAL BUILDING

DECARBONIZATION
e WY

Kareem Mirza, Chief Revenue Officer April 18, 2024
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AGENDA

1. Subterra Renewables

2. Geothermal Exchange Systems/Thermal Energy Networks
3. District Geo - Accelerating a Path to Net-Zero

4. Case Study: Oberlin College, Ohio

5. Q&A
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LARGER-THAN-LIFE PERSONALITIES ISSY SHARP: BILLIONAIRE, HYPE-FUELLED HYPER-
E ‘ H h WHO'VE HELPED SHAPE BAY STREET BUSINESS SAVANT, GROWTH IS OUT—
% ls OVER THE PAST FOUR DECADES RIDICULOUSLY NICE GUY SLOW BUT STEADY IS IN

Subterra is taking a driving role in addressing climate change and accelerating the
transition to geothermal exchanges. The Company was recognized as Globe & Mail's
Top Growing Companies in 2023 — as clean energy systems spread across urban centres.

W +25 +70 +250 +500
'Iﬁ "/ | | Experience Modern Fleet Completed

Years of Drill Rigs in Employees Projects

gome, WO +7.38M 6,560 +12.8M

COMPANIES

Square Feet Units Pounds of
Enhanced Optimized Greenhouse

Gas Reduction

SUBTERRA RENEWABLES
CEO Lucie Andlatér is betting
big on geothermal energy

NATIONAL BUILDING

SUbter e} Ay, DECARBONIZATION
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Carbon-Emitting Urban Sectors: Opportunity for Green Buildings

L ]
H E 46%
EH BUILDINGS

Ottawa’s
Greenhouse Gas
Emissions (2020)

C=
@™ @®" TRANSPORTATION

9%

WASTE

3%
¢ W AGRICULTURE

I

North American cities are studying
carbon reduction strategies.

We know that city buildings are one of
the biggest contributors to
greenhouse gas emissions.

Ottawa’s buildings account for close
to 50% of its greenhouse gas
emissions.

Bigger cities like Toronto are closer to
60%, New York and Chicago are at
upwards of 72%

bt . NATIONAL BUILDING
DECARBONIZATION
SU err:o ﬂ FORUM | APRIL 2024
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Geothermal Utility: Energy-as-a-Service Utility Reporting

ESG Dashboard Snapshot: Tracking carbon capture & savings in real time

45 Yorkland Clarington 1 « As part of Subterra’s EAAS utility
metrics monitoring, we track and

report usage for each building
and customer.

Cars Driven Each

Year * We identify and work within
CO2 Savings = client's ESG (Environment,
cwmg 42 Social & Governance) framework

to ensure reporting data is timely

Select Month v Beotherma) vs Conventional Mathoc and relevant for its sustainability
A” N B Geothermal B Conventional reportS.
200K
Geothermal Tetal Energy
340K | o .
Conventional Tatal
Feray ‘ ‘ J J
} J J m
M S subterra ECARBONIZATION
U ﬂ FORUM | APRIL 2024
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Drilling District Geo: How it Works

Case Study of Oberlin College

850 boreholes at a depth of 600 ft.
e Total vertical drilling to 510,000 linear feet.

* The bore field is located under the future outdoor sports
field, north of campus.

e This district system will heat and cool 55+ campus
buildings, reducing energy consumption by 30%, replacing
century-old-fossil-fuel system.

NATIONAL BUILDING
DECARBONIZATION
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Thermal Loop Installation

* In urban centers where the project footprint is usually limited and may be difficult to access, vertical
loops are often the most feasible installation option.

* The borehole depths usually range between 600 feet and 900 feet.

600’ to 900’ Depth
of Ground Loops

| | =-=5

2R

NATIONAL BUILDING
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[l
ENERGY STATION
Inside the energy station, heat
is transferred to or from closed i o S s s Geothermal district-scale

ground loops using heat pumps
or heat exchangers.

systems can provide
heating and cooling to
residential, commercial,
and community buildings.

——
i E 0NN
A ER NN

Warm Water

Cool Water

In the winter, the energy station pumps hot water
e—— Closed-loop geothermal systems through pipes to heat buildings on the district The pipes are about the depth
circulate a fluid through tubing system, and the cooled water returns to the energy of an average natural gas system.
buried in the ground or under water. station for reheating. In the summer, the energy
station pumps cold water through pipes to cool
buildings on the district system, and the warmed
water returns to the energy station for recooling.

NATIONAL BUILDING

DECARBONIZATION
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Can District Geothermal Networks Work
in Other Parts of Ontario and Canada?

Yes! Many communities are
undergoing feasibility studies

Hangar District — Downsview
Oakuville
Georgetown

East Gwillimbury

*
;# “). . fnf"‘én 5‘

b | \o
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Gilley Road




Thank you!

kareem@subterrarenewables.com
info@subterrarenewables.com

1-855-GEO-2050

DECARBONIZATION
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Workshop
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