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GEOTHERMAL FUNDAMENTALS
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Geothermal gradient
in NWT =20°C - 60°C
per kilometer of
depth. At 5 km temp. 54 =
could be between
100°C and 300°C
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TEMPERATURE RANGES & DEPTHS

Geo-Exchange Direct Use Power Generation
0°C - 20°C 20°C - 90°C 70°C — 300°C
0 - 300 metres 500 — 1,500 metres 1,500 — 4,500 metres
« Also known as ground * Direct use of the heat  Temperatures hot
source heat pumps contained in a sub- enough for electricity
* Used to heat/cool surface reservoir for generation
residential and an industrial process « Can alsodo a
commercial buildings such as timber drying, “cascade use” system
* Exists across Alberta heating process fluids, that first generates
today aquaculture, power, then cascades
greenhouses etc. remaining hot liquid

into a direct use,
industrial application
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GEOTHERMAL ADVANTAGES

Lazard — US based
Levelized Cost of Energy Comparison—Unsubsidized Analysis Vi | d
Certain Alternative Energy generation technologies are cost-competitive with conventional generation technologies under certain circumstances( ana YSIS reiease
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GEOTHERMAL ADVANTAGES

Renewable energy capacity factors in the US.
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Capacity factor is
what percentage of
the time your facility
is operating at it’s
rated capacity.
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GEOTHERMAL ADVANTAGES
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The surface area of a geothermal plant is the smallest of any
power source.

., GEOTHERMAL ~
- 1500 m*/ MW \
o~ COAL ’~
40,000 m*/MW
\\ \
\\ \
\
\
\\- ................. -,
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{ WIND | \
SOLAR PV | 16,000 m*/MW \
66,000 m/MW (
| 4 I
\ / |/ SOLAR )
N / | THERMAL | \clE
. | NUCLEAR
. 28,000 /MW / 10,000 m*/MW
It also needs no Selisy
i ] than a
building higher
house

than 10 metres.

# MD Greenview Alberta

Among  geothermal’ s  many
advantages is the small footprint
relative to other renewables. In
addition, in the NWT or Western
Canada Sedimentary basin in
general, much of the infrastructure
can piggyback off of the existing oil &
gas infrastructure, reducing the land
impact and reducing costs.
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GEOTHERMAL ADVANTAGES

THE POWER OF AT (TEMPERATURE DIFFERENCES)

Y I Residential . |
AbOUt 25% Of US energy Water Heating Commercial
" ndustrial (Exce rocess Steam
use occurs at temperatures N 7 ........ i et Process team)

I Chemicals
B Petroleum and Coal Prod. | Process

less than 120°C

and most Of it comes from TTG| USSR - “Food Industry Steam™
. - v» pace Heating I Paper and Pulp '
burning natural gas and oil | £ | R = Other Manufacturing ] .
8 4 Wlth electrical Tosses

[=)]

The Thermal Spectrum of U.S.
Energy Use
Energy consumed as a function of

utilization temperature .
© by J.W. Tester, D.B. Fox and D. Sultter, e Di;

I

Energy Demand with Electrical Losses (EJ)

Cornell University 2010
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GEOTHERMAL ADVANTAGES

THE POWER OF AT (TEMPERATURE DIFFERENCES)

406 / Xuebin Zhang et al.

2.5

20t !

1.5 | } , :

10} : wm.eﬁng?a | With mean annual temperatures just
| 11l ] .

oo \ A above zero —even a thermal input of

20°C can have economic value for
space heating or other industries that
require part or all of their process to
be above zero.

L L L 1 1 ] | | 1 il
1900 1920 1940 1960 1980 2000
Xuebin Zhang, Lucie A. Vincent, W.D. Hogg & AAn Niitsoo (2000) Temperature and precipitation
trends in Canada during the 20th century, Atmosphere-Ocean, 38:3, 395-429, DOI:

10.1080/07055900.2000.9649654 To link to this article:
https://doi.org/10.1080/07055900.2000.9649654

Fig.3 Departures from the 1961-1990 mean of area average mean temperature (“C). Bold curves are

| |-year moving averages.
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GEOTHERMAL ADVANTAGES

THE POWER OF AT (TEMPERATURE DIFFERENCES)
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Heating degree days (HDD)
measures how cold an area is.
An average house would use % It
of oil per HDD

e Fort Good Hope 9137 HDD

e Yellowknife 7878 HDD

e Edmonton 5025 HDD
(NWTenergy.ca)

Environment Canada. Meteorological Service of Canada. Canadian Climate Normals.
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http://climate.weather.gc.ca/climate_normals/index_e.html

GEOTHERMAL ADVANTAGES

Arctic to subarctic

climate é% s e
:ﬁ?n@%&j@v = >-05
e Permafrost Quts =

[ 2to-5
<=5

conditions
e High heating loads
> 7000 degree-days .,

e Mean annual Neguren o 7Y
temperatures of less
than zero degrees
Celsius

Smith and Burgess, 2004
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Energy supplied by fossil
fuels

To generate electricity.
To heat buildings.

Carbon offset.
potential.

Reliable alternative to
hydrocarbons.
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CANADA

Ifuture EGS

Potential of Canada
. 2010

Canada
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Project development risk and costs
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Test drilling
F/S planning
Construction
Start-up

tion &
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High Project Fallure Risk Low

Source: Magnus Gehringer, 2012
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Economic Considerations

1. Project development

Lk wh

S
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Exploration and evaluation of the resource
Exploration drilling

Production drilling

Surface piping and infrastructure

Plant design and construction (CAPEX)
Operation (OPEX)

Social economic factors — local employment
Electrical Generation income - PPA
Direct-use income — thermal

Carbon Off-set income — thermal and electrical
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Economic considerations:

development schematic

Timeline Haidhehy Angeriain Carein | b
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Economic considerations: levelized cost of power calculations

British Columbia (Kerr Wood Liedel and Geothermex 2015)
Clarke Lake: 34 MW @ 29.7 $/MWh
Jedney: 15 MW @ 39.8 $/MWh

Table E1-1: Results of Volumetric Assessment and Economic (GETEM) Analysis

Initial MW~ MW (gross)at  Mw(net):  Levelized Cost of
Geothermal Prospect SitefArea Fli: estimate 90% probability F:,araSItlc 3 Electnmty
Type (GDDM) from Vol Est. 10% for F_Iash : {CANg/KWh)
25% for Binary Discount Rate 5%
Canoe Creek — Valemount Flash 15 14 3 129 268
Clarke Lake Binary 24 1584 128 297
Clarke Lake (5 WMWY scenano) Binary 5 - 3.8 332
Jedney Area Einary 15 12.2 9.2 295
Kootenay Einary 20 19.9 14 9 228
Lakelse Lake Einary 20 196 147 234
Lower Arrow Lake Einary 20 196 147 237
. 178.2
Meager Creelk (Febble Creek volume assumed equivalent)™ | Flash 100-200 total 198 0 combined combined 11.7
(50-100 ea) (990 ea) 89 1 (ea)
Mt Cavley Einary a0 407 305 17.3
Okanagan Einary 20 183 137 241
Sloquet Creelk Einary 10 10 7.5 21.8

* These LCOEs have been revised from the presous versions of this report to comrect the values used for the depreciation schedule in GETEM (Lines 32 to 37 of Tahlev-1)
* Pehble Cregk transmission and infrastructure costs are significantly 1ess than those at Meager Creek, resulting in a lower LCOE value for Pebble Creek (11.5 CAN g,
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Economic considerations: levelized cost of power calculations

Northeast BC: Western Canada sedimentary basin calculations 2018 (Palmer-Wilson et

al. 2018)

Simple economic models were developed for each of the four proxy power plants, using capital costs
(cost to build the plant and drill the necessary number of wells) and specific measures of financial
viability (see below), to find the levelized cost of producing electricity in dollars per mega-watt hour
(MWh) of energy produced.

Horn River: 3.7 MW @ 162 $/MWh
Clarke Lake: 44.5 MW @ 166 $/MWh
Prophet River: 22.0 MW @ 144 $/MWh
Jedney: 7.8 MW @ 156 $/MWh

Calculations used to compare financial viability of the four projects include:

L evelized Cost of Energy (LCOE): the cost at which electricity is produced throughout the lifetime of the
project. Any power plant technology can be compared via LCOE.

*Net Present Value (NPV): the difference between all discounted costs and revenues. Comparing the
NPV of different projects helps establish which has greater financial returns.

sInternal Rate of Return (IRR): equal to the discount rate at which the NPV becomes zero.

E?rglazptn Tiéga Yerra

Geo Corp.
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Economic considerations: financial model MD Greenview

Key factors affecting project costs:
e Drilling costs (depth and size)
* Plant development cost (reservoir size and type — flash vs binary)

Economic viability:

e Price of electricity — how much is someone willing to pay?

e Price of thermal energy — what is the load and how much is it worth?
e (Carbon offset credits

e Cost of money

Palmer-Wilson et al. 2018 stated the three key factors needing more work are:
e Reduce uncertainty regarding size of geothermal reservoir

e Estimate achievable brine flow rates

e Determine the commercial value of heat

e

=== MD Greenview Alberta Ee Mo p N Tuya Terra
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Economic considerations: Technological advancement & new innovations

Northern Geothermal
Potential Research Chair
e Resource assessment Of

northern mines and
communities

Heat flow

Legend
3 Northern villages

=== 49th parallel North

s imits of the territory of Nunavik

e Adapt technologies to deal with
arctic to subarctic climate

Heat Flow (mW/m?)

® 15-25

@ 26-35 “

@® 36-45 . /

® My r R/’

@ =-: / / I///// L..- ,. Ua& / Centre
Institut nordique  KATIVIK d’'études
du Québec nordiques

Geology

- Hudson Bay Platform

[ Anticosti Platform

] st Lawrence Lowlands Basin
|:| Appalachians Province
Proterozoic sedimentary basins
[] canadian Shield

INRS

UNIVERSITE DE RECHERCHE
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Economic considerations: Technological advancement & new innovations

Eavor-Loop™: Benefits to Alberta & Saskatchewan

Energy for Eavor 1 2
u u 3 ]

N - :
World'’s First Viable Coal Gap Paris Accord Economical
of Green, Scalable, Can replace all Represents 20% Enables 100%

Baseload Power. of Alberta & of Canade’s GHG Green Power at

Saskatchewan's Commitment Competitive Rates

Coal baseload
4,

Calgary based Eavor, partnered Clean Orphan Wells

with Sweden’s Climeon No Fracking, Wel| Abandonment
Earthquakes, Water Liabilities become

technology company hope to be Use, or Fluid Disposal  Green Power Assets
able to provide power from 70°C
and above waters in a sustainable

and cost effective way. Local Jobs Exports

Represents 100,000 Repurposes Qil & Gas
man-years of work in skills into a new Green

Alberta & Saskatchewan Export Industry

terrapin Tuya Terra
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The role of Government

What is needed for geothermal development?

e Government recognition that geothermal resources will fill the basic
infrastructure needs of the north and support continued development
and occupation of the land (sovereignty).

e Like bridges, roads and highways, geothermal energy must be
considered “infrastructure” and the costs born across the tax payer
base of Canada. “What is good for the north is good for the rest of
Canada.”

* Projects in Finland, Sweden, Denmark and elsewhere are proving EGS
technology; Canada needs to get on-board and support geothermal.

e
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Low potentialfuture EGS

Economic factors:
Project development

Potential of Canada
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Economic Considerations

1. Project development

a. Exploration and evaluation of the resource
Exploration drilling
Production drilling

Surface piping and infrastructure

Plant design and construction (CAPEX)
Operation (OPEX)

Social economic factors — local employment
Electrical Generation income - PPA

Direct-use income — thermal

Carbon Off-set income — thermal and electrical

m 0o Q0T
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o

== =S¥ MD Greenview Alberta Ee o pln T“vna Terra

eo Corp.

@ GEOTHERMAL

CANADA

eeeeeeeeeeeeeee



Geothermal development costs: pre-feasibility study costs NWT

TABLE 3: GENERIC COST ESTIMATE FOR GEOTHERMAL PRE- |
FEASIBILITY STUDY

Task Estimated Cost Range
Existing mformation rewiew $20,000 - $30,000
Detailed field geclogy $30,000 - $40,000
Geophysical surveys $40,000 - $0,000
Thermal gradient holes $200,000 - $250,000
Borehole geophysics and well temperature survey $20,000 - $30,000
Core logging and core sample analyses $20,000 - $30,000
Hydrogeology and hydrogeochermstry $20,000 - $30,000
Conceptual geothermal model $20,000 - $30,000
Preliminary econcmical evaluation $10,000 - $20,000
Prelimmary environmental assessment and permitting $20,000 - $ 30000
TOTAL $400,000 - $550,000

NWT Geothermal Feasibility Map Northwest Territories Y22101146 April 2010
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Geothermal development methodology: exploration

Geological
data

Geophysical
data

TIME

Resource Exploration
estimation drilling
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Geothermal development methodology: exploration

Alterra Power Corp Geothermal Exploratione vio
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Timeline of a geothermal power development

Time = Money

Year
0 1 2 3 4 5 6
Identification h
Exploration Survey I
Exploratory Drilling I
Decision to Build L]
Development r—g
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Nunavut Geothermal Resource Assessment
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Héat fil'ow e Depth to reach Curie temperature ~580 2C
e Potential for direct-use applications
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Yukon Government Initiatives

%N

GEOLOGICAL SURVEY

Yukon’s geothermal potential could be more
than 1,700 MW of energy (Calculated as
“heat in place”). This is equivalent to 18
times the current energy supplied by Yukon’s
renewable electrical system (90 MW). The
Yukon government has just drilled two
temperature gradient wells.

MD Greenview Alberta
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North West Territories heat flow map

Northern Canada- Heat Flow (mW/m2)

+  HeatFlow_well

- Sedimentary basins

Heat Flow (mW/mz2)

S & e ©

B |
N N I I

Heat-Flow Contour Map From Dr. Jacek Majorowicz (University of Alberta - Unpubllshed;

Used With Permission).
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Renewable energy options for Alberta

of Alberta,
1971 to 2000

S

Solar Resource
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Wind Resource
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Municipality of Greenview, Alberta
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Municipality of Greenview, Alberta, Industrial Park

“‘“&

Partnership between the

MD of Greenview, and

the County and City of

Grande Prairie for a

heavy industry industrial

park.

e Rail road

e Power line

e Highway

e ~60,000 drilled wells
within the MD

e Use of existing wells,
geophysical and
geological data for
exploration
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Municipality of Greenview, Alberta, Industrial Park

Partnership between the MD of

Greenview, and the County and

City of Grande Prairie for a heavy

industry industrial park.

e Significant existing
infrastructure: roads and pads

e Surface rights now owned by
the MD Greenview

e Economic driver is the ability
for the MD to supply “green
power” to industry both as
electrical and thermal energy.

s —
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Municipality of Greenview, Alberta (MDGV)
 Geothermal power generation facility and associated well field in the M.D.
of Greenview.

e 5MWe (net), 8MWe (gross) closed loop, distribution connected, air-cooled,
power generation facility.

* |nitial phases of the facility will require 6 wide-bore production wells to be
purpose drilled based on 172 kg/s of flow of 200°C water.

* |nitial phases of the facility will require a number of re-injection wells (may
be purpose drilled, may be previously drilled wells).

e Power facility is to be built and commissioned in a modular fashion that
can scale to load developed in the area.

e Potential funding from Alberta and Federal governments

I* I N I Resources ources naturelles
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Technical considerations: Study methodology

Study was commissioned by the MD Greenview and piggybacked on an earlier study of
the Fox Creek area. The result was the ERPP application.

Main factors studied:

e Bottom hole temperatures

e Porosity, permeability, and pressure

e Water recovery in hydrocarbon drilling

e Water production in hydrocarbon production

 Well history

e Drilling problems

 Well condition and status

e Location and proximity to electricity grid and land development area
e Size and volume of the targeted reservoirs

e Potential energy production

e Review case studies of existing pilot projects

e

== MD Greenview Alberta Ee Mo p N Tuya Terra
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Technical considerations: Regulatory and other

Who owns the heat/energy?

Water trespass regulations.

What to do about residual hydrocarbons?

Well history and repurposed wells, liability and asset calculations?
Drilling problems faced by developers? (these are deep, wide wells)
Well condition and status of abandoned wells.

Location and proximity to electricity grid and land development area.
Size and volume of the targeted reservoirs.

Discrepency between timing of heat and electricity offtakes

10. Review case studies of existing pilot projects.

11. Dealing with sour wells.

LN WNRE
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Technical considerations: Challenges

1.

@ GEOTHERMAL

The BHT and flow rates within the target formations (sub-Duvernay and basement) are
not well characterized (they are not hydrocarbon targets).

Economics of the project will be dependent on the outcome of the testing.

Final decisions on the number of production wells will be dependent on the bottom
hole conditions (Temperature and flow rate).

Oil and gas wells are not necessarily suitable for production for electrical generation.
Oil and gas wells may make suitable injectors and there is some possibility that flows
could be high enough for limited direct-use applications under specific circumstances.
May need to drill water injection wells in addition to production wells.

Sour wells will be a factor in the development process and have potential impact on
economics.

ERPP approval was placed on hold due to a lack of clarity surrounding regulations and
permitting.

e
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Project development: financial model MD Greenview

Nameplate Capacity (kw) 8,000
Parasitic Load estimate (%) 38%
Project net output kw 5,000
Number of Wells Drilled 6
Drilling Depth (mVd) 3,000
Drilling cost (S/mVd) $1,250
Total drilling cost $22,500,000
Drilling cost per kw $2,813
Power Plant Cost - Turboden ($/kw) (51000 EUR Quote) $1,500
Supplementary Construction Cost - ONEC (S/kw) $1,500
Total installed cost (S/kw) $5,813
Hours in a Year 8,760
Capacity Factor Estimate 80%
Total net kWh Produced Annually 35,040,000
Estimated PPA Value ($/kwh) $S0.100
Carbon Price (S/tonne) S50
Annual Maintenance (S/kW) $110
Fluid and Field Testing $650,000
Geoscience $ 1,350,000
Total Testing & Geoscience $ 2,000,000
Total Capital Budget S 48,500,000
Other S 2,425,000
Total Project Budget $ 50,925,000

CANADA

@ GEOTHERMAL

= = MD Greenview Alberta

Down Payment (%) 80%
Down Payment S 40,740,000.00
Amount to Finance $10,185,000.00
Interest Rate 4.000%
Years of Loan 15
[IMonthly Interest Rate 0.333%
Number of Payment Periods 180
IMonthly Debt Servicing Payment $75,337.22
Annual Debt Servicing for loan term $904,046.58
Yearly Electricity Losses (%) 0.00%
Annual Electricity Price Escalator 0.50%
\Weighted Average Cost of Capital 6.0%

CDN $6 Million / Megawatt installed.
8 MWe gross (5 MWe Net) @ 100 SCDN/MWh

o
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Project development: financial model MD Greenview

Waste Heat for Utilization
Hours / Annually

Plant Capacity Factor
Hours of heat production
Annual Heat Production
Price of Natural Gas
Annual Heat Sale Revenue

Carbon Tax Rate
Sale of offset (discounted)

Carbon Intensity of Natural Gas
GHG offset from geothermal heat

Value of Offset Sale Annually

Economic Value of Waste Heat & Offsets

143.95 GJ/hour
8760
80%
7008
1,008,801.60 GJ
S 2.25 GJ
S 2,269,803.60
56 kg CO2/G)
56,492,889.60 kg
56,492.89 tonne
S30 tonne
90%
$1,525,308.02

$3,795,111.62 Annually

Annual Electricity Production: Net (APpet)

jl:I"':'an.'ztz {{:EI[JE l:it"!ﬂrnua‘t* H MNannu al:I 1‘j'r-:apacit',.rFE|v:tn:ur

APpe = (5 MW * 8760hr)*0.8
= 35,040 MWh/yr
= 35.04 GWh/yr

Grid Displacement Factor for 2022 and 2031

Annual GHG Reduction

Grid Displacement Factor (tCOEG/M Wh]2022 = GDFleB_ 5%
=0.59tC0O.e -0.0295
=0.56tC0O.e

GHG gy ction=
IAF‘rlnzt‘:GridDi_spIacernEhtl:a{:t{:rl:t{:ole.’ll\’“”'ﬂ"'llh]2022

GDFag31= GDF022 — 20%
=0.56tC0,e—0.112

= 0.45tCO,e

GHGreguction = 35,040 MWh * 0.56tC0,e
=19,622.4 tCOe
=0.0196 MtCO,e

Green house gas avoidance

&
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Facility Lifespan (35 Years) GHG Reductions

G HGreductiont2O22-203[J]= [Apnet*gvr}* G DF2022

= (35,040%9)*0.561CO,e
=176,601.6 t1CO,e
=0.1766 MtCO,e

GHGreductiontEDSl-EDS?] = (Apnet*ZBy'r] * GDFEUSU

= (35,040%26)*0.45tC0,e

= 409,968 tCO,e
=0.4100 MtCO,e

GHG equctionsitota) = GHGreduction(2023-2030) ¥ GHG equction | = 176,601.6 tCO,e + 409,968 tCO,e

(2031-2057) =586,569.6 tCO,e
=0.5866 MtCO.e

—
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Existing infrastructure and data
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What heat and flow rates are needed?

Generation Capacity vs Mass Flow Rate Data suggests there are

fora single well model “oceans” of water, but data was
collected for oil and gas
purposes. Actual sustained flow
from wide diameter wells over
decades is not known. Pump
tests and other down hole
measurement will be needed in
order to understand how much
water is flowing.

2000

1200

1ol

o
e
e

Generation Capacity (kW )

0 20 40 GO 80 100 120

Estimated Mass Flow Rate (kg/sec)
Walsh, 2013, Geothermal resource assessment of the Clarke Lake Gas Field, Fort Nelson, British Columbia,
BULLETIN OF CANADIAN PETROLEUM GEOLOGY, Volume 61, Number 3, September 2013, Pages 241-251
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Defining the target formation

- NW SE

Waterways

Upper Devonian

Beaverhill Lake Group

Middle Devonian

Watt Mountain Gilwood

v

Fringing Reef 1 ¢ Syan Hills Complex
Complex

4—— Hey River Bank

[ Limestone, and minor dolomite || shale and argillaceous carbonate

|:| Sandstone

- Shale, marginal marine

Key for geothermal energy is access to
significant quantities of water.
Formations of interest are below the
Duvernay. Of greatest interest are the
carbonates (especially dolomites) and
sandstones and the basement.
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Stratigraphy Column of Geological Formations
in Tri-Municipal Industrial Partnership Area
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Bottom-Hole Temperature (°C)

Existing infrastructure and data a)
a 0 25 50 75 100 125 150 175 200 225 250

(a) Temperature gradients calculated from corrected BHT i S T Y N T S I B S
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Existing infrastructure and data

Isopach map showing depth to the target

formation (Lower Devonian: sub-Duvernay

Formation).

e Temperatures are predicted to be
~200°C @ 3.5 km.

e Assumed flow rates are 25— 35 kg/s per
wide diameter well (9 5/8” — 13 3/8").

e Total mass production 172 kg/s

MD Greenview Alberta

@ GEOTHERMAL
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Depth-to-Top-of-Sub-Duvernay Formations Map
(Tri-Municipal Industrial Project Area)
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Existing infrastructure and data

The basement rocks are potentially
altered and fractured as they were
emergent prior to subsidence,
transgression and burial by marine
sediments. Only two wells in the
TMIP area penetrate to basement.

MD Greenview Alberta
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Depth-to-Bedrock Map
(Tri-Municipal Industrial Project Area)
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Existing infrastructure and data

Subsurface structural pattern suggests that
some of the hottest BHTs are coincident with
lineaments in the subsurface. These fracture
zones may be bringing hot brines from the
basement into the overlying aquifers. The
Duvernay formation (a tight shale formation)
may act as a thermal barrier, trapping heat in
the deep subsurface.

Exploration results suggest that flow rates
are 172 liters/second (from multiple
production wells) and the temperature could
be as high as 200°C.

@ GEOTHERMAL
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How much water really flows?

For this project’s economic calculations we assumed 172 kg/s of flow of 200°C water.
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The Middle Devonian Slave
Point Formation in the Clark
Lake field of British Columbia
has dolomitized zones that
show high permeability. Two
gas wells were flow tested by
Petro-Canada for
approximately a year: 2800
m3/day (33kg/s) with a
deliverability of 0.75
(m3/d)/kPa
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Summary of exploration target information

Bottom-Hole Temperature Map
{of strata underlaying Duvernay-Tri-Municipal Industrial Project Area)
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Hydrocarbon extraction in the region is focused on the
Duvernay, Montney and related Late Devonian and
Triassic aged formations

Production formation, Gilwood, is within the early
Devonian strata (Elk Point Group)

Maximum assumed fluid temperature is expected to be
200°C based on BHT

Combined fluid flow from six wells is expected to be 172
kg/s

Fluid composition of the geofluids is alkali bicarbonate
water with a pH of 7.8

There is limited potential to encounter hydrocarbons
within the target formations

All produced fluid is expected to be reinjected. The
Leduc formation is the likely injection target and at least
one injection well will need to be drilled. Chemical
mixing issues (different formational waters) have not yet
been assessed.
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Geothermal production wells: existing wells

Typical gas well production casing 5 %2” and oil well
production casing 4 %2”. Geothermal (Alberta reservoir
temperatures) needs very large volume flows. Old wells,
because of concerns about casing integrity or other
issues are an unlikely options for electrical production.

1 6"

10.4 giitt
1.4 ft3/ft

Generation Capacity vs Mass Flow Rate
for a single well model

13 3/8"

8.2 glft
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(1] E 1400
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2 girt £ w0
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200 —
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Economic Considerations

1.

Lk wh

S

Project development

a. Exploration and evaluation of the resource
. Exploration drilling

Production drilling

Surface piping and infrastructure

Plant design and construction (CAPEX)
Operation (OPEX)

Social economic factors — local employment
Electrical Generation income - PPA

Direct-use income — thermal

Carbon Off-set income — thermal and electrical

o oo T

—

GEOTHERMAL R 0 Greenview Alberta terrapin

CANADA

Tuya Terra




Slim hole drilling: core to narrow diameter “slim” holes

Alterra power, Mariposa geothermal project, diamond drilling

3 well campaign.

S

GEOTHERMAL

CANADA

MD Greenview Alberta

If the resource has never been drilled
before, then “slim” hole drilling may
save significant funds if the resources
turns out to be not as hot or as
voluminous as anticipated and does
not warrant further development.
However, in remote locations,
without existing infrastructure, slim
hole drilling may cost nearly as much
as wide diameter drilling.

Typically at least 3 wells are drilled
into a greenfield project.
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Slim hole drilling: core to narrow diameter “slim” holes

Alterra power, Mariposa
geothermal project,
diamond drilling 3 well
campaign.

* In some areas, winter weather must combated to keep the
project going.

e |n steep terrain avalanches can sometimes be a hazard.

 Heavy snow fall requires some protection for the rig and
crew.

L
MD Greenview Alberta
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Exploration drilling: wide diameter

HS Orka, Reykjanes, Iceland 2014

 Once the infrastructure has been built and results from the pervious phases are
favourable, wide diameter drilling starts.

e |f successful, wells can be used for production.

e |f less than successful, they can be used for monitoring wells.

—
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Exploration drilling: well testing

‘RR
iy
I.
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Wireline surveys can measure
resistivity, conductivity, downhole
temperatures, formation
pressures, as well as sonic
properties, and wellbore
dimensions. Well bore integrity
and cement bonding. Logging is
typically done after formation
changes, loss of circulation, or
other changes in the well and at

' _ the end drilling. Pump testing

e follows the end of drilling. Wells

A9 == &= are then allowed to heat up for

~HS Ork'z;i, Reykjanes, Iceland 2014 & days to weeks to months.

o
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Exploration drilling: well testing (the old fashioned way)

- Wireline surveys can measure
resistivity, conductivity, downhole
temperatures, formation
pressures, as well as sonic
properties, and wellbore
dimensions. Well bore integrity
and cement bonding. Logging is
typically done after formation
changes, loss of circulation, or
other changes in the well and at
the end drilling. Pump testing
follows the end of drilling. Wells
are then allowed to heat up for
days to weeks to months.

Dixie Queen, Nevada, 2010

&) GEOTHERMAL DR 1 Greenview Alberta errapin Tuya Terra
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Exploration drilling: flow testing

il

Alterra Power, Soda Lake, Nevada
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Wells are allowed to heat up for
days to weeks to months,
depending on projected bottom
hole temperatures and expected
well performance (based on pump
tests). Following heat up, the wells
are then flowed. If flash they are
run through a separated and
vented to atmosphere (depending
on gas composition), brines are
either flowed to a sump or
injected depending on local
environmental regulations and
fluid chemistry.
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Economic Considerations

1. Project development
a. Exploration and evaluation of the resource

b. Exploration drilling

c. Production drilling
d. Surface piping and infrastructure

e. Plant design and construction (CAPEX)

f. Operation (OPEX)

Social economic factors — local employment
Electrical Generation income - PPA

Direct-use income — thermal

Carbon Off-set income — thermal and electrical
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Geothermal production wells

[l y 1 IS i
sl dl

HS Orka, Reykjanes; Iceland 2014 ,
Rigs used for oil and gas drilling are used with some differences
I e With mud handling and “loss of circulation” is celebrated. High
" - BN temperature wells have additional nuances, such as double ram

\deidhd 2008 S
T BOP due to temperature limitations of rubber BOPs
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Geothermal production wells
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Economic Considerations

1. Project development

a. Exploration and evaluation of the resource
Exploration drilling
Production drilling

Surface piping and infrastructure

Plant design and construction (CAPEX)
Operation (OPEX)

Social economic factors — local employment
Electrical Generation income - PPA

Direct-use income — thermal

Carbon Off-set income — thermal and electrical

o a0 o
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Surface infrastructure - pipes

Piping can have
a significant
cost —
especially
important for
Direct-use.

o

_HS Orka, R

i Geysers, California 2009
N33, : ca
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Surface infrastructure — pumps

Cost of pumps and impact on parasitic load for TMIP area will be characterized after drilling
and well testing.

—
=MD Greenview Alberta efrapln Tuyﬁa Terra
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Surface infrastructure — well heads

A0

——;y s ”Wf////

'''''''''''''''''

1lf) .f | _ ; Dixie Valley, Nevada, 2014

Vs gy ”“ il

i € ji:’-'l*“"""l!w

Arctic weather conditions demand protected well
heads which adds extra cost to projects.

T

*
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Economic Considerations

1.

Lk wh

S

Project development
a. Exploration and evaluation of the resource

b. Exploration drilling

c. Production drilling

d. Surface piping and infrastructure

e. Plant design and construction (CAPEX)

f. Operation (OPEX)

Social economic factors — local employment

Electrical Generation income - PPA

Direct-use income — thermal

Carbon Off-set income — thermal and electrical
GEOTHERMAL = u—— terraptn

Lazard Geothermal Result
USD S$46 - 76/MWh Capital costs
USD $25-35/MWh Fixed O&M
No Fuel costs, no variable O&M
USD $71-111 /MWh Total
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Plant design and construction (CAPEX) — ORC (Binary)

Organic Rankine Cycle (ORC) system.
The geothermal water heats another
liquid which boils at a lower
temperature than water. The two
liquids are kept completely separate
through the use of a heat exchanger,
which transfers the heat energy from
the geothermal water to the working
fluid. The secondary fluid expands
into gaseous vapour. The force of the
expanding vapor, like steam, turns
the turbines that power the
generators. All of the produced
geothermal water is injected back

Assumed 25% patristic load, but may be higher depending  into the reservoir.
on reservoir conditions. (Options for direct use of fluids.)

Binary cycle power plant i ,hine

-I Il
L T
I i
—_— . = :.1'.."“
i I}
§
LY

electrical generator

i s, L,

) 2011 Encyelopaedia Britannica, Inc.

T~
MD Greenview Alberta er rapln Tuygo'!:'oer{‘ra
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Plant design and construction (CAPEX) - Flash

Assumed 10% parasitic load, but
may be higher depending on
reservoir conditions. Options for
direct use of relatively high
temperature fluids.

HOT  cooL

WATER r‘* 22"

- Generator

Flash systems use produced steam to
directly run turbines. Depending on local
conditions, the produced geothermal
water is injected back into the reservoir.

Direct Heat Ufa —

Production
~ Well

&
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Plant design and construction (CAPEX)

O o o -|'i=,i'!.-ﬂ--__'|-.|-._ |r el L.
N - ! |”|Hl ||h ..H\ &
Dl “"'" | l’”"llln

Geothermal brine in temperature 200 [°C]
Geothermal brine mass flow rate 170 [kg/s]
Gross electric ORC power output (a) 8,000 (¥ [kW]
ORC and ACC parasitic consumptions (b} 700 [kW]
Net electric ORC power output {a} — (b) 7,300 [kW]
'G T _
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Economic Considerations

1. Project development

Lk wh

S

d.

L

—h

Exploration and evaluation of the resource
Exploration drilling

Production drilling

Surface piping and infrastructure

Plant design and construction (CAPEX)
Operation (OPEX)

Social economic factors — local employment
Electrical Generation income - PPA
Direct-use income — thermal

Carbon Off-set income — thermal and electrical

GEOTHERMAL

CANADA

—

== == MD Greenview Alberta Ee o p N
?‘//////l‘h\\\v\\.-\\ Heat.*Value Experts
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Lazard Geothermal Result
USD S$46 - 76/MWh Capital costs
USD $25-35/MWh Fixed O&M
No Fuel costs, no variable O&M
USD $71-111 /MWh Total

Tuya Terra
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Geothermal plant operation (OPEX)

HS Orka, Svartsengi, Iceland 75 MWe Turboden, 5.6 MWe geothermal ORC Turboden plant for Hochtief Energy
geothermal power plant Management Kirchstockach — Munich, Germany

Geothermal plants and well fields, well managed will last for decades. Pitfalls include chemical
issues (scaling and corrosion), reservoir pressure, falling reservoir temperatures, injection,
turbine issues and plant wear and tear (extreme weather). You must keep the reservoir
healthy!

/--'_‘--.‘_\
= & MD Greenview Alberta errapln Tuygo'!:'oe"{'ra
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Plant operations — A binary, water cooled power plant
Soda Lake 1

* Built 1987

e Consists of four (4) Binary Ormat Energy Converters
(OEC’s)
e Three (3) parallel Level 1 units, 1.2MWgross/each
 One (1) Level 2 unit, 1.5MWgroww
 Water Cooled condensing system
* |sopentane working fluid

 Nameplate capacity 5.1MWgross, current output
2.5MWnet

e Average flow rate/temperature 1150gpm @340F
e Design flow rate/temperature 900gpm @ 360F

T~
terraptn T.ﬁ;ﬁra
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Geothermal Energy — A binary, air cooled plant
Soda Lake 2
e Built 1990

e Consists of six (6) Binary Ormat Energy
Converters (OEC's)
e HP and LP Level 1&2 units, 3MWgross/each
e Air Cooled condensing system
e Pentane working fluid

* Nameplate capacity 18MWogross, current output
5.5MWhnet

Average flow rate/temperature 3,600gpm @330F
e Design flow rate/temperature 5,000gpm@380F

terrapin
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Geothermal plant operation (OPEX)

When things go wrong. Promising sites are not developed or stalled somewhere along the
development pathway. Usually it is because of insufficient funding for the long term
development. Typically 70% “steam-behind-pipe” is needed before debt financing.

, N_Idunt Meager, BC

— S

f PR - g =k
P o e o <+
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S P |
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iifit:::::ﬁ?i ‘Mount Meéé;f, BC |
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Project development risk and costs

High — 1 100%
o "“Eml

.-I‘ i el

[ 8
[+ = & [ )
s s [
® >
o %
s S
E

- W W o

Drilling

Pra—S_urver
Exploration
Test drilling
F/S planning
Construction
Start-up

tion &
Maintenance

High Project Fallure Risk Low

Source: Magnus Gehringer, 2012
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Project development schedule - financin

Task Name Year -1

Project Definition —

Reconnaissance (Geology, Chemisty)

r3 Year4 Year 5 Year 6

Detailed Mapping (Geology, Chemistry, Geophysics)
Prelim inary Resource Assessment

Decide on Exploration Drilling, Targets Defined rilling, Targets Defined
Exploration Drilling
Resource Assessment
Feasibility Study

Decision to Construct

ision to Construct

Project Anancing
Finance Structure and Participation
Establish Main Procuurement Contracts (Costs defined)
Financial Decision to Proceed (Financial close) Financial Decision to Proceed (Financial close)
Project Construction
Design and Tendering

Production and Injection Drilling
Detailed Design and Procurement
DeliveryPeriod - Main Plant

Site Constfruction

Plant Commissioning

Handower for Operation

*» Handover for Operation

Equity Finance Debt Finance

200,000,000

Typically financing is not available at
reasonable costs until 70% steam-
behind-pipe is reached.

100,000,000

Cost

(Nominal 50 MW development)
Cost Curve »

Q3 ‘QA ‘QZ

a | @ Q|| | o Q3 |04 Q| |Q |Q]Q | @
Year1 ‘ Year2 ‘ Year3 ‘ Yeard ‘ Year5 ‘
&*
C A N A D A Heat.*Value Experts Geﬂ cn'l"



Levelized cost of electricity

Levelized Cost of Energy

Comparison—Unsubsidized Analysis

Certain Alternative Energy generation technologies are cost-competitive with conventional generation technologies under certain circumstances®

Saolar Pv—Ropftop Residential

Solar Pv—Rooftop C&l

Solar PY—Cormrrunity

Solar P¥—Crystalline Uity Scale ®
RUCTE S EI S Solar PY—Thin Film Uity Scale @

Salar Thermal Tower with Storage

Fuel Cell $103 _ §152

Geotherral $71 - 111

Geothermal

| ) I Wind 520 [N s56

Wind
Zas Peaking $152 _ $206
Gas Combined Cyde 41 Fd
Gas y so [ ¢
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$350

Lazard — US based
analysis released
November 2018

SUSD 73 - 145 Solar PV

SUSD 71 - 111 Geothermal
SUSD 29 - 56 Wind

SUSD41-74  Gas
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Economic Considerations

1. Project development

d.

m 0o Q0T

Lk Wwh
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Exploration and evaluation of the resource
Exploration drilling

Production drilling

Surface piping and infrastructure

Plant design and construction (CAPEX)
Operation (OPEX)

Social economic factors — local employment
Electrical Generation income - PPA

Direct-use income — thermal

Carbon Off-set income — thermal and electrical

—

7= MD Greenview Alberta Ee rrepln
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Economic factors — social economic

University of California, Berkeley in 2016 The construction of this 8 M
W gross capacity facility should create 35.2 job-

years of direct construction positions (or 1.01 FTE if spread over a 35C

year facility lifespan), 3.2 full-time O&M positions, 9.36 full-

time industry positions, 31.40 indirect and/or induced full-

time positions, and 88 indirect and or induced job years for construction (or
2.51 FTE if spread over a 35 year facility lifespan). This provides us with a
47.48 total FTE positions created by the MD Greenview project.

Direct-use development (greenhouse,
aquiculture, etc.) has not been factored into the
calculation. Direct use typically provides more
employment than electrical power generation.

Taxes or other royalty payments.

erraptn Tuﬁ;\%ra

Heat»Value Experts eo Corp.
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Economic Considerations

1. Project development

d.

m 0o Q0T

Al
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Exploration and evaluation of the resource
Exploration drilling

Production drilling

Surface piping and infrastructure

Plant design and construction (CAPEX)
Operation (OPEX)

Social economic factors — local employment
Electrical Generation income - PPA

Direct-use income — thermal

Carbon Off-set income — thermal and electrical

—_——
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From exploration to power production

Svartsengi 75 MWe geothermal power plant

T
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Levelized cost of electricity

Levelized Cost of Energy

Comparison—Unsubsidized Analysis

Certain Alternative Energy generation technologies are cost-competitive with conventional generation technologies under certain circumstances

Saolar Pv—Ropftop Residential

Solar Pv'—Rooftop C&d

Solar PY—Cormrrunity

Solar PY—Crystalline Uity Scale ®
RUGCTE G S EI S Solar P/—Thin Film Uity Scale @

Salar Thermal Tower with Storage

Fuel Cell $103 _ §152
Geotherral 71 - $111
Geothermal
| ) I Wind 520 [N s56
Wind
Zas Peaking $152 _ $206

Gas Combined Cyde

Gas

$0
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Lazard — US based
analysis released
November 2018

SUSD 73 - 145 Solar PV

SUSD 71 - 111 Geothermal

SUSD 29 - 56 Wind
SUSD41-74 Gas
Tuya Terra



Levelized cost of electricity

Geothermal result: SUSD 71 - 111 | A 2 A R D

US based analysis that does not include the following factors that could have a significant effect on the results,
but have not been examined in the scope of this analysis. These additional factors, among others, could
include: import tariffs; capacity value vs. energy value; stranded costs related to distributed generation or
otherwise; network upgrade, transmission, congestion or other integration-related costs; significant permitting
or other development costs, unless otherwise noted; and costs of complying with various environmental
regulations (e.g., carbon emissions offsets or emissions control systems). This analysis also does not address
potential social and environmental externalities, including, for example, the social costs and rate consequences
for those who cannot afford distributed generation solutions, as well as the long-term residual and societal
conseguences of various conventional generation technologies that are difficult to measure (e.g., nuclear
waste disposal, airborne pollutants, greenhouse gases, etc.)

Lazard — Levelized cost of energy analysis, version 12.0 2018

—_—
terrapin Tiga Terra
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Levelized cost of electricity - Geoscience BC 2015-11 report

2. Levelized Cost of Electricity Lazard: Geothermal result: SUSD 71 - 111

a. This revised report corrects the values in the depreciation schedule which is an input to GETEM. The
resulting LCOEs for the favourable sites are materially different from the LCOESs previously presented;

b. Based on the GETEM analysis, the LCOE from Table 6-1 for the favourable sites at a 5% discount rate
ranges from 11.5 CADg¢/KkWh for Pebble Creek to 29.7 CAD¢/kWh for Clarke Lake. The LCOE for the
Jedney Area and for Clarke Lake at 5 MW (both added at the direction of Geoscience BC) are 39.8
CAD¢/kWh and 33.2 CAD¢/kWh respectively. A geothermal supply curve reflecting these results for the
favourable sites is shown in Figure 7-1;

c. Although GETEM is a complex tool and US-focused, it has the capability to permit the input of specific
values reflecting British Columbia conditions. VWhere sufficient information was available to estimate
specific parameters (such as costs for power lines and roads), these parameters were included as input
to GETEM. Otherwise, default parameters, internal to the GETEM program, were used; and

d. The cost of drilling wells during the various phases of a geothermal project has a significant impact on
the LCOE, as demonstrated by sensitivity analysis of drilling costs for Pebble Creek and Sloquet Creek
(Table 6-4). The LCOEs for Pebble Creek (with a base LCOE of 11.5 CAD ¢/kWh) are 7.8 and 15.2
CAD ¢/kWh, reflecting drilling costs of 50% and 150% of base case, respectively. Similarly, the LCOESs
for Sloquet Creek (with a base LCOE of 21.8 CAD ¢/kWh) are 15.7 and 27.7 CAD ¢/kWh, reflecting
drilling costs of 50% and 150% of base case, respectively.

———.
terrapin Tiga Terra
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Levelized cost of electricity- Geoscience BC 2015-11 report

Lazard: Geothermal result; SUSD 71 — 111
2015-11 SCDN 29.7 —39.8

Table E1-1: Results of Volumetric Assessment and Economic (GETEM) Analysis

Initial MW MW (gross) at MW (net) : Levelized Cost of
. Plant . o " Parasitic = Electricity™
Geothermal Prospect SitefArea estimate 90% probability o )
Type (GDDM) from Vol Est 10% for Flash {C ANg /kWWh)
N 25% for Binary Discount Rate 5%
Canoe Creek — Valemount Flash 15 14 3 129 26.8
Clarke Lake Einary 24 18 4 138 297
Clarke Lake (5 MY scenano) Binary o - 38 232
Jedney Area Binary 15 12 2 g2 398
Kootenay Binary 20 199 14 9 228
Lakelse Lake Einary 20 196 147 234
Lower Armow Lake Einary 20 196 147 237
. 1782
Meager Creek (Pebble Creek volume assumed equivalent )™ Flash 100-200 total 198.0 combined combined 117
(50-100 ea) (99 0 ea) 89.1 (ea)
Mt Cavliey Binary a0 407 305 173
Olkanagan Binary 20 183 137 241
Sloguet Creek Einary 10 10 7.5 218

* These LCOEs have been revised from the previous versions of this report to correct the values used for the depreciation schedule in GETEM (Lines 32 to 37 of Table vw-1)
= Pephle Creek transmission and infrastructure costs are significantly 18ss than those at Meager Creek, resulting in a lower LCOE value for Pebble Cregk (115 CAMgMKWH).

o
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Levelized cost of electricity: Geoscience BC 2015-11 report
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Levelized Cost of Electricity

($/MWh)
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]

I

1

I

I
350 I

L]

@rka Laka (SMW scanarin)

I
I
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I
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1
I
@ Canoe Creek - Valemount
I
260 .
Ohsnapen Lowar Surow Lake
Lakalsp Laka
| Konienay
Shoguat Cragk !
200 I

Horn R:.iver .
i Clark Lake
. % Prophet Rlver/\

Lazard: SUSD 71 — 111
Lazard: SCDN 94 - 147

2015-11 SCDN 297 — 398

2018 SCDN 144 - 166

. Cavley

1
I o
2 Q N Lazard
JEdney : g Maager Craak
I £ Pabbka Craak
g ST T ST T g """"""""""""""""""""""""""
: i Indicative 5103/MWh base price per BC Hydro's S0P ($2010)*
1
4
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1 achydmesop ) &
| E
1
£
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) 10 20 3o 40 an B0 ] il an 100
MW [gross) * Varas by region of BC, escalation and time of day and marnth
terrapu A
errspln Tuya Terra
Geo Corp.

Heat.*Value Experts



Levelized cost of electricity

Unsubsidized Wind LCOE
LCOE Wwind S-vear Percentage Decrease: 9% )01
SN | @ 9
i - (2)
$250 @ HSVEA CAGR (12N ) ®
200 4
#1659
150 - $148
%
LY
1001400 ' so2 %95 395
$89 . %81 77
%
------1 $62  $60 456
50 - I R S
30 448 445 3 -
2 332
53 $30 429
I:I L] L] L] L] L] L] L] L] T
2009 2010 2011 2012 2013 2014 2019 201e 2017 2018
LCOE
Version 30 40 &80 60 70 80 80 100 10 120

CANADA

@ GEOTHERMAL

— = = YWind LCOE Mean

YN0 LCOE Range

MD Greenview Alberta

Unsubsidized Solar PV LCOE

”LKiAﬁbmh

LCOE Utility=Scale Solar 9-vear Percentage Decrease:;
$/MWh
$450 - Litility-Scale Solar 9-v'ear CAGH:
400 5394
3580 -
son 923
3270
2580 -
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200 -
3166 $149
130 -
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100 104
T $36
o1 $91 370 61 )
50 - 2 o $53 46
$49 446
0
I:I L T T T T T T L T 1
2008 2010 2011 2012 2013 2014 215 2MeE 20T 2018
LCOE
Version S0 40 2.0 6.0 Fo o 8.0 90 100 110 120
Crystalline Utility-Scale Solar LCOE Mean
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o
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Levelized cost of electricity: CAPEX

Solar PY—Rooftop Residential

Solar Pv'—Rooftop C&l

Geothermal result; SUSD S4M — 6.5M

$2 950 l $3,250

$1.,900 - $3.250

Solar PY—Cormunity

$1.850 - $3,000

Solar PY'—Crystalline Ltility Scale

it e (Boclgy Solar Py—Thin Film Utilty Scale

Solar Thermal Tower with Storage

$950 I $1.250

$950 I $1.250

Fuel Cell $3 300 _ $6,500
Geothermal $4,000 _ $6,400
Wi d $1,150 . $1,550
""""""""" coreting sl w0
Muclear $6.500 _ $12,250
Conventional Coal $3,000 _ $8 400

@ GEOTHERMAL
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50

%1 500

Gas Combined Cycle | $700 - $1,300

$3,000 %4 500 $6 DOD $7 500 $9,000 $10 500
[ Capital Cos t ($/kwW)|
/"'-.-__-‘“\
" MD Greenview Alberta erraplﬂ
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$12,000

$13,500

Capital Cost Comparison
While capital costs for a
number of Alternative
Energy generation
technologies are currently
in excess of some
conventional generation
technologies, declining
costs for many Alternative
Energy generation
technologies, coupled with
uncertain long-term fuel
costs for conventional
generation technologies,
are working to close
formerly wide gaps in LCOE
values

Tuya Terra



Levelized Cost of Electricity Components—Low End

Solar Pv—Rooftop Residential

Salar P —FRooftop CEI

Solar Pv'—Community

$160
# Geothermal result (low end):

Salar PV —Cry stalline Utility Scale
AUCIME LERC I U o0 5 Pv—Thin Film Utilty Scale
Solar Thermal Tower with Storage

Fuel Cell

573 USD $S46/MWh Capital costs
35 sill USD $25/MWh Fixed O&M
s No Fuel costs, no variable O&M
78 20 I USD S71/MWh Total

Geothermal

Whind

Gas Peaking

Muclear

Conventional Zoal

Gas Comhbined Cycle

' GEOTHERMAL
\“’ CANADA

Laliy $4 $41

50 350 $100 $150 $200 5250 $300 $350
[Levelized Cost ($/Mam)|

B Captal Cog MExed O&M wariable O8N Fuel Cost
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Levelized Cost of Electricity Components—High End

Saolar PV —Rooftop Residential $267

Salar P¥ —Rooftop CEl

Geothermal result (high end):
USD $76/MWh Capital costs
USD $35/MWh Fixed O&M

No Fuel costs, no variable O&M
USD $111/MWh Total

Salar Pv—Community

Saolar Pv—Crystalline Liilty Scale
Alternative Energy Solar PY—Thin Filrm Utility Scale
Salar Thermal Tower with Storage

Fuel Cell

Geothermal ‘ $76 $35 $111

3as Peaking $206
Muclear | $189
Conventional Coal | $143
Gas Combined Cycle | % A 2 $74
$0 $50 $100 $140 F200 $250 F300 F350

[Levelized Cost ($MVih) |
B Cgpital Cost M Fixed Q&M “ariable D&k Fuel Cost

" . AN
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Energy Resources—Matrix of Applications

— Carbon Location Dispatch
— Neutralf
[LAZARD
Potential Distributed Centralized Geography Intermittent Peaking Following Base-Load
Solar Py} Universalt)
Solar Thermal YVanes
Alternative Fuel Cell x Universal
Energy
Geothermal v v Yares v
Onshore Wind Vanes
Gas Peaking x Universal
Muclear Fural
Conventional
Coal K Co-located or rural
Gas x Universal

Combined Cycle

& T .
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Levelized cost of electricity — key assumptions

Solar Therm al

Units Tower with Storage Fuel Cell Ge otherm al Wind—0Onshore Wind—Offshore
MNet Facility Qutput i 135 - 110 24 20 = 50 150 210 - 385
Total Capital Cost ™ A $3.850 — $10,000 $3300 - $68.500 $4.000 - $6400 $1.150 - $1,550 $2,250 — $3,5800
Fixed O&M AT $75.00  — $80.00 — — $2800 - $3650 $80.00 - $110.00
Variable O&M MR — $30.00 - $44.00 $25.00 - $35.00 — —
He at Rate Btuddih — 8027 - 7260 — — —
Capacity Factor Y 43% - 52% 95% 90% -  85% 55% - 38% 55% - 45%
Fuel Price FMminBLL — 345 — — —
Construction Time Manths 38 3 36 12 12
Facility Life Y ears 35 20 25 20 20
Levelized Cost of Energy $mvh $98 - $181 $103 - $152 $71 - 111 $29 — $56 $62 — 127

@ ?AENOID&AERMAL MD Greenview Alberta E?rr\:lagrltn Tlﬁ%lier\{ra




Levelized cost of electricity — key assumptions Geothermal

LAZARD'S LEVELIZED COST OF ENER GY ANALY SIS—VERSION 12.0

AZARD Where are there additional economic
Net output facility: 20 — 50 MWe savings and/or advantages?
Total Capital Cost: SUSD 4 - 6.4 million * Val‘_’_e of .thermal energy
Fixed O&M: n/a * Facility Life

Variable O&M: $USD 0.25 — 0.35 million * Capacity Factor

Heat Rate: n/a

Capacity Factor: 90 — 85% Lazard Geothermal result
Fuel Price: n/a USD $46 - 76/MWh Capital costs
Construction time: 36 months USD $25-35/MWh Fixed O&M
Facility Life: 25 years No Fuel costs, no variable O&M

Levelized cost of Energy: $USD 71— 111 Mwh  USD 271 =111 /MWh Total

—_—

== MD Greenview Alberta Ee Mo p N Tuya Terra
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Levelized cost of electricity

Lazard has not manipulated capital costs or capital structure for various technologies, as the goal of the study
was to compare the current state of various generation technologies, rather than the benefits of financial
engineering. The results contained in this study would be altered by different assumptions regarding capital
structure (e.g., increased use of leverage) or capital costs (e.g., a willingness to accept lower returns than those

assumed herein).

Key sensitivities examined included fuel costs and tax subsidies. Other factors would also have a potentially
significant effect on the results contained herein, but have not been examined in the scope of this current
analysis. These additional factors, among others, could include: import tariffs; capacity value vs. energy value;
stranded costs related to distributed generation or otherwise; network upgrade, transmission, congestion or
other integration-related costs; significant permitting or other development costs, unless otherwise noted; and
costs of complying with various environmental regulations (e.g., carbon emissions offsets or emissions control
systems). This analysis also does not address potential social and environmental externalities, including, for
example, the social costs and rate consequences for those who cannot afford distribution generation solutions, as
well as the long-term residual and societal consequences of various conventional generation technologies that
are difficult to measure (e.g., nuclear waste disposal, airborne pollutants, greenhouse gases, etc.).
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Levelized cost of electricity

Levelized Cost of Energy Comparison—Historical Alternative Energy LCOE

Declines

In light of material declines in the pricing of system components (e.g., panels, inverters,
turbines, etc.) and improvements in efficiency, among other factors, wind and utility-
scale solar PV have seen dramatic historical LCOE declines; however, over the past
several years the rate of such LCOE declines have started to flatten

Capital Cost Comparison

While capital costs for a number of Alternative Energy generation technologies are
currently in excess of some conventional generation technologies, declining costs for
many Alternative Energy generation technologies, coupled with uncertain long-term fuel
costs for conventional generation technologies, are working to close formerly wide gaps in
LCOE values
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Economic Considerations

1. Project development
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Exploration and evaluation of the resource
Exploration drilling

Production drilling

Surface piping and infrastructure

Plant design and construction (CAPEX)
Operation (OPEX)

Social economic factors — local employment
Electrical Generation income - PPA

Direct-use income — thermal

Carbon Off-set income — thermal and electrical
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Geothermal
Energy Uses

Power Plants* Uses of geothermal energy at
e neab ez different temperatures
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Geothermal
Power Plants®

One of the key factors missing from 5y »
economic evaluations is “credit” for ' seons [

direct use energy applications. As it is
more difficult to transport the power
long distances, a local “load” is required

to make economic use of the energy. o REN i A

at.
**Cool water is added a5 needed to make the temperature just right for the fish,
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Direct use energy applications

Grid
Connection

=1 \} *%

Geothermal

Power Plant District Heating
Network
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Aquaculture 8 Y

=R

Hotel - Space & Pool / Spa
\Water Heating
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Crop Drying

Alligator Farm
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Direct use energy applications — value of heat energy

After the geothermal fluids have been utilized in the
ORC generation facility, the geothermal facility will
produce approximately 143.95 GJ/hour of usable
thermal energy from the discharged warm geoth
ermal fluids. As can be seen in estimates in this
table, selling this supplementary waste heat to

users at the same value of current natural gas p
rices ($2.25/GJ in April 2018) would equate to S
2.27 million annually and $1.5 million in GHG offsets
annually.

Plant cost is 8,000,000 euros

&
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Waste Heat for Utilization 143.95 GJ/hour

Hours / Annually 8760
Plant Capacity Factor 80%
Hours of heat production 7008
Annual Heat Production 1,008,801.60 GIJ
Price of Natural Gas S 2.25 GJ

$ 2,269,803.60
56 kg CO2/G)
56,492,889.60 kg
56,492.89 tonne
S30 tonne
90%
$1,525,308.02

Annual Heat Sale Revenue
Carbon Intensity of Natural Gas
GHG offset from geothermal heat

Carbon Tax Rate
Sale of offset (discounted)

Value of Offset Sale Annually

Economic Value of Waste Heat & Offsets

$3,795,111.62 Annually
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Recent focus on Direct-Use Geothermal Resources in British Columbia

Low to moderate temperature
resource inventory

Roadmap

¢ 63 Communities ContaCted; Direct-Use Geothermal Resources
primarily in remote areas i BULST Coldiisia

* Most communities not aware
of technologies for direct
geothermal use

e Roadmap for development as
a guide book for communities.

Heat flow map by J. Majorowicz, U of Alberta
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Economic Considerations

1. Project development
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Exploration and evaluation of the resource
Exploration drilling

Production drilling

Surface piping and infrastructure

Plant design and construction (CAPEX)
Operation (OPEX)

Social economic factors — local employment
Electrical Generation income - PPA

Direct-use income — thermal

Carbon Off-set income — thermal and electrical
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Initial Production Estimates and GHG Avoidance Potential

Annual Electricity Production: Net (APpet)
ﬂpneF(CiﬂpaCian* Hrannual]*{:apacit\rl:actnr
Waste Heat for Utilization 143.95 GlJ/hour APn: = (5 MW * 8760hr)*0.8
Hours / Annually 8760 = 35,040 MWh/yr
Plant Capacity Factor 80% = 35.04 GWh/yr
Hours of heat production 7008
i Grid Displacement Factor for 2022 and 2031 Annual GHG Reduction
Annual Heat Production 1,008,801.60 GJ Grid Displacement Factor (tCO26/MWHh)02; = GDFa015— 5% GHGeayction=
Price of Natural Gas S 225 @GJ =0.59tC0Oze -0.0295 AP e * GriDispiacement Facor(tCO26/MWh) 105
= 0.56tC0ze GHGieguction = 35,040 MWh * 0.56tC0,e
Annual Heat Sale Revenue S 2,269,803.60 GDFaoni= GDFansa — 20% -19.622.4tC0,e
Carbon Intensity of Natural Gas 56 kg CO2/G) = 0.56tC0,e - 0.112 =0.0196 MtCO,e
- 0.45tCO
GHG offset from geothermal heat 56,492,889.60 kg 00
56,492.89 tonne
Carbon Tax Rate S30 tonne S :
i Facility Lifespan (35 Years) GHG Reductions
Sale of offset (discounted) 90% GHG cucton(2022-2030= (APrer*9)* GDFano: = (35,040%9)*0.56tC0,e
Value of Offset Sale Annually $1,525,308.02 =176,601.61C0.e
=0.1766 MtCO,e
G HGreductiont 2031-2057) = (Apnet* 25“] *aD Fao30 = (35;040*25] *0-45'[(:029
Economic Value of Waste Heat & Offsets $3,795,111.62 Annually = 409,968 tCOe
— 0.4100 MtCO,e
GHG cquctionsitotal) = GHG eduction(z023-2030) T GHG equction | = 176,601.6 tCO,e + 409,968 10,0
(2031-2057) = 586,5696 tCDze
— 0.5866 MtCO,e
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Key factors for an economically viable project (1/2)

Key factors affecting project costs:

e Drilling costs (depth and size)

* Plant development cost (reservoir size and type — flash vs binary)
* Piping distances for Direct-use

Three key factors needing more work are:

e Reduce uncertainty regarding size of geothermal reservoirs
e Estimate achievable brine flow rates

e Determine the commercial value of heat

Ability to obtain, low cost financing that recognizes the risk profile of
geothermal; high risk investment dollars to fund early stage projects.
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Key factors for an economically viable project (2/2)

Economic viability:

Price of electricity — how much is someone willing to pay?

Ability to sell power.

Price of thermal energy — what is the load and how much is it worth?
Carbon offset credits

cost of money

Power Purchase agreements must be available and provide incentives for
dispatchable, base load power
Regulatory framework

@ GEOTHERMAL

Lack of long term vision and competition with solar, wind
and natural gas generation.
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The role of Government

What is needed from government for geothermal development?

 Creating a regulatory framework for development, including PPAs

 Recognition that geothermal resources will fill the basic infrastructure
needs of the north and support continued development and
occupation of the land (sovereignty).

e Like bridges, roads and highways, geothermal energy must be
considered “infrastructure” and the costs born across the tax payer
base of Canada. “What is good for the north is good for the rest of
Canada.”

 Projects in Finland, Sweden, Denmark and elsewhere are proving EGS
technology; Canada needs to get on-board and support geothermal.
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