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All I wanted was to sample
Hot Springs!
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Hydrothermal Systems
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Endangered life

Adiantum capillus-veneris

..{

Argia vivida

physella johnsoni
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Hottest
photosynthetic
life....ever
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e 83% of Earth heat related to
radioactive decay of Uranium,
Thorium, and Potassium in
the crust

e The remainder from mantle
cooling
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Geothermal Gradients
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Binary Liquid
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http://geothermal.marin.org/GEOpresentation/sld055.htm
http://geothermal.marin.org/GEOpresentation/sld060.htm
http://geothermal.marin.org/GEOpresentation/sld091.htm
http://geothermal.marin.org/GEOpresentation/sld104.htm

Electrical Generation
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& Direct Use

IGA data GWh

China 12,605

Sweden 10,000

United States 8,678

Turkey 6,900

Iceland 6,806

Japan 2,861

Hungary 2,205

Italy 2,099

New Zealand 1,969

Brazil 1,840 : : :

Banff Hot Springs —

Canada 707 Canada’s First National Park
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Cross boarder comparison

GEOTHERMAL MAP OF NORTH AMERICA =

Canada () -y g e @
£ p : R

 No geothermal
power generation

 Niche use as
heating source

US

 World’s largest
geothermal
power
generation

« World’s 3¢
largest use as
heating source
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&} Previous work says no potential
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National Geothermal
Energy Program

$6M (80’s dollars) over 10 years

*Primary data collection
*Technology development
Geothermal labs
Modelling
Demonstration projects

Canada




Demonstration Projects
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Enormous Geothermal Potential
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Geothermal Haters

Typical Capacity Factors of Power Generation Technologies
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(Source: Emerging Energy Research)
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Low cost renewable

Installed X103$/MW Generation cents kWh

Wwind
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Land Use

Wind
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1000 2000 3000 4000 5000

in acres/ GWh

Source: NREL, AWEA and others

Natural Resources Ressources naturelles C d
Canada Canada ana a



http://geothermal.marin.org/GEOpresentation/sld041.htm
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Geothermal Map of Canada 2009
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Depth (km) to 150°C
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Energy Reserves
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Fort Liard Project
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High Temperature Electrical

B Hot sedimentary basins/fractured rock

volcanic belts
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Binary Generation

warm sedimenfary basins

s thermal springs
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W Sedimentary basins
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Legend
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Suppty well provices
water 10 the plant at 18°C

Afler uae. wiler is returmed 10 the No. 3 mine
o aboxst 13°C (winter) or 23°C (summaer)
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Britannia Mine, B.C.
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http://geothermal.marin.org/GEOpresentation/sld104.htm
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High temperature electrical generation
B Hot dry rock
B Hot water - voicanic
Hot sedimentary basins
Low efficiency electrcal
Bl Warm sedimentary basins
Direct Heal/heat exchange
Bl Cool sedimentary basins
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Geothermal Potential of Canada
Grasby, S.E., 2010
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Enhanced Geotherma ystems

Heat
exchanger

*Heat
*No fluid
*No permeability
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Directional Drilling (5+ km)

Fracture stimulation (>1km3)
Microseismic monitoring and control
Injection/production well connectivity
Controlled water loss

Regional stress fields

Canada
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Geotharmal Map of Canada 2009

Heat Energy at 3.5 km Depth (E*18 Joules)

o E-N] 60
Grasay, Majorowez and Ko 2009

Canada Figure 21

Estimated in place heat energy at 3.5 km depth is 3.8 X 101 GWh

~1 million times Canada’s annual electrical consumption!
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Barriers

* Knowledge:
— Resource distribution
— Geologic favorability

« Policy considerations:
— Market factors — start-up costs and reducing investment risks
— Energy infrastructure across Canada
— Abundant and inexpensive hydro in Canada

« Regulatory framework:
— No regulations other than B.C.
— Land tenure
— Environmental permitting
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&} Conclusions

Geothermal Energy in Canada:

« Enormous potential that is virtually untapped
« Clean source of energy

« Small environmental footprint

* Reliable

+ Virtually un-depletable

« Maturity of technologies varies
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