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Geoexchange is the coupling of low-grade heat from 
earth sources (soil, rock, groundwater, surface water, 
ocean, waste heat) which is transformed using heat 
pump technology to higher-grade heat for building 
conditioning, domestic hot water or process purposes.

Other names: “geothermal”, “ground source heat pump”, 
“earth energy systems”

What is geoexchange?



• Earth’s surface is a massive solar collector

• Geoexchange moves renewable solar energy (stored in 
earth) for beneficial use

• Different from high temperature, deep earth geothermal
energy (i.e., steam for power generation)

• Electricity is required for geoexchange; may be 
renewable or not (electricity vs. electricity) which affects 
true source-to-load GHG benefits

Renewable Energy
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Examples of Ground Heat Exchangers
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Borehole Closed Loop Trench Closed Loop Groundwater Open Loop

Sewer Heat Exchange



Hybrid Combinations



Geoexchange Economics

Capital costs - higher
Operating costs - lower
Simple payback - variable
District Energy Systems – scale often improves economics



Geoexchange Suitability Assessment
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Heat transfer within and between buildings:
• Unlike conventional heating/cooling technologies, 

geoexchange systems incorporate a common fluid 
circulation loop, allowing heat transfer within buildings

• Multiple buildings connected to a common 
geoexchange system allow inter-building heat 
exchange (District Energy System)

• Inter-building heat exchange is most favorable with 
high load-diversity

Neighborhood Scale Systems



Geoexchange Potential Maps were constructed for City 
of Whitehorse developed & developable areas, and 
anticipated areas of highest interest in district systems

Geoexchange Potential Maps
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Maps integrate available and mappable characteristics:
• Loctation (UTM coordinates)
• Lot size
• Depth to bedrock
• Overburden and bedrock type
• Depth to groundwater
• Thermal conductivity
• Aquifer Transmissivity (Hydraulic conductivity)
• Ease of drilling

Geoexchange Potential Maps



Maps for three types of ground heat exchanger:
• Closed loop vertical borehole systems
• Open loop groundwater systems
• Waste heat recoverable from sanitary sewers

EBA developed a scoring system to semi-quantitatively 
evaluate good, fair and poor geoexchange potential

Maps show general favourability of an area for planning
Specific systems require site-specific investigation and 

design 

Geoexchange Potential Maps
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Findings 
• Almost all of City has good to fair closed loop potential
• Most of City has fair to good open loop potential
• Waste heat potential best near largest sewer pipes
• Anticipated demand for local district energy systems in 

four residential neighborhoods and one industrial park 

Geoexchange Potential Maps



Whitehorse Sustainability Plan

Population: 24,360
Land Area: 416 km²

Latitude: 60°43’00’’N
Longitude: 135°03’00’’W



• City developing 50-year sustainability plan 
• Goal/strategy milestones - 2015, 2030 and 2060.
• Charrette held Oct 22-25, 2007 enabling all citizens to 

participate

Whitehorse Sustainability Charrette



Who was there?

• Residents

• Community Stakeholders

• Governments: City of Whitehorse, 
Ta’an Kwach'an Council, Kwanlin Dun 
First Nation, Canada and Yukon

• Local and National experts: 
sustainability, energy, transportation, 
health, planning, engineering, arts 
and culture, environment, climate, 
economics, sociology and 
demographics

80 charrette participants

80+ citizens participated 
in open houses



Media & Geoexchange

• Geoexchange concept embraced by community.
• Identified neighborhoods/new areas to use geoexchange



• Maps in stop light colours – intuitive 
• Map uncertainty relates to density of subsurface information
• Ground temperature & GW chemistry yet to be mapped
• Mass appeal of geoexchange technology but gaps in public 

understanding

What works/ what doesn’t



• Strong caution not to rely on such areal maps for design 
or future performance; site-specific work needed

• Municipality must have long-term sustainability position 
to see district energy projects through

• People flock to colourful maps

Lessons learned



• Readily applicable to BC at municipal and regional 
district scales

• Can be tailored to development corridors (trans-
boundary)

• Can be applied for hybrid technologies (e.g., 
geoexchange + solar thermal)

• Fits well with provincial policy and strategic direction 
(LiveSmartBC: Efficiency Incentive Program?)

Applicability to BC Local Gov



• Broadcast concept and value of renewable energy 
resource mapping – conferences, UBCM, UDI, CEA, 
trade magazines, newspaper articles

• Seek pilot project(s) in BC – who wants to be first?

Moving Forward


