
Residential Earth Energy Systems



Reference Material

http://www.canren.gc.ca/prod_serv
/index.asp?CaId=163&PgId=910



Background Information 

Who am I? • Erik Thorsteinson : Research 
Engineer, B.Eng, Mechanical and 
Aerospace, Carleton University

CANMET Energy 
Technology Centre

• Canada’s leader in clean energy 
research

• Over 300 researchers and 
decades of experience

• Working with industry, academia 
and environmental stakeholders 
to develop, test, demonstrate and 
deploy clean energy technologies

• http://www.nrcan.gc.ca/se/e
tb/cetc

• http://www.sbc.nrcan.gc.ca



Geothermal vs. Geo-Exchange

Geothermal Energy • High temperature 
groundwater source 
that can be used 
directly for heating or 
power generation

• Location specific

• Usually involves 
deep drilling

• Also knows as:

•Geothermal power

•Hot rocks



Geothermal Vs. Geo-Exchange

Geo-Exchange

• Ground itself is used as a 
source or sink for heat

• Equipment is necessary to 
transfer heat

• Works almost anywhere

• Deep drilling is not 
necessary

• Also know as:

•Earth energy 

•Ground source heat 



Earth Energy System 

Typical Components

• Earth heat exchanger

• Heat pump

• Circulation pump

• In home heat distribution



Earth Energy System

Type of Ground Interaction 

• Closed loop:

•Vertical “U” loops

•Horizontal “Slinky” loops

•Pond loops

• Open loop:

•Aquifer � two wells



Earth Energy System

Distribution Systems

• Forced air

• Fan coil

• Radiators

• Radiant floors 



Earth Energy System

• Water to air

• Water to water

• Supplemental electric heat

A heat pump is a reversible refrigeration unit

• Heating can be up to   
400% efficient

• Cooling can be up to 
300% efficient
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How does a heat pump work?

Heat flows “downhill” • Heat flows from hot to cold regions only

• “Cold” is “less warm”

• To move heat “uphill” a heat pump is 
necessary

Vapour compression • Same as your fridge

• Heat inside is used to boil a liquid

• Squeeze the vapor and the temperature 
rises (the compressor does this)

• Heat is rejected from the back of the 
fridge at higher than ambient temperature



System Design Considerations

Heat Pump Selection • Radiant or Forced Air?

• Sizing for Capacity

• Efficiency Vs. Cost

• Type of refrigerant

Earth Heat Exchanger 
Design

• Type of ground loop

• Local ground properties

• Sizing for capacity

• Efficiency Vs. Cost

• CSA-C448 standard



System Design considerations

Factors that affect earth 
heat exchange

• Ground properties :

•Soil / rock type

•Ground water

• Earth heat exchanger design:

•Piping / borehole layout

•Water main in proximity?

•Heat transfer fluid



Earth Energy System Installation

Drilling

• Access

• Noise

• Clean up



Earth Energy System  Installation

Ground loops

• Assembly, pressure 
testing

• Handle with care!

• Placing U loop in a 
borehole

• Grouting



Earth Energy System Installation 

Heat pump unit

• Many choices for supplier

• is similar in size to a furnace

• goes in basement

• plastic pipes through 
basement wall

• circulation pump(s) and 
manifolds inside for access



Earth Energy System  Installation

Finishing

Commissioning

• Trenching

• Foundation drilling

• Clean up

• Landscaping

• Adding heat transfer fluid

• Removal of air in ground loops

• Parallel and series ground 
loops



Earth Energy System Technologies

Technology Choices

• Type of heat transfer fluid

• Type of refrigerant

• Use of thermally enhanced grout

• Two stage compressors

• Variable speed fans and pumps

• Desuperheating water heaters

• Direct Expansion Systems



Benefits: Economic, Social, Environmental

Economic Benefit



Benefits: Economic, Social, Environmental

Environmental

Social

• Significant reduction in 
Greenhouse gas emissions vs
all heating technologies other 
than solar

• Need to respect groundwater 
resource

• Reduces total energy demand 
but could increase reliance on 
electricity



Government Incentives

Federal: • ECOEnergy Retrofit

• Up to $3500 for Earth energy systems (CSA-C448 
compliant)

• Must have ECOEnergy auditing

• http://www.ecoaction.gc.ca

Ontario: • Ontario Home Energy Retrofit program

• Matches ECOEnergy grants

• Wind, Micro Hydro-Electric and Geothermal Energy Systems 
Rebate

• 3.4% Retail Sales Tax rebate

• http://www.rev.gov.on.ca/english/refund/windgeo/index.html



Home Energy Audits

ECOEnergy Audit • Independent ECOEnergy 
Auditors

• To qualify for ECOEnergy 
grants auditing must be done 
before and after the retrofit

• http://www.ecoaction.gc.ca

• Ontario grant of 50%, up to 
$150



NRCan Software Tools

• RETScreen

•Renewable Energy     
Technology Screening

• Hot2000 

•Home energy load 
calculator

• GS2000

•GSHP ground loop sizing

Renewable Energy Screening

Home Energy Modeling

Geo-Exchange

Software can be downloaded:
http://www.sbc.nrcan.gc.ca/software_and_tools/software_and_tools_e.asp


