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Outline
• Background on earth energy systems 

(EESs) used in Ontario
• Potential Risks
• Existing Requirements in Ontario
• Jurisdictional Review
• Science and Engineering Review
• Engagement sessions
• Next steps
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Background
• Ontario is promoting green technologies and aims to be a 

leading green economy in North America
– Includes earth energy systems

• Earth energy systems (EESs) are also known as low 
temperature geothermal systems, heat pump systems or 
geoexchange systems

• EESs are currently covered by a variety of legislative 
requirements in Ontario to protect the environment and 
human health and safety

• Technical Bulletin on Constructing Earth Energy Systems in 
Ontario released in September 2009 outlines Ontario’s current 
requirements  
(http://www.ene.gov.on.ca/publications/7219e.pdf) 

• Ontario is considering changes to how the loop 
components of EESs are managed
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Earth Energy Industry
• Earth energy technology has been used in Ontario for 

more than 20 years 
• In recent years the industry has been growing rapidly 

(about 40% annually for the past 3 years in Canada) 
• The number of installed EES worldwide is currently 

estimated to be around 1,100,000 
• While firm statistics are not available it is believed that 

there are about:
• 44,000 systems installed in Canada
• 8,800 of these systems are in Ontario

• In 2008, the Ministry of Energy and Infrastructure 
financially supported about 1,400 EES using Ontario's 
Home Energy Audit and Retrofit Rebate Program
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Types - Open Loop System
• A system designed to use groundwater or surface water 

for the purpose of extracting or rejecting heat by use of a 
liquid source heat pump
– Groundwater (groundwater taken and discharged to surface 

water, groundwater in another well or overburden in a dry hole)
– Surface Water (surface water taken and discharged to surface 

water)
– Standing column well (groundwater taken and discharged from 

same well)
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Open Loop – Groundwater
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Open Loop – Surface Water
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Types - Closed Loop System
• A continuous sealed underground or submerged loop 

through which a heat transfer fluid passes; passes fluid 
to and returns fluid from a heat pump

• Heat transfer fluids include ethanol or propylene glycol
• Tubes containing heat transfer fluid are installed in: 

– Vertical/angled (directional drilled) boreholes 
• typically 25 to 250 metres deep
• backfilled with bentonite, cement or sand products

– Boreholes sometimes remain open and fill with groundwater 
(standing column well)

– Horizontal trenches, the most common system in Ontario, are 
typically installed at 2 to 2.5 m depth

– Surface Water (i.e. lake, river or pond)
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Closed Loop – Vertical or Angled
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Closed Loop – Horizontal
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Closed Loop – Surface Water 
(pond, lake, river)
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Type- Direct Expansion Heat 
Exchanger (DX)

• A type of closed looped heat exchanger in which 
refrigerant is circulated through a continuous loop that 
extends through the building and into the ground.  

• Tubes are installed in:
– Vertical /angled boreholes (typically up to 30 metres deep) commonly 

filled with bentonite, sand or cement products.
– Horizontal trenches (typically installed at 2 to 2.5 m depth) that are 

backfilled 
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Closed Loop – Direct Expansion
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Types- Subsurface Thermal Storage

• Aquifer Thermal Energy Storage (ATES)
– Underground thermal energy storage where the aquifer is the thermal 

energy store and the heat transfer medium is the groundwater

• Borehole Thermal Energy Storage (BTES)
– Underground thermal energy storage where rock or overburden is the 

thermal energy store and the heat transfer medium is a heat transfer 
fluid in a borehole heat exchanger
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Subsurface Thermal Storage – Aquifer

Source:  www.sfu.ca
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Solar Seasonal Storage and District Loop

Subsurface Thermal Storage – Borehole

Drakes Landing
Source:  http://www.dlsc.ca/how.htm
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Potential Risks

1. Preferential Pathways - Improper siting, construction, 
maintenance or abandonment of boreholes used in EES 
that potentially intersects multiple aquifers 

2. Discharge water from an open loop system may cause:
• Temperature or chemistry impacts on the receiving surface 

water or groundwater
• Erosion impacts to receiving surface waters 
• Discharge to a shallow aquifer may cause groundwater 

mounding and possible flooding problems

3. Lowering groundwater level
• Pumping from an open loop well or wells may lower the water 

table or water level in an aquifer
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Potential Risks

4. Heat Transfer Fluid Leak
• Improper installation, design, corrosion or accidents may cause 

tubes to crack or break releasing heat transfer fluid from EES 
into aquifers, surface water and natural environment

5. Temperature Imbalance
• Net annual temperature change around EES may have 

implications for resource sustainability or thermal interference on 
earth energy systems, water wells or surface water bodies. 
Interference can result in water quality impacts

Note:  Geotechnical issues such as frost heave or subsidence could result from improperly 
completed loops, or changes in the subsurface conditions as a result of thermal 
fluctuations and should be considered.  Where space is an issue and systems are 
placed too close to buildings, or in road allowances this could create unsafe 
conditions.
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Existing Requirements in Ontario
Ontario Water Resources Act (OWRA) and Wells 

Regulation 
• Requirements for Wells and discharge to water
Environmental Protection Act (EPA) and Ground 

Source Heat Pumps Regulation
• Defines heat pump systems, bans use of methanol as a heat 

transfer fluid, and addresses discharge of contaminants to the 
environment

The Building Code Act and the Building Code
• Requires earth energy systems to be designed and installed in 

accordance with Design and Installation of Earth Energy Systems 
Series CSA Standard (C448 Series 2): 
– C448.1 standard for commercial and institutional buildings; and
– C448.2 standard for residential and small buildings
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Existing Requirements in Ontario
Occupational Health and Safety Act (OHSA) and it’s 
regulations 

• Installation and maintenance must be done in accordance with 
the OHSA, and its applicable regulations

Other requirements may include, but are not limited to:
• Certification requirements under the Trades Qualification and 

Apprenticeship Act
• Permit and inspection requirements under the Electricity 

ActLicenses issued under the Oil, Gas and Salt Resource Act
• Work permits under the Public Lands Act
• The regulations created under section 28 of the Conservation 

Authorities Act to prohibit, regulate or permit development near 
or in surface water.

• The Lakes and Rivers Improvement Act
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Jurisdictional Review
• The legislative framework for EESs is undergoing 

intense development in many parts of the world
• Regulatory regimes vary widely particularly in the USA 

where many states have no specific regulations
• The most detailed regulations occur in Western Europe 
• Limited reference made to surface water EESs, and 

in particular open loop surface water systems
• Many jurisdictions

– Only have regulations relating to groundwater in the 
context of well drilling (generally similar to Ontario’s  Wells 
Regulation) and drinking water protection

– Do not have specific information for low temperature 
EESs
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Jurisdictional Review cont.
• Discharge wells for open loop EES and boreholes with 

tubes used for closed loop EES are classified as Class 
V injection wells under the US EPA’s Underground 
Injection Control (UIC)

• Discharge in open water for open loop EES is regulated 
by the EPA’s National Pollutant Discharge Elimination 
System (NPDES) regulations or the state

• All European Union (EU) members have adopted a 
standard (EN 15450) for testing and rating, safety, etc. 
of heat pumps into national standards

• EN 15450 provides minimum framework for design and 
installation, many items to be addressed regionally 
based on local climatic and geological differences
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Science and Engineering Review
• Topics considered included: 

– Types of systems approved, environmental concerns
– Site characterization, siting requirements and design aspects related to 

environmental protection and human health
– Installation, operation and decommissioning of systems

• Literature focuses on closed-loop systems using vertical boreholes 
or horizontal trenches and open-loop groundwater systems

• Technical literature on direct expansion-systems, surface water 
systems (both open- and closed-loop) and standing column wells 
(including enclosed systems) is limited

• Literature addressing potential risks can be grouped into three 
catagories: 
– Temperature related – thermal sustainability of systems and potential 

temperature impacts
– Geological or hydrogeologogical issues associated with installation and 

operation – artesian conditions, gas pockets, etc.
– Water quality and quantity concerns – fluid leaks, aquifer dewatering, 

etc.
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Science and Engineering Review
• Site Characterization:

– Requirements depend on factors such as type of system, size and scale, 
specific environment, receptors, etc.

• Siting: 
– Setbacks distances from sensitive infrastructure or environments are proposed 

in the literature, most related to property limits, groundwater protection areas, 
groundwater wells and septic tanks

– Minimum distances should be adapted to the local geological and 
hydrogeological situation

– Most guidelines for setback distances to wetlands and surface water bodies 
appear to be arbitrary and may not be sufficient.

– Setback distances between individual EES vary considerably.
• Design:  

– Literature focuses on sizing EES for low thermal impacts 
– Few thresholds and little scientific support to determine what temperature 

changes are detrimental
– Maximum temperature value for groundwater returned to the ground is 

sometimes specified
– Calculations to evaluate the thermal impact of an EES project and numerous 

tools are available, from analytical solutions to 3D numerical modeling
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Science and Engineering Review
Some Preliminary Findings

• Installation:
– Best practices published in various guidelines and standards
– Drilling, excavating, installation, backfilling, sealing and completion requirements 

are well documented but vary somewhat
– Proper construction of the injection well, and amongst other, recommendations 

on provided on the management of pressure differences to avoid mineral 
precipitation on the well screen

• Operation:
– Best practices for the protection and maintenance of EES are not discussed in 

depth in any of the reviewed literature.
– Monitoring of EES seems mostly related to the leaks of heat transfer fluids.
– Literature suggests use of emergency response plan but provides detail on what 

should be included in such a plan
• Decommissioning: well documented. 

– Purging the loop and properly disposing of the heat carrier fluid
– Loops left in the ground to be sealed by filling it using appropriate material (grout 

or other)
– Abandonment method applicable to water wells is usually recommended
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Engagement Sessions
• Purpose of the sessions was to gain technical input on how 

to improve on the management of earth energy systems
• Meetings took place in two locations: Guelph (October 8), 

Kemptville (October 14) 
• A teleconference was also held for northern Ontario 

stakeholders (October 22)
• Wide range of stakeholders (installers, trades, well drillers, 

institutional, municipalities and conservation authorities) 
participated in the sessions

• First Nations also participated in the northern 
teleconference call
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Feedback from Engagement

• Need to ensure that our environment (most common 
reference to groundwater) is protected

• Need for a formal process to monitor and report on 
existing and proposed EES

• Commonly suggested that a borehole for use in an EES 
should be considered a well and be subject to the Wells 
Regulation under the Ontario Water Resources Act

• Need to distinguish between groups of systems and 
address differently
– Recommended that this be based on the capacity of the system 

and the type (i.e. vertical, horizontal, open, closed, etc.)
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Feedback cont.
• Need for more education and training on the existing 

requirements for EESs in the Building Code (i.e. CSA 
standards - C 448 series)

• Need to ensure that qualified and appropriately trained 
individuals are designing and installing these systems 
(i.e. P. Eng, hydrogeologists, licensed well drillers, etc.)
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Next Steps

• Evaluation of information gathered:
– Current regulatory requirements
– Jurisdictional Review
– Science and Engineering Review
– Engagement Sessions

• and then …
– Determine if there is a need for additional guidance, training 

and/or changes to current requirements 
– Develop options if deemed appropriate
– Ongoing engagement
– Recommendations and implementation
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Additional information on Earth Energy Systems in Ontario 
can be obtained from:

Lori Byers
Senior Policy Coordinator
Land and Water Policy Branch
Ministry of the Environment
Phone: 416-314-1659
Fax: 416-326-0461

Email: lori.byers@ontario.ca
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Drawing Sources:

• US Department of Energy
• Natural Resources Canada
• http://www.dlsc.ca/how.htm
• www.sfu.ca
• http://www.earthlinked.com/learn-more/media-

room/graphics
• www.annapolisroyal.com/downloads/heatpumps.pdf


