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Executive Summary 

In May 2006 the Central Pickering Development Plan (CPDP) was approved by the 
Province of Ontario under the Ontario Planning and Development Act.  The CPDP sets out 
the requirements for, and the general items to be addressed, within a Master Environmental 
Servicing Plan (MESP).  The MESP needs to include an energy management plan 
component which should consider the potential to include district energy production and 
distribution systems within the study area, for all, or a portion of, the Seaton Community. 

The requirement for an energy management plan presents an opportunity to consider a 
number of innovative approaches in community energy management and the potential to 
showcase the Seaton Community to demonstrate leadership in sustainable development in 
general, including the energy management component. 

The Seaton community is divided into fifteen living areas or neighbourhoods.  The current 
plan includes nine residential neighbourhoods, five neighbourhoods with combined 
residential, community node and mixed corridor uses, and one neighbourhood defined as 
mixed corridor area.    
                       
The northern portion of the Seaton community (along the planned Highway 407) will be used 
as employment lands.   This area will include offices, some warehouse facilities, prestige 
and expanded prestige, as well as supporting service businesses. 

The focus of this report is on community heating, cooling and general electricity needs for 
the 15 neighbourhoods and the employment lands.  Transportation, appliances and other 
services (which also require energy) are not included in the scope of this report. 

This report compiles an inventory of eighteen innovative energy technologies and matches 
these technologies against the environmental setting and assesses the potential fit for these 
technologies with the future Seaton development.  Through this process, seven promising 
technologies for the Seaton neighbourhoods are identified as having a potential fit and are 
recommended for future consideration in the neighbourhood planning stage. These 
technologies are evaluated in more detail and used in an indicative assessment of the 
potential environmental benefit if some of these technologies are deployed in the Seaton 
community. These seven technologies are: 
                                    

Technology Title 
Natural gas based district heating and power generation 
Ground source heat pump (GSHP) based district heating system 
Heat pump based system with sewer heat recovery for district heating 
Inter-seasonal thermal energy storage based district energy system (heating and cooling) 
Solar photovoltaic (PV) power generation 
Solar thermal technologies for individual building or “cluster” of buildings 
Community outdoor lighting 

 
This report has concentrated on defining the clean energy technologies available today that 
are most technically appropriate for consideration in developing the Seaton communities.  

The results of the GHG impact analysis on the representative neighbourhoods and the 
employment lands indicate that it is possible to achieve 45 to 70% GHG emissions reduction 
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using currently available technologies for some areas in the Seaton community with high 
density and commercial/mixed use.  However, a number of challenges will need to be 
addressed in order to move towards these reduction levels.  These challenges include: 

• implementation of district energy system in neighbourhoods with highly 
unbalanced heating and cooling loads; 

• compatibility between building design and lower distribution temperature 
heating system; and 

• significant front end planning. 

The role of third party utilities is critical in realizing the implementation of renewable energy 
systems in the Seaton community.  The role of the utilities will be to invest in long term 
energy infrastructure, benefiting multiple customers.  The utilities would assume the initial 
capital investment in the new energy infrastructure and collect fees from all future building 
users, to cover the initial capital investment, operating costs and utility profit. A number of 
potential utility operators were consulted and interest was expressed by the utility 
companies to participate in the Seaton energy development process.  It was made clear by 
the utility companies that any green infrastructure investment has to make business sense. 
The current economic condition presents an additional challenge in obtaining attractive 
private financing. 

The effort required in developing a detailed renewable energy implementation plan for the 
various Seaton neighbourhoods in order to achieve significant GHG emissions reduction (on 
heating and cooling) will be substantial and must be initiated early in the planning process.  
Many partnerships will need to be developed and formalized.  Municipal, provincial and 
federal government partners should also be included in this challenging but very important 
endeavour.  For the first few neighbourhoods to be developed, as much public funding 
should be sought to support the design and implementation of the initial renewable energy 
based community energy system.   This will help to build local technical expertise, after-
market support capacity as well as gaining comfort and familiarity in new energy 
management solutions.  In order to benefit from potential public funding resource, it is 
paramount for the local stakeholders to approach the funding agencies as a team under a 
common goal and a shared vision. 
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1 INTRODUCTION 

1.1 Background 

In May 2006 the Central Pickering Development Plan (CPDP) was approved by the 
Province of Ontario under the Ontario Planning and Development Act.  The CPDP sets out 
the requirements for, and the general items to be addressed, within a Master Environmental 
Servicing Plan (MESP) to be prepared in advance of, or concurrently with, the preparation of 
Neighbourhood Plans. 

Section 7.11 paragraph (1) states: 

“Prepare an energy management plan including the potential to include a 
district energy production and distribution system within the study area where 
appropriate in consultation with Veridian, the City of Pickering and the 
landowner group, including potential for the provision of Smart meters and 
the potential to use centralized heating and cooling systems for all or portion 
of the Seaton Community.” 

The CPDP states, “The notion of sustainability is integral to every dimension of the Plan, 
which in turn places an increased emphasis on environmental stewardship during 
implementation.”1 

The requirement for an energy management plan presents an opportunity to consider a 
number of innovative approaches in community energy management and the potential to 
showcase the Seaton Community to demonstrate leadership in sustainable development in 
general, including the energy management component. 

SAIC Canada was retained by SERNAS Group to carry out the required energy 
management plan. 

1.2 Purpose and Scope   

This work was conducted to address the MESP 7.11 requirement.  The purpose is to identify 
a number of potentially suitable energy technologies for use in the Seaton Community and 
to include these technologies in the neighbourhood planning process at a later stage.  This 
report is not meant to be a sustainability development plan.  It is limited to the energy 
component of the community.  Other sustainability elements such as transportation, social, 
food, and economy are outside the scope of this report.  

The development of the energy management plan is outlined in the following steps: 

1. Review Seaton development background and relevant information; 

2. Understand area community energy resource availability; 

3. Identify community energy system stakeholders and operating concepts; 

                                                 

1 Central Pickering Development Plan (May 2006), pp 18. 
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4. Conduct high level suitability screening on a wide range of renewable energy 
technologies; 

5. Conduct detailed technology review on a number of selected potential technologies; 
and 

6. Discuss findings and prepare a conclusion and energy management report. 

The focus of this report is community heating, cooling and general electricity needs.  
Individual building or home energy efficiency (such as building envelop or construction 
methods) is outside the scope of this report.  Furthermore, the energy use aspect of 
transportation is also outside the scope of this study, however, it is recognized that 
transportation is an important element of sustainable development for the Seaton 
Community.  

Although not discussed explicitly in this report, it should be noted that an advantage of a 
community energy system over discrete energy systems is their relative ease of upgrading. 
Because the heat generation is conducted at a central plant, rather than within each 
building, it is relatively easy to incorporate upgrades or changes that may be appropriate in 
the future, such as switching from natural gas fuel to wood pellets or biogas. 

The report will be based on today’s understanding of the current technologies.  
Technologies evolve and new technologies will become available on a continual basis.  This 
report recognizes the need to re-visit some of the innovative technologies in 5-10 years time 
(or sooner), or consider new approaches to energy management periodically. 

A summary of locally available renewable energy resources and estimated quantifies of 
material outflow is presented in Section 2.  Section 3 is a high level discussion on the new 
business model for a community energy system.  A long list of potential renewable energy 
technologies and energy management approaches is summarized in Section 4.  A 
qualitative screening is presented in this section to highlight the state of the technologies 
and to recommend some of the technologies for a more detailed review.  Detailed review of 
a number of selected technologies is presented in Section 5.  Section 6 includes the 
assessment of the technology implementation on a number of representative 
neighbourhoods and the associated environmental benefits.  Conclusions and 
recommendations are included in Section 7. 
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2 COMMUNITY ENERGY RESOURCE SCAN 

The energy component of the community can be viewed through the lens of the Systems 
Approach.   That is, we define a suitable boundary around the community and attempt to 
work with the various energy resources that are available to the community.  As illustrated in 
the following figure, the community imports energy and material, processes these inputs and 
then produces outputs, including sewage, solid waste and emissions. 

Figure 1: Concept of community as a system 

 

It is important to understand all the outputs from the community, especially those with useful 
– and potentially recoverable – energy content.  It is also important to have a good 
understanding of the locally available renewable energy resources in the environment in 
which the community is situated.   

This section of the report will present a brief overview of the energy components in the 
community. 

2.1 Solar Energy 

The Seaton area receives a good amount of solar radiation.  A typical annual solar profile is 
shown in Figure 2.  While generally lower than the solar radiation levels in southern Alberta, 
Saskatchewan and Manitoba, the amount of solar radiation for Ontario is ranked relatively 
high when compared against most regions in Canada (Figure 3).  The purple coloured bar at 
the top of each column indicates the approximate range of solar radiation received in that 
region. 

It is interesting to note that in the winter months, the solar radiation on a sloped surface 
does not drop as dramatically from the summer months. 
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Figure 2: Seaton area solar radiation 
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Figure 3: Solar radiation across Canada 
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2.2 Wind Energy 

The chart below (Figure 4) shows the wind speed distribution data for the Seaton area, at a 
50 m height (data from the Canadian Wind Energy Atlas, www.windatlas.ca). This chart 
reveals that, for the majority of hours each year, the wind speed is below 6-7 m/s;  this is 
considered less than optimal for wind power generation. Figure 5 is a map of average 
annual wind speed, from the Canadian Wind Energy Atlas. This also reveals that the Seaton 
area is in a fairly low speed wind regime. 

Figure 4: Wind speed distribution, Seaton community  
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Figure 5: Average annual wind speed, western Lake O ntario region 
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2.3 Precipitation 

Precipitation in the area generally peaks in late summer (August/September), with highest 
snow fall typically in December and January (Figures 6 and 7). 

It is interesting to note that storm water generally has a temperature at or slightly above 
ambient temperature as the storm water enters the storm water system.  If there is a suitable 
use (or storage) of this energy, the energy available through the storm water flow could be 
significant. 

Figure 6: Seaton area monthly climate normals 
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Figure 7: Seaton area precipitation (rain and snow)  
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2.4 Ambient Temperature (Atmosphere Energy) 

Daily average ambient temperature is shown in Figure 6, with June, July and August seeing 
the higher daily average temperature in the 17 – 20 C range.  The average heating degree 
days (below 15C) is shown below (Figure 8). 

Figure 8: Seaton area heating degree days (below 15 °C) 
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Compared against other Canadian cities, the heating demand is moderate.  As shown 
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below, the heating demand is approximately 1.5 times less than Edmonton but 1.6 times 
greater than Vancouver. 

Figure 9: Heating degree-days of selected Canadian cities 
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2.5 Local Geology and Aquifers 

Some general information on the local geology was provided by Beatty & Associates (a 
member of the Seaton MESP project team) from a recently conducted desk review2. 

This review indicated that there may be up to 100 m of overburden consisting of silty sand, 
silt and clay.  There is evidence of a shallow aquifer in the area which is likely influenced by 
surficial water flow.  However, data also shows the presence of a deep, confined aquifer 
(Thorncliff formation) and a second deep aquifer further down with a tight clay layer in 
between. 

 

2.6 Material Outflow (Sewage, Organic and Solid Was te) 

From our experience in projects involving solid waste management, the amount of solid 
waste generated per household depends on household size, local recycling programs and 
life-style.  Typically this could range from 10 kg to 20 kg per week per household.  Out of 
this amount of solid waste, approximately 25-35% is organic kitchen waste.  In residential 
developments, sewage waste is normally produced with a very high water content.  If 
sewage waste undergoes an initial primary treatment, the resulting sewage sludge 
production could be in the range of 7 to 10 kg per household per week.  Sewage sludge 
material may be useful as feed stock for biological based energy systems.  Since the 

                                                 

2 Private communication between B. Wong and C. Milloy of Beatty & Associates, June, 2008. 
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temperature of the sewage sludge could be in the 12 – 15°C range (or higher) throughout 
the year, it can also be a heat source for a heat pump operation. 

The above material outflow from the community is only a rough estimate.  

Large grocery stores produce a significant quantity of organic waste.  This could be in the 
range of 3,000 to 5,000 kg of organic waster per week, depending on the type of operation 
and size. 

2.7 Seaton Employment Lands 

Although the subject of this study is the residential and mixed-use development lands in the 
southern part of the Seaton lands, it must be recognized that the 330 hectares of 
employment lands in the northern section, along the route of highway 407, offer unique 
opportunities for energy-related linkages to the communities in this study. This is especially 
pertinent as they will be undergoing development in a similar timeframe, and may well share 
some of the major infrastructure elements. Such linkages can include: 

• Community energy systems that cross the boundaries between the residential and 
employment lands, taken advantage of their differing characteristics. 

• Locating less desirable (e.g. noise producing) elements just inside the employment 
lands. This may be suitable for a gas-fuelled turbine as part of a CHP system, or a 
sewer heat recovery station. 

• Locating buildings that produce substantial waste heat (e.g. industrial processes 
involve drying, data centres or health care facilities) close to the residential 
neighbourhoods, allow for useful recovery of waste heat. 
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3 COMMUNITY (RENEWABLE) ENERGY SYSTEM OPERATION 

The previous section presented a summary of the locally available and potential energy 
resources to the Seaton community.  To utilize these potential resources and turn it into 
useful energy services, new technologies and infrastructure would be required.  This is not 
any different from taking conventional energy resources, such as oil, gas, coal or nuclear 
and turn it into useful services to the end users.  Traditionally this has been the role of the 
utility and the utility would add value and deliver the service.  The major difference is only in 
the new technologies that transform the resources to useful services to the end user. 

In a community energy system project, it is beneficial to have one organization (a utility 
company) responsible for the energy system.  This way, the individual homeowners do not 
have to worry about the source of their heat or, to understand the new technologies behind 
the community energy system.  The presence of an organization responsible for the 
technology and system operation is a critical piece in the implementation of any community 
energy system.  

There are different ways this organization could be shaped, depending on the community, 
local regulations and the nature of the technology.  The type of organization could vary from 
a local co-operative association to a regional utility service company, and anything in 
between.   In situations where the technology is relatively simple and the administration is 
straightforward, the co-op approach offers the lowest cost and most control for the local 
community. However, when the technology is relatively new and the operation is complex, it 
then makes sense for a specialized utility company to operate the system. 

Regardless of the type of organization operating the community energy system, there is a 
fundamental change in how heat (and cold) are delivered to the end user.  The transactional 
relationship between the homeowner and the traditional utility is shown in Figure 10.  Energy 
in the form of conventional fuel (such as natural gas in most parts of Ontario) and electricity 
is supplied to each individual homeowner.  Heat, cold, lighting and useful work would then 
be generated for the comfort and needs of the homeowners.  Each homeowner then pays 
for the supply of electricity and fuel.  The generation of electricity and the supply of fuel are 
the responsibility of the local utilities. 

Figure 10: Traditional utility business 
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In the case of a community heating system using alternate energy resources, a slightly 
modified utility – homeowner relationship will evolve.  This is illustrated in Figure 11.  The 
utility would extract heat from its assets (could be a combination of renewable energy, fossil 
fuel and energy storage, etc.) and supply thermal energy (could be in the form of warm or 
hot water) to the buildings.  The homeowner would then pay for the amount of thermal 
energy used.  This is typically determined by measuring the temperature of water going into 
a building the temperature leaving the building, and the flow rate.  In the new model, the 
homeowner is no longer purchasing fuel (natural gas) and converting it to heat.  The 
homeowner is purchasing heat from the utility and using the heat for building comfort. The 
supply and use of electricity is not changed from the previous model. 

Figure 11: New utility business model for community  energy system 

 

The new utility would purchase electricity from the electric utility for the operation of the 
community energy system (such as pumps and controls) and in some cases may purchase 
natural gas from a local natural gas distributor, as a back up energy source to generate heat 
for the district loop.  The new utility would be responsible for generating heat from its asset 
and making sure the right temperature of water is available in the district loop for the use of 
the homeowners.  This responsibility would include all the maintenance and administrative 
activities to service the homeowners. 

The range of utility service offered can vary.  The utility service could simply be supplying 
warm water (through a district loop) from the energy plant to the buildings and the 
homeowner would then “upgrade” this heat by using a small heat pump for winter comfort 
(space heating and hot water).  Or the utility could supply higher temperature water through 
the district loop so that the homeowners would not be required to do any “upgrading” of the 
heat source for comfort.  A third option is for the utility to own the heat pumps (and any 
additional back-up heating equipment) in the buildings and take on the “upgrading” task and 
supply hot water at a useful temperature directly to the homeowner. 

There are pros and cons to each one of these alternatives and also varying degrees of risk 
to the utility and the homeowners.  The optimal option will depend, in part, on the technology 
employed, homeowner preference (on ownership of assets) and utility’s business objectives. 
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The legal framework for this new utility would need to be discussed in detail and reviewed 
against local regulatory requirements.  The rights, the ownership and the liabilities of all 
parties involved would need to be discussed and clearly documented, and be appropriate for 
the actual configuration(s) of the community energy system design.  However, several 
community energy projects have been implemented in Canada.  The stakeholders for a 
potential Seaton Community energy project would not have to start from scratch.  There are 
several good examples to review.  Discussions with project partners on some of these 
community energy systems would be beneficial as well. 

Some of the issues that have been identified and worked out in other community energy 
projects include:  right-of-way and access for the utility when the asset is located on private 
property; fee structure for the utility to charge for thermal energy delivered; a long term 
thermal energy supply agreement between the homeowner and the utility.  In some cases 
these issues may be very challenging, but there is likely a feasible solution satisfactory to 
both the utility and its customers. 

Four utility companies were contacted and consulted during this study.  The four companies 
are: 

Veridian Connections; 

Enbridge Gas Distribution Inc.; 

Corix Utilities and;                                        

Mondial Energy Inc. 

All four utility companies expressed an interest to participate in future Seaton community 
energy system development,  The current technologies being discussed/offered by these 
utility companies include solar thermal, photovoltaics, earth energy, large-scale wind and 
hybrid fuel cell.  It was noted that developing a workable business case is essential and the 
economics must be favourable for any utility company to take on the utility operator role.  
The current economic condition in Ontario presents additional challenges in developing 
projects due to the high cost of private financing. 

Due to resource and time limitations, this consultation was only meant to take a small 
sample of the renewable energy utility market.  It was not a comprehensive survey of the 
renewable energy utility industry. 
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4 TECHNOLOGY SCREENING 

4.1 List of Technologies for Screening 

A range of technology concepts was compiled and an initial screening was conducted to 
select a short list of technologies for a more detailed review. 

The following list includes the type of technologies considered in the initial screening. 

1. Natural gas based district heating and power generation; 

2. Waste to energy power generation and district heating; 

3. Anaerobic digester based biogas power generation and district heating; 

4. Biomass (e.g. wood chip) based power generation and district heating; 

5. Centralized solar thermal district heating and/or domestic hot water heating; 

6. Ground source heat pump based district heating system (centralized or 
decentralized); 

7. Heat pump based system with sewer heat recovery for district heating; 

8. Inter-seasonal thermal energy storage based district energy system (heating and 
cooling); 

9. Short term cold storage; 

10. Seasonal cold (snow) storage for district cooling; 

11. Solar photovoltaic (PV) power generation; 

12. Low temperature solar thermal collection (asphalt or unglazed collectors) for district 
heating; 

13. Large scale wind power generation; 

14. Urban wind power (individual building based); 

15. Fuel cell power and heat generation;  

16. Solar concentrating power generation;  

17. Solar thermal technologies for individual building or clusters of buildings; and 

18. Community outdoor lighting. 
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For the purpose of this study, only a cursory review is conducted for the initial screening.  
Discussion will be based on the authors’ own knowledge in the field of renewable energy 
and community energy systems implementation. This discussion will begin with a general 
review of solar, wind and material flow in the Seaton area and followed by a table 
documenting the specific remarks and recommendations for each technology. 

4.2 General Review on Renewable Energy Resources 

4.2.1 Solar Energy 

The Toronto area receives a significant amount of solar radiation, especially over the 
summer months (May to August).  This is illustrated in Figure 12 where the average monthly 
solar radiation on a sloped surface is compared between Toronto and Miami.  During the 
period of May, June, July and August, the Toronto area actually receives more total solar 
radiation than in Miami in the same period.  The potential for solar thermal energy and 
photovoltaic application is excellent.  Solar energy is readily available and consistent, with 
small annual variations; it is also a local renewable energy resource.  Solar energy could be 
converted to heat or electricity. These technologies are well established and supported by 
industry.  In general, it is recommended that solar energy technologies be explored further 
for potential fit in the Seaton Community. 

It should be noted that solar radiation is relatively low during the winter months when we 
need heat the most.  This presents a challenge to us in the mismatch between supply and 
demand for heat from the sun. 

Figure 12: Solar radiation comparison between Toron to and Miami 
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4.2.2 Wind Energy 

The following two charts (Figures 13 and 14) show the wind speed distribution data for the 
Seaton area, and also for an area in Alberta’s foothills with a good regime, both at a 50 m 
height (data from the Canadian Wind Energy Atlas, www.windatlas.ca). These two graphics 
clearly show that the preponderance of low wind speeds is in the Seaton area. Wind energy 
development would not be profitable in this area, as wind turbines tend to need winds above 
10 m/s to generate their rated power output, and will produce less than 25% of their rated 
output at speeds below 6 m/s. 

Figure 13: Wind speed distribution for Seaton commu nity 
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Figure 14: Wind speed distribution for Alberta foot hills region 

Wind Speed Distribution - Alberta Foothills
(50.227°N, 112.317°W)
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Comparing the wind regime in the Seaton area against the wind profile in areas (e.g. Alberta 
foothills) where wind power generation has proven successful, it is recommended that wind 
power not to be pursued at this time. 

4.2.3 Precipitation 

Storm water run off could reach temperatures above ambient and carry a significant amount 
of stored thermal energy (from the ambient air and ground surface).  This low grade thermal 
energy may be used as energy sources for heat pump application.  The challenge is in the 
mismatch between the storm water availability and the time when heating is required.  Snow 
accumulation in the winter is a source of cooling for early summer reducing our air 
conditioning demand on the electrical grid.  The City of Ottawa has implemented a project 
where snow storage was tested.  The challenges associated with these concepts include the 
management of run off water (dirt and salt), design and integration with development 
locations, and annual snow fluctuations.  For the purpose of this review, both the storm 
water thermal energy resource and snow accumulation are viewed as interesting 
possibilities for future consideration in the neighbourhood planning stage and will not be 
considered any further in the current energy management plan.  However, down the road, 
should an opportunity come up where the combination of the development and the 
surrounding environment points to this potential application, it should be investigated at that 
time. 

4.2.4 Material Flow 

Residential organic waste and sewage sludge are valuable resources for biogas generation 
and subsequent power and heat production.  However, the quantity of organic material 
required to sustain an anaerobic digester is very significant.  The amount of organic material 
generated by typical residential development (on a neighbourhood scale) is not sufficient for 
this purpose.  Although modern day grocery stores produce a large quantity of organic 
waste this should not be viewed as a sustainable long term fuel source for the digester.  It 
should be noted that anaerobic digestion technology is well developed for the agriculture 
community world wide and has been successfully implemented in rural areas in Ontario and 
elsewhere in Canada.  However, the “urbanization” of anaerobic digestion is still in its early 
development stage.  Challenges such as siting, integration, material handling and odour 
control are issues still being addressed by the industry.   

The use of sewage sludge and organic waste could be considered in the energy 
management for future Seaton Community development, should there be a breakthrough in 
the urbanization of the digester process or with the introduction of new technologies in the 
future. 

Other materials usable for energy production, such as wood chips or pellets, have been 
used for community power and heat generation (for example, several projects in wood 
pellets have been implemented in the City of Yellowknife in the past two years).  At this time, 
there is no evidence of a stable and low cost supply of local wood waste product for this 
purpose.  Options could be left open with centralized heating services in such a way that the 
fuel source may be switched to wood pellet should the economics and supply support it. 

When there is a large quantity (and concentration) of sewage flow, it represents a significant 
amount of thermal energy available for extraction by the heat pump technology for 
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community energy management.  However, this opportunity will need to be evaluated on a 
case by case basis, and should be considered at a later stage of development, especially in 
neighbourhoods with high density development (high volume in sewage and waste water 
generation). 

4.3 Technology Specific Discussion and Screening 

Technology specific comments are summarized in the following table and technologies 
recommended for further review are highlighted.
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Table 1: Summary of screening of 18 technologies 

ID No. Technologies Comments Recommendations 

1 Natural gas based district heating 
and power generation 

Becoming more common in recent district energy system 
developments.  For example, Markham District Energy Inc. 
owns and operates a natural gas based district heating and 
cooling system supplying heat and cold to a combination of 
residential and commercial clients.  There is interest in the 
distributed generation feature and may provide opportunities 
in specific neighbourhoods. There is concern of long-term, 
substantial price increases for natural gas. 

To be reviewed in 
more detail. 

2 Waste to energy power generation 
and district heating 

Incineration technologies have not received good press and 
generally do not have strong public support due to perceived 
negative emissions impacts.  Recent developments in 
plasma and/or gasification technologies claim to achieve 
significantly lower emissions levels.  A Plasco Energy pilot 
project using a plasma gasification process is currently 
being tested in Ottawa.  No results have been published yet.  
This is a potential technology that may deserve a second 
look in a couple years time as more operating data from the 
Plasco Energy pilot plant becomes available. Alter NRG – a 
Calgary-based company – has also sold a handful of waste-
to-energy plasma systems around the world, with two large 
scale systems operating in Japan since 2002. 

Not to be reviewed at 
this time but look at in a 
couple of years. 
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ID No. Technologies Comments Recommendations 

3 Anaerobic digester based biogas 
power generation and district 
heating 

Significant recent development in Canada on anaerobic 
digester technologies.  There are several technology 
providers in Canada and North America.  The process of 
converting organic material to methane is reliable and well 
supported by the industry.  The risk is in the “urbanization” 
of this technology.  May wish to investigate this a few years 
from now.  However, if there is a commercial or industrial 
stakeholder in the new development that generates large 
quantities of organic waste, this technology could be 
reviewed and considered for possible integration in a non-
residential setting but with heat delivered to the 
neighbouring residential site. 

Not to be review at this 
time but should be 
considered for the 
employment sector for 
opportunities to 
integrate with residential 
energy supply. 

4 Biomass (e.g. wood chip) based 
power generation and district 
heating 

At this time, there is no evidence of a major wood waste 
source from the area.  It will be difficult to justify looking into 
this option in detail at this time as a long term energy 
solution. 

Not to be reviewed at 
this time. 

5 Centralized solar thermal district 
heating and/or domestic hot water 
heating (community scale) 

Based on today’s natural gas price, a large scale centralized 
solar domestic hot water system serving a large 
neighbourhood does not look economical.  For space 
heating needs, a large scale seasonal energy storage 
system would be required.  From the Drake Landing project 
experience (52-home solar seasonal energy storage 
system) this service is not economical based on the current 
level of natural gas price.  May wish to look at this option 
when the natural gas price reaches a higher level and for 
larger, higher density developments where economies of 
scale could become a factor. 

Not to be reviewed at 
this time. 
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ID No. Technologies Comments Recommendations 

6 Ground source heat pump based 
district heating system (centralized 
or decentralized) 

Potentially very attractive economics for a community 
energy system based on ground source heat pumps and a 
centralized borehole field. 

Notwithstanding comments made on technology 5 above, 
should there be large quantities of waste heat from the 
employment area, a seasonal energy storage system to  
store waste heat in the summer with a ground source heat 
pump may be utilized and improve overall community 
energy efficiency.   

To be reviewed in 
more detail. 

7 Heat pump based system with 
sewer heat recovery for district 
heating 

Potentially very attractive economics for a community 
energy system based on heat pumps and a centralized 
sewage flow through point. 

To be reviewed in 
more detail. 

8 Inter-seasonal thermal energy 
storage based district energy 
system (heating and cooling) 

From the preliminary information on local hydrogeology, 
there is a good probability of locating deep aquifers.  Hence, 
it may be very attractive economically for aquifer thermal 
energy storage (for both cooling and heating) in the area.  
Technology has evolved to a fairly mature stage in Europe 
and a system may be implemented in Canada with relative 
ease. 

To be reviewed in 
more detail. 

9 Short term cold storage It is possible to run electric chillers during low electricity rate 
times to generate chilled water.  This chilled water is stored 
until the time when cooling is required (usually at a time 
when peak electricity rate is charged).  This approach is 
commonly used around the world (many cities in Europe 
and Japan for example).  The application is rather straight 
forward and there is no need to review this technology in 
this study. This technology integrates well with Ontario’s 
move to universal smart meter usage. 

Not to be reviewed at 
this time. 
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ID No. Technologies Comments Recommendations 

10 Seasonal cold (snow) storage for 
district cooling 

A pilot project involving storing snow and using the melt 
water to meet cooling load in the summer was implemented 
in Ottawa some years ago.  This is a viable solution if there 
is a suitable site for snow storage close to the area where 
there is cooling load (typically commercial area).  The 
challenges include salt and dirt management in the melt 
water.  Again the application may be considered “one off” 
and a unique location is required therefore this possibility 
will not be reviewed further in this report. 

Not to be reviewed at 
this time. 

11 Solar photovoltaic (PV) power 
generation 

As discussed in the general solar energy section, the 
Seaton Community receives a good level of solar radiation.  
With the current Ontario government’s incentive program on 
solar PV power generation, this could be an attractive option 
for local electricity generation. 

To be reviewed in 
more detail. 

12 Low temperature solar thermal 
collection (asphalt, roof membrane 
or unglazed collectors) for district 
heating 

The output temperature range of these lower cost solar 
thermal collectors matches well with the low temperature 
seasonal energy storage and low exergy district heating 
concept.  The unglazed collector is well used in the pool 
heating application.  If there is a suitable situation to harvest 
low grade heat in the summer, the unglazed collectors 
should be considered.  The asphalt and roof membrane 
collectors are still in their early commercialization phase in 
Europe and not yet available in Canada.  Should keep an 
eye on their development and may wish to take advantage 
of the asphalt and roof membrane collectors in the future. 

Not to be reviewed at 
this time. 

13 Large scale wind power generation Due to low wind velocity in the area, large scale wind power 
generation does not appear to be economical. 

Not to be reviewed at 
this time. 
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ID No. Technologies Comments Recommendations 

14 Urban wind power (individual 
building based) 

Similar argument to item 13 above.  However, there 
continues to be new products on the market that claim to 
capture and concentrate wind energy for urban wind power 
generation.  There is no convincing evidence that this type 
of technology is economically attractive in low wind regions.  
Should keep an eye on for future new developments but not 
worthwhile to spend time on at this time. 

Not to be reviewed at 
this time. 

15 Fuel cell power and heat 
generation; 

Still considered at the R&D stage, with primary emphasis on 
smaller-scale applications. Will need to review this 
technology in a few years to see if there is a potential fit. 

Not to be reviewed at 
this time. 

16 Solar concentrating power 
electricity generation 

This technology is popular in the south and west United 
States and a couple of European countries with high solar 
radiation (e.g. Spain).  A number of very large systems have 
been installed in recent years using mirrors to concentrate 
solar energy to a high temperature to produce steam for 
power generation.  For this type of application, strong direct 
beam solar radiation (i.e. desert-like climate) is required and 
a large (and relatively flat) area is required to lay out the 
reflecting mirrors.  Not likely to be economical in the Seaton 
area. 

Not to be reviewed at 
this time. 

17 Solar thermal technologies for 
individual building or cluster of 
buildings 

For individual buildings or clusters of buildings, solar thermal 
for hot water heating is a very attractive option with strong 
economic rationale.  The market support for solar thermal 
application on this scale is also well established.  May 
considered this in unique sites where the solar thermal 
system could make sense.  Also may want to consider solar 
thermal for individual homes. Solar pre-heating of fresh 
ventilation air is well established in Canada, and should be 
considered for larger commercial and industrial buildings. 

To be reviewed in 
more detail. 
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ID No. Technologies Comments Recommendations 

18 Community outdoor lighting There is significant savings to be gained by more efficient 
lighting of the community.  The State of California, under 
their Title 24 building energy efficiency regulations, has 
issued standards on this topic.  Any measures taken on a 
community wide level will set a strong example and 
leadership in the community for energy conservation, and 
will reduce “light pollution”. By both limiting outdoor lighting 
levels and increasing the efficacy of lamps, considerable 
savings can be achieved. The effectiveness of lighted 
outdoor advertising does not suffer, if all lighting levels are 
reduced. 

To be reviewed in 
more detail. 

 

In summary, the following technology options will be reviewed in more detailed during the next phase of this study: 

Table 2: Seven recommended technologies 

Technology ID Technology Title 

1 Natural gas based district heating and power generation 

6 Ground source heat pump based district heating system (centralized or decentralized) 

7 Heat pump based system with sewer heat recovery for district heating 

8 Inter-seasonal thermal energy storage based district energy system (heating and cooling) 

11 Solar photovoltaic (PV) power generation 

17 Solar thermal technologies for individual building or cluster of buildings 
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18 Community outdoor lighting 
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5 DETAILED TECHNOLOGY REVIEW 

This section of the report provides an analysis of the seven technologies selected for further 
review selected in section 4.3 (see Table 2). For each technology, the following points were 
evaluated: 

• Typical application scenarios and opportunities; 

• Potential benefits; 

• Challenges and potential barriers; 

• Technology maturity; 

• Market receptivity and trends; 

• Regulatory status; 

• Potential government support. 

The full review of the technologies against the seven points above can be found in Appendix 
A of this report. This section contains only a high level summary of the results of the review. 
Interested readers are encouraged to read Appendix A for further details. 

5.1 Natural gas based district heating and electric ity generation (CHP) 

Combined heat and power (CHP) systems produce both electricity and heat; consequently 
they are only useful where there is a simultaneous demand for both heat and electricity. It is 
becoming more common for small “communities” such as hospitals, universities and 
research centres to use CHP for electricity production and district heating. Co-generation is 
ideal in these small communities because of their energy demand and their building density 
accommodated district heating. Natural gas CHP systems can be either reciprocating 
engines or gas turbines, including the newer micro-turbines (roughly 30 – 500 kW). Although 
engines have a lower capital cost and higher electrical efficiency than micro-turbines, 
turbines are likely better suited for the Seaton community because of their lower 
maintenance costs. 

CHP systems can be economical when only heat is needed since electricity is a high value, 
easily transportable form of energy.  The fact that the electricity can be sold to the grid 
presents the flexibility for the system to run when the heat is needed locally.  For example, if 
only heat is needed, a boiler can be used to produce heat at 90% efficiency, or a CHP 
system can be used to produce heat at 60% efficiency and electricity at 30% efficiency. 
Even though the boiler produces heat more efficiently, the revenue from electricity sales can 
more than offset the extra gas consumption. 

To meet the peak heating load of 1,000 energy efficient housing units requires 
approximately 5 MW of heat. Since a CHP unit produces roughly twice as much heat as 
electricity, it requires about a 2.5 MW (electrical) CHP system for each 1,000 units. If the 
district heating system also includes low-cost boilers to meet peak heating load, the size of 
the CHP system may be reduced in half, and still meet 70 – 80% of the annual heating load. 
Thus a 1.2 MW (electrical) CHP unit in combination with 5 MW of boilers can effectively heat 
a community of 1,000 homes, with the boilers providing only 20 – 30% of the annual heat 
load. 
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Because the “waste” heat displaces conventional heating fuel (normally also natural gas in 
Pickering) CHP systems produce fewer GHG emissions than conventional electrical 
generators – roughly by a factor of three. However, this remains true only when there is a 
need for the heat. In summer, when the only available heat load is for DHW, some of the 
heat produced by the CHP system may be truly waste heat (unless inter-seasonal thermal 
storage is in use). This causes an erosion of the GHG savings. 

With the smart meter conversion program, Ontario is moving rapidly to time-of-use (TOU) 
pricing. TOU electricity pricing takes into account the amount and the time of day when 
electricity is consumed. Prices will be higher for approximately 45% of the hours each week 
(7:00 a.m. to 10:00 p.m. on weekdays), the balance being low-priced “off-peak” hours. CHP 
systems can be readily programmed to run only during peak and mid-peak periods, when 
electricity prices are higher. 

The greatest challenge with a gas-fuelled CHP system is the same as with conventional 
heating systems using gas. The future cost of fossil fuels is volatile and uncertain, but is 
likely to climb faster than general inflation. Figure 15 shows recent trends in oil and gas 
pricing, indicating that both have experienced average annual price increases exceeding 
10% since the early 1990’s. 

Figure 15: Recent trends in oil and gas pricing 
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The Ontario Power Authority has implemented the Clean Energy Standard Offer Program 
(CESOP) which supports small clean energy generators including natural gas CHP systems. 
This program encourages the installation of gas fuelled CHP systems of less than 10 MW 
(electrical), by offering a 20-year contract to purchase the power, and also provides some 
protection against gas price fluctuations. 

5.2 Ground source heat pump district heating 

Heat pumps employ proven refrigeration cycle technology to pump heat “up hill” from a 
colder region to a warmer region. By moving existing thermal energy, it is no longer 
necessary to purchase all of the thermal energy required to heat a load, as is done in a gas 
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furnace. Rather it is only necessary to purchase the amount of energy required by the pump. 
Heat pumps can be uni-directional (e.g. kitchen refrigerator), although the term is commonly 
applied only to units that are bi-directional. Ground-source heat pumps (GSHP) are bi-
directional, pumping heat from the ground to the indoor air in winter, and pumping heat from 
the indoor air into the ground in summer. Using the ground as the heat source (winter) and 
sink (summer) causes ground source heat pumps to have higher COP’s than air source heat 
pumps, because the ground is warmer in winter and cooler in summer (than the air). A key 
aspect of the recent growth in GSHP installations is the fact that this single system can 
provide both space heating and space cooling; thus GSHP’s are likely to be more prominent 
in climates which require both heating and cooling. 

Large scale GSHP is starting to emerge in North America.  The ground source heat pump 
(GSHP) system at the Ontario University Institute of Technology in Oshawa, Ontario, is one 
of the largest systems in the world.  It consists of three hundred and eighty-four holes; each 
drilled 700 feet into the earth linked to mechanical systems that provide eight new university 
buildings with a highly efficient and environmentally friendly heating and cooling system.   

Figure 16: OUIT ground source heat pump system, Osh awa 

 

Within the Seaton community, district heating (and cooling) systems using ground source 
heat pumps are – like all district heating systems – likely to be most cost effective in areas 
with higher density building. Characteristics that would make a community specifically 
attractive to GSHP’s would be to have either an annual balance between the heating and 
cooling loads, or sufficient area to allow the borehole heat exchangers to be widely spaced. 
If the borehole heat exchangers are closely spaced, and the system has a substantial 
imbalance between heat removed from and injected into the earth, the earth temperature in 
the region of the boreholes will either rise or fall during the early years of operation, and the 
system will become less efficient. While construction of borehole heat exchangers can be 
readily accomplished, large borehole field design and construction cannot yet be considered 
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mature. All other facets of the industry – including the manufacturing and servicing of heat 
pump units – can be considered quite mature. 

The environmental benefits of GSHP systems result from the fact that they provide space 
cooling more efficiently than conventional air-conditioning units (that dump excess heat to 
the already hot outdoor air), and when in heating mode provide roughly one third of the heat 
requirement from electricity, with the balance being heat extracted from the ground.  

5.3 Heat pump based district heating with sewer hea t recovery 

Sewer heat recovery is essentially the recovery of interior building heat that is carried away 
in a waste water stream. Much of the heat is from used hot water, but some is also from cold 
water that picks up heat from the indoor ambient temperature. Being heat pump based, this 
type of system is similar to the ground source heat pump system discussed in the previous 
section. The primary difference is that the heat source employed is community sewer water, 
rather than the ground. Sewer water – a mix of both hot and cold domestic water – leaving 
our urban buildings is typically in the 12-18°C ran ge year round. This is substantially warmer 
than the earth temperature (~7-10°C), and thus prod uces more efficient performance (higher 
COP) than ground source units. 

Figure 17 shows and example layout of a community with sewer heat recovery. Note that 
the sewer is collected from the entire community, including low density residential, but that 
the district heating system serves only the higher density, mixed use area at the centre of 
the community. This suggested configuration results from the fact that it is rarely economical 
to extend district heating systems into low density residential areas, but recovering sewer 
heat from this large area boosts the performance of the heat pumps. 

While technically proven, sewage heat recovery is still uncommon. The first installations are 
only a few years old, and there are only a handful of large systems around the world at this 
time. The first North American system expected to come into operation is still about a year 
away from commissioning; the athlete’s village at the Vancouver 2010 Olympics will be 
largely heated by sewage heat recovery. It is common to hear of sewage being mentioned in 
a negative light.  From our research there is evidence that the positive and beneficial use of 
this community resource represents a new paradigm in looking at this interesting 
opportunity. Municipal level officials, and the general public, can be very receptive to sewer 
heat recovery systems. 
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Figure 17: Example layout of community with sewer h eat recovery 

 

Sewer
discharge

Sewer heat
recovery station

District heat pipe
Sewer pipe

Sewer

District heat
Depth

3 m         1m

Trench detail, showing
common trench for sewer (deep)
and insulated district heat (shallow)

 

 

5.4 District energy systems with inter-seasonal the rmal storage 

Inter-seasonal thermal storage can be used to store summer heat for use in winter, or winter 
cold for use in summer, or both. Effective, economically viable systems require two key 
features: availability of very low cost heat (or cold) in the “wrong” season, and an effective 
means of storing this unwanted heat for several months. To date the design that has 
achieved the broadest commercial success, with hundreds of operating systems – primarily 
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in northern Europe – is aquifer thermal energy storage (ATES). An ATES system stores both 
heat and cold in a deep underground aquifer (deeper than potable water wells, and well 
below where ground water effects are noticed). As shown in Figure 18, two wells (or groups 
of wells) are used to tap the aquifer in separate locations. In winter, water flows from the 
warm well, yields heat to the heat pump, with the cooled water being injected into the cold 
well. Come spring, the direction of flow is reversed, with the water from the cold well being 
pumped to the heat pump, where it picks up waste heat from cooling the building, and is 
injected into the warm well. Because the heat pump is being fed with either warm (winter) or 
cool (summer) water, it operates with a higher COP than typical ground source heat pumps, 
thus reducing electrical consumption. 

Figure 18: ATES inter-seasonal storage system opera tion 

 

In commercial and public buildings, heating and cooling of ventilation make-up air constitute 
a large fraction of the building heat load. Seasonal storage technology offers a possibility of 
meeting a substantial fraction of this load using direct heating and cooling (without heat 
pumps), using stored thermal energy from the previous season. 

Because ATES systems store both heat and cold, a certain degree of balance is required to 
ensure that the entire aquifer does not gradually drift warmer or cooler, thus negating the 
effectiveness of the system.  Hence, in the design of potential communities one should plan 
for a building mix such that the cooling and heating loads are as balanced as possible in 
order to maximize the efficiency of the ATES technology. 

ATES systems withdraw ground water, and thus will require approval from regulatory 
bodies. From our review of European ATES project history it is the opinion of the authors 
that ground water use for ATES will not likely cause regulatory issues, since the ground 
water is being removed and re-injected into the same aquifer, with no changes in 
composition.  

Information provided by other team member of the Seaton MESP development has 
indicated that potentially suitable aquifers underlie portions of the Seaton development 
lands. However, in the absence of a suitable aquifer, it is possible to construct a borehole 
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thermal energy storage (BTES), which uses the earth as the storage medium, although this 
is likely a more costly approach. Actual testing and study for a suitable aquifer should be 
carried out early in the Seaton development schedule. 

5.5 Photovoltaic electricity generation 

Photovoltaic (PV) modules – the basic building blocks of solar electricity generation – are 
available from a range of domestic and foreign manufacturers. In general, they consist of a 
framed sheet of tempered glass with the solar cells or photovoltaic material attached to the 
underside of the glass, and a rear protective film. Grid-connected PV systems distribute 
generated electricity to the power grid after the direct current (DC) electricity is conditioned 
to alternating current (AC) at an appropriate frequency (e.g. 240 Vac, 60 Hz), and fed 
through a meter (Figure 19).  

Figure 19: Grid-connected photovoltaic system 

 

There are various methods of mounting photovoltaic systems that are applicable to the 
Seaton community.  Building integrated PV (BIPV) is generally reserved for new design and 
construction. In BIPV, the photovoltaic modules act as part of the building envelope such as 
roofing material, wall cladding and passive solar awnings. There are some design conditions 
specific to BIPV; the PV must be well exposed to the sun. Roof integrated PV must be at a 
slope for sun exposure and snow shedding, and wall cladding must be south facing. BIPV is 
aesthetically pleasing but it is generally more expensive than other mounting options.  

Figure 20: Sample BIPV installations 
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Roof mounted PV is a more common option and is suitable for both flat and sloped roofs. 
The PV modules are supported by a rack which can be fastened to the roof or simply held in 
place by their own weight.  The mounting will cause an additional static and dynamic (wind) 
load to the structure which is normally within the design limits of most modern buildings but 
must still be considered.  

For the Seaton community, the building design plays a key roll in Photovoltaic mounting 
options. Not only is building design important but also the entire community planning.  Since 
the Seaton community is in the preliminary design phase, it is possible, with some simple 
community planning, to create ideal mounting conditions on the roofs of the residential 
buildings. The buildings can be laid out in rows running east to west with south facing roofs 
at a 45° angle. Even if the PV is not intended to b e installed immediately, the community 
design will leave the option open for the future. 

One benefit of solar electricity is that the PV modules can be relatively spread out yet still 
have a centralized power conditioning station. Because of this, it may not be necessary to 
install multiple inverters, power meters and grid connections; the DC electricity can be 
converted to AC and put into the grid at a central power station rather then at each home.   

In Pickering, the overall system conversion efficiency of modern equipment will allow it to 
generate approximately 120 - 160 kWh of AC power annually for every square metre of 
photovoltaic collector (fixed, south facing panels at 45o tilt).  

Solar photovoltaic system operation is virtually GHG emissions free. Photovoltaic modules 
can be expected to operate for 40 years with very little maintenance (there are no moving 
parts), and the power electronics in the inverters are expected to last for 10 – 20 years. 
Thus a modern photovoltaic power system provides a robust, durable means of generating 
electricity for years to come. 

While photovoltaics are commonly regarded as expensive, they have extremely low 
operating costs, and capital costs continue to decrease. These factors, combined with the 
Ontario Power Authority’s (OPA) Renewable Energy Standard Offer Program (RESOP), 
which offers a 20 year contract to purchase PV-generated electricity at a rate of $0.42/kWh, 
make PV an attractive, long-term investment. (Currently the RESOP program is not 
accepting new applications as the program is reviewed, but this hiatus is expected to end 
before the end of 2008.) 

 

 

 

 

5.6 Solar thermal for large buildings or building c lusters 

Solar thermal collectors are essentially an insulated box with a high transparency glass 
cover; they contain no moving parts. Inside the box is a black absorber panel with fluid 
channels, through which a coolant flows (typically an anti-freeze mixture of water and non-
toxic glycol). The efficiency of solar collectors varies widely with conditions, but should 
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average around 25-35% efficient in a well designed system (roughly double the efficiency of 
PV modules). In the past, typical solar installations in Canada have been used to heat 
domestic hot water and outdoor swimming pools, because they require heat in the summer. 
Such installations have been limited to individual buildings where roof structure and 
orientation are suitable for solar development. 

Figure 21 shows an example layout of a solar thermal “cluster”. In this example, there are 
three large roof areas available for mounting solar collectors: a community centre, a large 
retail store and a grocery store. The solar heat can be used to heat the swimming pool in the 
community centre, and the DHW in the adjacent medium and high density neighbourhoods. 
The grocery store and retail have little DHW demand, and serve primarily as locations for 
mounting solar panels. By separating the location of the solar collectors from the DHW 
loads, designers can have much more freedom in designing the residential buildings (no 
need to observe solar orientation), and management of ongoing maintenance is simpler, 
because only three large commercial roofs need to be accessed.  

Solar thermal is a simple and effective method of producing clean heat. Since the sun is 
used to produce heat, there are no GHG emissions. With no moving parts, solar thermal 
collectors are very durable, and are expected to have a life of 25 years or more, with very 
minimal maintenance requirements. Like photovoltaic panels, snow accumulation is a 
concern in the Canadian climate. This problem is easily overcome if the panels are mounted 
at an angle above 40o.  

Applying solar thermal to space heating is still a challenge, largely because the solar 
resource is weakest in the winter. With inter-seasonal storage (such as in an ATES system), 
it may be appropriate to design larger solar heating systems, meeting a higher percentage 
of the winter heat load, and storing some summer heat when the system output exceeds the 
DHW/swimming pool load. 

The federal government’s ecoENERGY for renewable heat incentive currently offers grants 
valued at roughly 25% of installed system cost (up to a maximum amount per installation). 
Currently the Ontario government is supplementing the federal program with a matching 
grant, further increasing the available subsidy. 
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Figure 21: Example layout of solar thermal cluster 
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5.7 Outdoor lighting 

Many outdoor lights operate for more hours per year than most indoor lights, and many 
outdoor light fixtures are much higher wattage than indoor fixtures. As a result, they 
consume large amounts of electricity, at considerable cost. Excess outdoor lighting also has 
other negative consequences such as light pollution and light trespass (light escaping to a 
neighbouring property). The focus of this section is not on new lighting technology, but on 
policies and standards that reduce outdoor lighting levels and encourage the use of more 
efficient lamps. The result is greatly reduced energy consumption in outdoor lights. It also 
does encourage wider use of the newest, most efficient lighting technologies. 

To reduce energy consumption from outdoor lighting, some lighting standards are set which 
limit the allowed power used in lighting, based on the brightness of the surroundings. In 
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darker areas less light is needed, since eyes will adjust to the darkness. In contrast more 
lighting power is needed to see in bright areas.  In California a set of regulations has been in 
force for several years. These regulations define four zones, with designated allowable 
energy consumption for lighting for various tasks in each zone. Table 3 provides a 
description of the four lighting zones employed in California. Note that lighting levels in zone 
4 (the brightest) can be up to five times brighter than in zone 1, for the same application. 

Table 3: California definition of four outdoor ligh ting zones 

 

A key to successfully limiting energy consumed for outdoor lighting is that the policy must be 
enforced on all parties; hence the bias towards implementation through regulation over 
education. If all lighting levels in a given area are reduced, then the relative lighting levels 
remain similar. As an example, an outdoor sign with only moderate light levels will easily 
stand out when surrounded by other low level lighting; the same outdoor sign would be 
difficult to locate and read if it were located in a sea of bright lighting. 
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Outdoor lighting levels can also be adjusted by time of night, rather than operating on a 
strictly dusk-to-dawn schedule, with lighting reduced to a lower level during the hours of 
lowest activity (perhaps by turning half the fixtures off). 

While consumers are generally resistant to new regulations, it is becoming common for 
facilities, cities and provinces to adopt high efficiency policies and standards in many areas, 
and many of these are welcomed by the general public. It is expected that similar positive 
reactions could be expected for outdoor lighting standards, with adequate education. It is 
particularly critical to ensure that the plan covers all outdoor lights, on public and private 
property, and whether used for general illumination, decorative effects or outdoor 
advertising. By collectively reducing all lighting levels in concert, desirable results can be 
achieved. 
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6 Community Overview 

The Seaton community has an initial planned population of 63,000 located in fifteen living 
areas or neighbourhoods.  The current plan includes nine residential neighbourhoods, five 
neighbourhoods with combined residential, community node and mixed corridor uses, and 
one neighbourhood defined as mixed corridor area.  The approximate land use areas for 
each neighbourhood have been communicated to SAIC Canada as a possible “structure” of 
the Seaton community for the purpose this analysis.  The fifteen neighbourhoods are shown 
in the figure below. 

The northern portion of the Seaton community (along the planned High way 407) will be 
used for employment lands.   This area has a planned employment population of 
approximately 16,700 people when fully developed.  This area will include offices, some 
warehouse facilities, prestige and expanded prestige, as well as supporting service 
businesses. 

Figure 22: Map of Seaton neighbourhoods 

 

 

6.1 Community Energy Concept 

Section 5 of this report provides a summary of each of the energy management 
technologies potentially suitable for implementation in the Seaton community.  It is 
understood that some neighbourhoods will be more suited for community energy system 
concept due to the neighbourhood density and land use while others present more 
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opportunities for renewable energy options at the individual home level.  This section 
provides some general discussion on the application of CHP, solar PV and outdoor lighting 
and sets the framework for assessing the potential environmental benefits.  The rest of the 
selected technologies (such as GSHP and solar hot water production) will be included in a 
more detailed evaluation in a number of representative neighbourhoods and the 
employment lands in Section 6.2.1 and 6.2.2. 

6.1.1 Natural Gas CHP 

Natural gas CHP has been popular in some high density and commercial developments 
(again through a utility operator).  The Canadian District Energy Association (CDEA) web 
site includes several excellent documentation on the implementation and decision factors on 
natural gas CHP systems for community use.  From general discussion in the industry, a 
greenhouse gas (GHG) emissions reduction of 15 to 30 percent is possible (depending on 
scale and technology) in using natural gas CHP when compared against the baseline 
situation. 

While the technology of natural gas CHP is well developed and relatively low risk for 
implementation, the issue with natural gas CHP remains with the continued reliance on 
fossil fuel.  This reliance on high temperature combustion heat also drives the basic design 
of building heating systems and commercial heating infrastructure.  In many cases, this 
traditional heating system design introduces restrictions in future fuel source for heating as 
well energy management options. 

Recent International Energy Agency (IEA) studies are pointing out the benefits of a lower 
temperature distribution system for community heating design.  By lowering the design 
distribution temperature of the energy system, the community (and buildings) will have a 
greater flexibility in fuel switching and the use of more renewable energy options. 

For this reason, the natural gas CHP option will not be evaluated in the environmental 
benefit section of the report.  However, natural gas CHP may be considered a short term 
solution if needed but the community should be designed with sufficient flexibility to switch to 
renewable energy sources when fossil fuel becomes too expensive or unacceptable from an 
environmental point of view.  The option to include small scale natural gas CHP may be 
attractive if the natural gas turbine also acts as an emergency power generator to a facility 
but the turbine is used to generate electricity during peak electricity billing times.  This is 
discussed in Section 5.1 and there may be an opportunity to store excess waste heat in the 
summer for winter heating use. 

6.1.2 Solar PV Power Generation 

Photovoltaic (PV) system can directly reduce the amount of grid electricity the community 
uses and therefore reduces GHG emissions in the province.  At the Seaton development 
location, a 100 kW PV system (which could be easily accommodated on a typical 
commercial building roof) could generate approximately 140,000 kWh of electricity per year 
and displace at least 30.8 tonnes of GHG emissions from the current Ontario’s power 
generation mix.   

The capital investment for large PV system is high and it is typically an investment made by 
large utility companies in the business of clean electricity generation.  Seaton may find itself 
in a position to offer open land space (or large roof space) for utility companies to “rent” for 
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PV system installation.  This may become a new revenue stream for the community (or the 
municipality) to subsidize other renewable energy initiatives.  For example, Duke Energy 
(based in North Carolina) has recently issued a call for proposal to install 10 MW of PV in 
the state and is offering compensation for the use of open land and large commercial roof 
space.  The Ottawa International Airport is working through a process to solicit proposals for 
utilities to come and use the open space at the airport for PV installation in return for a land 
use fee.   

PV power is especially attractive when the community uses heat pump technology (either as 
a part of inter-seasonal energy storage or a straight temperature upgrade).  In this case, the 
energy needed to generate heat is switched from natural gas (typical for Southern Ontario 
locations) to electricity.  On site PV generated power could reduce the net amount of grid 
electricity the system uses and further reduces the carbon footprint of the community. 

PV should be considered for Seaton development.  Utility and financing partners are 
required for the implementation of this option.  It is not directly within the scope of the 
heating and cooling and will not be included in the GHG analysis for community energy 
system. However it is understood that PV power generation has a significant positive 
environmental impact and will be implemented given the proper market conditions. 

6.1.3 Community Outdoor Lighting 

This is outside the scope of the community heating and cooling.  However, the 
environmental and long term economic benefits are so compelling that it is assumed that 
this energy management approach will be considered seriously in the Seaton development.  
Proper implementation of an outdoor lighting policy has the potential to reduce electricity 
consumption 30 to 50% from current practice. The environmental benefits of outdoor lighting 
will not be included in the following community heating and cooling greenhouse gas 
emissions analysis. 

6.2 Community GHG Emissions Impact Assessment 

For the rest of this section, possible applications of the low distribution temperature 
community energy technologies will be assessed and potential GHG emissions impact will 
be estimated.  It should be pointed out that this GHG emissions impact analysis is based on 
assumed building mix, construction and energy use and the figures should not be taken in 
absolute terms.  However, the analysis does show the relative impact of the various 
technologies and the potential reduction in GHG emissions from the community using these 
technologies. 

It should be pointed out that depending on building design low temperature distribution 
heating systems may not achieve the optimal performance level as indicated in this report.  
It has been recognized that in some older buildings, perimeter heating with low temperature 
is not sufficient to meet peak heating demand and conventional heating boilers might be 
required for peak loads. 

Following the previous discussion, the main technologies suitable for implementation on a 
community scale that relates directly to heating and cooling are: 

• Large scale ground source heat pump (GSHP); 
• Sewer waste heat recovery; 
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• Inter-seasonal energy storage; and 
• “Cluster” solar thermal systems. 

 

We will look at the residential and commercial portion of the Seaton community first and 
then examine the application of renewable energy technologies in the employment land 
portion of the Seaton development. 

 

6.2.1 Residential and Commercial Portion 

The first step in this analysis is to estimate the energy demand for each neighbourhood.  
Assumptions are made for building type, construction practice and operation to produce the 
necessary energy intensities.  Approximate floor space for each type of building in the 
neighbourhood and the estimated density (units per ha) were selected for this study.  The 
table below summarizes the key assumptions made in estimating energy use in the 
community. 

Table 4: Energy intensities of various community ty pes 

Type of use LD MD HD CN MC 

Units per hectare 17 32 140 8 8 

Average unit floor space (m²) 200 140 100 1,500 3,000 

Summer      

    Cooling (GJ/m²) 0.05 0.05 0.15 0.22 0.19 

    Heating (GJ/m²) 0 0 0 0 0 

    DHW (GJ/m²) 0.08 0.1 0.15 0.05 0.08 

Winter      

    Cooling (GJ/m²) 0 0 0 0 0 

    Heating (GJ/m²) 0.65 0.26 0.2 0.43 0.35 

    DHW (GJ/m²) 0.08 0.1 0.15 0.07 0.08 

CN = community node 

MC = mixed corridor      
 

Out of the total fifteen neighbourhoods, five neighbourhoods were selected to represent the 
community and used as examples to illustrate the potential benefits if some of these 
technologies are applied.  These neighbourhoods are defined by the preliminary planning 
process with the following preliminary land use (all numbers are in hectares): 
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Table 5: Land use in selected neighbourhoods 

Land use N-3 N-4 N-9 N-11 N-13 

Low density 38.7 32.9 14.9 57.3 0 

Medium density 11.6 25.0 0 12.1 0 

High density 0 6 8.2 13.6 0 

Community node 0 17.4 0 0 0 

Mixed corridor 0 11.8 30.8 32.7 18.8 

Total neighbourhood area 50.3 87.1 53.9 116 18.8 

 

With a good understanding on the various renewable energy technologies, their 
implementation requirements and performance potential, the environmental impact due to 
each technology was assessed and reported below.  The various community energy system 
technologies are applied to the high density residential land, as well as to both the 
community node and the mixed corridor land areas.  A review of relevant literature on district 
energy systems indicated that district energy technology is best suited for higher density 
development.  The low and medium density development areas are not considered in the 
assessment for community energy systems.   

The percentage numbers shown in Table 6 represent the potential percent reduction in GHG 
emissions compared against the baseline scenario.  It is also important to note that these 
are achievable GHG emissions reductions but with the energy system operating in good 
order and the actual results will vary and likely be slightly lower. 

Table 6: Potential GHG savings: single technologies  

Technology N-3 N-4 N-9 N-11 N-13 

Baseline GHG emissions (tonnes/year) 8,690 29,730 32,140 45,640 15,620 

Community GSHP N/A 27% 35% 27% 40% 

Sewer waste heat recovery N/A 22% 28% 22% 32% 

Inter-seasonal storage N/A 41% 53% 41% 61% 

“Cluster” solar N/A 2% 4% 3% 4% 

Community SDHW N/A 7% 11% 9% 10% 

 

Generally the GSHP and the sewer waste heat recovery options produce similar 
environmental performance.  In a heating dominant application the sewer heat recovery 
technology is slightly better whereas in a cooling dominant situation the GSHP technology is 
preferred.  Depending on the site layout there may be situations where it is impossible to 
install the required boreholes for a large GSHP system and it is easier to locate a suitable 
sewer collection point and use a smaller surface footprint for sewer waste heat recovery.   
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Due to physical space limitations and capital constraints not all the technologies can be 
applied at the same time.  The table below shows the combination of the best possible 
technologies for each neighbourhood and the maximum achievable GHG emissions 
reduction by implementing renewable energy technologies for the high density, community 
node and mixed corridor developments. 

Table 7: Potential GHG savings: grouped technologie s 

Technology N-3 N-4 N-9 N-11 N-13 

Inter-seasonal storage N/A 41% 53% 41% 61% 

Community SDHW N/A 7% 10% 9% 10% 

Maximum GHG reduction N/A 48% 63% 50% 71% 

 

In situations where a suitable aquifer cannot be located, a large scale GSHP would be next 
best technology at approximately 15 to 20% less in GHG emissions reduction than the 
aquifer inter-seasonal storage case.   

N-13 consists of mixed corridor land only with high density residential and commercial land 
use.  This neighbourhood has the highest GHG emissions reduction potential (71% from 
baseline) by applying the target renewable community energy technologies.  

In the above technology assessment, energy unbalance between the heating and the 
cooling loads was observed in many neighbourhoods.  In some situations, the amount of 
energy required for heating is higher than then energy required for cooling.  Therefore in 
order to balance the system, additional heat would need to be stored during the summer 
months in the community energy system.  This may be achieved through solar thermal 
technologies, waste heat from CHP or process waste heat from industry. Consistent system 
energy unbalance will result in lower GHG emissions reductions from the above maximum 
levels. 

In recent years, we have seen the emergence of specialty renewable energy utility 
companies on the market.  These are utility companies who would install the renewable 
energy system and provide a heating or cooling service to the end user with a fixed fee or 
energy meter based billing.  Such utility partners would play a key role in the development of 
all the community based renewable energy systems discussed in this report.  This type of 
new utility company has also engaged in GSHP and/or solar DHW business for single 
detached homes.  It is very possible that such a utility (or a number of such utility 
organizations) be brought into the Seaton development to invest in GSHP and solar DHW 
system for the low and medium density residential areas.  The capital required for the 
renewable energy system would be invested by the utility company and not built into the 
initial selling price of the home.   

In some cases, the utility may choose to work with the home builders to ensure the homes 
are “solar and GSHP ready”.  The utility company would then install the GSHP and/or the 
solar DHW system and enter into a service agreement with the home owner.  There may be 
regulatory questions surrounding this new type of service agreement however, it should be 
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brought to the attention of any utility companies interested in future renewable energy 
business in the Seaton community. 

With the installation of GSHP or inter-seasonal thermal energy storage and solar DHW in 
community energy systems, it is possible for the Seaton development to achieve GHG 
emissions reduction in the order of 40 to 70% for some neighbourhoods using technologies 
available today.  Again just a note to remind the reader that this is the GHG reduction from 
heating and cooling only, and it does not include building electricity uses, such as lighting 
and appliances.   

For some of the neighbourhoods to be developed at a later date, it is likely that more 
advanced technologies would be available at that time.  More cost effective solutions may 
be added on the existing local energy infrastructure and reach even a higher environmental 
performance and a lower cost on building operation. 

6.2.2 Employment Lands 

The types of buildings, uses and approximate floor space for the employment lands were 
estimated using data from the Hamson report.  The following table summarizes the 
employment lad details. 

Table 8: Employment lands building information summ ary 

Type 
Land area 

(ha) 

Employee 
density 
(#/ha) 

Floor 
space 
index 

Number of 
storeys 

Estimated 
number of 
buildings 

Total floor 
space 

(000 m2 ) 

Major 
office 16 188 0.75 8 8 120 

Misc. 
office 17 100 0.4 2 11 68 

Prestige 247 45 0.35 1 173 865 

Expended 
Prestige 22 20 0.4 1 5 8 

Services 6 75 0.25 1 3 15 

Total or 
average 308 54 0.38 N/A 200 1,156 

 

Based on building energy statistics published by Natural Resources Canada and our own 
project experience, it is reasonable to divide building types into three categories of energy 
use intensities.  The major office is a different building form and mass and this will be one 
energy category on its own.  The miscellaneous offices and the services business are 
grouped into one category to represent single storey buildings, with floor space divided per 
business unit. The prestige and the expanded prestige are combined into one energy use 
category as light industrial.   
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Table 9: Energy intensities for various building ty pes in employment lands 

Energy Category / Use Major Office Misc. Office Light Industrial 

Summer    

    Cooling (GJ/m²) 0.21 0.04 0.04 

    Heating (GJ/m²) 0 0 0 

    DHW (GJ/m²) 0.05 0.05 0.03 

Winter    

    Cooling (GJ/m²) 0 0 0 

    Heating (GJ/m²) 0.59 0.59 0.46 

    DHW (GJ/m²) 0.05 0.05 0.03 

 

At this time, details of the site layout and building arrangement are not yet available, nor are 
energy use details of the equipment that will be installed in the industrial buildings.  It is 
assumed that several “clusters” of office, light industrial and service buildings could be 
grouped and be serviced by a common district energy system.  Due to the low sewer water 
flow, sewer waste heat recovery will not be included in the employment lands assessment.  
GSHP, inter-seasonal energy storage and solar thermal hot water production will be 
included in the analysis.   

Table 10: Potential GHG emission reductions by tech nology, for employment lands 

Technology GHG emissions reduction from baseline  

GSHP district system 55% 

Inter-seasonal energy storage district system 75% 

Solar hot water production 6% 
 

In the technology assessment, it was noted that there is a strong energy unbalance between 
the heating and the cooling loads in the employment land area.  The amount of energy 
required for heating is considerably higher than the energy required for cooling.  Therefore 
in order to balance the system, additional heat would need to be stored during the summer 
months in the community energy system.  This may be achieved through solar thermal 
technologies such as lower cost unglazed collectors, waste heat from CHP or process waste 
heat from industry.  If system energy balance could be achieved, GHG emissions reduction 
in the range of 60 to 70% is possible. 

In addition to the above technologies, solar heating of ventilation air may be used for space 
heating, if an individual building has a suitable south facing wall.  This is not included in the 
above analysis since the application of this technology is building specific; it is 
recommended that buildings in the employment land consider employing solar ventilation air 
pre-heating when there is a suitable wall orientation and ventilation requirements. 
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For a district energy system to reach the desired performance, significant up front planning 
and marketing would be required.  The opportunity also includes attracting the right 
industries to the Seaton community – and intelligent siting of them – to achieve better overall 
energy balance, possibly using available waste heat, without the use of solar and CHP heat. 
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7 CONCLUSIONS & RECOMMENDATIONS 

This report has concentrated on defining the clean and renewable energy technologies 
available today that are most technically appropriate for consideration in developing the 
Seaton communities.  

From the GHG impact analysis on the representative neighbourhoods and the employment 
lands in section 6, it has been demonstrated that, using currently available technologies, the 
potential GHG emissions reduction in some of the neighbourhoods and the employment 
lands could reach the order of 45 to 70% from the business as usual scenario. 

However, this report also identified several challenges.  These challenges include: 

• implementation of district energy system in neighbourhoods with unbalanced heating 
and cooling loads; 

• compatibility between building design and lower distribution temperature heating 
system; and; 

• significant front end planning. 

The scope of this report did not include any economic analysis.  The realization of any 
community energy system will be based on the business case in each situation, which would 
depend on the building use, size, the cost of conventional energy and the participation of a 
third party utility. 

The role of third party utilities is critical in realizing the implementation of future renewable 
energy systems in the Seaton community.  The role of the utilities is to invest in long term 
energy infrastructure benefiting multiple customers.  The utilities would assume the initial 
capital investment in the new energy infrastructure and collect fees from all future building 
users to cover the initial capital investment, operating costs and utility profit.  A number of 
utility companies have expressed an interest in participating in the development of future 
community energy systems in Seaton. However, actual project implementation will heavily 
depend on the business case and prevailing economic conditions.  The partnership between 
the utility operator and other local stakeholders is important and should be developed early 
in the Seaton development process. 

If, for any reason, the buildings and the neighbourhoods are designed to depend totally on 
fossil fuel for heating and cooling, the mechanical systems, the street orientation and 
neighbourhood infrastructure should be designed with a high level of flexibility for a possible 
future switch in energy supply.  This will allow for potential technology changes and for 
improved resource utilization efficiency, as well as protection against escalating fossil fuel 
price. 

Below are a series of conclusions that indicate the “best practices” application of the 
technologies discussed in detail within this report. This is not intended as an exhaustive list 
of all cost effective applications; rather it is a summary of the most critical elements that will 
figure in successful applications. 
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• Solar thermal should be considered for any large building with an indoor community 
swimming pool, and for any institutional or commercial building with above average 
hot water usage (e.g. hospitals, commercial laundries). 

• Photovoltaics should be considered for use in building integrated applications (BIPV) 
on larger municipal and commercial buildings. 

• Low power outdoor lighting should be considered where feasible within the 
community. 

• Solar lighting should be considered for park pathway lighting or nature trail lighting, 
where lights are required far from existing electrical infrastructure. 

• Sewer heat recovery systems should be considered if the topography allows for 
major sewer lines near any planned high density (commercial and/or residential) 
areas. 

• Inter-seasonal thermal energy storage should be considered for all high density 
areas and the employment lands, especially those that have higher than average 
summer cooling requirements (e.g. office towers, retail or computer data centres). 

• Gas-fuelled CHP systems should be considered for any building or collection of 
buildings that require emergency power systems in excess of 250 kW (electrical). 

• Beneficial links to buildings in the employment lands should be sought. Many 
commercial and light industrial operations (e.g. bakeries, paint shops) produce waste 
heat in times when residential units require heat. Careful planning can allow location 
of these entities in the employment lands closest to medium or high density 
residential developments where this waste heat can be used. 

It is recognized that a good portion of the Seaton development are intended to be low and 
medium density residential development.  To provide the opportunity for home owners and 
future generations to have the choice of using renewable energy or other lower cost options 
for home heating and cooling (as compared to fossil fuel), some consideration should be 
given to designing the neighbourhoods and buildings such that they are future “renewable 
energy friendly”.  However this would require the close participation of utility companies 
interested in renewable energy business in Seaton.  Discussions and negation between the 
utility and the development industry will better define additional features of the sustainable 
energy features of the community.  For example some of these considerations may include: 

• Suitable street orientation to allow homes or buildings to benefit from good 
performance in solar technologies. 

• Solar thermal and photovoltaics rough-ins for townhouses and detached homes. 
Such roofs should be designed to maximize obstruction-free southern exposures. 

• Ground source heat pumps for stand-alone (not part of a district energy system) 
units in any low density residential areas where financially practical. 
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• Ground source heat pumps, linked into a block or cluster system, in medium density 
residential areas, where financially practical given the requirement to set aside large 
area of land for the borehole field. 

• Provide additional access conduit/chaseway from roof to mechanical area for future 
potential advanced home energy system such as compact solar thermal storage. 

The effort required in developing a detailed renewable energy implementation plan for the 
Seaton neighbourhoods and achieving significant GHG emissions reduction (heating and 
cooling only) will be substantial and must be initiated early in the planning process.  Many 
partnerships will need to be developed and formalized.  Municipal, provincial and federal 
government partners should also be included in this challenging but very important 
endeavour.  For the first few neighbourhoods to be developed, as much public funding 
should be sought to support the design and implementation of the initial renewable energy 
based community energy system.   This will help to build local technical expertise and after-
market support capacity, as well as gaining comfort and familiarity in new energy 
management solutions.  In order to benefit from potential public funding resource, it is 
paramount for the local stakeholders to approach the funding agencies as a team under a 
common goal and a shared vision. 
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Appendix A: Detailed Technology Review 

This appendix to the report provides an analysis of the seven technologies selected for 
further review in section 4.3. For each technology, the following points will be addressed: 

1. Typical application scenarios and opportunities; 

2. Potential benefits; 

3. Challenges and potential barriers; 

4. Technology maturity; 

5. Market receptivity and trends; 

6. Regulatory status; 

7. Potential government support. 
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A-1  Natural gas based district heating and power g eneration (CHP) 

Typical application scenario and opportunities 

Combined heat and power (CHP) systems produce both electricity and heat. When natural 
gas is burned for electricity production, a large portion of the energy is lost as heat; 
collecting and using this heat will increase the system’s efficiency. 

 

CHP systems are only useful where there is a simultaneous demand for both heat and 
electricity. It is becoming more common for small “communities” such as hospitals, 
universities and research centres to use CHP for electricity production and district heating. 
Co-generation is ideal in these small communities because of their energy demand and their 
building density accommodated district heating. 

Because electricity has a high value, easily transportable form of energy, CHP systems can 
be economical when only heat is needed, because the electricity can be sold to the grid 
while the heat is used locally.  For example, if only heat is needed, a boiler can be used to 
produce heat at 90% efficiency, or a CHP system can be used to produce heat at 60% 
efficiency and electricity at 30% efficiency. Even though the boiler produces heat more 
efficiently, the revenue from electricity sales can more than offset the extra gas 
consumption. 

Natural gas CHP systems can be either reciprocating engines or gas turbines. Reciprocating 
engines, or internal combustion engines, are widely used in transportation and in electrical 
generation. Gas turbines have become common for power generation.  Micro-turbine 
technology has made it easy to install small CHP systems for various applications. The 
difference between gas turbines and micro-turbines is essentially size; typically micro-
turbines are 30 kW-500 kW. In smaller sizes, both engines and micro-turbines come as pre-
packaged CHP units, complete with heat recovery units and sophisticated controls.  

Micro-turbine packages are compact, light weight and can be installed outdoors meaning 
that they can be mounted on the roof of a building. The packages incorporate all the 
necessary elements with heat recovery equipment thereby functioning as CHP units. Figure 
23 shows an example of a commercially available micro turbine package.  

Engine or 

Turbine 

Generator 

Electricity to 
user (25-40%) 

Fuel 

Heat to user (50-65%) 

Work 

Unrecoverable 
losses (10%) 
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Figure 23: Commercially available micro-turbine 

 

If a gas turbine is large enough (typically larger than 2.5MW), it is possible to add a heat 
recovery steam generator (HRSG). HRSG use the hot exhaust gas from the turbine cycle to 
produce high pressure steam which can turn a second stage steam generator, thus raising 
the electrical efficiency up to 60%. This reduces the energy available as heat to the roughly 
30% recoverable as low-grade heat from the exhaust gases. Therefore heat recovery steam 
generators should not be used where the primary purpose of the CHP is to produce heat.  

The following table summarizes the three CHP technologies. 

 
As discussed above, CHP systems produce electricity and heat. In the case of the Seaton 
community the thermal energy can be used for district space heating. Low temperature heat 
is sufficient for space heating; therefore, high temperature heat produced at the CHP station 
can be ‘diluted’ to lower temperatures. This way, heat can be supplied to more homes and 
there is less atmospheric loss since there is a smaller temperature gradient. Although 
engines have a lower capital cost and higher electrical efficiency than micro-turbines, 
turbines are likely better suited for the Seaton community because of their lower 
maintenance costs.   

 Natural Gas Engine Gas Turbine Micro-turbine 

Electrical Efficiency 25-45% 25-40% (Simple) 

40-60%(HRSG) 

20-30% 

CHP Output 
(kJ/kWh) 

1 000-5 000 3 400 -12000 4 000-15 000 

Size (MW) 0.05-5 0.5-200 0.03-0.5 

Hours between 
overhauls 

24,000-60,000 30,000-50,000 5,000-40,000 

Noise Moderate to high 
(building enclosure 

required) 

Moderate (enclosure 
supplied) 

Moderate (enclosure 
supplied) 

Useable 
Temperature for 

CHP (°C) 

65 - 120 120 – 315 95 - 175 
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For district heating to be feasible, high density development is required. One study 
concluded that, in the Toronto area, district heating is feasible where densities are greater 
than roughly 150 - 200 units/hectare.  

To meet the peak heating load of 1,000 energy efficient housing units requires 
approximately 5 MW of heat. Since a CHP unit produces roughly twice as much heat as 
electricity, it requires about a 2.5 MW (electrical) CHP system for each 1,000 units. If the 
district heating system also includes low-cost boilers to meet peak heating load, the size of 
the CHP system may be reduced in half, and still meet 70 – 80% of the annual heating load. 
 

Potential benefits 

Conventional electricity production produces large amounts of heat which is considered a 
loss when it is not used. CHP systems take advantage of wasted heat which reduces the 
need to burn fuel for the sole purpose of heating; thus increasing the overall efficiency. CHP 
systems can be used to replace a simple boiler system where only heat is needed. Although 
there will be a higher capital cost there will be revenue from the sale of electricity. In 
Pickering, there are no transmission constraints meaning that there is access to the market 
for the electricity, even if it is not used within the community.  

Because the “waste” heat displaces conventional heating fuel (normally also natural gas in 
Pickering) CHP systems produce fewer GHG emissions than conventional electrical 
generators – roughly by a factor of three. However, this remains true only when there is a 
need for the heat. In summer, when the only available heat load is for DHW, some of the 
heat produced by the CHP system may be truly waste heat. This causes an erosion of the 
GHG savings. 

Because turbines generate electricity, they also have the potential to act as on-site 
emergency power systems, replacing the more commonly used reciprocating internal 
combustion engines. Gas turbines are not a natural fit for emergency power systems, largely 
because they operate on high pressure gas and high pressure air – which requires an on-
board, electrically driven compressor to raise pressures to the required operating pressure. 
While the electricity required by the compressors is only a small fraction of the electrical 
output of the turbine, it does provide start-up problems in the event of a grid failure. To 
eliminate this concern, some turbine suppliers are incorporating a battery-based UPS 
(uninterruptible power system) into their turbine package, allowing it to start reliably in the 
absence of grid power. With this addition, gas micro-turbines can act as emergency power 
units in multi-unit residential buildings in Ontario.  

CHP units can be turned on during the day when electricity demand is high and worth more 
then turned off at night when demand is low (see table below). This reduces operating costs 
and provides time for routine maintenance.  

With the smart meter conversion program, Ontario is moving rapidly to time-of-use (TOU) 
pricing. TOU electricity pricing takes into account the amount and the time of day when 
electricity is consumed. Prices will be higher for approximately 45% of the hours each week 
(7:00 a.m. to 10:00 p.m. on weekdays), the balance being low-priced “off-peak” hours. CHP 
systems can be readily programmed to run only during peak and mid-peak periods, when 
electricity prices are higher. 
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Table 11: Ontario's proposed time-of-use electricit y pricing 

Day of the Week Time TOU Period TOU Price 
(cents/kWh) 

Weekends & Holidays All Day Off-peak 4.0 

7:00am to 11:00am Mid-peak 7.2 

11:00am to 5:00pm On-peak 8.8 

5:00pm to 10:00pm Mid-peak 7.2 

Summer Weekdays 

(May 1st – Oct. 31st) 

10:00pm to 7:00pm Off-peak 4.0 

7:00am to 11:00am On-peak 8.8 

11:00am to 5:00pm Mid-peak 7.2 

5:00pm to 8:00pm On-peak 8.8 

8:00pm to 10:00pm Mid-peak 7.2 

Winter Weekdays 

(Nov. 1st – Apr. 30th) 

11:00pm to 7:00am Off-peak 4.0 

 

Reciprocating engines and gas turbines have proven to be long lasting with routine 
maintenance.  Gas turbines have very few moving parts giving them a long life despite high 
rotational speed.   

Challenges and potential barriers 

Installing a centralised CHP system with district heating is a large initial investment which 
provides returns spread over time. Experienced designers and installers can be found, but 
are not yet common. 

The price of natural gas can be seen as a potential barrier to the use of a district CHP 
system. As shown below, natural gas prices have been volatile and the general trend 
continues to rise over time.  
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Figure 24: Recent trends in oil and natural gas pri cing 

  
Oil & Gas Pricing Trends: 1991 - 2008
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Technology maturity 

Natural gas generators and turbines are well developed, mature technologies. The smaller 
micro-turbines are a more recent evolution, but even here there are several North American 
manufacturers. Sales and service networks are well developed, and there will be no difficulty 
accessing trained installers and service personnel in Pickering, even for micro-turbines. All 
products are available in packaged CHP units, from a single supplier, and with a single 
contact for warranty and service. Controls are also included, integrated into the CHP 
system. Service schedules are well understood, and product lifetimes are acceptable. 

Micro-turbines have been developing rapidly over the past couple of decades, with frequent 
product improvements. As with any rapidly developing product line, they may require more 
support from the manufacturer than the more mature engines and large turbines. 

Market receptivity and trends 

Over the past 30 years, approximately 150 CHP plants have been installed in Canada; 
however, combined heat and power is used to produce only 6% of the electricity demand.  It 
is predicted that CHP could provide up to 20% of Canada’s current electricity demand 
(Environment Canada). To date, the bulk of the Canadian CHP installations have been 
installed in industrial areas, but commercial, institutional and even residential systems are in 
use. 

CHP district heating systems have become more common in Ontario. Ottawa, Cornwall 
Sudbury, London, Markham and Windsor have all had CHP district heating systems 
installed since 1993 (Environment Canada).  It is also common for small communities such 
as hospitals, universities and research centres to have CHP district heating. The Canadian 
government has systems in National Defence and National Research Council facilities. 
Queen’s University, Kingston, recently installed a gas turbine CHP system that acts as a 
back-up generator for the hospital and provides heating for a large portion of the campus.  

Regulatory status 
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With any grid- connected system, there are regulations to follow and permits required. There 
is a well defined registration process in Ontario which is regularly followed. The Clean 
Energy Standard Offer Program (CESOP) clearly lays out responsibilities for all parties. 

The Ontario Building Code, through recent changes to CSA-282 “Emergency Electrical 
Power Supply for Buildings” now allows natural gas-fuelled generators to act as emergency 
power units, as long as they have a gas supply completely separate from the building’s 
supply. Since this change, both engine generators and micro-turbines fuelled by natural gas 
have been installed as emergency generators and CHP units. By using a CHP unit as an 
(often required) emergency generator, the cost of installing a separate emergency power 
system is eliminated. 

In short, there appears to be no substantial regulatory issues that would restrict CHP 
systems in the Pickering area and some exist that encourage them. A possible exception to 
this could be local noise bylaws, but even these can probably be met, since CHP systems 
often run only during daytime and evening hours. 

Potential government support 

The Ontario Power Authority has implemented the Clean Energy Standard Offer Program 
(CESOP) which supports small clean energy generators including natural gas CHP systems. 
This program encourages the installation of gas fuelled CHP systems of less than 10 MW 
(electrical), by offering a 20-year contract to purchase the power. For operators of gas-
fuelled CHP units, special clauses help protect operators from fluctuations in gas prices. 

The OPA’s “High Performance New Construction” program provides financial assistance to 
architects and builder/owners of new buildings to incorporate high performance equipment, 
including CHP systems. 
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A-2  Ground source heat pump district heating 

Figure 25 shows the generic performance of heat pumps. Heat pumps perform better 
(higher COP) when the source temperature is closer to the temperature at which the output 
fluid must be delivered, that is, when the temperature lift required by the heat pump is small. 
Thus is all heat pump system designs, it is desirable to keep the delivery temperature as low 
as possible, and the source temperature as high as possible (when in heating mode). 

Figure 25: Heat pump generic performance 
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Typical application scenario and opportunities 

Heat pumps employ proven refrigeration cycle technology to pump heat “up hill” from a 
colder region to a warmer region. By moving existing thermal energy, it is no longer 
necessary to purchase all of the thermal energy required to heat a load, as is done in a gas 
furnace. Rather it is only necessary to purchase the amount of energy required by the pump. 
Heat pumps can be uni-directional (e.g. kitchen refrigerator), although the term is commonly 
applied only to units that are bi-directional. Ground-source heat pumps (GSHP) are bi-
directional, pumping heat from the ground to the indoor air in winter, and pumping heat from 
the indoor air into the ground in summer. 

Typical applications for GSHP’s cover the range from single homes through complexes of 
several large buildings (Galt House East complex, Louisville. KY; University of Ontario 
Institute of Technology, Oshawa, ON), and have proven effective in climates with a 
dominant heating load (northern Canada) and those with a dominant cooling load (southern 
U.S.). A key aspect of the recent growth in GSHP installations is the fact that this single 
system can provide both space heating and space cooling; thus GSHP’s are likely to be 
more prominent in climates which require both heating and cooling. 

Within the Seaton community, district heating (and cooling) systems using ground source 
heat pumps are – like all district heating systems – likely to be most cost effective in areas 
with higher density building. Characteristics that would make a community specifically 
attractive to GSHP’s would be to have either an annual balance between the heating and 
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cooling loads, or sufficient area to allow the borehole heat exchangers to be widely spaced. 
If the borehole heat exchangers are closely spaced, and the system has a substantial 
imbalance between heat removed from and injected into the earth, the earth temperature in 
the region of the boreholes will either rise or fall during the early years of operation, and the 
system will become less efficient. 

Because heat effectiveness drops off rapidly as the required delivery temperature increases, 
heat pumps are best coupled with heating systems that use lower temperature fluid (such as 
in-floor hydronic heating). For this same reason, heat pumps are sometimes employed as 
“base load” heaters in a district energy system, with fuel-fired boilers used to meet peak 
heating demands in the coldest weather. The boilers can readily raise the temperature of the 
district loop during this period, with no loss of boiler efficiency.  

Large scale GSHP is starting to emerge in North America.  The ground source heat pump 
(GSHP) system at the Ontario University Institute of Technology in Oshawa, Ontario, is one 
of the largest systems in the world.  It consists of three hundred and eighty-four holes; each 
drilled 700 feet into the earth linked to mechanical systems that provide eight new university 
buildings with a highly efficient and environmentally friendly heating and cooling system.   
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Centralized vs. distributed 

In a centralized GSHP system, either a single heat pump or a small set of heat pumps is 
connected to the ground loop, and generates heated or chilled fluid which is then circulated 
to the various buildings, to provide space heating and space cooling. In a decentralized 
system, the moderate temperature fluid from the ground loop is circulated throughout the 
building complex, and small local heat pump units use this fluid as a heat source or heat 
sink, to provide space heating and space cooling, as needed. A graphic representation of 
this is shown in Figure 26. 

Figure 26: Centralized vs. distributed ground sourc e heat pumps 

Fluid is pumped through a series of boreholes to absorb (winter) or reject 
(summer) heat. This fluid is pumped into each home, where a low capacity 
heat pump, coupled to an air handler, delivers heating or cooling as needed.
Hydronic heating and cooling units may replace the air handlers.

De-centralized Ground Source Heat Pumps

HP HP HP HP HP HP HP HP HP

Multiple Buildings

Boreholes

HP HP HP HP
Fluid is pumped through a series of boreholes to absorb (winter) or reject 
(summer) heat. A bank of high capacity heat pumps upgrades the 
temperature of this fluid, and this hot (or chilled) fluid is pumped to each 
building. Inside each building, an air handler is used to transfer this heat to 
(winter) or absorb heat from (summer) the indoor air. Hydronic heating and 
cooling units may replace the air handlers.

Centralized Ground Source Heat Pumps

Multiple Buildings

Boreholes

 

Both centralized and distributed systems have advantages. Centralized systems have fewer 
components, and the bulk of the equipment is in one location, allowing for easier access for 
servicing. Centralized systems are also easier to upgrade 15-25 years after install, with what 
should be better technology by then. Distributed systems can take advantage of higher 
production runs, and thus lower costs, for the multiple small heat pumps. Distributed 
systems can also readily deliver both heating and cooling simultaneously to different 
buildings, as each heat pump operates in the more required. 
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Potential benefits 

The environmental benefits of GSHP systems result from the fact that they provide space 
cooling more efficiently than conventional air-conditioning units (that dump excess heat to 
the already hot outdoor air), and when in heating mode provide roughly one third of the heat 
requirement from electricity, with the balance being heat extracted from the ground.  

Challenges and potential barriers 

As with most growing technologies, perhaps the most substantial barrier to the use of larger 
GSHP units is a lack of awareness among building owners, developers and designers of the 
capability of the equipment. While most building industry professionals are aware of 
GSHP’s, only a small number are truly familiar with them, understanding how and when they 
would be preferred over more conventional equipment. 

A barrier specific to the development of centralized community energy systems based on 
ground source heat pumps is the lack of availability of large water-to-water heat pumps in 
North America. North American manufacturers will supply units up to about 60 tons (210 
kW); in Europe much larger units are available. For the centralized systems, these larger 
units are likely to be required. Since some of the companies that supply large heat pumps in 
Europe also have a strong presence in Canada (e.g. Carrier), it should be possible to obtain 
large heat pumps in Canada, as the market requires them. 

Technology maturity 

Heat pumps themselves are a mature product, with many manufacturers and an extensive 
service network. Ground source heat pumps were first used in Canada over fifty years ago, 
and have become common in some areas of Canada, for new construction. However, while 
reliable heat pumps have been on the market for some time, there is still considerable 
product development occurring. COP’s are increasing, new working fluids are being 
introduced, and larger units are becoming more common. 

While construction of borehole heat exchangers can be readily accomplished, large 
borehole field design and construction cannot yet be considered mature. Two areas in 
particular are experiencing ongoing improvement: drilling and field design. With the growth 
in GSHP installations, the borrowing of drilling technology from the water well and oil and 
gas industries is slowly yielding to technology being adapted specifically for the GSHP 
industry. Sonic drilling, a largely Canadian development offers “unparalled performance in 
overburden soil conditions, the sonic drill head can drill three to five times faster than any 
other on the market – all without the use of drilling mud and with 70-80% less waste”.3 Also, 
more drilling contractors across the country are becoming experienced in the complete 
construction of borehole heat exchangers (BHX), reducing construction costs. Some 
suppliers are also moving to smaller diameter boreholes (<15 cm) to lower costs. 

Borehole field design is also still an evolving discipline. For a single-residence GSHP, the 
objective is simply to use widely spaced boreholes (~10 m spacing), to ensure no thermal 
interference between neighbouring BHX’s. In larger, district energy, systems, there may be 

                                                 

3 From the web site of Sonic Drilling Corporation (www.sonicdrilling.com), a Surrey, British Columbia company 
established in 1979. 



Science Applications International Corporation 
(SAIC Canada) 

A-12 

insufficient space available to maintain this wide spacing. As well, with a closer balance 
between annual heating and cooling loads (more likely in high density developments), the 
wide spacing may be less important. Currently there are only a few companies in the field 
who are capable of analyzing these various criteria, and developing an optimum design for 
the borehole field. 

Market receptivity and trends 

The ground source heat pump market has grown substantially in recent years. Figure 27 
shows the growth in the Canadian market, which has been averaging 10% per year from 
2001 to 2006. More recent media reports indicate much higher growth rates in Canada, and 
specifically Ontario (exceeding 50% per year)4. 

Figure 27: Operating geoexchange units in Canada 5 
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Regulatory status 

There appears to be no open provincial or federal regulatory issues related to ground source 
heat pumps. As with all refrigeration equipment, refrigerant fluids that are harmful to the 
environment are being phased out of heat pumps. 

The Canadian Standards association (CSA) has developed specific standards related to 
ground source heat pumps (see below). And the Canadian Geo-Exchange Coalition (CGC; 

                                                 

4 “Ontarians hot for geothermal heating systems”, Tyler Hamilton, Toronto Start, August 18, 2008. 
5 Figure  from “Final Report: Survey of Canadian Geoexchange Industry, 2004 – 2006”, SAIC Canada, 

December 2006, p.18. This report also reported that Canadian industry members were anticipating near-term 
annual growth rates of at least 20%. 
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www.geo-exchange.ca) has developed several training courses for installers and designers, 
and voluntary accreditation and certification programs. 

• CAN/CSA-13256-2-01, “Water-source heat pumps – testing and rating for 
performance” 

• CAN/CSA-C448 series-02 (R2007), “Design and Installation of Earth Energy 
Systems” 

Potential government support 

There are several government programs available to promote the use of ground source heat 
pumps: 

• Ontario offers a full rebate of retail sales tax (8%) for GSHP units installed in 
residential buildings, including apartments and townhouses. Currently set to expire 
January 1, 2010. http://www.rev.gov.on.ca/english/refund/windgeo/index.html 

• The OPA’s “High Performance New Construction” program provides financial 
assistance to architects and builder/owners of new buildings who incorporate high 
performance equipment, including ground source heat pumps. 

• The Ontario Municipal Eco Challenge Fund (MECF) offers support, including up to 
$500,000 for showcase projects that improve energy efficiency. This program is 
restricted to municipally owned buildings. 
http://www.energy.gov.on.ca/index.cfm?fuseaction=conservation.mecf 
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A-3  Heat pump based district heating with sewer he at recovery 

Typical application scenario and opportunities 

Sewer heat recovery is essentially the recovery of interior building heat that is carried away 
in a waste water stream. Much of the heat is from used hot water, but some is also from cold 
water that picks up heat from the indoor ambient temperature. 

Being heat pump based, this type of system is similar to the ground source heat pump 
system discussed in the previous section. The primary difference is that the heat source 
employed is community sewer water, rather than the ground. Sewer water – a mix of both 
hot and cold domestic water – leaving our urban buildings is typically in the 12-18°C range 
year round. This is substantially warmer than the earth temperature (~8-10°C), and thus 
produces more efficient performance (higher COP) than ground source units. However, this 
use of a warmer heat source also results in a decrease in cooling efficiency, as the excess 
heat is now being injected into a warmer heat sink. 

There are two distinct methods for recovering heat from sewers. One system uses an 
“active” heat exchanger located close to the end of a sewage system. The sewage water 
and service water are pumped through a heat exchanger, with heat being transferred to the 
service water. The service water is then used on the source side of a standard water-to-
water heat pump. The second system employs a heat exchanger embedded into a sewer 
pipe (see Figure 28). In this system, a section of sewer collection pipe is replaced by a 
special pipe which has small diameter water pipes embedded in the wall (lower face only). 
Service water circulated through these pipes is warmed by the sewage, and is then pumped 
to a heat pump. 

Figure 28: Sewer heat recovery 6 

 

 

                                                 

6 Figure from Rabtherm Energy Systems, Switzerland. 
http://www.rabtherm.com/index.php?option=com_content&task=view&id=27&Itemid=28 
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Figure 29 shows and example layout of a community with sewer heat recovery. Note that 
the sewer is collected from the entire community, including low density residential, but that 
the district heating system serves only the higher density, mixed use area at the centre of 
the community. This suggested configuration results from the fact that it is rarely economical 
to extend district heating systems into low density residential areas, but recovering sewer 
heat from this large area boosts the performance of the heat pumps. 

Figure 29: Example layout of community with sewer h eat recovery 
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Potential benefits 

The benefit of a sewer heat recovery system is that it duplicates, and even improves, the 
performance of a ground source heat pump, without the expense of a purpose-built ground 
coupling system. Rather, the system withdraws heat from a sewer collection system that 
must be built for other reasons, and employs relatively minor design changes to enable heat 
recovery from the sewer. 

This technology is often the lowest cost option for large community heat pump application. 

Challenges and potential barriers 

There are a number of challenges and barriers related to sewer heat recovery: 

• Typically sewage systems are among the first elements designed and built in a new 
development, long before energy considerations are even being discussed. Joint 
design and construction of the sewer, heat recovery and district heat distribution 
system is essential for controlling costs. 

• Sewer discharges are often located on the outskirts of urban areas, often distant 
from large urban heat loads. Since heat cannot travel long distances economically, 
many sites cannot be considered. 

• Any use of sewage will encounter health concerns. While these concerns can be 
addressed fairly easily – the sewage is separated from the working heat transfer fluid 
circulating through the buildings by one heat exchanger and one heat pump, which 
means that it would require a minimum of three separate leaks to get any sewage 
material into the heat transfer fluid, and at least on more leak to release this into a 
building’s interior space – it is an added task. 

• Sewage systems follow the local land topography, flowing downhill. This may not 
correspond to an ideal location for a high density community node, where district 
heating can best be applied.  

Technology maturity 

While technically proven, sewage heat recovery is still uncommon. The first installations are 
only a few years old, and there are only a handful of large systems around the world at this 
time. The first North American system expected to come into operation is still about a year 
away from commissioning; the athlete’s village at the Vancouver 2010 Olympics will be 
largely heated by the sewage heat recovery. 

High capacity heat pumps themselves are a moderately mature technology, although with 
limited availability in Canada. It is likely that several major system components will need to 
be imported. 

Market receptivity and trends 

Recovering heat from sewers is a new concept, with only a small number of systems in use 
around the world.  
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Municipal politicians and staff are tired of sewage always being mentioned in a negative 
light, and appear to have latched on to the idea that sewage can have some beneficial 
effects. Therefore municipal level officials, and the general public, seem very receptive. 

Regulatory status 

As a new application, Canadian regulatory bodies have not examined heat recovery from 
sewer water. The Vancouver Olympic village system, and a second system under 
consideration in Yellowknife, are receiving early support from their local municipalities, and 
do not appear to encountering substantial roadblocks. The Vancouver system is currently 
under construction, and appears to have cleared any regulatory hurdles that may have been 
raised earlier. 

Potential government support 

There is no known government support specific to this technology. However, Canadian 
governments at all levels are supportive of infrastructure investment, and some of the 
programs designed to assist the use of geothermal heat pumps may also cover this type of 
installation. 
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A-4  District energy systems with inter-seasonal th ermal storage 

Typical application scenario and opportunities 

Inter-seasonal thermal storage can be used to store summer heat for use in winter, or winter 
cold for use in summer, or both. Effective, economically viable systems require two key 
features: availability of very low cost heat (or cold) in the “wrong” season, and an effective 
means of storing this unwanted heat for several months. To date the design that has 
achieved the broadest commercial success, with hundreds of operating systems – primarily 
in northern Europe – is aquifer thermal energy storage (ATES). An ATES system stores both 
heat and cold in a deep underground aquifer (deeper than potable water wells, and well 
below where ground water effects are noticed). As shown in Figure 30, two wells (or groups 
of wells) are used to tap the aquifer in separate locations. In winter, water flows from the 
warm well, yields heat to the heat pump, with the cooled water being injected into the cold 
well. Come spring, the direction of flow is reversed, with the water from the cold well being 
pumped to the heat pump, where it picks up waste heat from cooling the building, and is 
injected into the warm well. Because the heat pump is being fed with either warm (winter) or 
cool (summer) water, it operates with a higher COP than typical ground source heat pumps, 
thus reducing electrical consumption. 

In commercial and public buildings, heating and cooling of ventilation make-up air constitute 
a large fraction of the building heat load. Seasonal storage technology offers a possibility of 
meeting a substantial fraction of this load using direct heating and cooling (without heat 
pumps), using stored thermal energy from the previous season. 

Figure 30: ATES inter-seasonal storage system opera tion 

 

Because ATES systems store both heat and cold, a certain degree of balance is required to 
ensure that the entire aquifer does not gradually drift warmer or cooler, thus negating the 
effectiveness of the system.  Hence, in the design of potential communities one should plan 
for a building mix such that the cooling and heating loads are as balanced as possible in 
order to maximize the efficiency of the ATES technology.   
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An alternate form of inter-seasonal energy storage is a borehole thermal energy storage 
(BTES) system. BTES systems can be used almost anywhere, as they consist of a series of 
closely-spaced (~2-3 m spacing) borehole heat exchangers (similar to those used for ground 
source heat pumps). 

Potential benefits 

• Lower operating costs by avoiding energy purchases 

• Lower GHG emissions by avoiding energy purchases 

• Smaller mechanical rooms 

Challenges and potential barriers 

• ATES systems require the presence of a suitable aquifer. If there is no aquifer, a 
borehole storage (BTES) system may be possible, but currently costs are higher. 

• Any use of groundwater in Ontario requires regulatory approval. Early discussions 
with Ministry of Environment officials indicate that they expect to raise no serious 
objections to ATES-style systems that withdraw and re-inject groundwater to the 
same aquifer, while being contained in sealed piping. 

• Any inter-seasonal storage system requires a detailed design effort that is more 
intensive than conventional heating and cooling systems. Specifically, any proposed 
ATES system will require the expense of a test drill to confirm the properties of the 
target aquifer. 

Technology maturity 

• There are hundreds of operating ATES systems in Europe, and a smaller number of 
BTES systems. 

• Drake Landing Solar Community in Okotoks, Alberta and the University of Ontario 
Institute of Technology in Oshawa, Ontario are recent examples of BTES systems in 
Canada. 

• Borehole drilling and construction for BTES systems is similar to that used for ground 
source heat pumps, and has advanced rapidly in recent years. 

• In both ATES and BTES systems, there is no new equipment involved. Rather inter-
seasonal storage is merely a new application or system design employing proven 
components. 

• As with other system technologies employing high capacity heat pumps, some 
products may need to be imported. 

Market receptivity and trends 
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The market for ATES systems has been expanding rapidly in Europe, with several hundred 
systems installed in the past decade. Most European systems are associated with single, 
large commercial buildings, but several serve multiple-building communities. 

One issue that may negatively impact the market acceptance of ATES storage technology is 
its close resemblance to open loop ground source heat pumps, which have a somewhat 
negative perception in Canada, due to some early teething problems (e.g. plugged injection 
wells, inferior quality equipment). 

Regulatory status 

There appear to be no substantial reasons for objections from regulatory bodies. However, 
there are a couple of areas for concern: 

1. The use of groundwater is regulated. Thus any use of ATES systems must receive 
approval for use of groundwater. Because the groundwater is always contained, and 
is immediately re-injected back into the same aquifer from which it is withdrawn, 
regulatory agencies have not raised any serious objections where ATES systems 
have been proposed or implemented. After preliminary discussions with both the 
Ontario Ministry of the Environment and the Toronto Regional Conservation Authority 
it appears that neither agency is likely to raise serious objections to ATES projects in 
the Seaton lands, provided adequate study on aquifer and environmental impact is 
done. 

2. With the well established European experience in ATES systems, it may be 
expedient to source some of the equipment and assemblies from European 
suppliers. It is likely that at least some of this equipment will not be CSA certified (to 
either plumbing or electrical safety standards). As all European equipment must 
meet safety standards that are similar to CSA standards, it is likely that all equipment 
will meet CSA requirements without modification, and thus would be eligible for 
special approvals.  

Potential government support 

• New innovations may receive demonstration level support 

• FCM green funds have been availability for feasibility studies (if the municipality 
partners for the study). 
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A-5  Photovoltaic electricity generation 

Typical application scenario and opportunities 

Photovoltaic (PV) modules – the basic building blocks of solar electricity generation – are 
available from a range of domestic and foreign manufacturers. In general, they consist of a 
framed sheet of tempered glass with the solar cells or photovoltaic material attached to the 
underside of the glass, and a rear protective film. Junction boxes or wire pigtails allow 
electrical connection to adjacent PV modules. Grid-connected PV systems distribute 
generated electricity to the power grid after the direct current (DC) electricity is conditioned 
to alternating current (AC) at an appropriate frequency (e.g. 240 Vac, 60 Hz). The 
photovoltaic system is not directly connected to the buildings electrical system. The 
conditioning of the power is performed by a power inverter and the amount of power put into 
the grid is measured using a power meter as seen in Figure 31. 

Figure 31: Grid-connected photovoltaic system 

 

Despite the wide variation in Photovoltaic products available, there is only one parameter 
that is of significance for this study: module efficiency. The efficiency is the ratio of electricity 
output divided by solar energy striking the front surface of the module, and is generally 
reported under specific ambient conditions. The efficiency of commercially produced PV 
modules varies over the range from below 10% to above 20%. Typically a module’s price is 
adjusted to reflect its efficiency so that, when compared on a $/watt basis, all modules are 
priced similarly (albeit with products at the high efficiency end still carrying a premium). 
However, the higher efficiency modules can be appropriate, when limited area is available to 
mount the PV modules, or when the mounting structure is moderate to high cost.  

There are various methods of mounting photovoltaic systems that are applicable to the 
Seaton community.  One method is building integrated PV (BIPV). This mounting option is 
generally reserved for new design and construction. In BIPV, the photovoltaic modules act 
as part of the building envelope such as roofing material, wall cladding and passive solar 
awnings. There are some design conditions specific to BIPV; the PV must be well exposed 
to the sun. Roof integrated PV must be at a slope for sun exposure and snow shedding, and 
wall cladding must be south facing. BIPV is aesthetically pleasing but it is generally more 
expensive than other mounting options.  

Pellworn Germany 
(Evergreen Solar) 

    Satcon 

PV Array Inverter Power Grid Meter 
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Figure 32: Sample BIPV installations 

 

Roof mounted PV is a more common option and is suitable for both flat and slopped roofs. 
The PV modules are supported by a rack which can be fastened to the roof or simply held in 
place by their own weight.  The mounting will cause an additional static and dynamic (wind) 
load to the structure which is normally within the design limits of most modern buildings but 
must still be considered in the design of new buildings.  

For the Seaton community, the building design plays a key roll in Photovoltaic mounting 
options. Not only is building design important but also the entire community planning.  Since 
the Seaton community is in the preliminary design phase, it is possible, with some simple 
community planning, to create ideal mounting conditions on the roofs of the residential 
buildings. The buildings can be laid out in rows running east to west with south facing roofs 
at a 45° angle. Even if the PV is not intended to b e installed immediately, the community 
design will leave the option open for the future.  

Figure 33: Sloped and flat roof PV mounts 

 

The third mounting method is ground mounted PV. This is similar to flat roof mounting but 
generally used on a large scale. This mounting method is typically employed where land 
costs are low and unsuited for other purposes.  

In the case of The Seaton Community, where there will be a high density of buildings, it may 
not be feasible to install large, ground mounted, solar farms (although there may be some 
potential in neighbouring lands, including the employment lands along the 407). The 
remaining option is to take advantage of the abundance of potential roof space.  As 
described above, flat roofed commercial buildings can be an excellent location; the space is 
generally unused and available.  
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The mounting tilt angle is usually taken as roughly equal to the latitude of the location, which 
would be in a range of 35-50° for Pickering (Picker ing is located at 43.5°N).  Modules 
mounted on sloped roofs are generally mounted at the same angle as the roof, to lower 
costs and improve aesthetics. Those mounted on flat roofs are often mounted at very low 
tilts (~10°) to reduce wind loading (and thus roof loading), and to remove from sight. 
However, this would substantially reduce annual output in Pickering due both to a poor 
slope, and from complete snow coverage. 

It should also be noted that orienting the collectors up to 30° east or west of true south has 
minimal impact on the solar radiation they receive, and thus their output typically falls off by 
less than 2% from optimum orientation. In may even be financially beneficial to orient the 
panel off of true south so that peak power production coincides with peak power demand.   

One benefit of solar electricity is that the PV modules can be relatively spread out yet still 
have a centralized power conditioning station. Because of this, it may not be necessary to 
install multiple inverters, power meters and grid connections; the DC electricity can be 
converted to AC and put into the grid at a central power station rather then at each home.   

In Pickering, the overall system conversion efficiency of modern equipment will allow it to 
generate approximately 120 - 160 kWh of AC power annually for every square metre of 
photovoltaic collector. (Fixed, south facing panels at 45o incline)   

 

Potential benefits 

Solar photovoltaic system operation is virtually GHG emissions free. Photovoltaic modules 
can be expected to operate for 30 – 40 years with very little maintenance (there are no 
moving parts), and the power electronics in the inverters are expected to last for 10 – 20 
years. Thus a modern photovoltaic power system provides a robust, durable means of 
generating electricity for years to come. 

Peak solar production largely corresponds to peak power demand. As mentioned in section 
5.1, time-of-use billing is in the process of being implemented in Ontario. When TOU billing 
is used, then the majority of power produced will be sold at on-peak or mid-peak time 
periods.  

Photovoltaic technology is environmentally friendly; it produces electricity with zero green 
house gas emissions. The public’s perception of solar systems is another positive benefit.  
People like the idea of producing their own green energy and many people find PV panels 
aesthetically pleasing.   

Challenges and potential barriers 

Up front costs of installing a photovoltaic system are high, so the payback period may be 
very long.  

Finding or creating suitable locations for large PV arrays may also pose some challenges. 
As described above, potential areas include open fields as well as commercial and 
residential buildings. If roof mounting is perused, if is important to plan and design the 
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homes, from an early stage, with solar collection in mind. Building integrated and roof 
mounted PV would require a very early acceptance by architects and engineers.     

Due to the climate in Pickering, snow accumulation on the panels must be considered. The 
rule of thumb to prevent snow accumulation is that the modules should be mounted at an 
angle of 40o or greater. At these angles, the snow simply slides off of the module thus 
making it a non-issue; however, flat roof-mounted modules are frequently mounted at an 
angle of 10 – 20° or less to reduce the dynamic win d load. The roof must be strong enough 
to withstand the added dynamic wind load due to the array mounted at greater angles.  

Shading must also be considered. PV modules must be installed in an exposed area with 
limited shading obstructions. This is simple when designing a new system, but other 
buildings may be erected which may cause shading in the future. Trees growing tall are 
another future shading possibility. To solve this, height restraints for trees and new buildings 
can be implemented in the community.  

There have been some concerns expressed over grid control and reliability, in areas where 
“uncontrolled” PV generation is a large fraction of total generation (20+%). This penetration 
rate is well above anything likely to be experienced in the Seaton area, and improving 
controls are already reducing concerns. 

There is little standardization within the industry, and rapidly changing models. This can 
raise some issues in ongoing maintenance in future years. 

One issue with multiple smaller systems, such as would be appropriate for roof-mounted 
systems for single-family homes, is the cost of metering. To take advantage of some 
incentive programs, all PV production must be measured with a second meter. While the 
cost of the meter is small, local electric utilities charge varying fees to read the meter and 
maintain an account. In smaller systems, this can reduce net revenue by 10% or more. 

Technology maturity 

Photovoltaic cells have been applied in space exploration since the 1950s and produced 
commercially since the 1970s. Despite the maturity of the technology, research and 
development continues to improve the performance and efficiency using new materials and 
manufacturing techniques. 

Most PV modules have power output warranties of 20 to 25 years. Inverters are covered by 
warranties of up to 10 years. All system components are available from a wide range of 
manufacturers, many of which are some of the largest corporations in the world (e.g. Sharp, 
Siemens, BP, Sanyo, Kyocera). 

 Market receptivity and trends 

Global installed capacity of grid connected PV systems has been growing at 60% per year 
for the past 5 years. $21 billion was invested in new PV systems worldwide in 2007. 
Canada’s PV installed capacity has also grown steadily. This growth has been spurred both 
by incentives to produce clean electricity, and ongoing decreases in the installed cost of PV 
systems (roughly 10% per year over the past several years). 
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As of the end of September 2008, the OPA has executed a total of 247 contracts for 515 
MW of PV in Ontario in the first 20 months of the program. Only a small percentage of these 
systems are operational at this time. 

Figure 34: World PV market growth 
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Figure 35: Canadian PV market growth 
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Regulatory status 

PV modules are UL listed, and inverters and other specialty electrical equipment (e.g. DC 
disconnect switches) are CSA and UL certified (CSA does not yet have a certification 
program for PV modules). The Electrical Safety Authority (ESA) regularly approves PV 
installations in Ontario. The Canadian electrical code now has special sections dealing with 
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PV systems (section 50), as well as requirements for the interconnection of generic electrical 
generation sources (section 84). Standard municipal building, electrical, mechanical and 
structural permits may be required, but approvals are usually straightforward. 

The Ontario Power Authority (OPA) regulates areas where no new generation can be 
connected, due to transmission capacity limits. There are currently no restrictions in the 
Pickering area, nor are any anticipated. 

Potential government support 

The primary government mechanism is the Ontario Power Authority’s (OPA) Renewable 
Energy Standard Offer Program (RESOP), which offers a 20 year contract to purchase PV-
generated electricity at a rate of $0.42/kWh, from generators of 10 MW or less. This size 
range covers all conceivable projects in the Seaton lands. Currently the RESOP program is 
not accepting new applications as the program is reviewed, but this hiatus is expected to 
end before the end of 2008. 

• The Ontario government provides a full retail sales tax rebate for PV system 
components (modules, inverters, support structures, etc.). 

• The federal government provides accelerated capital cost allowances for the cost of 
PV systems (Class 43.2; 50% per year). 

• Ontario has a net-metering program that allows PV generators to earn credit for the 
full retail cost of electricity generated and either used internally or exported to the 
grid. This program is separate from, and incompatible with, the RESOP. 
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A-6  Solar thermal for large buildings or building clusters 

Typical application scenario and opportunities 

Solar thermal collectors are essentially an insulated box with a high transparency glass 
cover; they contain no moving parts. Inside the box is a black absorber panel with fluid 
channels, through which a coolant flows (typically an anti-freeze mixture of water and non-
toxic glycol). The coolant exits the solar collector warmer than it enters, and can then carry 
this heat back to a load or a storage tank. The efficiency of solar collectors varies widely with 
conditions, but should average around 25-35% efficient in a well designed system.  

The heat in a solar thermal collector is commonly used for domestic hot water. The panels 
will heat (or pre-heat) water used for bathing, laundry, swimming pools etc. It is necessary 
that the panels be located near the load to minimize transmission heat losses from the 
pipes.  For solar domestic hot water (SDHW) to be economical, it must also be located in an 
area where there is hot water demand, for example, community swimming pools.  The 
panels can be mounted on the roof (or near by yard) of the building.  

Figure 36 shows an example layout of a solar thermal “cluster”. In this space, there are three 
large roof areas available for mounting solar collectors: a community centre, a large retail 
store and a grocery store. The solar heat can be used to heat the swimming pool, and the 
DHW in the adjacent medium and high density neighbourhoods. The grocery store and retail 
have little DHW demand, and serve primarily as locations for mounting solar panels. By 
separating the location of the solar collectors from the DHW loads, designers can have 
much more freedom in designing the residential buildings (no need to observe solar 
orientation), and management of ongoing maintenance is simpler, because only three large 
commercial roofs need to be accessed.  
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Figure 36: Example layout of a solar thermal cluste r 
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Solar thermal collectors have also been used in large scale solar seasonal storage projects 
such as the Drake Landing Solar Community in Okotoks, Alberta. The specific application 
used in Okotoks (solar seasonal storage for space heating) is not being recommended for 
replication in the Seaton community.  The installation of large numbers of collectors on 
sloped or flat roof has been done in many projects across Canada. 

Potential benefits 

Solar thermal is a simple and effective method of producing clean heat. Since the sun is 
used to produce heat, there are no GHG emissions.  

With no moving parts, solar thermal collectors are very durable, and are expected to have a 
life of 25 years or more, with very minimal maintenance requirements. 
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The panels are also relatively inexpensive, due to simplicity, so the up-front investments are 
low and payback periods are small, provided there is a demand for hot water.  

Challenges and potential barriers 

As mentioned above, solar thermal collectors are only economical if there is a large hot 
water demand, and they must be close to the load. Like photovoltaic panels, snow 
accumulation is a concern in the Canadian climate. This problem is easily overcome if the 
panels are mounted at an angle above 40o.  

As with PV panels, roof strength must also be considered when mounting panels. Buildings 
that have potential to serve as hosts to solar collectors should be identified early in the 
community design stage, and the roofs should be designed appropriately – even if solar 
collectors are not installed immediately. Designing in adequate roof strength is economical 
during the initial design, but virtually impossible to add in after construction. 

Technology maturity 

Solar thermal is a very old concept, solar water heaters have been commercially available 
since 1890, but they were only widely available from multiple manufacturers in the late 
1970s. Currently, there are dozens of solar thermal manufacturers and suppliers in Canada, 
and imported models are also widely available. Solar thermal panels are readily available to 
the public; they are even sold at some large home and hardware stores in Canada. 
Generally, solar thermal warranties are limited, 1 year, system and installation warranties.  

Market receptivity and trends 

Both the Canadian and world markets for solar heating have been experiencing strong 
growth. Figure 37 shows a ten year history of Canadian sales of glazed solar collectors for 
water heating, the type used in community energy systems.  

Figure 37: Glazed solar collectors sales in Canada 
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Consumers have a very positive view of solar technology. A survey of Canadian consumers 
indicated that 31% would be willing to pay an additional 6% for a home with solar heat, and 
17% would be willing to pay a 10% premium7. This same survey revealed that 5 in 6 
prospective home buyers would buy a solar heated home, if it were identical in features and 
price to a conventionally heated home. 

Regulatory status 

CSA standards F378 and F379 define how the performance of solar collectors is measured 
and reported. Packaged solar water heating systems (sized for individual homes) can now 
be CSA certified. There is not yet comparable certification process for individual solar. 

Large banks of solar collectors have been regularly used in Canada since the late 1970’s; 
there appear to be no serious regulatory issues that would block continuing development. 

One regulatory protection that is missing is the right to solar access. It is possible that a 
large array of solar collectors could be made ineffective, if a tall building were built so as to 
shade them. This risk is generally small. 

Potential government support 

The federal government offers the ecoENERGY for renewable heat incentive. The incentive 
is offered to industrial, commercial and institutional solar thermal consumers. The incentive 
is based on the collector area and performance of the specific collector.  Up to $275/m2 is 
offered by the program, which can account for approximately 25% of installed system cost. 
Currently the Ontario government is supplementing the federal program with a matching 
grant, further increasing the available subsidy. 

The federal government provides accelerated depreciation of capital costs for the cost of 
solar thermal heating systems (Class 43.2; 50% per year). 

                                                 

7 “Okotoks Solar Energy Report”, November 2003 
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A-7  Outdoor lighting 

Typical application scenario and opportunities 

Excess outdoor lighting is a waste of energy and has several negative consequences such 
as light pollution and light trespass (light escaping to a neighbouring property). There are 
now many high efficiency light bulbs and ballasts, in a range of lamp types. The focus of this 
section however is not on new lighting technology, but on policies and standards that reduce 
outdoor lighting levels and encourage the use of more efficient lamps. The result is greatly 
reduced energy consumption in outdoor lights.  

To reduce energy consumption from outdoor lighting, some lighting standards are set which 
limit the allowed power used in lighting, based on the brightness of the surroundings. In 
darker areas less light is needed, since eyes will adjust to the darkness. In contrast more 
lighting power is needed to see in bright areas.  In California a set of regulations has been in 
force for several years. These regulations define four zones, with designated allowable 
energy consumption for lighting for various tasks in each zone. Table 12 provides a 
description of the four lighting zones employed in California, and Table 13 provides the 
maximum allowable energy input to the lights for a sample of applications. Note that lighting 
levels in zone 4 (the brightest) can be up to five times brighter than in zone 1, for the same 
application. 

A key to successfully limiting energy consumed for outdoor lighting is that the policy must be 
enforced on all parties; hence the bias towards implementation through regulation over 
education. If all lighting levels in a given area are reduced, then the relative lighting levels 
remain similar. As an example, an outdoor sign with only moderate light levels will easily 
stand out when surrounded by other low level lighting; the same outdoor sign would be 
difficult to locate and read if it were located in a sea of bright lighting. 
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Table 12: California definition of four lighting zo nes 

 

Note that by setting standards based on electrical power input, rather than just light output, 
the standards promote the use of efficient lights. Also, energy input into a light fixture is easy 
to determine, whereas regulation of maximum lighting levels would be much more difficult 
for designers to comply with and authorities to enforce, due to the additional difficulty of 
measuring lighting levels. 
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Table 13: Maximum lighting levels by zone, in W/ft²  (California) 

 

 

Figure 38 shows the efficacy (light output divided by electrical power input) of several lamp 
types. Note the large range in efficacy of each type. White LED’s, not shown on this chart; 
appear to have efficacies in the range of 80 – 100 lumens per watt, similar to other efficient 
lamp types. 

Figure 38: Efficacy of various lamp types 

 

In addition to using efficient lamps, proper control strategies can also substantially reduce 
energy consumption in outdoor lighting. The Ontario Building Code, sentence 12.3.4.11 
states: “Automatic controls for exterior lighting are required except for covered parking 
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structures, vehicle entrance and exits, and where 
lighting is required for safety or eye adaptation 
reasons”. The most common form of automatic 
control for exterior lighting is the photocell, which 
turns lights off during daylight hours. Other 
common controls are motion sensors and clocks 
(both may be used in combination with photocells). 

In addition to turning lights on and off, automatic 
controls can also be used to switch between 
lighting levels. Possible strategies include using a 
photocell to turn lights (for example in a parking 
lot) on at dusk, and then a clock or timer to turn 
them to a lower level after midnight, when few 
people are out. The same clock can also be used 
to override the photocell during known daytime, 
ensuring that the lights stay off during events such 
as heavy rainstorms. Similarly, a photocell can be 
used to turn lights on at partial power all night, with 
motion sensors used to boost them to a higher 
level when activity is detected. 

Different lighting levels can be achieved by 
operating only some bulbs within a multi-bulb 
fixture, or by operating whole fixtures independent of each other, or by using dimming 
mechanisms, for those lamp types where this is acceptable. 

Another simple and effective method of reducing the energy consumed by lighting is to 
simply direct light in the direction where illumination is needed. There is no benefit in shining 
light towards the night sky. Shielding fixtures concentrate light in one area rather than 
allowing light to shine in all directions. This helps achieve the desired level of illumination 
with less power and has the added bonus of reducing light pollution and light trespass.   

Figure 39: Good vs. poor outdoor light fixtures 

 

    

 

Potential benefits 

Regulations which limit outdoor lighting is a simple method of reducing energy consumed, 
with very little capital cost. Following some simple rules can result in money saved and 
reduced green house gas emissions.  

Solar Outdoor Lighting  

Solar powered outdoor lights are now 
available from several suppliers. While 
not recommended for roadway lighting 
or general illumination in urban areas, 
self-contained solar powered lights can 
be a suitable, economical choice for 
lighting pathways and pedestrian 
areas, especially if there is no other 
call for electrical infrastructure in the 
immediate vicinity. Modern LED 
technology, and sophisticated controls 
that gradually dim the lights, should the 
battery charge become low, rather than 
having them suddenly shut down. They 
operate maintenance free for many 
years, with no utility bills and zero GHG 
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The energy and cost savings is the main benefit but better living conditions, due to reduced 
light pollution and trespass, is a positive side affect.  Star gazers can enjoy the night sky 
from their back yard without an orange glow obstructing their view.   

Many highly efficient lamp types also last longer than incandescent and other low efficiency 
bulbs. This reduces the amount of waste produced by a community and reduces 
maintenance cost of replacing burnt out bulbs.  

Challenges and potential barriers 

Regulation of maximum energy consumption of exterior lights is a relatively new field, and 
considerable education of a wide range of architects, designers, developers, builders and 
contractors will be required. 

Also, it would be tremendously time consuming to continuously ensure enforcement of all 
lighting regulations, especially on small parcels of private land. For this reason, it is 
recommended that the regulations be widely publicized, along with the reasoning behind 
them, but they be enforced only during the planning and permitting stage. After construction, 
it is suggested that no further enforcement action take place (except in cases of complaints 
received). It is expected that most of the benefit will remain in place, especially as most 
larger outdoor lamp fixtures (where the most energy is consumed) cannot be easily 
retrofitted with different, higher power lamps, and because a large fraction of these same 
large lamps are maintained professionally, narrowing the circle of people who must be 
thoroughly educated in the policies. 

Technology maturity 

The lighting technologies themselves are mature, although improved, more efficient 
products are frequently being released. The practice of regulating maximum energy 
consumption by outdoor level on a comprehensive, community wide basis is relatively new. 
Regulations have been in force in California since 2002, and have been updated since initial 
introduction. 

Market receptivity and trends 

It is becoming common for facilities, cities and states to adopt high efficiency policies and 
standards in many areas, and many of these are welcomed by the general public. It is 
expected that similar positive reactions could be expected for outdoor lighting standards, 
with adequate education. 

At least one Ontario city (Burlington) is considering adopting a bylaw that would enforce 
some energy limits on outdoor lighting. 

Regulatory status 

When reducing light intensity, it is important to meet the minimum requirements of the 
Ontario Building Code and the ASHRAE standards for public locations and streets. 
However, these recommendations are generally written in terms of lighting levels, and 
certainly do not preclude use of higher efficiency lamps. 

Potential government support 
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None have been identified, other than programs that generically support innovation. 

 


