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2. INTRODUCTION 
 

Energy consumption, specifically over-consumption, is one of the leading causes of the 

planet’s ecological crisis today. This over-consumption, coupled with other anthropogenic 

actions, is having an increasingly negative influence on the planet and its ability to thrive in a 

sustainable manner. (Reddy and Boucher 2007) Efforts taken to rectify this situation include the 

development of globally recognized biosphere reserves. Biosphere reserves are terrestrial or 

coastal ecosystems that thrive to protect the biodiversity of a region while maintaining its 

cultural, social and economic development. It is a place where sustainability is a key concept in 

how the region is managed. (Dempster 2004) For the purpose of this assignment, we will be 

studying the Frontenac Arch Biosphere Reserve (FABR) and their energy usage. The FABR is 

one of sixteen Biosphere reserves in Canada. Located in south-eastern Ontario, FABR joined the 

581 World Biosphere Reserves located in 114 countries in November of 2002 (FABR, 2011). 

Within the boundaries of the FABR, numerous alternative energy sources have been 

implemented. Through the assessment of five indicators, we will be able to provide the FABR 

with a thorough assessment of which alternative energy sources are currently in use. Indicators 

that will be used include energy outputs, life expectancy, cost, problems, and benefits. The 

assessment will also be within the framework of three (3) economic sectors: supply to the grid, 

commercial, and residential. The project also contains opportunities that we believe would 

benefit the region and increase the sustainability of the area. Ultimately, the project will provide 

the FABR board of directors with a cost-benefit analysis indicating which alternative energy 

sources are most efficient and feasible within the FABR.  
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2.1 RELATIONSHIP TO SUSTAINABILITY 

 The reliance of mankind for power from non-renewable sources is undeniable. These non-

renewable sources, particularly fossil fuels, have been society’s primary source of electricity for 

many years. While these sources have provided well in the past, their effects on the environment 

today cannot be overlooked. The burning of fossil fuels is causing catastrophic effects on the 

environment including the loss of biodiversity and the alteration of natural processes (Reddy and 

Boucher, 2007). In addition, the burning of fossil fuels releases toxic substances into the 

atmosphere, producing an influx of greenhouse gasses and contributing to the climate change 

crisis of today (Bernhard, 2010). While these negative impacts are indeed detrimental, their 

effects can be alleviated by the introduction of alternative energy sources such as solar, wind, 

geothermal, biogas, and hydroelectric. The implementation of these sources not only counteracts 

these negative environmental effects, but they also increase the economy by providing jobs and 

potential markets (Ontario Power Authority, 2010). Alternative energy sources have the potential 

to become an integral part of our culture, fostering a stronger Canadian identity. 

% Within the FABR boundaries, some alternative energy sources are currently being 

implemented. Through their assessment, we can better understand which sources are beneficial 

and should be introduced further. These sources are a crucial part of energy production with the 

FABR because they provide energy sustainably, and adhere to the sustainable mandate and goals 

that the FABR has drawn out. By eradicating the use of non-renewable sources and 

implementing green energy production, the FABR can ensure that energy will be available for 

future generations to prosper. The application of these alternative sources will be an example of 

how humans can co-exist with nature, rather than take it for granted: an important lesson for 
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future generations to learn. By assessing current and implementing new renewable energy 

sources within the FABR, energy challenges will be minimized and the sustainability of the 

region will increase dramatically.%

2.2 GOAL AND OBJECTIVES 

GOAL 

The overall goal of this project is to evaluate alternative energy sources currently used 

within the FABR. The focus of the project will be primarily on biogas, solar, wind, geothermal, 

and hydrological energy sources. Energy sources that supply the grid will be observed, in 

addition to the commercial and residential scales to best evaluate alternative energy production. 

Assessment of these different energy sources will include energy outputs, life expectancy, 

potential problems, benefits, and cost. Opportunities for each energy source will also be given as 

well as funding opportunities and maps showing current and potential locations of alternative 

sources. We hope that this information will be considered by the FABR board of directors in 

order to increase environmental sustainability within the region. 

 
OBJECTIVES 

! Collect data on solar, wind, hydro, geothermal and biogas alternative energy initiatives 

currently existing throughout the entire FABR and provide an assessment of their 

efficiency through our indicators of energy outputs, life expectancy, cost, potential 

problems and benefits. 

! Provide location maps of each alternative energy source and their various locations 

throughout the FABR. 
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! Provide feasible future opportunities for energy sustainability initiatives and 

improvements to those that already exist, as well as funding opportunities available to 

these initiatives. 

2.3 METHODS 
 
  
2.3.1 ACCUMULATION OF ONLINE SOURCES 
 
 

! Refer to the website for the Ontario Power Authority to pin point the locations of FIT and 

MicroFIT technology (for more information on FIT and MicroFIT, consult the funding 

section of the paper) within the FABR and to further research our indicators.  

! Research Hydro One’s website to locate applications to connect renewable energy 

sources to the grid, and identify the estimated technical capacity for generation 

connections to stations owned by Hydro One. 

! Refer to specific websites of renewable energy manufacturers and installation companies 

based from within or servicing the FABR for information regarding our indicators. 

Examples of such companies include: Thake Home Comfort, JetStream Inc., and 

Strathcona Solar Initiatives. 

! Refer to government websites such as the Ontario Power Authority (OPA) or the Ontario 

Ministry of Agriculture, Food and Rural Affairs (OMAFRA) for useful background 

information. 

 
2.3.2 INTERVIEWS 
 
 

! Professor Warren Mabee- Inquire further on his knowledge of current locations and 

initiatives of alternative energy use in the FABR at all scales, from those that feed the 
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grid to those used on an individual level. Ask his opinions of how best to improve energy 

sustainability within the FABR. 

! Potential interviews will follow the social science method whereby an in-depth 

qualitative interview will be used. In this type of interview, the interview does not have a 

stick set of question from which he or she rarely deviates from. The subsequent questions 

of the researcher depend on the previous answers of the interviewee. For instance, the 

researcher can ask the interviewee to clarify a specific point made earlier or perhaps 

expand on it. In-depth qualitative interviews normally take on a conversation-like 

structure and the questions are meant to be explorative and draw on the interviewee’s 

personal opinions and experiences. (Doyle 2006) 

 
2.3.3 PHONE CALLS 
 

 We will appeal to local utility companies, alternative energy companies, and 

organizations for information on our indicators of specific energy alternatives. If possible, we 

will also conduct interviews following the social science method. The companies, organizations, 

and individuals we plan to call are listed in the call directory (See Appendix). 

 
2.3.4 ANALYSIS OF INFORMATION 
 
 We will divide the alternative energy initiatives that we uncover into three economic 

groups: those that feed the grid, commercial, and individual initiatives at the residential scale. 

Subsequently, the research gathered from our online sources, interviews, and phone calls will be 

used to analyze each individual alternative energy source in the FABR in terms of our indicators. 

Maps will be provided that indicate the locations of each alternative energy source within the 
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FABR. We will then include possible improvements by suggesting opportunities to implement 

alternative energy sources or renovate current ones within the FABR in order to increase the 

region’s green energy production. 
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3. INDICATORS 
 
 The following sections explain our chosen indicators. They describe the purpose of each 

indicator, their importance to FABR, and thus why we chose them. It should also be noted that 

we are evaluating them independently for each alternative energy source.  

3.1 COST 

        Cost is perhaps the most important indicator for this project’s assessment. It is a 

measurement of the amount of money that has to be invested in the alternative energy from its 

installation to maintenance. It can advise the FABR board of directors how much money is 

needed to build a specific alternative energy source and thus determine the number of facilities 

that can be built.  

3.2 ENERGY OUTPUTS 
 
 This indicator allows for the physical measurement of the amount of energy that the 

alternative energy source can provide. It is important to the assessment of the FABR because it 

will provide a quantitative measurement of the amount of green energy being produced in the 

area. It will inform us how sustainable to region is with regards to green energy production. On 

the other hand, this indicator is different from all the others in a sense that it is a direct 

measurement of energy production. Armed with this information, the board of directors can then 

implement the appropriate steps to maximize energy outputs within the region. They will also be 

able to better assess green energy proposals.  
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3.3 LIFE EXPECTANCY 
 
 
 Life expectancy of the alternative energy is the measure of the durability of the energy 

source. It can tell us how long we expect the alternative resource to produce energy at its 

maximum potential. From information provided by this indicator, FABR board of directors may 

highlight alternative energies that have longer lifespans since the longer the lifespan, the more 

time passes before that alternative energy must be replaced and thus may be more beneficial in 

the long run.   

3.4 POTENTIAL PROBLEMS 

 This is the antithesis of the benefits indicator. It will be divided into 2 sections: problems 

encountered to the company during installation to maintenance of the alternative energy, as well 

as potential harm that the alternative energy has on the environment. The whole purpose of 

implementing alternative energy is to lessen anthropocentric impacts on the environment. The 

result from this indicator will specify whether that alternative energy should be considered for 

the FABR to foster the sustainability effort of the area, or rather if it is simply counter-intuitive.  

3.5 BENEFITS 

 To account for all potential benefits the alternative energy, this will be divided into 2 

sections: company and environment. This indicator is a measurement of the positive impacts the 

alternative energy has on the surrounding region. It takes into account the rewards that the 

company will gain from implementing the alternative resources and indicate whether the green 

energy source is truly helping alleviate environmental problems. 
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4. FUNDING 
 
4.1 FIT TECHNOLOGY 
 

Ontario’s FIT program was created under the Green Energy and Green Economy Act, 2009, 

which was passed into law on May 14, 2009. (Ontario Power Authority 2010) The OPA is 

responsible for the program’s implementation and it is North America’s first comprehensive 

guaranteed pricing structure for renewable electricity production. It also offers stable prices 

under long-term contracts for energy generated from renewable sources. (Ontario Power 

Authority 2010) Renewable sources of electricity production included in the FIT Program 

include: 

• Biomass 
• Landfill gas 
• Biogas 
• On-shore wind 
• Solar photovoltaic (PV) 
• Waterpower 

 

 The overall goal of the FIT program is to encourage the development of renewable 

energy. More specifically, the FIT program will help Ontario phase out coal-fired electricity 

generation by 2014, boosting economic activity through the creation of new green industries and 

the development of renewable energy technologies (Ontario Power Authority 2010). 

FIT CONTRACTS OFFERED WITHIN THE FABR 

        On April 8th, 2010 the Ontario Power Authority announced 184 FIT contracts being 

offered throughout Ontario. The combined projects would generate enough energy to power 

600,000 homes. Below is a list of the contracts offered within the FABR 
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Table 4.1: FIT contracts offered in the FABR 

Applicant Legal Name Project Name Project City Project Source 
2176047 Ontario Inc. 2176047 Brockville Solar PV 

Groundmount 
2176050 Ontario Inc. 2176050 Brockville Solar PV 

Groundmount 
2225128 Ontario Inc. Kingston Gardiner  TS 

Unity Road 
Elginburg Solar PV 

Groundmount 
Effisolar Energy 
Corporation 

Effisolar Brockville Solar 
Farm 

Elizabethtown-
Kitley 

Solar PV 
Groundmount 

RE Smith Falls 2 ULC RE Smith Falls 2 Perth Solar PV 
Groundmount 

RE Smith Falls 4 ULC RE Smith Falls 4 Perth Solar PV 
Groundmount 

Northland Power Solar 
Rideau Lakes L.P. 

Northland Power Solar 
Rideau Lakes 

Rideau Lakes Solar PV 
Groundmount 

RE Smith Falls 6 ULC RE Smith Falls 6 Rideau Lakes Solar PV 
Groundmount 

Clearydale Farms Clearydale Farms Spencerville Bio Gas 
Penn Energy 
Renewables, Ltd. 

Penn Energy- South 
Glengarry_St. Lawrence- 1 

South Glengarry Solar PV 
Groundmount 

 
 
 
HYDRO ONE GRID TIE IN APPLICATIONS 

 Hydro One offers contracts to alternative energy projects to tie into the stations and grid 

sections they own. Below are the names of all the FABR distribution stations and transformer 

stations that have received applications to connect. 

Tx= Transformer Station 

Dx= Distribution Station 

 

 

 

 

 



!("#"! " # $ "
%

Table 4.2:  Distribution Stations and Transformer Stations that have received applications to 
connect located in the FABR. 
 
Station Type Name of Station Number of Applications 
Dx Athens DS 1 
Tx Brockville TS 31 
Tx Elgin TS DESN1 3 
Dx Elginburg DS 1 
Tx Frontenac TS 15 
Dx Ganaoque DS 1 
Tx Harrowsmith DS 1 
Dx Marysville DS 1 
Dx Perth DS 1 
Dx Perth Halton DS 1 
Dx Perth North DS 1 
Dx Perth Scotch Line DS 1 
Dx Perth Wilson DS 1 
Dx Spencerville DS 2 

 
 
4.2 MICRO-FIT TECHNOLOGY 

        The MicroFIT program is a stream of OPA’s FIT program for renewable energy in 

Ontario (Ontario Power Authority, 2010). This program is available for renewable energy 

projects with energy production levels below 10 kW. Currently, solar energy projects in the form 

of rooftop solar photovoltaic installations are the most common but it should be noted that this is 

also available to other types of renewable energy. Furthermore, projects owners under this 

program are paid a fixed price for the electricity that they generate. This not only offset the initial 

monetary investment of building the alternative energy, but also generates additional income for 

the project owners (Ontario Power Authority, 2010). Figure 4.1 shows the solar panel 

installations by Strathcona Solar using micro FIT technology within the FABR. 
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Figure 4.1: The map shows solar panel installations by Strathcona Solar using micro FIT 
technology within the FABR. House represent solar panels and square represent solar farms 

installed in the area. 

 (Strathcona Solar Initiatives, 2011) 
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4.3. GRANTS AND GOVERNMENT SUBSIDIES 

 1. The Community Energy Partnerships Program (CEPP) for all Alt. Energy Types 

This program supports community renewable energy projects by providing grants of up to 

$200,000.  To be eligible to apply for these grants, the project must: 

• Have an installed capacity greater than 10 kW and less than or equal to 10 MW (except 

co-op projects over 10 MW are permitted); 

• Use wind, solar photovoltaic, biomass, biogas, landfill gas or waterpower; 

• Are located in Ontario; 

• Are economically viable and the subject of a future Feed-In-Tariff contract;  

• Are not funded by any other OPA funding program; 

• Have not yet been issued a Notice to Proceed by the OPA. 

Table 4.3: Overview of grant amounts offered for specific renewable energy sources 

(Community Energy Partnerships Program, 2011). 

Solar 
    Size (kW)     Max CEPP Grant ($'s) 

10.1 - 50  

50 - 1,000 

1,000 - 10,000 

10,000 

75,000 

200,000 

Wind 

    Size (kW)     Max CEPP Grant ($'s) 

10.1 - 50  

50 - 1,000 

1,000 - 10,000 

10,000 

75,000 

200,000 
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Waterpower 

    Size (kW)     Max CEPP Grant ($'s) 

10.1 - 10,000 200,000 

Biogas / Biomass / Landfill Gas 

    Size (kW)     Max CEPP Grant ($'s) 

10.1 - 500  

501 - 10,000 

75,000 

200,000 
 

 

2.  Biogas Funding 

There are multiple biogas grants and programs that farmers can apply to help offset initial 

monetary investment.  

a. Funding programs for Planning a Farm-Based Biogas Project: 

1. Business Development for Farm Business (BDFB): 

 BDFB, which is a subset of Ontario Soil and Crop Improvement Association, can help 

and improve the planning stages of the biogas system. It incorporates self-assessment, action 

plan development, cost-share advisory services, and development opportunities for farmers to 

ensure that they can navigate through the legalities of implementing a biogas system in the farm. 

In addition, the program includes training, hiring consultants and skilled planners, and legal and 

contractual activities. However, these are cost-share opportunities and therefore cost is not born 

by just the program alone.  To be eligible, farmers must attend the Growing Your Farm Profits 

Workshop and complete the Action Plan Review.  Once these are completed, the BDFB will then 

assess the review and if all is in order, the farmers will receive a sign-off (OMFRA, 2010). 
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b. Funding Programs for Building a Farm-Based Biogas System: 

1. Agricultural Adaptation Council (Farm Innovation Program (FIP), Canadian Agricultural 

Adaptation Program (CAAP)): 

 Both FIP and CAAP are both programs under the Agricultural Adaptation Council. To be 

eligible, the technology must be relatively new in Ontario. Since biogas is new to Canada, 

implementation of a biogas system should fit this criterion. Under CAAP, the applicant can be an 

individual producer. However, they must have the support of at least one industry group. On the 

other hand, FIP applicants must be a commodity group. The CAAP will also only cover 25% of 

the cost while FIP can cover up to 50% of the initial investment (OMAFRA, 2010). 

2. Canada-Ontario Farm Stewardship Program (COFSP) 

 COFSP encourages improved management of agricultural land through the adoption of 

the Best Management Practices (BMPs). COFSP can cover between 30-50% of cost depending 

on the categories the technology is under. For instance, biogas systems may be eligible up to 

30% or 30 000 under the Manure Treatment or Renewable Energy Production for Agricultural 

Purposes categories. However, to be eligible to the program, farmers must complete, among 

other things, an up-to-date Environmental Farm Plant (OMAFRA, 2010). 
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5. ASSESSMENT  
 

5.1 SOLAR 
 
 Radiation from the sun is referred to as Solar Energy. When this energy strikes 

photovoltaic cells, a small amount of electrical energy is produced.  In a solar power system 

many individual cells are combined to increase the amount of electricity created.  In turn this 

electricity is stored in large batteries until it is needed to run electrical equipment. A Solar Power 

System of approximately twenty solar panels is sufficient to provide energy to a home and to run 

items such as indoor and outer lights, water pumps, washing machines, appliances, televisions 

and computers. A second solar energy initiative is Passive Solar Heating. This refers to designing 

and building structures to take advantage of the Sun’s energy at different times throughout the 

year (Hirsch et al, 2002). 

 
5.1.1 SUPPLY TO THE GRID 
 
5.1.1.1 Northland Power Inc.  
 
 The municipality of Rideau Lakes is preparing for the installation of 7 solar projects. 

These Projects include 2 large solar farms currently being constructed along Bay and Tower 

road, on approximately 50 hectares of land, within the United Counties of Leeds and Grenville. 

5.1.1.1.1 Cost 
 
 The overall cost of all 7 projects once implemented is expected to be approximately 

$400,000,000. In terms of the two large solar farms being built on Bay and Tower road they are 

each expected to cost $120,000,000 (Rideau Lakes Solar Project Description Report, 2011). 
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5.1.1.1.2 Energy Outputs  
 
 The solar farm will operate year round and generate electricity during daylight hours. The 

amount of power generated will depend on daily weather conditions and sufficient solar 

radiation. Approximately 45,000 to 55,000 solar panels will be installed and the farm is 

estimated to have a nameplate capacity up to 10 MW (Rideau Lakes Solar Project Description 

Report, 2011). 

 
5.1.1.1.3 Life Expectancy 
 
 A 35 to 40-year lifespan is expected for the project after its completion. At that time (or 

earlier if the power purchase agreements are not extended), the Project will be decommissioned 

or refurbished depending on market conditions and/or technological changes. To ensure the 

anticipated life expectancy is reached, regular maintenance of the solar farms will occur. The 

solar farm will be scheduled for maintenance every 2 to 3 months. Typically maintenance 

includes checking the structures, interconnections and cleaning the photovoltaic panels. It is 

anticipated that the panels will be washed twice a year using on-site water with no cleaning 

solutions preventing possible environmental contamination (Rideau Lakes Solar Project 

Description Report, 2011). 

5.1.2.1.4 Problems  
 
 Negative environmental impacts specific to this solar farm is the drilling of 14,000 

support beams holes to support the 168,000 panels have caused water contamination issues 

within the region. The region’s water contamination involves ecoli, chloroform, and sediment in 

the residential water supplies. Furthermore, the large amount of land required for utility-scale 

solar power plants, which is approximately one square kilometer for every 20-60 megawatts 
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(MW) generated, poses an additional problem to the surrounding environment. On the other 

hand, on a company’s perspective, manufacturing, installation, and disposal of solar panels 

involves the use of hazardous materials and non-renewable energy (Rideau Lakes Solar Project 

Description Report, 2011). 

 
5.1.1.1.5 Benefits 
 
 This project shares the same benefits of other solar installations in that it not only has the 

potential to make a household energy independent but a project of this scale could make a group 

of households within a certain region energy independent. In addition, all required maintenance 

materials (e.g., hydraulic fluids) will be brought to the site as required so no on-site storage of 

this material will be necessary. On the other hand, the panels operation does not involve air 

pollution like coal generated power (Rideau Lakes Solar Project Description Report, 2011). 

5.1.2 COMMERCIAL 
 
5.1.2.1 Memorial Center Rooftop Solar Project 
 

The OPA has approved Brockville’s Feed-In Tariff application. The process is now being 

initiated to establish one of the largest municipally operated rooftop solar generation projects in 

Canada. Over 1,200 solar panels will be installed over the summer and early fall by Upper 

Canada Solar. 

5.1.2.1.1 Cost 
 
 The contract with Upper Canada Solar to design and install the solar panels is worth 

$1,429,000. Once completed the project is expected to generate $200,000 in revenue for 

Brockville annually (Solar Project Approved, 2010). 
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5.1.2.1.2. Energy Outputs 
 
 The 1,200 solar panels are expected to generate over 230 kW of energy to be funneled 

into the Ontario power grid. However, these solar panels will be unable to generate power on 

over cast days or at night. In addition, peak hours of energy generation from these solar panels 

will also not align with peak hours of energy consumption (Solar Project Approved, 2010). 

5.1.2.1.3. Life Expectancy 
 
 The project’s Feed-In Tariff contract lasts for 20-years, which is also how long the panels 

have been guaranteed by the company to last (Solar Project Approved, 2010). 

5.1.2.1.4. Problems 
 
 The negative environmental impacts of these solar panels are the same as those described 

for Strathcona Solar. The primary concerns for the environment’s health are still made by the 

manufacturing and installation process rather than the panel’s actual use. As well, any energy 

required for the manufacturing and installation for this project will come from non-renewable 

energy sources (Environmental Impacts of renewable Energy Technologies, 1992). 

 
5.1.2.1.5. Benefits 
 
 A large scale solar installation like this will decrease the use of non-renewable, 

unsustainable energy sources to meet energy needs. It will also reduce the region’s CO2 

emissions from reliance on coal-generated power. Other benefits of this solar panel project are 

the same as those described in the other solar initiatives throughout the region (Solar Project 

Approved, 2010). 
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5.1.3 RESIDENTIAL 
 
5.1.3.1 Strathcona Solar Initiatives 
 

Strathcona Solar is based in Nappanee, Ontario and services South Eastern Ontario. The 

company specializes in designing, installing and supporting Solar Initiatives designed to meet a 

client's specific requirements. The company provides Sales, Installation and Service of Solar 

Trackers, Rooftop Solar, Solar Pumps and Solar Lights. To date, Strathcona Solar has 

implemented 7 solar trackers and solar rooftops within the FABR (Strathcona Solar Initiatives, 

2011). 

5.1.3.1.1 Cost 
 
 It is impossible to give a simple answer regarding cost of installations as it depends on 

system capacity, home layout, and other variables. Certainly the cost has decreased dramatically 

in recent years, due to multiple tax breaks, electricity buy-back programs, and incentives to help 

reduce the cost (Strathcona Solar Initiatives, 2011). 

 

5.1.3.1.2 Energy Outputs  
 
 Solar panels generate enough electricity to make the home energy independent. With a 

Schüco system, the brand used by Strathcona Solar, very little maintenance is required. The 

system’s owner only has to wash the panels themselves periodically to allow light to pass 

through. Schuco systems are also equipped with unique mounting hardware that holds the bolts 

in place reducing their maintenance requirements for the homeowner. In addition, most thermal 

solar systems require regular venting, but Strathcona’s solar thermal systems do not. 

Furthermore, the systems require a circulation pump and valves that are mechanical, so they will 

need replacing eventually, but Strathcona’s systems are self- lubricating so the service intervals 
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are longer compared to other solar technologies. Strathcona Solar has also chosen to use 

propylene glycol on their solar collectors instead of water. Propylene glycol is a more efficient 

heat transfer agent, it doesn’t freeze, and algae will not grow in it (Strathcona Solar Initiatives, 

2011). However, Solar panels do not generate energy on extremely over cast days or at night. 

Furthermore, peak hours of solar panel energy generation do not line up with peak hours of 

energy consumption (Professor Warren Mabee, 2011). 

5.1.3.1.3 Life Expectancy 
 
 If properly installed, the panels should last for many years. Strathcona Solar guarantees 

the performance of the PV modules for 25 years, and the thermal collectors for 10 years. 

Strathcona’s modules and collectors use tempered safety glass set into heavy-duty frames for 

added durability. Strathcona Solar claims, if properly installed, that the systems are at least as 

strong as the roof they are mounted on, if not stronger. Furthermore, Schüco solar energy 

systems are engineered with sustainability in mind and are efficient and durable and provide long 

low maintenance service lives. This means fewer replacements and repairs are required saving 

both energy and money. (Strathcona Solar Initiatives, 2011) 

5.1.3.1.4 Problems  
 

Negative environmental impacts associated with solar panels are due to their 

manufacturing, installation, and disposal processes. Manufacturing of photovoltaic cells requires 

hazardous materials such as arsenic and cadmium and care must be taken with their use and 

disposal. Also, the manufacturing and installation require energy and the energy used is most 

likely acquired from non-renewable and unsustainable energy sources. (Environmental Impacts 

of Renewable Energy Technologies, 1992) 
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5.1.3.1.5 Benefits 

 Small-scale solar installations are superior to large solar power plants because they can 

take advantage of unused space such as the roofs of homes and do not require the large plot of 

land large scale solar generation does. Once installed, residential solar panels add value to a 

home and provide the homeowner with energy independence. Lastly, solar power generates no 

air pollution while operating. Solar panels also lessen homeowner’s energy bills and in most 

cases utility companies will buy back any excess power generated. This is called “net metering” 

and is available from many utility companies. If you generate more electricity than you use, the 

excess goes back to your utility company, this causes the meter to spin backwards giving the 

household a credit for any excess electricity generated by the home’s PV system. A home with 

only a 5.4 kW solar system, approx. 500 square feet of solar modules installed, can earn as much 

$86,776.71 profit over the term of the 20 year contract. These solar systems can cost as low as 

$39,468.70 while earning $486.55 per month (Strathcona Solar Initiatives, 2011). 
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5.2 BIOGAS 

5.2.1 INTRODUCTION 

 Biogas is one of the most versatile and future-forward alternative energy that can be 

implemented. It can be used for multiple purposes including heating homes and more 

importantly generating electricity (Gorrie, 2011). 

  The biogas system is centered primarily on anaerobic digestion (AD). AD can be 

summarized into four processes. These include hydrolysis, acidogenesis, acetogenesis, and 

methanogenesis (Figure 5.2.3). In hydrolysis, high molecular organic substances such as 

proteins, carbohydrates, fats and cellulose are digested and broken down into smaller molecular 

compounds (Davies, 2006). They are then further broken down by acid forming bacteria into 

organic acids, carbon dioxide, hydrogen sulphide, and ammonia. This normally occurs during 

acidogenesis (Davies, 2006). These volatile acids are then converted into acetate, hydrogen and 

carbon dioxide in acetogenesis by acid bacteria (Davies, 2006). Finally, methane-forming 

bacteria uses acetate, hydrogen and carbon dioxide to form biogas. However, the biogas 

produced doesn’t contain just methane, but also contains carbon dioxide, hydrogen, nitrogen, 

carbon monoxide, and hydrogen sulphide (Davies, 2006). Furthermore, biogas is a safer and 

more sustainable alternative compared to natural gas and landfill gas as can be seen in Table 

5.2.1 (Jensen and Jensen, 2000; Monnet, 2003). 
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Table 5.2.1: Components of Natural Gas, Biogas and Landfill gas (Jensen and Jensen, 2000) 

   

Most AD systems use manure from livestock with co-substrates as a biomass input. 

Technically, the AD system can run on just manure alone but that will yield only a small amount 

of biogas because the animals have already eaten the feedstock (Biogas Energy, 2008).  As such, 

co-substrates are needed to yield a higher amount of biogas. These co-substrates are usually 

harvest residues such as leaves of sugar beets, food waste, collected biowaste from households, 

and energy crops (Weiland, 2010) However, each one generates a different amount of biogas, 

with energy crops producing the most. Therefore, as a dairy farmer, it is more feasible to 

combine energy crops and well-fed-cow manure to maximize biogas output. Figure 5.2.1 shows 

the amount of biogas produced by different biomass input (Biogas Energy, 2008) However, the 

biomass mix added to the system must have a balanced C/N ratio between 15 and 30 to prevent 
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ammonia from accumulating and thus causing a system failure (Weiland 2010).  This also 

ensures that the left over residue can be used as fertilizers. Furthermore, all co-substrates must be 

free of bacteria and any other pathogen or else they must be pasteurized at 70˚C or sterilized at 

130˚C before they can be fermented (Weiland 2010).  

The retention time for AD system is also an important determinant for biogas production. It must 

be ideal because if the retention time is too short, not enough biogas can be formed. However, if 

the retention time is too long, the input of biomass may not be enough (Monnet 2003). There are 

multiple ways to control retention, one being the hood of the digester in the system. Most 

digesters have a flexible hood and a storage equipment to store the methane for a limited amount 

of time (Biogas Energy, 2008). Figure 5.2.2 illustrates the hood of an AD. Depending on the co-

substrate and the subsequent amount of biogas produced, the digester can 

 Figure 5.2.1: Amount of Biogas Produced by different co-substrates. 

(Biogas Energy 2008) 
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store methane gas for up to 10 hours (Biogas Energy, 2008). By doing this, energy output of the 

system is more effective as maintenance can be performed without gas being lost (Biogas 

Energy, 2008). In addition, the amount of gas can be released depending on off and on peak 

hours therefore maximizing monetary revenue. Furthermore, the addition of more digesters can 

also increase the overall retention of the system simply because there are more digesters able to 

store methane gas.  

 

 

 

 

 

Figure 5.2.2: Hood Storage of an AD (Biogas Energy 2008) 
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Figure 5.2.3: Process of the Production of Biogas and Digestate using a Biogas System 
(PlanET Biogas Solutions, 2007) 

 
 
5.2.1 RESIDENTIAL 
 
5.2.1.1 Ledgecroft Farm 
 
 Currently, within the FABR, only the Ledgecroft Farm has facilitated a biogas system. 

Figure 5.2.4 illustrates all biogas system in existence in Canada. Ledgecroft Farm is located in 

Seeley’s Bay Ontario and is a family run biogas business that illustrates a powerful alternative 

means to produce energy.  It is a dairy farm owned by the Green family for almost 40 years. It 

houses approximately 500 Holstein dairy cows in the 1100-acre land, where 450 acres are rented 

land (Gorrie, 2011). The idea of building a biogas farm was first instigated by Ben Green who 

attended an open house of one of the first biogas systems in Ontario. He then traveled to 
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Germany, which at that point was 10-12 years ahead of Ontario in terms of alternative energy 

(Gorrie, 2011). It is because of this extensive expertise that the family eventually decided to 

employ PlanET Biogas Solution Inc. (Gorrie, 2011). 

  PlanET Biogas Solution is a consulting and contracting firm brought together by the 

joint effort of PlanET Joint Ventures in Germany, and Mark Lensink, an expert in the Canadian 

energy industries (Gorrie, 2011). Before the construction of the biogas farm, the Greens insisted 

that the majority of all materials needed to build the system be bought locally and thus also 

beneficial to their neighbors (Gorrie, 2011). In addition, they ensured that all actions must be 

planned and approved on paper and regulators closely monitored. Furthermore, they required a 

strict deadline that must be followed by the contractors. These edicts are perhaps some of the 

defining reasons to the success of the farm (Gorrie, 2011). 

 To channel this wonder gas, a Biogas system is used whereby manure from livestock 

along with bio waste (such as food processing wastes) is collected into a pit. It is then funneled 

to the airless digester where anaerobic micro-organisms digest the biomass producing biogas. 

The contents are also heated to accelerate the process. Since hot air rises, the gas is stored in the 

flexible hood. Subsequently, the biogas is then funneled to the Combined Heat and Power station 

(CHP) where it is incinerated to produce electricity and heat. In addition, the biogas produced 

can also be also be further treated in the gas treatment plant where the methane content and the 

quality of biogas are increased to make it conventional natural gas to be later fed into natural gas 

networks and biogas petrol stations. On the other hand, the left over fermented biomass 

(digestate) with preserved essential nutrients for the soil is funneled to the digestion residue 

storage where it can be used as high-quality fertilizer (Weiland, 2010). 



%&"#"! " # $ "
%

5.2.1.1.1 Cost 
 
 Despite the fact that the biogas is an energy forward system, it incurs a large amount of 

cost. From start to finish, the project cost approximately 3 million dollars (Gorrie, 2011). The 

Greens received about $500,000 in subsidies, including $400,000 from the provincial Ministry of 

Agriculture, Food and Rural Affairs (Gorrie, 2011). However, approximately $416,000 worth of 

materials and services were spent connecting to the grid through the nearest substation (Gorrie, 

2011). According to Jennifer Green, demands from Environment Ministry and Hydro-One were 

the main reasons as to why the grid connection was so expensive (Gorrie, 2011). 

 To maintain the bio system, it takes about 10,000 dollars per month with a total of 120, 

000 dollars per year (Gorrie, 2011) However, the system requires a small work force; 2 being 

permanent employees while the other 3 employees are seasonal workers (Gorrie, 2011). 

5.2.1.1.2 Energy Outputs  
 
 Ledgecroft farm primarily produce electricity but the system also produces heat and high 

quality fertilizer. Since the focus of this paper is on electricity, we will not go in-depth on heat 

and manure production. However, they will be mentioned briefly. 

 The Ledgecroft farm can generate a large amount of energy to sell to the grid. It has a 

project capacity of 500 kW (Gorrie, 2011). However, the amount produced depends on off and 

on peaks. During the on-peaks (between 11 am to 7 pm), they generate energy at maximum 

capacity. This is ensured with the help of the digester. During off-peaks, the system will 

automatically slow down during off-peaks and only produce 328 kW to save the methane gas. 

The digester, which has stored the methane gas for a limited amount of time, will then release the 

gas allowing the system to run at full capacity (Gorrie, 2011). This has multiple implications 
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such as maximizing the amount of monetary returns the Greens will have.  Therefore, despite the 

fact that on-peak hours only constitute 1/3rd of the 24h day, almost half of the farms’ daily 

electrical production will occur within them (Gorrie, 2011). Nonetheless, the amount of energy 

produced varies daily and even monthly. This may be due to the retention of methane, amount of 

biomass input, or system malfunctions. However, the system has the capacity to 10 400 kWh of 

electricity in one day (Gorrie, 2011). 

 In addition, some of the electricity and heat generated are used to service the system.  

Heat produced is also funneled back into the system to heat the digester that operates at a 

mesophilic temperature of 86˚F. The electricity is also used to activate all moving parts including 

the generator located in the CHP (Gorrie, 2011). 

5.2.1.1.3 Life Expectancy 
  
 The contract that the Greens have with the FIT program lasts for 20 years. (Gorrie 2011)  

They received the contract on April 2009, which means that their contract expires in 2029. 

However, the system contains multiple parts that are always in constant motion. Due to this 

constant friction, the parts will not be able to sustain themselves and will require repair and/or 

replacement. For instance, the generator will have to be replaced twice during the 20-year 

contract (Gorrie, 2011). 

5.2.1.1.4 Problems  

 Despite the many benefits of installing biogas energy, it also incurs multiple problems. 

The biggest problem facing the installations of these biogas systems is the huge amount of 

monetary investment (Gorrie, 2011). Much of the grants and subsidies that the Greens received 

were used in consultations, and to buy key parts such as the digester. On the other hand, Hydro-

One, which is their local energy distributer and thus needed to tie the biogas system into the grid, 
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was very bureaucratic and provided very little useful feedback. According to Laura Green, 

Hydro-One would inform them what could not be done but would not provide any input to how 

they could overcome that hurdle (Gorrie, 2011). In addition, connecting to the grid and receiving 

a FIT contract was a very long and unsure process. Currently, the Greens are connected to the 

grid via a gasoline substation located 15 miles from the farm (Gorrie, 2011). This is a substantial 

distance and because farms require space away from the city for crops, connection maybe the 

most difficult problem (Gorrie, 2011). 

5.2.1.1.5 Benefits 
 
 In the company’s perspective, the installation of a biogas system has multiple benefits.  

Despite the primary investment, tremendous revenue is generated from the system.  The exact 

number of the revenue depends on the number of cows and the size of the farm. For instance, 

according to the Greens, “the bills are paid at $10 000…and we get that most days.” (Gorrie, 

2011) If were to extrapolate that number, the Ledgecroft farm can generate $120,000 annually. 

Furthermore, the system is dispatchable and is always generating electricity unlike solar and 

wind alternative energies. In addition, the system also produces heat, which the Greens use to 

heat their house and also their barns (Gorrie, 2011). Not only that, the digestate produced is top 

quality and can be easily up taken by their crops thus eliminating the need to buy fertilizers. The 

system is also user friendly and the manufactures are constantly monitoring by using a remote 

monitoring system (Gorrie, 2011). This is perhaps one of the main reasons why they have not 

experienced any major problems with the system. 

 Besides benefit to the company, biogas systems are also good for the environment.  

Because of the intense heat in the digester, pathogens in the biomass that consist largely of 

manure are eliminated (Gorrie, 2011). This means the fertilizer that is spread in their fields are 
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safer and will not facilitate the maturation of more pathogens. In addition, 90% of nutrients, 

including nitrogen, are conserved making the digestate more favorable for plant growth (Monnet, 

2003). The biogas system also decreases the risk of water contamination and the odour of cow 

manure, prevalent in any dairy farm (Monnet, 2003). However, the greatest benefit to the 

environment is perhaps the decrease of methane gas released in the atmosphere. Installing a 

biogas system can truly be a life-saving expenditure. 
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Figure 5.2.4: Biogas Systems in Canada. Red Circle and Red Box indicate Ledgecroft Farm. 
 (IEA-Biogas, 2010)
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5.3 GEOTHERMAL 
 
5.3.1 INTRODUCTION 

Radioactive decay of the Earth’s rocks produces heat energy, when this thermal energy is 

taken from beneath the Earth’s surface it is referred to as geothermal energy. With every 

kilometre of depth subsurface temperatures rise by 25 degrees Celsius, producing hot springs and 

geysers. These sources of heat energy can then be used directly to heat homes.  The collection of 

this heat to be used to heat homes is accomplished by drilling a series of pipes down into the 

ground to create a circuit. Air is then pumped through the circuit using a small electric fan, so 

there is a small amount of electricity used. The circulating air goes down into the ground cool, 

comes in contact with the heat generated by the earth, and warms before it is circulated back up 

the pipes into the household (Hirsch et al., 2002). 

 

5.3.2 RESIDENTIAL 

5.3.2.1 Thake Home Comfort 
 

Thake Home Comfort services Westport, Rideau Lakes, Leeds, Thousand Islands, Perth, 

Lanark, and surrounding areas. The company was formerly focused on the retail sales of 

furniture and appliances but in the 1990’s switched to the installation and servicing of high 

efficiency heating and air conditioning units and water furnaces using geothermal heating and 

cooling systems for homes and businesses. The company prides itself in staying on top of the 

most current trends in energy efficiency, indoor air quality, and environmentally friendly 

products. For the purpose of our project we will be focusing on the company’s implementation of 
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WaterFurnace geothermal systems throughout the FABR as this involves the use of geothermal 

technology as an alternative energy source. However, the company’s implementation of efficient 

heating and air conditioning units which do not use geothermal technology also promotes energy 

sustainability within the FABR as these systems are energy saving and therefore require the 

consumption of less energy.  

5.3.2.1.1 Cost 
 
 The approximate cost of a Thake Home Comfort WaterFurnace installation is $13,000. 

However, the upfront costs for a new construction geothermal system are usually less, and the 

initial outlay can be included in the monthly mortgage payment. The increase in mortgage costs 

are commonly offset by the decreased operating costs the geothermal system creates for the 

home allowing for an almost immediate positive cash flow. New home installations experience 

an immediate positive return and replacement installation costs are usually recouped within a 

few years. After implementation homeowners and businesses can expect to save between 40-

70% on heating, cooling, and hot water costs. Furthermore, A tax credit is now available for 

home and commercial building owners who install geothermal heating and cooling systems 

through the Energy Improvement and Extension Act of 2008. A onetime tax credit of 30% of the 

total investment for homeowners who install residential ground loop or ground water geothermal 

heat pumps is available. Furthermore, a credit of 10% of the total investment is also available for 

commercial system installations. This tax break is available for installations after December 31st, 

2007 through to December 31st, 2016 (WaterFurnace Geothermal Comfort Systems, 2011). 
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5.3.2.1.2 Energy Outputs  
 
 WaterFurnace geothermal units are the most efficient units available. They have been 

certified by AHRI as the most efficient heating and cooling systems on the planet. They can 

deliver up to five dollars of energy for every one dollar of electrical energy used. That translates 

into an efficiency rating of 500%, compared to the most efficient gas furnace which rates only 

97%. The performance efficiency of the WaterFurnace systems is 30EER/5.1COP 

(WaterFurnace Geothermal Comfort Systems, 2011). 

5.3.2.1.3 Life Expectancy 
 

WaterFurnace geothermal systems are backed by the best warranties in the industry and 

will provide many years of reliable operation. Specifically, Thake Home Comfort installations 

carry a complete ten year warranty on all parts and labour. WaterFurnace Envision products are 

also enhanced with coated air coils adding durability to the system and subsequently a longer 

life. Also, WaterFurnace units are installed inside, unlike most heating and air conditioning units, 

so they are protected from outdoor elements and weathering. Their indoor location increases 

their reliability and causes them to require less maintenance (WaterFurnace Geothermal Comfort 

Systems, 2011). 

5.3.2.1.4 Problems  

 Geothermal heat pumps with vertical boreholes may pose environmental threats. If these 

boreholes are not properly grouted or the grout fails, groundwater could be contaminated by 

surface water infiltration, interaquifer flow, or antifreeze leakage. A second threat to the 

environment is land subsidence. Land subsidence can occur when large amounts of ground water 

are withdrawn from an aquifer, which may occur during drilling for the  system’s pipes. The clay 
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layers within the aquifer compact and settle, resulting in lowering the ground surface in the area 

from which the ground water is being pumped. Lastly, the safe disposal of hazardous waste 

during installation is also a possible threat to the surrounding environment (Environmental 

Impacts of Renewable Energy Technologies, 1992). 

 
 
5.3.2.1.5 Benefits 
 
 Geothermal technology harnesses free renewable energy. It relies on the earth’s ability to 

store heat tapping into an unlimited source of energy. The only energy needed to run geothermal 

systems is a small amount of electricity reducing energy consumption and the need for non-

renewable energy production such as coal-powered electric power plants, which are harmful to 

the environment adding to global warming and acid rain. Furthermore, these systems do not burn 

fossil fuels or emit greenhouse gasses such as carbon dioxide and carbon monoxide 

(WaterFurnace Geothermal Comfort Systems, 2011). Installing a WaterFurnace system in a 

typical home is the equivalent of planting 750 trees or taking 2 cars off the road (Thake Home 

Comfort Center, 2011). 
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5.4 HYDROLOGICAL 
 
5.4.1 INTRODUCTION 

Hydrological power generates electrical energy by the movement of water. The pressure 

created by the moving water turns the blades of a turbine, which is connected to a generator. 

Located inside the generator are large electromagnets attached to a rotor that is located within a 

coil of copper wires. As the generator rotor spins the magnets, a flow of electrons is created, 

which converts the mechanical energy of the water into electricity (Bonsor, 2011). A diagram 

that depicts how hydropower works can be seen in Figure 5.4.1.  

There are two types of hydropower plants. One blocks water behind a dam, and the other 

which diverts water into a channel parallel to the river. These plants can be built at previously 

existing dams, or other water control structures that are used to maintain river or lake levels. 

(Bonsor 2011) In both systems, water is guided into a vertical tube called a penstock, which 

transports water to the turbines. This allows hydropower plants to be able to respond quickly 

depending on the demand, by releasing or diverting more water. Water can also be stored when 

demand is low to generate more power during peak hours of demand (Bonsor, 2011). 
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Figure 5.4.1: Demonstration of how a hydropower plant operates. 

(Bonsor, 2011) 

 

Worldwide, 20% of electricity is generated by hydropower, and Canada is the largest 

producer of hydropower in the world (Figure 5.4.2). According to the Ontario Power Generation 

(OPG), in 2009 hydroelectric generation produced approximately 36 terawatt-hours.  In Ontario, 

the OPG operates 65 hydroelectric stations, including 29 small hydroelectric plants, and 240 

dams on 24 river systems. About half of these 65 stations are below 10 MW in capacity and they 

contribute about 6% of Ontario’s power generation (Ontario Power Generation, 2011).  
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Fortis Properties, a Canadian utility company, owns and operates six hydroelectric 

facilities in Ontario with a combined capacity of 8.1 MW (Fortis Properties, 2006). Of these six 

generating stations, four of them are located within the FABR. These are the Gananoque, 

Brewer’s Mills, Jones Falls, and Washburn generating stations. The boundaries of these stations 

can be seen in Figure 5.4.3. These stations produce enough energy that they tie into the grid. 

Even after extensive research, there was limited data available; therefore generalities will be 

made about certain indicators. Each station will then be evaluated for their individual indicators 

that were found.  

 

Figure 5.4.2. Graph of top hydroelectric generating countries. 

 (Wisconsin Valley Improvement Company, 2011) 
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Figure 5.4.3: Locations of the four generating stations within the FABR. 

(Google Maps, 2011) 

 

5.4.2 COST 

 Hydropower is the most efficient way to generate electricity, as almost 90% of the 

available energy can be converted into electricity. Cost will vary depending on the size of the 

plant installed. A large-scale system can cost up to $175 million, but a small plant can cost up to 

$20,000. However these numbers depend on the location of the plant and the specific site 

electricity requirements. Although these initial costs to implement the plant are high, 

maintenance costs are relatively low. As an example, in the United States, hydropower is 

produced at an average of 0.85 cents per kWh (Wisconsin Valley Improvement Company, 2011). 

This is 50% the cost of nuclear, 40% the cost of fossil fuel, and 25% the cost of natural gas 

(Figure 5.4.4).  
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Figure 5.4.4: Average cost of power per kWh based on fuel maintenance and operational costs. 

(Wisconsin Valley Improvement Company, 2011) 

 

5.4.3 BENEFITS 

There are many benefits towards the uses of hydrological energy. First, running a 

hydroelectric plant is inexpensive and the maintenance costs are low. As well, they have a long 

life span so the high initial costs are worth the installation of plants. Hydrological energy is also 

complementary to intermittent other renewable energy sources, for example wind and solar. This 

is because the flow can be regulated to reserve generating capacity during periods of peak 

demand, or when the generating capacity of other renewable energy sources is limited. As well, 

hydropower provides clean energy and a source of income to remote communities that might 

otherwise rely on other non-renewable energy sources such as diesel generation. Hydrological 

energy also produces no pollutants or greenhouse gas emissions, and the water runnin through 
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the system is not chemically altered, meaning it can therefore be recycled back into the river 

system (Pembina Institute, 2004). 

 

5.4.4 PROBLEMS 

As with all energy sources, there are a few potential problems to the environment 

regarding hydrological energy. Large hydro plants that rely on dams can have impacts on the 

community, as well as the upstream and downstream ecosystems. Plants that were built early in 

history did not take into consideration future possible environmental effects and now these flaws 

must be corrected. Additionally, when dams are emplaced, they slow the flow of the river which 

can affect fish migrations as they rely on these steady flows to flush them down river early in 

their life, and guide them upstream years later to spawn. Depending on the location, water 

exiting from turbines is typically much warmer than the pre-dam water, which can change 

aquatic faunal populations and prevent natural freezing processes from occurring (Environment 

Canada, 2010). However, these few potential problems are less significant than most energy 

sources, making hydroelectric energy one of the most environmentally efficient energy sources. 

 

5.4.5 LIFE EXPECTANCY 

Hydropower has a very long life span and can last for up to 100 years. In comparing 

hydropower to other energy generators, other generators usually have higher operating costs and 

shorter operating lives of only about 25 years. A hydropower plant has a high capital cost but 

maintenance costs are minimal. The plant’s life can be extended economically by relatively 
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inexpensive maintenance and the periodic replacement of equipment. Typically, a hydro plant in 

service for 40 - 50 years can have its operating life doubled. When comparing the cost of 

electricity with the initial investment of a hydropower system, the pay back period is short. As 

well, the operating costs should not change because there is no associated price to the water 

(Lund, 2010). 

5.4.6 SUPPLY TO THE GRID 

5.4.6.1 Jones Falls Generating Station 

Jones Falls Generating Station is a three-unit hydroelectric station located on the 

Cataraqui River in Elgin, Ontario. The station has been in service since 1949 and the headwork 

consists of a stone arch dam. The concrete intake is equipped with steel trash racks and uses stop 

logs to control the water. As well, three pressure-treated wood stave penstocks convey water to 

the concrete powerhouse. Water is discharged into the Cataraqui River (Ontario Power 

Authority, 2010). 

5.4.6.1.2 Energy Outputs  

The station has an installed capacity of 2.4 MW at a head of 18.3 meters. The other 

stations in the Frontenac Arch Biosphere Reserve do not have heads quite this large, which is 

why Jones Falls generates the most amount of energy because it is directly related to the flow 

and the head. Jones Falls generating station produces approximately 7,039 mWh of renewable 

energy per year. It is also connected to Canadian Niagara Power’s 26 kV circuit 27-11 from the 

Gananoque main substation (Ontario Power Authority, 2010). 

 



)&#$#! " # $ #
%

5.4.6.1.3 Life Expectancy 

Jones Falls has been in service since 1949 so it is already been operating for 62 years. As 

previously stated, hydro plants can last for up to 100 years, so Jones Falls still has a many years 

left in service, as long as maintenance and repairs are kept up to date. Current repairs include 

reconstruction of the waster weir. It was constructed in 1926, and in 2009, the dam safety review 

concluded that in accordance with the Canadian Dam Association Dam Safety Guidelines, the 

Jones Falls Waster Weir is approaching the end of its life span. This was observed by the poor 

conditions of the concrete abutments, access stairs and gains. The Dam Safety Review 

recommended reconstruction of the waste weir, and this will take place within a two year period 

and will include site preparation, construction of a temporary coffer dam, demolition of the 

existing waste weir to the extent required to facilitate new construction, construction of the new 

waste weir, removal of the coffer dam and site restoration. The project is assumed to not cause 

any adverse environmental effects (Canadian Environmental Assessment Agency, 2011). 

5.4.6.2 Gananoque Generating Station 

Gananoque Generating Station is a single-unit hydroelectric station located on the 

Gananoque River in Gananoque, Ontario. The station has been in service since 1939 and the 

headwork consists of a concrete gravity dam with manually operated steel gates and stop logs. 

The power canal feeds into the concrete intake equipped with steel trash racks and manually 

operated steel gates, which are used to control the water. One steel penstock conveys water to the 

concrete powerhouse. Water is discharged into the Gananoque River (Ontario Power Authority, 

2010) 
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5.4.6.2.1 Energy Outputs 

Gananoque generating station generates approximately 2,781 mWh of renewable energy 

per year. The station is connected to Canadian Niagara Power’s 2.4 kV circuit 27-12 from the 

Gananoque main substation (Ontario Power Authority, 2010). Although it does not generate as 

much energy as the Jones Falls station, it still produces a significant amount of energy that feeds 

the grid. 

5.4.6.2.3 Life Expectancy 

 Gananoque generating station has been running since 1939, a total of 72 years. It is 

nearing its estimated life span, and will need to be maintained towards the end of the station’s 

existence. Due to the operation of the plant for 72 years, a new plant would have to be emplaced 

to compensate for the deteriorating structure. 

5.4.6.3 Brewer’s Mills Generating Station  
 

Brewer’s Mills Generating Station is a three-unit hydroelectric station located on the 

Cataraqui River in Seeley’s Bay, Ontario. The station has been in service since 1939. The station 

has an installed capacity of 0.9 MW at a head of 5.5 meters. The headwork consists of a concrete 

structure integral with the powerhouse and with stop logs to control water. The concrete intake is 

equipped with steel trash racks. Three open flume penstocks convey water to the concrete 

powerhouse. Water is discharged into the Cataraqui River (Ontario Power Authority, 2010). 
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5.4.6.3.1 Energy Outputs 

This hydroelectric generating station generates approximately 2,429 MWh of renewable 

energy per year. The station is connected to Canadian Niagara Power’s 26 kV circuit 27-11 from 

the Gananoque main substation (Ontario Power Authority 2021). It generates roughly the same 

amount of energy as the Gananoque generating station, also supplying enough energy to the grid. 

5.4.6.3.2 Life Expectancy 

 Brewers Mills generating station has been running since 1939, being installed the same 

year as the Gananoque generating station. It will also have to be extensively maintained as it 

continues to reach the end of its life span. 

 

5.4.6.4 Washburn Generating Station   
 

Washburn Generating Station is a single-unit hydroelectric station located on the 

Cataraqui River in Seeley’s Bay, Ontario. The station has been in service since 1942, and 

refurbished in 1984. The station has an installed capacity of 0.2 MW at a head of 4.3 meters. The 

headwork consists of a concrete structure that is connected with the Road Bridge and waster 

weir. The concrete intake uses stop logs to control water. One pressure-treated wood stave 

penstock conveys water to the concrete powerhouse. Water is discharged into the Cataraqui 

River (Ontario Power Authority, 2010). 
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5.4.6.4.1 Energy Outputs 

This hydroelectric generating station generates approximately 352 MWh of renewable 

energy per year. The station is connected to Canadian Niagara Power’s 26 kV circuit 27-11 from 

the Gananoque main substation (Ontario Power Authority, 2010). The Washburn station does not 

generate a lot of energy per year, as the head is quite small. 

5.4.6.4.2 Life Expectancy  

Washburn generating station has been running since 1942 and has already been restored 

to improve its operating capabilities. It should continue to run for at least another 50 years and 

will require periodic maintenance. 
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5.4.7 Summary 

 These four generating stations within the FABR contribute greatly to the sustainability of 

the region. Hydropower is a clean and renewable energy source that does not have huge 

environmental impacts compared to other energy sources. It is a good source of energy for the 

FABR as there are significant water systems in the area such as the Cataraqui River and Rideau 

Canal. While it has large initial costs to implement the technology, the low maintenance costs 

and long life span make it a viable energy source. Opportunities for installing more hydroelectric 

stations will be discussed within the opportunities section of this report. 

 

 

 

 

 

 

 

 

 

 



))#$#! " # $ #
%

6. OPPORTUNITIES 
 

This section will suggest various opportunities available to the FABR to implement 

alternative energy sources either initially, or further. These opportunities will work together to 

promote sustainable energy practices. It is believed that the opportunities provided will set a path 

for FABR to follow in order to fully achieve their goals of sustainability within their UNESCO 

designated heritage site. 

 

6.1 SOLAR  

 There are many solar initiative opportunities being implemented within the FABR in the 

near future. This is reflected by the majority of the FIT contracts approved by the power 

authority as of April 8th, 2010 being for future solar installations. Solar installations, especially 

those large enough to run power to the grid, are typically very expensive. Though they are 

helpful to the environment and decrease reliance on non-renewable energy production, they do 

have drawbacks. These drawbacks include not only their expensive prices but also the hazardous 

materials required to manufacture, install, and dispose of the panels. In addition, a large amount 

of space is required for solar farms and their peak hours of generation do not align with peak 

hours of consumption. Furthermore, the fact that solar panels do not generate any power at night 

or on overcast days is also an issue. They also fail to generate power if they have been 

accidentally covered with debris, snow, or algae, which can form on the panels. Because solar 

panels have so many drawbacks and because so many future installations are already being 
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planned, we suggest that FABR put the remaining money and focus into other forms of 

alternative energy production.  

 However, if newly offered technological advancements in solar energy are utilized there 

may be future opportunities in onsite solar electrical production for industrial and commercial 

buildings. Large-scale commercial solar projects like this have been implemented on buildings 

such as FOX studios and Costco. The project involves the roof top installation of vertically 

integrated photovoltaic panels that are part of self-contained energy facility (Northwest National 

Laboratory, 2009). This means that although the panels do not feed the grid or offer power back 

to the utility companies, they do allow for a company’s unused roof space to provide a large 

portion of its energy requirements. This is achieved by using cylindrical panels, which are made 

possible by the incorporation of a thin film of copper, indium, gallium, and dieseline (CIGS) 

which give the panels their flexibility and allow them to be shaped (Northwest National 

Laboratory, 2009). These improved panels capture sunlight across a 360 degree photovoltaic 

surface and this surface is capable of converting direct, diffuse and reflected sunlight into 

electricity. Furthermore, the large rooftop square footage of commercial and industrial facilities 

offers the space required for the installation, unlike a high rise building which have smaller 

rooftop square footage compared to the building’s overall square footage. For this technology to 

be feasible for smaller businesses or the public the further development of a less expensive 

manufacturing process is crucial.  This could be accomplished by producing on a larger scale 

decreasing the unit cost of production (Northwest National Laboratory, 2009). 

 This opportunity does not offer the benefit of a solar map to determine ideal locations for 

a solar project such as this. Currently there is no straight forward way to calculate, compile and 

geographically present solar radiation measurements that is accessible to decision makers and the 
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general public. Thanks to researchers at the University of Texas solar data is now presented in a 

framework that can be used by policy makers, businesses and the public to help determine the 

magnitude of solar resources in a given region. This technology could aid consumers in selecting 

solar technologies as well as assist policy makers in developing solar policies (Journal of 

Renewable and Sustainable Energy, 2011). 
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6.2 BIOGAS  

Biogas System Road Map (all information was collected from multiple sites in OMAFRA) 

 For this road map, we suggest biogas systems to be built specifically in Leeds and the 

Thousand Islands due to available data and ideal location.  

 

1. Become Knowledgeable: 

 Farmers must gain knowledge of Biogas systems; this can be done by attending open 

houses or showcasing farmers, such as the Greens, who already have a system in place.  Farmers 

can contact manufacturers and contractors, such as PlanET Biogas Solutions, to discover how the 

system actually works.  Farmers can also attend the Annual Farm and Food Biogas Conference. 

This year, the conference will be held at the London Convention Centre in London, Ontario on 

March 5th-7th.  They can also take a course entitled Biogas Safety Awareness offered by Guelph 

University. This course is offered as a distance course and covers 3 modules: Flammable and 

Hazardous Gases, Emergency Management, and Daily Onsite Activities.   

 

2. Inquire about permits and approvals: 

 Farmers must then inquire about the permits and approvals needed before construction; 

this can be done by contacting their local municipalities. Farmers should also ask how a farm-

based anaerobic digester would be evaluated for tax purposes, keeping in mind that by 

implementing a biogas system, farmers can be eligible for Harmonized Sales Tax as input tax 

credits. They may also be eligible for the Federal Accelerated Capital Cost Allowance since a 
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biogas system is eligible under the Class 43.2 of Schedule 2 to the Income Tax Regulations.  For 

Leeds and the Thousand Island, the contact information is the following: 

Township Leeds and the Thousand Islands 
1233 Prince St. PO Box 280 

Lansdowne, Ontario K0E 1L0  
613-659-2415 or 1-866-220-2327 

 

3. Approvals for building the biogas system: 

 Depending on the type of biomass input and the type of energy produced, the process of 

gaining approvals to build the system itself may be different:  

a. Nutrient Management Regulates Mixed Anaerobic Digestion Facility (RMADF) 

 This will be given if the biogas system will include a mixture of approximately 25% of 

selected off-farm biomass materials such as corn silage and produce any type of energy that will 

be harness such as electricity or heat. 

b. Renewable Energy Approvals (REA) 

 This approval will be granted for all other electricity based biogas projects not given the 

RMADF approval or the Nutrient Management Strategy. 

c. Certificate of Approval for non-electric biogas projects 

 This approval is given if the biogas produced will be used only as a heating fuel. 

d. No approval for non-electric biogas system 

 Farmers can be denied approval for a non-electric biogas system that only uses 

agricultural waste. 

For more in depth information on these approvals, consult the Ontario Ministry of Agriculture, 

Food and Rural Affairs.  
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4.  Regulations for off-site biomass materials 

 To maximize the amount the amount of biogas produced, co-substrates can be added to 

the system. However, proper storage to minimize odour must be used. There are two types of 

regulatory processes that can be implemented to safely bring the co-substrates to the farm: 

a. Certificate of Approval (C of A) 

 C of A is outlined under the Environmental Protection Act. This approval is needed for 

on-site treatment facility and the land application of the digestate.  In securing this approval, the 

farm, or part of the farm, will turn into a waste disposal site (with proper storage, such as a blend 

tank). It should also be noted that a C of A is also needed if the farmers plan to use the digestate 

as fertilizers, which contains additional criteria to apply for.  

b. Approval under the Nutrient Management Regulation 267/03. 

 This approval permits mixing of limited amounts of specific off-farm co-substrates that 

will be added to the AD. Unlike C of A, it does have an off-farm co-substrate limit which can be 

seen in the following: 

1. <100 m3 onsite at any one time prior to digestion (except for farm feed materials) 
2. <5000 m3/ year 
3. <25% of the mix with farm source materials.  
 
It also has 3 lists of off-farm source materials: 

1. Materials allowed to enter the AD without pre-treatment 
2. Materials needed to heated at 70°C for one hour or 50°C for 2 hours. 
3. Materials not acceptable.  
 
 If farmers want to exceed this limit, they must apply for the C of A. The benefit about 

this approval is that once achieved, farmers can also spread their digestate to their farms without 

having to meet additional criteria. However, farmers must ensure that 50% of the biomass co-

substrates are from the agricultural sector.  
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5. Building the Biogas System 

 Before actually building the system, a building permit must be obtained from the 

municipal chief building official in the farmers’ municipality. In addition, farmers will also have 

to apply for the OMAFRA’s Minimum Distance Separation (MDS) Formulae in order to build an 

AD on the farm and if the farmers were not able to get a REA approval. Subsequently, once the 

permit has been given, farmers should hire contractors such as AMEC, PlanET, and Angus 

Power. (For a complete list of contractors, consult the OMAFRA website under the AD contact 

list) 

 

6. Connecting to the Grid 

 Connecting to the grid requires the input of multiple players including the farmers’ local 

electrical distribution company (LDC), which could be Hydro One, the Ontario Power Authority 

(OPA), and the Electrical Safety Authority (ESA). LDC is responsible for connecting and 

metering electrical generation projects. To be connected, farmers must first send a connection 

request to LCD and meet the following requirements: 

1. Receive all necessary approvals; includes ESA’s authorization to connect 

2. Must have a contracted agreement with LCD; includes the cost for line upgrades 

3. Must pay LCD for services including connection and metering costs. 

Finally, once the farmers have been connected to the grid they can then apply for a Feed-In 

Tariff Contract through the OPA. For more information on the FIT program catered specifically 

for biogas systems, consult the OPA website.  
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 Implementation 

 Since there is only one biogas system in existence within the FABR, we propose that 

more should be built. However, because of the large capital investment we suggest that farmers 

should collaborate in creating one biogas system to be shared. Alternatively, this road map can 

also be used for individual farms that want to create a biogas system on their farm. However, 

some of the funding opportunities may not apply. 

 More specifically, we suggest that more biogas initiatives should be implemented in 

Leeds and the Thousand Islands. Altogether, the county of Leeds and Grenville, which includes 

the area of Leeds and the Thousand Islands, contains 9985 dairy cows (Stats Can, 2006). This 

constitutes as 3.03% of all dairy cows in Ontario in 2006 (Stats Can, 2006).  In addition, 

according to figure 6.2.2, most of the farms in the area contain very large livestock dairy 

operations and have relative a large amount of dairy cows as illustrated by figure 6.2.1. (Atlas, 

1996). It is therefore ideal for the implementation of a biogas farm as it has a large supply of 

manure. In addition, if a biogas system were installed in the area, it would be relatively close to 

major cities such as Kingston (green), Gananoque (yellow) and Brockville (blue). With that 

being said, it will be relatively simple to find a tie in point to the grid – something the Greens, 

located at Seeley’s Bay, particularly had trouble with. In addition, they can have access to large 

fill sites within the area, especially close to the Ottawa region as figure 6.2.3 shows for 

additional co-substrates (OMFRA, 2010). This can be delivered via producers, processors, and 

hauler companies such as Detox Environmental Ltd, Everest Environmental Group INC, and 

Future Waste Management, which caters organic materials anywhere in Ontario (OMFRA, 

2010). (Additional companies, see appendix)  
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Figure 6.2.1: Map showing Animal Units per Km3 of Farmland on Very Large Livestock 

Operations.  
Red line represents the Leeds and Thousand Island boundary and the dots are major cities  

(Blue= Brockville, Yellow=Gananoque, and Green= Kingston)  
(Natural Resource Canada, 2004) 
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Figure 6.2.2: Map showing the average number of Dairy cows per square km of farm land. 
(Consensus Division 1996) 

 

 

 

 

Figure 6.2.3: Map showing the location of large landfill sites in Eastern Ontario. Red line 
represents the boundary of Leeds and the Thousand Island. 

 (OMAFRA, 2010) 
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6.3 GEOTHERMAL  

 Any business building scheduled to be built between now and December 31st, 2016 

should install a geothermal unit. They would benefit from the tax break incentive being offered 

through the Energy Improvement and Extension Act of 2008. This incentive offers a one-time 

tax credit of 10% of the total investment with no maximum for commercial system installations 

up until the date mentioned above. These installations would also benefit from the new 

construction rates associated with geothermal installations. New construction typically has lower 

upfront costs, and consequently a quicker return on revenue, as there is less catch up to be made 

in a lower investment and the installations costs can be financed in the mortgages of new 

construction buildings. This opportunity means the positive cash flow generated by the utility 

savings of 40- 70% will be almost immediate to a newly constructed business making it 

economically viable. An increase in the use of geothermal energy production helps decrease the 

amount of homes and businesses relying on non-renewable energy to heat their homes and 

buildings throughout the FABR promoting energy sustainability throughout the region 

(WaterFurnace Geothermal Comfort Systems, 2011). 

 

 

 

 

 



**#$#! " # $ #
%

6.4 HYDROLOGICAL  

Currently, the generating stations within the FABR run without storage capacity. This 

poses a problem during peak hours, as the stations might not be able to provide enough energy to 

power the communities. Therefore, it is recommended that the FABR implements dispatchable 

features to the dams which would increase energy sustainability in the future. Dams are semi-

dispatchable, as they cannot be turned on and off at any given time due to disruption to the water 

levels. However, the Robert Moses Niagara Hydroelectric Power Station has implemented a 

technology called pumped-storage hydroelectricity that the FABR can gain reference from. This 

method stores energy in the form of water, pumped from a lower elevation reservoir to a higher 

elevation. Low-cost off-peak electric power is used to run the pumps. During periods of high 

electrical demand, the stored water is released through turbines to produce electric power. 

Although the losses of the pumping process makes the plant a net consumer of energy overall, 

the system increases revenue by selling more electricity during periods of peak demand when 

electricity prices are highest. This process would allow the dams within the FABR generating 

electricity to increase their dispatchable abilities. They will also still be able to generate enough 

power to meet the region’s needs during peak consumption hours without too much disruption to 

the water levels, habitats, and anthropogenic uses of the river. 

In the theme of a dispatchable generating station such as the Robert Moses Niagara 

Hydroelectric Power Station, an opportunity recommended for the FABR would be to implement 

a new dam. Our recommendation is that it should be emplaced in Joyceville, as it is located near 

the Cataraqui River. An example of where it should be constructed can be seen in figure 5.5. It is 

also within close proximity to Brewer’s Mills and the Washburn generating stations. However, 
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the Brewer’s Mills station is nearing the end of its life expectancy, and a new dam will need to 

be installed to replace it to accommodate the energy needs of the FABR. 

The installation of a hydro plant in Joyceville would be an improvement towards 

sustainability within the FABR, as it would contribute to the growing energy needs of the 

community.  Due to the maturity of the Brewer’s Mills and Gananoque generating stations, the 

CEPP could be a large provider in grants to either renovate these previously existing structures, 

or fund the reconstruction of a new plant in Joyceville. 

 

 

Figure 12: Map showing the relative location of a possible hydropower plant within the FABR. 
(Google Maps, 2011) 
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6.5 WIND OPPORTUNITY 

6.5.1 Wind Energy Introduction 

 The evidence of wind energy has grown exponentially since the end of the twentieth 

century (Blanco & Rodrigues, 2009) and prevalence today continues to increase. Germany is the 

leader in the industry housing the most installed wind turbines as of 2007 (see Figure 6.5.1). 

European initiatives dominate this technology, as they rely on the innovations of wind power 

much more than other nations. As of 2011, Denmark produces 20% of its total electricity from 

wind power initiatives (Ontario Ministry of Agriculture, Food and Rural Affairs, 2011). 

Currently, Canadian wind farms collectively have a capacity of 4708 MW; that is enough energy 

to power over one million homes (CanWEA 2008). In today’s society, the importance of 

sustainability – personal, industrial, and environmental—is ostensibly evident. Energy use, 

particularly the commonality of overconsumption, is an issue directly related to the concept of 

sustainability. In a world dominated by industrialization and consumerism, the consumption of 

energy is obviously necessary, however the means of obtaining and producing that energy is a 

variable easily manipulated. 

 Wind energy is an opportunity currently not being undertaken within the FABR 

boundaries. However, this source is highly recommended for this area, as it will provide 

considerably to their sustainability efforts. By implementing wind turbines, electrical costs to the 

region would be reduced, their ecological footprint would shrink, and the FABR’s reputation 

would be strengthened because they would thereby be recognized as an environmentally 

conscious region. The economic returns and government incentives of this project are motivators 
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for its execution. However being a globally recognized UNESCO heritage site is the greatest 

influence, because of the significance behind the designation of this title. 

 

 
Figure 6.5.1: Distribution of wind turbines in the world in 2007 

 (Technology Quarterly 2008) 
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6.5.2 Prerequisite Material 

6.5.2.1 Types of Wind Turbines 

 Wind turbines are manufactured at different sizes depending on the area, project 

magnitude, and amount of electrical production available. Typically, wind turbines are built on 

two different scales: large and small (see Figure 6.5.2). Large wind turbines produce energy on a 

great scale and are generally installed as wind farms – large clusters of turbines together in one 

area. They produce the greatest amount of energy; the average typically yields 3MW of 

electricity. Small wind turbines are defined as any machine producing less than 100 kW of 

electricity. Their intention is to be used privately for residential use, farms, and small businesses 

(Ontario Ministry of Agriculture, Food and Rural Affairs, 2011) (Small Wind Tips, 2009).  

 Furthermore, turbines are classified as systems that can be used either on-grid or off-grid. 

Small wind is typically used on-grid, as it can supplement electricity that the grid provides, and 

reduce personal dependency on it. Off-grid systems, those not relying on public utilities, are 

intended to supply power to more remote locations.  
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Figure 6.5.2: Relative wind turbine height in relation to location usage and electrical power 
generated.  

(Gipe & Murphy, 2005) 
 

 
6.5.2.2 Wind Requirements 

The construction and success of a wind turbine on any piece of property depends greatly 

on the quality of natural wind in the area. According to the Ontario Ministry of Agriculture, Food 

and Rural Affairs, to house a profitable small turbine average annual wind speeds must be at 

least 4.0 – 4.5 m/s (see Figure 6.5.3 for average Ontario wind speeds at 30m above ground level). 

Wind speed measurements are available from government sources and local weather stations. 

Before construction commences, one must consult these references to ensure wind availability is 

sufficient. 

 Wind speeds increase as vertical height increases and therefore, turbine height is an 

influential variable to the construction. Increases to tower height can immensely increase the 
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amount of energy generated by one turbine. Figure 6.5.4 indicates the relationship between 

turbine height and electricity generated. 

 
Figure 6.5.3: Average wind speed map of Ontario at 30m above ground level. The red line 

represents a rough estimate of the boundaries of the FABR. 
 (OMAFRA 2011) 
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Figure 6.5.4: Chart indicating how wind speed increases with tower height.  
(OMAFRA 2011) 

 
 
6.5.2.3 Location 

 Various elements are considered when evaluating an installation location for wind 

turbines. Most importantly, turbines need to be situated far enough from houses, tree lines and 

other obstructions in order for the wind’s full potential force to be captured. In addition, wind 

speeds are greatest at high elevations (for example, on top of a hill) or near shorelines. The 

location of an intended turbine must be examined early on in the process of installation.  
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 In addition, it is crucial to evaluate the land being considered for turbine placement. The 

best place recommended is flat, rural areas with little obstructions. Typically, wind projects 

(especially wind farms) seem to require large amounts of land, as turbines themselves are large 

machines. However, the amount of land occupied is considerably less than the amount of land 

actually used because turbine spacing regulations require specific distances between turbines. 

This spacing allows for optimal wind capture; if turbines are too close they rob each other of 

potential wind.  

 It is important to also keep access in mind. Turbines have life expectancies ranging from 

10 to 20 years, but regular maintenance is still required. Regular access to turbines is important 

in order for this upkeep to occur. Roads running into, through, and out of wind farms are 

necessary to ensure access and maintenance is possible.  

 

6.5.3 FABR RECOMMENDATIONS  

Since wind initiatives currently do not exist within the FABR, our recommendations are original 

plans and ideas. Therefore, further direction and research will be needed before any 

implementation of wind turbines on land actually occurs. 

6.5.3.1 Turbine Classification 

 Large wind turbines and wind farms are economically and environmentally the most 

complex however in the case of the FABR, a large wind farm would be the most effective 

option. The FABR is predominantly a residential area. According to the City of Brockville 
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(2010) populations of the biggest counties exceed 10 000 households (as of 2010). By 

implementing a wind farm, it could provide power collectively to numerous homes and deviate 

from the reliance on fossil fuels.  

6.5.3.2 Project Location 

 Classified within the temperate deciduous forest biome, the land within the FABR is 

environmentally and biologically diverse (Biodivcanada, 2011). It is important, especially after 

being designated a UNESCO heritage site, that the current conditions of the land in this area 

remain constant – unless of course they are being improved by new initiatives taking place.  

It is recommended that any potential wind projects within the FABR occur towards its 

southern border. The land is relatively flat and is bordered by Lake Ontario. From Figure 6.5.5 

and 6.5.6, we can see that wind speeds in this area are greatest near the elevated banks of water 

where there are no obstructions. A wind project situated here would yield the greatest results. 
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Figure 6.5.5 Wind Speeds at 80 m agl. Red Line represents the FABR boundaries. 

(OMNR, 2011) 

 

 

 

 

 

 

 

 

Figure 6.5.6 Wind speeds above 100 m agl.  

(OMNR, 2011) 
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6.5.3.3 Benefits 

Many benefits come with the implementation of alternative energy sources. By implementing 

wind power, the FABR preserves water resources, benefits the economy, and generates tourism 

(CanWEA, 2008). Fresh water is a crucial natural resource for the success of all life on earth and 

therefore its preservation is important. Unlike other alternative sources such as hydrological 

which disrupt natural water flow patterns, wind turbines require no water for their purposes. 

With respect to the economy, the implementation of wind resources creates many jobs within the 

market. As of 2006, Denmark, Germany and Spain employed over 100,000 people within their 

wind energy industry (CanWEA, 2008). Canada, and more specifically the FABR, can use this 

information as reference and incentive towards the construction and implementation of wind 

farms in that area. Wind farms are objects of interest for many, so along with their execution 

within the FABR tourism would increase. The influx of visitors would boost the FABR’s 

financial resources and encourage the awareness of alternative energy sources. 

Perhaps the most convincing benefit of wind energy is cost. In today’s society, natural 

gas is consumed incessantly and resources will soon be depleted to a point of no return. Despite 

the rise in prices, consumers are still using natural gas daily to fuel their power needs. This 

constant consumption may be a result of the comfort or ease that comes with years of using 

natural gas. However, alternative energy sources also come with their own sets of benefits. By 

utilizing wind energy as a primary source of electricity production, natural gas can be preserved 

for more pressing issues. The biggest benefit of wind energy is, arguably, the fact that it is not 

susceptible to the increasing cost of fuel.  Wind energy does not rely on fuel for any element of 

its electricity production. Therefore, once a project is implemented, the price of electricity is set 
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and is detached from the daily spikes and dips of fuel costs. This fact alone is, in all likelihood, 

enough to convert consumers to the advantages of wind as an energy source. 

6.5.3.4 Feasibility 

The FABR is a large region covering 2700 square kilometers of south-eastern Ontario. 

Providing energy for this area of land is a huge task, but it is possible. Due to time constraints, 

information regarding where FABR receives its power from now was unable to be collected. 

However, some general material is known; FABR does receive a lot of its electricity from 

outside sources, but generates some of its own power as well. For example, the FABR offices are 

run on bullfrog power, a sustainable energy initiative using regional hydro facilities to produce 

electricity. For the purpose of this assessment however, we will assume that the energy being 

consumed in the FABR comes from neighbouring sources. 

Assuming that FABR’s energy is received from outside sources, it can be deduced that 

plants operated by the Ontario Power Generation (OPG) contribute to the power entering the 

FABR boundaries. From Figure 6.5.5, the power generating facilities surrounding the FABR are 

indicated. Other than the Lennox gas and oil plant, hydroelectric power plants are the 

predominant electricity generators. The amount of energy produced by these plants surrounding 

the FABR can be totalled to 3,320MW; or, 1,211,800MW per year. (The plants under 

consideration include: Lennox, Merrickville, R.H. Saunders, High Falls, and Mountain Chute). 

According to Gipe and Murphy (2005), large wind turbines produce 3MWh of electricity. 

From the information gathered from Figure 6.5.5, it can be assumed that the FABR would need 

forty-six 3MWh turbines, or ninety-two 1.5MWh turbines to produce a sufficient supply of 

energy for the purposes within their boundaries. 
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Figure 6.5.7: Ontario Power Generation electricity plants located around the FABR. The red line 
represents a rough outline of the FABR. 

(OPG, 2011) 

 

6.5.4 CASE STUDY 

While no wind initiatives currently exist within the FABR, we can look to projects nearby as an 

indicator as to whether or not wind energy will be successful; Wolfe Island is an excellent 

example. Wolfe Island, located just south of Kingston on Lake Ontario, is a recent example of an 

energy project in South-Eastern Ontario. Wind turbines provide clean and reliable energy to 

1200 residents in the winter; a population that doubles in the summer months (Thousand Islands 

Magazine, 2007). There are 86 turbines in total providing 198 MW of emission free electricity, 

making the Wolf Island wind facility the second largest in Canada (TransAlta, 2011). The 

turbines are 80m tall – optimal height to capture wind for this area. They are currently two years 

into a twenty year contract with the Ontario Power Authority. Landowners in this area were 
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given supplementary income for having wind turbines installed on the property – something that 

is common but not necessary if this initiative were implemented within the FABR. Residents of 

Wolfe Island have positive feedback, stating that the wind project “…is a real boost for the 

whole community”, “…has allowed this municipality to achieve sustainability and reduce 

property taxes”, and “…brought in some tourists who are curious to see what it’s all about” 

(CanWEA 2008). From this, we can see that the Wolfe Island initiative is not only successful, 

but also accepted and appreciated by residents involved with this project. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



,'#$#! " # $ #
%

7. LIST OF TABLES AND FIGURES 
 
TABLES 

Table 4.1: FIT contracts offered in the FABR 
 
Table 4.2:  Distribution Stations and Transformer Stations that have received applications to 
connect located in the FABR. 
 
Table 4.3: Overview of grant amounts offered for specific renewable energy sources 
 
Table 5.2.1: Components of Natural Gas, Biogas and Landfill gas 

FIGURES 

Figure 4.1: Solar panel installations by Strathcona 

Figure 5.2.1: Amount of Biogas Produced by different co-substrates. 

Figure 5.2.2: Hood Storage of an AD 

Figure 5.2.3: Process of the Production of Biogas and Digestate using a Biogas System 

Figure 5.2.4: Biogas Systems in Canada 

Figure 5.4.1: Demonstration of how a hydropower plant operates. 

Figure 5.4.2. Graph of top hydroelectric generating countries. 

Figure 5.4.3: Locations of the four generating stations within the FABR 

Figure 5.4.4: Average cost of power per kWh based on fuel maintenance and operational costs 

Figure 6.2.1: Map showing Animal Units per Km3 of Farmland on Very Large Livestock 
Operations 
 
Figure 6.2.2: Map showing the average number of dairy cows per square km of farm land 

Figure 6.2.3: Map showing the location of large landfill sites in Eastern Ontario 

Figure 6.4.1: Map showing the relative location of a possible hydropower plant within the FABR 

Figure 6.5.1: Distribution of wind turbines in the world in 2007 
 
Figure 6.5.2: Relative wind turbine height in relation to location usage and electrical power 
generated. 
 
Figure 6.5.3: Average wind speed map of Ontario at 30m above ground level. 
 
Figure 6.5.4: Chart indicating how wind speed increases with tower height. 



,(#$#! " # $ #
%
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9. APPENDIX 
APPENDIX I: LIST OF ABBREVIATIONS 
 
AD:   Anaerobic Digestion 

AGL:  Above Ground Level 

BDFB:   Business Development for Farm Business 

BMP:   Best Management Practises 

CAAP:  Canadian Agricultural Adaptation Program 

CEPP:  Community Energy Partnerships Program 

CHP:   Combined heat and power station 

C of A: Certificate of Approval 

COFSP:  Canada-Ontario Farm Stewardship Program 

ESA:   Electrical Safety Authority 

FABR:  Frontenac Arch Biosphere Reserve 

FIP:   Farm innovation Program 

FIT:   Feed-in-Tariff 

kW:   Kilowatts 

kWh:   Kilowatts per hour 

LDC:   Local Distribution Company 

MDS:   Minimum Distance Seperation 

MW:   Megawatts 

MWh:  Megawatts per hour 

OMAFRA:  Ontario Ministry of Agriculture, Food, and Rural Affairs 

OPA:   Ontario Power Authority 

OPG:   Ontario Power Generation 

PV:   Photovoltaic 

REA:   Renewable Energy Approvals 

RMADF:  Regulates Mixed Anaerobic Digestion Facility 

UNESCO:  United Nations Educational, Scientific, and Cultural Organization 
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APPENDIX II: PHONE DIRECTORY 
 
 

Company/Individual’s Name Phone Number 
Eastern Ontario Power (613) 382-2118 
Hydro One 1-888-664-9376 
Rideau St. Lawrence Distribution Inc. (613) 925-3851 
Strathcona Solar Initiatives (613) 354-6333 
JetStream Inc. (613) 453-0594 
Thake Home Comfort (613)-273-2062 
Fortis ( owner of hydrogenating dams in the area) (905) 871-0330 
Assessment of Renewable Energy Potential in 
Frontenacs 

(613)548-9400 
(Ext. 350- Joe Gallivan Manager of 
Sustainable Planning in Frontenacs) 
 

Elgin County (519)-631-1460 
Front of Yonge (613)-923-2251 
South Frontenac (613)-376-3027 
Township of Rideau Lakes (613)-928-2251 
Village of Westport (613)-273-2191 

Frontenac Community Futures Developments 
Corporation  

(613)-372-1414 

Renewable Energy Plum Hollow (613)-544-5575 
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APPENDIX III: FARMING AT FRONTENAC COUNTIES (OMAFRA, 2010) 
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APPENDIX IV: FARMING AT LEEDS AND GRENVILLE (OMAFRA, 2010)   
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APPENDIX V: INTERVIEW NOTES 
 
Warren Mabee 
 

! Grid has a physical limit and Hydro One manages the grids. These grids are at a max 

during peak hours. 

! There is no storage in the grid, therefore to maximize energy consumption one must use 

as one makes. This is impossible to do and energy is wasted. 

! Biomass and biogas are dispatchable sources of energy since they can be turned on and 

off. However, they can only exist in this state for a day. 

! Biomass and biogas are expensive and difficult to attach to the grid. It is cheaper to 

install wind and solar alternative energies. 

! Invention of grid storage is required whereby appliances can have and store batteries that 

are sensitive to times of high and low energy peak times. This decreases energy turn 

overs. 

! There is a lack of reservoirs nears the dams and as such there is a loss of potential energy 

production. Reservoirs might not be a feasible option as it can interrupt ships and 

residents.  

! Hydro is semi-dispatchable. 

! Net metering should be implemented where alternative energy should be consumed first 

and if require more power, one can collect from non-renewable energy.  

 


