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Foreword 

 

 Sierra Club Canada has, for many years, championed the cause of renewable energy with the goals of 

protecting Canadians from the dangerous health effects of hydrocarbons; protecting our environment from 

climate changing greenhouse gas emissions; and creating a sustainable economy. Toward these goals, Sierra 

Club Canada has supported the Ontario Green Energy Act and the resulting investment in the wind 

industry in Ontario and Canada. The Green Energy Act provides a springboard for the development of 

renewable energy through investment in small and large-scale projects, helping Ontario to move away from 

dangerous fossil fuels such as coal and oil. 

 

Recently in Ontario, there has been backlash and opposition to wind power. As a leading Canadian 

environmental organization, Sierra Club Canada sees this reaction as an indication of the need to further 

evaluate the safety and value of wind turbines and wind farms. After a thorough review of the science we are 

confident in saying there is no evidence of significant health effects that should prevent the further 

development and implementation of wind turbines, wind farms and wind energy. In fact, the further 

development of wind energy as a growing portion of our energy supply will reduce direct carbon emissions, 

improve the quality of the air we breathe, and generally improve the health and well-being of Canadians, 

our families and the environment in which we live.  

 

With a full review of available information Sierra Club Canada adds its voice to the overwhelming 

majority of governmental, non-governmental, scientific, and environmental groups in saying that a link 

between well-sited wind turbines and health concerns is unfounded. After a review of the pertinent 

information we hope that Ontario, and indeed all Canadian municipalities and citizens, can embrace wind 

power and the role it will play in a clean, safe, sustainable future.  

 

 

 

 

 

 
412-1 Nicholas Street, Ottawa ON  K1N 7B7  

Tel: (613) 241-4611  Fax: (613) 241-2292  email: info@sierraclub.ca  web: www.sierraclub.ca 
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A Literature Based Introduction to Wind Turbines in Ontario 
 

By Alexandra Gadawski and Greg Lynch 

Sierra Club Canada Interns 
____________________________________________________________________________________ 

Introduction  

 
In addressing wind power as a source of renewable energy a great many questions have been 

raised and concerns have surfaced. In the hopes of clarifying misconceptions and addressing the 

many questions posed, this document reviews available literature addressing wind turbines, the 

sound produced and health effects associated with them. Publications, journal articles, books and 

various studies have been reviewed and summarized to give an impression of wind as a part of the 

renewable energy sector in comparison with traditional electricity production. 

 

This literature review approaches questions of the wind industry on a large scale analyzing 

available studies which look at all aspects of the industry. This is a review of the available scientific 

knowledge discussing the viability, safety and environmental impact of wind power. Scientific 

knowledge and study are constantly changing and increasing; this document shows the current state 

of available literature on wind turbines and associated issues. 

 

 In discussing the many topics associated with wind turbines, certain limits must be drawn. First we are 

unable to discuss individual installations, wind farms or wind turbines. Second we have chosen to discuss 

the situation in Ontario as it has become a central location for this debate. Toward this end each effect or 

issue has been approached through the lens of the Ontario Guidelines.  

 

 As mentioned above, this report does not deal with specific instances and installation. For anyone 

interested in these issues the Ontario Land Owners Guide 2005
1

 released by the Ontario Sustainable 

Energy Association is recommended.  

 

 In approaching the topic of wind energy in Ontario this document begins by taking a large scope view 

of energy generation and consumption. The focus then narrows to discuss wind energy technology on a 

global scale. Finally the focus is shifted to the specific energy system in Ontario and the integration of wind 

power into that system. In doing so specific issues regarding human and environmental impacts are 

addressed. 

                                                 
1
 http://www.ontariosea.org/Storage/22/1377_LandownersGuideToWindEnergy.pdf 
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Contextualizing Renewable Electricity Generation  

 
Anthropogenic climate change is now a well documented phenomenon.  As stated in The Stern 

Review òan overwhelming body of scientific evidence indicates that the Earthõs climate is rapidly changing, 

predominantly as a result of increases in greenhouse gases caused by human activitiesó (Stern, 2006, p. 4). 

This view has been substantiated in multiple documents, and is supported by many organizations.   

It has been documented that average annual temperatures for Canada as a whole have increased 

1.4
o

C between 1948 and 2007, with some Arctic regions experiencing a 2.1
o

C increase in annual 

temperature during this time (Statistics Canada, 2009).  Seventy percent of greenhouse gas emissions are the 

result of energy generation in North America and Europe since 1850 (Stern, 2006, pp. 193).  

In 2000, per capita greenhouse gas emissions in Canada were 22.1 tons C02 equivalent (Baumert et 

al., 2005, p.21). To put this in perspective 1 kg of CO2 occupies a volume of 0.53 cubic meters 

(FieldCleggBradleyStudios et al., [No date]).  Driving a medium sized car 5,000 km results in 1 tonne of 

CO2 emissions (Statistics Canada, 2009).  This ranks Canada as the seventh worst greenhouse gas emitter in 

the Organization for Economic Co-operation and Development following Qatar, United Arab Emirates, 

Kuwait, Australia, Bahrain and the United States (Baumert et al., 2005, p.21). Although home to only 0.5% 

of the worldõs population, Canada is responsible for 2% of world wide greenhouse gas emissions (Statistics 

Canada, 2009). Correspondingly, Canada has one of the highest rates of per capita energy consumption in 

the world, sitting at 17,030.83kWh in 2008 (The World Bank Group, 2011).  

 
Figure 1: Per Capita Electricity Consumption in OECD Countries 2008 Information from (The World Bank Group, 2011) 
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In 2010, the majority of electricity produced in Ontario came from nuclear, followed by hydro, gas, and 

coal, with wind and other generation types making up the balance (IESO, 2011). 

 

 
Figure 2: Energy Output in Ontario by Fuel Type Information from (IESO, 2011) 

 

 

 Renewable energy is one solution to a dependence on fossil fuels, and a corresponding reduction in 

greenhouse gas emissions. A renewable source of energy is derived from gravitational energy, solar energy 

or the earthõs internal heat. This includes but is not limited to: wind, biomass, solar, hydro, geothermal or 

marine power. Wind power is an example of a renewable generation technique with tremendous potential. 

There are no direct greenhouse gas emissions from the generation of electricity from wind turbines, and 

every 1 MWh of electricity generated by a wind turbine equates to a reduction of 0.8-0.9 t in greenhouse gas 

emissions when compared to a power plant producing electricity from either coal or diesel (Statistics 

Canada, 2009).   

 

The variability of wind is sometimes cited as a barrier to the proliferation of wind power, but no 

energy source produces at 100% capacity all of the time. Capacity factor is commonly discussed when 

referring to electricity generation techniques. It is the actual output of a generating facility over the 

theoretical output if generation was at the maximum level all the time. For example, a power plant working 

at 100% capacity 50% of the time would have a capacity factor of 50%, the same as a power plant working at 

50% capacity 100% of the time.  The U.S. Energy Information Administration, in their report entitled 
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Electrical Power Industry 2009: Year in Review, publish information on average capacity factors by energy 

source (EIA, 2011). 

 

 Table 1: Average Capacity Factors by Energy Source in 2009 (EIA, 2009) 

Energy Source Average Capacity Factors % 

Coal 63.8 

Petroleum 7.8 

Natural Gas CC 42.2 

Natural Gas Other 10.1 

Nuclear 90.3 

Conventional Hydroelectric  39.8 

Renewable (Solar, Wind, Biomass) 33.9 

Average  44.9 

 

When reviewed over time the capacity factor for renewable energy can be seen to fall within the range of 

conventional energy sources, as seen in Figure 3 (EIA, 2009). 

 

 
Figure 3: Average Capacity Factors by Energy Source from 1998-2009 

 

 When evaluating the total emissions from electricity generation technology, it can be seen that the 

emissions from wind turbines are low when compared to other methods of generation (Jacobson, 2009, 

p.154). The comparison shown in Table 2 takes a holistic approach to the emissions associated with 

different forms of electricity generation. This analysis takes into account direct life cycle emissions, mining 
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emissions, emissions associated with accidents, war and terror, as well as òopportunity-cost emissionsó 

(Jacobson, 2009, p.154). This more complete accounting analyses the planning, approval, construction 

retrofit, and upgrades of different energy technologies and all associated delays (Jacobson, 2009, p.153-160).  

 

Table 2: Total eqCO2 Emissions from Various Electricity Generation Technologies (Jacobson, 2009, p.154) 

Technology Total Emissions in g CO2e/kWh
-1 

Solar PV 15-59 

CSP 8.5-11.3 

Wind 2.8-7.4 

Geothermal 16.1-61 

Hydroelectric 48-71 

Wave 41.7-62.7 

Tidal 34-55 

Nuclear 68-180.1 

Coal-CCS 307.8-571 

 

A report by the Canadian Medical Association (CMA) outlines the grave impact that air pollution 

has on human health, as well as the large financial costs associated with air pollution related illnesses. This 

report states that in 2008, air pollution was responsible for 21,000 deaths in Canada (CMA, 2008, p.iii). 

90,000 people will have died from acute effects and 710,000 will have died from long-term exposure to air 

pollution by 2031, with the highest number of deaths from acute exposure in Quebec and Ontario (CMA, 

2008, p.iii).  In 2008 air pollution was responsible for 620,000 visits to doctors offices, and 92,000 

emergency room visits, while these numbers are expected to rise to 940,000 and 152,000 respectively in 

2031 (CMA, 2008, p.iii).  In 2008 the cost of air pollution was $8 billion, and by 2031, the cumulative cost 

of air pollution will be $250 billion (CMA, 2008, p.iii). There are no emissions directly associated with 

energy produced from wind turbines (Andersen, 2008, p.11). 

Gipe has noted two deaths of members of the public from wind turbines; the noted deaths were 

òa crop-duster pilot in Texas who struck a guy wire on a meteorological mast and a female parachutist who 

drifted into a large turbine in Denmark on her first solo jumpó (Stankovic et al., 2009, p. 85). 

Wind Power 

 

While it is not precisely known when wind first began to be used as a source of power, it is likely 

that some form of windmill was used in Japan and China 3000 years ago (Wizelius,  2007, p.7).   The first 

wind mill to be well documented had a vertical axis, and was located in Persia, dating to 947 AD 

(Wizelius,  2007, p.7).   Horizontal axis wind mills were built in Europe by the later part of the 12
th

 

century (Wizelius, 2007, p.7).   Windmills were one of the dominant forms of power in Europe until the 



 11 

close of the 19
th

 century, with the number of windmills peaking in the mid-19
th

 century, numbering 9,000 

in the Netherlands, 18,000 in Germany, 8,000 in England, 3,000 in Denmark and 20,000 in France 

(Wizelius, 2007, p.9).   Early mills provided significant mechanical energy which was used in a variety of 

industries from flourmills and water pumps to lumber mills and the processing of various foodstuffs, 

spices and grains.  

 

Wind power has since developed in its efficiency and its ability to produce electricity, the form of 

energy we most commonly associate with wind turbines today.  Windmills of all sorts use the energy from 

the wind and the principles of aerodynamics to produce energy in many forms. Modern turbines add the 

use of a generator to produce electricity. In 1892 the first wind turbine used to produce electric power was 

build in Denmark by Paul la Cour (Wizelius,  2007, p.15).   

 

The familiar windmill has evolved, and in our age of growing energy consumption, is becoming an 

increasingly common feature, appearing on hilltops, across plains, and on the coasts, shores and banks of 

oceans, lakes and rivers.  New technologies are allowing the installation of wind turbines at increasingly 

greater distances off shore.  Modern wind turbines are designed and installed in multiple ways.  

 

There are two main types of wind turbines, horizontal axis wind turbines (HAWT) and vertical 

axis wind turbines (VAWT).  Turbines can further be classified based on whether they depend mainly on 

lift or drag forces to move their rotors (Stankovik et al., 2010, p.117). The primary types of lift based 

turbines are the Propeller (double-bladed and three-bladed), the Darius, the Cyclogiro, the Chalk 

Multiblade and the Sailwing, and the primary types of drag based turbines are the Fan, the Savonius and 

the Dutch (Walker and Junins, 1997, p.21). From the orientation and the number and type of blades, to 

the construction materials, all design aspects are variable (France Énergie Éolienne). In Ontario most wind 

turbines are three bladed horizontal turbines placed atop a tower of 80-120m, facing into the wind. 

 

The structure of wind turbines can be broadly broken up into three parts, the rotor system, the 

nacelle and the support structure, including the tower and foundation (Jain, 2011, p.169).  
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Figure 4: Diagram of Wind Turbine Components (EREC,2010, p. 94)  

 

Wind turbines work by transforming kinetic energy from the wind into electricity.  The rotor 

system, composed of the blades, the hub and the pitch mechanism, òcaptures wind energy and 

converts it into rotational kinetic energyó (Jain, 2011, p. 169). The tower and the foundation are 

structural elements, and the primary consideration when designing these elements is potential turbine  

loads and site soil conditions (Jain, 2011, p. 169, 180-181 ). The diagram in Figure 5 illustrates the 

main components of a nacelle, with a description of these components following. 
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Figure 5: Diagram Showing the Main Components of a Wind Turbine (FEE, [No Date])   

 

1) Transformer 

The transformer steps-up the electricity generated by the alternator to a voltage compatible with the 

transmission system in place. 

 

2) Alternator 

Energy from the wind is transformed into mechanical energy through the sweeping of the blades and 

the turning of the turbine hub. That mechanical energy is then transformed into electrical energy by 

the alternator. 

 

3) Mechanical Break 

For various reasons the wind turbine may need to be shut down or stopped. This may be for 

maintenance or due to adverse weather conditions. The mechanical break holds the blade and hub in 

place, protecting the internal mechanics. Usually in this case the blades are also rotated to allow the 

wind to pass through with minimal force applied. 
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4) Anemometer 

Constant monitoring of wind speed and direction is an important part of most wind installations. With 

constant monitoring in real time of wind speeds better prediction of wind speeds and future electricity 

generation becomes available. Cut in and cut out speeds are also usually linked with the wind speed 

registered at the anemometer. 

 

5) Rotor Hub 

The rotor provides the structure to connect the blades to the nacelle. It also turns with the blades and 

transfers that rotation to the alternator. 

 

6) Blade 

The three blades shown on the model of a wind turbine are aerodynamically designed to maximise the 

capture of wind energy and transform it into mechanical energy. Built like a wing, the blades rely on 

the principles of lift to function and collect energy. 

 

It is typically expected that the life span of a wind turbine will be between twenty and thirty years 

(Crawford, 2009, p.2655).  The major structural components, for example the base and the tower, can 

potentially last for many years beyond this range, while moving parts may require more frequent 

replacement (Crawford, 2009, p.2655).  A study on wind turbines by Crawford has shown that òThe life 

cycle energy requirements were shown to be offset by the energy produced within the first 12 months of 

operationó (Crawford, 2009, p.2653).  Many of the materials wind turbines are made of can be recycled, 

and no decommissioning issues are associated with wind turbines (Andersen, 2008, p.11). 

 

In discussing wind energy, and electricity in general, two units of measure are often used. In order 

to understand the conversations surrounding the topics, these units must be understood in the context. A 

watt itself is a rate of power, joules per second (j/s) (Wizelius, 2007, p.47).  Kilowatt denotes the power 

output of electricity equal to one thousand watts. A kilowatt hour (kWh) is the quantity of electricity 

equivalent to one hour of electricity at one kW.  

 

Wind turbines do not have any direct emissions.  They have the potential to reduce overall CO2 

emissions.  Table 3 shows the typical reduction in CO2 emissions that are possible based on the size of the 

wind turbine when compared to coal and gas fired power stations.  It should be noted that òThe amount of 

carbon a turbine saves also depends on how a project has been designed as well as the lifetime/reliability of 

the turbineó (Stankovik et al., 2009, p.21). 
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Table 3: Typical Available Energy and Reductions in CO2 Emission from Various Sizes of Wind Turbines  (Stankovik et al., 2009, 

p. 21) 

HAWT  Energy Capture Carbon Savings 

Blade  Mean Wind Speed 5.5 m/s 

Coal Fired Power 

Station 

Gas Fired Power 

Station 

Diameter  

(m)  Power from Turbine (kW) 

Annual Turbine 

Energy (kWh) 

Tonnes 

CO2/year 

Tonnes 

CO2/year 

1  0.02 374 0.4 0.1 

2  0.09 1496 1.5 0.4 

5  0.56 9350 9 3 

10  2.24 37,401 37 10 

15  5.03 84,153 82 23 

20  8.94 149,605 147 40 

25  13.97 233,758 229 63 

30  20.12 336,611 330 91 

35  27.38 458,166 449 124 

40  35.77 598,420 586 162 

50  55.88 935,032 916 252 

60  80.47 1,346,446 1320 364 

70  109.53 1,832,662 1796 495 

80  143.06 2,393,681 2346 646 

The cut in speed of a wind turbine, which is dependent on the design of the blade and the friction 

of the components,  refers to the wind speed at which enough force is provided by the wind to turn the 

blades (Stankovik et al., 2009, p.72).  The cut-out wind speed refers to the speed at which the wind 

turbine will cease to spin to prevent the turbine from damage (Stankovik et al., 2009, p.72).  The rated 

wind speed is the speed at which the wind turbine is extracting a maximum amount of energy from the 

wind (Stankovik et al., 2009, p.72).  Annual mean wind speed is simply the average wind speed at a site 

over the course of a year, while the minimum annual mean wind speed is the speed at which òthere will be 

enough energy in the wind on an average basis to begin to consider the idea of installing a wind turbine on 

the corresponding site. Although there is no definitive point at where the technology will move from 

unfeasible to feasible, a useful value to keep in mind is a minimum annual mean wind speed of 5.5 m/s ó, 

with the measurements taken at the hub height of the proposed turbine (Stankovik et al., 2009, p.72).  

Table 4 shows the typical wind speeds required for wind turbines to perform.  
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Table 4: Typical Wind Speeds for Wind Turbines Actions (Stankovik et al., 2009, p.73) 

 Wind Speed 

 m/s km/h 

Possible Cut in Speed 3 10.8 

Typical Cut in Speed 4 14.4 

Minimum Annual Mean Speed 6 21.6 

Typical Rated Speed 12 43.2 

Typical Cut-out Speed 25 90 

 

Wind power has the advantage of not being land intensive. Wind farms generally require 0.08-

0.13km
2

/MW  of generation capacity (Andersen, 2008, p.12). The land surrounding the wind turbines can 

remain as natural habitat or agricultural land (Andersen, 2008, p.12).   

Canada has 0.5% of the world population, and 20% of the world supply of fresh water, 7% of which is 

considered to be renewable (NRTEE, 2010, p.15). Due to this ratio it may seem that Canada will be immune 

to water issues, but this may not be the case moving forward. A report by the National Round Table on the 

Environment and the Economy, entitled Changing Currents,  states: 

Between now and 2050, Canadaõs population is expected to 

increase by 25%, the Canadian economy is predicted to grow 

approximately 55% by 2030, and climate change is anticipated to 

increase temperatures, change precipitation patterns, and increase 

the frequency of extreme weather events such as floods and 

droughts. These stresses will impact Canadaõs watersheds and create 

new pressures on the long-term sustainability of our water resources.            

(NRTEE, 2010, p.15) 

 

In the NRTEE report gross water consumption is considered to be òthe total amount taken 

from surface water bodies or aquifersó, while consumptive water use is òthe amount of water intake that 

is not returned to the source, and which is generally lost to evaporation or contained within wastewater 

or productsó (NRTEE, 2010, p.29).  It is stated that thermal power generation, account for 64% of gross 

water consumption in Canada (NRTEE, 2010, p.61). While thermal power generation can be 

considered to be nuclear power, electricity from fossil fuels such as coal, oil and natural gas, and 

electricity generated from biomass, biogas, municipal waste and industrial bi-products,  the NRTEE 

report only considered fossil fuels and nuclear, as other types of generation make up a very small 

percentage of thermal generation in Canada (NRTEE, 2010,p.73). 



 17 

 
Figure 6: Gross Water Use by Sector in Canada in 2005(NRTEE, 2010, p.61) 

 

Thermal power generation accounts for 12% of consumptive water use in Canada (NRTEE, 2010,p.62). 

Thermal power plants primarily use water for cooling, and for the creation of steam to operate turbines 

(NRTEE, 2010, p.75). Wind turbines do not use water when in operation, though small amounts of 

water may be used to clean the blades (DOE, 2006, p.17). 

 

It has been estimated by the International Energy Agency that by 2030, due to increased demand 

and the necessity of replacing existing generating plants, 74 gigawatts of new electrical generation capacity 

will be required in Canada (NRTEE, 2010, p. 68). 

Wind Power Internationally 

 

All around the world countries are moving aggressively to increase their wind generation capacity.  

This increase in installed generating capacity is documented in the Global Wind Report Annual Market 

Update, with Europe and Asia leading (GWEC, 2010, p.14).  
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Figure 7: Global Cumulative Installed Wind Capacity 1996-2010 Information from (GWEC, 2010, p.14) 

 

Over the course of 2010 many countries, most notably China, have dramatically increased their number of 

wind installations (GWEC, 2010, p.11). 

 
Figure 8: Installed Wind Power Capacity in 2009 and 2010 Information from (GWEC, 2010, p.11) 
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Canada and Wind Energy 

Canada remains behind the rest of the world in installed wind generation capacity, despite the fact 

that there are tremendous benefits to be gained from renewable electricity generation.  If Canada continues 

to delay involvement in the renewable energy industry, it will become increasing difficult to be competitive, 

as other countries will have substantially more knowledge, skill and development. 

 
Figure 9: Distribution of Total Installed Wind Capacity as of Dec 2010 Information from (GWEC, 2010, p.12) 
 

According to Bloomberg New Energy Finance, in 2010 worldwide investment in wind power 

increased 31% to an all time high of 96 billion USD (GWEC, 2010, p.18). It would seem prudent to 

capitalize on the influx of capital and interest in this sector. Investment in wind energy would create jobs in 

many sectors, including communications, business, marketing, meteorology, many streams of engineering, 

mechanical and electrical technology, research and the construction trades (EREC, 2001, p.2). 

Since 2009 the United States has made substantial investment in clean energy. If Canada were to 

match these investments on a per capita basis, an additional $11 billion would need to be set aside for 

renewable energy development (Campbell et al., 2010, p.2). It is anticipated that this would lead to the 

creation of 66,000 jobs in the clean energy sector, with the potential of additional job creation in the energy 

efficiency and transport industries (Campbell et al., 2010, p.2).  


























































































