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Abstract 

A review of Ontario’s electricity mix over the past two decades provides lessons for future 

electricity supply planning.  To sustain the level of well-being in a community and plan for the 

future, a historical perspective of electricity generation capacity is useful.  The electricity 

generation mix requires a balance of generating technologies for stable and controllable 

amounts of continuous electricity generation.  Historical records over forty years reveal nuclear 

energy to be a reliable baseload producer in a sea of changing supply mix and policy emphasis.  

As intermittent sources of generation in the electricity mix increase, the need for backup 

generation capacity also increases, in conjunction with maintaining a stable grid.  In the 

electricity mix, flexible despatchable power generation capacity comes from gas and hydro, 

which can be brought online at short notice to meet variations in demand and generation. 

Within the past decade, the non-hydro renewable contribution to the electricity mix has 

increased in Ontario.  This review determined that replacing coal-fired generation with nuclear 

and renewable electricity sources reduced the carbon intensity significantly.  The energy 

(including electricity) use of a community is closely linked to the health of the economy - 

significant reductions in energy use occur due to global economic factors like a recession. 

Introduction 

An indispensable element of sustainable human development is access to energy.  It is a crucial 

input to nearly all goods and services.  Energy supply, sustainable development and human 

development are different facets of an intertwined continuum.  Access to an assured supply of 

energy improves economic growth and household incomes, and results in an improved quality 

of life that comes with better education and health services.  The UN Human Development 

Index (HDI) - a composite index based on measures of health, longevity, education, and 

economic standards of living - correlates strongly with the per capita electricity consumption of 

a society.  In 2013, the HDI attributed to Canada was 0.911, placing it in the eleventh position 

globally [1].  An HDI of 0.9 or higher corresponds to almost 6000 kWh per capita of electricity 

consumption. 

About 13.5 million people, 38.5% of Canadians, call Ontario home.  As the most populous 

province in Canada, the demand for reliable and affordable energy (including electricity) in 

Ontario can have national importance.  Ontario depends on diverse energy resources to meet its 

electricity demand, and the “Energy Mix” is an indicator of the flexibility in electricity 

generation.  Energy mix in much of this paper refers to the Ontario electricity generation mix 
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during the past two decades.  The vast majority of electricity generation in Ontario is 

administered by the Independent Electricity System Operator (IESO).  The IESO-administered 

electrical generation capacity of Ontario is 32,961 MW (2014 January) incorporating 39.3% 

nuclear, 30.1% gas, 24.1% hydro, 0.9% coal, 5.2% wind, and 0.4% other (wood waste and 

biogas); in 2013 the generation production was 59.2% nuclear, 11.1% gas, 23.4% hydro, 2.1% 

coal, 3.4% wind, and 0.8% other [2].  Economic factors, resource availability, consumer 

preferences, and environmental concerns have been shaping the provincial energy mix over the 

past couple of centuries.  The same factors will shape the future electricity mix of the province. 

The energy needs of Ontarians were first met historically by the vast forests, animals and water-

driven saw and grist mills.  Low energy density biomass (firewood) was partially replaced by 

higher energy density coal imported from the United States, which became the preferred fuel 

for domestic, industrial and transportation use by about 1850.  Petroleum oil was commercially 

introduced with the discovery of oil near Sarnia in 1858 and the arrival of kerosene lighting, 

thus giving the province a five-component energy mixture before the advent of electricity.  

With the rapid advances in electrical technology during the late 19
th

 and early 20
th

 centuries, 

electricity (particularly hydroelectricity) grew to be a significant energy supply for the province, 

mainly after the creation of the crown-owned Hydro-Electric Power Commission of Ontario 

(HEPCO) in 1906.  As the HEPCO grew, with the rise of street railways and an extended 

electrical distribution network, virtually all new generating stations were hydroelectric in the 

first half of the twentieth century. 

Gasoline internal combustion engines arrived in Canada in the early 1900s, so petroleum fuels 

began to occupy an increased portion of the provincial energy demand.  Somewhat later than 

oil, natural gas began to occupy a significant segment of the Ontario energy mix, with the 

completion of the TransCanada pipeline in 1958 and its subsequent expansion for home heating 

and electrical generation.  Large coal and oil thermal electric power plants were built in the 

1950s and 60s, raising the proportion of thermally-generated electricity from essentially none in 

1960 to over one-third in 1970.  Fossil fuels dominate the energy mix today, particularly for 

transportation and heating, although coal use has decreased sharply in Ontario. 

The prototype nuclear power reactor (Nuclear Power Demonstration) began operation in 1962, 

and the first full-scale nuclear power station (Douglas Point, the first true CANDU) was opened 

in 1966.  Subsequent commercial-sized nuclear stations followed at Pickering, Bruce and 

Darlington.  Lately, the province also started incorporating industrial wind turbines (2,150 MW 

by 2014 January) and large-scale photovoltaic solar (over 150 MW by 2014 January). 

The objective of this paper is to review Ontario’s electricity mix over the past two decades, 

learn lessons for the future of Ontario’s electricity supply, and to extend the lessons to other 

parts of the world.  The time is ripe to review the past, particularly as Ontario reduces the 

environmental footprint of electricity generation across the province by eliminating coal-fired 

generation capacity. 

1. Dynamics of energy preferences in Ontario 

The energy preferences of a community are based on its price, characteristics, availability, 

environmental consequences and the applicability to consumer need.  For example, in the mid 

nineteenth century the primary heating/cooking energy source in Ontario changed from 

firewood to coal due to its higher energy content and the ease of transport and storage compared 
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to firewood.  Fuel oil became popular for the same reasons, and the rise in the popularity of 

automobiles from the early 1900s increased its availability.  The development of electricity 

paved the way for a very convenient energy supply for domestic and industrial use.  With 

electricity, the generation of energy became centralized with large plants - hydroelectric, fossil-

fired and nuclear power plants supply the majority of the Ontario demand.  Centralized power 

generation and distribution over power lines has the advantages of relatively inexpensive energy 

transportation and distribution, in addition to the high flexibility of the final product - from 

simple heating to advanced electronics.  Ontario’s domestic heating and cooking fuel needs are 

met either by electricity or natural gas, having largely replaced fuel oil and coal heating. 

The changes to the electricity mix during the recent decade highlight the electrical generation 

preferences within Ontario.  As shown in Figure 1, the electricity production managed by the 

IESO (i.e., the vast majority of Ontario’s utility generation) gradually increased by about 8% 

from 147 TWh in 2003 to 159 TWh in 2008, and then decreased by 6.3% to 149 TWh in 2009, 

coincident with the global recession.  The electricity production then slowly increased to 

154 TWh in 2013.  While the annual electrical production fluctuated by 4% about the average, 

during this decade, the generation mix went through significant changes.  Figure 1 also shows 

the contributions of nuclear, hydro, coal, gas, wind and other production methods.  Nuclear 

energy increased from a 43% share in 2003 to 59% in 2013, while coal diminished from 25% to 

2%.  The total production remained relatively steady during the period; the decreased 

contribution of coal was replaced by nuclear (+16.2% share), natural gas (+3.0%) and wind 

(+3.4%), while the contribution of hydro remained stable.  Ontario needs to address what 

options in the energy mix are available to offset the loss of production from the remaining coal 

fired power plants, and any rise in demand. 

 

Figure 1   Ontario electricity generation sources (IESO-managed) during 2003-2013 
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The total installed capacity by fuel type is compared in Figure 2 over a period of two decades.  

The largest contributor to the energy production mix is nuclear, followed by coal until 1994.  

The generating capacity from coal rapidly declined from 10 GWenet to about 4 GWenet whereas 

the contribution from gas exponentially increased within the two decades.  The generating 

capacity from hydro remained constant at about 8 GWenet. 

 

Figure 3   Total installed electrical capacity in Ontario by fuel type 

A comparison of installed capacity and electricity generation (Table 1) reveals some interesting 

insights.  Nuclear, with 36% of Ontario’s installed generation capacity, produced 60% of the 2013 

electricity production.  By comparison, hydro produced approximately the same fraction as its 

installed capacity; coal, natural gas, and wind produced significantly lower fractions of the 

generated electricity than their installed capacity.  When installed capacity exceeds the actual 

production, the capital investment idles more and the cost to the rate payer increases.  On this 

basis, it is clear that nuclear is the best baseload generating option available to Ontario. 

 

Table 1   A comparison between the fractions of installed capacity and electricity production in 

Ontario 

 Estimate of average 2013 

installed capacity (MWe) 

Estimate of average 2013 

installed capacity (%) 

2013 Production 

fraction (%) 

Nuclear 12,947 35.98 59.2 

Hydro 7,939 22.07 23.4 

Coal 3,136 8.72 2.1 

Natural Gas 9,920 27.57 11.1 

Wind 1,913 5.32 3.4 

Other  124 0.34 0.8 

Total 35,979 100.00 100.0 

2. Future electricity choices in Ontario 

Each energy source has advantages and disadvantages.  In a diverse energy mix, the advantages 

of one energy source can help offset the disadvantages of another.  Increasingly the preferred 
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energy mix in Ontario is shifting towards a larger share of renewable energy.  As shown in 

Figure 4, the contribution of industrial-scale wind energy to the Ontario electricity mix 

increased from an insignificant contribution in 2005 to about 3.4% in 2012.  The projected 

intermittent renewable contribution to the electricity mix by 2030 is about 13% [3], of which 

10% will come from wind and the remaining from solar photovoltaic. 

The introduction of intermittent renewable electricity to the energy mix adds a new layer of 

complexity [4].  The electrical generation capacity of wind and solar requires other forms of 

generation to ensure the grid will follow the load demand.  A load-following power plant 

adjusts its power output as the demand for electricity fluctuates throughout the day or the 

season.  The availability of wind and solar depends on weather conditions (as well as the 

diurnal and seasonal cycles).  The direct consequence of intermittent energy production is a low 

capacity factor, the ratio of the actual energy produced within a given period to the maximum 

possible if the system were to run full time at rated power.  The 2006-2013 Ontario wind farm 

average capacity factor is 31% (Figure 5) and about 15% average capacity factor is expected for 

photovoltaic. 

Hydro has the advantage of being either load following (i.e., increasing or decreasing 

production to meet demand fluctuations) or a baseload supplier (depending upon the dam size 

and limitations in forebay level fluctuations).  This operational flexibility allows some 

hydroelectric stations to function as baseload plants, while others can operate as load-following 

plants.  The contribution of water power to the energy mix of the province is about 20% with an 

installed capacity of 8000 MW [3].  The province is projecting a 1000 MW increase to installed 

capacity by 2018, which will likely produce a modest increase of about 2 to 3% in the 

contribution of hydro to the energy mix. 

In comparison, the nuclear fleet in Ontario runs at an average capacity factor of about 80%.  

Figure 6 shows the output of the backbone of Ontario’s nuclear fleet - the twelve reactors at 

Bruce B, Pickering B and Darlington that have operated as an uninterrupted cohort since the 

final one entered service in 1993.  There are now 18 reactors operating in Ontario, due to the 

21
st
 century refurbishments and restarts of 6 older units at the Pickering A and Bruce A stations. 

Weather-dependent electricity generation makes forecasting production difficult.  When the 

fraction of intermittent power generation is low, the impact is negligible, but with deeper 

penetration of intermittent sources of electricity production in the generation mix, this cost 

becomes significant.  Unpredictable operational patterns and the difficulties in integrating such 

generation into the electric grid stress the system stability.  Integrating a greater share of wind 

and solar generation in the energy mix requires reliable technical solutions from grid operators 

to compensate for the intermittency. 
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Figure 4   The Ontario electricity sources showing the growing contribution of wind energy 

The high rotating inertia of turbine-generator sets is required to maintain the grid frequency 

stability when sudden disturbances occur due to loss (or gain) of generation or demand.  The 

synchronised inertia of generators in a large interconnected grid offsets sudden fluctuations in 

load and provides valuable reaction time for governors to increase or decrease generation.  With 

significant intermittent renewable energy contribution to the grid, the inertial frequency 

compensation capacity is diminished.  In large interconnected grids, the total inertia is 

sufficiently high that frequency departures are easily compensated.  In grids with significant 

wind energy penetration, frequency stability is more difficult to maintain if the other generators 

do not have adequate inertia [4]. 

 

Figure 5   The Ontario wind fleet capacity factor showing seasonal variations (IESO data). 



The 19th Pacific Basin Nuclear Conference (PBNC 2014) 

Hyatt Regency Hotel, Vancouver, British Columbia, Canada, August 24-28, 2014. 
 

  

 

 

Figure 6   The annual output of the 12 reactors at Bruce B, Pickering B and Darlington. 

The uncertainties in forecasting the output of intermittent resources and system loads impose 

unexpected load-following requirements and dispatch problems.  These uncertainties add risks 

to the reliability, control and operational performance characteristics of the power grid, leaving 

the system operators to assess the occurrence and the magnitude of grid fluctuations and 

mitigate adverse impacts caused by the intermittency of power generation.  The power system 

operators forecast the surplus base load a day-ahead, hour-ahead, or on real time to decrease 

production or decide to sell power to a market outside of the province.  For example, Bruce 

Power can reduce their generation by up to 2400 MW, out of ~6500 MW, when all units are in 

operation, by bypassing steam from the turbine to the condenser [5].  Such load-following 

manoeuvres incur an additional cost, and the cost of load following is poorly understood.  In 

general, cycling decreases component life through damage caused by fatigue, creep, and other 

stresses.  Preliminary cost estimates of load following were conducted by the Public Service 

Company of Colorado to assess the impact of load following on emissions [6] from coal-fired 

power plants, due to an increased wind energy contribution.  The study concluded that the load 

cycling increased the amount of NOx and SOx emissions in the air quality control equipment 

compared to a stable operation period. 

Despite the challenges, intermittent renewable energy resources can be integrated into the grid 

with adequate planning, energy storage (e.g., pumped water) and operator experience in 

handling the frequency and cycle management.  With increased use and investment, innovative 

solutions can be found to most of the challenges faced by the distribution and generation 

systems.  These innovations, integrating renewable energy sources to the grid, are already 

appearing around the world. 

3. Elimination of coal, conservation and reduction of emissions 

Ontario installed scrubbers on its coal-fired generators through the latter decades of the 

twentieth century, particularly to reduce emissions of the sulphur dioxide and nitrous oxides 
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that are contributors to acid rain.  With the increased concern over carbon dioxide emissions, 

the decision was made to phase out coal-fired power plants; as of 2014 March, there remain 

only 517 MW of coal-fired generation at two plants in northern Ontario, and these are being 

converted to biomass and natural gas. 

Historical data (Figure 7) illustrates the declining use of coal in electricity generation, which is 

being replaced by nuclear and intermittent renewable generation.  The drop in coal use reduced 

the Ontario CO2 intensity factor from 0.3 kg CO2/kWh to less than 0.1 kg CO2/kWh, between 

2003 and 2013 (Figure 7).  The majority of the coal-fired electricity generation capacity was 

replaced by nuclear.  Ten Ontario nuclear reactors are approaching the end of the first phase of 

their lives and will require refurbishment to sustain the level of electricity needed by the 

province.  The current plan is to begin refurbishments in 2016 and continue the process until 

2030, with each unit projected to go offline for up to three years during refurbishment [3].  

 

Figure 7   Annual gross production from Ontario electricity generators (IESO) and the annual 

carbon intensity factor. 

Planning large-scale changes in the electricity mix is a difficult task, due to several conflicting 

parameters.  Each energy source has benefits and disadvantages, depending upon things like:  

i) the construction, operating and decommissioning costs, including the cost of borrowing, 

ii) reliability, despatchability and integration into the grid, iii) environmental and waste 

management considerations, iv) planning requirements and limitations, v) public acceptability, 

vi) the urgency of implementation (dependent upon the economy and the remaining life of 

current generation capacity), and vii) the time requirements for planning, construction and 

commissioning. 

As an example of proposed changes to the electricity mix, in 2003 the Campaign for Nuclear 

Phaseout (CNP) predicted the end of nuclear generation in Canada by 2020, to be replaced by 
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conservation (i.e., increasing efficiency in electricity use), fuel switching, co-generation, 

increased east-west electricity trade, and wind, solar and biomass generation [7].  Over the past 

decade each of these areas received substantial investment in Ontario, including: replacing 

incandescent bulbs with compact fluorescent light bulbs and light-emitting diodes (LEDs); 

installing domestic “smart meters” to implement time-of-use electrical rates and reduce the 

diurnal demand peaks; constructing 1250 MW of interconnections with the Hydro Québec grid; 

closing or converting (to gas or biomass) all remaining coal stations; constructing over 

2000 MW of wind and more than 100 MW of solar photovoltaic; extensively upgrading hydro 

stations on the Niagara River (including a new tunnel) and Mattagami River; and constructing 

several thousand MW of natural gas-fired generation. 

Despite the extensive investment in conservation and the Ontario electrical grid, nuclear 

generation remains the largest single electricity source.  Figure 8 shows the CNP predictions of 

the total Canadian nuclear production a) assuming no reactor restarts (broken pink line) and 

b) including three reactor restarts (solid pink line).  The thick green lines (broken and solid) 

show the historical data for the same groups of reactors, taken from the International Atomic 

Energy Agency (IAEA) Power Reactor Information System (PRIS).  A total of four reactors 

restarted in Ontario between 2003 and 2005 - Bruce 3 and 4, and Pickering 1 and 4 - while 

Bruce 1 and 2 were refurbished and restarted in 2012.  In addition, Point Lepreau (New 

Brunswick) was refurbished and returned to service in 2012, the same year Gentilly 2 (Québec) 

was permanently shut, and the twelve reactors operating in 2000 have received upgrades and 

their operation has steadily improved. 

The shaded area in Figure 8 shows the difference between the 2003 projection and what 

actually occurred; in 2013 the difference amounted to approximately 40% of Ontario’s total 

generation.  The six reactors at Pickering are slated for closure by 2020, but six more at Bruce 

and the four at Darlington are to be refurbished.  Thus nuclear energy will continue to 

contribute significantly to the energy mix of Ontario and Canada for many years, even without 

new builds, provided nuclear safety and transparency are reinforced to strengthen public 

acceptance. 

Increasing energy use efficiency (commonly, but improperly, known as conservation) and 

reducing energy intensity (the amount of energy used per unit of gross domestic product) has 

been successfully applied to reduce emissions and sustain development in many parts of the 

world including Canada.  Therefore, promoting economic activity and increasing the gross 

domestic product without an appreciable increase in energy consumption is an attractive option.  

During the past decade, the Ontario economy changed significantly; heavy manufacturing and 

natural resource sectors were reduced, being replaced by increases in the service and 

information technology sectors.  The overall effect is a decrease in the per capita electrical 

consumption that correlates to a decrease in the energy intensity (Figure 9).  The steep declines 

in 2008-09 were partially driven by the recession, but the trends continued during the 

subsequent economic recovery, evidence the make up of the economy is changing. 
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Figure 8   Canadian net nuclear electricity production –IAEA PRIS data compared to 2003 

predictions by the Campaign for Nuclear Phase out. 

 

Figure 9  Ontario per capita electricity consumption and electricity intensity (2007 dollars) 

In 2013 Ontario assessed the relative cost of electricity production, and determined that 

improving energy efficiency in various sectors of the economy offered the lowest relative cost 

of electricity, followed by nuclear refurbishment [8].  The relative cost is calculated as a ratio of 

the lowest cost option to other methods or to adding new generation capacity.  Nuclear new 

build is also shown to provide low relative cost after refurbishment [8].  A number of 

innovative energy efficient solutions (e.g., LED lights, lake water cooling for centralized air 
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conditioning chillers) are being developed; public acceptance for these solutions requires 

promotion, incentives, and social benchmarking.  

4. Conclusion 

Ontario is the most populous province in Canada with 38.5% of Canadians.  The reliable and 

affordable electricity supply in Ontario bestows its residents an improved quality of life with 

better education and health services.  To sustain this quality of life, the future electricity supply 

needs to be planned and executed to meet the economic demand.  A historical overview of 

Ontario’s electricity mix was completed to learn from the past.  The following lessons are of 

interest not only to Ontarians but also to the international audience: 

 Replacing coal with nuclear, natural gas and intermittent renewable sources in the electricity 

mix reduced carbon intensity. 

 Electricity use is closely linked to the health of the economy – it decreases significantly during 

a recession.  However, changes in the economic basis (primarily a decline in the industrial 

sector) and increased efficiency of electricity use also have significantly decreased demand. 

 Within the past decade, the intermittent renewable contribution to the electricity mix increased, 

due primarily to government policy. 

 As the contribution of intermittent sources of electricity generation increases, the need for 

backup generation capacity also increases along with technology to maintain grid stability. 

 Nuclear and hydro generation continue to provide the backbone of Ontario’s electricity 

production, maintaining grid stability. 
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