Figure 5: Electricity Generation in Canada by Technology, 1990 - 20088
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== More Electricity Delivers More Benefits

The basic method of generating alternating current electricity was invented over 100 years ago: a kinetic
energy force — flowing water, wind — rotates a magnetic field within wire coils, which is then converted
into an electrical current though a generator. A generator can also be powered by capturing stored energy
by burning fuel or creating heat with nuclear fission to create steam. (More recent inventions, such as
photovoltaic solar cells or fuel cells, can be used to transform energy into electrical currents without moving
parts.) The generation source must match the frequency of the electricity system (60 cycles per second
known as a hertz or Hz) to ensure that the system remains stable.

Once this electrical current is generated, a transformer may be used to increase the voltage so that the
electricity can be carried in bulk over high-voltage transmission lines. Once the electricity has been delivered
to a local distribution system, another transformer will reduce the voltage to make the electricity safer for
distribution networks delivering the power for industrial and residential use. The analogy of water being

8 Source: Statistics Canada, Survey 2151, 2009. Prior to 2008, wind and tidal generation are included in hydro.



pumped into a system of pipes has been used to describe the flow of electricity. As with municipal water
pipe delivery systems, the “pressure” of the electricity on the system must be carefully maintained to
ensure that there is adequate flow of power to the end users, while still maintaining a balance that will
prevent the system from being overloaded and malfunctioning.

Electric system operators must carefully monitor the real-time flow of electricity on the network of wires to
ensure that available generation sources are providing an adequate and even supply, and that the wires are
properly loaded. At this time, there are no commercially viable means to store large amounts of electricity
for future use, and so the system must be prepared to ramp up to supply extra power during the times of
day and times of year when it is in most demand. These are known as peak demand times, or peaks. In most
of Canada, electricity demand peaks in the winter, due to electric heating. Ontario, like the United States,
experiences a summer peak, due to air conditioning.

To be prepared for extremes, system planners and electricity providers must be able to meet maximum
peak electricity demand without overloading the system. This requires reserve margin, or “the amount of
unused capability of an electric power system at peak load for a utility system as a percentage of total
capability.”® Sufficient reserve margin and the ability to deliver that reserve margin through “adequate”
transmission and distribution systems will provide “reliability.” Maintaining adequate reserves is a common
business practice. A trucking firm, for example, might keep additional trucks parked so that they will be
available when needed. The firm carries the cost of owning and maintaining this inactive fleet but knows
that it will have the ability to quickly deliver service when required.

Where sufficient reserve margins exist, and where wholesale electricity markets exist, the reserve capacity
can also be sold to other jurisdictions. The electricity might be generated in a more cost-effective or
environmentally desirable way than the purchasing jurisdiction’s domestic supply. Or it might provide
electricity needed in a region with a tight reserve margin. This system allows a jurisdiction with abundant
power (hydro capacity in a wet year, for example) to profit from its reserve margin, while a purchasing
jurisdiction may be able to choose the most economical option to meet its peak load (choosing to import
hydro power, for example, over running a domestic peaking combustion plant when fuel costs are high).

All North American electricity systems are designed to anticipate and accommodate system problems such
as extreme weather conditions or equipment failure, but occasionally electricity customers experience the
effects of black-outs, when the system shuts down. The causes of these events invariably underline the
importance of careful system planning and maintenance. The electricity system is an integrated whole; it
cannot randomly grow or suddenly accommodate replacement of one source of generation with another,
dissimilar source.'® However, more electricity can be freed up through strong conservation and demand-side
management programs.

9 Abel, Amy. Electric Utility Restructuring Briefing Book. Washington: Congressional Research Service, Library of Congress, October 13,
2000. http://ncseonline.org/nle/crsreports/briefingbooks/electricity/reliability.cfm

10 Canadian Electricity Association. Power Generation in Canada: A Guide. Ottawa: Canadian Electricity Association, 2006. pp 6-7.
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== The Right Generation for the Right Job

- As discussed on page 9, the base load in a given area is the typical minimum amount of electricity
needed for regular use, day and night. Base load electricity generation comes from reliable, large-scale
generation sources that have lower, and fairly consistent, operating and maintenance (O&M) and fuel costs.
These sources include fossil fuel combustion, nuclear power plants and hydroelectric installations. Power
generation such as wind, solar, biomass and geothermal generation can be added to the base load mix,
but these types of generation are not available on a large enough scale, and can only account for a small
percentage of the total base load supply. In addition, wind and solar power are not always available, being
intermittent generation, and must sometimes be replaced by other types of supply.

For times of day and seasons when electricity use peaks, (increases over the base load) it is necessary
for electricity providers to generate peaking electricity. While there is a certain amount of flexibility with
baseload generation, including nuclear, to ramp up or down slightly to respond to minor fluctuations in
demand, it is not possible to use these sources to meet peak demand. Peaking sources of generation
must be highly dispatchable. That is, they must be generation sources that are quickly available to system
operators when it is needed, and then easily switched off again. Natural gas-fired generation is often
employed for this purpose. Hydroelectric power is also easily dispatched, since gates in dams can be
1 8 opened and closed at will.

Although they are technically dispatchable, wind and solar power are not considered suitable for peak
electricity because their actual capacity factors cannot be predicted at any given time. If the wind is not
blowing strongly during peak demand times, a wind turbine may only be generating a small percentage of
its nameplate capacity. To meet peaking demand, for example in the morning when business, industry and
household electricity needs overlap, most electricity providers also have the option of employing mid-merit
generation sources. These tend to provide more cost- effective electricity to meet rises in demand.




Figure 6: Suitability of Generation to Serve Load
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Every electricity generator has a “nameplate” capacity
or the maximum amount of power a generator can
produce. However, when measured over a period
of time, no form of generation can achieve its full
nameplate capacity. This shortfall is due to a variety
of factors including planned and unplanned outages,
energy source fluctuations, and the age of the plant.
Planners must take into account the variance between
nameplate capacity and the actual amount of power
that is produced. Averaged over a specific period of
time, this difference provides a capacity factor, typically
expressed as a percentage of total generation.

For the purposes of forecasting electricity supply, it
is important to know the specific, historical capacity
factors related to a specific mix of generation, as
well as to understand the general range of capacity
factors for various types of generation. To be efficient,
baseload generation requires a high capacity factor.
However, a particular mid-merit plant or peaking plant
using a technology appropriate for baseload (such as
hydropower) might register a lower capacity factor
because it is only run as it is needed.

Capacity factor is most frequently raised in debates
regarding renewable generation such as solar and
wind, which are both dependent on intermittent energy
supplies. Those in favour of these sources will argue for
higher capacity factors while opponents will weigh in at
the lower end of the range. As is the case for all types
of generation, factors such as technology, location,
and the size of the installation will have significant
impact on the ultimate capacity factor. Ultimately,
when it comes to system planning and policy making,
it is not productive to generalize about capacity factors
but rather to understand all the variables at play in
each specific case and to ensure that the generation
mix will be able to serve the needs of the public.
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Build New Types of Generation, But Keep the Old

New generation capacity will certainly be needed in Canada in the next two decades. Since many forms
of generation have significant siting, public consultation, environmental assessment, regulatory and
construction lead times, it is necessary to ensure the process is begun early enough to allow the new
generation to come into service in time to avoid shrinking capacity margins. Time must also be allowed for
new transmission where required. It is estimated by CEA member companies that the concept-to-completion
time for a major new transmission line in Canada is about 10 years.

Figure 7: Estimated Typical Regulatory & Construction Lead Times

A useful tool for comparing construction costs is to use the “overnight cost.” This is the full cost of building a
facility as if it were built and completely paid for “overnight,” and no interest was incurred. Other important
costs to take into consideration are Operating and Maintenance (O&M) costs. O&M costs fall into two main
categories:

variable O&M which represents the cost of consumables such as replacement parts or fuel and

fixed O&M, which represents costs such as labour, regular maintenance and overhead.

Overnight cost, variable O&M and fixed O&M are typically expressed on a per-kilowatt basis to make them
comparable. It is important to consider both variable and fixed O&M in decision-making because there
can be significant differences in these costs. Geothermal electricity generation, for example, has almost
no variable O&M, but its fixed O&M is much higher compared with other forms of generation. Figure 8 is
a simplified representation of the types of costs incurred, when judged in overall comparison with other
forms of generation. For the sake of illustration and comparison,the rankings of variable and fixed O&M
costs were averaged (see footnote) when, as discussed, there can be quite a variance.!!

11 The matrix is compiled using data from the US Energy Information Administration. Assumptions to the Annual Energy Outlook 2008.
Table 38, page 79. Assumed Overnight and O&M costs from that paper were ranked highest to lowest, and these rankings used to
place the generation sources on the matrix. For the purposes of illustration, the rankings of Variable and Fixed O&M costs were
averaged to create an overall O&M rank.



Figure 8: Generation Construction and Operating Costs
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Figure 9: Electricity Generation by Typical Project Life
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The typical project life of the plant is another
important consideration. Not only does project
life indicate when replacement capacity must be
available to come on line, it also helps estimate
the O&M costs for a plant over its lifespan. Typical
project lives are shown in Figure 9. It is worth
noting that there are many projects that extend
past their expected lives due to refurbishment.
In Figure 9, nuclear is treated slightly differently,
since CANDU reactors must be refurbished mid-
way through their life span and the 40 years
represented below includes that refurbishment.
Light water reactors (there are none in Canada
at this time) have a lifespan of approximately 40
years without mid-life refurbishment.
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Maximize Canada’s Generation Potential

The supply and projected price of energy sources for generation during a plant’s life cannot be overlooked. It
would be pointless, for example, to build a wind farm in a location that is sheltered from the wind. It would
be similarly risky to build a plant when it seems likely that geopolitics or other factors will choke the fuel
supply and drive commodity prices to record highs. Another risk is that of building “stranded” power, or

generation that is unable to connect to the electrical grid.

The potential of some of the leading forms of generation follows'?:

Hydro More than 60% of Canada’s electricity production is from renewable hydro generation. Today,
11.59% of the world’s hydropower is generated in Canada. There remains an estimated 163,173 MW
of undeveloped hydro potential, chiefly situated in Quebec, B.C., Alberta, Ontario and the North.® An

increase of 7600 MW is forecast between 2005 and 2015.

Ocean Global tidal power potential has been estimated at 450,000 TWh. From Canada’s Bay of Fundy

alone there is potential for 30,000 MW of power.!4

Wind power Wind power is expected to lead the growth of newer generation technologies. Industry
Canada estimates that by 2015, there could be an installed wind capacity of 8,000 MW.!5 The Canadian
Wind Energy Association aims to have wind make up 20 percent, or 55,000 MW, of Canada’s electricity

capacity by 2025.1¢

Biomass Generation Among the remaining newer generation technologies, the NEB expects an increase
by 509% by 2015, to a total of 812 MW, chiefly due to new biomass generation. Other organizations
expect stronger biomass growth, especially from wood biomass in B.C., Ontario, Quebec and the
Atlantic provinces. According to a BIOCAP study, Ontario could sustainably generate 27% of its power

from forest biomass.!”

12 Ynless otherwise noted, the cited potentials are taken from the National Energy Board, Canada’s Energy Future: Reference Case and
Scenarios to 2030, An Energy Market Assessment November 2007.

13 Canadian Hydropower Association. Hydropower in Canada: Past, Present & Future. 2008. P. 6.

14 Pembina Institute. Energy Source: Tidal Power. 2007. http://re.pembina.org/sources/tidal

15 |ndustry Canada. Canada’s Wind Energy Industry Directory 2007-2008. Ottawa: 2007. Page 1. http://www.ic.gc.ca/eic/site/rei-ier.nsf/

vwapj/energydirectory-energierepertoire_eng.pdf/$file/energydirectory-energierepertoire_eng.pdf

16 Canadian Wind Energy Association. Wind Vision. 2008. http://canwea.ca/windvision_e.php

17 BIOCAP David B. Layzell et al. Exploring the Potential for Biomass Power in Ontario: A Response to the OPA Supply Mix Advice Report. 2006



Solar Photovoltaic While some solar farms are being constructed in Canada for commercial electricity
production, this generation technology’s greatest potential seems to be in meeting the electricity needs
of individual structures, which could reduce the amount of electricity required from the commercial
electricity system. According to the 2007 solar mapping project by the government body CanMET: “For
the combined residential and commercial / institutional Canadian building stock, about 73,000 MW of
building integrated photovoltaics (BIPV) systems could be installed on Canadian buildings, generating
299, of the 246 TWh of electricity consumed annually.”!8

Fuel Cells/Micro-turbines R&D is ongoing in this sector, with only early commercialization achieved to
date. It is unlikely that fuel cells will be in widespread use for electricity generation before 2020.

Geothermal According to the Canadian Geothermal Energy Association (CanGEA), the use of thermal
energy recovered from the earth’s crust has been growing by approximately 3% per year. CanGEA's goal
is to have 5,000 MW of geothermal electricity generation capacity in place by 2015.%°

Nuclear Currently, Canada’s nuclear capacity is 8" in the world, with just under 13,000 MW. However,
a majority of existing plants will reach the end of their service lives within 20 years. The potential
for new build is limited by uranium fuel supply, public acceptance issues, and global competition for
component parts and skilled labour. Taking into account the planned construction of an additional
1000 MW plant in Ontario and life extensions to existing reactors, the NEB estimates that 2650 MW of
nuclear power is likely to be added between 2005 and 2015.

Fossil Fuels Gas-fired generation and co-generation, currently accounting for 7% of Canada’s power,
are expected to increase to 11% by 2015, with the addition of 6600 MW. This increase is mainly
because natural gas plants are relatively quick to construct, so that they can meet short- to mid-term
increases in demand.

Despite new conventional coal plants projected in Alberta, the expected phase out of coal in Ontario leads
to forecasts of a decrease in Canada’s coal-fired generation by 36%, or 3600 MW by 2015. Canada’s first
demonstration of new clean coal with carbon capture and storage (CCS) is expected to come on line around
2015, and CCS is currently supported by the Canadian and US Federal governments.

18 http://canmetenergy-canmetenergie.nrcan-rncan.gc.ca/eng/buildings_communities/buildings/
pv_buildings/publications/2007227 .html

19 Canadian Geothermal Energy Association. www.cangea.ca
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mm Bridge the Gap in Public Acceptance

Electricity projects across Canada have been stalled or cancelled due to public opposition. Many arguments
with varying degrees of merit are employed by project opponents: land use, emissions, wildlife impacts,
aesthetics, public health and safety. Increasingly, opponents object on multiple grounds, requiring project
proponents to provide multiple studies, expert witnesses, compensation packages, and other means to
move a project toward final approval. Even after approvals take place, some opponents seek legal remedies
such as injunctions and court appeals to stop projects. Even a very small but vocal group can hold up a
project for some time.

In other cases, projects move through the system without opposition and are welcomed by local residents.
They may bring innovation and jobs to a region, or a needed improvement to the electricity system. From
experience, CEA members know that public education and awareness, as well as transparency, are the keys
to public acceptance for new generation. However, with widespread availability of social communications, it
can be difficult to combat the spread of misleading or false information. This is a significant challenge for
all project proponents today.

Understand the Environmental Impacts in Context

There is much focus on “green electricity” in North America today. The reality is, however, that there are
environmental costs associated with every form of electricity, whether this electricity is generated with
renewable energy sources or not. There is significant progress being made in the development of new and
improved generation, transmission and distribution technologies and in ways to improve energy efficiency.
Electricity providers, planners and policy makers are striving to provide the best possible electricity mix, but
there are no quick fixes or blanket solutions.

Two related ideas for improving the environmental profile of the electricity system are demand management
and energy conservation. By using certain technologies, along with education campaigns and the employment
of market-based principles, consumers are encouraged to reduce electricity consumption. There have been
significant gains made recently in electricity conservation across Canada, and CEA members are active
participants in these initiatives. However, new electricity infrastructure is still needed, both to replace ageing
facilities and to meet increased load growth.

Demand management takes place through measures that provide incentives for reduced electricity use.
Examples include:

New England’s program to allow electricity users to bid on future energy conservation in a demand
response market.

Financial incentives for property owners who allow system operators to remotely and incrementally
raise air conditioning temperatures when additional capacity is required.

Smart meters and time-of-day pricing that gives home owners or businesses real-time price signals for
planning significant electricity consumption (doing laundry, for example) during off-peak hours.



Conservation initiatives include such measures as enforcing electricity usage standards for appliances and lighting
(such as Energy Star) or building code standards for increased energy efficiency. It also includes energy audits,
education programs and awareness campaigns to encourage voluntary reduction of electricity consumption.

In recent years, as the need for transmission system revitalization has become more urgent, governments
and electricity planners have been looking at “smart grid” technologies. These components give electricity
system operators much greater ability to monitor electricity supply and load in real-time, making it easier to
incorporate intermittent power supplies such as wind and solar or even incorporate input from very small,
or micro, generation. In the latter case, a distributed generation model allows small-scale generators (farms
with biogas digesters, solar arrays, or small wind turbines) to sell their excess electricity onto the grid.

Figure 10: Compares the typical known environmental effects of various generation technologies.?°
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20 Adapted from Canadian Electricity Association. Power Generation in Canada: A Guide. Ottawa: Canadian Electricity Association,
2006. pp 16-17. www.electricity.ca






