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ENVIRONMENTAL CHALLENGESAND OPPORTUNITIES
INTHE EVOLVING NORTH AMERICAN ELECTRICITY
M ARKET

Working Paper*

INTRODUCTION:

The purpose of this paper isto identify some key issues pertaining to the changing electricity
sector and the environment. It has been prepared by the Secretariat of the Commission for
Environmental Cooperation (CEC). Given the breadth and complexity of issues related to
electricity and the environment, this working paper highlights some of the main issues on a case-
by-case or anecdotal basis.

North America s electricity sector isin the midst of unprecedented change. Competitive
electricity markets have been introduced, or remain under consideration, in Canada, Mexico and
the United States” The move to competitive markets continues to spark an intense debate around
the principles, design, rules, institutional structure and consequences associated with introducing
free markets into a sector for so long regarded as providing a public service, shielded from
markets. This dynamic energy policy context represents an opportunity for policymakers and
planners to consider how best to maximize both the economic and environmental benefits of a
more integrated North American electricity market.

Advocates of competitive electricity markets in Canada and the United States argue that over
time, efficiency gains will be produced in a sector formerly characterized by monopolies and
oligopolies. With greater efficiencies, customers are expected have more choices about the
power, and power services, they purchase. Greater choice is expected to result in a marginal
decrease in dectricity prices over and above price decreases brought about through efficiency
gains. The consequences of greater choices and lower prices are discussed below.

To be clear, not &l of the approximately 90 federal, state and provincia jurisdictionsin North
America have enacted, or have plansto enact, market liberalization plans. However, it is likely
that al jurisdictions will be affected by market changes, in part because of the close link between
domestic regulatory changes and changes in the international trade of electricity.

It is expected that market restructuring and the gradual evolution of expanded and integrated
transmission grids connecting regions in North America will amplify, as well as change patterns
of trade in North America. US-Canada e ectricity trade has for some time comprised the mgority
of total continental trade in electricity. Cross-border trade has been expanding in both directions
during the past decade, although Canada remains a net exporter by awide margin. In 1998,

! This note has been prepared by Scott VVaughan, Zachary Patterson, Paul Miller and Greg Block at the
Secretariat of the Commission for Environmental Cooperation. It isintended for discussion purposes only,
and does not reflect the views of the CEC or its Parties. The Secretariat acknowledges the valuable work
and advice of Joseph M. Dukert.

2 Common features of open competition include the unbundling of vertically integrated power companies
into distinct components, generally comprised of private electric power generation companies, for profit
transmission entities, intermediary market brokers and traders, and various retail and end-use providers.



Canada exported approximately 39.5 thousand Gigawatt hours (GWh) to the United States.
During the same period, the US exported 17.28 thousand Gigawatt hours to Canada.’

Net Canadian exports to the US have remained relatively stable in recent years, measured as a
proportion of total Canadian electricity generation, and comprise approximately 9 percent of total
electricity generated.

By contrast, Mexico-US trade has been considerably smaller than Canada-US trade. In 1998, total
US exports of eectricity to Mexico were 1.51 thousand GWh, or roughly 8 percent of total US
exports. (All remaining exports went to Canada.) During the same period, Mexican exports to the
US were small, in the vicinity of 10 GWh, and largely concentrated in the Bgja California region.
There are indications that this pattern of trade will shift over time, and that Mexico could become
anet exporter of eectricity to the US market.

The extent to which trade will change over the near to medium term depends on many factors,
including projected rates of domestic electricity demand and supply growth; changesin the
relative price of eectricity between regions; and the extent to which electricity transmission
linkages between regions and countries deepens. To date, significant constraints persist regarding
interregional transmission, even though a significant increase in interregiona trade continues to
take place. The reform of transmission policies are closdly related to overall regulatory reforms
that continue to reshape the sector.

Competition reform and trade rules together are important catalysts in the integration of
electricity markets in several key jurisdictions, and increased international trade between others.

Of the two areas of market reforms transforming the marketplace, changes in competition policies
and related market restructuring have already exerted profound effect both within and between
countries. Within the United States, the introduction of Orders 888, 889 and 2000 by the Federa
Energy Regulatory Commission (FERC) are key drivers of restructuring in the United States”* An
extensive body of literature now exists which examines the rules, their aims and likely effects on
electricity markets within the US.

Given its size, proximity and importance to Canadian utilities, it should come as no surprise that
changes within the US continue to have important structural and rule-related implications for
Canada. Indeed, severd utilities and regulatory bodies in Canada are not only closely following
the implementation of FERC Orders 888, 889 and 2000, but appear to be preparing to conform
with these provisions to the extent that such conformity will secure access to the US market. For
example, the National Energy Board of Canada recently noted that FERC orders are expected to
further increase north-south trade between Canada and the US.®

3 Trade datain general and electricity trade datain particular is not consistent between different reporting
sources. As such, trade data used here isfrom the |EA, Electricity | nformation (2001 Edition), Paris.

4 Different jurisdictions have expressed different views about the implications of FERC restructuring
orders. For example, both CFE of Mexico and at |east one Canadian province have expressed concern
about the extraterritorial implications of FERC Orders 888, 8389 and 2000. A core element of these ordersis
to secure an open market, based on principles of equal treatment and non-discrimination.

5 The National Energy Board, afederal regulatory body, recently noted that the Regional Transmission
Organization (RTO) “formation could lead to more north-south trade and the further integration of US and
Canadian €electricity markets. To the extent that Canadian competitiveness can be maintained, high export
revenue would result.” National Energy Board (2001), Canadian Electricity: Trends and | ssues,
Government of Canada.



Mexico's official regulatory body—the Comisién Reguladora de Electricidad (CRE)—has not
explicitly embraced FERC Orders 888, 889 and 2000. Moreover, the CRE at one point raised
concerns about the potential extraterritorial implications of those rules changes and their impact
on Mexico's ectricity sector. However, as agenera point, the CRE has welcomed what it calls
(in approving its first export permit to aforeign owned utility in 2000) a "further step toward the
integration of a North American energy market."®

The second catalyst toward the creation of a North American Energy Market is the North
American Free Trade Agreement (NAFTA). Although it is unlikely that NAFTA has had a
measurable effect on increasing trade in ectricity’, it very likely would have a centrd rolein
arbitrating trade disputes involving e ectricity among the three countries. Moreover, NAFTA
provides long term investment stability and predictability to encourage large capita investments
required in the sector.

The Environmental Context of the Electricity Sector

Affordable and reliable electricity provides much of the economic stability upon which prosperity
depends. A sustainable, long-term energy policy remains crucia to our economic wellbeing. At
the same time, there is no issue of greater environmental importance to North Americans than the
evolution of a continental electricity market.

Notwithstanding the obvious benefits of the provision of electricity, the generation of electricity
is aresource and environmentally intensive sector. An overview of annua emissions from the
electricity sector during the mid- to late-1990s for criteria air pollutants—NO,, SO,, CO, and
mercury—are noted below. Thisis the believed to be the first time such a comparative air
pollution inventory has been compiled, even though it represents only the ‘ closest match’ the
CEC could assemble from disparate sources and time frames. A breakdown of data, methods and
assumptions can be found in Section Three, as well as in Background Paper | 2

Table1 - Emissionsof Main Criteria I ndicatorsfrom the Electricity Generating Sector in
North America (1998*)

CO; equivalent Annud SO, Annua NO, Annual Hg
(tonnes) (tonnes) (tonnes) (ko)
Canada 122,000,000 648,411 289,137 1,774.8
M exico 90,095,882 1,683,199 244,380 1,117.1
United Sates 2,331,958,813 12,291,107 5,825,982 29,241

* Some data are estimates, not all data come from 1998. See Section Three for further details.

The consequences of air pollution and environmental impacts of the sector are considerable, and
well documented. These include the effects of acid rain on lakes, rivers, forests, buildings and
human health. The generation of eectricity isamajor source of carbon dioxide, the principal
greenhouse gas. It is aso amajor source of ground-level ozone and fine particul ate matter.

® Info CRE, March-April 2000, Amx 3 No. 2 4/4.

" Thisis not to say that trade liberalization does not impact significantly on the trade of electricity, only that
US-Canadatrade in electricity increased dramatically with the the Canada-US Free Trade Agreement.
Please refer to Section Eight.

8 Miller, Paul, Zachary Patterson and Scott VVaughan. 2001. Background Paper | for Article 13 Secretariat
Note: Estimating Future Air Pollution from New Electric Power Generation. Commission for
Environmental Cooperation, Montreal.




Ozone and fine particulate matter are classic examples of the international environmental and
policy implications of the fuel choices made by the eectricity generation sector in North
America. Precursors of these pollutants are emitted from the high smokestacks of fossil fuel
power plants. These precursors, particularly SO, and NO,, produce smog and haze in the
atmosphere that easily cross the political boundaries of North America, leading to air quality
problems beyond the jurisdictional control of the affected region. The scale of transport can be
relatively local or long-range. Ozone and particle matter leave Mexicdi, Bga California and
arrive just across the border in the Imperia Valley of Caifornia California may return the favor
by sending its pollution from Los Angeles and San Diego to Tijuana.® Longer distance transport
can extend hundreds of kilometers, as with ozone and fine particles caused by power plantsin the
midwestern/northeastern US traveling in air pollution “rivers’ to eastern Canada. Even transport
on the scale of thousands of milesis possible, as seen in satellite images of smoke from forest
firesin southern Mexico extending through the Mississippi Valey and eastern seaboard of the
United States. It isnot a great leap of logic to infer that if smog and haze from the burning of
living trees can travel such a gresat distance, then the smog and haze from the burning of
prehistoric trees (e.g., coal) can do likewise.

The existence of air pollution transport across political lines raises concerns regarding differing
environmental regulatory standards that might influence siting locations of new pollution sources
within a pollution pathway. For example, power developers have initiated a number of new power
plant projects in northern Bgja California. The US Environmental Protection Agency (EPA)
recently determined that the majority of particle matter causing violations of health standardsin
the Imperia Valley of California arises across the border in Mexico (Baja California).'® The US
Department of Energy (DOE) has observed that Mexico is an attractive location for new power
plant developers that want to provide power to California due to lower environmental
requirements.™* To the north, developers are proposing afairly concentrated number of new coal
power plantsin Albertathat surpasses coa development activity elsewhere in North America. At
the same time, critics have argued that these plants will not be subject to the same level of
pollution control for total particulates, SO, and NO, found in other regions of North America.*?

In addition to criteria pollutants, the electricity sector is the single largest source of toxic
emissions in Canada and the United States™® The construction of large-scale, reservoir
hydropower plants has been definitively linked to the endangerment of freshwater fish and other
species, the destruction of habitats, as well as emissions of mercury and methylmercury.

At an aggregate level, approximately 25 percent of all NO, emissionsin the United States comes
from the electricity sector; roughly 35 percent of CO, emissions, one-quarter of total mercury
emissions; and almost 70 percent of SO, emissions. The mgjority of air pollution emissions come
from coal and oil powered plants. The most immediate and profound costs of electricity

generation have been linked to human health impacts. Despite improvements in reducing both
NO, and SO, emissions, 23 percent of all Americans—62 million people—live in areas that failed

9 CEC. 1997. Continental Pollutant Pathways (Montreal, Canada).

10 Federal Register, Vol. 66, No. 203, pp. 53,106-53,112 (October 19, 2001).

1 US Department of Energy (DOE), “An Energy Overview of Mexico,”
<http://www.fe.doe.gov/international/mexiover.html> (Sept. 5, 2001 update) (stating “Mexico’s less
stringent environmental regulations have provided an incentive for companies to locate their power plants
in Mexico to produce electricity for export to California.”).

12 pembina I nstitute Backgrounder, New Alberta standards for emissions from coal-fired power plant less
stringent than other jurisdictions <http://pembina.piad.ab.ca/news/press’2001/2001-06-18bg.php> (June
18, 2001) (accessed October 12, 2001).

13 CEC. 2001. Taking Stock 1998. Taking Stock does not include toxic release data for Mexico.



to meet federal ambient air quality standards.™* Minute airborne particles—a measurable portion
of which originates from fossil fuel combustion for power plants—have been estimated to lead to
the premature death of 60,000 US citizens each year. In Canada, the number of people that die
each year from air pollution emissions is estimated to be as high as 16,000. Each day in the US
and Canada, more than 200 people die prematurely from air pollution.

In Mexico, the figures are no more promising. The number of non-attainment days in Mexico
City were 337 in 2000, in Guadalgjara it was 211, and in Mexicali—which just received approval
to export electricity to the US—it was 111 days.'

Assessing Future Effects of Market Growth and Integration

Given the current environmental profile of the electricity sector, akey question is whether
increased trade and market integration will improve, worsen, or leave much the same
environmental impacts.

Environmental assessments of policy changes linked to market liberalization—such as FERC
Orders 888, 889 and 2000 or NAFTA—pose different methodological challenges than
undertaking project-specific environmental impact assessments (EIA). Certainly, lessons from
ElAs are invaluable in assessing upstream, downstream, cumulative and other effects, aswell as
the pivotal role of transparency and public participation in environmenta assessment work.

In the past decade, progress has been made in ng the environmental impacts of trade
liberalization. This progress includes improved methodologies, which build upon work by the
OECD, the CEC, and others by breaking down environmental impacts of trade liberdization into
the following components'®:

Scale Effects: The extent to which free trade increases overall economic activity, aswell as
sector-specific economic growth;

Compositional Effects. The extent to which free trade induces changes in the structure of the
economy, generally towards an increase in the services sector as a percentage of GDP,
Technological Effects: The extent to which free trade and improved market access accel erates
technological innovation, and capital turnover;

Product Effects: The extent to which free trade affects changes in the pattern of demand for
products;

Regulatory Effects. The extent to which free trade prompts changes in regulations and
policies among trading partners.

In approaching these five, closely related effects of free trade, a general point is that
compositional, technological, product and regulatory effects have the capacity to reduce or
partially offset the environmental impact of scale effects. Evidence of this offsetting effect is seen
by the continued “decoupling” or delinking of total energy use from environmental impacts. Since
NAFTA entered into force in 1994, the energy intensity per unit of GDP in Canada and the US

14 EPA. 1999. National Air Quality: 1999 Status and Trends.

15 INEGI/SEMARNAP 2000.

16 OECD. 1997. CEC. 1999. Final Analytical Framework for Assessing the Environmental Effects of
NAFTA.



has decreased by 9 and10 percent. During the same period, Mexico's energy to GDP ratio has
increased marginally by 1 percent.!’

Estimating the Scale Effects of Planned New Generation

To assess probable environmental impacts of increased trade, this working paper begins with a
consideration of the current scale and fuel mix of the electricity sector in Canada, Mexico and the
United States. It then proceeds to examine the possible overall increase in electricity generation in
the near to medium terms. These two data sets, current and future installed capacity, give some
insight into the potential scale effects under current plans.

Numerous forecasts exist estimating demand and supply growth in the electricity sector as far as
2025. The results of these forecasts by government agencies from Canada, Mexico, and the
United States are summarized in Section Three below. (In addition, a background paper
identifying key models and methods used in forecasting can be found online at <www.cec.org>).

To complement these forecasts, the CEC used a database called NEWGen, maintained by the
consulting firm RDI/Platts.'® The NEWGen database contains announced capacity changesin
Canada, the United States and some in Mexico (comprising additions and reductions from
decommissioning). This information is complemented with data from federa authoritiesin
Mexico, namely the Comision Federd de Electricidad (CFE) and the CRE. (The combined
dataset is heretofore referred to as the NEWGen dataset.)

The NEWGen database includes al potential merchant plants, independent power projects with
contracts for output, utility-built capacity additions, return of off-line capacity, and re-rates of
existing plants. Based on this and other information, the database shows that—as of August
2001—utilities, investors and energy planners have announced plans to build more than 2,000
new power generating units in North America, to 2007."

Second, in terms of total capacity, on average a50 per cent increase of installed capacity over
today, at approximately 500,000 MW of new installed capacity.

Itis highly improbable that all, or even most, new generating capacity announced today will
become operational six years from now. There are too many variables that can and will change
these predictions, from changes in economy wide-growth, changes in the technological advances

17

Table 2 - Energy Intensity (BTUs per 1990 US Dollar) of North American Economies -

1990-1999

Country (1994 (1995 1996 1997 1998 1999 Change
19%4-
1999

Canada |19,064 18,558 18923 18,393 17530 |17401 |-9%

United  |14,038 (13,934 13,893  |13,361 12,837 |12,638  |-10%

States

Mexico |17,562 |18,832 18664 18,093 18,142  |17,766 1%

18 RDI/Platts NEWGen Database, August 2001 issue (Boulder, Colorado, USA)
19 The dataset used comprises operating plants that have come on line since 1999 aswell. Thisis because
the most current year for comparabl e baseline information on emissionsis from 1998.



that remain tricky for modelers to incorporate, change in the fuel mix and base versus peak load
increases, to name afew.

Nevertheless, the NEWGen data does provide some limited information about technologies, and
from this information, one can infer capacity factors between base-load (usually hydro power,
coa and nuclear) and peak production.

In addition, a proxy of the gap between the overall announced versus actual new plants originates
from the US National Energy Plan which notes that of atotal number of planned generating units
announced in 1994, roughly forty percent were built in 1999. Accordingly, the CEC estimates
possible emissions in 2007, taking into account this rate and other factors.

Table 3—-Summary of national emission totalsfor the electricity generation sector in the reference
inventory case and the high and low boundary future proj ections (percentage change from 1998*
reference inventory case shown in parentheses).

Country scenario Annual CO, Annual SO, Annual NOy Annual Hg
(tonnes) (tonnes) (tonnes) (kg)
Canada reference 122,000,000 648,411 289,137
inventory
Canada high 19,169,219 15,037 42,014 233
boundary 2007 (+16%) (+2%) (+15%) n/a
Canada low boundary 5,118,299 -3,556 15,381 11
2007 (+4%) (-1%) (+5%) n/a
Mexico reference 90,095,882 1,683,199 244,380 1,117
inventory
Mexico high 68,565,216 130,708 216,565 275
boundary 2007 (+76%) (+8%) (+89%) (+25%)
Mexico low 43,085,556 84,278 128,876 153
boundary 2007 (+48%) (+5%) (+53%) (+14%)
US reference 2,331,958,813 | 12,291,107 5,825,982 39,241
inventory
US high boundary 875,036,007 64,580 459,286 5,762
2007 (+38%) (+1%) (+8%) (+15%)
US low boundary 333,347,795 -77,433 147,150 1,039
2007 (+14%) (-1%) (+3%) (+3%)

The percent value given in parenthesesistherelative size of the new 2007 emissionsin the boundary case compared
to thereferenceinventory. For example, in the Canada 2007 high boundary case, the estimated CO, emissions from
projected electricity capacity changeswould be equivalent to 16% of the 1998* reference inventory emissions. This
providesarelative sense of the scal e of potential emission changes.

* Some data are estimates, not all datacome from 1998. See Section Three of Vaughan et al. 2001, for further
discussion.




The NEWGen data gives one indication of the potential impacts of current plans to enlarge the
installed capacity of eectricity generation. In the lower boundary, this includes a 4 percent
increase in CO,, a contraction of one percent of SO, and a five percent increase in NOy for
Canada (mercury emissions from Canada will be available later in November 2001). For Mexico,
the lower boundary suggests a 48 percent increase in CO,, afive percent increasein SO, , a53
percent increase in NOy , and a 14 percent increase in mercury. For the US, the lower bound case
suggests a 14 percent increase in CO,, a one percent decrease in SO, , athree percent increase in
NO,, and a three percent increase in mercury, to 2007.

There are other environmental impacts beyond criteria air pollutants that will arise from new
generation. These include changes in toxic release emissions—primarily from coal and oil-
powered plants—as well as impacts from new hydropower and nuclear plants.

The expansion of installed capacity and increased emphasis on interregional transmission will
likely require an expansion in transmission capacity. The construction of high tension
transmission lines can result in habitat loss as land may have to be cleared to alow for the
construction of transmission lines. It is not only the loss of habitat which can cause environmental
impacts, but transmission lines can aso fragment habitats. While somewhat controversial, there is
also evidence that transmission lines can have harmful effects on people who livein close
proximity to them from electromagnetic radiation that they emit.

A key question is to what extent these lower bound scenarios and impacts can be offset by other
factors. In addition to environmental regulations capping emissions or requiring environmental
performance standards, or their equivalence, there is evidence that regulations stimulate
technological innovation in generating capital equipment. In addition to technological effects,
offsetting or decoupling potential exists on demand-side energy efficiency product standards, as
well as renewable energy potential market growth.

On the demand side, the introduction of competitive markets and trade is expected to reduce
electricity prices over time. There are different projections and predictions, regarding the extent
of this price decrease®® Recent evidence suggests that the easticity of demand for eectricity can
be significant. For example, following California s electricity price hikes of 2000 and 2001, total
electricity demand in that state — from June 2000 to June 2001 — decreased by 12 percent.
Conversdly, it islikely that a marginal decrease in price, through increases in efficiency and other
changes, will bring about an increase in total electricity use. However, this increase will likely be
on the margins.

Of greater consequence to environmental quality than price-induced changes in final demand, are
changes in demand for different fuel inputs. Analysis of factors affecting trade between regions
generaly points to differences in the cost of fuel inputs used in electricity generation as being an
important determinant of comparative advantage between trading partners. However, a least in
the near to middle term, the most important channel in which market restructuring will affect
environmental quality is via changes in relative prices. For example, FERC recently pointed to

20 For example, the Energy Modeling Forum (May 2001),“Prices and Emissionsin a Restructured
Electricity Market,” EMF Report 17, Stanford University - which compiled the results of several models on
the effects of restructuring - suggests that in the US, average wholesale generation electricity pricesin the
near term will be in the range of US$25 to US$34 per MWh (1997 dollars), and will decline marginally
over time, to between US$25 to US$30 per MWh.2° Given the overall elasticity of demand for electricity,
one consequence of marginal declinesin prices over timeisamarginal increasein total demand.



“significant rate disparities’ between neighbouring regions in the US, largely determined by the
price of fuels. With an access regime, FERC notes the ability of consumers to benefit from
purchasing cheaper electricity from lower cost regions.” (It is doubtful that a clearing price for all
regions will come about in the near to middle term, because of barriers, including transmission,
market power or other factors). As arule of thumb, low to high cost eectricity generation goes
from coa and nuclear, to natural gas and renewables

A related consequence of open markets is the ability of price formation to contribute to the
internalization of environmental externalities. For example, a recent paper by the Energy
Modeling Forum of Stanford University argues that with open competition, “rates that reflect
actual e%osg will lead industry and consumers to become more efficient and conservation
oriented”.

With restructuring, many electricity goods and services have become exposed for the first time
ever to price formation. When open markets and trade disciplines combine, there is considerable
pressure brought to bear towards “getting the prices right.” Evidence a so suggests that
dysfunctiona or non-existent markets, replete with pricing, information and policy failures,
worsen environmental problems. The roles of subsidy reduction as one means to reduce market
distortions is discussed in Section Five below.

Another way in which price formation can lead to the internalization of environmental costsis by
providing consumers with what they want. In this market competition favoring price, quality and
reliability should be perfectly compatible with the evolution of a number of market-based
schemes for green power.

Consumer choices like utility green pricing initiatives, green certification schemes and other
measures hold the promise of enabling consumers to select green services based on their concern
about the environmental implications of conventional power generation.

Exactly the same holds true in offering consumers more choice in energy efficient products, both
at the demand side — from household items to building standards — to improved efficiency
standards for supply side generation. There are numerous success stories of green productsin
North America. Moreover, plans announced in mid-July 2001 to allow some Energy Star
products to be marketed in Canada represents a positive step towards the adoption of uniform
standards across the continent in product and services voluntary efficiency standards, supported
by voluntary |abeling schemes.

The opening of North American markets since the mid-1990s has led to an increase in three-way
trade in e ectricity generating machinery. For example, US exports of capital equipment to
Mexico from 1996 to 1999 has almost doubled, from US$1.059 billion to US$1.961 hillion, while

2L FERC (2000), State of Markets 2000, Washington, DC.

22 Analysis sponsored by the CEC in preparation of this report shows that between 1997 and 2000, as
markets underwent changes in competition policies, market conditions unfolded that could best be
described as " competition favored coal" according to scenarios developed by FERC. The environmental
effects of this shift include increased emissions carbon dioxide and mercury as these are uncontrolled and
coal isarelatively greater contributor to both of them than the other fossil fuels. See Tim Woolf, Geoff
Keith, David White and Frank Ackerman. 2001. Background Paper 11: A Retrospective Review of FERC's
Environmental Impact Statement on Open Transmission Access. Synapse Energy Economics, Cambridge,
M assachusetts.

2 Energy Modeling Forum (May 2001),“Prices and Emissions in a Restructured Electricity Market,” EMF
Report 17, Stanford University.
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Canadian imports of capital equipment from Mexico to Canada over the same period have grown
from US$2.1 to US$3.1 billion.** Conventional wisdom holds that increasing trade in capital
goods is on balance welcome from an environmental perspective, since open markets are linked
to accelerating capital turnover and to the diffusion of state-of-the art, generating technologies.
However, the actual environmental consequences of increased trade in capital technologies
obviously depends on the technologies being traded: if exclusively for large-scale generating
projects, then efficiency gains can be offset by scale effects of the project.

The energy track that North Americais on (at least as outlined by the NEWGen dataset) suggests
an emphasis towards supply expansion to meet demand growth. A quarter century ago, this track
was described as a hard energy path, one characterized by “rapid expansion of centralized high
technologies to increase supplies of energy, especially electricity."*> Another path — well-worn
with proven successes since the oil-price shocks of the mid-1970s — involves a greater emphasis
on energy efficiency, incentives and other measures to raise the share of renewable energy, and
increased reliance on smaller-scale generating units and distribution networks.”

The record shows that it is cheaper to save through energy efficiency, then it is to construct and
operate new, large-scale power plants. However, energy efficiency — probably the best way to
bring down total demand — is of little interest to investors, companies and regulators intent of
meeting demand growth in supply expansion.

One way in which scale effects of power generation can be checked is, as noted, through
renewable energy. One way in which renewable energy is being supported in North Americais
through the introduction of Renewable Portfolio Standards (RPS) at the US state level.

Increased trade will induce some locational shifts in production between countries. That is, some
projects announced in the NEWGen data will be deferred as free trade deepens, and shifted to
other locations. This shift in the location of supply will bring about a shift in the spatia location,
scale and possible magnitude of environmental effects. One question is the extent to which
differences in environmental regulations can influence locational shifts. Empirical evidence
suggests some migration of pollution, or toxic intensive industries towards countries with lax
environmental standards. It is unclear, however, whether this shift is a function of compositional
effects of market liberalisation more generally (that is, from manufacturing to services sectors)
alone, or whether some industries have strategically used regulatory differences to reduce capital
and operating costs in tightening markets. The extent of this shift is difficult to estimate, as are
environmental impacts.

Itislikely that NAFTA rules would be used in any trade or market access dispute involving
environmental or other measures. For example, analysis sponsored by the CEC suggests that RPS
standards could run affront of NAFTA non-discrimination rules.

The NAFTA-RPS example drives home a central finding of this paper: while the evolution of the
North American electricity market continues to be driven by uniform and converging rules

2 The full table of three-way import-export trade volumes for electricity generating machinery, from 1994
to 1999, is contained in Annex |. Source: Trade Data Online, Industry Canada, Government of Canada.

3 A.B. Lovins, “Energy Strategy: the Road Not Taken?’ in Foreign Affairs 55(1): 65-96.

% Traditionally, electricity planners think of projectsin very large scale as the most effective way of
maximizing scale economies. However, progress in generating technol ogies no longer means that one has
to build a 1,000 MW facility to exploit scale economies. Combined cycle gas turbines can be efficient at
400 MW, and aero-derivative gas turbines efficient at 10 MW.
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involving market competition policies and trade laws, no comparable effort is underway to ensure
that environmental regulations among the three governments will lead to higher levels of
environmental protection in North America

The environmental policy response to this situation seems clear: increased efforts towards
comparable and compatible environmental standards, which keep pace and anticipate quickly
changing market rules.

Environment in the Evolving North American Energy Market: The Political Promise

In many ways, the trgjectory of North America s electricity future will depend on the policy
choices made in the coming years. Earlier this year, the leaders of the three NAFTA countries—
Prime Minister Chrétien of Canada, President Fox of Mexico, and President Bush of the United
States—declared in a common statement issued in April 2001:

“We consulted on the development of a North American approach to the important issues
of energy markets. Towards this end, our Energy Ministers have created a North
American Energy Working Group. This technical-level forum will be a valuable means
of fostering communication and coordination efforts in support of efficient North
American energy markets that help our governments meet the energy needs of our
peoples. We stressed the importance of energy conservation, the development of
aternative energy sources, and our common commitment to addressing the
environmental impacts of [toxic pollution]."’

To explore these issues, this working paper is thus. Section One provides an overview of the
current electricity sector, by installed capacity and fuel mix, in North America. Section Two
highlights the environmental context of electricity generation, emphasising criteria air pollutants,
aswdl as non-air environmenta impacts. Section Three examines possible changes in electricity
demand and supply, including forecasts to 2010 and 2020, as well as discussion of NEWGen data
to 2007.

Section Four examines some possible environmental impacts of new generating capacity, based
on an extrapolation of NEWGen data. Section Five examines the role of price changes and market
creation in reducing environmental externalities. Section Six examines opportunities to further
offset scale effects and external costs, through demand-side management, energy efficiency,
renewable energy and international cooperation. Section Seven examines the role of
environmental impact assessments in the sector, and opportunities for expanded regiona and
international cooperation to improve assessments. Finaly, Section Eight examines the linkages
between free trade and environmenta quality and environmenta policy impacts.

27 As of October 2001, three sub-working groups have been established under the North American Energy
Working Group: energy efficiency, reliability and aworking group on data comparability related to North
America' s electricity sector.



SECTION ONE:
THE NORTH AMERICAN ELECTRICITY GENERATION AND DISTRIBUTION SECTOR

Until recently, the electricity sector in North America has been characterized by vertical
integration in which power generation, transmission, marketing and distribution of electricity was
undertaken by a single company.

This industry structure has been undergoing unprecedented change since 1996-1997 in many
regions and states in the US and Canada. The pace and scope of market reforms implemented or
under consideration vary widely both within countries, and between countries. In Canada and the
US, some jurisdictions — such as Alberta and Cdifornia— have implemented significant
restructuring initiatives. Other jurisdictions, such as Ontario or Arkansas have announced plans to
restructure in the future. By contrast, Mexico's electricity sector is dominated by the state-owned
entity, CFE. However, as noted above, considerable private sector activity has characterized new
investments in the sector since the mid-1990s, and mgjor restructuring proposal's are under
consideration at the politica level in Mexico.

This overview section provides a summary of some key features of the electricity sector in
Canada, the United States and Mexico. For those interested, there are numerous annual reports
which provide updates of the state of electricity markets in Canada, Mexico and the United
States.”

Tota installed electricity
generating capacity in North
Americain 1999 was over
990,000 MW.

Figure 1. Installed capacity in North America
by Fuel Type - 1999

Five principal sources of
energy production 3%
characterize North

America s electricity sector: W Hydrocarbons
the single largest fuel source O Water
—coal — comprises 37 m Coal
percent of continental = Uranium
electricity production. This

O Other

is followed by 31 percent
from natural gas and oil, and
gasoline approximately 17
percent from hydropower,
12 percent from nuclear, and

the remaining one percent
from all other sources,

28 For Canada see the Canadian Electric Association and Natural Resources Canada' s Electric Power in
Canada, as well as other documents from the National Energy Board (NEB) and the North American
Energy Reliability Council (NERC). For Mexico, see the Secretaria de Energia s Prospectiva del Sector
Eléctrico. For the United States see the Energy Information Administration”s (EIA) Annual Energy
Outlook, as well as other documents from the EIA, NERC, the Federal Energy Regulatory Commission
(FERC) For an updated source of information on the status of electricity restructuring in the United States,
see <http://www.eia.doe.gov/cneaf/el ectricity/chg_str/tab5Srev.html>. Information can also be found from
the OECD’ s International Energy Agency.
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which range from wood to biomass to wind (see Figure 1).2°

Aggregating fuel mixes for North America as awhole belies important differences between
countries, as well as between regions. For example, in Canada, hydroelectricity comprises more
than 60 percent of total installed capacity. A large proportion of Canadian hydropower generation
isfrom large-scale, reservoir projects. By contrast, in the United States coa accounts for between
50 to as much as 55 percent of total generating capacity. In Mexico, more than 80 percent of total
generation comes from natural gas or oil (combust6leo) and coal.

Generating electricity is only one aspect of the provision of electricity. As important as
generation is the infrastructure which enables the transportation of eectricity from whereit is
generated to where it is consumed. North Americais home to awell developed and extensive
system of electric transmission. Together, there are over 362 thousand kilometres of transmission
greater than 230 KV. Canada has 73 thousand kilometres greater than 230 KV, the United States
has over 254 thousand kilometres of lines greater than 230 KV, and Mexico has just under 35
thousand kilometres of lines with capacity greater than 230 KV *°

SECTION TwWoO:
THE ENVIRONMENTAL CONTEXT OF
THE ELECTRICITY SECTOR

Thereis no greater challenge to environmenta policy than issues related to the generation,
transmission and end-use of eectricity. Electricity generation is amajor source of air pollution,
greenhouse gases linked to climate change, and the release of toxic chemicals—including
airborne metal and acid gases. The generation of electricity through large-scale hydropower is a
leading cause of extinction or endangerment of freshwater fish species. Large-scae hydropower
projects also have significant and—according to the World Commission on Dams—Ilargely
detrimental impacts of habitats and fragile ecosystems.®

The generation of thermoelectric power relies heavily on water inputs. the average amount of
water used to produce thermoel ectric power in the US has declined in the last fifty years, with
gains in technological efficiency: the gallons per kilowatt hour requirements have dropped from
approximately 62 gallons per kWh in 1950, to roughly 20-25 gallons in the 1990s. Estimates by
the US Geological Survey suggest that over 194 billion gallons of groundwater and surface water
(fresh and saline) are withdrawn daily to produce eectricity.

Nuclear power, which is neither a source of air pollution nor greenhouse gases (GHG),
nevertheless faces enduring public distrust because of risks of accidents during operation which
can lead to trace airborne leakage of radioactive materials—highly infrequent, improbable and
highly publicized—as well as the risks linked to the safe storage of spent radioactive fuels, which
have alifetime of approximately 800 years.

¥ pDatafrom Statistics Canada 1999 - Electric Power Generating Stations, US DOE - EIA -Annual Electric
Generator Report Nonutility, Annual Electric Generator Report Utility, Secretaria de Energia de Mexico,
2000 - Prospectivadel Sector Eléctrico. Note that fuel type proportions for the United States are cal culated
absent of around 100,000 MW of generating capacity termed dual-fired for which fuel type was
unavailable.

%0 NERC ES& D 2000, Secretariade Energia de Mexico, 2000 - Prospectivadel Sector Eléctrico

31 World Commission on Dams, "Dams, Ecossystems and Environmental Restoration.”
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The construction of transmission lines can also have important environmenta effects on land-use
change, on habitats, on migration patterns and other environmental effects. For example, a recent
report from the International Agency for Research on Cancer concludes that extremely low
frequency electric magnetic fields, including those from high tension power transmission lines,
"are possibly carcinogenic to humans, based on consistent statistical associations of high
residential magnetic fields, with a doubling of risk of childhood leukaemia'.**> However, other
scientific studies report human-health risks as minimal. The following sections provide a brief
overview of some of the key environmental challenges related to the eectricity sector.

Air Pollution

The generation of eectricity from the burning of fossil fuelsis a significant source of air
pollutants and greenhouse gases in North America. Some major pollutants arising from the
combustion of fossil fuels by the electricity generation sector are nitrogen oxides (NO,), sulfur
dioxide (SO,), mercury (Hg), and carbon dioxide (CO,). Nitrogen oxides contribute to ground-
level ozone (smog) on an urban and regiona scale. Both NO, and SO, contribute to acidic
deposition, commonly caled acid rain. Emissions of NO,, SO,, and hydrocarbons from fossil fuel
combustion also are sources of fine particlesin the aimosphere that are amajor public health
concern because of their links to lung damage and premature mortality. Toxic mercury deposited
in lakes and streams has | ed to fish consumption advisories across North America. Carbon
dioxide is an important greenhouse gas that contributes to global climate change. In addition to
these pollutants, eectricity generation also gives rise to a host of toxics, such as hydrochloric
acid, sulfuric acid, hydrogen fluoride, and heavy metals.

As asignificant source of a number of air pollutants, the future evolution of the electricity
generation sector in an integrated North American energy market will have a profound effect on
air quality and climate change. In order to assess changes in environmental quality (both good
and bad) arising from an integrated North American energy market, policy makers and the public
will need a common frame of reference as a starting point. One conceivably straightforward
approach is to establish a baseline of air emissions from the North American electricity

generation sector for a common reference year, and track changes in emissions over time from the
reference year as new sources of electricity are built and old sources are retired or refurbished.

While conceptually simple, there are obstacles to tracking changes in emissions from the
electricity generation sector on the North American scale. At the most basic level, air pollution
information is not uniformly available on a comparable basis in dl three countries, especialy at
the level of individua power plants. The information, when available, may not be for the same
year across the three countries. Each country may also compile emissions data using different
methods, such as directly measuring air pollutants through continuous emissions monitoring on
smoke stacks as opposed to estimating pollution indirectly through the application of
mathematical equations using standard emission factors, fuel usage information, and other
parameters. The equations and parameters themselves may differ in each country.

These differences not only affect the ability of policy makers and the public to track changesin
environmenta quality due to changes in the electricity sector, they aso affect the potential
application of policy tools such as internationa emission alowance trading programs. If there is
inadequate comparability, trangparency or confidence in North American emissions data at the
level of individual power plants, then there will be little confidence that an allowance trading

32 International Agency for Research on Cancer (IARC) (June 2001), "IARC Finds Limited Evidence That
Residential Magnetic Fields increase Risk of Childhood Leukaemia," www.iacr.fr.
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regime involving sources in different countries will produce emission reductions that are real,
permanent and enforceable. This diminishes the public appea for such approaches, thus
hampering the viability of policy tools that hold great promise for cost-effective and flexible
pollution reductions achievable through international cooperative efforts.

Despite the obstacles discussed above, the CEC Secretariat was able to compile an inventory of
criteriaar pollution emissons—CO,, SO,, NO,, and mercury—for the electricity generation
sector in Canada, Mexico and the United States. The sources of inventory information are of
differing quality and do not correspond entirely to the same annual period. We use emissions
information mainly from 1998 and 1999, with some older data from 1995 in cases where more
recent data are lacking. Despite these problems, the reference emissions inventory is adequate to
help put into some perspective the amount of projected emissions associated with new power
projects through 2007 in relation to some relatively “current” set of emissions. We discuss this
later in Section Four.

The national summaries of the reference inventory case are below, and a breskdown by province
and state is given in an accompanying annex, along with descriptions of the data sources and
methodol ogy.

Table 4 - 1998 Emissions of Criteria Air Pollutantsfrom the Electricity Sector in North
America

CO; equivalent Annud SO, Annua NO, Annual Hg
(tonnes) (tonnes) (tonnes) (k)
Canada 122,000,000 648,411 289,137 1,774.8
M exico 90,095,882 1,683,199 244,380 1,117.1
United Sates 2,331,958,813 12,291,107 5,825,982 29,241

When examining current emission levels, it is important to note that significant decreases have
been made in SO, emissions in the past decade. For example, a 10-year trend analysis for the
1988-1998 period in the United States shows significant declinesin SO, and sulfate
concentrations in ambient air. The average SO, reduction was 38 percent; for sulfate, the
reduction was 22 percent. In eastern Canada, SO, and sulfate concentrations in air exhibited
similar decreases as in the US, athough not by the same order of magnitude. Over the period
1986-1989 and 1993-1996, sulfate concentrations declined by 12 to 30 percent in most aress.®

On the other hand, NO, emissions saw relatively little change over the same period. Emissions of
CO, and mercury from power plants are not subject to control, and therefore rise as fossil fuel
combustion rises in the electricity generation sector.

Toxic Releases from Electricity Generation

Electric utilities rank first of al industry sectorsin total toxic chemical releases—comprising on-
and off-site releases—in the United States and Canada®* This ranking is based on comparable
data reported to the US Toxics Release Inventory and the Canadian Nationa Pollutant Release
Inventory, which are compiled by the CEC in the annual Taking Stock report. Mexican data on
toxic releases are not currently included in the Taking Stock report.

33 United States-Canada, "Air Quality Agreement: 2000, Progress Report.
34 CEC (Commission for Environmental Cooperation). 2001a. Taking Stock . Montreal.
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Electric utilitiesin the US and Canada released 436.1 million kilograms of toxicsin 1998.
Although utilities disposed of chemicalsin landfills, these amounts were ten times less than the
amount of chemicals that they released into the air. Indeed, electric utilities accounted for 43
percent of the total toxic air releases in the United States and Canada in 1998.

The 15 North American facilities in the Electric Utilities Industry with the largest toxic chemical
releases (1998) are al coa-fired power plants, and are ranked in Table 5 below. Together, these
15 plants were responsible for 83 million kg of chemical releases. Based on a ssimple pollution per
unit of output ratio, which may provide some insight into the relative efficiency of these power
plants, the Pensacola Plant appears to release 0.75 kg of toxic chemicals for every MW generated.
By contrast, the Monroe power station produced 0.22 kg of toxic chemicals for every MW
generated, or roughly one-third the toxic releases per unit generated of Pensacola.

Table 5 - The 15 North American Facilitiesin the Electric Utilities Industry wit the Largest Total
Releases, 1998
Facility State [Total Major Primary |Releases kg
Releases Chemicals* |Fuel / MWh
(kg)
Bowen Steam Electric Generating Plant, CA 8,507,296|HCI (air) Coa 0.42
Southern Co.
American Electric Power, John E. Amos Plant |WV 8,154,026|HCI (air) Coa 0.53
Roxboro Steam Electric Plant, Carolina Power |NC 7,307,075(HCI (air) Coal 0.51
& Light
Dayton Power & Light Co. J.M. Stuart Station |OH 6,674,059|HCI (air) Coal 0.47
American Electric Power, Mitchell Plant wv 6,282,377|HCI (air) Cod 0.65
Firstenergy, W.H. Sammis Plant OH 6,044,683[HCI (air), Coa 0.44
SO, (air)
Cardina Plant, Cardinal Operating Co. OH 5,628,484|HCI (air) Coal 0.52
Brandon Shores & Wagner Complex, MD 5,191,301|HCI (air) Cod 0.63
Baltimore Gas & Electric Co.
PSI Gibson Generating Station, Cinergy Corp. |[IN 5,120,355(HCI (air), Cod 0.27
SO, (air), Zn
and
Compounds
(land)
Ontario Power Generation Inc., Nanticoke ON 5,114,650[HCI (air) Coa 0.29
Generating Station
Scherer Steam Electric Generating Plant GA 4,718,212(HCI (air), HF |Coal 0.26
(air)
Kentucky Utilities Co. - Ghent Station, LG&E [KY 4,649,310[HCI (air), Coa 0.38
Energy Corp. SO;, (air)
US TVA Paradise Fossil Plant KY 4,369,346| SO,, HCI Coal 0.34
(air)
Gulf Power Co. - Plant Christ, Southern Co. FL 4,346,736|HCI (air) Coa 0.75
Detroit Edison Monroe Plant, DTE Energy MI 4,275,784{HCI (air), Cod 0.23
SO, (al r)
Total 86,383,694
Source: CEC’s Taking Stock 1998, EPA"s GRID, OPG Progress on Sustainable Development Report 1999
* Chemicals accounting for more than 70% of releases at the facility.
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Impacts from Hydropower

The generation of eectricity from hydro sources represents a significant percentage of total
generating capacity in Canada, Mexico and the United States. Taken together, there are
approximately 6,000 hydroelectric unitsin North America, with a combined generating capacity
of over 172,000 MW.

Table6 - North American Hydroelectric Generation

Country Units Capacity (MW)

Canada 1435 67121
United States 4463 95796
M exico 89 9630,
Total 5987, 172547,

Statistics Canada 2001 - Electric Power Generating Stations 1999, US EIA—EIA -Annual Electric Generator Report
Nonutility, Annual Electric Generator Report Utility, Secretaria de Energia - Prospectivadel Sector Eléctrico 2000-
2009

A sdlient feature of hydropower is that output is highly dependent upon climatic variability. A
heavy snow pack in eastern Canada in the winter will increase the amount of electricity available
for export to the northeastern United

Figure 2 - Hydroelectric Production in North America Stat& duri ng the ped( defnand summer
there. This variability has important
implications for electricity production,
trade and the overall environmental
impact of electricity generation in
North America. (Please refer to Figure
2 for agraphical representation of the
variability of hydropower production in
the three NAFTA countries).

“000 GWh Mexico

“000 GWh Canada and the U.S.

’ There areimportant differencesin
environmental, land-use change,

Year biodiversity and other impacts

associated with hydropower projects.

These differences depend on the pre-existing characteristics of the area or region prior to
construction, the type of hydro-project constructed, for example, river-run versus large-scale
reservoir type dams, characteristics of the local hydrology, fluvial processes, sediment flows,
geomorphic congtraints, climate and local biota, type of generating turbines used, and other
design and environmental features.

Nevertheless, as arule of thumb, the World Bank and others note that environmental impacts are
proportionate to the scale of the project™: large-scale, reservoir hydro-projects have profound
immediate and secondary environmental and biodiversity impacts.*® The construction and

% World Bank (1996), The World Bank’ s Experience with Large Dams: A Preliminary Review of Impacts,
Washington, DC

% Unlike environmental indicators used to measure airborne emissions from fossil fuel plants, impacts of
hydropower tend to be more qualitative than quantitative. This reflects the fact that most indicators of
biophysical change, biodiversity, land-use and habitat change, which characterize some of the most
immediate impacts of hydropower, are largely qualitative. However, progress has been underway,
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operation of large reservoir-type dams—for example, the reservoir project at Caniapiscau, part of
the La Grande complex of Quebec with a storage capacity of 39.6 km®, equivalent to 48.8 TWh of
energy or 28.7 million barrels of 0il*’—have the greatest and most immediate impact on the
environment. Such large-scale projects aso have significant impacts on local and indigenous
communities. For example, the Grand Council of the Crees recently noted their concern over the
“environmental challenges posed by large-scale river diversion, and the problem of
methylmercury resulting from reservoir construction, and the broad ecological and socia
consequences of the creation of large reservoirs on the Canadian shield."

Large-scae dams also have important secondary impacts on downstream shoreline habitats and
ecosystem functions. For example, change in river flows and patterns are often associated with
much lower frequency of seasona over-bank flooding: such flooding isimportant for the deposit
of sediments and other functions. Indeed, dams have been linked with a reduction over time of
overdl biodiversity productivity. *°

The WCD has concluded that the construction of damsiis “one of the major causes of freshwater
gpecies extinction.” Dams block or inhibit spawning grounds, change predatory relations of
species, and change nutrient levels. Assessments have concluded that juveniles are especidly at
risk from dams. Despite these improvements, a recent assessment conclude that dams are the
main reason why 75 percent of al native Pacific Salmon stocks are now classified as being at
moderate to high risk of extinction. *°

An intense debate has continued around ng the comparable impacts of different sized
dams—namely large-scale versus small-scale dams. The |IEA notes that the trend is “away from
reservoirs which inundate relatively large areas of valuable land, mgjor settlements, areas
occupied by indigenous peoples and areas with unique habitats. Generally, there is a tendency
towards smaller sized reservoirs'.** Improvements in operating features include better fish
ladders, the construction of passages for spawning, better timing of water flows, and other
features. A debate also continues regarding the relative merits of hydro power—a minor source of
greenhouse gas emissions during operation—compared to fossil fuel sources. This debate has
increased since attention has focused on the Kyoto Protocol.

Part of the debate has turned to life cycle assessment tools (LCA), in order to suggest
comparisons between hydro power and fossil fuel sources. For example, the hydropower sector
has provided some useful analysis of upstream and downstream impacts of non-hydro power

particularly by the OECD, in the development of key indicators of biodiversity. See, for example, OECD
(2001), Environmental Indicatorsfor Agriculture: Vol. 3, Methods and Results, Chap. 5, Paris.

7 Hydro Quebec (1995), The Le Grande Complex Development and its Main Environmental |ssues, cited
in International Energy Agency (2000), Hydropower and the Environment: Present Context and Guidelines
for Future Action, IEA Technical Report, Paris.

% Letter from Grand Chief Dr. Ted Moses, Grand Council of the Crees, to Executive Director, Commission
for Environmental Cooperation, 10 October 2001. In late October 2001, the government of Quebec and the
Grand Council announced along-term agreement where the Cree have agreed to drop $8 billion worth of
lawsuits relating to alleged breaches of the James Bay Northern Quebec Agreement and have given their
blessing to a proposed hydro-electric project on the Rupert and Eastmain rivers (The Cree Turn the Page,
The Montreal Gazette, 25 October 2001).

% USGS (1998), Status and Trends of the Nation’ s Biological Resources, Vol. 1, pp. 63-69, Washington,
DC.

40 United States Geological Survey (1998), Satus and Trends of the Nation’ s Biological Resources: Volume
One, pp. 63-88. Washington, DC.

41| EA (2000), Hydropower and the Environment.
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generation. This includes, for instance, the environmental impacts of coa mining through
mercury emissions, mine tailings and other damages, environmental impacts of fuel
transportation costs to the generating sources, and the effects of fossil fuel burning for cod, ail
and natural gas. Unfortunately, despite these efforts, LCA has not been used to examine
upstream, downstream, operational or secondary effects of large-scale dams themselves.
Moreover, the current status of LCAS provides little insight into whether 10 tons of GHG
emissions are better or worse than the possible extinction of a given species (a more appropriate
tool would entail turning to the remarkable progress in environmental valuation techniques in the
past decade, as a means to gaining insight into some kinds of comparable environmental effects
from different sources of electricity).

Given the difficulty in making these comparisons, a recent report from by the World Commission
on Dams noted that, taken together, the “ impacts of dams on ecosystems are profound, complex,
varied, multiple and mostly negative."*?

Nuclear Power

While there are fewer nuclear power plants compared to other major forms of eectricity
generation in North America, nuclear power is an important source of electricity, representing
roughly 14 percent of total generating capacity for the continent. Nuclear power represents 10
percent and 15 percent total capacity in both Canada and the United States, respectively, and 4
percent in Mexico. Capacity figures aone do not tell the whole story. Nuclear generation is
marked by high capacity factors. As aresult, despite the fact that nuclear power makes up only 12
percent of total capacity, it makes up 18 percent of total generation. This pattern is particularly
pronounced in the United States where nuclear makes up only 12 percent of capacity, but 20
percent of total generation (Please refer to Table 7).

Table 7 - Nuclear Power Contribution to Capacity and Generation in North America
Nuclear Capacity
Nuclear Capacity MW Tota Capacity MW| % of Capacity
Canada 10615 109984 10%
United States 103833 845156 12%
Mexico 1355 35666 4%
Total 115803 990806 12%
Nuclear Generation
Nuclear Generation GWh Totd Generation GWh| % contribution
Canada 69331 557285 12%
United States 728000 3691000 20%
Mexico 9950 180911 5%
Total 807281 4,429,196 18%
Source: Statistics Canada 1999 - Electric Power Generating Stations, US DOE - EIA - Existing Capacity and Planned
Capacity Additionsat US Electric Utilities by Energy Source, 1999 Accessed on the 24 September 2001, at
<http://www.eia.doe.gov/cneaf/el ectricity/ipp/html 1/t1p01.html > and Electric Power Annual 2000, Volume 1
accessed on the 30 October 2001, at <http://www.eia.doe.gov/cneaf/el ectricity/epav1/el ecprod.htmi#tab5>, Secretaria
de Energia de Mexico, 2000 - Prospectivadel Sector Eléctrico.

42 G. Berkamp et al. (November 2000), “Dams, Ecosystem Functions and Environmental Restoration,”
World Commission on Dams.



Nuclear power generation poses arisk to the environment through the potential release of
radioactive material. Nuclear generation can release radioactive material into the environment
three ways. Uranium mining is Similar to coa mining in that it can take place either in open pit or
underground mines. The mining process leads to similar environmenta impacts as coa mining
with the added hazard that uranium mine tailings are radioactive. Groundwater can be polluted
from heavy metals present in tailings, as well as from traces of uranium remaining in the waste.”®

Of greater public concern than radioactive releases from the mining of uranium are radioactive
releases in high concentrations from nuclear power generation itself, or from the transportation
and disposal of nuclear waste, a byproduct of the nuclear generation process. Nuclear releases
from dectricity generation can result from nuclear meltdowns like that of Chernobyl in the
former Soviet Union or the near meltdown at Three-Mile Idand in 1979. As well, there can be
radioactive rel eases during the transport, or once transported, from nuclear waste storage
facilities. Nuclear releases have the potentia to spread radiation and radioactive materia in
dangerous concentrations over long distances affecting large areas. Since radioactive waste
remains radioactive for thousands of years, the effects can aso last far into the future.

Radiation is abiologica hazard because it can damage or destroy cells. In humans, damaged cells
can induce cancers years after exposure, or pass damage along to future generations. As well,
dead cells can trigger infections or incapacitate organ functions.**

While the risk of radioactive emissions exists, the International Energy Agency reports that no
accident in any OECD country has released significant amounts of radioactive materias ever, and
that the public health effects of the releases that have occurred have been too small to measure.™
Despite this record, nuclear power generation faces continued skepticism and apprehension from
the public. This partially explains why no new nuclear plants have been built in the United Sates
since the Three Mile Island Accident, and that none have been built in Canada since 1986.*°

SECTION THREE:
THINKING ABOUT OUR ENERGY FUTURE

Forecasting energy and electricity futuresisincreasingly sophisticated. A number of very robust
models, including the National Energy Modeling System (NEMYS), the Policy Office Electricity
Modeling Systems (POEMS), MARKAL (acronym for MARKet ALlocetion), and work by
Jorgensen, Wilcoxen and others, have vastly improved quantitative, economic models. In energy
modeling, a number of extremely innovative, hybrid-type models which combine, for example,
economic and engineering modeling have been developed. Often, forward looking scenarios
make use of econometric models combined with sectoral input-output models, as well as general
or partial equilibrium models. By combining different tools, they have provided insights into the
relationship between economic growth and growth in energy; changes in energy use within
specific sectors as well as at the economy wide level, as well as provide analysis of price,
technology and regulatory effects at home at abroad on patterns of demand and supply.

These models also provide valuable tools to estimate the relationship between changes in the
composition and scale of eectricity generation, and environmental—mainly pollution emissions-

“ | bid.

4 Union of Concerned Scientists. Principles of Nuclear Power. Accessed at
<http://www.ucsusa.org/energy/Onuclear.html>.

S 1EA (International Energy Agency). 2001. Nuclear Power in the OECD.
“ | bid. Statistics Canada. 2001. Electric Power Generating Stations.
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coefficients. (These models are discussed in detail in an Annex paper to this working paper,
which will be available online at <www.cec.org/electricity>).

As good as models have become, they cannot tell policy makers what the future will look like.
Significant uncertainties remain, and these revolve around modeling assumptions about
macroeconomic policies and average rates of growth; changesin fuel prices; changes in energy
and environmental policies; the role of nuclear energy in the future; and developments in energy
technologies.*” Of these, the IEA notes that economic growth is “by far the most important factor
in energy demand trends and is thus the key source of uncertainty."*

Because of these and other uncertainties, Dale Jorgensen, a pioneer in dynamic econometric
modeling in the energy sector, has noted that “no single model seems to be true all of the time, or
even very often."*® In addition to these uncertainties, price-based competition and restructuring
poses new challengesto modelers. Modeling the effects of restructuring remainsin an early stage,
but insights have aready been provided about the dynamic nature in which changesin relative
price affect the sector.”® What is clear is that models alone cannot provide al, or even most of the
answers, to our energy future, because this future continues to revolve in large part upon the
policy decisions taken in the coming years. The most important policy analysis of energy futures
in the last ten yearsis the National Energy Policy (NEP), presented to President Bush in May
2001

The Plan cautions that a “fundamental imbalance between supply and demand defines our
nation’s energy crisis.">" Although there are numerous responses to the looming energy crisisin
the United States—including increased energy efficiency and conservation—the core strategy to
meet demand growth is through increased supply. The NEP warns that “our nation’s most
pressing long-term electricity challenge is to build enough new generation and transmission
capacity to meet projected growth in demand.">

Projected growth envisioned in the National Energy Plan predicts a demand growth of 25 percent
to 2010, and by 45 percent to 2020. This demand increase will in turn require an additional
200,000 MW of new generating capacity to 2020, or between 1,300 to 1,900 new power plants to
2020. This works out to the building of more than one new power plant each week starting today,
to 2020.

The table below highlights other recent electricity demand forecasts in Canada, Mexico and the
US covering the period 2000 to 2009:

4" International Energy Agency (2000), World Energy Outlook, Paris.

8 |bid.

“ Dale W. Jorgensen (1998), Growth: Energy, the Environment and Economic Growth, Volume 2, MIT
Press, London.

°0 See for example EMF (1998), A Competitive Electricity Industry for an excellent overview of progress
and challenges posed to modelers by restructuring.

51 Report of the National Energy Policy Development Group (May 2001) National Energy Policy: Reliable,
Affordable, and Environmentally Sound Energy for America’s Future, Washington, DC.

*2 |bid, I-5.



Table 8 - Examples of Supply and Demand Estimates for Electricity in North America until 2009

CANADA
2000 2005 2009 % increase
200009
National Energy Board (NEB)*
Scenario 1
Peak Demand — MW 95,849 103,733 109,829 15%
Total Demand — GWh 508,122| 557,420 600,094 18%
Total Capacity —MW 109,028 116,325 125,954 16%
Scenario 2
Peak Demand — MW 94,444 100,406 104,470 11%
Total Demand — GWh 500,680, 539,632 570,784 14%
Total Capacity — MW 108,858 114,588 120,962 11%
Natural Resources Canada (NRCan)*
Peak Demand - MW NR NR NR
Total Demand — GWh 557,267 583,029 600,575 8%
Total Capacity — MW 110,269 111,500 114,299 4%
North American Electricity Reliability Council (NERC)
Peak Demand - MW 84,928 90,383 94,769 12%
Total Demand — GWh 490,485 524,749 551,671 12%
Total Capacity — MW 100,492 102,372 103,947 3%
UNITED STATES
North American Electricity Reliability Council (NERC)
Peak Demand - MW 685,816| 756,445 813,264 19%
Total Demand — GWh 3,631,905 4,003,192 4,287,754 18%
Total Capacity — MW 754,662 863,200 877,760 16%
Department of Energy (DOE) — Energy Information Administration (EIA)
Peak Demand — MW NR NR NR
Total Demand — GWh 3,364,455 3,760,101 4,067,825 21%
Total Capacity — MW 754,000 818,600 918,200 22%
MEXICO
Secretaria de Energia
Peak Demand — MW 31,499 42,181 53,943 71%
Total Demand — GWh 154,994 197,479 257,072 66%
Total Capacity — MW 36,774 49,021 60,254 64%

* Datafor 2010 were used instead of from 2009 because only 2010 was reported.

While supply and demand projections are not perfect, there is universal consensus that demand is
outstripping supply, that new investments are required to cover the deficit in some regions in the
near term, and that generation reserve margins—with an ideal range of 10-15 percent—are
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shrinking quickly—it is clear that North Americawill require new capacity. Table 9 below shows
expected reserve margins for all NERC regions based on NEWGen data demand projections by
NERC region and with capacity information from NEWGen which includes only Existing and
Operating plants. This data is suggestive both of the accelerating decline in reserve margins
overal, aswell as comparative declines between regions. The latter is useful for investors and
planners in identifying where new installed capacity might go. It is aso one proxy which suggests
the extent, and pattern, of interregiona trade. That is, regions with higher deficits would be
expected, al other factors being equal, to import eectricity from those regions with surplus

capacity. The map below identifies the NERC regions.

Table9 - Reserve Marginswith only Existing and Oper ating Plants

2000 2001 2002 2003 2004 2005
ECAR |1531% |1649% |(1444% [11.63% |9.56% 7.06%
ERCOT |1896% |24.72% |20.84% [17.29% |14.17% |9.52%
FRCC 0.31% -011% |-231% [-543% [-9.96% |-13.31%
MAAC |1644% |16.73% |15.07% [11.85% |10.04% |7.84%
MAIN -46.79% |-4357% |-44.43% |-45.48% |-46.40% |-47.19%
MAPP  [17.13% [15.04% |1341% [(1249% (11.71% [9.94%
NERC |1594% |17.92% |1548% |[12.78% |10.28% |7.59%
NPCC 1843% [20.37% |17.79% (1447% (12.29% |9.56%
SERC 14.15% [1524% |12.33% |9.95% 7.63% 5.13%
SPP 2256% |26.92% |2297% [2040% |14.72% |9.55%
WSCC [17.18% |1844% |16.11% [13.02% |1058% |8.41%
Source: NEWGEN Dataset August 2001 issue.
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New Generating Capacity in the Planning Pipéine

Given the variety of modeling and forecasting efforts, this working paper did not offer new
modeling results, but rather, examined potential environmental effects from new generating
projects that have been announced by utilities or investors, and are at different stages of
development up to 2007. This approach has both strengths and weaknesses.

By looking at planned expansion in new generating facilities—based on the NEWGen dataset—
one gets an insight into where markets and investors are going at the moment However, changes
in investment following the 11" September 2001 tragedy, likely to be at least of the order of
magnitude of economywide effects following that date, are not reflected in the data.

Included in the NEWGen dataset are planned electricity generating projects comprising 2,063
separate generating units, falling into one of six phases. projects that are tabled, proposed, arein
early development, advanced development, under construction and operating. (The reason for the
inclusion of operating plantsis that the basdline year for analysisis 1998.) As noted, the data
includes planned electricity expansion to 2007. This cut-off date was chosen for two reasons.
First, after 2007, the data become increasingly thin.
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Second, 2007 isthe final year prior to the first 2008 to 2012 implementation period under the
Kyoto Protocol of the UN Framework Convention on Climate Change. While Canada is the sole
North American country that is a signatory to the Protocol as an Annex One country, all three
NAFTA partners are signatory to the UN Framework Convention on Climate Change. Article 4
of the Convention calls for domestic and international cooperation to reduce greenhouse gas
emissions. It is generaly expected that the implications of a carbon constrained environment will
lead to increased emphasis on climate policies, including some kind of emissions trading, joint
implementation or measures taken pursuant to the generd goals of the Clean Devel opment
Mechanism. It is also expected that these actions will begin on or before the beginning of the first
implementation period of the Kyoto Protocol of 2008. To illustrate, starting in 2008, the Canadian
Electricity Association has proposed that al oil and coa-fired plants older than 40 years will be
required to reduce their GHG emissions to specified level.*

Table 10 below provides information on the fuel mix, total capacity increase and country of
location of new generating units derived from the NEWGen dataset: (Annex | providesin greater
detail the location, scale, fuel type and other information for these 2,063 units.)

Table 10 - Breakdown by Fuel Type of Planned Electricity Generating Capacity (until 2007) in
North America- MW and Number of Units

Natural Water Coal Uranium |Qil Other
Gas
Canada MW 8949 5757.35 1750 0 0 666.63 17122.98
Units 65 30 4 0 0 32 131
United MW 407256.6 2293.1] 30005.66 576 -798.82| 21053.44) 460385.9
States
Units 1344 12 67 17 4 233 1707
Mexico MW 36531.54 1151.09 2249.8 0 526.63 2092.79| 42551.85
Units 128 16 9 0 30 42 225
Total MW 452737.1] 9201.54) 34005.46 576 -272.19| 23812.86 520060.8
Total Units 1537 58 80 17 64 307 2063

Source: NEWGen dataset.

Two important features contained in the above data are worth emphasizing. First, an extremely

large amount of total planned capacity increase is under market consideration. In fact, roughly
500,000 MW of additiona capacity is identified in the above data, representing a more than 50
percent increase in total North American electricity generating capacity to 2007, compared to
1998 levels.

This growth rate is clearly unredlistic. However, how much, where, and which technologies and
fuel choices will become redlity from the datais a hard estimate: free markets smply do not
provide standard proxies indicating how many announced plants become operational. As noted
above, a useful proxy is suggested by the NEP analysis: of the 43,000 MW planned expansion in
generating capacity announced in 1994 to come on line from 1995 to 1999, approximately 18,000
MW ?I new capacity was actualy built. Hence, roughly 40 percent of projects announced were
built.

%3 Canadian Electricity Association, Emission Performance Equivalent Standard, Oct. 21, 1999.
54 Report of the National Energy Policy Development Group (May, 2001) National Energy Policy:
Reliable, Affordable, and Environmentally Sound Energy for America’s Future, Washington, DC
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The second most important feature of the NEWGen data—arguably of more significance than
either total MW planned or number of units—is the fuel mix of new generating plants. Projectsin
the pipeline show that natural gas will comprise 89 percent of total new generating capacity in the
United States to 2007, and 88 percent in Mexico for the same period. By contrast, natural gas
comprises 45 percent of Canada’ s total generating expansion, with hydropower and cod together
comprising roughly 51 percent of new generating capacity.

Thisisrelatively welcome news from an environmental perspective: of the three major fossil
fuels, natural gas is recognized by the Intergovernmental Panel on Climate Change and other
scientific bodies as being the one with the lowest levels of environmental impacts. However, as
noted below, natural gas and the overal fuel mix suggested in the NEWGen data till present new
and serious environmental challenges.

SECTION FOUR:
PossiBLE ENVIRONMENTAL OUTCOMES OF PLANNED
GENERATING CAPACITY INCREASE TO 2007

Air Pollution

In Section Two, we described the environmental context of air pollution from the North
American electricity generation sector in terms of an air emissions reference case for four air
pollutants. The air pollutants we consider are carbon dioxide (CO.), sulfur dioxide (SO,),
nitrogen oxides (NO,), and mercury (Hg). Here, we use the reference case inventory to gain some
perspective on the relative scale of future air emissions estimated for 2007 associated with
potential generation capacity changes in North America. We based the scale of potential capacity
changes on information contained in the NEWGen dataset. We devel oped two “boundary”
scenarios for 2007. The high boundary scenario contains all uncancelled power projectsin the
NEWGen database. While it is extremely unlikely that a magjor portion of these announced
projects will be built, it gives a sense of where the greatest activity in terms of new power plant
sitings are occurring. Thisin turn may reflect differing environmental regulatory regimes as one
of anumber of siting decision factors. The low boundary scenario includes only power projectsin
the advanced, under construction and beyond operating stages. This gives a sense of projected
emissions associated with new power projects that are most likely to be completed.

Table 3 below presents a national summary of the results, with a more detailed description given
in an accompanying annex> along with breakdowns by province and state. The table presents
only the emissions we estimate for projected future capacity changes, and does not include
potentia future reductions due to any new controls on existing sources. Therefore, the table
should not be interpreted as a prediction of increases or decreases of total emissions from the
electricity generating sector, rather it compares the increment we estimate for new capacity
changes with the reference emissions case to give a sense of the extent of new emissions that
could arise from future capacity growth.

55 Available upon request from the CEC.
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Table 3—-Summary of national emission totalsfor the electricity generation sector in the reference

inventory case and the high and low boundary future projections (percentage change from 1998*

reference inventory case shown in parentheses).

Country scenario Annual CO, Annual SO, Annual NOy Annual Hg
(tonnes) (tonnes) (tonnes) (kg)

Canadareference

inventory 122,000,000 648,411 289,137

Canada high 19,169,219 15,037 42,014 233

boundary 2007 (+16%) (+2%) (+15%) n/a

Canadalow boundary 5,118,299 -3,556 15,381 11

2007 (+4%) (-1%) (+5%) n/a

Mexico reference 90,095,882 1,683,199 244,380 1,117

inventory e e ' '

Mexico high 68,565,216 130,708 216,565 275

boundary 2007 (+76%) (+8%) (+89%) (+25%)

Mexico low 43,085,556 84,278 128,876 153

boundary 2007 (+48%) (+5%) (+53%) (+14%)

US reference

inventory 2,331,958,813 12,291,107 5,825,982 39,241

US high boundary 875,036,007 64,580 459,286 5,762

2007 (+38%) (+1%) (+8%) (+15%)

US low boundary 333,347,795 -77,433 147,150 1,039

2007 (+14%) (-1%) (+3%) (+3%)

The percent value given in parenthesesisthe relative size of the new 2007 emissionsin the boundary case compared

to thereferenceinventory. For example, in the Canada 2007 high boundary case, the estimated CO, emissions from

projected electricity capacity changeswould be equivalent to 16% of the 1998* referenceinventory emissions. This

providesarelative sense of the scal e of potential emission changes.

* Some data are estimates, not all datacome from 1998. See Section Three of Vaughan et a. 2001, for further

discussion.

Toxic Releases

Estimating future toxic release emissions from electric power generation from current emissions
is difficult, for anumber of reasons. Foremost is the difficulty in extrapolating metal gas
emissions from current rates. Unlike acid gases, which can be estimated on emission factor
averages with some accuracy, metal gas emissions can vary between coa and oil fired plants.
These variations arise from differences in cod or oil burned between plants; whether the plant is
in acontrolled or non-controlled area; and other factors.
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However, agenera observation isthat if natural gas becomes, as the NEWGen data suggests, the
fud of choice for most new generating stations to 2007, then hazardous air pollutants are unlikely
to see a significant increase. This observation is based on the findings of an EPA report to
Congress, which found that hazardous air pollutant (HAP) emissions from gas fired plants are
“negligible’ >® At the same time, if changes in the fuel mix other than that suggested in the
NEWGen data lead to an increase in coal and oil fired power plants, then the level of acid gas
emissions that currently characterize the sector will increase.

Hydropower

NEWGen data suggests 60 new hydropower plants are currently in the planning stages in North
America. The mgjority of planned hydropower projects will generate more than 30 MW,
suggesting they are unlikely to fall within a“low-impact” hydro classification. *’

As noted above, assessing the environmental impacts of new projects is difficult, without
information—publicly available through the NEWGen data—on the specific location and
construction and operating characteristics of the new projects. However, to reiterate conclusions
of the World Commission on Dams, the World Bank and the International Energy Agency—size
matters. the magnitude of environmental damages from future hydropower will largely be a
function of the size of those projects.

To mitigate some environmental impacts, a reasonable assumption is that advances in design and
technol ogies to mitigate some adverse environmental effects will be incorporated into new
projects. These include turbines that are less destructive to fish (fish-friendly turbines), minimum
flow requirements, fish ladders, screens or other improvements intended to reduce damages to
freshwater fish.

The relicensing process currently underway in the US for approximately 400 hydropower plants
is of considerable importance in determining future environmental outcomes, not only for
existing but also new plants. Every 30 to 50 years in the US, non-federal hydropower projects
must obtain new operating licenses from FERC. Therelicensing process presents the opportunity
to either add new environmental provisions to existing hydropower plants, to roll back
environmental provisions that are in place, or to leave current provisionsin place.

The DOE recently noted that opportunities to upgrade environmental equipment and procedures
inindividual relicensing proceedings are being foregone. Among the reasons suggested for roll-
backs are the constraints that environmental measures impose on hydropower output. Estimates
cited in arecent DOE report suggest those losses range in the vicinity of 1 to 8 percent.”® Several
non-governmental organizations, notably American Rivers, has also noted that the relicensing
procedures are rolling back important environmental protection measures aready in place.

%6 EPA (1997), Study of Hazardous Air Pollutant Emissions from Electric Utility Steam Generation Units—
Final Report to Congress, Volume 1.

57 An example of low impact hydro projects is the Canadian Hydro Developers Inc.: their portfolio for
hydropower ranges from 6.6 MW —in Ragged Chute, Ontario —to aslittle as 1.3 MW, in Moose Rapids,
alsoin Ontario.

%8 Hunt and Hunt, 1998 cited in DOE, “Scenarios for a Clean Energy Future”



Factors Likely to Change New Generating Plans:

Firgt, the fuel mix noted in the NEWGen data is of importance in future environmental outcomes.
Although less clean than renewables, natural gas and combined cycle gas turbines produce lower
levels of CO,, SO,, NOy, and hazardous air pollutants per kWh generated, compared to cod or
oil. For example, based on US nationa averages, natural gas produces one-third less CO,, 99
percent less SO,, one-sixth less NO,, and 99 percent less mercury than coal per kWh generated.

The key question from an environmental perspectiveis. will planned expansion (or switch in
Mexico) to natural gas take place, or will increases over time in natural gas prices pull
investments away from gas, and towards other fuel sources? There are signsthat over time,
natural gas prices—which at the time of this report are comparatively low—may inch upwards
once again. Industry analysts suggest that after years of expansion, the gas industry may be facing
itsfirst prolonged scarcity of supply at exactly the time that US and Mexican utilities have
announced an overwhelming interest in it.>® Finding rates for natural gas continue to decline, gas
producers are near capacity, and readily accessible natura gasis getting harder to find. Indeed,
for over a decade there has been a gap in the US market between demand and supply: the latter
has been covered by imports of surplus reserves from Canada and €l sewhere. However, in the late
1990s signs began to emerge that capacity in Canada for readily available gas reserves had been
met.

The Williams Capital Group recently noted that “natural gas supplies are inadequate to support
new electricity generation sufficient to meet our 3 percent long-term electricity demand growth
projection”.® Like wise, the Energy Modeling Forum notes that its projected expansion in natural
gas will not be as pronounced if gas prices remain high.

Thereis no clear indication as to where planned expansion would shift, and by what extent, if
natural gas prices increase. However, some industry anaysts believe that coal will displace some
of the planned expansion currently favoured by natural gas. For example, the National Energy
Board of Canada notes that natura gas volatility is renewing investor interest in constructing
coal-fired power plants to meet projected energy demand in the future® However, the extent of
this switch from gas to other fossil fuels will be determined (in part) by different price elasticities
of demand, both for own-price elasticity of natural gas, as will as the cross-price demand
elasticity of gas, cod, oil, nuclear and hydro. ®*

%9 Other factors that could influence the environmental outcomesin future years include technological
advancesin clean energy, including hydrogen based fuel cells and the extent to which distributed
generation devel ops on the continent.

60 williams Capital Group. 2001. USElectricity Supply & Demand Analysis: Tight Gas Supplies Tell the
Story. WCG, New Y ork. The period of projection isto 2010.

&1 National Energy Board (2001), Trends and Issues, Calgary, Canada. Among the most important factors
affecting the energy sector over the past year has been the dramatic increase in natural gas prices. For
example commercial natural gas pricesin the United States jumped 70 percent between February 2000 and
2001, partially adding to the Californian energy crisis of late 2000 and early 2001. Since prices peaked in
early 2001, the price of natural gas has declined from February to September. Most analysts anticipate that
gas prices will continue to