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Executive Summary 
 
The International Joint Commission (hereinafter referred to as the Commission), in exercising its mandate 
to advise and alert the governments of the United States and Canada on the sources and repercussions of 
transboundary air pollution, has noted over the last several decades the extent to which the generation of 
electricity through the combustion of fossil fuels, principally coal, has resulted in the emission of acidic, 
particulate and persistent toxic pollutants. These pollutants and their deleterious effects are evident in the 
transboundary region and beyond. Recognizing that future electrical generation choices would profoundly 
affect air quality in large portions of the United States and Canada, the Commission began an 
examination of the environmental impact of the options available to provide electricity in the coming 
decades. 
 
Following its Consultation on Emissions from Coal Fired Electrical Utilities (Montreal, July 2004), co-
sponsored with the Commission for Environmental Cooperation (CEC), the Commission asked its 
International Air Quality Advisory Board (Board) to undertake a broader consideration of environmental 
and sustainability issues pertaining to the generation of electricity.  To assist in this second activity, the 
Board formed an Electrical Energy Consultation Advisory Committee; this report is the product of that 
Committee’s deliberations. 
 
The report presents a review of the most recent projections for electricity demand by the United States 
Department of Energy (USDOE) and the National Energy Board (NEB) of Canada as well as an overview 
of the distinct national electrical energy profiles and strategies of four nations—the United Kingdom, 
Germany, France and Japan—and other sources of information available to the Committee. 
 
The impressive growth in exchanges of electricity across the United States–Canada boundary is noted in 
the report, as is the urgent need for renewal in generation and transmission infrastructure in both countries 
if current demand projections are to be met while achieving substantial reductions in emissions of acid 
gases, particulate, persistent toxic substances and greenhouse gases.  A revised mix of electricity 
production from coal, natural gas, large hydroelectric, nuclear and renewable facilities such as wind, solar 
and biomass, guided by a full life cycle analysis and coupled with aggressive demand management, 
would be key to achieving these twin targets. In order to effectively address these issues, policy makers 
and technical experts must also achieve a broad public consensus on an approach to infrastructure renewal 
and reconfiguration. 
 
The Committee encouraged further consideration of large scale hydroelectric development, particularly in 
the Canadian North, conditional upon the resolution of several social, economic, and environmental issues 
pertaining to such development.  Continued combustion of the large quantities of recoverable coal in the 
United States, and to a lesser extent Canada, would be conditional on reductions in greenhouse gas 
emissions.  Both governments should provide immediate support for emission reduction technology 
applicable to both new and current coal combustion operations while engaging China, India and other 
developing countries in an exchange of such technology. 
 
In some jurisdictions, electricity prices should be modified to encourage conservation and acknowledge 
the steep escalation in costs for replacement and enhancement of generation and transmission assets.  The 
Committee also recommended that any further expansion of nuclear generation capacity must be preceded 
by a publicly acceptable plan for long term management of high level nuclear waste. 
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Findings and Recommendations  
 
General Observations 

1. The United States and Canada are grappling with the urgent need for wholesale review 
and renewal of their electrical generation and transmission systems, including the 
introduction of new technologies, facilities, infrastructure and means to maintain an 
adequate supply of electrical power to meet anticipated needs to the year 2030. 

 
2. Individual regions of the USA and Canada currently have, and will continue to have, 

distinct energy portfolios based on policy decisions, available resources and 
opportunities. 

 
3. Over the last several decades air quality concerns have influenced the type and nature of 

generation technology used to date; this influence will be accentuated with the emergence 
of more stringent controls on acid gas, particulate, and mercury emissions along with new 
initiatives for greenhouse gas emission reductions. 

 
4. A great majority, if not all, utilities and several jurisdictions will strengthen current 

demand management schemes to further lower or eliminate growth in electrical 
generation capacity and make more extensive use of existing facilities. 

 
5. Several aspects of the renewal of the generation and transmission systems are dependent 

on the achievement of a consensus among stakeholders and the public, particularly with 
regard to sources of electrical energy and the enhancement of the transmission system.  In 
many instances the formation of this consensus has lagged or stalled, significantly 
slowing the pace of renewal. 

 
6. The costs of engineering, skilled labour, fuel and materials are increasing rapidly, 

disrupting commitment to new larger scale generation and distribution projects; as well, 
the time required for approval and construction of both generation and transmission 
elements is, in many instances, approaching a decade or more. 

 
7. In many jurisdictions, prevailing pricing does not reflect the true current and historic 

direct cost of power.  Also, current price structure often does not provide adequate 
encouragement for conservation programs nor the reserves necessary to manage the 
anticipated costs of planning and initiating new generation and distribution capacity. 

 
8. A majority of the expert community anticipate that refurbished and new large scale 

generation projects, particularly fossil fuel, nuclear and hydroelectric facilities, will be 
necessary to ensure that current and anticipated demand continues to be met.   

 
Renewables 

9. In both Canada and the United States, utilities, with jurisdictional support, will continue 
to increase the renewable (wind, solar, biomass) component of their generation portfolios. 
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10. According to current projections from the Canadian and United States federal 
governments, in the next 15 to 20 years the contribution to the overall electrical supply of 
the various non hydroelectric renewable technologies will grow to approximately 10 
percent of the total electrical generation capacity of each country. 

 
11. Large scale untapped hydroelectric potential exists in the Canadian North and there are 

many smaller scale “run of river” potential projects in both countries.  However, 
particularly in the case of large scale projects, many social, economic and environmental 
issues must be resolved before these resources could be brought on line. 

 
Fossil Fuels 

12. Even as more of the total external costs, such as those related to air pollution, global 
warming and other environmental degradation, are factored into the price of electrical 
energy, United States and Canadian federal projections indicate that coal facilities will 
continue to figure prominently in meeting demand for electricity to the year 2030. 

 
13. To meet the challenge of carbon capture from coal fired facilities, three principal 

technologies are under development; gasification, pulverized coal with oxygen 
enhancement and post combustion capture with amine scrubbing.  In addition, the 
potential for CO2 sequestration in various regions at sites adjacent to current or proposed 
coal combustion facilities is under investigation. 

 
14. With the growth of transoceanic liquefied natural gas transport, the natural gas market 

will become truly global, supporting the more extensive usage of natural gas to increase 
efficiency, supporting a relative reduction in emissions of common air pollutants and 
greenhouse gases and lowering demand among industrial, commercial and residential 
consumers through the use of combined heat and power projects in industrial and 
residential settings. 

 
Nuclear  

15. Many nuclear facilities are reaching the end of their operating licenses or permits; 
however a majority has requested or will request extensions to their operating 
agreements.  The current circumstances appear to be the most promising in several 
decades for growth in this sector. 

 
16. Nuclear generation in operation largely eliminates emissions of air pollutants including 

greenhouse gases, has a relatively small footprint, and little volume of solid waste.  
However, it is capital intensive, requires long lead times for development, suffers from a 
shortage of skilled engineering and contracting resources, along with substantial 
liabilities and heightened and far-reaching waste and material management risks, some of 
which remain unaddressed.  Global proliferation of this technology would likely 
compound these risks, while heightening concerns regarding terrorism and further 
proliferation of nuclear weapons.   

 
17. In the United States and Canada, notwithstanding extensive studies by the two federal 

governments on the best means to manage high level radioactive waste, the real and 
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perceived risks associated with its transport, treatment, storage and ultimate disposal are 
hindering the establishment or renewal of nuclear facilities.  Public acceptance of 
operational and long term waste management practices is key to any future growth. 
 

Transmission 
18. The complex electrical grid, with its many transboundary connections, will continue to be 

the principal means whereby power is distributed among industrial, commercial and 
residential consumers.   

 
19. Instantaneous and sustained exchange of electricity among regions and across the US-

Canada boundary should increase in coming decades, assuming that the many parties and 
jurisdictions involved in managing the system take steps to improve on current efforts to 
co-ordinate, maintain and enhance the grid, including accommodation of further 
renewable generation 
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Recommendations  
 

1. Within the next few years, substantial reduction or elimination of greenhouse gas 
emissions needs to be a key condition in the initiation or renewal of any permit 
governing operation of any electrical generation facility.  

 
2. All levels of governments should accelerate adoption of aggressive demand 

management programs including conservation initiatives and further increases in 
efficiency throughout the United States and Canada.  

 
3. Regulators and service providers in the electricity sector should ensure that prices are set 

to accurately reflect all current and historic costs, while having the capacity to make 
timely investments in maintenance of existing facilities and construction of new facilities.  
Price structures should also provide effective support for conservation and efficiency 
initiatives 

 
4. Recognizing regional limitations, government policies and incentives are needed to 

encourage a diverse portfolio of traditional and renewable electrical energy sources 
to ensure that the most appropriate energy source is used to meet demand in the most 
complementary manner.  In doing so, governments should remain mindful of the need of 
the utility sector for regulatory certainty.  

 
5. A more comprehensive use of renewable technology including biomass, wind and solar 

resources should be implemented in areas with demonstrated potential.  In the case of the 
latter two options, development of associated storage capacity should be pursued.  

 
6. While encouraging energy recovery from biomass, the use of biomass materials (for 

example wood, straw etc.) in any combustion application should be subject to a 
comprehensive environment impact analysis, including an examination of the 
sustainability of such applications.  Combustion of these materials should only occur in 
facilities with state of the art emission and waste management controls. 

 
7. The federal governments, working in concert with state, provincial and territorial 

jurisdictions, should urgently pursue the technical case for further development of large 
scale hydroelectric projects, particularly in the Canadian north.  Simultaneously, 
resolution of outstanding social, economic, and environmental issues currently precluding 
such development should be achieved. 

 
8. As the continued use of coal combustion technology for electrical generation appears 

dependent on substantial reductions in carbon dioxide emissions the federal governments, 
working in concert with appropriate jurisdictions and technology partners, should, initiate 
or continue to support development and construction within the next decade of full 
scale coal combustion technology with near zero emissions of traditional pollutants, 
accompanied by very substantial reductions in releases of carbon dioxide.  Closer 
bilateral cooperation in achieving this objective is strongly encouraged.   
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9. In addition, within the same timeframe, the federal governments should attempt to strike 
cooperative agreements with their state/provincial counterparts, allowing for a sizable 
and immediate federal investment in the reconfiguration of a currently operational 
major coal fired facility to achieve extensive sequestration or treatment of carbon 
dioxide emissions.  

 
10. The federal governments, working with other jurisdictions, should actively support the 

enhancement of the transmission system to enable development of environmentally 
appropriate and diverse portfolios, including renewable generation, within and between 
our two countries and increase system reliability and exchange capability with a goal of 
reducing requirements for additional built capacity.  

 
11. More extensive usage of natural gas should be part of a strategy to manage electricity 

demand, lower emissions of common and greenhouse pollutants and make best use of 
existing resources. 

 
12. Should governments elect to encourage further nuclear development, prior to doing so 

they should act aggressively to resolve the concerns and fulfill commitments regarding 
the management and ultimate storage of nuclear waste. 

 
13. Federal governments should accelerate technology exchanges with China, India and 

other developing nations involving both renewable generation technologies as well as 
improved emission controls on fossil fuel generation processes, particularly coal.  

 
14. While such examinations were beyond the scope of this report, to comprehend the full 

impact of various generation technologies, complete Life Cycle-Fuel Cycle analyses 
should be applied to all large scale electrical generation projects, including an 
examination of the totality of their emissions and waste generated during their 
construction, operation and decommissioning. 
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Chapter 1 – Introduction 
 
Background 
 
The International Joint Commission has been involved in air quality issues since 1928, when it 
received a Reference from the governments of Canada and the United States to examine the 
impact of emissions from a metal smelting facility in Trail, British Columbia on portions of 
Washington State.  Following its 1931 report to the governments, the Commission received the 
first of a number of references regarding air quality in the Detroit–Windsor region; the initial 
reference was concerned with sources of smoke.  A subsequent 1966 reference called for an 
investigation of impacts of air pollution on human health and extended the geographic area of 
interest to include Port Huron, MI and Sarnia, ON.  The Commission was also asked to report on 
any air pollution concerns prevalent at any point along the length of the entire Canada–United 
States boundary.  The extended Detroit-Windsor reference was renewed in 1975 with a focus on 
sulphur dioxide (SO2), particulate matter (PM) and odours. 
 
In addition, the 1972 Great Lakes Water Quality Agreement (GLWQA) was augmented in 1978 
with the addition of an annex on atmospheric transport and deposition of persistent toxic 
substances.  The Commission biennial Great Lakes Priority Reports, the most recent of which are 
available on the Commission’s website, document the continuing examination at a continental 
scale of this issue by the International Air Quality Advisory Board of the Commission. 
 
Under the Agreement the Commission also formed a Nuclear Task Force to establish an 
inventory of radionuclide releases to both air and water from nuclear fuel processing and usage 
(largely at electrical generation facilities) in the Great Lakes Basin  In its two reports, the first an 
inventory of radioactive releases (1997) and the second a consideration of the possibility of 
bioaccumulation of these substances (August 1999), the Task Force concluded that a greater 
effort on the inventory and monitoring of these releases was needed to allow a full assessment of 
the possible effects of these persistent toxic substances on the health of the Great Lakes 
ecosystem.  A range of possible bioaccumulation factors were estimated for selected radioactive 
elements in freshwater fish.  In some instances the potential for bioaccumulation was greater 
than anticipated; as noted, improvements in monitoring of these contaminants to allow for more 
detailed assessments were recommended. 
 
The sequence of references and annexes coincided with the extension in scope of air pollution 
concerns among scientists and policy makers from the local to the regional, national, continental 
and global.  In the course of their work under these various initiatives, the Commission and its 
advisory boards repeatedly reviewed emissions of common and persistent toxic substances 
(particularly mercury) from coal fired facilities throughout the United States and Canada. 
 
Figure 1.1 shows the relatively large contribution to emissions of SO2 and nitrogen oxides (NOx) 
from the electricity generation sector in the United States and Canada.  Emissions of SO2 in the 
United States stem primarily from coal-fired combustion in the electric power sector.  In Canada, 
a lower percentage of SO2 emissions are emitted from the electric power sector largely because 
of the greater proportion of hydroelectric capacity.  The electrical generation sector is also 
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responsible for a significant percentage overall of particulate matter (both PM10 and PM 2.5), 
mercury, and carbon dioxide (CO2) emissions. 
 
Figure 1.1 US and Canadian National Emission by Sector for Selected Sulphur Dioxide and 

Nitrogen Oxides  

 
Source: Canada–United States Air Quality Agreement—Progress Report 2006 
http://www.ec.gc.ca/cleanair-airpur/caol/canus/report/2006canus/c3_e.cfm#s1 

 
The North American Free Trade Agreement (NAFTA) was among the initiatives arising from a 
continuing interest in Canada and the United States toward the further integration of North 
American energy markets.  In a 2002 report, the CEC, created under NAFTA, illustrated the 
increasing cross-border exchange of power now occurring in the electricity sector (Figure 1.2).  
This interconnection is evident in the widening circle of impacts on pricing evident between the 
countries, under which snowfall in Eastern Canada can affect the retail electrical prices in 
regions of the United States, and in the development of a number of electricity projects with a 
significant orientation towards export. 
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Figure 1.2 Electricity Exports from Canada and Imports from the U.S., 1996-2005 
 

 
Source: http://www.canelect.ca/en/Pdfs/3032_NAEE06_eng.pdf 

 
In the summer of 2004, the Commission and the CEC jointly sponsored a Consultation on 
Emissions from Coal-fired Electrical Utilities in Montreal, PQ.  That consultation examined this 
technology within a broad context of other electrical generation processes.  The report from this 
event contained four principal findings, given below, that will be reflected within this second 
exploration of electrical energy generation, although the discussion will range significantly 
beyond them. 
 
Findings from the First Consultation 
 

1. Significant reserves of coal remain available in the United States and Canada.  The 
estimated 6,578 million tones [about 7,251 million short tons (1 short ton is equivalent to 
2,000 pounds)] of coal reserves in Canada are predicted to have a life of 115 years based 
on 1998 production rates.  United States data from the year 1997 estimate a reserve life of 
250 years at current rates of usage, based on a recoverable reserve quantity of 250 billion 
tones [about 276 billion short tons] of coal. 

 
Since the report was published in 2004, the estimates of the United States and Canadian 
coal reserves have been found to be conservative.  Estimates vary depending on whether 
or not both “proven” and “unproven” reserves are factored into the calculation. 

 
2. Given the extent of coal reserves available in these two countries and the relatively high 

and more volatile price of some alternative fuels such as oil and natural gas, electricity 
production by the combustion of coal will continue in the United States and Canada for 
some decades.  This will be the case despite the most recent fluctuations in energy prices, 
and the anticipated expansion in renewable energy sources. 
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3. Proven process and control technologies can be applied to the coal-fired utility sector to 
better quantify and significantly reduce, in a cost effective manner, current emissions of 
pollutants, particularly acid species and mercury, harmful to the health of the ecosystem, 
including humans.  Such options include modified coal combustion techniques, enhanced 
emission controls, and further application of continuous emission monitors to the 
measurement of emissions of sulphur dioxide, nitrogen oxides, mercury and other 
pollutants.  Further aggressive application of these technologies and processes is 
encouraged in keeping with the national and bilateral commitments of the two 
governments to further reduce harmful air pollution. 

 
4. Expanded transfer of emission measurement and control technologies to emerging 

economies should be supported.  Such action is crucial in Southeast Asia and India, 
where many current coal-fired facilities operate without adequate, much less advanced, 
pollution control equipment.  Rapid economic growth continues in these areas, along with 
substantial increases in the number of coal-fired utilities.  Greater control of these sources 
would have local, regional, continental and global benefits. 

 
The full report from the Commission-CEC Consultation is available on the Commission website 
at http://www.ijc.org/rel/pdf/IAQAB-emiss_coal-fired_uti.pdf 
 
At the time of this 2004 report, the Board did not emphasize the implications of climate change 
and possible controls on the release of greenhouse gases, particularly CO2, from the coal fired 
utility sector.  Such limits on greenhouse gases would only accelerate the introduction of newer 
technology referred to in the third finding, while extending it into areas such as CO2 
sequestration.  
 
Building on the 2004 report and recognizing that the choices made in the United States and 
Canada in the next few decades regarding electrical energy production will have far reaching 
consequences for North American and global ecosystems, including the extent of regional 
continental and global air pollution, the Commission’s Electrical Energy Consultation, held in 
October of 2007 in North Dakota, considered the entire electrical energy landscape.  This macro 
scale review, an early draft of which served as a background document to that event, is meant to 
provide advice and guidance to the International Air Quality Advisory Board of the Commission 
on the choices to be made in meeting the electricity needs of our two countries to the year 2030. 
 
This paper is focused almost exclusively on power generation and electricity.  It is recognized 
that while power generation is in many cases the largest source of air emissions from stationary 
combustion sources, it is only one sector within the overall energy economy.  The scope of the 
analysis does not extend to the direct use of energy alternatives to electricity in the residential, 
commercial, industrial, agricultural and transportation sectors. 
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Chapter 2 – Preliminary Investigation of Selected Countries—Needs 
and Strategies 
 
Overview  
 
Review and analysis of countries facing similar environmental and electricity supply concerns 
can aid decision makers in Canada and the US regarding the generation of electricity.  The 
examination of the respective priorities, policies and unique energy profiles of China, France, 
Germany, Japan and the United Kingdom sets the context for the energy issues facing North 
America.  
 
Figure 2.1 shows the energy mix of seven selected countries; the United States, Canada, the 
United Kingdom, Germany, China, France and Japan.  Of the countries selected for examination, 
China, Germany and the United States use the highest percentage of coal.  China is the world’s 
most coal-reliant country, with 78 percent of their electrical energy supply derived from this fuel 
source.  In Canada hydroelectricity supplies 57 percent of electrical energy production.  In 2004, 
France, Japan, and Germany were the leaders in nuclear energy generation with 78 percent, 26 
percent, and 27 percent of their electrical energy demand met by this technology respectively; 
the other three countries (the United Kingdom, Canada, and the United States) have a lower 
nuclear component of between 15 and 20 percent.  As of 2004, the United Kingdom is the leader 
in natural gas generation, while Germany is at the forefront of non-hydro renewable energy 
generation (particularly wind). 
 
Figure 2.1 Electricity Production by Energy Source for Selected Countries (2004) 
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Figure 2.2 shows that, in the year 2002 among the six countries depicted, NOx and SOx 
emissions per unit of thermal power (i.e., energy produced from heat) were the highest in Canada 
and the United States.  Japan’s lower emissions are likely due to a corresponding higher 
percentage of thermal power being produced from relatively cleaner sources (e.g., natural gas) 
and better controls on all fossil fuels sources.  China data are missing from this analysis since the 
SOx and NOx emissions data are currently unavailable.   
 
Figure 2.2 SOx and NOx Emissions per Unit of Electricity Generated by Thermal Power in Each 

Country 

 
Source:  Energy Balances of OECD countries 2002-2003 see FEPC (2007) Electricity Review Japan 

http://www.fepc.or.jp/english/library/review/2007/all.pdf pp. 24 
 
China and the United States have the highest intensity of CO2 emissions (kg CO2/ kWh 
generated) of the seven countries examined (Figure 2.3), with the United Kingdom nearly at the 
same level.  All three remain heavily dependant on fossil fuels, particularly coal. 
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Figure 2.3 CO2 Emissions Intensity from Electrical Generation (2004) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Source:  Energy Balances of OECD countries 2002-2003 see FEPC (2007) Electricity Review Japan 

http://www.fepc.or.jp/english/library/review/2007/all.pdf pp. 23 and IEA, 2007a 
 
As depicted in Figure 2.4, Japan is dependant on substantial energy imports of crude oil, natural 
gas, uranium and other energy resources with the exception of coal, since it lacks significant 
domestic sources of fossil energy.  Germany is also largely dependant on imports, particularly oil 
and, to a lesser extent, gas and solid fuels, despite its significant amount of domestically 
produced energy (EC, 2008).  Conversely, Canada exports more energy resources than it 
imports.  In particular it is one of the world’s largest sources of uranium.  The United States, 
though a significant importer of uranium, crude oil and natural gas, has large coal resources 
sufficient to meet domestic needs while allowing for significant exports of coal. 
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Figure 2.4 Dependence on Energy Imports (Net Imports/TPES) among Selected Countries 
(2004) 
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Source: IEA, Key World Energy Statistics 2006 Total Primary Energy Supply (TPES) is made 
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Figure 2.5 Evolution of Electricity by Fuel in Germany between the years 1971 to 2005 
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Policy and Priorities 
The three cornerstones of Germany’s current energy policy are environmental protection, 
economic stability, and security of supply.  Renewable energies are characterized as one of the 
most important components of the future energy mix; nonetheless, at the moment Germany 
remains dependant on fossil fuels (coal and gas remain dominant) in its primary energy mix 
(Figure 2.5) (EC, 2008).   
 
At the beginning of the current decade, the German government committed to phasing out 
nuclear power (IEA, 2007b).  The last reactor is scheduled to be shuttered in approximately 15 
years (IEA, 2007b).  Nonetheless, nuclear power currently supplies one quarter of electricity 
generation (IEA, 2007b).  In 2001, the German legislature agreed to limit the operational lives of 
nuclear power plants to an average of 32 years, deferring any immediate closures of these 
facilities (UIC, 2008).  Energy security is an important matter for Germany, and the decision to 
phase out nuclear power effectively by 2025 is seen as increasing the country’s reliance on 
imports of coal and natural gas (electrical energy generation currently represents 27 percent and 
78 percent of the total national demand for these fuels respectively) (IEA, 2007b).  In response, 
Germany is focusing on the further development of domestic fuels and renewables, including 
wind and photovoltaic solar energy, and greater energy conservation as well as new technology 
to substitute for the nuclear option, while maintaining good relations with energy exporting 
countries, particularly Russia (IEA, 2007b). 
 
The government has established ambitious targets to reduce overall greenhouse gas emissions to 
21 percent below 1990 levels by the year 2020 (GOC, 2007).  In achieving this goal, the 
government will benefit greatly from credits accumulated through the closing of various obsolete 
industrial and commercial facilities in the former East Germany; the portion of the remainder to 
be borne by the electrical generation section is to be met largely by switching to renewable 
energy.  
 
Germany introduced two key laws to support electrical energy generation from renewable 
sources:  the “Erneuerbare-Energien-Gesetz (EEG)” and the “Kraft-Warme-Kopplungsgestez 
(KWKG)”.  These laws, implemented in the year 2000, oblige operators to connect “green” 
power generation installations to the electricity grid, to purchase green electricity as a priority 
and to pay a minimum price for green electricity significantly above (by a factor of 3 or 4) the 
market price for electricity generated from traditional sources (Seager and Milner, 2007). 
 
To address the relatively high capital investment required to initiate such projects, the German 
government has offered long-term, low-interest loans and income tax credits to projects and 
equipment that meet specified standards.  These initiatives have drawn billions of dollars to the 
renewable energy industry, while technology standards have reduced risk and created confidence 
through exclusion of substandard technology.  The government has also promoted awareness of 
renewable technologies and available subsidies through publications and training programs.  
Biomass development has been slower than anticipated due to fuel price uncertainty and high 
infrastructure costs.  Most of the low-cost potential bio-sources (wood wastes) have already been 
exploited (EC, 2008). 
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The Wind Energy Resource in Germany 
Germany generates more power from wind than any other country and has about half of Europe's 
installed wind generating capacity (German WindEnergy Association, 2008; EC, 2008). 
 
Wind energy has shown strong growth.  From 1998 to 2007, installed wind capacity increased 
from 6,185 units to 19,460 units (22,247 Megawatts (MW)) (Figure 2.6).  Most capacity is 
installed in the northern federal states, where average wind speeds are highest.  In 2007, an 
abnormally windy year resulted in record breaking production; wind energy contributed to 7.2 
percent of Germany’s power consumption in that year (German WindEnergy Association, 2008).  
 
Figure 2.6 Wind Energy Installations in Germany 
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Adapted from: Deutchland Magazine, June2007 retrieved on September 14, 2007 from 

http://www.tatsachen-ueber-
deutschland.de/fileadmin/festplatte/sprachen/download/englisch/00_Energie_ENG.PDF; 

http://www.wind-energie.de/en/news/article/annual-balance-for-wind-energy-domestic-market-
stabilised-global-market-growing-strongly/166/; and http://www.wind-

energie.de/en/news/article/annual-balance-for-wind-energy-generated-in-2007-global-market-
continues-to-boom-domestic-market/166/ 

 
Particular site challenges and limited transmission grid capacity in the northern parts of Germany 
are currently hampering the further growth of onshore wind energy for much of that market.  
Offshore wind energy is developing more slowly than expected due to high costs and unsolved 
technical issues (including the relatively long distance from land required under current 
regulations and the challenge of construction in deep water).  
 
Rapid growth in the number of wind turbines in some regions has sparked local opposition, 
resulting in lengthy and complex siting procedures which have stalled the development of new 
projects.  The government has responded by encouraging communities to zone specific areas for 
wind energy—a step that has addressed concerns such as noise and aesthetic impacts and assured 
prospective turbine owners that they would find sites for their machines (EC, 2008). 
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Solar Power Generation 
Germany has also become the world's leading solar power generator; 55 percent of the world's 
photovoltaic (PV) power is generated on solar panels installed between the Baltic Sea and the 
Black Forest.  This solar investment occurs in spite of an inhospitable climate of year round rain 
events and cloudy skies occurring over two-thirds of all daylight hours.  To date, just three 
percent of Germany's electricity comes from the sun, but solar generation is anticipated to form a 
substantial portion of the technology required to meet the national renewable objective.  
 
There are now more than 300,000 photovoltaic systems in Germany owned by legions of 
homeowners, farmers and small businesses.  Germany's PV systems generate about 3,000 
megawatts of electrical energy.  In the case of solar, under the EEG legislation, power firms are 
obligated to buy solar electricity for the equivalent of 49 cents per kilowatt hour or nearly four 
times market rates for the 20 years stipulated in the legislation (Kirschbaum, 2007).  There are 
currently 250,000 jobs in Germany in the renewables energy sector with some anticipation that 
the solar component of that sector will double to 90,000 positions over the next five years and 
reach 200,000 in 2020 (Kirschbaum, 2007).  
 
Japan 
 
Figure 2.7 Evolution of Electricity by Fuel in Japan from 1971 to 2005 
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Policy and Priorities 
Japan has few sources of energy within its boundaries and is dependent on foreign countries for 
about 80 percent of its energy resources (Figure 2.7) (IEA, 2006).  (In this instance, the data 
presented reflects total primary energy, which included transportation sector energy 
requirements.  These requirements have a significant influence on net imports.)  The government 
of Japan is committed to the continuation of the fullest possible use of nuclear power generation 
as one of the mainstays of the nation's energy supply (FEPC, 2007).  In their view, 
notwithstanding concerns over the capabilities of their nuclear administrative arm, nuclear power 
generation contributes to improved energy sufficiency and to the stability of the energy supply, 
in addition to playing an important role in reducing Japan's CO2 emissions (FEPC, 2007).  
Nuclear power nonetheless represents only one element in a comprehensive energy policy, based 
on a mixture that includes thermal and hydroelectric power and is meant to meet the growing 
energy needs of Japan. (FEPC, 2007) 
 
Japan is moving forward with the deregulation of its electric power industry.  Currently, large-
scale commercial customers—those using over 20 kilovolts/2,000 kilowatts—are already able to 
purchase electricity on the open market.  This currently deregulated segment of the market 
represents approximately 30 percent of the total electric power demand in Japan. 
 
Japan's Long-Term Program for Nuclear Energy 
On November 24, 2000, Japan's Atomic Energy Commission (AEC) concluded the latest 
proposal for the Long-Term Program for Research, Development and Utilization of Nuclear 
Energy (also known as the Long-Term Program).  The revised plan establishes the issue of safety 
as paramount, while reaffirming that nuclear power generation will continue to play a major role 
in 21st century Japan. 
 
This latest Program establishes fundamental principles and advancement schemes for the coming 
century, including issues such as the utilization of nuclear power as an energy source, 
technological development, and the related uses of radiation in manufacturing and processing.  
Diverse public opinion on nuclear energy issues was sampled through open forums held across 
Japan. 
 
Hydroelectric Power 
Hydroelectric power is one of the few forms of traditional energy available within Japan's 
borders.  It is advantageous both for its highly stable supply and low generation costs over the 
long term.  The development of hydroelectric power as an energy source regained momentum 
after the oil crises of the 1970s.  At this time Japan has nearly exhausted sites available for 
construction of large-scale hydroelectric facilities; recent development has been on a smaller 
scale (FEPC, 2007). 
 
While the proportion of thermal and nuclear power generation facilities continues to increase, 
steady development of large-scale pumped-storage power generation stations for peak demand 
continues.  The percentage of hydroelectric facilities with pumped-storage generation stations 
continues to grow (FEPC, 2007). 
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Thermal Power 
Initially Japan used coal for thermal power generation, followed later by an increasing reliance 
on oil in the fifties and sixties till the early seventies.  Since the early seventies, oil powered 
generation has been replaced by growth in generation from coal and natural gas.   
 
In efforts to enhance thermal efficiency further, combined-cycle generating systems 
incorporating both a gas turbine and a steam turbine are being introduced.  As a result, gains in 
thermal efficiency have reached 49 percent.  In the future, thermal efficiency gains are expected 
to exceed 50 percent through application of an ultra-efficient gas turbine, while other promising 
new technologies such as coal gasification in combined power generating systems will continue 
to be developed (FEPC, 2007). 
 
Renewable Energy Sources 
Solar energy and wind power have attracted a good deal of attention as clean and natural energy 
alternatives.  Though these types of technologies have yet to realize their full potential, Japanese 
experts have concluded that maximum effort should be applied to develop those that are 
promising as future energy sources (FEPC, 2007).  As seen in Table 2.1, growth in wind and 
solar capacity in Japan has been very rapid over the past five years. 
 
Table 2.1 Status of renewable energy sources in Japan's electric utility industry  

(As of the end of December 31, 2006) 
 

Type Capacity(MW) 

Solar power generation Approx. 1,708 

Wind power generation Approx. 1,394 
 

Source: National survey report of PV Power Applications in Japan 2006, http://www.iea-
pvps.org/countries/japan/06jpnnsr.pdf; World Wind Energy Association, 

http://www.wwindea.org/home/index.php?option=com_content&task=view&id=167&Itemid=43 
 



 14

United Kingdom 
 
Figure 2.8 Evolution of Electricity in the United Kingdom by Fuel from 1971 to 2005 
 

 
 
Policies and Priorities 
Historically, the United Kingdom’s energy policy has emphasized coal, nuclear and off-shore 
natural gas production (Figure 2.8).  More recently, the country began a transition towards 
becoming a net energy importer.  At the foundation of the United Kingdom’s policy is the intent 
to reduce CO2 emissions and meet the targets of the Kyoto Protocol. 
 
The targets for renewable energy production in the United Kingdom are clear, but the policies 
supporting those targets have been widely criticized by many working in the renewable energy 
sector and by a number of leading academics.  The United Kingdom supports a policy meant to 
increase energy supply from renewable sources to 10 percent by 2010 and 15 percent by 2015.  
However, according to a 2007 draft government ministerial briefing paper cited by The 
Guardian, current renewable energy sources accounted for two percent of the United Kingdom’s 
overall electrical energy production (Draft Options Paper on Renewable Target) and, based on 
current activity, renewables will account for only about five percent by the year 2020.  
 
The Renewables Obligation (RO) is used in the United Kingdom to encourage generation of 
electricity from select eligible renewable sources.  The policy puts an obligation on the country’s 
licensed suppliers to increase their usage of renewable sources of energy.  Firms receive a 
tradable certificate, a Renewables Obligation Certificate (ROC), for every megawatt hour of 
green power they produce (Seager and Milner, 2007).  When suppliers do not meet their 
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obligation they are forced to make a payment to the buy-out fund at a fixed price per MWh 
(Megawatt-hours) shortfall.  Money from the fund is allocated back to suppliers in proportion to 
the number of ROCs they have.  The cost of ROCs is passed on to and paid by all electricity 
consumers. 
 
The low carbon buildings programme (LCBP) is another policy that supports the switch to 
renewable energy, by providing subsidies for homeowners or businesses installing renewable 
energy technology (Seager and Milner, 2007). 
 
Biomass 
Most of the biomass in the United Kingdom (select agricultural crops/waste, landfill gas and 
wood fuel) has been used for electricity generation to maximize returns from the sale of 
Renewable Obligation Certificates (ROC’s) in addition to the sale of the electricity itself.  
Biomass has been used mainly to augment coal in existing coal-fired power stations; this fuel can 
include biomass such as nut shells imported from other regions as far away as SE Asia.  
 
The largest source considered to be a form of renewable energy is solid biomass (wood fuel and, 
to a lesser extent, energy crops), the use of which more than tripled during the period 1990-2003.  
However, as of 2004 it still only accounted for two percent of electricity and heat energy 
consumed in the United Kingdom (IEA, 2004).  This figure includes wood fuel for domestic 
heating (wood burning stoves, etc.) and the effect to date of price supports for electricity 
generated from the addition of biomass in existing co-firing/burning power stations available 
since 2002.  There are increasing numbers of biomass district heating schemes supported by 
United Kingdom. Government funding, mainly based on wood chips from sawmills and forestry 
operations, although few have come to fruition to date.  There is a very small market for wood 
pellets, with three local manufacturers supplying the market, plus some pellets imported from 
France, Austria and Northern Ireland.  
 
Biogas and Landfill Gas 
The UK is the European leader in the use of biogas (methane) from landfills; there is also some 
production of biogas from sewage works.  In most cases, the gas is used to generate electricity, 
which qualifies for financial support of currently £50/MWh through Renewables Obligation 
Certificates (ROCs), plus the traded market value of electricity, approximately £30/MWh, base 
load price.  The electricity base-load price has doubled since 2002 while landfill gas production 
has increased almost six times in the period 1990-2003.  Renewable energy and wastes (e.g., 
biogas from landfill sites) contributed 1.4 percent of the United Kingdom’s primary energy 
supply in 2003. 
 
Wind Energy 
In 2004, onshore and offshore wind energy together accounted for 0.5 percent of electricity 
generated in the U. K., up from 0.3 percent in 2003.  The current assessment is that four percent 
of United Kingdom electricity could be generated by onshore wind farms by 2010, plus a further 
three percent from offshore farms.  There are regional variations in the availability of wind 
energy.  Some large wind farms have been proposed, but their construction has been subject to 
extensive delays while specific planning requirements are met, placing the 2010 renewable 
objective in some jeopardy (Seager and Milner, 2007). 
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Nuclear Energy 
In the year 2007, there were 19 operational reactors in the United Kingdom with a total capacity 
of 11 gigawatts (GW) (UIC, 2008).  In addition, about four percent of United Kingdom 
electricity demand is met by imports of nuclear power from France.  Overall, nuclear electrical 
energy accounts for approximately 20 percent of the total electrical supply. 
 
In 2006, in response to energy security concerns and the need to limit carbon emissions, a review 
of energy policy put replacement and renewal of the country's nuclear power stations firmly back 
on the national agenda. 
 
In November 2007, the Prime Minister told Parliament that "in common with countries around 
the world, we need to put nuclear back on the agenda and at least replace the nuclear energy we 
will lose from closing old plants.  Without it we will not be able to meet any of our objectives on 
climate change, or our objectives on energy security." (UIC, 2008)  Any new plants would be 
financed and built by the private sector—with internalized waste and decommissioning costs.  To 
achieve this, the Government proposes to address potential barriers to new nuclear construction, 
including design certification and streamlining planning permission for all large-scale energy 
infrastructures (UIC, 2008). 
 
In May 2007 the United Kingdom Planning Review white paper set out proposals for 
streamlining approval for major infrastructure projects, including energy.  It detached policy 
decisions from planning approvals and highlighted both the energy security challenge and the 
need to minimize carbon emissions in building 25-30 GW (25,000–30,000 MW) of new capacity 
in the next two decades (UIC, 2008).  
 
The Energy White Paper, which closely followed noted that security of supply was now a major 
challenge and rising fossil fuel prices, coupled with costs on carbon emissions, had changed the 
economic picture for clean electricity generation.  It proposed stronger international and United 
Kingdom constraints on carbon emissions, more efforts on energy conservation, and greater 
support for renewables—rising to £2 billion per year.  Also, subject to the outcome of further 
consultation to October 2007, it gave clear support for investment by the private sector in nuclear 
power capacity, so that nuclear power could play a more significant role in United Kingdom's 
energy future.  In the opinion of the authors excluding nuclear from the 30-35 GW of new 
generating capacity would incur high costs and major energy supply risks (DTI, 2007).  
 
In connection with emerging government policies on new nuclear construction, early in 2007 
British Energy called for private equity partners to assist in funding new nuclear plants.  E.ON of 
Germany and Électricité de France both expressed interest in building new plants in the United 
Kingdom; for practical reasons it is anticipated that new construction would initially be on 
existing sites controlled by British Electric or the British Nuclear Group (UIC, 2008). 
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China 
 

Figure 2.9 Evolution of Electricity in China by Fuel from 1971 to 2005 
 

 
 
Current Situation 
Remarkable growth in China’s economy has led to a heightened demand for electricity.  China is 
the second-largest electricity market in the world, second only to the United States (IEA, 2007a).  
Increased fossil fuel use has also sharply increased releases of acid gases (SO2, NOx), fine 
particulate and greenhouse gases (CO2) (IEA, 2007a).  The former pollutants are compromising 
human health locally and regionally.  Predominantly coal-fired, total electricity generation 
reached 2,544 TerraWatt hours (TWh) in 2005.  The magnitude of power plant construction in 
2006 was unprecedented anywhere in the world; 105 GW was added in that year alone.  The 
International Energy Agency (IEA) which had earlier predicted that China’s CO2 emissions 
would not reach those in the United States until the year 2020, now suggests that China took the 
lead in 2007. 
 
Regional energy differences are pronounced in production and consumption (Figure 2.9) (IEA, 
2007a); the concentration of coal deposits occurs in a few inland provinces, while the center of 
demand is in the coastal provinces (IEA, 2007a)  
 
Despite increased electricity generation and unprecedented power plant construction, China 
faced wide-scale electricity shortage and rationing in January 2008.  The government’s 
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imposition of price controls and low electricity tariffs in an effort to hold back inflation appears 
to have contributed to the electricity shortfalls (Bradsher, 2008).  
 
Refiners, forced to sell diesel for slightly less than the cost of crude oil needed to make it, 
reduced production.  Consequently, truckers, facing diesel shortages, did not deliver coal 
stockpiles to power plants before road-closing winter snows hit northern China.  Coal reserves 
plummeted to just 16.1 million tonnes (17.7 million tons), as power plants burned about two 
million tons a day (Bradsher, 2008).  
 
Meanwhile, cold weather increased the demand for electricity for heating, while low water levels 
decreased hydroelectric power, and downed high-voltage transmission lines further reduced 
supply options.  These shortages came as a shock to many, as the country’s power failures 
usually are confined to summer when increased demand for air-conditioning strains the 
generation and transmission infrastructure (Bradsher, 2008). 
 
Policy and Priorities 
The state maintains extensive control over the energy sector although some energy companies 
have substantial influence over the government.  Responsibility for determining and 
implementing China’s energy policy is shared among various bodies at the national, regional and 
provincial levels. 
 
The national government’s Five-Year Plans provide the primary guidance for policies relating to 
energy.  The 11th Plan, released in early 2007 by the National Development and Reform 
Commission (NDRC), specifies key supply infrastructure projects, and sets goals for energy 
efficiency, environmental protection, and research and development.  Specifically, saving energy 
and expanding domestic supplies are given priority in the Plan.  These goals are to be achieved 
by reducing energy intensity (energy consumed per unit of GDP produced) by 20 percent by the 
year 2010.  Other objectives include:  diversifying energy resources, protecting the environment, 
enhancing international co-operation and ensuring a stable supply of affordable and clean energy 
in support of sustainable economic and social development (IEA, 2007a). 
 
Specific goals are outlined in each of the following areas:  
 

• Target shares for each major fuel in the primary energy mix by 2010 
• Coal-mining and transport infrastructure priorities 
• River system development 
• Small wind turbine installation 
• Efficiency targets for power generation and industrial processes  
• Reduction of coal mines (from 22,000 to 10,000—which may mean consolidation into 

larger facilities, as coal production is likely to continue to increase)  
• Priorities for technological development (from coal washing and nuclear reactors to 

hydrogen systems and exploitation of gas hydrates) 
• Total emissions of major pollutants, including SO2, are targeted to fall ten percent below 

the 2005 level by 2010. 
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The Chinese government is very aware of the seriousness of the environmental implications of 
the country’s energy system, including pollution to the air, water and soil.  The government has 
increased efforts to address these issues with some degree of success in some cities (IEA, 
2007a).   
 
Coal 
Coal is the basis of China’s energy system.  Coal-based generation accounts for almost 80 
percent of electrical generation needs.  This share of coal-based generation is one of the highest 
in the world.  The country’s dependence on coal is the primary cause of energy-related 
environmental degradation and remains a big challenge (IEA, 2007a). 
 
As China becomes increasingly reliant on oil imports, technologies that can convert coal to 
liquid fuels are becoming more appealing.  In 2006, NDRC announced its intention to invest 
more than $128 billion in the development of coal-based synthetic fuels and chemical feedstock 
(IEA, 2007a). 
 
China has made significant progress in the implementation of state-of-the-art coal-fired 
generation technologies, by building larger and more efficient power plants.  Supercritical 
technology has become the norm for new development in OECD countries and increasingly in 
China.  Supercritical capacity amounts to about 30 GW.  About half of current orders are for 
supercritical coal generation (amounting to about 100 GW), two ultra-supercritical plants are in 
operation, and 12 Integrated Gasification Combined Cycle (IGCC) units are waiting approval by 
the NDRC.  The expansion of coal-fired generation in China will continue to be based on 
pulverized coal, with supercritical steam cycle technology expected to play a greater role (IEA, 
2007a).  However, this supercritical technology will make only a limited difference in emissions 
of common and green house gas pollution.  According to the 2007 MIT Future of Coal report, 
substitution of subcritical PC technology with supercritical pulverized coal (PC) reduces CO2 
emissions by about 11 percent (equivalent to about 101 g/kWh).. 
 
Coal Carbon Sequestration is mentioned in China’s 11th Five Year Plan and in the National 
Medium- and Long-Term Science and Technology Plan Toward 2020.  Current experimental 
projects include: 
 

• A micro pilot Enhance Coal-Bed Methane Recover (ECBM) project in Shanxi province; 
and 

• A planned 300–400 MW demonstration project at the Yanti IGCC Plant (with the option 
of future carbon capture and sequestration and hydrogen production) for 2010. 

 
Hydroelectricity 
Hydroelectricity constitutes 16 percent of China’s total power output and represents the largest 
alternative to coal (IEA, 2007a).  China is the largest producer of hydroelectricity in the world; 
the country’s 22,000 dams represent nearly half the world’s total (Baston, 2007).  While the 
Three Gorges Project (the largest hydro generating facility in the world with an installed capacity 
of 18.2 GW) has encouraged further development, the barriers remain high.  A growing number 
of Chinese citizens are criticizing the environmental and social upheaval caused by dam 
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structures (Baston, 2007).  Nonetheless given its economic advantages and ability to reduce 
gaseous emissions, further hydroelectric development will be undertaken (IEA, 2007a). 
 
Nuclear 
In 2005, nuclear generation amounted to 2.1 percent of total generation or 6.6 GW.  Two new 
reactors were connected to the grid in 2006 and 2007, bringing the number of total reactors to 11 
and installed capacity to 8.6 GW.  In addition, four reactors with a total capacity of 3.2 GW are 
under construction and projected to be complete in 2010-2011.  Intense effort to build more 
nuclear capacity has been slowed by demands on construction resources and current global 
bottlenecks in nuclear component manufacturing (IEA, 2007a). 
 
China is attempting to both a) adopt a standardized technology for long-term nuclear 
development and b) to develop a home-based technology.  To achieve these goals, policy has 
emphasized technology transfer from leading nuclear technology developers/owners and 
accumulation of experience through construction and operation of different reactor designs.  
China is planning on adoption of generation III technology in the next round of nuclear 
construction (IEA, 2007a).  
 
Natural Gas 
Natural gas constitutes two percent of China’s total primary energy demand.  Recently, gas-fired 
generators have begun to suffer from supply constraints and high gas prices.  Liquefied natural 
gas (LNG) infrastructure is being developed as demand increases beyond domestic supply.  
China began importing LNG in 2006 and volumes are expected to rise as new capacity is 
gradually added (IEA, 2007a). 
 
Non-hydro Renewables 
Diversification of the energy mix to include more non-hydro renewables (over 60 GW by 2020) 
and more nuclear power (40 GW by 2020) is a high priority, but will still represent a small 
fraction of total installed capacity in the near-future time frame (IEA, 2007a). 
 
Biomass 
Biomass represents 13 percent of China’s total primary energy demand.  The level of biomass 
consumption is the largest in the world.  Its predominance is explained by its significant use in 
many rural households, in the form of fuel wood and crop wastes, for cooking and heating (IEA, 
2007a). 
 
Wind 
Wind capacity doubled to 2.6 GW in the period from 2005 to 2006.  By the end of 2006, there 
were 91 wind farms.  Additionally, over 200,000 stand-alone small-scale (40 MW) wind turbines 
provide electricity in remote areas.  The government’s target for wind is 5 GW in 2010 and 30 
GW in 2020.  However, wind power development must be accompanied by grid expansion and 
transmission upgrades.  
 
Solar Photovoltaic 
With the rapid development in the solar power industry, China has become the world’s largest 
consumer of solar energy.  By the end of 2005, China’s installed capacity of photovoltaic 
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systems was about 70 MW.  China produces 15 percent of the global supply of photovoltaic 
panels. 
 
China is also a world leader in solar thermal systems for heating and hot water supply.  About 75 
million square meters of cost-effective solar collectors are installed in China, which amounts to 
about half of the world total.  As an example, in the coastal city of Rizao in northern China about 
99 percent of households in central districts and more that 30 percent of households in outlying 
villages use solar water heaters, and over 6,000 houses have solar cooking facilities. 
 
In total the city has over a half-million square meters of solar water heating panels, the 
equivalent of 0.5 megawatts of electric water heaters (Bai, 2007; Tylene, 2007; Pasternack 2007; 
CRIENGLISH.com, 2007).  Energy for traffic lights, street lamps and more than 60,000 
greenhouses is provided by solar devices. 
 
Suntech Power Holding Co., Ltd., China’s leading solar cell manufacturer, has a world class 
research and development center, developing a series of new photovoltaic solar power 
components including improved polycrystalline silicon solar cells.  The company exports 90 
percent of its products to countries that subsidize solar electricity.  International projects include 
a 450 KW photovoltaic system for the San Francisco Airport; and a 23.2 MW on-grid solar park 
for Atresa in Spain.  Suntech encourages technology transfer by hosting international forums 
that, according to Suntech’s Chairman and CEO, “provide an opportunity to form collective 
initiative to advance manufacturing techniques, improve industry standards and support ongoing 
solar innovation” (Lui, 2005; Kuhn, 2007; Suntech-Power, 2007). 
 
As part of their commitment to external promotion of the solar option, the Institute of Energy 
(INE) and the China Solar Energy Information Centre have announced plans to train 10,000 
technicians from African and other developing nations (Hepeng, 2004) 
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France 
 
Figure 2.10 Evolution of Electricity in France by Fuel from 1971 to 2004 
 

 
 
Policies and Priorities 
France has benefited from a consistent energy policy organized around four major concerns.  
Most recently, the French Energy Act of 2005 outlined goals to safeguard energy independence 
and security of supply; ensure competitive prices for industry and private consumers; fight 
against climate change and protect the environment; and ensure energy access to all.  
Specifically, the Energy Act of 13th July 2005 defined the following energy policy guidelines: a 
reduction of 75 percent in CO2 emissions by 2050; an average reduction of final energy intensity 
of at least two percent per year to the year 2015 and of 2.5 percent from 2015 to 2030; and 
production of 10 percent of energy needs from renewable energy sources by 2010 (General 
Directorate for Energy and Raw Materials DGEMP, 2006). 
 
The state plays a predominant role in the energy sector, and has historically resisted 
privatization.  In 2005, it reduced its holdings in Eléctricité de France and Gaz de France (GDF), 
but remains a majority stakeholder.  France was late in implementing the EU’s electricity 
liberalization directive, nonetheless French gas and electricity markets are to be fully opened to 
competition in 2008 (Country Profile: 2007 France).  
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France continues to largely rely on nuclear energy for 79 percent of its electricity generation, 
which contributes largely to the country being a net exporter of electrical energy and independent 
of external sources of electricity.  Largely because of its reliance on nuclear power, France has 
one of the smallest carbon footprints in Europe (Azom.com, January 2008).  It is also the 
European Union’s leading producer of renewable energy when biofuel/biomass (primarily wood 
energy) and hydroelectric power are considered under the renewable definition. (DGEMP, 2006).  
 
Nuclear Power 
Currently France produces more electricity from its 59 nuclear power facilities than any other 
country in the European Commission and is the second largest producer of nuclear power in the 
world, after the United States (European Commission, 2007 and USDOE EIA, 2007a).  Nuclear 
energy accounts for 79 percent of electrical generation in France and nuclear-generated 
electricity exports amount to about 15 percent (European Commission, 2007; EnergyDaily.com, 
2007).  
 
Compared to other countries, France’s nuclear power is efficient and low cost (USDOE EIA, 
2007a).  When the French government began promotion of nuclear energy to reduce reliance on 
energy imports, fossil fuel accounted for about 65 percent of their gross national power output 
(Figure 2.10) (USDOE EIA, 2007a).  In the 1960s, France build 56 European Pressurized 
Reactors (EPR) based on an American Pressurized Water design.  The consistency of design 
among all these facilities made the overall project cost much cheaper to build than the various 
designs used to build the United States nuclear infrastructure.  Additionally, management of 
safety issues was also simplified, as lessons learned from one plant could be applied directly to 
the other 55 plants.  The low cost can also be attributed, at least in part, to centralized planning 
with a focus on common industry methods and practices  
 
Nuclear waste management became a predominant issue in France in the late 1980s.  According 
to France’s politicians and technocrats, failure to resolve the high level waste issue could strike 
down France's uniquely successful nuclear program (UIC, 2007).  From the beginning of the 
program the French have recycled their nuclear waste, producing more fuel and reducing the 
longevity and volume of the waste by over 90 percent.  The amount of high level waste produced 
by the average family of four using electricity for 20 years is a glass cylinder the size of a 
cigarette lighter.  However; the reprocessed fuel product can be converted to weapons grade 
material relatively simply.  Despite the reduced volume of waste, there has been a great deal of 
opposition to siting long-term storage facilities. 
 
Generation III and III+ French reactors are capable of load-following.  For example the AP 1000 
reactor is designed to be capable of start-up from cold shutdown to hot standby in 24 hours.  
Similarly, it is capable of cooling down from reactor critical to the refuelling conditions in 24 
hours.  Also the reactor is designed to respond to grid frequency changes (UIC, 2007).  Load 
following power plants run during the day and early evening and are capable of shutting down 
and curtailing output during the night and early morning.  Load following is common in France 
as it was part of the original reactor design for the current operating fleet.  Some reactors follow 
load on a daily basis, while some are occasionally offline over weekends.  Outside of France, 
nuclear power is almost exclusively used for baseload generation. 
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France plans to further expand its nuclear industry both within the country and globally (USDOE 
EIA, 2007a).  According to French president, Nicolas Sarkozy, nuclear power “will remain at the 
heart of electricity production” in France in the future (Energydaily.com, 2007).  Currently, 
government sources report that, by 2025, about a third of the country’s nuclear plants will have 
been in use for 40 years.  As this date approaches these facilities would require large investments 
to replace and repair substantial components if they are to continue in operation.  In some cases, 
the cost of major repair and overhaul may prove to be high enough that it would be more cost 
effective to retire plants and build new facilities. 
 
Renewable Energy 
Although nuclear generation accounts for the most significant proportion of France’s energy 
mix, the country is attempting to increase the proportion of renewable energy.  The French 
president, Nicholas Sarkozy, pronounced in late October 2007 that the country would lead a 
‘green revolution.’  Renewable tariffs introduced in 2006 pay 0.55 euros/kWh for build-
integrated solar photovoltaics, 0.30 euros/kWh for rooftop solar panels, 0.13 euros/kWh for off-
shore wind turbines, and 0.103/kWh for biogas plants less that 150 kW in size.  France ranks 
second in the European Commission in biofuel production and has a declared target of 12,500 
MW of wind energy installed on land by 2010 (Azom, 2008). 
 
Natural Gas 
Gas imports rose by 55 percent from 1990 to 2004 paralleling increasing demand, reflecting 
reliance for natural gas from other countries (European Commission, 2007).  There are numerous 
pipelines that connect the country to its neighbours (USDOE EIA, 2007a).  France is one of 
Europe’s largest LNG consumers and has tried to position itself as the European hub for LNG 
imports (USDOE EIA, 2007a).  About 25 percent of their natural gas imports come in liquefied 
form (USDOE EIA, 2007a). 
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Chapter 3 – Overview of the Current and Projected Electrical 
Energy Sector Supply in Canada and the United States 
 
Current Installed Electrical Energy Capacity in Canada and the United States 
 
As of January 1, 2004 the total electrical generational capacity in Canada and the United States 
was 118 GW and 942 GW, respectively.  The majority of electrical capacity in Canada, about 60 
percent (70.2 GW), is supplied by renewable hydroelectricity (Figure 3.1); approximately one 
third comes from conventional thermal generation (i.e., coal, gas and oil) at fossil-fuel fired 
facilities (34.9 GW), and nine percent from nuclear facilities (10.6 GW).  At that time Canada 
had a low penetration of renewable energy at about two percent or 2.4 GW of installed capacity. 
 
The United States capacity consisted primarily of 80 percent or 745.4 GW conventional thermal 
electricity (primarily coal, followed by natural gas and oil), nuclear at 11 percent or 99.6 GW, 
hydroelectric at eight percent or 77.6 GW and renewables at two percent (19.5 GW (Figure 3.1) 
(USDOE EIA, 2006c). 
 
Figure 3.1 Percentage Installed Electrical Capacity by Energy Source in Canada and the United 
States (2004) 
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http://www.eia.doe.gov/emeu/international/electricitycapacity.html 
 
Canadian Electricity Market 
In Canada, provinces have jurisdiction over resource development, including electricity, and 
therefore development of most corresponding energy policy and regulation.  Resource targets 
and initiatives to increase production originate with the provinces.  The federal government has 
jurisdiction or regulatory authority over nuclear energy and electricity exports, the latter through 
their jurisdiction over international electricity transmission lines. 
 
The structure of electric utilities varies from province to province.  Most electric companies are 
Crown Corporations owned in whole or part by the province; however, there are also an 
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increasing number of private electric utilities (Commission for Environmental Cooperation, 
2007). 
 
United States Electricity Market 
The United States electricity market is governed by the Federal Energy Regulatory Commission 
(FERC), an independent government agency organized as part of the USDOE and the state 
public utility commissions.  FERC is responsible for regulating interstate transmission of 
electricity, as well as wholesale sales of electricity, licensing and inspecting hydroelectric 
projects, and monitoring energy markets and companies to protect customers from market 
manipulation.  State public utility commissions regulate retail sales of electricity, approve all 
utility resource plans, and generally regulate utility operations, ensuring that consumers and the 
public are protected from the possible adverse effects of a natural monopoly.  Many of the 
service providers in the US states (greater than half) are vertically integrated and thus responsible 
for generation, distribution and retail sales of electrical energy to consumers within their service 
territory.  Twenty-one states have “restructured’ their electricity markets to allow consumers 
direct retail access (CEC, 2007). 
 
Supply: Overview of Projected Energy Sector Capacity and Generation  
 
Canada 
In this section, two major measures will be used to characterize electrical power facilities in 
aggregate.  Capacity refers to the maximum generating capability which could be achieved 
should all units in a power facility be fully operational at a given time, expressed in watts—a 
condition that is not frequently met in practice.  The historical information on electrical 
generation indicates how much of the electricity generated in a particular year, described in 
watts, came from use of a particular technology.  For some electricity resources, such as wind 
and solar power, there is typically a pronounced disparity between the installed capacity estimate 
and what is actually generated.  For example, on cloudy days solar electrical generation would be 
well below capacity. 
 
The mix of generation used by a utility at any one time to meet demand is affected by many 
factors.  For example, nuclear and hydroelectric facilities are often described as base load 
facilities—indicating their use would be as extensive as possible, along with, in many instances, 
coal—while natural gas processes are typically used to track upward fluctuations in demand. 
Natural gas supplies are conserved when demand is lower through reliance on cheaper fuels or 
processes. 
 
In 2005, as shown in Figure 3.2 Canada generated the majority of its electricity by hydroelectric 
processes, followed by nuclear, and coal.  The portion of energy generated from renewable 
resources other than hydroelectricity was relatively small. 
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Figure 3.2 Canadian Electric Generation by Fuel (GW.h) 
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Overview and Description of Energy Scenarios 
While there are many efforts underway to predict future generation and distribution of electrical 
energy, for the purposes of this report the 2007 Canadian NEB report “Canada’s Energy Future 
—Scenarios for Supply and Demand to 2030” will be used as the source of Canadian electricity 
forecasts.  The Board report investigates pricing and market response for the several forms of 
energy (oil, natural gas, coal) used widely by Canadians; the focus of the following summary is 
on the use of various technologies, some of which draw on the energy forms mentioned, to 
generate electricity.  Further detail on overall energy use to the year 2030 in Canada is provided 
in the NEB report, http://www.neb.gc.ca/clf-nsi/rnrgynfmtn/nrgyrprt/nrgyftr/2007/nrgyftr2007-
eng.html. 
 
Preliminary Reference Case 
Prior to exploring possible scenarios to the year 2030, the NEB developed a ‘reference case’ to 
the year 2015.  In this shorter term scenario, Canadian generating capacity increases by 18 
percent (an approximately two percent average annual growth) to meet projected load 
requirements during peak periods with adequate reserves.  Among the available options, 
generation from larger hydroelectric facilities grows to 65 percent of total capacity or a total of 
79,300 MW, an increase of 7,600 MW.  This case assumes that the 2,260 MW Lower Churchill 
facility in Newfoundland and Labrador and the 200 MW Wuskwatim project in Manitoba are 
built and capacity expansion takes place at existing facilities in Quebec (3,194 MW) and British 
Columbia (1,389 MW). 
 
The Board notes the rise of LNG as an alternative to domestic gas in the Canadian market.  Other 
researchers have also commented that, at prevailing market prices, the production of natural gas 
in Canada is expected to be lower than future increases in demand.  Currently, supplies of LNG 
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can be delivered to Canada and the United States at lower cost than those associated with the 
cost of marginal domestic production.  There is likelihood that future domestic supplies of 
natural gas in Canada and the United States will be unable to meet demand.  The short-fall is 
expected to be met by growth imports of LNG from other regions of the globe. 
 
In its report, the NEB also comments on current electricity prices, noting that a majority of 
Canadians pay rates approved by the provincial public utility boards.  These rates are typically 
based on the historic costs of power developments and are lower that the replacement or 
marginal cost for these or similar facilities.  Given the prominence of low cost hydro in the 
national electrical energy mix, Canadian prices are among the lowest in the developed world.  
Interprovincial and international sales are at market based prices which are elevated in 
comparison to the provincially regulated prices, providing a further buffer for consumers in the 
province of origin. 
 
The Board notes that a case is often made for market based pricing as a means to encourage more 
efficient outcomes, including support for new development and an emphasis on conservation in a 
time of limited supply.  It implies support for the efforts of Ontario and Alberta, among other 
jurisdictions, to move toward market pricing.  
 
NEB Scenarios to 2030 
In the NEB report, the Board attempted to estimate the response to demand for all forms of 
energy; including electrical energy over the coming few decades (Figure 3.3).  In developing an 
overall view of energy supply and demand, the Board developed three distinct scenarios.  The 
first, Continuing Trends, assumes an extension of the current prevailing circumstances, under 
which relatively rapid economic growth continues and oil and natural gas prices remain high but 
relatively reasonable.  
 
Under the second scenario, Triple E (economic, environment and energy) or TrEEE, a well 
functioning global market for energy, cooperative international agreements and effective energy 
policies allow for a balancing of economic, environmental and energy objectives.  Economic 
growth is reduced from the Continuing Trends scenario, oil and gas prices moderate and demand 
management programs attain prominence, while growth in energy demand flattens and 
greenhouse gas (GHG) emissions decline to a limited extent. 
 
In the last scenario, Fortified Islands, national energy security concerns come to the fore, 
accompanied by geopolitical unrest, lack of international cooperation, and protectionist national 
policies.  Oil and gas prices are highest in this scenario and related domestic production is strong, 
but elevated prices result in the lowest rate of economic and energy demand growth among the 
three scenarios.  While GHG emissions increase, their rate of growth is lowered in comparison to 
the Continuing Trends scenario. 
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Figure 3.3 Canadian Electrical Generating Capacity (MW) by Fuel and Scenario 
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In its overview of the predicted use and consequences of all forms of energy in Canada to the 
year 2030, while including some consideration of demand management, conservation and 
selective GHG capture and storage measures, the Board notes that none of the three scenarios, 
not even the Triple E scenario (where an estimated annual GHG emission reduction of 0.1 
percent per year to 2030 could occur), will come close to achieving the recently established 
Canadian GHG emissions reduction target of 20 percent below 2006 levels by the year 2020, 
much less any more stringent Bali/Kyoto target likely to be developed by the year 2009.  Rather, 
in the Board’s words “for Canada to achieve its 2020 goals, important and fundamental changes 
in the way we live and the way we produce goods and services need to take place”—economic 
and life style changes whose impacts are not quantified in the NEB report. 
 
Application of Three Year 2030 Scenarios to Canadian Electrical Generation 
Generally, the Board suggests that, while conventional generation would continue to provide a 
majority of generated electricity, significant changes in the generation portfolio will occur.  
Among them are the anticipated retirement of the Ontario coal fired power facilities by the year 
2015 and their replacement by a mixture of natural gas, nuclear, wind and other technologies.  In 
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all three scenarios, cogeneration, using bitumen as fuel, will be expanded in the Alberta oil 
sands. 
 
Interprovincial exchanges and exports to the United States are estimated to increase substantially 
under all scenarios; net exports would increase between 108 and 300 percent, with the 
Continuing Trends scenario associated with the lowest estimate.  The Board emphasizes the need 
for new transmission capacity within and among provinces and with the United States to allow 
for growth in the exchange of electricity; the extent of this new infrastructure construction would 
be unprecedented if large hydroelectric projects are to be developed in Newfoundland and 
Labrador, Quebec, Manitoba, and British Columbia. 
 
Coal 
Under the Continuing Trends scenario, the nationwide use of coal for the generation of 
electricity increases by 331 MW during the forecast period; while new and replacement 
generation in Alberta would result in a decline in that province; an additional 360 MW of IGCC 
generation would be added in each of New Brunswick, Ontario, Saskatchewan and Nova Scotia. 
 
Under Triple E, demand for coal combustion falls from between 14 to 4.3 percent, 
notwithstanding the introduction of more efficient combustion (IGCC) and CO2 capture and 
storage, likely in Alberta and Saskatchewan (the only one of the three scenarios under which this 
CO2 technology is deployed). 
 
Economic growth under the third scenario, Fortified Islands, is limited enough to reduce overall 
demand for thermal generation applications.  While some new coal fired capacity is added, lower 
demand leads to a decline in installed capacity relative to the other scenarios as retired facilities 
are not replaced.  As noted earlier, the closing of Ontario’s coal fired power plants in 2015 is a 
key influence on all three scenarios. 
 
Hydro 
Hydroelectric generation shows growth in all three scenarios; in addition to the capacity added 
under the Reference Case to the year 2015, as of 2030 under all three scenarios, facilities at 
Peace River Site C in British Columbia (900 MW) and Conawapa (1380 MW) and Gull/Keeyask 
(600 MW) in Manitoba are constructed.  Under the Continuing Trends scenario 1,125 MW of 
new hydro capacity would be added in Quebec.  Hydroelectric processes will continue to account 
for a majority (approximately 60 percent) of generation in Canada. 
 
The NEB repeatedly emphasizes that effective and efficient use of this additional hydro capacity 
in provincial, interprovincial, and export markets will require construction of substantial new 
transmission capacity.  
 
Nuclear 
The portion of electricity provided by nuclear energy grows under all three scenarios; under 
Continuing Trends, new and replacement construction occurs in Ontario and New Brunswick.  
Under both Triple E and Fortified Islands, total nuclear capacity increases 42 percent or 5,500 
MW between 2005 and the year 2030 
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Natural Gas 
Following 2015, under the Continuing Trends scenario, investment in gas-fired generation slows 
due to lower demand.  From 2016 onward, while it will continue to fill a role in meeting peak 
demand, the natural gas share of generation remains constant.  
 
Under this and the Triple E scenarios, natural gas production in Canada will decline and imports 
of LNG from outside Canada will rise.  However, domestic production would increase under 
Fortified Islands with the further tapping of fields in the North.  
 
Oil 
Under both Continuing Trends and Triple E, declines in the share of oil fired generation continue 
as Newfoundland replaces its current station with a natural gas fired facility.  However, bitumen 
cogeneration may be used in the Albertan Tar Sands to reduce demand for natural gas under the 
Triple E scenario.  Given lower demand under Fortified Islands, the proportion of oil based 
generation will rise, due again to the use of bitumen to generate electricity in the Tar Sands. 
 
Emerging Technologies 
Under all three scenarios, growth in emerging technologies, particularly wind, will occur.  Wind 
generation technology continues to grow beyond the Reference Case (2015) under Continuing 
Trends scenario, albeit at a diminished rate as further integration of this intermittent source into 
the transmission grid proves challenging.  Given these circumstances, wind could approach 20 
percent of the total electrical energy capacity mix by 2030 (24,000 MW); growth in other 
emerging technologies (solar, tidal, biomass, small hydro) slows but expands by 23 percent. 
 
Triple E provides for extensive growth in wind generation (17 percent of the overall mix by 
2030).  Further investment in transmission and control systems will be required to support this 
growth.  On the East and West coasts, 60 MW will be provided by wave power in the same time 
frame. 
 
While the rate of increase of overall demand falls under Fortified Islands, high energy prices 
result in further installation of wind capacity, which will reach 23,900 MW by 2030 or 15 
percent of the total estimated under this scenario.  Other alternatives also grow by 1,500 MW. 
 
The report emphasizes that, given the intermittent nature of wind and solar power, neither form 
of generation can completely supplant more conventional technology, which must remain 
available for those circumstances when generation by these emerging processes is precluded by 
weather conditions. 
 
Conclusions 
 
The Board postulates that electricity prices are expected to increase and conservation and 
demand management efforts may follow.  To the year 2030, while emerging technologies will 
take an increasing share of the generation mix, conventional production (coal, nuclear, natural 
gas and large scale hydro) will continue to be dominant.  Construction of both new generating 
capacity and connective infrastructure will be necessary in the coming few decades if Canadians 
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are to be provided with the level of available uninterrupted electric service to which they have 
become accustomed.  
 
United States 
 
Overview and Description of Energy Scenarios 
The Annual Energy Outlook 2007 (AEO2007) report published by the United States Department 
of Energy, Energy Information Administration (USDOE EIA) presents a midterm forecast and 
analysis of United States energy supply, demand, and prices through year 2030.  A reference 
case is defined in AEO2007 which uses cost and performance characteristics of different 
electrical generating technologies to select the distribution of new generating capacity over the 
projected period.  Cost and performance assumptions for different technology characteristics 
were determined by the USDOE through consultation with industry and government specialists 
and allow for uncertainties in new designs.  Part of the performance analysis involved breaking 
each new technology into its major components; indentifying each component as revolutionary, 
evolutionary or mature; and applying different learning rates for each component.  Note that the 
report describing future electrical generation in the United States uses a baseline year of 2004. 
 
Assumptions Used to Develop Energy Projections 
To determine the reference case over the projected period as well as to perform the sensitivity 
analysis of cost/performance of various electrical generating sources, certain assumptions are 
made.  Cost and performance assumptions for the various technologies were assessed to 
determine the most appropriate technology option. 
 
For the reference case, technology alternatives for new generating capacity were selected to 
minimize cost while meeting emissions constraints under local, state, and federal regulations.  
The reference case assumptions regarding cost and performance contain uncertainties associated 
with new, unproven designs (USDOE EIA, 2007b). 
 
The reference case assumes a capital recovery period of 20 years and the cost of capital itself is 
based on competitive market rates in an effort to account for the risks of constructing new units 
and facilities.  The non-fuel costs and performance characteristics for new facilities are based on 
cost estimates developed by government and industry analysts, allowing for uncertainties 
inherent in new technologies.  The projection for renewable generation is lower compared to 
AOE2006 projections, as a result of the assumption of new, less positive cost and performance 
characteristics for several renewable technologies (USDOE EIA, 2007b). 
 
Distribution of Energy Sources by Fuel for the Energy Scenarios 
(Green house gas control was not a consideration in developing these scenarios.) 
Growth in electricity usage is expected in all sectors and the historical relationship between 
demand for electricity and economic growth is also expected to be maintained.  Coal fired plants 
are projected to continue to supply a majority of United States electricity through the year 2030 
(Table 3.1 and Figure 3.4).  Coal fired plants accounted for 50 percent of generation in 2005 and 
this is expected to grow to 57 percent by 2030.  Natural gas facilities accounted for 19 percent of 
generation in 2005; in the projection, it peaks to 22 percent in 2015 before declining to a 16 
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percent share by 2030, due to rising natural gas prices.  Relative fuel costs affect both the 
utilization of existing capacity and technology choices for new natural gas plants. 
 
Nuclear generation is expected to increase due to rising fossil fuel prices and federal tax 
incentives.  Improvements in performance and expansion of existing facilities will also 
encourage nuclear generation.  However, in terms of the overall mix, the share associated with 
nuclear generation is expected to fall from 19 percent in 2005 to 15 percent in 2030. 
 
Hydro-electric sources of energy generation are considered part of the renewable technology 
category (USDOE EIA, 2007b).  Renewable generation is also likely to be influenced by 
increased fossil fuel prices and federal tax incentives (USDOE EIA, 2007b).  The renewable 
capacity share is projected to remain relatively constant at nine percent. 
 
Figure 3.4 Electricity generation by fuel 1980-2030 
 

 
Source: http://www.eia.doe.gov/oiaf/archive/aeo07/graphic_data.html, Figure 5. Electricity Generation by Fuel, 

1980-2030 
 
Table 3.1 indicates projected extent of various types of electrical generating capacity for the 
years 2010, 2025 and 2030 based on the reference case.  From years 2006 to 2030, additional 
generating capacity totalling 292 GW (including end-use combined heat and power) is expected 
to be brought on line.  Most of the new generating capacity would be required after the year 
2015, to supplant inefficient, older generating plants (Figure 3.5).  
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Under this scenario, coal-fired facilities are expected to account for 54 percent of the total United 
States capacity additions between 2006 and 2030 (USDOE EIA, 2007b).  Natural gas-fired 
plants, which are the least capital intensive energy source per unit of capacity but have relatively 
high fuel costs, are expected to add 36 percent capacity by 2030.  In the reference case, no 
nuclear units are expected to be retired between years 2006 and 2030 and it is assumed that 
nuclear capacity would increase at existing sites.  The reference case assumes an increase of 12 
GW or four percent in total nuclear capacity by year 2030.  In the reference case renewables also 
add four percent of capacity (USDOE EIA, 2007b).  
 
Table 3.1 Forecasted Reference Case US Electricity Generating Capacity for the Years 2005, 

2010, 2025, and 2030 

 
Generating Capacity (GW) 

Fuel Type1  2005  2010  2025  2030 
Coal Steam 306.0 316.2 389.5 445.8 
Other Fossil Steam2 120.8 119.0 88.4 87.0 
Combined Cycle 144.2 160.9 178.4 179.2 
Combustion Turbine/Diesel 130.3 134.2 133.0 152.3 
Nuclear Power3 100.0 100.5 111.7 112.6 
Pumped Storage 20.8 20.8 20.8 20.8 
Fuel Cells 0.0 0.0 0.0 0.0 
Renewable Sources4 97.2 105.3 108.2 109.6 
Distributed Generation5 0.0 0.2 5.5 11.4 
Total 919.3 956.9 1035.5 1118.7 

 
Sources: 2004 and 2005 electric power sector generation; sales to utilities; net imports; 

electricity sales; and emissions: Energy Information Administration (EIA), Annual Energy 
Review 2005, DOE/EIA-0384(2005) (Washington, DC, July 2006), and supporting databases.  

2004 and 2005 prices: EIA, AEO2007 National Energy Modeling System run 
AEO2007.D112106A. Projections: EIA, AEO2007 National Energy Modeling System run 

AEO2007.D112106A. 
 

1 Includes plants that only produce electricity.  Includes capacity increases (uprates) at existing units. 
2 Includes oil-, gas-, and dual-fired capacity. 
3 Nuclear capacity includes 2.7 GWs of uprates through 2030. 
4 Includes hydroelectric geothermal, wood, wood waste, municipal solid waste, landfill gas, other biomass, solar, 

and wind power.  Facilities co-firing biomass and coal are classified as coal. 
5 Primarily peak load capacity fuelled by natural gas. 
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Figure 3.5 US Electricity generation capacity additions by fuel type, including combined heat 
and power for the period from 2006-2030 (GW) 
 

 
 
Emissions to the atmosphere by new power plants differ by fuel type and these differences affect 
the overall impact on air quality of new power plant construction.  Table 3.2 presents the air 
emission rates and reduction percentages for mercury and other pollutants for new combustion 
power plants as published by the United States Environmental Protection Agency (USEPA).  
Note the inclusion of CO2 is not considered in any of the USDOE projections. 
 
Table 3.2 Emission and Removal Rate Assumptions for Potential (New) units in USEPA Base 

Case 2006 

Gas 

Removal, 
and 

Emissions 
Rates 

Conventional 
Pulverized Coal 
– Wet Scrubber 

Conventional 
Pulverized Coal 
– Dry Scrubber 

Integrated 
Gasification 

Combined Cycle 

Advanced 
Combined Cycle 

Advanced 
Combustion 

Turbine 

Biomass 
Integrated 
Gasification 
Combined 

Cycle 

Geothermal Landfill Gas 

SO2 
Removal / 
Emissions 

Rate 

95% with a 
floor of 0.06 
lbs/MMBtu1 

90% with a 
floor of 0.09 
lbs/MMBtu 

99% None None 0.08 
lbs/MMBtu None None 

NO2 
Emission 

Rate 
0.06 lbs/ 
MMBtu 0.06 lbs/MMBtu 

0.066 
lbs/MMBtu 

(2008-2012) 
and 0.013 
lbs/MMBtu 
(2013-) 

0.011 lbs/MMBtu 0.08 lbs/MMBtu 0.02 
lbs/MMBtu None 0.09 

lbs/MMBtu 

Hg Emission 
Rate 90% 90% 90% 

Natural Gas: 
.000138 

lbs/MMBtu Oil: 
.483 lbs/MMBtu 

Natural Gas: 
.000138 

lbs/MMBtu Oil: 
.483 lbs/MMBtu 

0.57 
lbs/MMBtu 3.70 None 

CO2 
Emission 

Rate 
202.4 – 216.6 

lbs/MMBtu 
202.4 – 216.6 

lbs/MMBtu 
202.4 – 216.6 

lbs/MMBtu 

Natural Gas: 
117.08 

lbs/MMBtu 
Oil: 161.39 

Natural Gas: 
117.08 

lbs/MMBtu 
Oil: 161.39 

None None 115.258 
lbs/MMBtu 

                                                 
1 MMBtu = one million British thermal units 
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Bilateral Issues—National and International Transmission 
 
While north–south cross-border imports and exports of electricity have increased in significance, 
as noted in the Introduction (Figure 1.2), at the present—time, further integration in both north–
south and east–west directions is hindered by severe limitations and constraints in the 
functioning of the “grid” (the linked supply and transmission infrastructure).  Shortfalls and 
inadequacies in infrastructure can limit the options considered viable when meeting demand, 
directly affect the siting of new facilities and the nature of those facilities (fossil, hydro, wind, 
solar, biomass, geothermal, hydrogen or other) to the possible exclusion of environmentally 
preferable choices.   
 
Although the United States and Canada are uniquely positioned to develop, market and use wind 
technology—there is a greater potential for wind power in Texas than in all of Germany—the 
capacity of the transmission system to incorporate a transient power source such as wind can be 
one of the most formidable impediments to its development.  The resource can also be located 
large distances from the electrical demand (AWEA, n.d.). 
 
Other small scale, intermittent, and remotely located environmentally preferred electricity 
sources (e.g., solar and geothermal) are also limited by grid inefficiencies, as are most of the 
remaining potential large scale hydroelectric sites.  Therefore, realizing the benefits of 
environmentally preferred sources in the United States and Canada depends to a large degree on 
enhancing the transmission grid.  
 
In the near future, notwithstanding the introduction of aggressive demand management programs 
in several jurisdictions, a response to the anticipated growth in the market for electricity will 
require both additional generation capacity and a renewal and expansion of the transmission and 
distribution system.  
 
As has been noted by the Commission for Environmental Cooperation of North America, (2002) 
and others, further co-ordination and policy interventions across borders at all jurisdictional 
levels may prove crucial to realizing the environmental benefits of a more efficient grid.  There 
is also an opportunity for a prominent role for the federal governments in determining and 
supporting such coordination. 
 
Efficient distribution of environmentally preferred energy resources from generation location to 
the electrical market will require major enhancement and investment to strengthen 
interconnection between and among regions, states, provinces, and territories.  Presently, for 
example, in Canada there is limited investment in interconnections that would encourage 
increased interprovincial energy trade.  
 
The North American electricity distribution system, which interconnects Canadian and United 
States electricity markets, is among the most integrated in the world.  It is characterized by its 
diversity of fuel sources and extensive transmission interconnects and bi-lateral trading 
(Canadian Electricity Association, 2006). 
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NERC 
 
The North American Electricity Reliability Corporation (NERC) was formed in 1968 after a 
blackout in November 1965 that affected the northeastern United States and Ontario, Canada. 
The NERC is a not-for-profit corporation with representation from eight regional councils, each 
of whom oversees a portion of the transmission grid (Figure 3.6) and whose mission is the 
promotion of reliability of the electricity supply for North America. Members of the Regional 
Councils represent all segments of the electricity supply industry; investor-owned, federal, and 
rural electric cooperatives, state/municipal and provincial utilities, independent power producers, 
power marketers and customers.  
 
As a result of reliability concerns following an August 2003 blackout affecting 50 million 
customers, the US Energy Policy Act 2005 was passed, establishing the concept of an Electric 
Reliability Organization.  NERC was accepted as the authority on reliability by the US Federal 
Energy Regulatory Commission (FERC) and many Canadian reliability oversight bodies at the 
Federal and Provincial levels.  Reliability oversight was also examined by a joint United 
States/Canadian bilateral group, the Bilateral Electric Reliability Oversight Group (BEROG), 
with representation from the USDOE and the Canadian Federal-Provincial-Territorial Electricity 
Working Group.  The BEROG has proposed principles to guide the establishment of a reliability 
organization capable of functioning in the United States and Canada as the need evolves over 
time.  
 
In the meantime, NERC retains a formal reporting relationship with the US Federal Electricity 
Regulatory Commission.  At the moment, the Canadian government is not an active participant 
in NERC, although it keeps abreast of developments in that organization.  The NEB of Canada 
represents the federal interest through its pivotal role in the approval of any new or altered 
transboundary transmission capacity, albeit largely in a reactive role.  
 
If the objective is an optimized multiregional and transboundary transmission system, with 
appropriate integration of renewable generation capacity, there is need for further regional and 
transboundary planning and coordination among market driven generators, integrated utilities 
and appropriate regulatory bodies. Further federal leadership would be required for this objective 
to be realized. 
 
According to NERC’s 10-year electricity forecast, 2007 Long Term Reliability Assessment, 
(October 2007), demand for electricity is growing at twice the rate at which new sources of 
supply are being developed.  According to NERC estimations, over the next decade, projected 
demand will grow by about 135,000 megawatts or 18%, while the available supply over the same 
time period is projected to grow by approximately 77,000 megawatts or 8.4 percent (Wagman, 
2007).   
 
Electricity supply pressure is estimated to be greatest in California, the Rocky Mountain region, 
New England, Texas, the Midwest and the Southwest (Foster Electric Report , 2007).  Parts of 
Western Canada may face shortfalls within about two years (Power Market Today, 2007).  
Florida, Texas, the Northeast and Southern California continue to be the states most reliant on 
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natural gas even as imports from Canada continue to dwindle.  Additional LNG terminal 
construction appears necessary to increase supply from overseas markets (Wagman, 2007).  
 
NERC found that “a major driver of the uncertain or inadequate capacity margins is the 
industry’s relatively recent shorter-term approach to resource planning and acquisition, relying 
heavily on unspecified, undeveloped, and/or uncommitted resources to meet projected demand.  
This trend has been made possible by shorter plant construction times—especially in the case of 
natural gas plants that can be constructed in as little as 18 months.”  Lead times for coal-fired 
and nuclear generation, which have recently been gaining interest, are much longer (Power 
Market Today, 2007).   
 
The Electric Power Supply Association disputed some of the findings of the NERC, suggesting 
that the definition of committed and uncommitted generation resources used by NERC 
undercounts availability from competitive suppliers.  
 
Most of the United States relies on market mechanisms to coax firms to build resources or 
prompt customers to conserve.  NERC reports that relatively longer processes are necessary to 
site transmission lines to distribute power from new generation, especially in instances when new 
rights-of-way are required through heavily populated areas.  Transmission planning is subject to 
a growing Not in My State (NIMS) movement, which slows financing, pricing, cost allocation, 
siting and permitting new transmission lines substantially (Wagman, 2007).  
 
In the view of the NERC, deregulation compounds the uncertainties created by fluctuating fuel 
prices, transmission bottlenecks, and the need to reduce reliance on power plants that emit large 
quantities of greenhouse gases (Smith, 2007).  This issue has binational transboundary 
implications since reliability of the power grid in one jurisdiction affects reliability in adjacent 
jurisdictions due to the interconnected and interdependent nature of the power grid. 
 
The planning and expansion of the bulk electric system should be part of any broad based 
approach to reduce emissions of traditional and greenhouse gas pollutants.  In an environment 
where bulk electric planning of necessity moves from single jurisdictional perspectives to 
broader regions, the integration of renewables, efficiency of the transmission system, diversity of 
peak capacity requirements, and the ability to enable major regional generation supply options 
are areas worthy of further specific examination.  There may be an opportunity for Canada and 
the United States to further articulate principles, similar in concept to the bilateral reliability 
principles, but focused on concrete objectives associated with air quality. 
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Figure 3.6 NERC Interconnections 

 
 

Source: http://www.nerc.com/regional/NERC_Interconnections_color.jpg 
 
Technology Transfer with China, India and Other Developing Nations 
 
Technology collaboration can provide a mutually beneficial mechanism for accelerating the 
development and deployment of cleaner and more efficient technologies.  Technology transfer 
can facilitate greater energy security, environmental protection and economic growth (IEA, 
2007a).  
 
In most instances China and India continue to use generating technologies that are less advanced 
than those employed in Canada and the United States, in part because they lack access to newer 
technologies, as well as the knowledge of how to best use them.  Many households in India, for 
example, rely heavily on inefficient and polluting traditional fuels and stoves as a source of 
energy as modern commercial forms of energy are unavailable or too costly.  Governments in 
China and India appear interested in learning from more industrialized countries about how to 
reduce emissions and in taking advantage of technological advances (e.g., end-use efficiency, 
renewables, clean coal in power generation and carbon capture and storage) (IEA, 2007a).  
Canada and the United States also have an opportunity to learn from developing countries.  For 
instance, both countries may be able to benefit from China’s role as a global leader in 
photovoltaic solar production. 
 
The Canadian and the United States governments have a long-term economic and political 
interest in assisting developing nations in dealing with energy poverty.  Bilateral co-operation 
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can help transfer more environmentally friendly technology to these less developed nations.  
China, which has improved its own population’s access to modern energy sources, has valuable 
information to share with India and other developing nations (IEA, 2007a), and its experience 
could address some aspects of the current energy situation in the United States and Canada. 
 
On a larger scale, the application of carbon capture and storage technology holds the promise for 
mitigating CO2 emissions, especially in India and China, where the use of coal is growing most 
rapidly, as well as other coal dependent countries.  In the longer term, advanced nuclear reactor 
and renewable energy technologies could support the shift away from fossil fuels.  International 
co-operation, including collaboration on emerging technologies, could improve the effectiveness 
of investments in research and development, and support deployment of new technologies 
around the world (IEA, 2007a). 
 
United States 
 
The promotion and development of clean coal technologies (CCT) and carbon sequestration in 
power generation remain a key focus of current United States initiatives with China and India  
 
United States-China collaboration: 

• US–China Energy Policy Dialogue 
• US–China Oil and Gas Industry Forum  
• Peaceful Uses of Nuclear Technologies Agreement and the Joint Coordinating 

Committee on Science and Technology  
 
United States-India collaboration: 

• US–India Energy Dialogue aimed at identifying concrete actions that the two countries 
can take to help India address its energy challenges 

• India–United States agreement to co-operate on civilian nuclear technology 
 
Canada-India collaboration: 

• India–Canada Environment Facility (ICEF) This umbrella project seeks to enhance 
Indian capacity to implement sustainable activities in the energy and water sectors.  There 
are 20 projects currently under way, a number of which have important climate change 
components.  
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Chapter 4 – An Overview of Alternatives for Meeting Future Large 
Scale Energy Demand in the United States and Canada 
 
Generic Price Factors 
 
Rising Cost of Capital 
Today, global energy demand continues to grow, pushing up the cost of energy.  Simultaneously, 
capital costs of new electrical generation capacity continue to rise as material and labour costs 
increase.  For example, Duke Energy estimates that coal plant costs have increased by about 90 
percent to 100 percent since 2002, and more than 40 percent since early 2006 (Schlissel, 2007).  
In September 2007, SaskPower postponed construction of its 300 megawatt clean coal facility 
because of rapidly escalating costs.  Initially estimated to cost $1.5 billion CDN, revised figures 
suggest an increase to $3.8 billion (Johnstone, September 2007). 
 
Capital is the main cost in nuclear power plants, typically accounting for 60 to 75 percent of the 
cost of electricity from this option.  Typical of very large capital projects, nuclear plants face 
risks in terms of substantial escalation in construction costs.  In North America and in other 
regions, a number of nuclear plants have been subject to long delays in construction and large 
increases in capital costs from the original budgeted amount.  However, a number of plants have 
been built in the world without substantial cost over runs and without significant construction 
delays.  Nuclear facilities must also deal with the handling and disposal of long-term waste.  It is 
estimated by the World Nuclear Association that the back end of the fuel cycle contributes about 
five percent of the total cost of the electricity generated, while the Australia Uranium 
Association estimates the cost at about ten percent of the costs per kWh.  No country to date has 
entirely resolved the long-term storage issue, making any estimation somewhat unpredictable. 
 
In the past, operators of nuclear facilities have experienced severe financial difficulties; 
construction of several plants has been cancelled or postponed indefinitely; there have been 
several cost disallowances and settlements in lieu of disallowance; and plants have been sold or 
divested of at far below book value, leaving ratepayers to bear hundreds of millions of dollars in 
stranded costs (Schissel, 2007).  From 1984 to 1993, electric utilities with nuclear construction 
projects wrote off in excess of $17 billion, net of tax effects, for abandoned plants and regulatory 
disallowances.  
 
According to data collected by the USDOE, 75 nuclear units originally estimated to cost $45 
billion in 1990 dollars were built over the 1966–1977 period; the actual cost proved to be $145 
billion in 1990 dollars (Table 4.1), about 200 percent above planned expenditures. 
 
Optimistic industry estimates currently suggest that nuclear generation facilities can be built for 
between $2 and $3 billion.  These estimates are from 2004 and earlier and are based on facility 
designs never actually constructed in the United States, and in some cases include assumed 
changes in the United States regulatory process.  The estimates do not take into account the 
current more competitive environment and escalating costs affecting design, labour and 
commodity resources needed to build nuclear plants, which will increase costs substantially 
(Schissel, 2007).  
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Table 4.1 US Nuclear Industry Construction Cost Experience 

 

Year 
Construction 

Started 

Estimated 
Overnight 

Cost (1990$) 

Actual 
Overnight 

Cost 
(1990$) 

Actual vs. 
Estimated 

Cost 
1966–67 $560/kW $1,170/kW 209% 
1968–69 $679/kW $2,000/kW 294% 
1970–71 $760/kW $2,650/kW 348% 
1972–73 $1,117/kW $3,555/kW 318% 
1974–75 $1,156/kW $4,410/kW 381% 
1976–77 $1,493/kW $4,008/kW 269% 

 
Source: Schlisel, David (September 19, 2007).  The risks of building 
new nuclear power plants.  Utah State Legislature Public Utilities and 

Technology Committee.  Synapse Energy Economics Inc. Retrieved on 
October 31, 2007 from http://www.synapse-

energy.com/Downloads/SynapsePresentation.2007-09.UT-
Legislature.Risks-of-New-Nukes.S0037.pdf 

 
Price Signals to the Consumer 
Despite the escalating capital costs of electrical generation and the evident need to build more 
capacity, the price of electricity has remained lower than costs in many regions as regulators 
have allowed debts to continue to grow without passing the full cost on to consumers.  Some 
jurisdictions with low cost supplies of electricity have also used revenue from high value 
electricity exports to subsidize local users of electricity. 
 
In many locales in the United States and Canada, the price paid for energy is frequently fixed or 
regulated at the average cost of production which is dominated by older facilities with very low 
production costs.  The electricity market differs from most markets where prices tend to reflect 
the incremental cost of new production.  Utilities in many cases may not price electricity at any 
particular point in time on the basis of whether higher-cost peaking power is being brought on-
line.  Additionally, the electricity costs in most if not all cases does not include an explicit 
consideration of all externalities.  However, due to environment regulation, utilities have made 
increasing investments in pollution control and environmental protection over the past few 
decades.  This represents the internalization of some costs in recognition of the value of 
preventing negative environmental impacts. 
 
Price signals are often overwhelmed by other factors in particular areas, such as structural 
barriers to entry, competing economic incentives, and the lack of a clear mechanism for assuring 
return on investment on certain types of projects (Schlissel, 2007).  In other situations prices are 
based on short-run marginal cost, which exposes utilities and ultimately consumers to a much 
greater degree of price volatility than would be experienced under cost-of-service regulation, or 
under a portfolio of long-term supply components (Schlissel, 2007).  According to the EIA, 
“several factors make the long-run demand response to changes in energy prices relatively 
modest, including ... inadequate price signals to consumers, resulting from rate design or other 
issues” (USDOE EIA, 2007c).  In the report, Emerging Technologies in Electricity Generation, 
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The NEB recommends that to encourage the development of emerging technologies utilities 
allow electricity prices to more closely reflect current market conditions.  In many provinces, the 
regulatory regime shelters consumers from competitive prices, by basing the price formulas on 
costs of heritage assets that were developed with government support.  Governments could 
consider pricing regimes that would enable the development of emerging technologies.  These 
technologies require higher prices than those paid for power generation from historical sources 
(NEB, March 2006). 
 
Some environmental costs (externalities) associated with power generation are not reflected in 
current market prices, so guaranteed minimum prices could provide an incentive to emerging 
technologies that have lower environmental impacts.  There is considerable risk involved in 
developing these energy sources and given the broader benefits of their development, it is 
appropriate that governments, on behalf of the public, bear some of the risks of their 
development (NEB, March 2006).  Utilities could guarantee minimum prices to electricity 
generated from emerging technologies, such as Ontario’s proposal for standard offer contracts. 
 
It has been shown increasing the price of electricity to reflect all costs could reduce volatility and 
increase conservation. 
 
The relatively low cost of electricity in BC Manitoba, and Quebec correlates with a higher per 
capita consumption.  Provinces such as Ontario, where consumers pay higher electricity costs, 
have lower per capita consumption.  This inverse relationship between price and consumption is 
observed in the United States as well (Figure 4.1).  The states Hawaii and California, which have 
some of the highest electricity prices, also have the lowest consumption; Idaho and North 
Dakota, which have large supplies of low cost electricity have greater consumption levels.  There 
are other factors that contribute to consumption, such as weather, climate, and economic activity 
which create variations, but the overall the trend holds.  The consumer reaction to high energy 
prices is to consume less energy in order to reduce their individual costs. 
 
The price of electricity in British Columbia is expected to increase due to enhanced conservation 
measures, costs to upgrade and maintain the aging electricity grid, higher finance costs, and 
anticipated increases in government levies.  This price pressure stems, in part, from greater 
reliance on higher-priced electricity from independent producers diluting the moderating effect 
of existing lower cost hydroelectric dams, and other established generating and transmission 
networks.  As well, in order to reduce electricity consumption, the BC Utilities Commission has 
signalled support for doubling or tripling the cost of electricity for consumption above a base 
amount (likely around 800 kilowatt hours) each month.  Incorporating adjustments made in the 
last year, prices are projected to increase by approximately 20 percent by 2009, with some 
further (estimated five percent) upward adjustment by 2011 (Simpson, 2008).  
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Figure 4.1 Per residential customer energy use and price 
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Source: USDOE EIA, (October 2007). Electric Power Annual Data Tables. Retrieved October 

31, 2007 from http://www.eia.doe.gov/cneaf/electricity/epa/epa_sprdshts.html 
 
Further Dependence on Large Scale Electricity Generation 
 
According to the 2007 NEB and EIA reports that were analyzed in chapter three, substantial 
generating capacity increases in Canada and the United States will occur by 2030.  Table 4.1 is a 
conceptual framework for evaluating the generation alternatives to meet rising electricity 
demand.  The information is condensed into one page so that the various large scale electrical 
energy generation alternatives are easily comparable.  This format creates a common ground for 
assessment so that the options can be weighed.  
 
Data are based on annual figures/averages and 1,000 MW of capacity (where relevant) for each 
electricity source.  Some types of electrical generation, such as solar and wind, have low average 
capacities per unit.  Therefore, for the sake of comparison, instead of presenting the data for a 
single wind turbine and that for a commercial scale coal plant, a 1,000 MW of wind capacity is 
matched with 1,000 MW coal capacity.  
 
Selected internal and external criteria for coal, natural gas, nuclear, hydro, biomass, wind and 
photovoltaic solar are compared.  Decision criteria include facility emissions, costs, annual waste 
characteristics and volumes, reliability, capacity and footprint; however, many others, such as the 
impact of obtaining, refining and shipping the fuel, are not considered.   
 
A simple analysis of the table reveals that deciding how to meet growing electricity demand is 
not an easy decision. While renewables generally have lower annual emissions and waste, some 
renewables have higher costs and lower capacity factors.  Meanwhile, fossil fuels are generally 
less costly, but have greater amounts of emissions.  Nuclear has positive and negative attributes.   
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Some electrical energy processes are more suitable to large scale production than others.  
Nuclear, coal and hydroelectric facilities generally have the greatest established capacity to 
produce large amounts of energy.  The James Bay (hydro) Project in Northern Quebec, for 
instance, has a total generating capacity of 16,000 MW.  With a generating capacity of 3,875 
MW, the Palo Verde Nuclear Generating Station in Arizona generates more electricity annually 
that any other United States power plant of any kind (NEI, 2007b). 
 
By contrast, wind power tends to be a significantly less dense energy source.  San Gorgonio 
Pass, Altamont Pass and the Tehachapi in California, three of the world’s largest wind fields, 
have a combined capacity of about 1,800 MW.  Canada’s current total installed wind capacity is 
1,460 MW (Canadian Wind Energy Association, 2007), with the largest wind farm in Canada, 
the Prince wind farm project (Prince, Ontario), having a capacity of 189 MW.  Circuit design 
individual wind turbines, when operational, can produce about 2 MW each.  At this time there is 
no single solar field in the United States or Canada that produces in the vicinity of 1,000 MW. 
 
Large scale energy production comes with external costs, including alteration to the ecosystem 
and related damage.  The largest coal-fired plant in North America, Ontario Power Generation 
(OPG) Nanticoke Station on Lake Erie (generating capacity of 3,920 MW), is also the largest 
source of air pollution in Canada (Ontario Medical Association).  Large hydro electric projects 
can put pressure on freshwater ecosystems already suffering significant biodiversity loss.  
Nuclear facilities produce high level radioactive waste that must be securely stored for thousands 
of years.  In the United States and Canada some members of the public fear the possibility of 
terrorist attacks on nuclear plants near highly populated cities. 
 
In weighing advantages and disadvantages of the various energy sources there are always 
externalities that fall outside the scope of a particular analysis. Overlooking externalities, such as 
the environmental air quality and human health costs associated with coal combustion emissions 
or the cost of the decommissioning (for nuclear power in particular), can have deleterious 
outcomes.  While this table can serve to initiate discussion, a broad mix of qualitative and 
quantitative factors beyond what can fit on a simple table should be developed to determine the 
adequacy of this preliminary analysis.  A complete lifecycle analysis, while beyond the scope of 
this report, would also be helpful in weighing the future large scale electricity production 
options. 
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Table 4.2:  Future Large Scale Electrical Energy Production (Based on a 1,000 MW/year Plant) 
 

Energy Source 

Approximate 
Annual 
Emissions/ 
1000MW 
(tonnes – unless 
otherwise 
stated) 

Annual Waste 
Volume/ 1000MW 
(tonnes) 

Reliability 
Factor 
(Theoretical 
Availability) 

Capacity 
Factor1 
(Typical 
Usage) 

Approximate 
Facility 
Footprint 
(ha/1000MW) 

Cost2 
(cents/kW-h) 

Coal CO2
3 ≈ 

4,300,000 
SO2 ≈ 97004 

NOx ≈  78005 

Solids ≈ 300,000 - 
320,000 
Heavy metals ≈ 
400 

0.90 0.75 
baseload 

100–400 4–5  
conventional 
  
6–7.5 post 
combustion 
 
IGCC: 5.5–7 

Fossil Fuels 

Natural 
Gas  
 

CO2 ≈ 39–42%6 
of coal 
emissions 
SO2 ≈  1507 
NOx≈ 4108 

Particulates ≈ 330 0.80–0.90 0.15 Simple 
Cycle 0.40 
Combined 
Cycle 
(depending 
on the type 
of plant9) 

17–25 5.5–7  

Nuclear  US Reactor: no 
more than 
1,000 curies10 
CANDU 
Reactor 
≈16,000 curies 

High level 
radioactive spent 
fuel ≈ 3011  
Intermediate/low 
level radioactive 
waste ≈ 800 

0.78 
 

0.9012 
baseload 

51–290 6–10 

Hydro 013 0 0.92–0.98 0.50++14 
baseload 

8,200–
19,00015 

Remaining 
low cost  
sites:  6–8 
Heritage 
hydro: 2.8–
3.3

Biomass
16 

13-90% ≤ coal 
17 

dependant on fuel 
type 

0.90 (biomass) 0.80 
(biomass) 
peaking 

TBD 4–15 

Wind 0 0 0.98 0.25–0.4018 
intermittent 

10,000–
21,00019 

6–10 

Renewables 

Solar 0 0 TBD 0.18 
(PV: 24.7, 
Thermal 40 
in 
California)20 
intermittent 

13021 20–50 
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1. Capacity factor of a power plant = the ratio of the actual output of a power plant over a period of time and 
its output if it had operated at full capacity for that time period. 

2. The range of cost estimates for each of the renewables reflects the uncertainty of costs involved in large 
scale production (Mark Jaccard, 2006).  

3. This number is an average of several 1,000 MW plants annual emissions.  The amount of CO2 emitted will 
vary depending of the type of coal burned and the technology used.   

4. USEPA – Best Available Control Technology (BACT) estimate. 
5. USEPA – Best Available Control Technology (BACT) estimate. 
6. Estimate based on most current combustion technology, specifically combined cycle natural gas process. 
7. eGrid average of all 900 MW to 1,100 MW US Natural Gas Plants.  SO2 emissions (average capacity factor 

for these plants was 20 percent largely due to use during peak demand).  This may be an unfair comparison 
since natural gas is not generally used for baseload, so typical usage and corresponding emissions are lower 
than they would be if the plant was used more frequently.  

8. eGrid average of all  900 MW to 1100 MW US Natural Gas Plants NOx Emissions (average capacity factor 
for these plants was 20 percent), see note 7. 

9. The capacity factor of natural gas plants depends on whether they are designed for peaking as simple cycle 
plants or continuous operation as combined cycle plants.  Peaking plants have low capacity factors while 
combined cycle plants if in regular use will have relatively high capacity factors.   

10. The curie (symbol Ci) is a unit quantity of any radioactive nuclide in which 3.7 x 1010 disintegrations occur 
per second. 

11. The nuclear industry and governments have yet to develop an acceptable solution for long term/permanent 
disposal of nuclear waste. 

12. Synapse estimated capacity factor to be 90 percent (Synapse 2007 Presentation, UT-Legislature Risks-of-
New-Nukes) 

13. Does not include methane emissions from submerged vegetation decomposition. 
14. Capacity factors specific for each site. 
15. Calculation includes reservoir of impounded type hydro plant. 
16. Wood waste supply is relatively modest—much is being used where it is available in significant supply.  

Dedicated plantations as well as agriculture residue represent most of the potential expanded supply. 
17. Estimates of the amount and type of primary energy consumed in producing biofuels and therefore the 

related release of green house gases vary enormously. 
18. From a power gap point of view, some renewables, notably wind power and solar, cannot be counted as a 

pro rata contribution towards overall capacity as their output is too dependent on weather conditions. Wind 
availability tends to be inversely correlated to electricity demand—anticyclones that bring cold winter 
nights and hot summer days tend also to bring low wind speeds.  As with solar power, regional capacity 
factors vary from national averages.  

19. Calculation includes area of wind field. 
20. Regional capacity factors vary from national averages, AEO2007. USDOE EIA. 
21. Calculation is based on the area of an open field type of photovoltaic installation. 
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Coal 
 
Despite evident ecosystemic drawbacks, low-cost coal is the mainstay of both the developed and 
developing world, and its use is predicted to increase (MIT, 2007).  Global coal consumption has 
increased every year for the last two centuries (Canine, 2005).  A plentiful and inexpensive 
supply exists within the boundaries of many of the world’s countries where electricity demand 
and its projected growth are greatest, including India, China and the United States.  Thus, coal 
will likely continue to play a major role in the world’s energy production mix (MIT, 2007). 
 
Air Pollution 
Coal-fired plants are major contributors to air pollution; the 1,032 coal-fired electric power 
plants in the United States produce 59 percent of all SO2 emissions and 18 percent of all nitrous 
oxide emissions nationwide (USEPA, 2004).  Emissions from these plants, including nitrogen 
oxides, SO2, mercury, lead and other heavy metals, have a variety of deleterious environmental 
and health effects.  
 
Carbon dioxide (CO2) emissions from fossil fuels are proportional to the carbon content of the 
fuel.  Coal has the highest carbon content of any fossil fuel (USDOE EIA, 2007b); the amount of 
CO2 emissions from a 1,000 MW coal-fired facility is estimated to be about 4,300,000 tonnes 
(about 4,700,000 short tons) annually based on OPG data (SENES, 2006).  Additionally, a well 
controlled facility emits about 9,700 tonnes (about 10,700 short tons) of SO2 and 7,800 tonnes 
(about 8,600 short tons) of nitrogen oxides, based on the USEPA Best Available Control 
Technology (BACT) requirements (Seminole Generating Station Draft Permit, 
http://www.dep.state.fl.us/air/permitting/construction/seminole/Final_Draft_Permit.pdf). 
 
The average rate of acid gas emissions for particular stations and individual units varies by 
orders of magnitude.  The cleanest station, in Polk, Florida has an acid gas pollution rate half that 
of Canada’s best (Lambton Ontario Unit 4) and one percent of that prevailing at North America’s 
worst (New Brunswick Power’s Grand Lake) (Tom Adams, 2005). 
 
Annual Waste 
According to the International Atomic Energy Agency (IAEA) a 1,000 MW coal plant produces 
some 300,000 tonnes (about 330,000 short tons) of ash per year, containing, among other 
contaminants, trace amounts of radioactive material and heavy metals which may be disposed in 
landfill sites; some small portion may be found in the atmosphere (IAEA, 2003).  About 400 
tonnes of heavy metals are also emitted annually.  
 
Reliability/Capacity 
Coal exhibits reliability advantages over renewable energy options.  Coal fired plants are 
dispatchable; they can generate energy relatively quickly and therefore are better able to match 
rapid variations in energy demand.  According to the Nuclear Energy Institute (NEI) the average 
capacity factor for a 1,000 MW power coal-fired utility is about 75 percent (2007a), that is, in a 
given year it is producing power three quarters of the time.  Other estimates range between 65-85 
percent depending on the particular energy situation in a given location (Current Generation Inc., 
2005). 
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Footprint  
IAEA figures report that the energy density of fossil fuel allows for an average sized coal-fired 
generating station (1,000 MW) to take up an area of between 100 and 400 hectares (IAEA, n.d.).  
 
However, in terms of overall effects, as noted, the securing, processing and transportation of coal 
has impacts on the land, water, and air which must also be managed.  Current technology 
attempts to mitigate environmental damage with regard to groundwater contaminant by mine 
effluents, surface mine land reclamation, fugitive dust from transportation, reagent disposal and 
tailing pond management for coal preparation plants, and at the utility site, the management of 
solid waste such as ash and solid scrubber residues, and air emissions (NRCan, 2005a).  
 
Cost  
Divorced from many externalities, a coal-fired plant is currently a relatively inexpensive means 
of producing electricity.  Conventional coal generation costs are between 4–5¢/kWh (CERI, 
2006).  Implementation of carbon capture and storage (CCS) would increase cost of coal 
combustion and conversion significantly (MIT, 2007); however, in relative terms, these costs 
appear manageable and muted.  According to Dr. Mark Jaccard of Simon Fraser University, an 
IGCC facility, which represents emerging coal combustion technology, would produce electricity 
at a cost of about 5.5–7¢/kWh.  Combustion of coal with post combustion capture of CO2 is 
estimated to cost between 6.0¢/kWh and 7.5¢/kWh (2005).  Dr. Jaccard’s fossil fuel numbers 
include the full cost of CCS, reducing the carbon emissions from each source by about 90 
percent.  They also include desulphurization, low nitrous oxide emissions and capture of 
particulates in the case of coal consumption.  Given the plentiful supply of coal, it is also 
assumed that the price of raw coal does not increase appreciably in real terms over the course of 
the century.  However, Natural Resources Canada (NRCan) asserts that clean coal technologies, 
which would allow utilities to move from current emission levels to near zero emissions, are not 
commercially available nor can the prototypes under consideration be cost competitive with 
commercially available conventional coal, natural gas, or other fossil fuel technologies (NRCan, 
2005a).  
 
Technological Clean Coal Solutions 
 
Clean Coal Technologies (CCT) describe processes that both increase efficiency and meet a 
more stringent standard during preparation, extraction and use (USDOE EIA, 2007b).  In order 
to mitigate the potential impact of coal there is an increasing commitment from Canada and the 
United States to advance CCT globally (NRCan, 2005a, USDOE EIA, 2007b).  In the United 
States, President Bush has proposed an initiative to spend $2 billion over ten years to "deliver 
innovative technologies to improve the environmental performance of new and existing coal-
fired power plants" (Reuters, 2007).  The most recent Canadian budget of February 2008 
allocates funding for CCT, particularly for capture and sequestration.   
 
For the last several years, the Basin Electric Power Cooperative, based in North Dakota, pursued 
the addition of carbon sequestration capacity to their Antelope Valley coal fired facility. In mid- 
March 2008, they confirmed the selection of a contractor, Powerspan Corp., to begin installation 
of technology to capture a portion—one million tons—of their annual CO2 releases (Basin 
Electric Power Cooperative, 2008).   
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Within the same timeframe, Saskpower considered construction of a new coal fired facility with 
carbon sequestration. That particular project was cancelled last year in favour of a conservation 
and demand management approach. However, also in March 2008, Saskpower, the Government 
of Saskatchewan and the Canadian government announced a joint effort to partially remove CO2 
emissions from the existing Boundary Dam coal-fired utility.  The project, with a total estimated 
cost of $3.8 billion would capture and store a portion—about a million tonnes—of the total CO2 
released annually (McCarthy, 2008a and McCarthy, 2008b).  Both projects are to be located in 
relative proximity to the Saskatchewan–North Dakota border and both intend to use the captured 
gas for enhanced oil field production. 
 
Gasification  
The Great Plains Synfuels Plant (owned by Dakota Gasification Company), located near Beulah, 
North Dakota, is the only commercial scale plant operating in the United States able to gasify 
relatively low grade lignite coal to produce a synthetic natural gas.  Gasification requires heating 
coal to 2,000° F and injecting a small amount of oxygen into sealed chambers.  This process 
forces dozens of chemical reactions, resulting in a gas rich in carbon monoxide, hydrogen, 
sulphur, nitrogen compounds and small amounts of elements such as mercury.  The gas is 
cleaned in a series of steps; eventually the methane end-product emerges.  Many of the by-
products also have commercial value—for example, the CO2 is sold to Weyburn Saskatchewan 
to enhance production from depleting oil fields (Canine, 2005).  While the plant has been 
operational since 1984, it has only recently shown a profit and its technology is now considered 
obsolete. 
 
The United States has research and development budgets focused on gasification, with a goal of 
development of the ultimate clean coal facility that generates no emissions or waste (NRCan, 
2005a).  
 
FutureGen 
FutureGen, a private-public venture initiated in the United States in 2003, was aimed at 
designing and testing technology to convert coal into gas, remove and capture pollutants, then 
combust it to produce electricity and hydrogen.  Carbon dioxide would be captured and stored 
underground (O’Grady, 2007).  Project participants included the USDOE, electricity utilities, 
coal producers, international miners, and companies that provide energy to tens of millions of 
customers in Asia, Australia, Canada, Europe, China, South Africa, and other regions.  Although 
pieces of the technology are in use or being tested around the world, no other single electrical 
generation project combines coal-gasification and carbon storage at a commercial scale and an 
economical price (O’Grady, 2007).  
 
On December 18, 2007, Mattoon, Illinois was selected as the site for FutureGen.  Shortly 
afterwards, the United States government decided to restructure the project and support a less 
expensive option.  Instead of a single FutureGen facility, several locations will serve as test sites 
for a less expensive technology to capture carbon-dioxide emissions from coal plants.  By some 
estimates the cancellation will set back the United States clean coal research three to five years 
(Journal Gazette, 2008).  
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Canadian Clean Power Coalition (CCPC) 
The CCPC, a collaboration of Canadian energy companies, including ATCO Power, Emera Inc., 
EPCOR Utilities, Luscar, OPG, SaskPower, TransAlta Utilities, IEA Environmental Projects 
Ltd., and the Electric Power Research Institute (EPRI) has been formed to secure a future for 
modern, environmentally responsible electricity generation technologies that would continue to 
use vast, low cost coal reserves as feedstock.  To that end, the Coalition was created to research 
and facilitate the development and demonstration of commercially viable CCT.   
 
Feasibility studies have been conducted on three technologies for the capture of CO2 from coal-
fired power plants:  post-combustion capture using amine scrubbing; oxyfuel combustion; and 
IGCC combustion.   
Deliberations led two members to develop detailed engineering work to design and cost coal-
fired power plants with CO2 capture.  In 2005, SaskPower began the design of a lignite coal-fired 
plant using the oxyfuel technology.  The design work was completed in 2007, however further 
work on the prototype was deferred due to rapidly escalating construction costs.  In 2006, 
EPCOR of Edmonton, Alberta began design work on a sub-bituminous coal-fired IGCC plant 
with CO2 capture.  The design work is to be completed in 2009 at which time a decision will be 
taken on proceeding with construction.   
 
Integrated Gasification Combined Cycle  
There are two successful commercial scale Integrated Gasification Combined Cycle (IGCC) 
demonstration projects in the US: a 282 MW plant in Wabash River (Indiana), and the 250 MW 
Polk Power Station in (Florida).  Basically, the IGCC plant uses natural gas combined-cycle 
technology, fed by a coal gasifier.  The gasification process breaks down coal and other 
feedstock into their constituents, creating a syngas composed mainly of carbon monoxide and 
hydrogen.  In any IGCC plant there are two turbines: a gas and a steam turbine (Figure 4.2).  The 
gas turbine takes purified syngas from the coal gasifier and combusts it.  Heat from the burning 
gas creates a stream of rapidly expanding hot air, which spins the turbine’s blades and powers a 
generator.  Excess heat in the exhaust of the combustion turbine is captured to make steam which 
powers the second turbine (Canine, 2005).  The process involves extensive controls to capture 
the emissions and burn them in an integrated combined cycle turbine (SENES, 2005).  IGCC 
plants are 15 percent more energy efficient than a traditional pulverized coal plant (Canine, 
2005). 
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Figure 4.2 Schematic of ICGG 

 
Source: http://pubs.acs.org/cen/images/8208/8208cov1c.jpg (Los Alamos National Laboratory) 

 
Compared with a conventional coal-burning plant the IGCC station produces only a fraction of 
the pollutants currently regulated under the US Clean Air Act.  IGCC has a much higher capacity 
to capture SO2, NOx, and mercury emissions in comparison to the traditional coal-fired plant, as 
pollutants are removed before they are combusted.  The IGCC plants can also be more easily 
adapted than any of the other more traditional coal-fired technologies to remove large quantities 
of CO2.  Currently, there is no regulation requiring this removal; it is released into the air 
(Canine, 2005).  Existing IGCCs have a capacity factor of about 85 percent (NEB, March 2006). 
 
Despite the fact that IGCC has been successfully demonstrated at a full commercial scale, a 
number of issues remain including: 
 

• Reliability, availability and fuel flexibility 
• Capital and operating cost 
• Demonstration of CO/H2 ‘shift reaction’ (a catalytic process that is used to convert 

carbon monoxide into hydrogen and CO2) 
• CO2 capture and sequestration 

 
CO2 Capture and Storage (CCS) 
CO2 capture and storage (CCS) occurs when CO2 (produced as a by-product of electricity 
generated from coal) is separated, transported and stored at a site where it cannot interact with 
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the atmosphere (MIT, 2007).  The CO2 could be sequestered in either the deep ocean, geological 
reservoirs, or perhaps converted to carbonates (Lewis, 2007).  
 
A survey paper, Special Report on Carbon Capture and Storage (2005) by the Intergovernmental 
Panel on Climate Change (IPCC) estimates that CCS from fossil fuel use in electricity generation 
and other large point sources (i.e., refineries) might provide between 15 percent and 55 percent 
of all emission reductions necessary to stabilize world greenhouse gas levels.  CO2 capture 
technology is still under development with no experience yet in applying this technology at a 
utility scale coal generating plant.  A number of potential small scale and large scale projects at 
coal and other fossil electric generation plants have been proposed in the past few years to 
demonstrate and improve the technology for capture of CO2.  Better information and greater 
assurance of technology must be available in the next several years if demonstration and 
development of the technology is to be undertaken. 
 
According to a recently published MIT review paper it may be that CO2 CCS is the crucial 
enabling technology that would reduce CO2 emissions and continue to allow coal to meet the 
world’s pressing energy needs (MIT, 2007).  The type of GHG reductions expected over the 
longer term from fossil fuel power generation would likely only be achievable with the 
development of CCS technology (NRCan, 2005a).  
 
The MIT paper notes that geological sequestration appears to be the most promising large-scale 
approach available to substantially reduce current estimated global emissions of 2.5 billion 
tonnes (about 2.76 billion short tons) annually by the year 2050.  Significant GHG reductions 
rely on the deployment of geological storage on a large scale (Pacala and Socolow, 2004; and 
USDOE, 2005).  Many geological reservoirs have the potential to store hundreds to thousands of 
gigatonnes of CO2 each (MIT, 2007).  Saline formations, depleted oil and gas fields, and deep 
coal seams appear to be the most promising reservoirs (MIT, 2007).  Most geological 
sequestration will likely occur in saline formations since they have the largest storage potential 
and are most broadly distributed.  
 
CO2 injection projects for enhanced oil recovery have limited significance for long-term large-
scale CO2 sequestration because the fields have geological structures with limited capacity, are 
not well instrumented, and formations are often disrupted by production.  Nonetheless, as is the 
practice at the Great Plains Synfuel facility, initial sequestration projects will likely occur in 
depleted oil and gas fields accompanying enhanced oil recovery, due to density and quality of 
available geological data and the potential for economic return (MIT, 2007).  
 
When the process of gasification is used on the subsurface, one of the major by-products, CO2, 
can be captured with little or no added expense.  Great Plains Synfuels Plant pumps 3.6 million 
tonnes (4 short tons) of CO2 annually through a 205-mile pipeline to EnCana Corporation’s 
Weyburn Fields in Saskatchewan, Canada, where it is injected into depleting oil formations to 
increase production and extend the life of the field.  According to Daren Eliason, a Dakota 
Gasification Company chemical engineer, “a 50 year-year-old producing oil field is practically 
unheard of, but with the CO2 flooding, we expect to recover an additional 120 million barrels 
over the next 20 years” (Canine, 2005). 
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However, a number of concerns about the technical feasibility of mass scale sequestration 
remain: 
 

• A significant fraction of existing fossil-derived power plants could be retrofitted to allow 
for sequestration; however an equally significant fraction is too remote from a suitable 
geological reservoir.  Either the CO2 would have to be piped long distances or new plants 
erected in suitable locations (Lewis, 2007).  

 
• Should large quantities of CO2 be buried in the deep ocean, the local pH would be 

altered; thereby inducing potentially significant changes in the biosphere (Lewis, 2007).  
 

• Potential exists for substantial CO2 leakage from geological reservoirs (approximately 
one million holes exist from drilling operations in Texas alone) (Lewis, 2007). 

 
• The CCPC, in developing standards for existing plants, found that it would not be cost 

effective to retrofit existing facilities for CO2 capture (NRCan, 2006).  Therefore, the 
industry requested that existing facilities be left in operation and be exempt from CO2 
emissions reductions until they reach the end of their 40 year economic life (NRCan, 
2006).  (Construction of Lambton Ontario Generating Station began in the mid-1960s and 
all eight of Nanticoke’s Ontario coal-fired power units were completed by 1978 thus, the 
40 year extension implies operation to the year 2014-2018).  

 
In the opinion of other experts, including those at MIT, the solutions to these technical questions 
appear to be manageable and surmountable and geological sequestration is likely to prove safe, 
effective, and economically competitive with other options (MIT, 2007).  
 
Supercritical Boiler Technology 
Supercritical coal-fired plants use boiler technology to burn coal at higher temperatures and 
pressures which can reduce emissions by 18 percent (Table 4.3).  This is a well established 
technology used in other combustion settings, naval ships among them, for many years.  
Canada’s first supercritical plant, the Genesee 3 facility in Alberta, went online on March 1, 
2005 (McHardie, 2007).  The plant is considered to be Canada’s most technologically advanced 
and cleanest coal-fired station (Teel, 2007).  A few supercritical plants were built in the United 
States in the 1950s and 1960s.  These units have extremely high steam conditions, comparable 
with the most advanced units available today, but were built without modern materials (DTI, 
2001).  As a result they operate with low reliability and consequently have compromised the 
reputation of supercritical technology.  More modern facilities achieve much higher availability 
(about 85 percent) (DTI, 2001). 
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Table 4.3 Calculating the benefits of supercritical power generation 

 
Source:DTI (March 2001), Best Practice Brochure Supercritical Boiler Technology at 

Hemweg Power Station, Retrieved on September 27, 2007 from 
http://www.berr.gov.uk/files/file17969.pdf 

 
# NOx emissions compare subcritical without NOx reduction and supercritical with low-

NOx burners fitted 
* Uncontrolled sulphur emissions  

 
The utilities industry has suggested that Canada replace existing coal-fired capacity with best 
available CCT as older facilities are retired.  To meet this goal, 61 Canadian facilities would 
require replacement by the year 2034.  In the face of increased energy demand, Natural 
Resources Canada believes it would be difficult for Canada to meet this goal (NRCan, 2005a). 
 
Natural Gas 
 
Natural gas can be used to generate electricity in a variety of ways.  Natural gas is a major 
contributor to large centralized electricity generation through the use of gas and steam turbines at 
gas powered plants.  These plants are typically used for peak-load demands, since they are easily 
brought on-line and taken off-line.  Higher efficiencies can be achieved through combining gas 
turbines with a steam turbine in a combined cycle mode. 
 
Natural gas is also supplied to homes, where it is used for such purposes as cooking, clothes 
drying, heating/cooling, and central heating.  Combined heat and power systems (CHP), which 
are essentially mini-power systems, burn natural gas to produce heat and electricity resulting in 
greater fuel efficiency, avoided transmission line loses, and reduced GHG emissions.  Multi-
residential buildings are increasingly meeting some or all of their power and heating needs 
internally by CHP. 
 
Air Pollution 
Among fossil fuel generating stations, natural gas facilities have the lowest emissions.  They 
emit about 35–43% as much CO2 as a coal-fired facility.  Estimated annual average SO2 and NOx 
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emissions for a 1,000 MW natural gas plant are 150 tonnes (about 165 short tons), and 410 
tonnes (452 short tons) respectively at typical operational capacity.  Adjusted to the average 
coal-fired plant capacity of 80 percent, the natural gas plant could have emissions of 600 tonnes 
(about 661 short tons) of SO2 and 1,640 tonnes (about 1,808 short tons) of NOx annually, as 
compared to an equivalent sized coal-fired plant estimated output of 9,700 tonnes (10,693 short 
tons) SO2, and 7,800 tonnes (about 8,598 short tons) NOx.  These emission calculations are based 
on an eGrid average of all 900 MW to 1,100 MW United States natural gas plants where the 
average capacity factor for these plants was 20 percent.  
 
Annual Waste  
About 330 tonnes of particulates are generated by a theoretical 1,000 MW natural gas facility 
annually. 
 
Reliability/Capacity 
Gas-fired generation is typically very reliable.  Reliability factors are estimated at about 80 to 90 
percent according to the World Energy Council for both gas turbines and combined cycle units.  
The planned energy unavailability factor was a little higher for combined cycle units, 11 percent, 
in comparison to gas-fired units at 7.28 percent (World Energy Council, 2001). 
 
According to the NEI the capacity factor, or the typical usage, of current natural gas plants is 
between 15.6 and 37.7 percent (2007), an estimate that is often influenced by price variables.  
Other estimates suggest higher capacity factors (capacity utilization) for natural gas at between 
65 and 85 percent, but note that some gas plants may operate at lower levels if they are used only 
in peak demand situations (Current Generation Inc., 2005).  
 
Footprint 
The facility footprint for a 1,000 MW (e) natural gas fired facility is approximately 17–25 
hectares (SENES, 2005).  
 
Cost 
The cost of electrical generation by natural gas ranges from about 5.5 to 7¢/kWh (CERI, 2006; 
Jaccard, 2006).  While natural gas is projected to remain high by historical standards, new gas 
supplies are projected to moderate gas prices over the intermediate term (Figure 4.3).  Figure 4.3 
shows the AESC 2007 Henry Hub annual natural gas price forecast relative to actual Henry Hub 
prices from 1992 to 2006 (Hornby et al., 2007).  It is approximately nine percent higher than the 
AEO 2007 Reference Case on average over the forecast period (Hornby et al., 2007).  While this 
is merely one of a number of projections, it illustrates the impact of new supplies. 
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Figure 4.3 Annual Actual and Forecasted Henry Hub Natural Gas Prices 

 
 

Source: Hornby et al. (August 10, 2007). Avoided Energy Supply Costs in New England.  
Synapse Energy Economics, Inc. Retrieved on October 29, 2007 from http://www.synapse-

energy.com/Downloads/SynapseReport.2007-08.AESC.Avoided-Energy-Supply-Costs-
2007.07-019.pdf pp.2-8 

 
In the past five years, the amount of LNG entering the North American market has grown 
dramatically as world LNG liquefaction and shipping capacity has increased.  Figure 4.4 shows 
the annual volume of gas delivered to each of the terminals. 
 
Figure 4.4 LNG Imports from Lake Charles, Everett, Elba Island, Cove Point and Gateway Gulf 
 

Source: United States FERC Staff Presentation; Commission Open Meeting. September 20, 2007 
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The United States FERC Office of Energy Projects has identified more than 40 existing and 
proposed North American LNG terminals.  A major terminal under construction by Canaport 
LNG in New Brunswick, Canada is to be completed by 2008. 
 
Equally important, LNG liquefaction projects continue to proliferate on a global basis.  A study 
by Energy and Environmental Analysis, an ICF International Company, identified over 60 
different liquefaction processors either planned or under construction, with a total export 
capability of over 15 trillion cubic feet per year.  All processors are economic at a delivered gas 
price into North America of $6.25 per MMBtu or greater (ICF, July 2007). 
 
Nuclear Energy 
 
Although the generation of electricity by nuclear energy produces little air or water pollution or 
greenhouse gases—it is among the cleanest of all fuels in this regard—there are other serious 
waste and cost concerns associated with the nuclear energy option. 
 
Air Pollution 
Nuclear energy is considered by most to have “near-zero” emissions, although some small 
amount of radiation is emitted on an annual basis.  For example, tritium is a mildly radioactive 
type of hydrogen emitted in small amounts during the operation of some nuclear power plants.  
However, accidental tritium releases can be significantly larger.  An accident at Pickering, 
Ontario in August 1992, released 2,300 terabecquerels (2,300 x 1012 becquerels) (Energy Probe 
2005).  About 11.4 million litres of titrated water contaminated with tritium was released in and 
around the Braidwood Generating Station in Illinois.  Leaks are also associated with facilities at 
Dresden and Byron, Illinois; Indian Point, New York; and Palo Verde, Arizona.  Tritium is 
created and emitted into the environment in greater quantities from CANDU reactors than from 
other power reactors, such as the American light water designs.  
 
Annual Waste 
Nuclear waste is an extremely difficult political and technical issue, which to date no country has 
solved entirely (UIC, 2008 Germany).  The determination and proposed implementation of an 
appropriate long term storage process is proving to be quite costly and remains incomplete 
(National Center for Policy Analysis, 2001). 
 
Nuclear energy produces two types of radioactive wastes: high-level and low-level.  Incineration 
has been used in the management of low-level waste.  By contrast, high-level waste must be 
securely stored for thousands of years, as some radioactive isotopes take tens of thousands of 
years to decay.  Strontium-90 and cesium-37, which account for most of the heat and penetrating 
radiation in high-level waste, have half-lives of approximately 30 years.  Plutonium-239, a 
highly radioactive component of spent fuel used in nuclear power plants, has a half-life of 24,000 
years and needs to be shielded and handled very carefully at remote distances (US NRC, 2007).  
Approximately three cubic meters or 30 tonnes (about 33 short tons) of high level nuclear waste, 
and 800 tonnes (about 880 short tons) of intermediate/low level nuclear waste are produced 
annually by a 1,000 MW nuclear facility (IAEA, n.d.; Australian Uranium Association, 2007).  
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Currently, in the United States and Canada only temporary facilities exist for the storage of 
radioactive waste; the waste from spent fuel rods is contained in specially-designed, water-filled 
basins or dry casks at commercial power reactor sites or at one away-from-reactor storage 
facility. 
 
High-Level Radioactive Waste  
Canada—The Government of Canada has been grappling with the issue of long-term nuclear 
fuel waste management since before the construction of the first 20 MW demonstration plant in 
1962.  They have conducted scientific investigations of deep geological disposal, nationwide 
consultations, policy framework development and investigative panel research (NRC, 2003). 
 
In 2002, the Nuclear Waste Management Organization (NWMO) was established to recommend 
a long-term approach for managing nuclear waste produced by Canada’s electricity generators.  
The organization is supported by an independent, arm’s-length body of individuals 
knowledgeable in nuclear waste management.  On June 14, 2007 the Minister of Natural 
Resources accepted the NWMO’s recommendation for managing used nuclear fuel in Canada 
(NRCan, 2007b). 
 
The Adaptive Phase Management (APM) option was selected from among those identified by 
NWMO as the long-term approach to managing used nuclear waste in Canada (NRCan, 2007a).  
Under the APM plan, waste would not be moved off the plant site for approximately 30 years.  
After that period the choices include the isolation and containment of used nuclear fuel deep in 
the earth (1,000 meter underground in a mine-like site), with the option for temporary shallow 
underground storage (NRCan, 2007a).  The NMWO is now in the process of planning and 
designing a site-selection process which will involve further consultation with Canadians 
(NRCan, 2007a). 
 
United States—In the United States the Office of Civilian Radioactive Waste Management 
(OCRWM) is a program under the USDOE with a mandate to manage and dispose of high level 
radioactive waste and spent fuel in a safe way and with minimal environmental compromises 
(USDOE OCRWM, 2007).  Currently, waste is stored at 126 sites in the United States (USDOE 
OCRWM, 2007). 
 
Since 1978, the OCRWM has conducted scientific and engineering investigations at the Yucca 
Mountain site located in Nye County, Nevada to determine its suitability as a nuclear waste 
repository. 
 
On June 23, 2002, President Bush signed House Joint Resolution 87, allowing the USDOE to 
take the next step in establishing a safe repository for the nation’s nuclear waste.  The USDOE is 
in the process of preparing an application to obtain a license from the Nuclear Regulatory 
Commission to proceed with construction of the repository (USDOE OCRWM, 2007); however, 
a political consensus to allow construction is yet to be achieved.  
 
Reliability/Capacity 
According to the World Energy Council, nuclear plants operating worldwide (438 in total) 
achieved average energy availability of about 80 percent between 1997 and 2001.  In 1997–1999 
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planned unavailability worldwide was 13.9 percent (largely scheduled maintenance), whereas the 
unplanned unavailability was 6.5 percent (World Energy Council, 2001). 
 
The industry’s 2006 global average capacity factor was 89.9 percent, according to preliminary 
figures.  That is slightly higher than that achieved in 2005 (89.3 percent); the industry’s record-
high of 90.3 percent was set in the year 2002 (Nuclear Energy Institute, 2007).  However, if 
planned and unplanned nuclear outages, which have extended up to seven years in some cases 
(as in Ontario), are considered when calculating capacity factor, nuclear reliability decreases 
from about 90 percent to about 60 percent (Tom Adams, 2005).   
 
Footprint 
Nuclear energy is a dense energy source; therefore the generation facility footprint is relatively 
small.  It is estimated that the average 1,000 MW plant has a footprint between 51 and 290 
hectares (SENES, 2005). 
 
Cost 
Safeguards appropriate to the use of nuclear technology come at a high price; the capital cost of a 
new nuclear plant is exceeded only by large hydroelectric projects.  As a result, while the 
marginal cost of energy production at online nuclear plants is among the lowest in the industry, 
the required investment for such facilities remains substantial.  According to the United States 
National Center for Policy Analysis (2001) when expenses for taxes, decommissioning and 
yearly capital additions are added to production costs to yield a total electricity cost, nuclear-
generated electricity typically is greater than 2.5¢/kWh (National Center for Policy Analysis, 
2001).  Other sources quote higher prices; according to Professor Lewis of Caltech, the cost of 
nuclear power ranges between 6–7¢/kWh.  Dr. Mark Jaccard of Simon Fraser University projects 
the cost of nuclear power to be between 6 and 10¢/kWh (2005).  In France, the cost of nuclear-
generated electricity fell by seven percent from 1998 to 2001 and is now about € 3¢/kWh or 
approximately 4.5¢/kWh US which is very competitive in Europe (UIC, March 2007).  
 
Cost reflects the diversity in how countries develop this technology, disputes about its full cost, 
and uncertainty about its future costs.  Some countries such as France have been able to develop 
apparently low cost nuclear power although their long term waste management strategy remains 
a concern.  Most estimates do not take into account full cost of siting new facilities, treating and 
permanently storing nuclear waste, decommissioning, and operation of international institutions 
and monitoring mechanisms to ensure a safe worldwide expansion of the technology.  These 
factors can push estimated cost into the higher end of the range given above. 
 
Hydroelectric Power 
 
Although capital costs are high for large scale projects, hydroelectric power is operationally 
relatively inexpensive; it does not produce air pollution and the conditions for its production 
exist in many parts of the world (Lewis, 2007).  The total hydrological power energy potential of 
the planet, including the energy involved in the water flow of every river, lake and stream 
amounts to approximately 4.6 Terra Watts (TW) (equivalent to 4.6 million megawatts or 4.6 
billion kilowatts).  The amount that is technologically convertible to hydroelectric power is only 
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1.5 TW, which is not enough to meet the projected global energy needs in the next 50 years 
(Lewis, 2007). 
 
A significant number of favourable hydroelectric sources (i.e., major rivers and falls) have 
already been exploited.  Planning and construction of a hydroelectric plant takes at least a decade 
to complete, is extremely expensive and faces a variety of environmental issues related to land, 
water, and human displacement (NRCan, 2005b). 
 
Large hydro capacity in Canada is expected to increase by 20 percent by the year 2025 (NEB, 
2003).  The development of increased generation will come primarily from sites in British 
Columbia, Manitoba, Quebec, and Newfoundland and Labrador.  
 
Emissions  
There are near zero emissions from the hydroelectric generation itself.  However, flooding 
practices can result in methane emissions due to decomposition of vegetation within the flooded 
reservoir and the mobilization of toxic metals such as mercury into the environment (SENES, 
2005). 
 
Annual Waste  
There is no significant waste generated in the production of hydroelectricity. 
 
Reliability/Capacity 
In general, hydroelectricity has a reliability factor between 0.90–0.98.  In 2006, OPG’s 
hydroelectric stations were available to produce electricity 93 percent of the time, although they 
are, on average, 72 years old (OPG, 2007).  According to the NEI, the average capacity factor for 
United States hydro plants in 2005 was 89.3. 
 
Footprint 
Hydropower does raise several concerns as it can change the ecology of the region and adversely 
affect other ecological resources provided by rivers in their undammed condition (WWF, 1996).  
Dams and other infrastructure fragment 60 percent of the large river systems in the world.  
Several sources report manipulation of the environment contributed to the loss of freshwater 
biodiversity at a faster rate than in any other ecosystem (WWF, 2006).  For instance, some 
salmon subspecies are endangered by reduced water flow below dams or the inability to reach 
former spawning grounds.  Altered water levels of rivers below dams affect plants growing along 
the riverbanks (WWF, 2006).  These and other ecological effects have started “free the river” 
movements calling for removal of small dams.  
 
Cost 
Low operating and associated fuel costs contribute to inexpensive production of hydropower 
electricity (2.8–3.3 ¢/kWh); but construction is very expensive, requiring a substantial capital 
outlay and a relatively long construction lead time.  As a result, it usually takes longer to produce 
an unencumbered profit from a hydropower facility than from other types of power plants.  
According to Dr. Jaccard, the future cost of hydropower is estimated to be between 6–8¢/kWh.  
Dr. Jaccard assumes that there are still some low cost sites in developing countries, but over the 
century the industry will be forced to switch to higher cost sites and to a greater reliance on small 
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hydro in both developing and developed nations.  Also much of the small hydro construction will 
not include reservoirs and will incur additional cost for some form of alternative storage 
(Jaccard, 2005).  The NEB estimates the generation cost for small hydro ranges from 4–5¢/kWh. 
 
Solar Energy 
 
Photovoltaic Cells 
Photovoltaic cells, also known as solar cells, are made up of semiconducting material which 
converts sunlight into electricity. Photovoltaic solar is the most commonly used process for the 
generation of solar electricity in the United States and Canada, therefore the evaluation in the 
matrix and following text will focus on PV solar.  
 
Solar Mirrors (Solar Thermal-Electric Power) 
In this process, mirrors and lenses concentrate and focus heat from the sun into a thermal 
receiver (similar to a boiler tube).  The thermal receiver absorbs and converts sunlight to heat 
which in turn is converted to electricity.  The largest power plant of this kind in the world is 
located in the Andalusian countryside of southern Spain (Lloyd, 2007).  Fanned mirrors which 
surround a 115-meter tower reflect the sun’s beams to the top of the tower, where the 
concentrated heat produces steam which in turn is used to generate electricity (Lloyd, 2007).  
 
Air Pollution 
Solar energy, once in place, is considered to have zero emissions.  
 
Annual Waste 
In general, the application of solar energy is said to produce no waste, although the production 
and ultimate disposal of solar reflective panels and photovoltaic cells would create some 
pollution (National Center for Policy Analysis, 2001).  
 
Reliability/Capacity 
It is estimated that PV reliability is about 1.0.  This means that the technology used in the 
production of solar electricity is theoretically functional at all times.  Nonetheless, the capacity 
factor (typical usage) varies due to cloud and weather interference and the relative position of the 
sun.  Therefore, the ratio of time that solar power is actually produced per year is quite low.  
According to the Nuclear Energy Institute, the current average capacity factor of PV solar energy 
is about 18.8 percent (NEI, 2007a).  
 
Footprint 
The approximate footprint for photovoltaic solar power is 130 hectares per 1,000 MW (SENES, 
2005).  This is a land use calculation which reflects the facility footprint or the acres required for 
the facility and associated components.  It does not include facility access roads.  Only open field 
applications of PVs were used in land use calculations, since roof integration and building façade 
integration types of PV installations do not alter land.  Actual data on land requirements is not 
readily available, since there are few array field power plants in operation (most PV applications 
are roof integrations).  The SENES footprint calculation is based on a National Energy 
Association study that identified a PV array field in Italy generating three MW on about one acre 
of land (SENES, 2005). 



 63

Cost 
Solar power is currently relatively expensive, due, in part, to the fact that it is intermittent.  In 
Germany, homeowners sell solar electricity back to the utility grid at $0.62 (CDN) a kilowatt 
hour (cbc.ca, 2007).  A second, usually fossil-fuel-burning power supply is required to 
supplement solar power when necessary; such dual or redundant facilities are rarely efficient 
(National Center for Policy Analysis, 2001).   
 
The cost of energy from the sun is virtually free after the initial installation costs have been 
recovered (NRCan, 2005b).  According to Dr. Jaccard, the wide range in cost estimates for solar 
PV reflects great uncertainty.  Some experts believe that cost will fall well below the lower 
bound of 15¢/kWh in the near future. The NEB approximates the generation cost of solar to be 
between 20 and 50¢/kWh. 
 
Wind Energy 
 
Emissions 
Wind power, once the wind turbines are erected, is generally considered to be a “zero emissions” 
source of energy, although, if a full lifecycle analysis is performed, there are some associated 
emissions.  For example, the Danish manufacturer Vestas undertook a life cycle assessment 
(which included the production phase, transport, operation and maintenance, and disposal) of 
their newest turbine and found that their 3.0 MW offshore wind turbines had to generate 
electricity continually for about 6.8 months before it produces as much energy as it used during 
the manufacturing lifetime (Renewable Energy Access.com, 2005).  
 
Annual Waste 
Wind power is generally considered to be without waste products.  However, a full life cycle 
analysis would include the disposal of a wind turbine.  
 
Reliability/ Capacity 
To be effective, wind turbines must be located in areas where there is wind blowing steadily at 
certain minimal speeds to allow electricity generation.  Wind speed is described by seven 
“classes.”  For example, Class 7 winds are extremely strong, while Class 2 winds are mild 
breezes.  Generally, Class 4 winds and above are considered adequate to produce electricity 
(National Center for Policy Analysis, 2001).   
 
In theory, wind systems can produce electricity 24 hours every day.  However, even in the most 
ideal locales, the wind does not blow incessantly.  The intermittent nature of current wind power 
means that only a portion of total installed generation capacity can come from wind—grid 
systems that rely on wind energy need redundant or additional power supplies (NRCan, 2006).   
 
Several studies indicate that periods of very low to no wind power production were common 
during high-demand periods such as summer heat and smog events (Adams, 2006).  
Approximately 50 percent of wind occurs in off-peak periods (NEB, 2007b).  During low 
demand periods, the generators dispatched are typically those with low production flexibility 
(nuclear, cogeneration, and hydroelectric generators).  Current technology and manual or market 
based demand control measures are of limited usefulness in solving this issue of unused wind 
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capacity (Adams, 2006).  Some utilities are using or considering pumped water storage in 
association with wind generation; chemical storage of electricity, such as using flow batteries 
and hydrolysis of water, has not proven commercially viable in widespread production to date 
(Adams, 2006). 
 
The Canadian Wind Energy Association claims the capacity factor, or utilization rates, for wind 
is about 30-35 percent; according to the NEB, most wind farms in Canada operate at about 25 to 
35 percent capacity.  The Pembina Institute quotes the accepted range of capacity factors vary 
from 25 percent to 40 percent (Peters, Winfield, and Horne, 2006).  
 
The first industrial scale wind farm in Quebec, called Le Nordais, demonstrated a lifetime 
capacity factor of 18 percent during five years of operation.  In Germany, in 2004, the annual 
wind power capacity factor was 19.1 percent (Adams, 2006).  The annual average capacity factor 
for the entire Ontario wind fleet of large wind farms for the year April 2006 through March 2007 
is likely to fall in the range of 24 to 27 percent.  
 
Footprint 
Wind farms require a relatively large amount of land-about 10,000–21,000 hectares of land 
would be required for a 1,000 MW facility compared to 100–400 ha/1,000 MW for coal 
(SENES, 2005).  This calculation aligns with other figures that estimate that each wind turbine 
requires about 10 hectares of unobstructed land per megawatt of nameplate capacity, although if 
certain factors are taken into account the footprint can be considerably smaller.  For example, 
clearing wooded areas as part of placement is often unnecessary and 99 percent of land can 
continue to be used for farming and cattle grazing (British Wind Energy Association, 2006). 
 
One of the most negative environmental outcomes caused by wind farms may be the number of 
bats and birds that wind turbines kill each year.  Nonetheless, the Can WEA reports that bird 
kills are minimal, and on an individual basis far less than those associated with the average 
family cat.  Many US National Audubon Society chapters are actively involved in designing and 
locating wind-power projects to minimize the negative impacts on birds (Flicker, 2006). 
 
Many individuals also have aesthetic concerns, considering wind turbines as a blight on the 
landscape.  Some individuals find the noise created by wind farms intolerable (National Center 
for Policy Analysis, 2001). 
 
Cost 
Wind farms are relatively expensive to build and maintain.  Nonetheless, the cost of wind power 
has decreased dramatically in the last two decades due to technological improvements and 
economies of scale in turbine production (NRCan, 2005b).  The cost of wind is determined by 
the initial cost of the wind turbine installation, the interest rate on the money invested, the 
amount of energy produced and the characteristic of the selected site (NRCan, 2006). 
 
In Ontario any organization, business, or homeowner can connect their small wind project (10 
MW maximum) to the grid and receive 11¢ per kilowatt hour under Ontario’s Standard Offer 
Program (Rupert, 2007).  Dr. Jaccard’s projected cost of wind generation, at 6–8¢/kWh, contrasts 
with claims that new wind generators can produce power at 4¢/kWh.  Costs decrease with larger 
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turbines and economics-of-learning (2005).  He assumes that the intermittency of wind would 
require some form of energy storage or back-up generation to ensure energy dispatch matches 
fluctuations in energy demand.  The uncertainty of massive-scale storage and reliable dispatch 
adds about 2¢ to Dr. Jaccard’s projection (2005).  Wind power will eventually transition from 
favourable sites to less efficient ones with higher costs. 
 
Grid Destabilization 
Wind electricity is characterized by short-term output unpredictability and variability to a greater 
extent than any other major power generation technology.  There are technical and economic 
challenges associated with integrating wind power onto transmission grids serving customers 
who expect high reliability.  As installed wind capacity grows, major swings in output will put 
extra stress on the power generation and distribution system (Adams, 2006).  A study by Alberta 
Electric System Operator (AESO), suggesting that unreliability of wind could destabilize the grid 
at levels greater than 10 percent integration, led Alberta to temporarily cap wind power 
production at 900 MW (Blackwell, September 2007).  The cap was lifted when industry argued 
that it was slowing the shift to green electricity (Blackwell, September 2007).  AESO believes 
that wind forecasting, geographic diversification of wind farms, and installation of controls on 
wind turbines can help reduce the power surges that might disrupt the grid (Blackwell, 
September 2007).  The European experience with wind also indicates that challenges to grid 
reliability can be overcome. 
 
Biomass  
 
Globally, biomass is the source of 14,000 megawatts of installed generation, making it the 
world’s largest source of non-hydro renewable electricity (Center for Energy, November 2007).  
Electrical capacity is generated from burning forest products and agricultural residues, municipal 
solid waste, and landfill gas.  In Canada and the United States, the majority of electrical 
production from biomass is used as base load power in the existing electrical distribution system.  
Where power producers have access to low cost biomass supplies they can enhance their 
competitiveness in the marketplace by co-firing biomass with coal (USDOE EERE, 2007). 
 
Biomass power boilers are typically in the 20–50 MW range compared to coal-fired plants in the 
100–1,500 MW range (USDOE EERE, 2007).  The majority of current biomass plants are direct-
fired systems that are similar to most fossil-fuel fired power plants. 
 
Co-firing involves substituting biomass for a portion of coal in an existing power plant furnace.  
It is the lowest cost near-term option for introducing new biomass power generation, since the 
existing power plant equipment can be used without extensive modifications.  It is significantly 
less expensive to co-fire than to build a new biomass power plant (USDOE EERE, 2007). 
 
British Columbia is an example of one jurisdiction attempting to increase bio-energy generation.  
The province is now weighing new polices for possible introduction early in 2008 as part of a 
bio-energy strategy that would encourage companies to purchase debris left over from logging 
operations and timber damaged by the pine beetle infestation to use as fuel in power plants 
(Stueck, December 16, 2007). 
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Emissions 
Like any combusted fuel, biomass (grasses, corn waste, bark, etc.) creates some pollutants when 
it is burned or converted into energy.  A comprehensive analysis of the amount of greenhouse 
gas emissions associated with biomass combustion is dependant on a number of variables 
including: type of crop, the density of energy contained in the fertilizer used to grow the crop, 
emissions from fertilizer production, crop yield, energy used in transporting the feedstock to the 
refinery, and the energy intensity of the conversion process.  The type of primary energy 
consumed in producing energy from biomass and the corresponding emissions vary greatly.  The 
net CO2 emissions have been considered to be zero, because the carbon emitted is exactly equal 
to the carbon absorbed by the renewable biomass (IEA, 2006).  Nonetheless, a recent study by 
Dr. Renton Righelato of the World Land Trust warns that increasing production of biofuels to 
combat climate change will release between two and nine times more carbon gases over the next 
30 years than fossil fuels (Farrow, 2007).  
 
Annual Waste 
The amount of waste generated by biomass depends on the source and density of the primary 
source of fuel (IEA, 2006b); however in the case of solid biomass, there will be appreciable 
amounts of ash. 
 
Reliability/Capacity 
The reliability factor (theoretical availability) of biomass is high at about 0.90, which is 
equivalent to coal.  The capacity factor (or typical usage) is also high at about 0.80 compared to 
coal at about 0.75. 
 
Footprint  
The facility could have a footprint roughly equivalent to a coal fired utility.  However, major 
modifications in the use of farmland for biomass production would affect local and regional 
ecosystems, resulting in positive and negative effects.  The effects depend on the amount of 
additional land cultivated, which crops are grown for biofuels and the farming techniques used.  
The production of crops for biofuels would increase worldwide competition for arable land, raise 
the demand to convert more land—including rain forests—over to crops, and could drive up food 
and fodder prices (IEA, 2006b).  Brazil, Paraguay, and Indonesia and other countries contain 
huge deforested lands that could supply the world biofuels market (Farrow, 2007).  However, 
according to a recent study, around 40 percent of Europe’s agricultural land would be needed to 
grow biofuel crops to meet their ten percent fossil fuel substitution target (Farrow, 2007). 
 
Cost 
Dr. Jaccard projects the cost of electricity from biomass at about 6–8¢/kWh (2005).  This applies 
to conventional biomass combustion and biomass IGCC.  When waste biomass is the primary 
source of supply, the costs are at the low end of the projected spectrum; but if biomass energy 
production expands greatly, it will be in competition for arable land, thereby raising costs.   
According to the National Energy Board, the cost of biomass electricity from a wide variety of 
technologies and feedstocks—including forest industry waste, municipal waste and landfill 
gas—ranges from 4–15¢/kWh (2006). 
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Biogas  
 
Biogas, which is composed mainly of methane, is produced by the biological breakdown of 
organic matter such as manure or sewage, municipal waste, and energy crops.  Methane is a 
greenhouse gas over 20 times more potent than CO2 in trapping heat in the atmosphere.  As a 
result, efforts to utilize methane for combustion and thus limit its release to the atmosphere can 
provide significant environmental benefits.  Biogas combustion can be used for electricity 
production, as well as space, water and process heating.  Very clean, pipeline quality biogas can 
be compressed into biomethane, which can replace natural gas if it meets applicable standards 
(USEPA, 2007). 
 
There is increasing interest in using agricultural wastes to produce combustible methane.  A 
Vermont study indicates that cow manure is the largest source of organic material for methane 
recovery; the most cost-effective projects tend to be on larger farms of 300 or more cows.  The 
Haubenschild digester and cogeneration system in Minnesota produced 5.5 KWh of electricity 
per cow per day with a herd of 425 cows.  When the herd size was increased to 750 cows, 4.0 
kilowatt hours/cow/day was generated (Biomass Energy Resource Center, 2004). 
 
Biogas recovery by anaerobic digesters is environmentally and financially preferable to 
traditional waste management systems such as manure storages and lagoons.  Anaerobic 
digesters reduce methane emissions to the atmosphere and provide opportunities for improved 
water pollution control (USEPA, 2007).   
 
The international Methane to Market Partnership is a multilateral initiative uniting public and 
private sectors partners from 20 countries including the United States and Canada (Natural 
Resources Canada, 2007c; USEPA, 2007).  Their mandate is to advance the recovery and use of 
methane as a clean energy source.  The Partnership focuses on methane emission from 
agriculture, underground coal mines, landfills, and natural gas and oil systems. 
 
Co-generation 
 
Cogeneration, the simultaneous production of heat and electricity from the same fuels source, is 
a significant means to improve energy efficiency.  The process involves capturing and using 
waste heat typically lost with conventional thermal-electric generation.  Although cogeneration is 
not considered feasible for all electricity generation applications, industrial generators (e.g., pulp 
and paper plants) are often the ideal candidates for such a system.  Steam can also be used to heat 
nearby businesses, hospitals, and schools.  Chemical and petroleum refining industries can also 
be adapted to cogeneration.  Waste heat and gases from large industrial exhaust stacks could be 
used to produce electricity (Hamilton, September 17, 2007). 
 
Tidal Power 
 
There are two main varieties of tidal power: tidal current turbines (Similar to an underwater wind 
turbine) and barrages (similar to a hydro dam). 
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Benefits 
Tides are predictable and therefore tidal power can be generated with some regularity.  
According to research conducted by the EPRI, costs for in-stream turbines amortized over 20 
years compare in cost to current coal-fired facilities without carbon capture (about 4 to 4.5 cents 
US per kWh).  Early research suggests that tidal current turbines should have low environmental 
impacts.  Conversely, tidal barrages can have significant environmental impacts since they 
reduce the time mud flats are exposed and covered and therefore affects wildlife including birds 
and fisheries. 
 
Challenges 
Tidal facilities must be resistant to storms and saltwater corrosion.  It is unknown if turbines can 
be build to endure Atlantic currents, deadheads and beach ice in a manner that does not interfere 
with shipping.  The cost of tidal electricity is only competitive if the total cost of generation is 
reduced.  Tidal power is intermittent, generating 10–12 hours per day during tidal movements.  
 
Potential exists for tidal development worldwide.  Globally, there are three operating barrage 
tidal power facilities—Rance River in France, Bay of Fundy in Canada (producing 20 MW of 
energy per day), and Kislaya Guba in Russia.  The largest of these facilities, Rance River, 
produces an installed (peak) power of 240 MW (CBC, 2007b).  The best sites are located in Asia 
and North America.  The Bay of Fundy between New Brunswick and Nova Scotia has the 
world’s most promising tidal development potential (estimates range from one to thirty GW) 
(Pembina Institute, 2007).   
 
Demand-Side Management 
 
In the 1970s and 1980s, utilities and their regulators recognized the benefit of reducing demand.  
The Electric Power Research Institute (EPRI) coined the term “demand-side management” 
(DSM) to describe the need to decrease customer-side demand instead of increasing supply-side 
capacity (i.e., new power plants) (Golove, 2006).   
 
DSM programs influence the quantity and patterns of energy consumed by end-users—for 
example, convincing residential customers to operate a dishwasher when energy demand is low.  
A DSM Program can encompass any measure that promotes: reduced customer peak and overall 
energy demand; energy efficiency; conservation through behavioural and operational changes; 
load management; fuel switching and; distributed energy (PIEE, 2007).  
 
The estimated cost associated with saving electricity varies, but often is around 3 to 4 cents, 
which is lower than most supply-side options (USDOE EERE, 2007).  DSM programs had their 
greatest impact in 1996, when they were able to reduce peak load by 30 GWs (equivalent to 100 
medium-sized power plants) (USDOE EERE, 2007).  
 
DSM programs have been in place in California and the Pacific Northwest since the late 1970s.  
By the mid 1980s DSM spread throughout the United States as a means of reducing the need for 
power plant construction (Loughran, and Kulick, 2004).  In the early 1990s interest in DSM 
programs peaked again.  By 1993, 447 utilities were spending $3.2 billion (1.7 percent of total 
revenues) on DSM annually (Loughran, and Kulick, 2004). 
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Valley Filling 
The United States and Canadian electrical infrastructure is designed to ensure that instances of 
peak demand are met; it is significantly underutilized during non-peak times (Figure X) (Kinter-
Meyer et al).  For example, in the United States, the system operates at full capacity only for a 
few hundred hours a year. 
 
“Valley filling” refers to programs designed to make the energy production and delivery system 
more efficient by encouraging additional energy use during these periods or “valleys” of low 
system demand (Figure 4.5).  It is an essential component of most demand-side management 
programs.  
 
Several recent studies have recognized the potential benefit of charging the next generation of 
automobiles, Plug-In Hybrid Electric Vehicles (PHEV), during periods of reduced demand, 
typically overnight.  According to a study conducted at Pacific Northwest National Laboratory, 
PHEVs charged in this manner would substantially reduce electricity demand valleys.  For the 
United States, recent studies indicate that the current generation and transmission infrastructure 
could supply about 73 percent of the needs of an electric vehicle population of the size of to-
day’s fleet of cars, SUVs, pickup trucks and vans if vehicles are charged during off-peak hours 
(Kinter-Meyer et al). 
 
This use of electricity would reduce total greenhouse gases from both the utility and mobile 
source sectors by 27 percent.  On a regional basis, the reductions could approach 40 percent. 
Volatile organic compounds (VOCs) and carbon monoxide (CO) emissions would be reduced by 
93 percent and 98 percent (Kinter-Meyer et al). 
 
A separate study conducted by Electric Power Research Institute (EPRI) and the Natural 
Resources Defense Council also concluded that adoption of PHEVs could reduce GHG 
emissions from mobile sources by 80 percent, or 450 million tonnes (about 500 short tons) 
annually, the equivalent of removing 82.5 million passenger cars from the road.  Widespread use 
of PHEVs could also improve nationwide air quality and reduce petroleum consumption by 3 
million to 4 million barrels per day (Electric Perspectives, September 2007).   
 
However, the effectiveness of plug-in hybrids as an emission abatement option depends on the 
battery performance, and the carbon intensity of the regional electrical grid (McKinsey, 2007).  
In many locations, overnight charging of plug-in hybrids would draw additional electricity from 
baseload coal-fired power plants, leading to increased incremental carbon emissions (McKinsey, 
2007).  Even in this situation the PHEVs could abate carbon emissions if their electric efficiency 
achieves the higher end of the performance range of 3.5 miles per kilowatt hour (McKinsey, 
2007).  
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Figure 4.5 Stylized Load Shape for 1 Day During Peak Season, Generation Dispatch, and 
Installed Capacity. 

 
Source: http://www.oe.energy.gov/DocumentsandMedia/PHEV_Feasibility_Analysis.pdf 

The Demands of a Knowledge Economy 
 
Smart Meters 
The Smart Meter, which can be read by the individual commercial and residential user, measures 
the instantaneous rate of consumption on site and allows customers to take advantage of off peak 
pricing (ECSTF, 2004).  The newer models are small (about the size of a paperback) and are 
capable of two-way wireless communication between the consumer and the electric company’s 
computer system. 
 
According to an Ontario Energy Board study, consumers using meters in combination with 
pricing plans reduced overall power consumption by six percent and peak-hour consumption by 
more than 20 percent.  A similar study in the US Northwest estimated that smart meters could 
reduce peak demand by 15 percent (Reguly, 2008). The Government of Ontario supported 
installation of several thousand meters to date and plans to extend installation to 800,000 in the 
near future (OEB, 2007).   
 
In Holland, Oxxio installed 150,000 smart meters.  Customers rent a unit at a charge of four 
euros (about six dollars US) per month.  They can log on to the utility website to obtain 
information about their energy consumption for the previous day, and energy usage during peak 
periods when power prices are highest. Thirty percent of users saved at least five percent on their 
electricity bill, and 17 percent saved more than ten percent (Reguly, 2008). 
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Florida Power & Light enrolled 750,000 households in an advanced demand management 
program, “On Call” enabling the utility to remotely control customers’ water heaters and 
appliances during power surges. According to FPL, the program eliminated the need to build two 
new power plants. 
 
Research by Pacific Northwest Laboratory of the US DOE concludes that smart meters, if 
deployed throughout North America, could save $70 billion (U.S.) over the next 20 years in 
infrastructure spending and eliminate the need to build 30 large coal fired plants (Reguly, 2008). 
 
A Different Light  
Lighting accounts for about 19 percent of the emissions associated with buildings (McKinsey, 
2007).  Only about 10 percent of the power used by incandescent bulbs is emitted as light—the 
other 90 percent is released as heat.  Florescent bulbs are up to 70 percent more efficient and last 
about five years, six to 10 times longer than the average incandescent bulb (Breckenridge, May 
2007).  In the United States, the three to four billion incandescent bulbs in use consume about 10 
percent of all United States electricity (Dateline Washington, March 2007).  
 
A number of countries, states and provinces banned incandescent light bulbs.  Canada and 
Australia have plans to phase out incandescent lighting by 2012 and 2010 respectively (Flaxman, 
October 26, 2007).  Venezuela and Cuba also initiated florescent bulb programs (Hruska, 2007).  
 
From 2005 to 2006, participants in Ottawa, Ontario’s Project Porchlight went door-to-door 
distributing a free fluorescent bulb to every household—225,000 bulbs in total.  Similar 
campaigns are underway in Alberta, Ontario, and the Yukon Territory.  The Ontario Power 
Authority distributed coupons for cash rebates with the purchase of fluorescent bulbs (OPA, 
2007).  In June 2006, the United States Environmental Defense introduced the ‘Make the 
Switch” campaign, which encouraged the public to substitute compact fluorescent lamps for 
incandescent lamps. 
 
Several retailers encourage the use of fluorescent lighting.  In March 2007, Wal-Mart announced 
an effort to double sales of compact florescent bulbs by 2008 (Breckenridge, May 2007).  Home 
Depot gave away 1,000,000 fluorescent bulbs on Earth Day 2007.  IKEA-UK ran a ‘bulb for life’ 
campaign giving away six free fluorescent bulbs to each staff member. 
 
LEDs (light emitting diodes) represent the next level of energy efficient lighting.   They are cost 
effective, last 10 to 25 years and consume a fraction of the energy of conventional lighting 
(Flaxman, October 26, 2007).  Many municipalities have embraced LED lighting in various 
applications; Raleigh, North Carolina plans to be the “LED City” by installing light-emitting 
diodes in all of its street lights, stop lights and public buildings. 
 
Ontario DSM 
In Ontario local distribution companies (LDC), retailers and other service providers are involved 
in DSM.  Demand response mechanisms are implemented in the wholesale market by the 
Independent Electricity Market Operator (IMO) and in the retail market by LDCs (Electricity 
Conservation and Supply Task Force, 2004).  
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At the wholesale level DSM takes the form of real-time pricing and increasing dispatchable load.  
At the retail level DSM includes time-of-use rates, smart meters, and direct control programs 
(i.e., water heater control devices) and upwardly adjusted rates for increased consumption 
(ECSTF, 2004). 
 
The Government of Ontario has supported installation of several thousand smart meters to date, 
while banning the use of incandescent light bulbs by 2012 (OEB, 2007).  Under another 2005 
DSM initiative, the Ontario Power Authority agreed to ‘buy megawatts’ from Loblaw, a major 
grocery chain.  Under this agreement Loblaw is compensated for reducing energy consumption 
during peak periods (Hamilton, August 2007).  Such arrangements are often brokered by a third 
party known as an aggregator, who arranges for partnerships between companies and utilities.  
 
California DSM 
Over the past several decades, California has been referred to as the bellwether for 
environmental and technological change.  The average Californian uses a third less total energy 
than the average American and 60 percent as much electricity (Krugman, 2007).  While the 
average American consumes 12,000 kilowatts a year of electricity, the average Californian 
family uses less than 7,000 (Mufson, 2007).  
 
It is estimated the average Californian family spends about $800 less annually than it would have 
without efficiency improvements in appliances and other devices made over the last 20 years 
(Mufson, 2007).  The California Energy Commission uses a pricing system, policy and mandate 
that encourage energy efficiency, conservation, and demand side management.  
 
Electricity in California is more expensive, providing an incentive for lower consumption (the 
residential price as of October 2007 is 14.33¢/kWh on average).  Electricity users are charged 
increasing rates as they consume more energy.  The set baseline or lifeline rate is charged for the 
first block of energy and as consumption escalates to the second, third or fourth tier, the rate 
increases progressively.  The policies and rates used by California also encourage the 
consumption of electricity during off peak hours (Shipley, 2007) 
 
California has long standing mandates encouraging conservation.  In 1974, the State enacted its 
first building code standards for energy efficiency.  The state has stringent appliance standards 
that were introduced prior to national standards.  In 1982, the California Public Utilities 
developed a plan which set targets for utility revenue and electricity usage and allowed utilities 
to increase profits with decreasing sales.  Extra revenue was returned to customers and shortfalls 
were added to customers’ bills.  This plan allowed efficiency initiatives to boost utility profit 
margins (Mulfson, 2007).  The State utilities now spend $700 million a year to promote energy 
efficiency, which is viewed as a more effective use of funds than building new power plants. 
 
New England DSM 
In New England, the central pillar of many energy policies is conservation.  For example, the 
Connecticut General Assembly passed legislation on June 2, 2007 designed to advance energy 
efficiency and clean energy resources, remove disincentives to utility investment in energy 
efficiency, create a more transparent and consumer friendly energy planning process and 
implement leading energy efficiency standards appliances and equipment.  The Act requires 
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assessment of “how best to eliminate or stabilize growth in electric demand.”  It also requires 
that needs shall first be met through all available energy efficiency and demand-side resources 
that are cost-effective, reliable and feasible (Environment Northwest, November 2007).  
 
In Massachusetts, the Green Communities Act of 2007, which is widely supported by many 
stakeholders, environmental leaders, and key members of industry including energy companies 
and businesses, is expected to be reviewed by the Governor in June 2008 (Environment 
Northwest, November 2007). 
 
Massachusetts Green Communities Act Energy Goals: 

• Meet at least 25 percent of the Commonwealth’s electric load, including both capacity 
and energy, by the year 2020 with clean, demand-side resources including: energy 
efficiency, load management, demand response, and generation that is located behind a 
customer’s meter and is a combined heat and power (CHP) system with an annual 
efficiency of 60 percent or greater with the goal of 80 percent annual efficiency for CHP 
systems by 2020; 

 
• Meet at least 20 percent of the Commonwealth’s electric load by the year 2020 through 

new, renewable generation; 
 

• Reduce the use of fossil fuel, in buildings by 10 percent from 2007 levels by the year 
2020 through the increased efficiency of equipment and the building envelope; 

 
• Reduce greenhouse gas emissions by 20 percent from 1990 levels by the year 2020; and 

 
• Develop a plan to reduce total energy consumption in the Commonwealth by at least 10 

percent by 2017 through the development and implementation of the Green Communities 
Program that utilizes renewable energy, demand reduction, conservation and energy 
efficiency.  The Secretary of Energy and Environmental Affairs shall annually, no later 
than September 1st, establish an annual reduction target for the Commonwealth for the 
following calendar year (Thomson, 2007). 

 
Vermont DSM 
Initiated in 1999, Efficiency Vermont provides energy-efficiency services throughout the entire 
state, including technical advice and financial assistance to residential, commercial, and 
industrial customers (Tromly, 2003).  
 
Before Efficiency Vermont, the state's 22 utilities operated individual energy efficiency 
programs.  Smaller utilities, some with fewer than 1,000 customers, often struggled to meet 
statutory requirements for energy efficiency; regulators were charged with ensuring that all 22 
utility efficiency programs were complying with state law (Tromly, 2003). 
 
Efficiency Vermont served 67,846 unique customers (20.4 percent of those eligible) from 2000 to 
2002 (Table 4.4).  By comparison, the participation rates in efficiency programs for Vermont's 
two largest utilities in 1998 and 1999 were less than five percent (Tromly, 2003).  
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Table 4.4 Customers Participating in Efficiency Vermont 2000-2002 (Three year total) 

 
Commercial and 

Industrial  
Residential Total Eligible Electric 

Customers 
Participation of 

Eligible 
Customers 

 
1,270 

 
66,576 

 
67,846 

 
332,487 

 
20.4% 

Adapted from http://www.eere.energy.gov/state_energy_program/update/printer_friendly.cfm/volume=46 
 
In 2002, the program supported 32,306 electricity customers, saved 38,369,000 kilowatt-hours of 
energy and eliminated 373,000 tonnes (about 411,000 short tons) of greenhouse gas emissions.  
Efficiency Vermont surpassed the 2002 annual energy savings target by 59 percent and its three-
year target by 17 percent (Tromly, 2003).  
 
Emerging Energy Demand 
A knowledge based service economy is generally considered less energy intensive than other 
forms of economies, e.g., manufacturing.  However, the individual components of such an 
economy can have a pronounced demand for electrical energy.  The USEPA estimates that about 
11 to 13 percent of the average American household’s electricity bill stems from consumer 
electronics and that percentage is expected to rise to 18 percent by 2015.  
 
A 42-inch plasma television can require 500 to 600 watts to operate, which is more electricity 
than some full sized refrigerators (Smith, December 2007).  A 42-inch LCD set consumes 
between 200 to 500 watts which is two to five times as much the amount consumed by a 28-inch 
conventional cathode-ray picture tube (CRT).  The typical high-definition cable box with a built-
in digital recorder consumes about 350 kilowatt hours of electricity annually, more than a 
conventional television set and clothes washer combined (Smith, December 2007).  The USDOE 
predicts by 2030 the demand of the 34 million additional computers and 213 million additional 
televisions will consume on average 82 percent and 11 percent more energy respectively, than in 
2005 (McKinsey, 2007). 
 
A server farm2 is a group of networked computer servers (perhaps tens of thousands) housed in 
one location and used to store, process and move electronic data.  A server farm streamlines 
internal processes harnessing the power of multiple servers.  Server farmers are a vital part of the 
Internet; approximately 7,000 computers are needed for each web search on the Yahoo or 
Google site and about 15,000 more computers to support every query (Mehta, 2006).  A recent 
shift towards web based software systems means that programs such as word processing and 
spreadsheet applications, which to date have been installed on personal computers, are now 
stored online and accessed as needed.  This trend has added an extra load on the server farms.  
 
Newly developed microchips can process more data than previous versions, but produce more 
heat, requiring increased air conditioning capability to prevent thermal outages at computer 
facilities.  A rack of blade servers can get as hot as a seven foot tower of toasters.  For every 

                                                 
2 Also called a server cluster or computer farm 
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dollar spent powering the computers, approximately one dollar is spent cooling them.  The 
amount of energy needed to run a server farm can reach 30 MW, which is equivalent to the 
energy needs of a small city.  For this reason major users such as Yahoo, Google, and Microsoft 
all locate their server farms in close proximity to hydroelectric plants selling inexpensive energy 
(Mehta, 2006).  
 
The next generation of supercomputers, the “petascale,” will be capable of 1,000 trillion 
calculations per second, but will require about 4 megawatts of power or enough to illuminate 
10,000 light bulbs (The Washington Post, December 4, 2007).  
 
While available documentation on this issue is limited, many companies are building their own 
server farms to accommodate their needs.  A planned Google facility will contain a half-million 
to one million servers supporting the 2.7 billion online Google searches per month, the Gmail 
service, and other applications (Mehta, 2006).  Microsoft recently broke ground on a 1.4-million-
square-foot campus in Quincy, Washington, close to hydroelectric power available at 2¢ 
US/kWh.  Microsoft is planning similar installations in the southern United States and Europe 
(Mehta, 2006). 
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Appendix A 
 
Setting the Context:  World Energy Use—Current and Forecasted 
The Energy Information Association (EIA) is a statistical agency of the US DOE.  Its mission is 
to provide policy-independent data, forecasts, and analyses to promote sound policy making, 
efficient markets, and public understanding regarding energy and its interaction with the 
economy and the environment.  
 
The International Energy Agency acts as energy policy advisor to 26 member countries in their 
effort to ensure reliable, affordable and clean energy for their citizens.  The IEA also produced 
an energy outlook report in 2006; most of the trends for energy consumption between the IEA 
and the EIA are similar (IEA, 2006a).   
 
According to the EIA, total energy consumption world wide for the year 2003 was 421x1015 
British Thermal Units (BTUs), which is 16.5 billion (18.2 billion short tons) tonnes of oil 
equivalent (toe).  With global economic growth continuing to increase at an average annual rate 
of 3.8 percent, it is expected that, despite the increase in projected oil prices by 35 percent by 
2025, world energy consumption in the year 2030 will be 722x1015 BTUs (18.2x109 toe).   
 
The IEA projected that world energy consumption will grow to 679x1015 BTUs (17.1x109 toe) in 
2030 (IEA, 2006b).  Table 5.1 shows the total world energy use for the period 2000 to 2004, as 
well as specific usage for Canada, the United States, Japan, India, and China.  All numeric values 
in this section are given in quadrillion (1015) BTUs.  Table 5.2 shows the world energy use per 
capita for specific regions and the world with all numeric values in million (106) BTUs.  Figure 
5.1 and Figure 5.2 show the world’s total energy consumption, and how the world’s energy 
consumption per capita can be attributed to each region, respectively. 
 
Table 5.1: World Energy Consumption by Region 2000–2004 (1015BTUs)  

Region 2000 2001 2002 2003 2004 
Canada 13.050 12.823 13.076 13.520 13.600 
United States 98.976 96.498 97.967 98.274 100.414 
Japan 22.448 22.177 21.990 22.204 22.624 
India 13.554 13.973 13.965 14.436 15.417 
China 38.798 40.835 42.381 49.727 59.573 
World 399.574 403.534 409.726 425.663 399.574 

 
Table 5.2:  World Energy Consumption per Capita by Region 2000–2004 (106 BTUs) 

Region 2000 2001 2002 2003 2004 
Canada 417.2 405.9 409.9 419.8 418.4 
United States 350.6 338.6 340.5 338.5 342.7 
Japan 177.2 174.8 173.1 174.5 177.7 
India 13.5 13.7 13.5 13.8 14.5 
China 30.6 32.0 33.0 38.5 45.9 
World 65.7 65.6 65.8 67.6 70.1 
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Figure 5.1: World Energy Consumption by Region 2004 (1015 BTUs) 
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Figure 5.2: World Energy Consumption per Capita by Region, 2004 (106 BTUs) 
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The world’s countries have frequently been divided into two major categories, countries which 
are members of the Organization for Economic Cooperation and Development (OECD) and 
those who are not.  The OECD countries make up only 18 percent of the world’s population, 
with the non-OECD countries make up the remaining 82 percent (USDOE EIA, 2006c).   
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The non-OECD countries are considered under five separate groupings, Non-OECD Europe and 
Eurasia (five percent of 2006 world population), Non-OECD Asia (53 percent), Middle East 
(three percent), Africa (14 percent), and Central and South America (seven percent).  Figure 5.3 
depicts which countries are parts of each category. 
 
Figure 5.3: Map of the Six Basic Country Groupings.  
 

 
Source:  Energy Information Administration, Office of Integrated Analysis and Forecasting 

 
The following figures, Figure 5.4 and Figure 5.5, illustrate the division of total world energy 
consumption among countries belonging to the OECD and countries which are not members.  As 
shown in Figure 5.5, the OECD countries consume a significantly larger amount of energy per 
capita than non-OECD countries (USDOE EIA, 2006b). 
 
Figure 5.4: Total Energy Consumption by OECD and Non OECD Countries, 2004 (1015 BTUs) 
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Figure 5.5: Energy Consumption per Capita by OECD and Non OECD Countries, 2004 (106 

BTUs) 

OECD, 209 
(84%)

Non-OECD, 
39.6 (16%)

 
Global Energy Assets 
The EIA developed a table of the world’s proved reserves of oil and natural gas.  The data used 
for this report were taken from World Oil Magazine and EIA’s Advance Summary:  United 
States Crude Oil, Natural Gas, and Natural Gas Liquids Reserves, 2005 Annual Report.  World 
Oil states that its Canadian oil reserves estimate describes “reserves that are recoverable with 
current technology and under present economic conditions; which include 7.58 billion barrels of 
oil sands and bitumen” (World Oil, 2006) (USDOE EIA, 2006c).  Table 5.3 reflects the 
information from these documents divided into OECD and non-OECD country categories. 
 
Concerns over energy security, rising fossil-fuel prices, and the increase of CO2 emissions world 
wide have encouraged discussions about the role of newer and cleaner energy sources (IEA, 
2006b) such as natural gas, clean coal, and nuclear energy. 



 80

Table 5.3: Proved World Reserves of Oil and Natural Gas 

 

Region/Country 
Oil 

(Billion 
Barrels) 

Percentage 
of World 

Total 

Natural Gas 
(Billion 

Barrels) 

Percent of 
World Total 

OECD North America 46.1 4.1% 278.0 4.5% 
  United States 21.8  204.4  
  Canada 12.0  53.7  
  Mexico 12.4  20.0  
OECD Europe 15.2 1.4% 175.7 2.8% 
OECD Asia 4.1 0.4% 121.5 2.0% 
  Australia/New Zealand 4.1  119.5  
    Total OECD 65.4 5.8% 575.2 9.2% 
Non-OECD Europe and 
Eurasia 

124.0 11.1% 2,047.7 32.9% 

  Russia 74.4  1,688.7  
  Other 49.6  359.0  
Non-OECD Asia 32.3 2.9% 334.2 5.4% 
  China 16.2  55.6  
  India 4.0  27.3  
  Indonesia 5.0  91.5  
  Other non-OECD Asia 7.1  159.8  
Middle East 711.6 63.6% 2531.6 40.6% 
  Iran 131.5  965.0  
  Iraq 115.0  84.0  
  Kuwait 100.9  57.0  
  Qatar 20.3  906.0  
  Saudi Arabia 262.2  243.5  
  United Arab Emirates 70.3  205.6  
  Other Middle East 11.4  70.5  
Africa 109.8 9.8% 490.9 7.9% 
  Algeria 11.4  160.7  
  Libya 34.1  51.5  
  Nigeria 37.2  182.0  
  Other Africa 27.1  96.7  
Central and South 
America 

76.5 6.8% 246.9 4.0% 

  Brazil 11.9  11.9  
  Venezuela 52.7  150.9  
  Other Central/South 
America 

11.9  84.1  

    Total Non-OECD  1,054.2 94.2% 5,651.3 90.8% 
Total World 1,119.6  6,226.6  
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Natural Gas—A Global Market 
Natural gas consumption over the projection period from years 2003 to 2030, as illustrated in 
Figure 5.6, almost doubles worldwide from 95 trillion cubic feet (1,012 ft3) to 182 x 1012 ft3.  
Higher world oil prices often increase the demand for and price of natural gas, moderating 
growth in its application to electric power generation in favour of coal.  Consumption of natural 
gas worldwide increases at an average rate of 2.4 percent annually and is currently regarded the 
most environmentally attractive energy source in non transportation applications over coal and 
oil.  The natural gas share of total world energy consumption is projected to grow slightly in the 
period between 2003 and 2030, from 24 percent to 26 percent.  The two most prominent sectors 
consuming natural gas are the industrial and the electric power generation sectors, accounting for 
44 percent and 31 percent, respectively.  Growth in consumption by end-use sector is illustrated 
in Figure 5.7 (USDOE EIA, 2006c).   
 
Figure 5.6: World Natural Gas Consumption by Region, 1990–2030 
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Figure 5.7: World Natural Gas Consumption by End-Use Sector, 2003–2030 
 

 
 
Natural gas use grows by 2.8 percent per year in the industrial sector and by 2.9 percent per year 
in the electric power sector over the projection period of 2003 to 2030.  In the industrial sector, 
on a global basis, natural gas overtakes oil as the dominant fuel by the year 2030; however, 
despite rapid growth, natural gas remains a distant second to coal in the electric power sector 
(USDOE EIA, 2006c). 
 
The projections indicate that the OECD countries accounted for just over one-half of the world’s 
total natural gas use, non-OECD Europe and Eurasia countries accounted for one-quarter and the 
remaining non-OECD make up the last quarter of usage.  Non-OECD countries outside of 
Europe and Eurasia do not have as well developed natural gas infrastructure as the other 
countries, making their current natural gas demand fairly small.  However, it is expected that 
natural gas demand among these countries will grow more than twice as fast as in the OECD 
countries over the projection period (USDOE EIA, 2006c). 
 
The world’s natural gas reserves were reported by the Oil & Gas Journal, as of January 1, 2006, 
to be 6,112 trillion cubic feet; almost three quarters of those reserves are located in the Middle 
East and Eurasia.  Despite the high rates of increase in natural gas consumption, most regional 
reserves-to-production ratios have remained high.  This ratio is estimated at 66.7 years; meaning 
that considering current consumption and production rates, the global natural gas supply should 
be sustained for 66.7 years.   
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Figure 5.8 shows the world’s projected natural gas resources by each region from 2006 to 2025 
(USDOE EIA, 2006c).  As depicted, a significant volume of natural gas is yet to be discovered 
and thus verified.  This value was estimated by the US Geological Survey (USGS) as 4,221 
trillion cubic feet. 
 
Figure 5.8: World Natural Gas Resources by Geographic Region, 2006–2025 

 

 
 
Natural gas production was also projected by the EIA for the 2003 to 2030 period, as outlined in 
Table 5.4 (USDOE EIA, 2006c).  In the Canadian context, it is worth noting that oil sands 
projects in Western Canada are energy intensive and require significant amounts of natural gas 
for bitumen recovery, oil sands mining, and on site cogeneration facilities.  Methods to reduce 
consumption of natural gas (e.g., bitumen gasification to create synthetic gas or syngas and the 
Multiphase Superfine Atomized Residue (MSAR) technique) have yet to be proven successful or 
adopted on a large scale which would affect the purchased gas requirement in the oil sands 
(NEB, 2006). 
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Table 5.4: World Natural Gas Production by Region and Country, 2003–2030 (1,012 ft3) 

 

Region/Country 2003 2010 2015 2020 2025 2030 

Average 
Annual 
Percent 
Change, 

2003–2030 
OECD North America 27.1 26.4 28.1 29.3 29.9 30.4 0.4 
  United States 19.0 18.6 20.4 21.6 21.4 21.2 0.4 
  Canada 6.5 6.1 5.8 5.5 5.8 6.2 -0.2 
  Mexico 1.5 1.7 1.9 2.2 2.6 3.0 2.6 
OECD Europe 10.7 10.9 11.0 10.7 10.7 10.3 -0.2 
OECD Asia 1.5 2.4 3.2 3.9 4.4 4.8 4.3 
  Japan 0.1 0.1 0.1 0.1 0.1 0.1 0.6 
  South Korea 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
  Australia/New Zealand        
    Total OECD 39.3 39.7 42.3 44.0 44.9 45.4 0.5 
Non-OECD Europe and 
Eurasia 

27.9 33.9 38.2 42.0 45.7 51.1 2.3 

  Russia 21.8 26.8 30.4 33.5 36.6 41.5 2.4 
  Other 6.1 7.1 7.8 8.5 9.0 9.6 1.7 
Non-OECD Asia 9.7 12.9 16.5 19.9 23.7 27.4 3.9 
  China 1.2 2.4 3.0 3.5 3.9 4.4 4.9 
  India 1.0 1.1 1.3 1.6 1.9 2.4 3.5 
  Other non-OECD Asia 7.5 9.3 12.2 14.8 17.8 20.6 3.8 
Middle East 9.1 14.2 17.1 19.8 23.1 26.2 4.0 
Africa 5.1 8.7 11.4 14.3 16.3 18.5 4.9 
Central and South 
America 

4.2 6.7 8.4 9.6 11.4 13.0 4.3 

  Brazil 0.3 0.6 0.7 0.8 0.9 1.1 4.8 
  Other Central/South 
America 

3.9 6.2 7.7 8.8 10.5 11.9 4.2 

    Total Non-OECD  55.9 76.4 91.7 105.6 120.2 136.2 3.4 
Total World 95.2 116.1 134.0 149.6 165.1 181.6 2.4 
Note:  Totals may not equal sum of components due to independent rounding. 
 
Sources: 2003: Energy Information Administration (EIA), International Energy Annual 2003 (May-July 2005), web 
site www.eia.doe.gov/iea/.  2010-2030: United States: EIA, AEO 2006, DOE/EIA-0383 (2006) (Washington, DC, 

February 2006), web site www.eia.doe.gov/oiaf/aeo/. Others:  EIA, System for the Analysis of Global Energy 
Markets (2006). 
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Near Term—Clean Coal 
Over the projection period, annual world coal consumption is anticipated to nearly double, from 
4.9 billion tonnes or 5.4 billion short tons to 9.6 billion tonnes or 10.6 billion tons in 2030.  The 
average yearly increase is estimated to be three percent until the year 2015 when it is reduced to 
two percent until 2030.  Figure 5.9 depicts the growth in world consumption until 2030.   
 
In 2003, coal represented 24 percent of the world’s total energy consumption and this is expected 
to grow to 27 percent in 2030.  The total reserves of recoverable coal are estimated at 908 billion 
tonnes (1,001 billion short tons), enough to last approximately 180 years at or slightly above 
current consumption patterns.  The origins of these reserves are outlined in Table 5.5 (USDOE 
EIA, 2006c). 
 
Considering that such a large portion of the world’s energy, particularly its electrical energy, is 
produced by the burning of coal, a more environmentally friendly method of coal combustion is 
highly desirable if not imperative.  New facilities in developed countries will incorporate 
increasing control of emissions, such as SOx and NOx, that impact local and regional air quality. 
It will be important that this technology be applied as well to developing countries.  With full 
implementation of existing and emerging emission control technology substantial improvements 
in air quality could be achieved even with continued use of coal.   
 
Control of CO2 from coal fired plants to reduce risks of global climate change represents a 
greater challenge and is more uncertain.  Technology to capture CO2 is still under development 
and has yet to be demonstrated at a large scale coal fired generating plant.  There are three 
principal technologies under development that would facilitate CO2 capture; gasification, amine 
capture and pulverized coal with oxygen enhancement.  In addition to capturing CO2, individual 
coal generation facilities must be near suitable geological sites for CO2 storage.   
 
Figure 5.9: World Coal Consumption by Region, 2003–2030 
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Table 5.5: World Recoverable Coal Reserves (109 short tons) 

 

Region/Country 
Bituminous 

and 
Anthracite 

Sub 
Bituminous Lignite Total 

Percentage 
of World 

Total 
World Total 530.4 297.0 173.4 1,000.9  
United States 125.4 109.3 36.0 270.7 27.0%
Russia 54.1 107.4 11.5 173.1 17.3%
China 68.6 37.1 20.5 126.2 12.6%
India 99.3 0.0 2.6 101.9 10.2%
Other Non-OECD Europe 
and Eurasia 50.1 18.7 31.3 100.1 10.0%
Australia and New Zealand 42.6 2.7 41.9 87.2 8.7%
Africa 55.3 0.2 * 55.5 5.5%
OECD Europe 19.5 5.0 18.8 43.3 4.3%
Other Non-OECD Asia 1.4 2.0 8.1 11.5 1.1%
Brazil 0.0 11.1 0.0 11.1 1.1%
Other Central and South 
America 8.5 2.2 0.1 10.8 1.1%
Canada 3.8 1.0 2.5 7.3 0.7%
Other a 1.8 0.4 0.1 2.3 0.2%
a includes Mexico, Middle East, Japan, and South Korea. 
*Less than 0.05 billion short tons. 
Note:  Data for the United States represent recoverable coal estimates as of January 1, 2004.  
Data for other countries are as of January 1, 2003. 

Sources:  United States: Energy Information Administration, unpublished data from the Coal Reserves Database 
(August 2004). 

All Other Countries: World Energy Council, 2004 Survey of Energy Resources, Eds. J. Trinnaman and A. Clarke 
(London, UK: Elsevier, December 2004). 

 
Future Term—Nuclear 
According to the World Energy Outlook 2006 report produced by the IEA, in 2005, nuclear 
power facilities supplied 15 percent of the world’s electricity 2,742 TWh (1012) from 443 nuclear 
reactors with 368 GW of installed capacity.  The OECD countries are most committed to nuclear 
power generation; they account for 84 percent of total nuclear output and 308 GW of installed 
capacity.  Table 5.6 represents current nuclear statistics (2005) by country.  
 
Uranium resources are widely distributed, with significant known uranium bodies in Australia, 
Canada, Kazakhstan, Namibia, Niger, the Russian Federation, South Africa, and the United 
States (Figure 5.10) (IEA, 2006b).  Known conventional uranium resources are sufficient for 
several decades of operation at the current usage rate.  For some time beyond 2030, additional 
demand can be met, on the basis of current estimates of total uranium resources, including 
reasonably assured, inferred and undiscovered resources (IEA, 2006b).  
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Table 5.6: Nuclear Statistics by Country, 2005 
 

Country 
Number 

of 
Reactors

Installed 
Capacity 

(GW)

Gross 
Nuclear 

Electricity 
Generation

Share of 
Nuclear 

Power in 
Total 

Generation 

Number of 
Nuclear 

Operators

OECD      
 Belgium 7 5.8 48 55.2 1 
 Canada 18 12.6 92 14.6 4 
 Czech Republic 6 3.5 25 29.9 1 
 Finland 4 2.7 23 33.0 2 
 France 59 63.1 452 78.5 1 
 Germany 17 20.3 163 26.3 4 
 Hungary 4 1.8 14 38.7 1 
 Japan 56 47.8 293 27.7 10 
 Republic of Korea 20 16.8 147 37.4 1 
 Mexico 2 1.3 11 4.6 1 
 Netherlands 1 0.5 4 4.0 1 
 Slovak Republic 6 2.4 18 57.5 2 
 Spain 9 7.6 58 19.5 5 
 Sweden 10 8.9 72 45.4 3 
 Switzerland 5 3.2 23 39.1 4 
 United Kingdom 23 11.9 82 20.4 2 
 United States 104 98.3 809 18.9 26 
  Total OECD 351 308.4 2,333 22.4 68 
Non-OECD      
 Argentina 2 0.9 6 6.3 1 
 Armenia 1 0.4 3 42.7 1 
 Brazil 2 1.9 10 2.2 1 
 Bulgaria 4 2.7 17 39.2 1 
 China 9 6.0 50 2.0 5 
 Chinese Taipei 6 4.9 38 16.9 1 
 India 15 3.0 16 2.2 1 
 Lithuania 1 1.2 10 68.2 1 
 Pakistan 2 0.4 2 2.8 1 
 Romania 1 0.7 5 8.6 1 
 Russia 31 21.7 149 15.7 1 
 Slovenia 1 0.7 6 39.6 1 
 South Africa 2 1.8 12 5.0 1 
 Ukraine 15 13.1 84 45.1 1 
  Total Non-OECD 92 59.5 409 19.1 18 
Total World 443 367.8 2,742 14.9 86 
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Figure 5.10: Conventional Sources of Uranium 

 
Source: Uranium 2005: Resources, Production and Demand, OECD/IAEA. Based on Identified 
Resources which consist of Reasonably Assured Resources and Inferred Resources at costs less 

than $80 (US) per kilogram U as at January 1, 2005. 
 

Global Energy Usage—Residential, Commercial, Industrial, Transportation Applications 
Diverse energy use among different sectors varies widely by region depending on the availability 
of resources, economic development, and political, social, and demographic factors.   
 
Residential Energy Use 
In 2003, residential energy use per capita was approximately six times higher in the OECD 
countries than in the non-OECD countries.  However, for the period of 2003 to 2030 it is 
expected that strong economic growth in non-OECD countries would result in improved 
standards of living which in return would increase the demand for household appliances, 
including those used for heating and cooling.  Energy consumption for non-OECD countries is 
expected to surpass OECD countries by the year 2010.  This change in weighting is illustrated in 
Figure 5.11 on the expected growth in residential energy use up to year 2030.  Figure 5.12 
depicts how future residential energy growth would be allocated to various energy sources.   
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Figure 5.11: Residential Sector Energy Consumption, 2003–2030 
 

 
Sources:  2003:  Derived from Energy Information Administration (EIA), International 

Energy Annual 2003 (May July 2005), web site http://www.eia.doe.gov/iea/.  Projections:  
EIA, System for the Analysis of Global Energy Markets (2006) 

 
Figure 5.12: Residential Sector Energy Consumption by Fuel, 2003–2030 

 

 
Sources: 2003: Derived from Energy Information Administration (EIA), International Energy 
Annual 2003 (May-July 2005), web site http://www.eia.doe.gov/iea/Projections:EIA, System 

for the Analysis of Global Energy Markets (2006). 
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The rapid growth of household energy in non-OECD countries is driven by robust economic 
growth and expanding populations in those countries.  Overall, household energy use grows at an 
average rate of 2.7 percent annually through to 2030 (USDOE EIA, 2006c).  Half of the 
projected growth in the residential sector of the non-OECD countries can be attributed to the two 
fastest growing economies in this sector, China and India.  It is expected that by the year 2030 
China and India’s combined GDP will be almost double that of the United States.   
 
Commercial Energy Use 
The commercial sector is described as businesses or institutions that provide services; its energy 
use mainly is in support of lighting, heating, cooling, and otherwise servicing buildings.  It also 
includes such items as urban lighting, traffic signals, and city water and sewer systems.  
Increases in commercial energy uses are driven by economic and population growth and 
therefore commercial trends are similar to residential trends.  Figure 5.13 depicts the expected 
increase in commercial energy consumption from the year 2003 to 2030; Figure 5.14 the increase 
in commercial energy use per capita for the same period. 
 
Figure 5.13: Commercial Sector Energy Consumption, 2003–2030 
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Figure 5.14:  Commercial Sector Energy Consumption per Capita, 2003–2030 
 

 
 
Commercial sector energy consumption in the OECD countries is projected to increase annually 
by an average of 1.1 percent from years 2003 to 2030.  However, in the non-OECD countries, 
the projected increase in commercial energy use is an average annual rate of 3.2 percent due to 
rapid increase of economic growth and commerce in the non-OECD countries (USDOE EIA, 
2006c). 
 
Industrial Energy Use 
The industrial sector includes manufacturing, agriculture, mining, and construction activities.  
Energy demand in this sector is related to the level and mix of economic activity, technological 
development, and population growth, along with several other factors.  As the largest end-use 
sector, industrial processes consumed 50 percent of delivered energy worldwide in 2003.  Figure 
5.15 depicts the expected growth in the industrial sector for OECD and non-OECD countries.   
 
Figure 5.16 allocates growth among various energy sources.  The projection of industrial energy 
use is an average increase of 2.4 percent annually from 2003 to 2030, as compared with a one 
percent average annual world population growth.  The industrial energy increase for OECD 
countries is not as large as that for non-OECD countries, a 1.2 percent per year average 
compared to a 3.2 percent per year average (USDOE EIA, 2006c).   
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Figure 5.15: Industrial Sector Energy Consumption, 2003–2030 
 

 
 

Figure 5.16:  Industrial Sector Energy Consumption per Capita, 2003–2030 
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Transportation Energy Use 
The transportation sector involves the movement of people and goods by road, rail, water or air.  
Road transportation includes light-duty vehicles (personal use) and heavy-duty vehicles (trucks 
and buses).  The key factors affecting energy use in this sector are economic expansion and 
population growth.   
 
Petroleum products dominate energy use in the transportation sector and, excluding widespread 
increases in the development and implementation of new technologies, the use of alternative 
fuels is expected to remain relatively modest through the projection period.  Figure 5.17 shows 
the trend of OECD and non-OECD increases in energy consumption within the transportation 
sector.   
 
Figure 5.17: Transportation Sector Energy Consumption, 2003–2030 
 

 
 

In both the OECD and non-OECD countries, the growth in transportation energy consumption is 
led by greater demand for air travel.  The average annual growth rate for transportation 
petroleum demand is 1.4 percent with the non-OECD economies growing more rapidly (a rate of 
2.3 percent per year) and the OECD countries growing 0.8 percent per year.  However, energy 
consumption in the transportation sector by the OECD countries remains greater than that of the 
non-OECD countries (USDOE EIA, 2006c).   
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Appendix B 
 
The Electrical Energy Consultation Advisory Committee 
To assist in developing advice to governments, the International Joint Commission created an 
Advisory Committee of experts drawn from the industry, federal, state and provincial 
governments, academia, and public interest groups to consider the various issues associated with 
the future generation of electrical energy in North America.  
 
The Committee was asked to review and provide guidance to a background report describing the 
projected electrical energy needs of North America and the options available to meet them within 
an ecological context.  That background report is to culminate in grounded advice on the 
conservation and generation of electricity in a manner that is consistent with the anticipated 
need, has consideration for economic factors and, most crucially, represents good environmental 
stewardship.  
 
After participating in the October Energy Consultation, the Committee was asked to assist in the 
review and shaping of a final report containing advice to the International Air Quality Advisory 
Board on the options available to meet electrical energy needs in the United States and Canada in 
a sustainable manner without undue environmental deterioration over the coming decades. 
 
The Committee emphasizes that the intent of this work is a macro overview of the available and 
emerging options for meeting and managing the anticipated demand for electricity in the coming 
decades.  In comparing various available technologies, the utility of such tools as life cycle 
analysis will be frequently evident; while some of the findings of such an approach would 
undoubtedly be referenced in this paper, painstaking application of this tool proved beyond the 
scope of this work.  
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Second Electrical Energy Consultation 
Advisory Committee 

 

Boston, Tim 
EPCOR Energy Services Inc 
10056 Jasper Ave 
Edmonton AB 

Brown, Howard 
Asst Deputy Minister, NRC 
580 Booth St. 16th Fl 
Ottawa ON 

Carroll, Erin 
International Joint Commission 
100 Ouellette Ave, Suite 800 
Windsor ON 

Foley, Gary 
USEPA  
Office of Research and 
Development,  
Research Triangle Park NC 

Garabedian, Harold 
Vermont Agency of Natural 
Resources 
103 South Main Street 
Waterbury VT 

Groenewold, Gerald 
Director, EERC  
University of ND 
15 North 23rd Street 
Grand Forks ND 

Hanly, David 
Saskatchewan Industry and 
Resources 
2103-11th Avenue 
Regina SK 

James, Chris 
Synapse Energy Economics 
Inc. 
22 Pearl St. 
Cambridge MA 

Levin, Leonard 
Electric Power Research Institute 
3420 Hillview Ave 
Palo Alto CA 

McDonald, John 
International Joint Commission 
100 Ouellette Ave, Suite 800 
Windsor ON 

McKenzie, John 
SaskPower 
11th Floor, 2025 Victoria Ave 
Regina SK 

McMillan, Ann 
Special Advisor 
Fisheries and Oceans Canada 
615 Booth Street 
Ottawa ON 

Miller, Paul 
Deputy Director, NESCAUM 
101 Merrimac St. 10th  
Boston MA 

Sword, David 
Union Gas, Spectra Energy 
777 Bay Street, Suite 2801 
Toronto ON 

Winfield, Mark 
Director, Environmental 
Governance 
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Glossary 
 
Availability Factor – Amount of time that a power plant is able to produce electricity of a 
certain period, divided by the amount of time in the period.  
 
Becquerel (Bq) – The International System unit of radioactivity, it is the activity of a quantity of 
radioactive material in which one nucleus decays per second.   
 
Biomass – Organic material (such as wood, crop waste, municipal solid waste, hog fuel and 
pulping liquid) processed for energy production (NEB, March 2006). 
 
BTUs – The primary heat measurement unit used in North America. It is the amount of heat 
required to raise the temperature of 1 lb. of water by 1 degree F.  It is equivalent to 1,054–1,060 
joules. 

Capacity – The maximum amount of power that a device can generate, use or transfer, usually 
expressed in megawatts (NEB, March 2006). 

Capacity Factor – The ratio of the actual output of a power plant over a period of time and its 
output if it had operated at full capacity for that time period; the percentage of electricity actually 
produced, compared to the total potential electricity that the plant is capable of producing. 

 
Carbon Capture and Storage (CCS) – When CO2 combustion product that is produced as a by- 
product of generation of electricity from coal is separated and transported to a site where the CO2 
can not interact with the atmosphere. 
 
Carbon Neutral – A property attributed to trees and other plant materials.  Carbon dioxide that 
was absorbed from the air while a tree was growing is released back into the air when it is 
burned as fuel (Nation Energy Board, March, 2006).  
 
Clean Coal Technology (CCT) – Technologies that will allow utilities to move from current 
emission levels to a near zero emissions profile. 
 
Cogeneration – A generation facility that produces electricity and another form of thermal 
energy, such as heat or steam as a by-product of generation (NEB, March 2006). 
 
Combined-cycle generation – The production of electricity using combustion turbine and steam 
turbine generation units simultaneously (NEB, March 2006). 
 
Enhanced oil recovery (EOR) (using carbon dioxide) – Carbon dioxide can be injected into 
depleted oil reservoirs to enhance oil recovery for the reservoir.  Carbon dioxide will dissolve 
into the residual oil in place, which lowers the viscosity of the oil.  The lower viscosity enables 
the oil to flow more easily, which makes it possible to extract more oil (NEB, March 2006). 
 
Gasification – A group of processes that turns carbon feedstocks into combustion gases using 
heat, pressure and/or steam (NEB, March 2006). 
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Integrated gasification combined cycle (IGCC) – Coal (or biomass fuel), water and oxygen, 
are fed to a gasifier, which produces syngas.  This gas is cleaned and fed to a gas turbine.  The 
hot exhaust of the gas turbine and heat recovered from the gasification process are routed 
through a heat-recovery generator to produce steam, which drives a steam turbine to produce 
electricity (NEB, March 2006). 

Megawatt (MW) – 1 million watts.  It is a measure of electricity generation capacity (OPC, 
2007). 

Photovoltaic process – Converts solar radiation directly into electricity (National Center for 
Policy Analysis, 2001). 

Pumped storage – Mechanism to store electricity by using cheap off peak supplies to pump 
water to a high reservoir, generating hydro electricity when required. 

Syngas – Gas that is artificially made as contrasted to that which is found in nature.  In this 
report, syngas (from synthesis gas) refers to gases that are generated in the coal or biomass 
gasification process.  These gases are combustible and are burned as a fuel source in IGCC 
facilities (NEB, March 2006). 
 
Thermal conversion – A process whereby the sun's energy is concentrated to heat water and 
steam, which is used to produce electricity (National Center for Policy Analysis, 2001). 
 
Total Primary Energy Supply (TPES) – Is made up of indigenous production + imports – 
exports – international marine bunkers +/- stock changes.   
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List of Acronyms and Abbreviations 
 
AEO    Annual Energy Outlook  
BTUs    British Thermal Units 
CCPC    Canadian Clean Power Coalition  
CCS    Carbon Capture and Storage  
CCT    Clean Coal Technologies  
CEC    Commission for Environmental Cooperation 
CHP     Combined Heat and Power  
EIA    Energy Information Association 
GHG    Green House Gas 
GW    GigaWatt 
GWh    GigaWatt-hours = one billion watt-hours 
IAEA    International Atomic Energy Agency  
IEA    International Energy Agency  
IGCC    Integrated Gasification Combined Cycle  
LNG    Liquified natural gas 
MW    Megawatt  
MWh    Megawatt-hours = one million watt-hours  
NEB    National Energy Board 
NEI    Nuclear Energy Institute  
NRCan   Natural Resources Canada  
NWMO   Nuclear Waste Management Organization  
OECD    Organization for Economic Cooperation and Development  
OPEC    Organization of Petroleum Exporting Countries 
OPG    Ontario Power Generation  
PSC    Public Service Commission  
Toe    Tonne of oil equivalent  
TW    TerraWatt 
TWh    TerraWatt-hours = one trillion watt-hours  
USDOE   United States Department of Energy  
USEPA   United States Environmental Protection Agency 
USGS    United States Geological Survey 
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