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Energy Policy Scenarios Study

On behalf of the United States Energy Association (USEA), Energy Council of
Canada (ECC) and WEC Mexico, we are very pleased to forward our Final Report
titled “Energy Policy Scenarios to 2050, North America Report”.
This Report was submitted previously as a draft document to the World Energy
Council in April, 2007. It represented the contribution from North America for
the global study being undertaken by the World Energy Council on “Energy Policy
Scenarios to 2050”. The results of the North America Study were combined with
results from the other four Regions of the world into a Global Report, “Deciding
the Future: Energy Policy Scenarios to 2050”. The results of the global study can
be accessed through the World Energy Council webpage www.worldenergy.org.
Results of the global study were presented at the World Energy Congress in
Rome, Italy in November, 2007.
Results presented in this, the North America Report, were developed from
separate workshops held during 2006 in the United States, Mexico, and Canada,
respectively. The purpose of these workshops was to gather perspectives on
trends for the next half century on energy supply, end use and environmental
impacts. The most dominant energy related issues, challenges and opportunities
for the next half century were defined and the more dominant energy policy
questions were addressed. This work was carried out in accordance with Terms
of Reference established by the World Energy Council for the global study on
energy policy scenarios.
Following the respective workshops, each of the three WEC Member
associations in North America produced a Country Report, which included
summarized results and observations from their workshop. Following this, the
three member associations worked closely together to produce a combined
Regional Report for North America. The enclosed document includes the
Regional Report, as well as the three Member Country Reports, as Appendixes.
This Final Report remains essentially unchanged from the Draft Report issued in
April, 2007. General observations and policy impacts as defined in the Global
report are generally aligned with observations contained in the North America
Report. However, some aspects were given greater emphasis in the Global
Report, including;

-

Two dominant global challenges for the next half century are the
massive infrastructure requirements to satisfy doubling of energy
demand and achieving environmental sustainability due to
greenhouse gasses and climate change.

-

There is great need for long‐term visionary leadership from both
the public and private sectors to develop bold and decisive actions
towards achieving fundamental changes in our energy systems.

-

The private sector needs to be more proactively engaged in energy
policy development, working directly with government, to ensure
that policies are based on clear long‐term vision, as well as being
timely, pragmatic and implementable.

-

There is a great need for much deeper cooperation and integration
between regions, and between the public and private sectors.

-

It is essential to have better rules for global trade in energy
commodities and investment.

-

There is a need to establish a global price for carbon, high enough
to drive prices and motivate behavior changes, and low enough not
to hamper economic growth.

-

Continuing improvements in energy efficiency is extremely
important, with special early attention to transport systems, with
its immediate opportunities for significantly reducing reliance on
fossil fuels.

-

Global dialogue towards attaining global security of supply and
demand for energy commodities is important.

-

There is an urgent need for an international framework for
technology transfer, particularly to under‐developed countries

-

The role of governments in research and development for energy
and related environmental technologies needs to be greatly
strengthened.

A significant addition in the Global Report was the establishing of clear global
targets for energy availability, accessibility and acceptability by 2020, 2035 and
2050.
There are many observations and suggestions in the enclosed North America
Report which should be of value to policy analysts and decision makers in North
America, with respect to energy policy development. We would note that the

work reported on herein is complementary to the very important work
undertaken by the International Energy Agency, as well as initiatives by the
Energy Working Group formed under the auspices of the North America Security
and Prosperity Partnership Agreement.
In this Report, special importance is given to addressing energy policy issues with
greater consideration of longer term consequences, greater appreciation of the
inherent complexities of energy systems and global inter‐connectedness. It is
also clearly evident that changes in all aspects of energy systems over the next
half century will be much greater than over the past half century, with the result
that energy policy development deserves much greater attention. This includes
all aspects of energy supply and end use, as well as economic, social and
environmental impacts. More resources need to be dedicated to also developing
appropriate energy policies in regional and global contexts.
We are certainly pleased with the commitment and dedication of all three WEC
Member associations in North America towards this very important global
initiative. We were also very encouraged by the obvious enthusiasm and
commitment by all personnel who participated so constructively in the
Workshops. We also extend our appreciation for the continued support and
participation from WEC headquarters in London in the study process in North
America.
We would like to especially thank Barry Worthington (USEA), Murray Stewart
(ECC) and Pablo Mulas (AMEDES) for their strong leadership in the respective
WEC Member Country associations, Also, special thanks to Guy Caruso (USA),
Mariano Bauer (Mexico) and Ian Hayhow (Canada) as the respective North
America Study Group representatives for the global study. We also especially
thank Ian Hayhow, who was the principal author of the North America Region
Report.
We also wish to convey our appreciation to the WEC head office in London for
assembling a truly outstanding Global Report. There were obvious complexities
in analyzing the extensive and varying contributions from the different regions
and countries. There were associated challenges in synthesizing these
contributions and developing global perspectives that appropriately represented
authoritative and balanced development of the most important messages. In the
end, we appreciate that the Global Report is well aligned with inputs from the
various Regions, and is especially well aligned with the contribution from North
America.
We wish to express our most sincere appreciation to Brian Statham, Bob Schock
and Gerald Doucet for their commitment in developing an authoritative and well
balanced Global Report. We also share pride and appreciation for the truly

outstanding presentation made by Brian Statham on the results of the Study at
the WEC Congress in Rome.
While we have prepared this Report as the contribution from North America for
this very important global initiative, we have also prepared it as a fully self
contained document for intended use in North America.

Francisco Barnes

Oskar Sigvaldason

Vice-President,

Steering Committee
Representative

WEC North America

North America, Energy Policy
Scenarios Study

Foreword from the World Energy Council
Following the World Energy Congress in Sydney, Australia in September
2004, the World Energy Council (WEC) undertook a new study “Energy
Policy Scenarios to 2050” with the goal of making recommendations on
policies and actions to achieve the WEC Millennium goals of access to,
security and reliability of, and environmental sustainability of energy and
its critical importance to economic goals.
Earlier studies, particularly in the 1980s and 1990s, were helpful in
understanding general trends and in developing improved appreciation for
different strategic and development assumptions. However, these earlier
studies did not achieve the desired impact of influencing important energy
policy development at national, regional and global levels.
To serve as an effective catalyst for the development and implementation
of improved energy policies around the world, it was decided that the
study would be carried out with the direct participation of WEC’s member
associations around the world. This decision created both opportunities
and complexities. There would be much greater participation in
addressing energy related issues, challenges and opportunities, and in
developing perspectives and recommendations. This provided the
opportunity to reflect common themes from around the world, while still
respecting fundamentally different perspectives and approaches between
different countries and regions.
In addition to regional and member country studies, there were parallel
studies on seven cross-cutting themes that were considered by all
regions. These included climate change, investment and finance, energy
price drivers, transport, stationary end-use technologies, electricity
generation, and electricity end-use. The overall program was established
with broad direction being provided from a Steering Committee, which
included representation from each of the five Regions. To provide the
regional groups with a consistency check on assumptions, a
mathematical simulation model was run by Enerdata in Grenoble, France.
Ernst & Young coordinated logistics and worked with various member
country associations and regions. More than 20 working meetings,
workshops and seminars were held in different regions and countries
around the world.
Despite these many and complex challenges, all five regions and 67
member country associations participated in the Study. Regional reports
from all five regions are published on the WEC website. These
documents provide regional perspectives of the issues, challenges and
opportunities, while also respecting the global concerns of different
regions and countries around the world.
We are appreciative of the tremendous contribution made by the North
America Region and its three Member country associations. North
American input for the global study was critically important, as the Region
represents approximately 30% of global energy demand, is a major

producer of all energy supply commodities and utilization technologies,
and is extensively involved in energy trade, both within the region and
globally. There are distinctly unique aspects in all three countries
concerning respective roles of public and private sector organizations in
the operation, management, ownership, regulation and stewardship of
energy systems. These aspects, and the perspectives obtained from the
participants in the respective workshops, were of great assistance in
understanding challenges to current arrangements, and in assessing
promising opportunities for improving overall performance of energy
systems and associated impacts for the overall benefit of the global
community.
We want to extend a note of special appreciation to the executives of
each of the three Member Country associations and their leaders - Barry
Worthington from the USEA, Murray Stewart (Past President) from ECC,
and Pablo Mulas del Pozo from Mexico. We appreciate their leadership in
ensuring that each of their respective workshops provided an important
contribution to the overall study effort, and for their continuing contribution
to preparation and review of an excellent Regional Report from North
America. Guy Caruso, Mariano Bauer and Ian Hayhow played key roles
in planning and coordinating the workshops in the United States, Mexico
and Canada, respectively.
The Global Report “Deciding the Future: Energy Policy Scenarios to
2050” and the associated Regional and Member Country Reports, along
with the extensive engagement of the WEC global community in its
development, are viewed as a significant accomplishment of the WEC
organization. We are hopeful that the study and the process of
subsequent outreach and local participation, will serve as an important
catalyst for improved energy policy development and implementation at
all levels, national, regional and global.

Mr. Brian Statham
Energy Policy Scenarios Study Chair
South African National Energy Association

Dr. Robert N Schock
Director of Studies
World Energy Council

Energy Policy Scenarios to 2050
North American Region Report
1. Introduction
This Report is a summary of the principal results, observations and
recommendations arising from North America’s participation in a global study on
“Energy Policy Scenarios to 2050”. The global study was undertaken by the World
Energy Council (WEC), following the WEC Congress in Sydney, Australia in
September, 2004. It was decided, at that time, to undertake a global study on energy
policy scenarios, with the results of the Study to be presented at the subsequent
WEC Congress in Rome, Italy, in November, 2007.
A very significant decision was that this study would be carried out with direct
participation by WEC’s various member countries and regions around the world.
This was a significant change from most earlier studies, where the general practice
had been to have the study carried out by the global organization, with only nominal
participation by various member countries.
For this Study, the initial work was to prepare Terms of Reference for the Study,
including a framework and guidelines for the study. This was directed by a Steering
Committee, which had representation from all five regions of the world, along with
personnel from WEC headquarters in London, England. The Terms of Reference
for the Study are in Appendix I.
In any scenarios study, it is necessary to select the most important aspects that
define the foundation for the scenarios. For the current study, it was considered that
the most important aspects were international cooperation and government
engagement. From this foundation, four scenarios were developed, which included
the respective combinations of more or less international cooperation, and more or
less government engagement. For each of these four combinations, story lines were
developed for the period from 2005 to 2050. The principal parameters being
examined were demographics, gross domestic product (GDP), energy intensity,
total primary energy requirement (TPER), primary energy supply mix,
supply/demand tension for the primary energy sources (oil, natural gas, coal,
nuclear, renewable sources), and greenhouse gas emissions. These were defined at
15 year intervals (2020, 2035 and 2050).
During the initial year, there was also work carried out to define the dominant
global energy related issues, challenges and opportunities for the next half century.
These include supply challenges, demand considerations, and impacts. The

dominant impact was global warming due to greenhouse gasses, but also included other
environmental impacts, as well as economic, social and political considerations. These are
described in Appendix II. These served as a general backdrop for work on energy policy scenarios.
Additional input for the studies was provided through seven special studies, that applied broadly
for all countries and regions around the world. These included climate change, investment/funding,
energy price drivers, mobility systems, stationary supply, electricity, and energy end use.
Work on energy policy scenarios leading to production of a Draft Report and subsequently, to the
Final Report by the North America Region, may be summarized as follows;
-

Separate workshops were held in each of Canada, the United States and Mexico in May,
2006. For each workshop, there were roughly 40 senior representatives from government,
industry, and various other stakeholders (participants are listed in Appendix III). These
workshops normally started with a late afternoon/evening session which included a series of
presentations. The opening presentations provided an overview of the study, including
purpose, general expectations, and organizational and scheduling logistics. There were also
presentations on the global, regional and national energy setting, on the specialist studies,
and on the principal energy related issues, challenges and opportunities. Workshops were
held on the following day, and included four breakout groups. Each breakout group
addressed the development of a story line for its respective scenario, including projected
changes to the principal study parameters, as listed above. After developing the story lines,
each breakout group presented its results. There was then general discussion to review
overall observations and principal findings.

-

Following each workshop, a Member Country Report was prepared. This document
provided a record of the Workshop and more detailed assessment of the principal
observations produced by each of the breakout groups. The results of the respective
workshops for Canada, Mexico and the United States are in Appendixes IV, V and VI,
respectively.

-

The three North American associations then worked together to produce a Draft North
America Report. This Report was based on observations in the respective Member Country
Reports. Mr. Ian Hayhow, from Canada, was the principal author of the Report. However,
cooperation between the three Member country associations was excellent, and a final Draft
Report was produced, which received full concurrence from all three North America
member associations.

-

Before submitting the Draft Report, there was additional work carried out by Enerdata in
Grenoble, France. Enerdata had developed a mathematical model to simulate global energy
systems. The purpose of this additional assessment was to test for general consistency and
validity between various assumptions and results.

-

The North America Report was then submitted as a Draft document to the main WEC office
in London, England in early 2007. There were parallel submissions from the other four
Regions of the world.
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-

The five Regional Reports then served as essential input for preparation of a Global Report.
This Report was completed in October, 2007 and is titled “Deciding the Future: Energy
Policy Scenarios to 2050”. The Global Report and its Executive Summary are available in
electronic form on the WEC web-site, www.worldenergy.org. The principal results of the
Global Report were presented at the most recent WEC Congress in Rome, Italy in
November, 2007.

-

Following completion of the Global Report, the North America Report was reviewed in the
context of alignment with the Global Report. It was observed that there were no areas of
basic disagreement between the North America Report and the Global Report. There were
however areas in which the Global Report provided additional perspectives and/or placed
greater emphasis on certain observations and recommendations. These are summarized in
the opening letter of this Final Report.

-

The Draft of the North America Report has been reviewed in detail relative to the Global
Report. It has been decided that the Draft Report should not be modified in content, but
should, instead be converted into a Final Report. The information for the Draft Report was
based on the most current information available in 2006. Although there are two additional
years of information now available, it is considered that the principal observations and
messages provided in the Draft Report remain valid as of the date of submission for this
Final Report, and that the additional effort to update the information is not warranted.

-

Agreement for submission of the Final Report, as contained herein, has been approved by
the three North America member associations; the United States Energy Association
(USEA), WEC Mexico and the Energy Council of Canada (ECC). It has also received
concurrence from WEC headquarters in London and by the Chair of the Steering
Committee, Mr. Brian Statham, as evidenced in the Forward to this Report.

This Report begins with an overview of the energy setting in North America (Section 2). This is
based primarily on information prepared by the North America Energy Working Group, which was
formed after signing of the Security and Prosperity Agreement by the United States, Mexico and
Canada in March, 2005. In Section 3, the four scenarios are described briefly. There is also a brief
commentary of WEC’s three A’s (Availability, Accessibility and Acceptability) and associated
interpretation of them in a North American context. The dominant issues, challenges and
opportunities for North America are presented in Section 4. This is based on extracting the
principal themes from the more complete list of global energy related issues, challenges and
opportunities (see Appendix II). Summarized results form the three Scenarios Workshops is
presented in Section 5, with associated comparisons contained in Section 6. The principal
observations and recommended policy actions for North America are presented in Section 7.
As noted in the covering letter for this Report, this document has served as essential input for the
Global Report on “Deciding the Future: Energy Policy Scenarios to 2050”. However, it has also
been prepared as a separate and fully self contained document for intended use in North America.
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2. The North America Setting
This overview has been extracted from the North America – The Energy Picture II,
prepared by the North American Energy Working Group, Security and Prosperity
Partnership, Energy Picture Experts Group - January 2006.
2.1The Economy
North America Population as Share of World Total
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North America, with about 7 percent of the world’s population, accounts for
roughly one-third of world economic output.
North American Gross Domestic Product as
Share of World Total
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North America’s per capita gross domestic product (GDP) in constant 2000 U.S.
Dollars in 2004 was $28,284, about 5 times the world average per capita GDP.
Both real GDP and real income per capita have been growing since 1980.
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In 2004, North America’s population was 430 million: Canada’s population was
32 million, Mexico’s was 105 million, and the United States’ was 293 million.

North America Gross Domestic Product
(Billion 2000 U.S. Dollars)
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In 2004, Canada’s gross domestic product was $799 billion (constant 2000 U.S.
dollars), compared to $618 billion (constant 2000 U.S. dollars) for Mexico and
$10,756 billion (constant 2000 U.S. dollars) for the United States.
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2.2 North America in the Global Energy Economy
Energy Consumption per Capita, North America vs. World
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In 2003, North America’s per capita energy consumption was about four times
greater than the world average.
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North American energy consumption per unit of gross domestic product was
about three quarters of the world average in 2003. This seemingly anomalous
outcome, is not that North America is highly efficient in its use of energy, but
rather that developing countries and economies in transition are notably
inefficient. Also, North American economic productivity is substantially higher
than developing regions.
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Energy Consumption by Fuel Type
(North America as Share of World)
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In 2003, North American accounted for substantial amounts of world energy
demand. North America’s shares of world demand included petroleum (29
percent), natural gas (29 percent), coal (22 percent), and electricity (30 percent).
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In 2003, North America accounted for around 18 percent of world petroleum
production, 29 percent of world natural gas production, 21 percent of world coal
production, and 30 percent of world electricity generation.

GDP US$ (2000)/capita
Primary Energy GJ/capita
Electricity MWh/capita
x

Natural Gas
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16
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9,340
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2

US
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13
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28,362
294
10

Canada and the US have similar economic and energy activity, when viewed on a
per capita basis. It is noteworthy that Mexico is significantly below the North
American average in all categories
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2.3 North America – Energy Supply
Proved Reserves of Conventional and Unconventional Crude Oil 2004
(Billion Barrels)
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At the end of 2004, North America had conventional crude oil reserves of about
40 billion barrels, roughly 3 percent of the world total.
The United States, with 21 billion barrels, has the largest proved reserves of
conventional crude oil in North America, followed by Mexico (15 billion barrels)
and Canada (4.3 billion barrels). Additionally, Canada has reserves of oil sands
of approximately 175 billion barrels, which are being produced. The US has a
vast resource of oil shale, although there is no production at this time. Production
from this resource is expected to be feasible with oil prices in US$60 to 80 per
barrel range.
Proved Reserves of Natural Gas, 2004
(Trillion Cubic Feet)
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At the end of 2004, North America had natural gas reserves of about 295 trillion
cubic feet (Tcf), roughly 5 percent of the world total.
The United States, with 193 Tcf, has the largest natural gas reserves in North
America, followed by Canada (88 Tcf) and Mexico (15 Tcf).

8

Crude Oil Refining Capacity, 2004
(Millions Barrels per day)
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At the end of 2004, North America had about 21 million barrels per day
(MMbbl/d) of crude oil refining capacity. The shares included Canada (2.0
MMbbl/d), Mexico (1.5 MMbbl/d), and the United States (17.1 MMbbl/d). North
American crude oil refining capacity accounts for about 25 percent of total world
refining capacity.
Recoverable Reserves of Coal, 2004
(Billion Short Tons)
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In 2004, North America had coal reserves of 279 billion short tons, about 96
percent of which were located in the United States. North American coal reserves
account for around 28 percent of total world coal reserves.
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2.4 North American Electricity Generation
Electric Power Capacity, 2004
(Gigawatts)
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In 2004, North America had 1,122 gigawatts of electric power generation
capacity. The capacity shares were Canada (107 gigawatts), Mexico (47
gigawatts), and the United States (968 gigawatts).

x
North America: Electricity Generation by Type, 2004
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North America generated 4,730 terawatt hours of electricity in 2004, of which 45
percent was coal-fired, 19 percent nuclear, 17 percent natural gas, 13 percent
hydroelectric, 5 percent petroleum, and 2 percent other renewable energy.
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2.5 North American Energy Production
Petroleum Production
(Million Barrels per Day)
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North America produced more than 14 millions barrels per day (MMbbl/d) of
petroleum in 2004: Canada (3.1 MMbbl/d), Mexico (3.8 MMbbl/d), and the
United States (7.6 MMbbl/d).

Natural Gas Production
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In 2004, U.S. natural gas production was 18.9 trillion cubic feet (Tcf), compared
to 6.6 Tcf in Canada and 1.5 Tcf in Mexico.
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Coal Production
(Million Short Tons)
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North American coal production in 2004 was about 1,196 million short tons
(MMst). Canada produced 73 MMst; Mexico produced 11 MMst; and the United
States produced 1,112 MMst.

Electricity Production
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North American electricity generation was about 4,730 terawatt hours (Twh) in
2004. Canada generated 576 Twh; Mexico generated 201 Twh, and the United
States generated 3,953 Twh.
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2.6 North American Energy Trade
U.S. Net Imports from Canada and Mexico by Fuel Type, 2004
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The United States is a major, and growing, net importer of energy. In 2004, the
United States had net imports of energy of over 29 quadrillion Btu (quads), up
from around 12 quads in 1980 and 14 quads in 1990.
The United States had 6.7 quads of net petroleum imports from Canada and
Mexico in 2004. In that same year, both Canada and Mexico were net importers
U.S. coal.
In 2004, the United States had net imports from Canada totaling 3.3 quads of
natural gas and less than 0.04 quads of electricity.
The United States is also a major exporter of coal, approximately 1 quad in 2004
Increasing imports of natural gas for both the Untied States and Mexico are LNG.
In excess of 20 terminals are planned for the US, 5 for Mexico over the next few
years and about 3 are possible for Canada, but plans are embryonic.
U.S. Net Energy Imports from Canada, 2004
(As Percent of U.S. Consumption & Net Imports, by Fuel Type)
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In 2004, about 33 percent of total U.S. net energy imports came from Canada (24
percent) and Mexico (8 percent).
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x

Canada provided more than 94 percent of U.S. net imports of natural gas in 2004.
These imports accounted for about 14 percent of U.S. natural gas consumption in
2004.

x

U.S net imports of petroleum from Canada and Mexico accounted for about 26
percent of U.S. net petroleum imports and almost 17 percent of total U.S.
petroleum consumption.

U.S. Net Energy Imports from Mexico, 2004
(As Share of U.S. Consumption & Net Imports, by Fuel Type)
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2.7 North America – Energy Demand

Petroleum Demand
(Million Barrels per Day)
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North American consumed about 24 million barrels per day (MMbbl/d) of
petroleum in 2004, or about 29 percent of estimated world demand. Canada
consumed 2.0 MMbbl/d, Mexico consumed 1.4 MMbbl/d, and the United States
consumed 20.7 MMbbl/d.
Natural Gas Demand
(Trillion Cubic Feet)
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North America consumed about 27.5 trillion cubic feet (Tcf) of natural gas in
2004. Canada consumed 3.3 Tcf, Mexico consumed 1.8 Tcf, and the United
States consumed 22.4 Tcf.
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Coal Demand
(Million Short Tons)
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In 2004, North America consumed about 1,184 million short tons (MMst) of coal.
Canada consumed 64 MMst of coal, while Mexico consumed 16 MMst and the
United States consumed 1,104 MMst.

Electricity Demand
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North America consumed about 4,466 terawatt hours (Twh) of electricity in 2004.
Canada consumed 566 Twh, Mexico consumed 184 Twh, and the United States
consumed 3,717 Twh of electricity.
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Petroleum Demand By Sector, 2004
(Million Barrels per Day)

Residential
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Transportation
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Total Demand = 23.13 Million Barrels per Day

x

In 2004, the North American transportation sector consumed about 15.5 million
barrels per day (MMbbl/d) of petroleum. During this time, the Canadian
transportation sector consumed 1.0 MMbbl/d of petroleum, while the Mexican
transportation sector consumed 0.9 MMbbl/d and the United States transportation
sector consumed 13.6 MMbbl/d.
Natural Gas Demand by Sector, 2004
(Trillion Cubic Feet)
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In 2004, the North American industrial sector consumed 11.1 trillion cubic feet
(Tcf) of natural gas. During this time, the Canadian industrial sector consumed
2.1 Tcf, while the Mexican industrial sector consumed 0.5 Tcf and the United
States industrial sector consumed 8.5 Tcf.
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North American Energy Flows

The chart displays total North America energy flows for 2004. Fossil fuels comprise
over 80 percent of domestic production, the balance being renewables, mostly large
hydro and nuclear. Petroleum products comprise about 80 percent of gross imports,
largely to the US. Net petroleum imports are about 9 MMBOPD.
Fossil fuels provide almost 85 percent of consumption, of which petroleum products are
almost half.
Uranium exports from Canada are not shown on this chart, but would be 6.8 quads, about
40 percent of current energy exports from North America.
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3. Global Energy Scenarios
3.1 Rationale
For the North American report it was necessary to develop an interpretation of the
scenarios for discussion purposes at the country workshops. These elements are generally
consistent with those of the WEC synopsis of March 2006
3.2 Globalization/Nationalism (also High/Low International cooperation)
The following main elements for the North American context are:
Globalization:
x All commodities trade freely
x Few barriers to trade, labour and technology transfer
x WTO, Kyoto, NAFTA are respected
x Prices generally determined by market conditions
x Developing countries are “helped”
Nationalism:
Restrictive trade
Domestic issues are the priority
Reduced levels of immigration
Technologies tend to be “made in North America”
International agreements are secondary
Energy prices are high and volatile
Little foreign aid

x
x
x
x
x
x
x

.
3.3

Interventionist/Enabling Government (also known as High/Low government
intervention)

The following main elements for the North American context are:
Interventionist:
Energy security/self-sufficiency is a priority
Allocation of energy resources too important for markets
Legislation/regulations are the norm
Potential
for
public
ownership
of
energy
systemsLoan
guarantees/subsidiesStrong support for R&D, tend to pick winners

x
x
x
x
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Enabling:
x
x
x
x
x
x

Overall economic growth is the priority
Provides overall policy framework
Seek to enhance the role of market forces
Buyers and sellers make the key decisions
Provides regulatory oversight only when necessary
Does not favour specific technologies

The “Enabling” end of the axis is similar to the WEC synopsis. However, the
“Interventionist” tends to be less intervening than may be the case of other regions. It
may be expected that in Canada, and the U.S., that even the “Interventionist” could be
characterized as closer to “Enabling” in other regions.
3.4 The 3A’s for North America
In general, Accessibility and Availability are not major issues for the US and Canada.
There are access concerns for the remote communities, and there are potential issues with
the reliability of power supplies. However, widespread, frequent outages are not
foreseen. This not the case for Mexico, Accessibility and Availability are still major
issues for a large part of the population. Per capita electricity consumption in Mexico is
17 percent of the North American average, and Mexican electricity demand is about 4
percent of the North American total.
Acceptability will be a large issue particularly in the areas of major future energy
developments, such as:
x

Unconventional oil development

x

New-build nuclear power

x

Development of frontier lands (oil, natural gas and hydro).
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4 Dominant Issues Challenges and Opportunities
Eleven issues were identified by the WEC Steering Committee and Study Group as being
critical to the current study: Energy Policy Scenarios to 2050. These eleven issues are
described in Appendix II and may be applied to all regions of this study.
In this Section, the issues which are of prime importance for North America are
highlighted. These are grouped under the six themes of: energy supply; end use;
environmental impact; technology; market reform and financing; and policy and
coordination. In the various workshops in Mexico, United States and Canada, these
eleven issues, challenges and opportunities were described and discussed.
4.1 Energy Supply
For North America, access to abundant energy resources, combined with its successful
development and utilization, has contributed to its overall economic development and
prosperity. In all three countries, there are extensive energy resources which, with
appropriate stewardship and management, will continue to contribute to economic
prosperity of the Region for the next half century
In North America, the need for energy supply will continue to expand. It is projected that
demand growth in North America will be about 38 percent by 2030, compared to 2005,
and could be as much as 50 to 70 percent by 2050. To meet this growth, North America
will need to continue increasing its supply from all traditional sources, including oil,
natural gas, coal, nuclear, hydropower and various renewable sources. In addition, there
will need to be strong support for new types of energy supply, including nonconventional sources, such as oil sands, oil shales, coal bed methane, tight gas and
methane hydrates. There is also a need for additional supply from bio-fuels.
With respect to oil, the three countries are all major producers of oil. The United States,
Mexico and Canada, respectively, rank third, fifth and eighth globally. Despite this, the
United States is the world’s largest importer of oil, with Canada and Mexico ranking first
and second, respectively, as exporters of oil to the United States.
Supply of oil from conventional sources in all three countries is projected to decline.
However, Canada’s overall production of oil has been increasing due to development of
the oil sands, which are projected to show substantial increases in the future. For Mexico,
there are substantial undeveloped oil reserves, especially in the sedimentary basin on the
east side of the Sierra Madre Oriental and in the Gulf of Mexico.
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However, investment in exploration and development of these reserves has lagged, as
profits from Pemex are used to finance other government priorities. This raises the
question of needed fiscal reform so that oil production can increase.
Over the next half century, it is projected that North America will continue as a net
importer of energy, especially oil. North America may move towards regional selfsufficiency, if there is a deterioration of global trade relations, especially with oil
exporting nations. Furthermore, it is considered that self-sufficiency could only be in a
North America Regional context.
For most of North America, Accessibility is not a major issue. This is particularly true in
the United States and Canada, in Mexico, it is of greater concern. Although 95 percent of
the Mexican population has access to electricity supply, this supply is unreliable and
present per capita usage is of the order of 17 percent of usage in the rest of North
America. In a few isolated communities of Canada and the United States, access is an
issue either because of isolation or because of its high cost.
There is a related potential access issue in all three North American countries. This issue
arises because of increasing challenges in the regulatory approval and construction time
of energy infrastructure. There is increasing local opposition to such infrastructure,
sometimes referred to as the NIMBY (Not In My Back Yard) phenomenon. Demand has
continued to grow, while supply has not kept pace, which has resulted in situations where
the supply – demand balance has become very tight, with consequent growing
vulnerability of supply interruptions. There is growing incidence of supply being
curtailed or voltage reductions (for electricity systems) implemented to maintain supply.
In addition, ageing energy infrastructure needs to be periodically upgraded or replaced to
meet rising standards of technical or environmental performance. The challenge therefore
is to implement more effective public consultation and education programs, as well as
strengthened and more effective approval and regulatory processes to ensure ongoing
reliable and secure energy supply.
It is expected that supply from fossil fuels in North America will alter substantially over
the next half century. In particular, there will be increasing reliance on coal for producing
various hydrocarbon derivatives, which may require coal liquefaction and coal
gasification facilities.
4.2 End Use
North America, use of energy is high, compared to other Regions of the world, it is
recognized that there are substantial opportunities for using energy more efficiently (see
Specialist Studies). The potential for reducing energy use and in implementing energy
efficiency and conservation practices is substantial and deserves a high priority.
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The greatest potential is with mobility systems; especially land transport, an area in
which demand is growing most rapidly, in both absolute and percentage terms. A
problem that is made more acute because of the dependence on petroleum derivatives.
In the United States and Canada, roughly 80 percent of people live in urban areas.
Therefore, there are substantial opportunities for making the cities and their residents
more energy efficient through investments in comprehensive, integrated public
transportation systems. There are also opportunities for urban planning, which emphasize
densification and the development of business/residential clusters, thereby reducing
commute-times, and hence, energy use.
4.3 Environmental Impact
Climate change is a major environmental concern. In North America, as is the case
elsewhere, there is rapidly growing public awareness of the seriousness of the climate
change challenge and the need to take action. This concern was emphasized when the
Inter-governmental Panel on Climate Change (IPCC) released its report in early 2007 on
the potential impacts of rising GHG emissions.
About 30 percent of world global fossil fuel consumption occurs in North America; as a
consequence, approaches to reduce the dependence on fossil fuels are being given serious
consideration, such as nuclear, hydro, and various renewable sources. Additionally, there
are efforts to develop more fuel efficient vehicles, plug-in hybrids and hydrogen powered
vehicles.
Carbon capture and storage is a promising technology to mitigate GHG emissions.
However it may be necessary to explore options that convert CO2 into liquid or solid
composite products that can be permanently stored. Other options include deep ocean
storage and increasing the use of agricultural and forest sinks.
The position of the three North American countries is that this challenge needs to be
addressed proactively by energy stakeholders and to assume a leadership role in meeting
this challenge. There is a need to gain a more complete appreciation of the options and in
then seeking a managed global solution to this challenge.
4.4 Technology
In the various Workshops in North America, it was agreed that technology will play a
major role in meeting the many challenges which will take place over the next half
century in energy supply, end use and resulting environmental and social impacts. Also,
technology development will be much more extensive over the next 50 years, relative to
the past. The commitment to enhanced financing and the associated strengthening of
institutional capability, will be important.
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In meeting these challenges, it was stressed that the process of selecting and
implementing emerging technologies needs to improve. In particular, selection should be
based on a comprehensive appreciation of the long term consequences of such
developments and with full participation of all stakeholders – government, industry,
research institutions and Universities. It is also important that commitments be made for
promising technologies and that the process of bringing such technologies into operation
should be accelerated.
4.5 Market Reform & Financing
In North America, there is a broad range of jurisdictional and institutional arrangements
for energy systems. In the United States and Canada, supply of fossil fuels and associated
products are provided, to a large extent, by the private sector. In Mexico, petroleum and
natural gas is production is exclusively undertaken by Pemex, a state monopoly created
under the Mexican constitution. Electricity supply in the United States and Canada is
provided by both private sector corporations and publicly owned companies, which may
be owned at a provincial (Canada), state (U.S.), city or municipal level. In Mexico, most
of the electricity is generated by two federally owned corporations, the largest of which is
the Comision Federal Electricidad (CFE); independent power producers provide about 25
percent. Almost 90 percent of Mexican electricity is distributed by state owned
companies, the balance being cogeneration and self-supply.
In the 1990s, there was a significant trend towards transferring ownership, management
and operations to private corporations, especially for electricity supply systems in the
United States and Canada. In the past several years, this trend has essentially stopped and
there appears to be limited incentive at the present time to change current arrangements.
In Mexico, there is a desire to find an approach for a greater role by private corporations
in the energy sector. This remains a significant challenge because of the existing
constitutional mandate for energy to remain under state ownership and control.
Global free trade for North America is an important consideration for all three countries,
especially energy. Canada and Mexico rank as No. 1 and 2 respectively in export of oil
to the United States. There is also extensive trade in natural gas, uranium, coal and
electricity.
Despite the abundance of indigenous energy resources in North America, there will be
major trading in energy with countries outside North America. For example, the North
America Region will continue to be a major net importer of oil and natural gas and a
significant net exporter of coal and uranium.
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In North America, access to financing for energy developments is not normally a major
challenge. The United States and Canada, in particular, are considered to be attractive
locations for investment in energy. In Mexico, there is a different situation, which is
related to the state ownership and control of resources. As a consequence, financial
resources are constrained for the exploration and development activities of Pemex, with
the result that proven oil and gas reserves are declining. There is a need for national fiscal
reform to overcome this financing challenge, in order to accelerate oil and gas supply.
4.6 Policy and Coordination
In North America, there are two issues with respect to security of energy supply. The first
is related to the high degree of dependence on imported oil from certain regions, which
are perceived to be unreliable. The United States imports 50 percent of its crude oil from
outside North America.
The second issue is the combination of reliability and vulnerability of existing energy
systems to maintain continuing reliable supply – both because of the supply-demand
tightness and vulnerability to extreme climatic (e.g., hurricanes) or terrorist events.
Regional coordination is important for all three countries. The three countries entered
into a North America Free Trade Agreement (NAFTA) in 1994, which provided
opportunities for increased trade and the progressive removal of trade barriers. In 2005,
the three countries entered into a subsequent agreement, referred to as the Security and
Prosperity Partnership (SPP). Both these agreements have provided opportunities for
increased trade in energy commodities, including progressive interlinking of energy
systems.
Globally, the three countries are members of the G8 plus 5 and support institutions which
facilitate the free flow of goods and services, such as the World Trade Organization.
Canada, Mexico and the US support initiatives that improve energy sustainability in
under-developed countries. There is support for both global and regional development
and financial institutions, such as the World Bank, the Inter American Development
Bank, and various United Nations agencies. In addition, Mexico has special relations
with countries in Latin America, because of long established historical relations.
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5 North American Summary of the Scenarios
The following is a summary of each scenario assessment conducted by each country at
their respective workshops. The conclusions below follow the headings provided by the
Global Study Team. It should be noted that there was some lack of consistency in
interpreting some the headings, particularly Primary Energy Mix and Emissions, these
areas are noted below. A further caution is that the US economy dominates the region,
with over 85 percent of GDP and almost 70 percent of the population; therefore, the
outcomes are principally a result of the US input.
For reference, the Scenarios grid is shown here:

Interventionist
(Heavy)

Scenario 2
HG-LC

Scenario 3
HG-HC

Scenario 1
LG-LC

Scenario 4
LG-HC

Government
Engagement

Enabling
(Light)
Nationalism
(Exclusive)

Integration / Co-Operation

Globalism
(Inclusive)

5.1 Scenario 1 – Enabling/Nationalism
GDP:

Real GDP growth is expected to be somewhat lower than current
trends to 2035, but still positive. From 2035 to 2050 growth is
expected to increase, largely driven by the US.

Demographics:

Current trends in population will persist to 2050, i.e., growth rates
showing a downward trend.

Energy Intensity:

Intensity will decline, as new technologies are introduced.
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Primary Energy:

The primary energy mix will become less carbon intensive,
because increased diversity will lead to more nuclear and
hydroelectricity. This are was not covered by the US in its report;
however the results from Canada and Mexico were reasonably
consistent

GHG Emissions:

Emissions are projected to increase to 2035, and then become
stable. Emissions then decline as more non-emitting electricity
generation comes into the system. Similar comments for US
Primary Energy apply here.

Supply/Demand Tension

TPER

x

Oil tension will increase until 2035, after which new
technologies tend to reduce the tension.

x

The US and Mexico agreed that Natural Gas would show a
short-term (to 2020) increase in tension, it then declines as new
sources become available.

x

Coal is in ample supply, any potential increase in demand
would be met, although there may be some near-term
increasing tension.

x

For Nuclear, tensions are not evident and large new domestic
supply could meet potential domestic demand. A decline in
tension is expected after 2035

x

For Renewables, no tension is evident as supply and demand
are in balance. Canada felt that large hydro deserved special
treatment in this category. Hydro tension is initially neutral,
but increases as demand for lower emitting electricity outpaces
its supply.

Overall trend is consistent with the economic growth, and remains
at current levels.

5.2 Scenario 2 – Interventionist/Nationalism
GDP:

Real GDP growth is expected to be somewhat lower than current
trends to 2035, but still positive. From 2035 to 2050 growth is
expected to increase, largely driven by the US. Canada was
considerably more pessimistic in the scenario.

Demographics:

Current trends in population will persist to 2050, i.e., growth rate
showing a downward trend.

Energy Intensity:

Intensity will decline, as new technologies are introduced.
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Primary Energy:

The primary energy mix will become more carbon intensive, as
growth is somewhat muted. This area was not covered by the US
in its report; however, the results from Canada and Mexico were
reasonably consistent

GHG Emissions:

Emissions are projected to follow current trends to 2035.
Emissions then decline as more non-emitting electricity generation
comes into the system. Similar comments for US Primary Energy
apply here.

Supply/Demand Tension

TPER

x

Oil tension will decrease to 2050. However, both Canada and
Mexico expected increasing tension after 2035.

x

Natural Gas will show decreasing tension as new sources,
become available.

x

Coal is expected to have an increase in tension, although
Canada did not share this view.

x

Nuclear tensions are not evident as global supplies are large.

x

For Renewables tension is expected to increase to 2050.

Mexico expects TPER to increase, whereas Canada expected it to
decrease; these views are a function of the different GDP
expectations. The US did not report, but it may be viewed as
declining near-term with an increase after 2035.

5.3 Scenario 3 – Interventionist/Globalization
GDP:

Real GDP growth is expected to be similar to current trends to
2035. From 2035 to 2050 growth is expected to decline. Mexico
was considerably more optimistic after 2035.

Demographics:

Current trends in population will persist to 2020, and then a decline
in growth is expected.

Energy Intensity:

Intensity will follow current trends to 2020 and then improve.

Primary Energy:

The primary energy mix will become more diverse. This area was
not covered by the US in its report; however the results from
Canada and Mexico were different, with Canada expecting a
higher carbon intensity up to 2035.

GHG Emissions:

There was no agreement on emissions trends to 2035 – higher in
Canada, lower in Mexico. Similar comments for US Primary
Energy apply here.
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Supply/Demand Tension

TPER

x

Oil tension will tend to increase to 2035 and then decline.

x

Both Canada and Mexico see increasing Natural Gas tension to
2035, and then decreasing tension. The US viewed it as
decreasing through all time periods.

x

Coal is expected to have no tension; the US did not share this
view, increasing in all periods.

x

Nuclear tension was viewed as neutral.

x

For Renewables, increasing tension may be expected to 2035
and then decrease.

TPER will increase to 2020. Canada expected a decline after
2035, whereas Mexico projects a continuing increase. The US did
not report.

5.4 Scenario 4 – Enabling/Globalization
GDP:

Real GDP growth is expected to be higher than current trends to
2035 for each country. The US and Mexico expected the higher
trend to continue to 2050; however Canada thought some slowing
of growth would occur

Demographics:

Current trends in population are expected to be somewhat higher
than current trend to 2035, and then revert to current trends.

Energy Intensity:

Intensity will follow current trends to 2050 in the US. Both Canada
and Mexico expected an improvement in all periods.

Primary Energy:

The primary energy mix will follow current rends, with a tendency
to become more diverse after 2035. This area was not covered by
the US in its report.

GHG Emissions:

There was no agreement on emissions trends to 2035 – higher in
Canada, lower in Mexico. After 2035, emissions are expected to
be lower. Similar comments for US Primary Energy apply here.
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Supply/Demand Tension

TPER

x

Oil tension will tend to increase to 2035 and then decline.

x

Both Canada and the US see increasing Natural Gas tension to
2035, and then decreasing tension. Mexico viewed it as none
to 2035, and then decreasing.

x

Coal is expected to have a small increase in tension.

x

Nuclear tension was viewed as neutral to 2035, and then
decreasing.

x

For Renewables, decreasing tension may be expected to 2050.
Mexico expected no tension to 2020 and then a decrease.
Canada identified hydro as a potential source for increasing
tension after 2035.

TPER will increase to 2050. The US did not report.

30

6 Comparison of Scenarios
6.1 The Economy
Scenario 2 is expected to show the lowest economic growth. In the other three
scenarios, the growth is higher, but not markedly different among them. All
scenarios expected that growth would be stronger than current trends after 2035.
There were no major changes to current demographics.
6.2 Energy
Energy intensity improvements are expected to follow current trends, except
Scenario 3, which showed somewhat more improvement. Primary energy is
expected to be more diverse in its supply, except for Scenario 2, which is anticipated
to be more carbon intensive. Total primary energy requirements are difficult to
interpret, since the US did not provide any views.
6.3 Supply/Demand Tension
Oil

Tension is expected to increase to 2035,
across all scenarios, except for No 2. After
2035, a decrease in tension is noted in all
scenarios

Natural Gas

Tensions in natural gas are similar to those for
crude oil

Coal

There is little or no tension in coal across all
scenarios.
It was evident in the US,
especially Scenario 2

Nuclear

No tension is evident in Scenario 1. Scenario
2, 3 and 4 expect increasing tension

Renewables

No tension is expected in Scenario 1, whereas
Scenario 2 and 3 showed an increase and
Scenario 4 showed a decrease.
In Canada, hydro was separated from other
renewables because of its dominance in
electricity generation. Tension in this area is
expected to increase in Scenarios 1 and 4, and
be neutral in Scenarios 2 and 3.
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7 Energy Policy Actions in North America
7.1 Introduction
Section 4 provides a description of the dominant global energy issues, challenges and
opportunities for the next half century and beyond. The principal outcomes of the
Scenarios Workshops for North America have been presented in Sections 5 & 6. These
results have been used to identify the most important areas for attention to energy policy
development. In this Section, the priority areas for energy policy development in North
America are presented and discussed.
Scenarios in which certain policy actions dominate have been identified; however, these
policies will be applicable to some degree in all scenarios. Similarly, most of the policies
will apply to each of the three countries. In a few cases, a particular energy policy could
be more dominant in one country, which is noted accordingly.
In the context of WEC’s three A’s, it is noted that the dominant one for consideration in
North America is Acceptability. Accessibility and Availability are of reduced
significance, except for Mexico.
7.2 Energy Policy Development
In North America, development and use of energy resources have been major
contributors to overall economic development and prosperity of all three countries and
for the Region as a whole. In general, energy supply systems function well and its use for
industry, commerce, residential and international trade have served as major contributors
to the economic health of the three countries.
It is recognized that the supply and use of energy for the next half century presents many
challenges. Supply systems will need to change in a major way and end use patterns will
need to adapt to changing financial, environmental, social and economic pressures. This
poses special challenges for policy analysts and decision makers in addressing energyrelated issues, both for the immediate future, as well as for longer term considerations.
This challenge is made even greater as a result of certain special features of energy
systems. In general, energy systems are very complex and, at times, are inadequately
understood by policy analysts and decision makers. Energy systems are capital intensive,
have long economic lives, and evolve slowly. As a consequence, the imposition of a new
or changed energy policy will usually have limited short-term impact, but can have major
long-term consequences. It is important, therefore, that energy policy development be
based on a clear long term vision, in-depth understanding of consequences over the full
economic life of any associated developments, and full appreciation of inherent
complexities.
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In spite of these challenges, it is also important that energy policy development occur
sooner rather than later, because of need to prepare and adapt to changing supply and end
use conditions.
The importance of good energy policy has assumed increasing prominence in recent
years in North America. There are some examples where energy policies have been
poorly developed and improperly administered. Consequences for such situations are
enormous, with major financial, economic, social and political consequences. Invariably,
these situations lead to serious deterioration in public confidence and trust in those
responsible for the stewardship, management and operation of energy supply and end use
systems.
The situation is made even more complex by the global interdependence of energy supply
systems and end uses. There is extensive global trade in energy commodities, including
oil, natural gas, coal, and uranium. There is also global concern about managing climate
change effects from the burning of fossil fuels. As a further consequence, policy makers
need to also address policy developments in the context of national, regional and global
considerations.
There is a further challenge related to stewardship and management of energy resources
and end uses. This requires periodic assessment of jurisdictional arrangements,
legislation, regulatory and administrative structures and authorities, and roles for public
and private sector participation for ensuring efficient delivery and effective protection for
the public.
In the various Workshops in North America and in follow up meetings, it is considered
that certain improvements in the process of energy policy development would be
desirable:
As energy supply and end use systems will change more rapidly in the next half
century than in the past half century and as the degree of global and regional
interdependence expands, it is important that even greater resources be dedicated
to supporting sound policy analysis, planning and development.
It is a shared perspective that the incidence of poor energy policy development
and execution be reduced.
There is a need to strengthen integrated policy development for the North
America Region. A good start on regional energy policy development has been
initiated by the North America Energy Working Group, and the subsequent
Security and Prosperity Partnership Agreement. There may be a special
complementary role for the WEC North America Region, in helping to address
longer term energy issues. As an example, for the next North America Forum, the
selected theme is “Towards and Energy Vision for North America”.
There is a need for ongoing review of the respective roles of the public and
private sector entities in the stewardship, development and management of energy
resources and systems.

33

-

This issue was raised as a very important issue in the Mexico Workshop. There
were also comments in the U.S. Workshop that some longer term rationalizing of
respective roles in the United States could be beneficial.

7.3 Meeting the Supply Challenge
Over the next 50 years, all economically viable energy resources in North America will
need to be developed. Self-sufficiency of oil may be considered in a North American
context and then late in the scenario time horizon, due to long lead times for the
development of unconventional resources such as the oil sands and oil shales. This places
special emphasis of the need for strong trade relations with oil exporting countries
outside North America, since it is most likely that North America will continue to import
crude oil to meet its requirements.
While all fossil fuel demand is expected to increase, the mix of fossil fuels is expected to
change over time, with coal increasing its share and oil and natural gas decreasing. There
will be significant focus on new technologies, such as liquid and gaseous fuels developed
from coal, and carbon capture and sequestration.
With respect to petroleum and natural gas resources, there are several areas of policy
focus: expanding exploration and development into federal, state, provincial and offshore
areas; accelerated research on enhanced recovery of fossil fuels from existing and
abandoned production sites; and a program to development non-traditional fuel sources,
including tight gas, oil shales, and methane hydrates.
For non-fossil fuel supply, it will be necessary to provide support for: large and small
hydro development, uranium production to meet nuclear power needs, the development
of bio-fuels, such as cellulose-based ethanol and bio-diesel; and other renewables, such as
wind, tidal and solar.
Policy Action
Policy

Dominant
Scenario
1. R&D funding for large scale demonstration of coal to liquids 1 and 2
technology
2. Review of current restrictions on oil and gas exploration in 1 and 2
environmentally sensitive areas, with proposals to mitigate negative
impacts of oil and gas development
3. R&D funding for advanced oil recovery techniques from existing All
reservoirs. Provision of tax incentives for the implementation of
these techniques.
4. Funding of pilot projects for oil shale extraction and methane 1 and 2
hydrates.
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5. Tax incentives or accelerated write-offs for small scale
renewable electricity generation, such as small hydro, wind and
biomass.
6. Streamline approval process for large hydro sites
7. Streamline regulations for uranium mining.
Streamline
regulations for nuclear power plant licensing
8. Reduce/eliminate consumption taxes on bio-fuels. Provide
incentives (subsidy or tax relief) for bio-fuel manufacturing
9. In Mexico, undertake fiscal and energy reform to permit Pemex
to have a more autonomous businesslike management and the
needed capacity for exploration and development

3 and 4

3 and 4
3 and 4
All
All

The polices, most applicable to Scenarios 1 and 2, generally arise because it is
anticipated that international cooperation will be low, hence the free flow of energy
commodities could be impaired. In this case, North America will be more self-reliant for
fossil-based fuels and will work towards sources that have not been exploited. These
policies tend to assist in satisfying Accessibility and Availability.
Acceptability is met by the policies identified against Scenarios 3 and 4, which work
towards reducing the barriers for developing non-emitting electricity generation due to
increased demand and generally more awareness of GHG reduction.
7.4 Promoting Energy Efficiency
Energy efficiency in all aspects of supply and end use is important. New and changing
systems, approaches and technologies will be required to ensure that viable options are
developed and implemented. In addition, the promotion of a conservation ethic through
public education will be necessary.
Policy Actions:
Policy

Dominant
Scenario
10. Support for technology research, development and deployment All
to achieve energy efficiency improvements through tax incentives.
11. Introduce rigorous building codes, regulations, standards and All
energy efficiency labeling
12. Provide public awareness of the benefits of using energy All
efficient appliances.
14. Promote public awareness of the cost of energy, in real time, All
through the use of smart meters or similar devices.
15. Provide education on conservation measures such as set-back All
thermostats.
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It is expected that energy efficiency policies will be pervasive for two main reasons: a)
they are a relatively low cost solution to energy reduction; and b) it is one of the few
policies that simultaneously satisfies all of the 3 As.
7.5 Mobility
Improved efficiency of mobility systems, especially land-based transportation systems,
will be required. The development of efficient transport technology alternatives;
expanding urban and inter-urban transportation systems; a focus on urban development
planning for densification and business/residential clusters to reduce commuting time and
distances are among the areas of research and development
Policy Actions

Policy

Dominant
Scenario
16. Introduce high vehicle efficiency standards
All
17. Provide incentives to encourage plug-in hybrids and fuel cells.
1 and 2
18. Provide incentives/subsidies to encourage high speed inter- 1 and 2
urban rail transit
19. Provide subsidies for urban transit systems
All
20. Provide regulatory guidelines for municipalities to address 1 and 2
urban development that reduce travel and commute times and
distance, such as densification and the development of business
clusters.
Similar to stationary energy efficiency (section 7.4), vehicle efficiency standards,
whether in the form of energy (miles per gallon) or emissions (emissions per mile), will
be a major component of the future policies.
Other policies will be more specific to an environment which needs to produce more
energy savings as supplies are more likely to be constrained in this situation.
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7.6 Managing GHG Impacts
It is recognized that science of global warming is not conclusive, but there is a need to
respond positively, based on overall public perception and the need for responsible
action. This response could include: an increased reliance on non-fossil energy such as
nuclear, hydro and renewable sources; enhanced energy efficiency in all its forms, more
efficient electricity production, and carbon capture and storage.
Policy Actions
Policy

Dominant
Scenario
21. Subsidy to build integrated demonstration capture and 1 and 2
sequestration project.
22. RD&D initiative to explore options for the conversion of CO2 1 and 2
to solid or liquid for permanent storage
23. A carbon trading system as a means for meeting potential 3 and 4
emissions reduction targets potentially linked to existing systems,
such as the European Union
It is not expected that an effective carbon trading system could be developed without
strong global cooperation. Therefore, in Scenarios 1 and 2 additional polices and
regulations will be required However, it is not intended that these are the only polices
required. Most of these actions are covered by other policy initiatives, such as energy
supply (7.3) and energy efficiency (7.4 and 7.5).
Should an effective carbon market exist, it may be expected that the price signal will
encourage the appropriate R&D initiatives.
7.7 Technology Options
New and improved technologies will be essential to meet the needs of changing energy
systems. Enhanced mechanisms for more effective collaboration between the public and
private sectors in order to reduce the time from research to commercial deployment will
be needed. Successful energy S&T requires a long-term commitment to funding. A
systems approach is essential to maximizing the benefits of energy technologies and
effectively managing energy innovation. This approach should be supported by the data
and intellectual capacity needed to analyze energy systems. There is need for greater
focus on energy in federal labs and in academic research.
The recent Canadian Report of the National Advisory Panel on Sustainable Energy
Science and Technology entitled “Powerful Connections: Energy, Science and
Technology Priorities and Directions in Energy Science and Technology in Canada” is
applicable to all of North America.
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Policy Actions
Policy

Dominant
Scenario
24. Establish liaison groups with government, industry and All
academia for technology types
25. Implement mechanisms that encourage greater innovation by 1, 2 and 3
the energy industry either through the tax system or by direct
support.
26. Increase funding to academic institutions and national All
laboratories
It is expected that most technology policy will be applicable to all scenarios; however, it
is likely that the market mechanisms, most prevalent in Scenario 4, will reduce the need
for government sponsored action.
Some specific areas of focus for long term supply and environmental benefits could
include: biofuels; gasification; electricity transmission, distribution and storage; and fuel
cells.
7.8 Accessibility/Availability
Accessibility is a concern is some remote regions of Canada and the US; however, it is
much more prevalent in Mexico. To some extent future availability may be influenced
by the NIMBY syndrome as local opposition to new energy infrastructure delays or
cancels projects.
Because of its role in the world economy, North America needs to lead international
efforts in developing countries to enhance access to commercial energy.
Policy Actions
Policy

Dominant
Scenario
27. Provide incentives for small power systems such as distributed All
generation
28. Enhance public hearing process for major energy projects
All
29. Increase international support for energy projects in developing 3 and 4
countries
Scenarios 3 and 4 are identified for international support because economic growth in
North America will be able to support these actions and the institutional structure will be
available to effectively coordinate international programs
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Introduction & Objectives
In September 2004 in Sydney, the Executive Assembly of WEC approved the study “Scenarios to
2050” within the frame of the new programme of studies 2004-2007. A first objective for WEC is to
become more prominent on the global energy scene with a flagship publication. In this context, the
choice to create new scenarios is motivated by the evolution of our vision of the world energy scene
since the last WEC scenarios of the 1990s. As shown by ETWAN, and the recently completed
“Drivers” study, the world may be far from achieving our ambition to fulfil the three goals of
Accessibility, Availability, and Acceptability. This creates a second objective, to say strongly and
loudly that courage will be needed to put the world on a better path. Hence, the purpose of the new
scenarios is to show what kind of world we might be heading for and what policy decisions could alter
the course of events in a more favourable way.
Proposed approach
Decisions have to be made on several key elements: the methodology, the organisation, the working
method. The Guidance from the WEC Studies Committee was crisp and requires the Study Group to:
x
x
x
x

Build on the previous work of WEC
To focus on the policy choices that are available
To avoid replicating the work of other organisations
To be mindful of the goals of WEC

The Methodology:
For the new scenarios to be a “WEC Product” with a feeling of ownership by WEC members, they
should not be planned as a sophisticated modelling exercise with a deep involvement of outside
experts (as was the case for the former set created by IIASA). The essence of the work should be the
same kind of mix of qualitative and quantitative collective analysis as was performed in the “Drivers”.
Working collectively as a pure WEC team also requires that the study group be composed of WEC
experts, with the invited external experts only playing an ad hoc role.
The Organisation:
The organisation is based on the strengths of WEC, i.e. the participation of the energy industry
(private or public-owned), the participation of all – developed, developing, and in transition – member
countries, and the WEC decentralised structure embracing regions and the individual member
countries. The regions are particularly important given the wish that the scenarios be both global and
regionally coherent. These requirements justify the structure that has been chosen.
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Executive Assembly
Officers Council

Studies Committee
Advisory
Commission
Group
Steering Committee
(Procedure)
Project
Partner
Manager
Organisation
Organisation

Scenarios Study Group
(Content)

External
Expert
Group
Expert
Specialist
Groups

Modelling
Organisation

Member Committees

Study Group: Chairman appointed by the Studies Committee. Members nominated by Member
Committees (one per country). It is responsible for developing the study and preparing the final text to
be submitted to the Studies Committee.
Steering Committee: A part of the Study Group, consisting of the representatives of the regional
Vice-Chairs, and the leadership of the overall study (Chairman etc). They are responsible for the
procedural and managerial aspects of the study, and in particular the organisation of the regional
meetings to discuss the regional implications of the scenarios.
Specialist Groups: Such focussed sub-groups as the Study Group may see fit to form to prepare a
particular assessment (e.g. on specific technologies or on the long term supply of coal) for the Study
Group
External Invited Experts: Individuals (or organisations) that are not members of WEC but have
recognised expertise which the Study Group deems valuable for the study. They may be invited to
Study Group or regional scenario meetings.
Advisory Group: Top level industry executives and other prominent individuals invited by the Chair
of WEC to meet (probably twice) in plenary session to review and comment on the direction of the
work, especially its policy implications.
Project Manager Organisation: The organisation we sub-contract to manage the process, coordinate
workflow, manage the Modelling Organisation and undertake basic drafting.
Modelling Organisation: A body, reporting to the Project Manager, with a global energy model,
which would be sub-contracted to undertake the quantitative analysis.
Working method
The reason to prepare scenarios is to share a particular vision of the future. As the future is uncertain,
this vision is “fuzzy”. It is also “subjective” because it depends on who (what person, group of
persons, organisation) prepares the scenarios, meaning that another organisation or even another WEC
study group could come up with a different vision, either in terms of central tendency or/and in terms
of different range of uncertainties. To share such a vision, what makes the difference between “good
scenarios” and “poor scenarios” is five-fold:
1. the consistency and professionalism of the global “vision”,
2. the way this global vision is correctly reflected in a set of well-chosen scenarios,
3. the internal consistency of each scenario that reflects a credible storyline,
4. the attractiveness of the study and its appeal to non-specialist readers,
5. the choice, and range, of the variables that represent the scenario.
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This is why the mandate of the Studies Committee to the Study Group is to develop a WEC-specific
report – not simply an endorsement of the views of other organisations or energy models - with an
understanding and a methodology based on the recent work of WEC (eg “Drivers” Study).
Conversely, what WEC does not wish is a too simplistic “linear” approach of which two variations
exist:
- An extrapolation of the recent trends, i.e. a set of “projections”. Such an approach is
especially inappropriate if one believes, as WEC appears to do, that the former trends cannot
simply continue.
- An interpolation between now and some chosen final states. Even though they are called
“scenarios”, the risk is that of “wishful thinking”, either for the choice of the final states or for
the paths that lead to them.
Both would give birth to story lines in which the energy scene evolves predictably, without “surprises”
whereas the past energy story shows that predictability never lasts very long and is interrupted with
periodic “shocks” that bring strong reaction in terms of price changes, new technologies, lower energy
intensities, and different energy portfolios.
The idea proposed by the Studies Committee, and confirmed by the Study Group, is to focus less on
the generic natural phenomena (level of fossil fuel resources, demographics, spontaneous world GDP
growth, etc.) and not to treat them as primary variables, but rather to concentrate on pro-active
scenarios based on the possible policies. A second stage, after the description of the “holistic” vision
of each scenario, will introduce the regional dimension, i.e. a definition by and for each region of how
the global scenarios may be developed. This exercise may lead to some revisions to ensure full
consistency between the global and regional sub-visions. Only once the qualitative global and subregional scenarios are set, will the third stage of quantitative reconciliation (eg regional split of the
primary fuels and energy services) be done with the sub-contracted organisations.
Timetable
Given the suggested working method, the following global timetable is proposed:
• Year 1: Global Scenarios and Storyboards.
• Year 2: Regional and Sectoral sub-scenarios.
• Year 3: Consolidation into main Report
First year:
It would be devoted to the review of the principal “Drivers” (demographics, technology, resource
availability, environment, institutional framework, economic growth…) with, for each, a discussion to:
- Firstly, identify (perhaps with the input of a specialist sub-group) to what extent it can be
“frozen” (i.e. be the same whatever the scenario) and what the most acceptable value or set of
values is.
- Secondly, examine to what extent the selected driver influences the other drivers (whether
they are correlations between the examined “Drivers”), for instance the feedbacks of energy
supply strains on economic growth,
- Thirdly, choose the policies that need to be described in the different scenarios, keeping in
mind that there should be strong references to “Availability”, “Accessibility”, and
“Acceptability”
An important matter will be the number of scenarios. Two scenarios may be too few because they
would only describe a single policy alternative but, above three scenarios, the exercise may become
confusing. Whether WEC a-priori prefers to limit the study to three global scenarios – as a means to
convey enough complexity but not too much - is a decision that appears attractive but needs to be
confirmed by the Study group.
Once a decision is made on the number and types of scenarios, the Study Group will need to provide
each one with a brief story board that describes the message of the scenario as compared to the other
ones and the qualitative results to be expected (the expected results will drive the value of the variables
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and not the opposite). These scenarios and story boards would be the programme of the first year and
would be presented, for discussion and approval, to the Advisory Group, to the Studies Committee,
and, finally to the Executive Assembly of Colombo during a special symposium.
NB. The decision to consider that the main uncertainties addressed in the scenarios are related to the
type of energy policies that can be implemented is different from the choice made by WEC in 1993
and 1998. On this basis the Study Group would assume that the natural (“Mother Nature”)
uncertainties are of second order as compared to the policy choices that can be made, and concentrate
on a single set of parameters, ensuring their internal consistency, e.g. between economic growth and
fossil fuel resources, between energy intensity and prices, between the price triggers and the coming of
new technologies when no policy constraint applies. Proposing different policy choices would be the
means for WEC to communicate its desired messages regarding availability, acceptability, and
accessibility.
A possible detailed timetable of the first year is as follows:
• December 2004: Study Committee meeting to provide guidance and Steering Group meeting
to define the overall process (this was done and allows the writing of this provisional TOR).
• 4-5 February 2005: 1st Study Group meeting with presentations of external experts. Choice of
the type of scenarios and of the reference story line. Discussion on the link between GDP
growth and energy scarcities.
• Jan-March 2005: Writing and submission of a first draft. Call for comments. Possible input
of sub-groups on demographics, GDP growth, and perceived fossil fuel scarcities.
• Early April 2005: 2nd Study Group meeting for the definition of the policy choices in the
selected scenarios and implications on the dynamics of technology
• Apr-June 2005: Writing of a second draft incorporating the comments made at the second
Study Group, possible input of specialist sub-groups, e.g. on technologies
• End-June 2005: 3rd and last Study Group meeting of the first year to confirm or modify the
preliminary scenarios, and either prepare, or incorporate, the feedbacks of the Studies
Committee and Advisory Board
• July-Sept 2005: Incorporation of the comments in the draft and preparation of a presentation
summarizing the works and conclusions of the Study Group for the symposium
• September 2005: Executive Assembly in Colombo, symposium and conclusions. Launch of
the regional meetings. Discussion on what the main themes should be at these meetings.
Second year:
It would be devoted to the regional work along the definition of the WEC sub-regions, namely Africa,
North America, South/Central America, Asia, and Europe. If the Study Group agrees, slightly
different grouping might be considered.
For each region, there will be a WEC meeting(s) to discuss the global proposed scenarios, focus on the
main relevant themes for the region, and create regional sub-scenarios. In case of inconsistency
between the global story lines and their regional development, the regional sub-scenarios would be
allowed to feed-back to the global scenarios and modify them in order to ensure that the WEC vision
is internally consistent. A further benefit is that, once consistency has been achieved, it will become
easy to deepen the regional work and use it for further regional studies or presentations.
These regional meetings should take place between October 2005 and June 2006, in order to leave
time to digest their results. The corresponding reports would be prepared by the regions under the
leadership of the regional scenarios co-ordinator. The organisation of major regional events is a
challenging task but is the only way to ensure that the scenarios are truly endorsed by the WEC
Regions and their Member Committees.
The second year programme would end with a presentation at the Tallinn Executive Assembly of
September 2006. Each region would then briefly present the results and the salient points of the
regional discussions. The symposium will be useful to get the feedback of the Executive Assembly on
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the way the results should be displayed in the final report (in terms of text and graphics). A
preliminary plan would be announced for the completion of the study in time for Rome. As the
second year may be the busiest one, close cooperation with the regions is needed in order to ensure
that the timing chosen for their meetings will fit with their business agenda (for instance, July and
August are not the right months to organise a meeting in Europe because many people are on vacation)
In addition to the regional focus, the global scenarios developed in year 1 will most probably have
implications for various sectors (eg technology, transport, health etc). During year 1 the Study Group
will decide which specific sectors will be studied in detail during year 2. Sub-scenarios will then be
developed for the chosen sectors, probably through a sub-group of the main Study Group
Third year:
As mentioned above, the third phase of the study should probably start by mid-2006, after the last
regional meeting and two months before the Tallinn Executive Assembly, in order to leave two
months to summarize the work of the preceding year and prepare for the symposium at the Executive
Assembly. Starting from there, the full third year will be devoted to the quantitative work, the writing
of the report, the choice of the graphics, and the final editing before printing by mid-2007.
Concluding remarks
As for the “Drivers of the Energy Scene”, the scenarios 2050 study does not call for the combination
of “narrow expert analyses” but on a synthetic and helicopter view of the whole energy scene. This
does not dismiss the contribution that “experts” can bring but the Study Group needs to keep in mind
that the most important variables, be them related to “Mother Nature” or to the possible policies that
might be implemented, cannot be discussed in isolation.
The chosen organisation of the work will allow a strong input from the high-level WEC decisionmakers. They have a global and pragmatic perspective on what has already happened on the energy
scene and what might happen in the future. They also understand, at least intuitively, the important
role that energy plays in the world economics, especially through its price. Should this price be
declining and stable, as during the golden 50s and 60s, energy price will be a catalyst of economic
growth, improved access and declining poverty. However, if the price is rising and volatile, it will
hamper the economic development and the access of the poor to modern services.

CONTACT DETAILS:

The contact details for the full Steering Committee are given at the end of this document.
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Dominant Global Energy Issues, Challenges and Opportunities
I.1 Introduction
Eleven global energy issues, challenges and opportunities were identified by the WEC
Steering Committee and Study Group as being most dominant for direct consideration in
the Study on Global Energy Policy Scenarios to 2050. In this Section, these eleven topics
are described.
I.2 Issues, Challenges and Opportunities
The eleven issues, challenges and opportunities are summarized under the following six
themes:
Energy Supply
1. Accessibility
2. Hydrocarbon Supply Challenge
3. Keeping All Supply Options Open
End Use
4. Energy Uses, with Special Emphasis on Mobility Systems
5. Global Conservation Ethic
Environmental Impact
6. Greenhouse Gas Challenge
Technology
7. Technology Challenges and Opportunities
Market Reform and Financing
8. Global Market Reform
9. Financing Challenge
Policy and Coordination
10. National and Regional Supply Security
11. Global Coordination and Support
I.2.1 Accessibility
The World Energy Council has established three dimensions of a successful and
sustainable energy future for meeting certain standards for Accessibility, Availability and
Acceptability of energy supply.
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For much of the world, the dominant issue is Accessibility, i.e., lack of access to
commercial energy. Of the roughly 6 billion people on the planet today, 2 billion have no
access to commercial energy of any form and another 1 billion have access, but with
supply which is unreliable and basically, unsatisfactory. This means that about half of the
global population is deprived of access to reliable and sustainable energy supply.
This serious “energy accessibility” situation is recognized by the global community as
being unacceptable. An effective response to this challenge requires a major coordinated
effort and more effective performance by established and new international institutions to
make progress in response to this challenge. There is also a need, in some countries
which are experiencing “energy accessibility” challenges, to put in place reforms, along
with the appropriate political, economic, and institutional structures and arrangements, to
achieve effective progress on this challenge.
There is a potential “accessibility” issue in some developed countries. This issue arises
because of increasing challenges in getting essential energy infrastructure approved for
development. There is increasing local opposition to such infrastructure, referred to as the
NIMBY (Not In My Back Yard) phenomenon. Demand has continued to grow, while
supply response has not kept pace. This has resulted in situations where supply – demand
balances have become very tight, with consequent growing vulnerability of supply
interruptions. Indeed, there is growing incidence of supply being curtailed or voltage
reductions (for electricity systems) being implemented to maintain supply. While energy
efficiency improvements, in general, help to reduce rate of growth of energy demand,
energy demand continues to grow. In addition, ageing energy infrastructure needs to be
periodically upgraded or replaced to meet rising standards of technical or environmental
performance. The challenge therefore is to implement more effective public consultation
and education programs, as well as strengthened and more effective approval and
regulatory processes to ensure ongoing reliable and secure energy supply.
I.2.2 Hydrocarbon Supply Challenge
Over the next half century, energy demand will continue to increase. Recent projections
from the International Energy Agency include overall increase of 57 percent from 2002
to 2025. Demand in the OECD countries is projected to continue growing at about 1.2
percent per annum, which would correspond to about a 38 percent increase by 2030,
relative to 2005. In developing economies, such as China and India, growth is expected to
be much more rapid, with average growth being about 3.3 percent per annum, whereas
the transitional economies are projected to grow at 1.8 percent annually. Total demand in
the developing economies is projected to equal and then exceed total demand in the
mature economies by 2015.
Most experts agree that there is every expectation that energy demand will continue to
grow beyond 2025, especially as the mature market economies continue with their
economic development programs and as developing and transitional economies also
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continue with their more aggressive economic development plans. It is projected that
global demand in 2050 will be more than double the current level.
The challenge will be to satisfy this growing demand. At the present time, 86 percent of
global demand is being provided from fossil fuel sources. This breaks down to 38 percent
from oil and 24 percent from each of coal and natural gas. The rest is supplied form
nuclear (7 percent), hydro (6 percent), with the remaining 1 percent from wind, solar and
other renewable sources.
In assessing basic energy supply sources for the next half century, it is projected that the
dominant source will continue to be based on fossil fuels, with supply from this source
still representing 80 to 90 percent of total supply. This projection is based on the
expectation that other supply sources (nuclear, hydro, renewables, etc.) will be expanded
quickly and that energy conservation measures will also be implemented. If this is does
not occur, the dependence on fossil fuels could be even greater.
This continuing dominant reliance on fossil fuels is because there is no alternative energy
source, which will significantly alter this dependence over the next half century. While
there is extensive research being carried out on the potential for new energy sources, such
as fusion, it is not expected, even if successfully developed, these new sources would
attain a substantial market share by 2050.
There is no shortage of fossil fuels to meet total energy needs over the next half century.
However, the distribution of fossil fuels, especially oil and natural gas, is such that there
are major imbalances between supply sources and demand locations. As a consequence,
there is extensive global trade in oil and natural gas, with associated supporting
infrastructure. This will continue to be the case for the next half century.
The mix of fossil fuel supply is expected to change over the next half century. While
supply from oil, natural gas and coal are all projected to continue increasing, there will be
shifts in relative supply from these three sources. The percentages from oil and natural
gas are projected to decline, while the percentage from coal will increase. These shifts
will be driven by differential global resource costs of the three sources, by availability of
existing processing and delivery infrastructure, and by local resource availability.
There are major opportunities for technology development and deployment to increase
the availability of all three forms of hydrocarbons and for additional and more efficient
processing and delivery infrastructure. This includes processing hydrocarbon derivatives
from coal and from various non-conventional sources, such as oil sands and oil shales, as
well tight gas and potentially methane hydrates.
A major challenge for the current and expanding reliance on fossil fuels is the perceived
impact on the environment, especially climate change. This will place a major focus on
developing and using fossil fuels in such a way that the release of CO2 and other
greenhouse gasses to the atmosphere is minimized (see also Section I.2.6).
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Another challenge relates to maintaining ongoing security and reliability for energy
supply systems. Energy supply systems are capital expensive and are often located in
challenging environments. Examples include deep water offshore drilling rigs, lengthy
pipelines across mountains, sea-beds and inhospitable terrain, and developments in harsh
environments (such as Arctic conditions). Such infrastructure can be vulnerable to
extreme events, including climatic events (hurricanes or earthquakes) and more recently,
the threat of terrorist attacks. Costs can be enormous and supply disruptions lengthy in
the face of such events. This places particular emphasis on maintaining adequate reserve
capability and contingency arrangements.
I.2.3 Keeping All Supply Options Open
The World Energy Council is of the view that all supply options should be kept open.
None should be unduly favored and none should be rejected. This was articulated as one
of the key messages of the WEC World Energy Congress in Sydney, Australia, in 2004.
There are also clear benefits in maintaining supply diversity to reduce long-term
vulnerability.
In recent years, it has been accepted that certain supply options, which were regarded as
not favoured or not accepted in the 1990s, should now be openly considered within the
overall supply mix. This position has developed as a direct acknowledgement that all
options have challenges, but all also have favorable features. For example, large hydro
and nuclear energy supply sources should be respected as acceptable supply options, in
combination with other supply sources, in response to ensuring that economic,
environmental and social objectives are being satisfied and to provide diversity in system
supply.
It is a tribute to leaders in industry and government that much progress has been made in
response to earlier challenges with certain supply options, which had resulted in reduced
public and political acceptance. For nuclear energy supply systems, for example, a global
“Nuclear Operators” organization was formed in the mid 1980s in response to challenges
arising from the Three Mile Island and Chernobyl events. This organization is committed
to improving operating performance of all existing nuclear generating facilities around
the world and has put in place a regular peer review operating performance audit process
against agreed and demanding operating procedures. Results over the past two decades
have resulted in growing public confidence in the ability of the nuclear energy industry to
achieve safe and reliable operating performance for their plants.
Similarly, for hydro systems, there has been much work to reduce the “environmental
footprint” of hydro projects on flooded lands and river systems. There is also greater
attention to ensuring that economic and social impacts of such developments are
favorable for affected populations.

5

I.2.4 Energy Use, with Special Attention on Mobility
Within WEC, energy demand is normally separated into three broad categories:
electricity, stationary and mobility.
It is recognized that there are substantial opportunities for using energy more efficiently
in all three areas. However, with energy generally being abundant, easily accessible and
relatively inexpensive, especially in developed countries, there has been inadequate
motivation to implement available energy end-use efficiency improvements. However,
with increasing recognition that most energy sources are not renewable, that energy
prices will rise and remain high, that there will be increasing global competition for
available energy sources, and that energy use is having a serious impact on the
environment, it becomes essential to address all measures that contribute to reducing
energy use.
There has been a substantial amount of work carried out to demonstrate areas for
reducing energy use in electricity, stationary and mobility systems. The results are
contained in various supporting documents, carried out by Specialist Study Teams, which
have been part of this Energy Policy Scenarios study. Some examples include: more
efficient lighting systems, greater use of heat pumps, better energy control systems and
providing energy performance standards for manufacturers, based on best available
energy efficiency technologies.
The predominant area for improving energy efficiency is with mobility systems, which is
also the area of most rapid growth in overall energy demand, and the most oil-dependant
sector. There are several options for reducing associated energy use. Firstly, there are
available technologies which could lead to substantial improvements in transportation
systems, which include advances in fuel technology, and the design of road vehicles. 1
Secondly, there are opportunities for reducing energy use in urban areas with
comprehensive integrated multi-modal urban and inter-urban transportation systems for
moving people within and between urban areas. Thirdly, urban plans which emphasize
densification and promote business/residential clusters are also beneficial for reducing
commute times, with associated reductions in energy use and related costs.
I.2.5. Global Conservation Ethic
Historically, the overall use of energy has been wasteful and little effort has been made to
respect that most energy sources are not renewable. There is also recognition that the
development and use of energy has often been associated with actions leading to
environmental degradation.

1

These are described in the report titled Mobility Technologies to 2050
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In the past two decades, there has been much greater awareness that past practices should
not be allowed to continue. Much greater attention must be given to ensuring that actions
associated with the development and use of energy should be with greater appreciation
and respect for limits on resource availability and for protection of the environment. This
awareness is further enhanced by the additional challenge of climate change and the need
to ensure that hydrocarbon sources are being developed and used as efficiently as
possible.
In a broader context, there is an even greater need to establish a global conservation
“ethic” which underpins all aspects associated with the development, processing, delivery
and use of energy on a global basis.
I.2.6 Greenhouse Gas Challenge
There is overwhelming consensus that the dominant cause of global warming is due to
the release of CO2 and other greenhouse gasses into the atmosphere. Most of these gasses
come form the burning of fossil fuels, although the scientific evidence is still not
absolutely conclusive about the relation between release of CO2 to the atmosphere and
global warming.
A first approach to addressing this situation is to reduce reliance on fossil fuels. This
includes implementing all practical energy efficiency and conservation measures.
A second approach is to place greater reliance on supply options which reduce
dependence of fossil fuel sources – such as nuclear, hydro and renewable sources. It is
also possible to place greater reliance on electrical supply systems (plug-in hybrid
vehicles, for example) which result in an overall net reduction in the use of fossil fuels.
A third approach is to capture the CO2 and store it. This option is described in the
Intergovernmental Panel on Climate Change (IPCC) Report “IPCC Special Report on
Carbon Capture and Storage 2005”. The current focus is on capturing CO2 from high
emission sources, such as coal fired plants, and then injecting the CO2 into underground
reservoirs. The most common reservoirs are oil and natural gas fields, which have already
been exploited, and which thereby provide available space for storing CO2. There are
additional potential benefits with this approach in certain cases, as CO2 can be used to
enhance oil recovery from older wells.
There are other potential options for storage of CO2, such as deep ocean storage. With
this option, it is assumed that CO2 would be captured, transported and injected at depth
into oceans. There has not been any work to date on developing this option and potential
impacts on the marine ecology are unknown.
Other potential options include converting CO2 after capture into either a liquid or a solid
product and then storing the resulting product. It is potentially easier to store such
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products, relative to storing CO2 in gaseous form. Products include compounds such as,
calcium or magnesium carbonates.
It is evident that an important area of research focus is to assess and develop a
comprehensive range of capture, conversion and storage options for CO2.
I.2.7 Technology Opportunities
There are huge challenges for ensuring that all aspects of supply and end use of energy
for the next half century are fulfilled, as measured by the 3As.
For every energy related challenge, there are technology developments and opportunities
that can respond to each such challenge. For example, there continue to be improvements
and new developments for exploration, discovery, production, processing, delivery and
use of oil and natural gas. There are developments for the extraction of crude oil from
non-conventional sources, such as the oil sands, and oil shales. There are opportunities
for producing hydrocarbon derivatives from coal, based on known technologies. There
are technology opportunities to increase the efficiency of renewable energy sources. In
addition, there are technologies which can contribute to efficiency improvements and
conservation measures. There are technology opportunities for meeting environmental
concerns, including global warming.
The need for deploying new and improved technologies over the next half century will be
much greater than in the past. For new technologies to be brought into operation it is
necessary to proceed from research through development, demonstration and deployment
(R, D, D& D) – a process that often requires many years, and which can be both costly
and risky.
Because of the importance of bringing many new and improved energy technologies into
operation, there are challenges which need to be met. It is important that careful
consideration be given to selecting the promising technologies for each challenge, which
requires close cooperation of all stakeholders. There needs to be sustained commitment,
including ongoing support, financing and cooperation between government, industry and
research institutions. In some cases, there needs to be improved cooperation between
governments because of the scale of the development. An example is the current global
agreement to pursue research on fusion energy.
I.2.8 Global Market Reform
In its broadest context, there are two significant changes that are transforming the global
economic and political order with respect to management and trade in commodities,
especially energy commodities. Firstly, changes with respective roles of government and
industry within individual jurisdictions, and secondly, the trend to open global markets
and associated free trade.
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With respect to changing roles of government and industry, it is important to appreciate
the respective roles of government and industry in individual jurisdictions. The general
role of governments is to assume responsibility for defining the “national social good”,
for establishing national priorities, for defining the associated administrative structures,
and for determining the policy framework. The role of industry is to ensure that the
market demands are satisfied. To achieve this, industry relies on its entrepreneurial
talents and takes advantage of its inherent competitive strengths to ensure that goods and
services are produced and delivered that meet demand at acceptable cost.
Over the past three decades, there have been significant changes in the respective roles of
government and industry in several countries in the stewardship, management and
operation of infrastructure systems, including energy systems. This has arisen as a
consequence of the evolution in the ability of corporations to assume increasing
responsibility and associated risks in ownership, management and operation of these
systems.
The second global trend is towards market reform and free trade. There are reforms being
implemented with the objective of removing trade barriers and enhancing free flow of
goods and services. The purpose is to transform economies into producing goods and
services which are globally competitive and to permit economies to transform in a
manner that effectively eliminates subsidization of non-competitive industries.
Both of these trends are significant for energy supply and end use systems. In some
countries, there are transitions taking place in which private sector organizations assume
increasing ownership and management of energy systems. This is particularly evident in
developed countries where large national or global corporations are acquiring large
energy ventures, and operating them in a competitive manner.
With such developments, the role of government can change significantly. Ownership
and management of infrastructure by government is reduced or eliminated, and their
changed role is then focused on defining frameworks and associated policies and
regulations.
Global free trade is important for energy systems. Both oil and uranium are commodities
that are traded internationally on the basis of world market prices. Efficient delivery of
these commodities is dependent on established agreements and the ability of corporations
to ensure reliable and safe delivery to world markets. Natural gas is still regionally
priced, primarily because of transportation and contractual arrangements; however, the
trend is towards a more internationally priced commodity.
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I.2.9 Financing Challenge
Energy infrastructure projects are expensive and require major financing commitments.
To 2030, it has been variously estimated that global financing requirement in new energy
infrastructure is of the order of US$ 20 trillion, approximately 50 percent of current
global GDP. Based on projections of continued and growing need for improved energy
infrastructure (see Section I.2.2), investment requirements beyond 2030 will continue to
be very large.
To meet the financing challenge, it is necessary to use available financing sources from
governments, as well as from public and private sector enterprises.
A major investment issue for corporations, whether private or state owned, is the
presence of a clear and long-term stable policy environment. It is important that there be
a sound, functioning judicial system, based on established legal principles and free from
political interference or corrupt practices.
In developed countries, access to financing is not normally a problem. There is no
shortage of financing for energy infrastructure developments, when investment
conditions are clear and understandable.
For many under-developed countries, there are major challenges which impede effective
access to capital for energy developments. Governments may not have the financing
capacity, and private sector organizations may not be willing to make the investment
decisions. In addition, administrative and judicial systems are often also at early stages of
development, with greater risk of political interference, or lack of judicial protection in
case of disputes. With these challenges, the attractiveness for investors is greatly reduced
due to the much larger risk than other locations.
I.2.10 National and Regional Supply Security
Energy is one of the key components of a sustainable future, as established at the
Johannesburg Summit for Sustainable Development in 2002.
In a world of constrained energy access, either physical or economic, security of supply
at national and regional levels will increasingly dominate the energy agenda.
Recent events in Europe, triggered by the stand-off on gas supply between Russia and
Ukraine, have highlighted that market power can be wielded by energy-rich nations. The
rapid rise in world oil prices during 2005 also serves as a reminder that crude oil supply
is not controlled by the principal end-users.
Because of uneven geographic distribution of primary energy sources, nations will
continually be concerned about national or regional energy security. At present, there is
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major global trade in energy commodities, especially oil, natural gas, coal and uranium.
which has required cooperation between governments.
The principal issue is the continued tension between relying on imports to meet national
and regional needs, or relying on indigenous supply sources. When trade relations are
stable and dependable, the clear preference is to rely on supply sources which ensure that
energy is provided at the lowest possible cost to consumers. When trade relations are not
stable or dependable, the option then shifts to developing indigenous sources, usually at
increased cost to consumers.
This situation is made more complex with energy systems because of their capital
intensive nature and the long lead times required to bring new infrastructure into
operation. This places extra emphasis to ensure that supply security considerations are
considered in a longer term context.
This is not only an issue in terms for trade in energy commodities. In many regions of the
world, complex treaties govern the use of major rivers for hydropower production and
other water related uses. Some examples include the Indus River in Asia, the Nile and
Zambesi Rivers in Africa, and the Boundary Waters Treaty between Canada and the
United States. The success of such arrangements is based on the presence of stable and
dependable relations between participating countries.
I.2.11 Global Coordination and Support
From the afore-going discussion, there are a number of important issues that will need
concerted action, if progress is to be achieved towards a sustainable energy future. The
disparity in reliable access to commercial energy between developed and developing
nations on the one hand and under-developed nations on the other hand is a major global
issue.
For developed and developing economies, there are various institutional and cooperative
arrangements in place. There are major economic trading blocks established for Europe,
North America and Asia, respectively, which are oriented to facilitating free trade within
the respective blocks and for progressively removing restrictive trading practices. The
World Trade Organization was also established to remove trade barriers and to facilitate
greater freedom in the movement of goods and services.
While these arrangements have helped developed and developing economies, they have
not contributed substantially to solving the inequities in under-developed countries.
International lending agencies such as the World Bank and various Regional lending and
aid agencies have helped to a degree. The work of United Nations agencies has also
helped. National aid-giving institutions in developed countries have also provided
essential assistance. There have also been efforts by various non-governmental and
philanthropic organizations, dedicated to helping the poorest and disenfranchised
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communities around the world. However, these efforts have not been adequate in meeting
the challenge of achieving required progress in most under-developed countries.
It is clear that more global cooperation and support is desirable. In the long term, it
should ensure that energy commodities are available to consumers around the world. It
should also ensure progress on the energy accessibility challenge for those whose
sustainability requirements remain unfulfilled.
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Appendix III
North American Workshop
Participants
Canada
Mexico
USA
In each of the three North American countries, workshops were organized
for providing valuable input on energy policy scenarios. A list of
participants for each of the three workshops is included in this Appendix.
It is important to note that in selecting participants, emphasis was based on
ensuring a broad cross-section of senior personnel from all segments of
the energy sector. This included senior representatives from government,
energy corporations, manufacturers and equipment suppliers, service
industry representatives (consulting engineers, management consultants,
legal firms, financial enterprises, etc.), research institutions, and
universities & colleges. It was also emphasized that participation in the
workshops was intended to provide the best available intellectual input
into the process of addressing energy policy issues and that there should
not be any attribution back to respective employers.
There was also substantial effort in organizing the respective Workshops
and in preparing the respective Reports. Specially appointed Task Forces
were organized by the WEC Member national associations for this
purpose.

Canadian Scenarios Workshop
Participant

Listing

Name

Title

Company

Alia

Alizadeh

Director Marketing International

AECL

Jane

Allen

National Leader

Deloitte

Gary

Bischof

General Manager, Processing & Transportation

Irving Oil

David

Butters

President

APPRO

Catherine Cottingham

Executive Director & CEO

Electricity Sector Council

Tyler

Cummings

U.S. Relations Division

Foreign Affairs Canada

Michael

Cupit

Study Service Provider

Ernst and Young

Philippe

Dollois

Senior Manager

Deloitte & Touche LLP

Mike

Doyle

President

CAGC

Paul

Dufresne

Senior VP & GM, Energy Division

SNC- Lavalin

Carmen

Dybwad

Board Member

NEB

Matthew

Fairlie

Director Special Projects

Canadian Hydrogen Association

Pierre

Fortin

President

Canadian Hydropower Association

Alan

Fyfe

President

FCS Ltd.

George

Eynon

VP Business, Development & External Relations CERI

Robert

Griesbach

Director, Power Planning

Hatch Acres

Ian

Hayhow

Chief, Supply Analysis

Natural Resources Canada

Colin

Hunt

Director of Research and Publications

Canadian Nuclear Association

Tony

Hylton

President

Hatch Acres

Dave

Jackson

Professor

McMaster University

Brenda

Kenny

VP Regulatory and Financial

CEPA

Allan

Kupcis

Business Advisory Board

Brookfield Energy

Ken

McCready

Senior Policy Advisor

Energy Council of Canada

John

Muir

Country Executive- Canada

GE

Clement

Ng

Policy Analyst

CEA

Ron

Oberth

Director Marketing International

AECL

Andre

Plourde

Chair: Department of Economics

University of Alberta

John

Ritchie

Director, Corporate Affairs

Hatch Acres

John

Roberts

Director; Environment, Energy and Transportation

Conference Board of Canada

Terry

Rochefort

Executive Director

CAMPUT

Carlos

Samur

Chief Economist

Petro-Canada

Bob

Schock

Director of Studies

World Energy Council

Oskar

Sigvaldason

Executive Advisor

Hatch Acres

Jean

Simard

VP Public and Government Affairs

Gaz Metro

Murray

Stewart

President

Energy Council of Canada

Barry

Worthington

President

USEA

Steven

Zucchet

Vice President

Borealis Infrastructure

Mexico Scenarios Workshop
Participant

Listing

Pablo Mulás del Pozo – IIE
Mariano Bauer E. – IF-UNAM
Jorge Gasca R. – IMP
Rodolfo Camacho V. – PEMEX
José Luis Fernández Z. – II-UNAM
Arturo Reinking – FI-UNAM
Ramón Muñoz Ledo – IIE
Virginia Daniz G. – SENER
Javier Martínez E. – IIE
Manuel Rendón G. – LFC
Jorge Islas s. –CIE-UNAM

Oskar Sigvaldason – Hatch Acres, Canadá
Salvador Reyes M. – CFE
Daniel Romo R. – IMP
Guillermo C. Domínguez – Consultant
Juan Eibenschutz – CNSNS
Jorge M. Huacuz – IIE
Gerardo Bazán N. – PUE-UNAM
Arturo Arregui G. – PEMEX
Miguel Medina V. – CFE
Kenneth Smith – LFC
Claudio A. Estrada – CIE-UNAM

IIE: Instituto de Investigaciones Eléctricas
IMP: Instituto Mexicano del Petróleo
PEMEX : Petróleos Mexicanos
CFE: Comisión Federal de Electricidad
LFC: Luz y Fuerza del Centro
SENER: Secretaría de Energía
CNSNS: Comisión Nacional de Seguridad Nuclear y Salvaguardas
UNAM: Universidad Nacional Autónoma de México
II-UNAM: Instituto de Ingeniería, Universidad Nacional Autónoma de México
FI-UNAM: Facultad de Ingeniería, Universidad Nacional Autónoma de México
IF-UNAM: Instituto de Física, Universidad Nacional Autónoma de México
CIE-UNAM: Centro de Investigaciones en Energía, Universidad Nacional Autónoma
de México
PUE-UNAM: Programa Universitario de Energía: Universidad Nacional Autónoma
de México

USA Scenarios Workshop
Participant
First

Listing

Last

Title 1

Company

Louis

DeMouy

Kateri

Callahan

President

Joe

Hartsoe

Managing Director, Federal Policy American Electric Power

Rick

Shelby

John

Felmy

Chief Economist

American Petroleum Institute

Theresa

Pugh

Director, Environmental Services

American Public Power Association

Rondal

Tobler

Project Development Manager

Bechtel Power Corporation

Thomas

Griffiths

Executive Vice President

Black & Veatch

Thomas

Alfstad

Energy Science Associate

Brookhaven National Lab

Luis

Giusti

Senior Advisor

Center for Strategic & International Studies

Richard

Karp

Policy Coordinator

Chevron

Lois

Varrick

Executive Vice President & COO

CORE International, Inc.

Simon

Godwin

Manager Regulatory Affairs

DaimlerChrysler

Branko

Terzic

Global Regulatory Policy Leader

Deloitte Services LP

Timothy

McClive

Chief Economist

Edison Electric Institute

Tom

Terbush

Senior Market Analyst

Electric Power Research Institute

Murray

Stewart

President

Energy Council of Canada

Aloulou

Fawzi

Energy Economist, Integrated
Analysis & Forecasting

Energy Information Administration - USDOE

Richard

Lawson

Chairman

Energy, Environment & Security Group, Ltd.

Michael

Cupit

Assistant Director - Energy, ChemiErnst & Young
cals & Utilities

Stephen

Harvey

Deputy Director, Market Oversight
Federal Energy Regulatory Commission
and Assessment

Marc

Collins

Lou

Shrier

President

Global Development Opportunities

Robert

Price

President

International Risk Strategies

Charles

Ebinger

Senior Energy Advisor

IRG

Robert

Schock

Senior Fellow

Lawrence Livermore National Laboratory

William

Hederman

Executive Director

Morgan Lewis Energy Resources Group

Alliance To Save Energy

American Gas Association

GE Energy

First

Last

Title 1

Company

Keith

McCoy

Vice President, Resources & Energy
National Association of Manufacturers
Policy

Connie

Holmes

Senior Economist

National Mining Association

Michael

Kearns

Director, Public Affairs

Oskar

Sigvaldason

National Ocean Industries Association
North America Member Study Steering Committee

David

Nevius

Elizabeth King
Mike

Flaherty

Rhone

Resch

William

Gouse

Allen

Eisendrath

Walter

Shaub

Senior Vice President & Director of
Reliability Assessment Performance North American Electric Reliability Council
Analysis
Project Manager, Economic Policy
Programs

Nuclear Energy Institute
Pace Global

Director, Environmental & Utility AfSolar Energy Industries Association
fairs
Managing Director
Sustainable Transport and Vehicle Systems
U.S. Agency for International Development
Senior Science Advisor

U.S. Chamber of Commerce

Alexander Karsner

Assistant Secretary, Energy Efficiency & Renewable Energy

U.S. Department of Energy

Audrey

Lee

Presidential Management Fellow,
Office of Political Affairs

U.S. Department of Energy

Barbara

McKee

Director, Office of Clean Energy ColU.S. Department of Energy
laboration

Guy

Caruso

Administrator - Energy Information
Administration

U.S. Department of Energy

Barry

Office of Policy Coordination & InitiaU.S. Department of State
tives
Worthington Executive Director
U.S. Energy Association

David

Sweet

Manager, Special Projects

U.S. Energy Association

John

Hammond

Program Manager

U.S. Energy Association

Kim

Grover

U.S. Energy Association

Laura

Dennis

U.S. Energy Association

Marjorie

Jean-Pierre Deputy Program Manager

U.S. Energy Association

Sridhar

Samudrala Deputy Program Manager

U.S. Energy Association

William

Polen

Program Manager

U.S. Energy Association

David

Criswell

Director, Institute Space Systems
Operations

University of Houston

Kevin

Hurst

Senior Policy Analyst

John

Mizroch

President & CEO

Griffin

Thompson

White House Office of Science and Technology Policy
World Environment Center
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Key Messages
Canada is exceptionally well positioned throughout the 21st century with respect to the
wise and sustainable supply and use of energy,. Today, Canada meets the World
Energy Council objectives of energy Accessibly and Availability, and meets or is
progressing rapidly to meet all aspects of energy Acceptability.
As recently stated by the Canadian federal minister responsible for energy:
“We (Canada) are on the cusp and have the ability to become a
superpower with respect to energy.”
Honourable Gary Lunn
Minister of Natural Resources Canada 1
As highlighted in this report, there are several key current and future energy policies that
are common to the four postulated energy Scenarios. These include the following:
•

Canada’s endowment of virtually every primary energy form spans the nation and
must be utilized strategically;

•

While there are currently constraints on human capital, Canada has the capacity
to develop the required talent over the next 40 years to lead in certain key
technology developments throughout the whole energy supply chain, and provide
services and technology to the world. This includes developing, adapting and
adopting technology innovations to make more alternative sources available, and
to make our traditional sources sustainable through implementing such
technologies as carbon capture and sequestration, and nuclear waste disposal
solutions – i.e. “closing the loop”;

•

Canada has the opportunity to contribute to world energy needs that underlie
economic and social development – especially in developing countries, thus
enhancing global Accessibility, Availability and Acceptability;

•

More specifically, Canada should continue or accelerate the development of the
following, in an environmental and socially responsible manner:
o
o
o
o

o
o
o

1

Sustainable oil sands development for domestic and export demand;
Large hydroelectric development for growing domestic and North America
markets;
Advanced nuclear energy to support long term environmentally
sustainable electricity supply;
Carbon capture and storage technologies (including the use of CO2 for
enhanced oil recovery and coal bed methane production) to make fossil
fuel (coal and natural gas production and use) more environmentally
sustainable;
The maximized use of new alternative and renewable energy sources,
integrated in a modern fossil, hydroelectric and nuclear power grid.
The implementation of coal gasification technologies for power generation
and potentially coal-to-liquids production
Enhance energy efficiency for production, conversion and end-use

The Hill Times, June 6, 2006
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1. The Canadian Setting
(a) The Economy
In
2004,
Canada’s
Gross
Domestic Product (GDP) was
approximately Cdn $1.1 trillion; it
has a population of some 32
million.
The economy is considered to be
open
and
heavily
export
dependent, and it is fairly diverse
ranging from natural resource
development to manufacturing, but
with a large service component
(about 70 percent).

Canadian Population/GDP/Energy

2.5

GDP
2.0

Primary Energy

1.5
1.0

Population
0.5
0.0
2 000

2010

20 20

2030

Energy intensive industries, such
as pulp and paper and chemicals
comprise 4 percent of GDP, upstream oil and gas production 2 percent, and electricity
generation about 2.5 percent.
It is expected that without any major policy shifts, real GDP will grow at about 2 to 2.5
percent annually, provided immigration stays at current levels.

(b) Primary Energy
In 2004 primary energy demand
was 12,200 PJ.

Canadian Primary Energy

The breakdown by fuel is:
39 percent
28 percent
10 percent
10 percent
8 percent
5 percent

Coal

Oil

Gas

Nuclear

Hydro

Renew ables

20000

15000
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Oil
Natural gas
Coal
Hydro
Nuclear
Renewables

10000
On an end-use basis, the
Residential
and
Commercial
5000
sectors are about 10 and 8
percent respectively. Industry is
0
25 percent and Transportation is
2000
2010
2020
2030
about 19 percent.
Electricity
generation accounts for 26 percent, and the upstream oil and gas production, including
refineries is 11 percent.

Primary energy demand is expected to grow at about 1 percent annually.
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(c) Energy Supply and Resources
This graph below depicts Canada’s complex energy system of energy flows from supply
through to use, and the large exports achieved in several primary sources of energy:
uranium, natural gas, petroleum and coal.

In 2004, Canadian crude oil production was 3.2 million barrels per day (MMBPD), of
which 0.5 MMBPD was natural gas liquids, 1.7 MMBPD was condensate, conventional
light and heavy crude oil and about 1 MMBPD was from the oil sands.
In the same period, annual natural gas production was about 6.2 trillion cubic feet (Tcf)
of marketable gas.
Canada imported about 1 MMBPD of crude oil into eastern Canada, and exported 1.6
MMBPD. Natural gas exports were 3.6 Tcf. The prohibitive majority of exports went to
the U.S. Canada imports small quantities of natural gas from the U.S.
In 2004, electricity generation was 530 TWh, from an installed capacity of 113 GW. The
majority of generation is provided by hydro (60 percent), followed by coal, nuclear
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natural gas and oil, 18, 16, 4 and 3 percent respectively. Other renewables, such as
wind provide about 1 percent.
Canada trades electricity with the U.S., both as an importer and exporter, depending on
the load conditions. On balance Canada has net exports of about 10 TWh.
Canada is a major player in world energy markets. Including oil sands, it ranks as the
second largest endowment of crude oil reserves , but eighth in production. For natural
gas, Canada is third in production, and 20th in reserves, although much of the remaining
reserves are outside of the OECD countries, and do not have an accessible market at
this time. For total electricity generation Canada ranks eighth, first in hydro and seventh
in nuclear generation. Canada is the world’s largest producer and exporter of Uranium.
Overall, Canada is the fifth largest energy producer in the world.
Canada’s Energy Resources in a Global Context
(Source: BP Statistics)
World

Canada

%

Rank

Crude Oil Reserves (Billion bbl)
Crude Oil Production (Billion bbl/yr)

1300
29

174
1.1

13
4

2
8

Natural Gas Reserves (TCF)
Natural Gas Production (TCF)

6300
94

56
6

1
7

20
3

Coal Reserves (Million Tonnes)
Coal Production (Million Tonnes)

910,000
5500

6600
66

1
1

13
20

Electricity Generation (Twh/yr)

17,000

570

3

8

2800

90

3

7
1

1000
350

7
12

4
1

Nuclear Energy Generation (Twh/yr)
Uranium Production

Tech. Hydro Potential (Twh/yr)
14,000
Hydroelectric Energy Generation (Twh/yr) 2800
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2. Interpretation of the Scenarios
To prepare for the Canadian Scenarios Workshop, it was necessary to analyse the
descriptions of the Scenarios axes, and these were subsequently agreed by the
Workshop participants.
(a)

Globalization/Nationalism (also High/Low International cooperation):
following main elements for the Canadian context are:

The

Globalization:
x All commodities trade freely
x Few barriers to trade, labour and technology transfer
x WTO, Kyoto, NAFTA are respected
x Prices generally determined by market conditions
x Developing countries are “helped”
Nationalism:
x Restrictive trade
x Domestic issues are the priority
x Reduced levels of immigration?
x Technologies tend to be “made in Canada”
x International agreements are secondary
x Energy prices are high and volatile
x Little foreign aid
These elements are generally consistent with those of the WEC synopsis of
March 2006.
(b)

Interventionist/Enabling Government (also known as High/Low government
intervention): The following main elements for the Canadian context are:
Interventionist:
x Energy security/self-sufficiency is a priority
x Allocation of energy resources too important for markets
x Legislation/regulations are the norm
x Potential for public ownership of energy systems
x

Loan guarantees/subsidies

x

Strong support for R&D, tend to pick winners

Enabling:
x Overall economic growth is the priority
x Provides overall policy framework
x Seek to enhance the role of market forces
x Buyers and sellers make the key decisions
x Provides regulatory oversight only when necessary
x Does not favour specific technologies
The “Enabling” end of the axis is similar to the WEC synopsis. However, the
“Interventionist” tends to be less intervening than may be the case of other regions. It
may be expected that in Canada, and perhaps the U.S., that even the “Interventionist”
could be characterized as closer to “Enabling” versus other regions.
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(c) The 3A’s for Canada
In general, Accessibility and Availability are not major issues for Canada. There are
access concerns for the remote communities, and there are potential issues with the
reliability of power supplies. However, widespread, frequent outages are not foreseen.
Acceptability will be a large issue particularly in the areas of major future energy
developments, such as:
x

Oil sands development

x

New-build nuclear power

x

Development of Canada’s frontier lands (oil, natural gas and hydro).
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3. Summary of the Scenarios
The following is a summary of each scenario assessment conducted at the Energy
Council of Canada workshop held May 11-12, 2006. For reference, the Minutes from the
Workshop are attached, which includes the format of the Canadian Workshop
(Attachment B). The conclusions below follow the headings provided by the Global
Study Team. The Charts related to these comments are also attached (Attachment A).
For reference the Scenarios grid is shown here:

Interventionist
(Heavy)

Scenario 2
HG-LC

Scenario 3
HG-HC

Scenario 1
LG-LC

Scenario 4
LG-HC

Government
Engagement

Enabling
(Light)
Nationalism
(Exclusive)

Integration / Co-Operation

Globalism
(Inclusive)

(a) Scenario 1 – Enabling/Nationalism
GDP:

Real GDP growth is expected to be sustained at current levels to
2035 and then be somewhat lower, but still positive. Resource
development, including energy, maintains growth.

Demographics:

Current trends in population will persist to 2035, birth rates and
immigration are assumed to continue current trends. After 2035,
immigration tends to decline from current levels.

Energy Intensity:

Intensity will improve, as new technologies are introduced.

Primary Energy:

The primary energy mix will become less carbon intensive,
because increased diversity will lead to more nuclear and
hydroelectricity. The oil sands growth may offset intensities
somewhat, as new gas sources, such as coal and bitumen replace
natural gas as a primary fuel for oil sands production.

GHG Emissions:

Emissions are projected to increase to 2035, and then become
stable. The early increase is a result of the increased oil sands
production and the resultant rising energy requirements.
Emissions then decline as more non-emitting electricity generation
comes into the system.
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Supply/Demand Tension

TPER

x

Oil tension is neutral until 2035, after which gas-to-liquids and
coal-to-liquids technologies reduce tension.

x

Natural gas tension is neutral, and then declines as new
sources, such gas hydrates become available.

x

Coal is in ample supply, any potential increase in demand
would be met.

x

For nuclear, tensions are not evident and large new domestic
supply could meet potential domestic demand. A decline in
tension is expected after 2035

x

For renewables, no tension is evident as supply and demand
are in balance. It was felt that hydro deserved special
treatment in this category. Hydro tension is initially neutral, but
increases as demand for lower emitting electricity outpaces its
supply.

Overall trend is consistent with the economic growth, and remains
at current levels.

Issues Challenges and Opportunities:
1. Hydrocarbon supply:

Not an issue, and could be an opportunity for Canada,
especially in gas-to-liquids, and as methane hydrates
become developed. Human capital and infrastructure may
be constraints.

2. Open supply options:

Not and issue, as this scenario will encourage all options to
be kept open.

3. Energy end uses:

Prices will provide the incentive for all efficiency
improvements. Vehicle improvements will largely come
from the U.S. No major shift in vehicle stock is expected,
i.e., fuel cells will not have a substantial penetration.

4. Conservation ethic:

Will occur, but only a minor reinforcing issue in this
scenario, with price as the driver.

5. GHG Challenge:

This scenario will be more challenging than some others,
due to lack of international cooperation. Canada will tend
towards adaptation. Some GHG reduction will be a result
of replacing the old energy infrastructure.

6. Technology Challenge:

Substantial improvements are anticipated in all energy
areas by 2050. In particular, water conservation in oil
sands production, oil sands recovery, advanced nuclear
power technologies, carbon capture and sequestration,
and coal gasification, and the emergence of hydrogen.

7. Global Market Reform:

Lack of “globalization” makes reform more difficult.
Canada tends to bilateral agreements with the U.S. and
others, perhaps China and India. Likely to have more
private participation in the power generation sector.
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8. Financing Challenge:

Not an issue, and Canada could become a more attractive
country for investment, given its resources.

9. Supply Security:

There are no resource limitations. However NAFTA could
present supply security issues with the U.S., as it will
require large amounts of imported energy.

10. Global Co-operation:

Canada’s wealth will encourage development, and Canada
will maintain participation in international organizations,
although perhaps at a lower level than currently.

11. Accessibility:

Not a domestic issue. Canada may continue to provide
international assistance for energy projects, because it can
afford to do so.

Significant Changes In Canada by 2050:
i)

The country is wealthier.

ii)

Hydroelectric and nuclear generation increases.

iii)

New energy sources and technologies for production develop.

iv)

Energy production and exports increase.

v)

Advanced end-use technologies become available.

vi)

Environmental
adaptation.

issues,

especially

GHG,

are

addressed

through

Policy Responses:
The major Reponses for Scenario 1 should be directed at:
i)

Facilitate investments for energy efficiency enhancements.

ii)

Facilitate R&D for supply side technologies, such as coal and bitumen
gasification, advanced nuclear, methane hydrates, conversion of natural
gas and coal to liquid fuels, carbon capture and sequestration, biomass,
hydrogen and biofuels.

iii)

GHG policies tend to adaptation, rather than mitigation.

(b) Scenario 2 – Interventionist/Nationalism
GDP:

The rate of growth of real GDP declines from current levels to
zero, and remain so, until 2050. The main drivers are:
Declining immigration due to the nationalistic view, migration from
other countries is more difficult and birth rates are low. Hence
workforce becomes smaller.
The ageing population leads to a declining workforce (more
retirements).
Productivity increases, but only offsets the reduction in the
workforce. Productivity increases are limited because new capital
becomes scarce.
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The economy will likely become more diverse, as international
trade declines, i.e., more “made in Canada.” In this case
economies of scale are difficult to achieve, due to the small
market and all prices rise. Natural resources, including energy
become the dominant sources of export revenue.
Labour shortages are apparent, especially skilled labour in the
energy sector.
Governments will tend to become poorer as tax revenues decline.
There will a tendency to run deficits, which may reduce the value
of the Canadian dollar on international currency markets. Also,
the population becomes poorer as incomes decline.
Demographics:

See above - Declining immigration
In this scenario unemployment will be low, and the population and
workforce will get older as people defer retirement, perhaps to 70
years old as access to CPP is restricted.
There will be a further trend towards urbanization as the ageing
population seeks to be closer to long-term care and medical
facilities.

Energy Intensity:

Intensity will decline, because energy demand is not expected to
increase (flat GDP), and current capital stock will go through its
natural replacement, the new stock will be more efficient.
Timing and cost will be critical issues due to constraints on new
capital.

Primary Energy:

No major changes to the primary energy mix, although perhaps
some move to more coal, away from oil. Some electricity
generation assets are replaced with coal (low cost) and
transportation fuels decline (initially less travel, later more efficient
vehicles, somewhat offset by growth in mass transit).

GHG Emissions:

Tend to be stable to 2035, and then decline.
Demand is not rising, equipment is less energy intensive, less
emissions per unit of energy used, although some change in a
higher carbon content of energy consumed as lower cost supplies
(coal) are used.

Supply/Demand Tension
x

Oil tension declines initially as demand declines (better
transportation equipment), then rises after 2035, as supply
could be constrained by human capital deficits.

x

Natural gas - no change. Demand is flat to declining, and
supply declines in a similar way. Pull on exports (to US) could
be an issue, but LNG to the US would ameliorate.

x

Coal has ample supply, and any potential increase in demand
would be met.
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x

For nuclear fuels, tensions are not evident, and large domestic
supply could meet potential domestic demand. Some tensions
likely for electricity produced by nuclear energy – acceptability
and cost issues.

x

Renewables could increase tension, but that would depend on
GHG mitigation, which, by definition, is not likely because of
the lack of international agreements. Overall it is expected to
be neutral.

Overall trend is down, as zero growth economy does not provide a
demand-pull. Moreover, capital stock replacement provides more
efficient end-use applications. There is pressure to construct
east-west (rather than north-south) power transmission systems.

Issues Challenges and Opportunities:
1. Hydrocarbon supply:

Not an issue, but may require “management” of natural gas
exports.

2. Open supply options:

Not an issue

3. Energy end uses:

There will be a decline in mobility as incomes reduce and
there is a trend towards urbanization.
Additionally,
vehicles will be more efficient over time (perhaps efficiency
regulations), although no major shifts are foreseen (i.e.,
large penetration of hydrogen vehicles is not expected).
Vehicle stock turnover is slow, so effects tend to be
delayed. Investments will be required in urban and intraurban transit systems. Also a move to encourage freight to
be transported by rail, instead of truck
Buildings (residential and commercial) will tend to be more
efficient as energy costs rise. There is a potential trend to
less natural gas for heating (warmer winters), and more
electricity for cooling (warmer summers), since mitigation
of climate change is not on the agenda.

4. Conservation ethic:

High energy prices initially draw attention to conservation;
later, post 2035, it is a cultural shift (today’s education
does work). Local air quality becomes more important
than global GHG emissions.

5. GHG Challenge:

The consequences of high carbon concentrations become
visible over the next three decades, which creates a
demand for government action. However, governments
are financially constrained to act due to poor economic
performance.

6. Technology Challenge:

Hydrogen, coal to liquids and biofuels are not required,
since there is no international pressure to reduce GHG;
also there is no critical mass to push these developments
and there is no supply limitation from conventional
sources. New transit (urban and inter-urban) systems
could be a priority.
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7. Global Market Reform:

Recent trends in market reform are reversed, and Canada
becomes more introspective. International agreements,
including NAFTA, tend to be disregarded. Energy price
regulation could occur, which would have a cost to
governments, as well as increasing tensions between the
federal government and oil and gas producing provinces.
Canadian demand is met first, before exports are
permitted.

8. Financing Challenge:

Canada will need to replace its energy infrastructure,
rather than expanding it. Replacement costs will be higher
per unit, and financing costs (interest rates) will also be
higher (closed economy, less favourable exchange rates).
Potential for foreign ownership restrictions and less private
sector capital available.
The major investments will most likely be in energy
infrastructure, including natural gas and electricity
transmission, as well as transit systems.
There will be increasing pressure to export more natural
resources, including energy to raise capital and for
governments to provide loan guarantees, which they can
ill-afford.
Financing these projects will get more difficult over time.

9. Supply Security:

There are no resource limitations.
Towards 2035,
infrastructure concerns may become apparent (it is aging).
The US will have difficulties under this scenario, which may
cause the US to turn to Canada to meet more of its import
requirement, especially natural gas and electricity (also an
infrastructure concern). However, Canadian introspection
could also lead to the emergence of stronger east-west
electricity flows. The US may have short-term adjustment
difficulties as other international supplies become
constrained.
Federal/provincial tensions tend to increase, as there could
be some restrictions on energy export volumes.

10. Global Co-operation:

As international cooperation declines, there is less
technology
transfer.
Canada
seeks
bilateral
arrangements, especially with the US, rather than more
international agreements. Global cooperation declines in
this scenario.

11. Accessibility:

Remote regions have an access problem, which does not
improve, since governments do not have the financial
resources to resolve. There is tendency for the remote
communities, especially First Nations, to migrate to cities,
which increases tensions between First Nations and other
Canadians as integration may not be smooth.
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Accessibility in other countries does not improve (perhaps
worsens), since there is little in the way of international aid.
Significant Changes In Canada by 2050:
i)

The country is older and poorer

ii)

The federation is weaker, with less federal/provincial cooperation

iii)

The energy industry could be larger (relative to the economy) if exports
can be maintained (i.e., bilateral agreements with the US occur). OR,
could be smaller with export restrictions.

iv)

Governments intervene in energy regulation and prices.

v)

It is likely that the domestic energy supply will be more reliable and of
higher quality as infrastructure gets replaced.

Policy Responses:
The major Reponses should be directed at:
i)

Investment in R&D and education

ii)

Regulation of prices and energy supply and use

iii)

International participation in green technologies

iv)

Investment in CO2 capture and storage

v)

A move towards enhancing rail infrastructure for freight.

(c) Scenario 3 – Interventionist/Globalization
GDP:

The rate of growth remains at current levels.
The economy is supported by government investment in new
technologies, especially those related to energy. Risk premiums
on energy prices are reduced. Environmental, especially climate
change issues are a concern, with perhaps the introduction of
carbon taxes and more intervention on urban planning to enhance
energy efficiency. First Nations issues are resolved

Demographics:

Current trends continue to 2050, i.e., ageing population.

Energy Intensity:

Intensity will decline at about current rates, in part due to policy
and in part due to price.

Primary Energy:

Initially carbon intensity increases, due to oil sands development
and fossil fuel use for electricity (natural gas and coal). After
2035, carbon intensity falls as oil sands production falls.
Additionally, new technologies penetrate to reduce demand.

GHG Emissions:

Follows primary energy, i.e., emissions increase until 2035.
Declining emissions post-2035 are expected as oil sands decline
and more non-emitting generation comes on stream (nuclear and
renewables). International and domestic actions will contribute to
the reductions.

Page 16
Supply/Demand Tension

TPER

x

Oil tension is high currently, through high price and volatility.
Tensions decrease over time as global markets are assumed
to function effectively.

x

Natural gas is high at the present time, tension eases as LNG
becomes more available.

x

Coal has ample supply, minimal tension, but acceptability
could be an issue.

x

Nuclear tensions are similar to coal.

x

Growing tension for renewables is evident as demand
outstrips supply.
After 2035, tension decreases, as
mechanisms for contracting and financing are clarified.

To 2020, energy demand rises, and 2020 to 2035 demand is
steady. In the remaining 15 years demand declines as GDP
growth declines and overall intensity improves.

Issues Challenges and Opportunities:
1. Hydrocarbon supply:

Some constraint is evident, however, the resources exist
(coal, nuclear, hydro and imported LNG). Government
moves to implement best available technologies and
encourage development of unconventional resources.
Coal tends to displace oil, but there are public acceptance
issues, which need to be addressed sooner rather than
later.

2. Open supply options:

Education is required in order to diversify options. Zero
emissions coal, wind, solar, advanced nuclear and
hydrogen become part of the mix later in this scenario

3. Energy end uses:

CAFÉ standards are introduced as well as taxes and
regulations on vehicle use (“downtown fees” and high
parking costs). Penalties for automobile use, coupled with
incentives for mass transit. Urban densification reduces
transportation energy use and rail is encouraged for interurban transportation.
Electric vehicles and hydrogen fleets are evident post2035. Air quality improves.

4. Conservation ethic:

The “and” generation wants economic benefits AND
environmental quality. The conservation ethic becomes
ingrained.

5. GHG Challenge:

There is a recognized need to reduce and adapt.
Emissions trading is introduced, as well as technologies for
carbon capture and storage, and the global effort is
effective.
Adaptation may take the form of electricity load
management (winter/summer peaks). Hydro development,
especially large reservoirs and run-of-river, is promoted
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through government support. Additional storage reservoirs
will be required to help hydro producers adapt to increased
hydrological variability.
6. Technology Challenge:

Governments intervene to push the technology agenda.
Funding is directed to technical education. Breakthrough
technologies (e.g., fusion) are encouraged.

7. Global Market Reform:

Globalization continues, there is less corruption, more
security and better governance. Intellectual property rights
are protected. Technologies move more quickly from
research to commercialization.
Foreign aid investment in developing country energy
infrastructure is fostered for both private and public
investments, and governments (funding and receiving)
provide political risk insurance.

8. Financing Challenge:

Globalization makes financial risk management easier.
Financing cost certainty is provided.
Governments
backstop technology development costs, the gap between
concept and deployment is closed.

9. Supply Security:

Canada’s unique situation of substantial resources and
political stability makes this a non-issue.

10. Global Co-operation:

International trade agreements are expanded and
respected, although the U.S. is initially reluctant. The G8
increases to perhaps the G12 (China, India and other
major developing economies).
Canada takes advantage of its cultural diversity to improve
trade links.
Education partnerships expand through
organizations such as the Commonwealth Institute and
Athlone Fellowships. Canada becomes an exporter of
technology.

11. Accessibility:

Not an issue in Canada, except for isolated First Nations.
NAFTA improves access in Mexico.

Significant Changes in Canada by 2050:
i)

Economic growth follows current trends

ii)

There is more government intervention on energy matters, particularly in
the areas of hydro, nuclear, electricity transmission

iii)

The governments are active in technology development and education
energy issues.

iv)

Global markets, especially energy and technology transfer, function well.

v)

Environmental issues are addressed, generally through government
sponsored actions and international agreements.

Policy Responses:
The major Reponses should be directed at:
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i)

Governments encourage liberalization of international markets, but less
so domestically.

ii)

Increasing immigration

iii)

Environmental mitigation (carbon tax, regulation, etc.)

iv)

Specific programs for transportation (city tax, CAFÉ and fee-bates and
urban densification).

v)

R&D is strongly supported, especially those technologies that target GHG
reduction, e.g., carbon capture and storage.

(d) Scenario 4 – Enabling/Globalization
GDP:

The rate of real GDP growth, will initially be higher, but after 2035
show some decline, but is always positive. The main reason is the
“limits to growth” that would emerge if the global and Canadian
economies were to grow steadily for the next 45 years, particularly
in a natural resource-constrained world.
In addition, as incomes rise and economic development in the
LDCs sets in, fertility rates would tend to decline, resulting in
slower population and labour force growth, hence, reducing the
growth potential of the world economy. The latter influence will be
particularly pronounced in today’s developed world, including
Canada

Demographics:

In this scenario population growth is expected to reflect current
demographic trends for fertility rates and immigration.

Energy Intensity:

Intensity will decline as equipment is replaced and market signals
promote energy-efficient investments.

Primary Energy:

No major changes to the primary energy mix, although some initial
increase in carbon intensity, which later declines.

GHG Emissions:

After an initial increase, emissions are expected to stabilize and
then decline post-2035. Global GHG efforts, particularly CO2
permit trading, begin to have effect after 2020.

Supply/Demand Tension
x

Oil tension increases initially as demand rises. After 2035, the
tension decreases.

x

Natural gas follows oil, except than tension becomes neutral,
rather than decreasing, as supply is in balance with demand.

x

Coal has ample supply, any potential increase in demand
would be met. Tension could rise after 2035, if clean coal
technology and coal gasification/liquefaction combined with
CO2 sequestration technologies reach commercial scale, and
make coal once again a desirable energy commodity.

x

For nuclear fuels, tensions are not evident, and large domestic
supply could meet potential domestic demand.
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Renewables: The group decided not to make any comment
here because the definition of renewables was unclear,
especially hydropower. There was consensus that if one
includes Hydro as part of renewables that supply/demand
tensions could rise towards the end of the forecast horizon, as
Canada starts to run out of hydro sites that could be exploited
without severe environmental/human habitat (First Nations)
consequences. The rest of non-renewables was expected to
continue growing but still make a marginal contribution to the
overall energy mix.

Total primary demand will increase as the economy grows faster
than the energy intensity declines.

Issues Challenges and Opportunities:
1. Hydrocarbon supply:

Not an issue for resources - price will be important

2. Open supply options:

Over the medium term there is not sufficient incentive to
develop renewables (i.e., it will not be an option). As the
price of “conventional” energy rises, renewables will
become attractive. In this scenario, governments would
act to remove impediments for small producers such as
distributed generation. Market signals (permit trading)
would provide incentives to move to non-hydrocarbon
alternatives.

3. Energy end uses:

Vehicle efficiencies will improve, but no radical change in
terms of fleet composition, i.e. fuels cells do not have a
large penetration.
Markets provide the correct signals for more efficient enduse appliances.

4. Conservation ethic:

Quality of life considerations drive the choice of energyusing equipment, rather than government action.

5. GHG Challenge:

A combination of new technology and the use of market
mechanisms (permits, CDM, JI) lead to reducing GHG
emissions. A strong education/awareness program is also
envisioned.

6. Technology Challenge:

Penetration of hydrogen vehicles is not expected due to
the large distances travelled. Biofuels will likely be a
cottage industry, with local applications only.
Coal
gasification and similar technologies will be necessary to
meet growing energy needs, especially oil sands
production.

7. Global Market Reform:

Energy becomes more integrated with global markets, e.g.
LNG to North America and the Pacific Basin as a market
for coal and uranium.

8. Financing Challenge:

There is no issue; capital will flow freely across
international boundaries.
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9. Supply Security:

There are no resource limitations for Canada. The key
issue will be natural gas in the U.S., somewhat alleviated
by LNG trade.

10. Global Co-operation:

There is strong Canadian support for global market reform
(Free Trade) and institutions such as the UN, the IMF, and
the World Bank.
In this scenario the greater wealth of developed countries
should trickle down to the Third World.
Helping Third
World countries is in the best interest of Canada, as it
would open new markets to Canadian companies (e.g.,
China, India), as well as allowing them access to their
natural resources (e.g., oil and gas in the Middle East,
Africa and Latin America), however, controls may be
required for immigration.

11. Accessibility:

Access to energy in the Third World increases. The World
Bank, and other international development agencies
encourage and perhaps finance the development of
indigenous energy resources and distribution networks to
provide wider access.

Significant Changes In Canada by 2050:
i)

The economy grows, but somewhat more slowly.

ii)

Governments provide overall direction, but do not intervene actively.

iii)

Governments facilitate the de-balkanization of Canadian electricity
markets.

iv)

Some dislocation will occur in the transition to liberalized markets.
Governments will need to initiate training and relocation programs

v)

Capital flows freely across international boundaries.

vi)

Labour moves freely as standardized licensing requirements are
implemented among professional and skilled trades.

vii)

Global markets are more liberalized. Market driven investments cause
the “right” technologies to be developed.

Policy Responses:
The major Reponses should be directed at:
i)

Governments actively encourage market liberalization, both domestically
and internationally.

ii)

Technologies develop through market mechanisms such as permits,
CDM, and JI, rather than direct government investment.

iii)

A global carbon market is promoted.

iv)

Education for environmental awareness and professional/trades

v)

International aid is a policy focus.
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4. Comparison of Scenarios 2
(a) The Economy
Scenario 3 indicated that the rate of real GDP growth will be the same as currently
to 2050. Scenario 1 and 4 indicated that the rate of GDP growth would be similar
to current levels until 2035 and then decline somewhat. Scenario 2 was
particularly negative in that the growth rate becomes zero. As would be expected
the GDP projections follow the demographics.

(b) Energy
For all Scenarios the energy intensity would decline, and the primary energy mix
would remain largely unchanged, except for Scenario 1, which indicated a more
diverse mix. Total primary energy requirements were indicated to continually rise
to 2050 in Scenarios 1 and 4; fluctuate, but eventually begin to reduce after 2035 in
Scenario 3; and generally fall in Scenario 2.
For GHG emissions, Scenario 2 was consistently declining, after 2020. Scenarios
1, 3 and 4 show similar patterns to each other, all declining after 2035, after an
increase prior to that time.

(c) Supply/Demand Tension
Oil

Scenarios 1 was neutral and then declining. Scenarios 3 and 4
indicated increasing tension for oil, which trended to flat or declining
in the later years Scenario 2 projected an initial decrease in tension,
but then increasing after 2035.

Natural Gas

Similar to oil, Scenario 1 was neutral and then declining. Scenarios
3 and 4 showed increasing tension initially, followed by flat to
downward trend. Scenario 2 saw no tension.

Coal

Scenarios 1, 2 and 3 do not foresee any tension. Scenario 4 agreed
until 2035, when tension is expected to rise.

Uranium

No tension is evident among all scenarios for the fuel itself.
Scenario 2 expects some rising tension for the production of
nuclear-based electricity.

Renewables

Scenario 1 indicates no tension. Scenario 2 agrees up to 2035,
when tension increases. Scenario 3 shows tension rising initially,
and then becoming neutral.
Scenario 1 added a category for hydro in which it is expected that
tension would increase after 2020. Scenario 4 agreed with the
hydro expectation of Scenario 1, but did not expect tension in other
renewables since they would be a small part of the mix.

Non-commercial energy is not applicable to Canada.

2

Because of the nature of the Workshop process, there remains minor inconsistencies among
the four Scenarios, but these are not considered substantive.
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(d) Issues Challenges and Opportunities - Areas of Agreement
1. Hydrocarbon Supply Challenge

General agreement that this is a non-issue, with
caveats, such as restrictions on human capital
and price.

2. Supply Options

Non-issue, but Scenario 2 indicated a capital
access limitation, which may reduce the options
available.

4. Global Conservation Ethic

All scenarios expect the ethic to become
“ingrained.”

6. Technology Challenges

Similar to No 2, there is no major technology
challenge; capital could be problematic for
Scenario 2.

9. Supply Security

No issues with Canada itself, the U.S. could be
out of balance, especially in Scenarios 1 and 2
(Nationalism axis).

(e) Issues Challenges and Opportunities - Areas of Disagreement
3. Energy Use – Mobility

All scenarios anticipated an improvement in
vehicle efficiencies, and no major change to the
vehicle stock, except for Scenario 3, which
expected penetration of electric and hydrogen
vehicles by 2035. Scenario 2 was negative on
growth and expected more urban and inter-urban
mass transit. Scenarios 2 and 3 also expected
mandated efficiency standards, such as CAFÉ.

5. GHG Challenge

Scenario 1 expected the challenge to be difficult;
Canada would tend toward adaptation rather than
mitigation. There was no “challenge” in Scenario
2, as nothing would be done since governments
are financially constrained. Scenarios 3 and 4
expect the introduction of market mechanisms
(Permits, CDM, JI) to mitigate emissions and that
technology would play a key role, likely CO2
capture and storage.

7. Global Market Reform

Scenarios 1 and 2 tended toward bilateral
agreements, especially the U.S. In particular,
Scenario 2 expected a return to price controls.
Scenario 3 postulated better cooperation on
intellectual property, less corruption, and better
governance. Additionally, technology transfer
would be facilitated and foreign aid (both public
and private) would be available to developing
countries. Scenario 4 anticipated more liberal
energy
markets
both
domestically
and
internationally.

8. Financing Challenge

Scenario 1 expects Canada to be an attractive
country for investment, whereas Scenario 2
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expects Canada to be much less attractive, with
higher interest rates, and generally less private
and public capital available. Both Scenarios 3
and 4 project that capital will flow freely through
stable financial markets.
10. Global Cooperation

Canada’s
financial
health
encourages
cooperation in Scenario 1. Scenario 2 is very
inward looking and tends to pursue bilateral
agreements. In this scenario it may be expected
that Federal/Provincial tensions increase due to
energy export constraints. Scenarios 3 and 4 see
strong global cooperation and free trade with
expansion of international bodies such as the UN
and IMF.
Scenario 3 further proposed an
expansion of the G8 to perhaps the G12 (India,
China and other major developing economies),
and that Canada would take measures to improve
trade and education links through organizations
such as the Commonwealth Institute. Scenario 4
addressed the global poverty issue by proposing
that it is in our best interest to help the have-nots.

11. Accessibility

For each Scenario it was agreed that accessibility
is not a major issue, but diverged in some of the
detail. Scenarios 1, 3 and 4 expected more
international assistance through NAFTA and the
World Bank.
Scenarios 2 and 3 identified
Canada’s First Nations as having accessibility
concerns.
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5. Canada in 2050
The tables below summarize the key elements of Canada in 2050.
Scenario 1
Enabling/Nationalism
x The economy grows initially at current trends and then slows.
x New energy sources and technologies are evident.
x Energy production and exports increase.
x Advanced end-use technologies emerge.
x Environment to be addressed principally through adaptation.

Scenario 2
Interventionist/Nationalism
x The country is older and economic growth is much lower than in other
scenarios..
x The federation is weaker.
x The energy industry may be larger or smaller (depending on export levels).
x Governments intervene on energy regulation and prices.
x Energy supply will be more reliable.
x Environment gets little attention.

Scenario 3
Interventionist/Globalization
x Economic growth follows current trends.
x More government intervention on energy matters. Hydro development
tends to be higher than other scenarios.
x Governments are active on energy technology development and education.
x Global markets are more efficient.
x Environmental issues are addressed through government action.

Scenario 4
Enabling/Globalization
x Initially, the economy strongly grows, but then more slowly.
x Governments provide overall direction.
x Dislocation occurs during the transition to liberalized markets.
x Labour and capital move freely.
x Market driven investments cause the “right” technologies to be developed.
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6. Policy Elements
An interesting observation from two Scenarios (3 and 4) is that immigration becomes a
policy issue. While it is not directly related to energy, it has significant consequences for
the economy and hence energy use.
Accessibility is generally perceived to be a minor issue in Canada. Two Scenarios (2
and 3) were specific in identifying First Nations as having access difficulties. Scenario 2
provided no policy solution, since the government would be financially constrained.
Scenario 3 expected that governments would intervene and substantially resolve First
Nations issues, which not only includes access to energy, but also land claims for future
large-scale energy projects, such as pipelines and hydro development.
Similarly, Availability is not perceived to be an issue in any scenario.
The principal policy elements from the Workshops, to mitigate the outcomes, tend to
focus on Acceptability.
Scenario 1:

Incentives are provided for energy efficiency improvements in the enduse sector, but not specific investments in particular technologies. On the
supply side, technologies are encouraged for coal/bitumen gasification,
advanced nuclear, hydrogen and biofuels. Some support is maintained
for developing countries, as there is sufficient wealth to do so.

Scenario 2:

In this case the government is constrained financially, hence mitigation
polices are limited. The principal areas are investments in R&D and
education. Specific areas of R&D may include: carbon capture and
storage; promoting the modal shift from truck to rail for freight
transportation; and promoting mass transit in cities. Internationally the
options are limited due the nationalistic approach, but there is some
scope to participate, but not fund, in the development of green
technologies.

Scenario 3:

Carbon capture and storage would be a primary area for government
R&D support, along with other mitigation technologies, such as zero
emission coal. Financial instruments will play an important role through
the introduction of carbon taxes, charges for road use, especially city
centres and penalties for inefficient vehicles, with offsetting subsidies for
efficient vehicles. Urban densification will also be promoted. A global
carbon market emerges through international cooperation.
The
government provides funding for hydro and other energy projects in
developing countries.

Scenario 4:

In this scenario there are few regulations or taxes, and market forces are
the means to achieve the mitigation. The government is viewed as a
facilitator. Market mechanisms such as trading emissions credits, CDM
and JI will be at the forefront. Policies to promote international aid to
developing countries are prevalent.

In the mitigated case each scenario shows increasing Acceptability. However, while not
explicit, Scenario 3 implies the strongest level, and Scenario 2 the weakest.
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7. Canadian Perspectives on the Global Specialist Reports
As part of the Scenarios Study, six cross cutting Global Specialist Reports have
been prepared covering key global energy issues as shown in the figure below.
This chapter of the Canadian Scenarios Report will analyse and discuss the impact
of these studies in the Canadian context out to 2050. Although these reports were
not available during the prime Canadian Workshop, the insights from these
Specialist Reports are now an integral part of the Canadian energy scenarios.

(a) Mobility Technologies to 2050
The transportation sector is responsible for 28% of energy used in Canada today,
and includes rail, marine, air and road transportation. Of this, freight transportation
accounts for 40% of this energy usage (compared with 30% for the United States),
and energy use in the freight sector is growing faster than in the passenger and offroad sectors. In addition, Canada’s geography poses unique challenges of scale
and scope for the transportation of goods both domestically and across our
borders. Also, freight transportation can have large impacts on local environmental
quality. 3
In Canada there are initiatives underway that will transform the transportation
sector along many of the lines addressed in the Mobility Technologies to 2050
Specialist Report. Canada is a world leader in fuel cell science and technology,
and in the commercialization of fuel cell vehicles. Canada is also investing
significantly in bio-fuels from waste products and cellulose sources (see IOGEN
sidebar below) which could have a significant impact by 2050. While agricultural
feedstocks (e.g. corn) are also under development, these always present the tradeoff with food production capacity.

3

“Powerful Connections: Priorities and Directions in Energy Science and Technology in
Canada”, Report of the National Advisory Panel on Sustainable Energy Science and Technology,
Ottawa, October 2006.
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Cellulose Ethanol – The Iogen Process
Iogen technology makes it economically feasible to convert biomass into cellulose ethanol
using a combination of thermal, chemical and biochemical techniques. The yield of cellulose
ethanol is more than 340 litres per tonne of fibre. The lignin in the plant fibre is used to drive
the process by generating steam and electricity.
Iogen developed an efficient pretreatment method to increase the surface area and
"accessibility" of the plant fiber to enzymes, which is achieved through our modified steam
explosion process. This improves ethanol yields, increases pretreatment efficiency, and
reduces overall cost.
This process has new, highly potent and efficient cellulose enzyme systems tailored to the
specific pretreated feedstock.
Iogen developed reactor systems that feature high productivity and high conversion of
cellulose to glucose. This is accomplished through separate hydrolysis and fermentation
using a multi-stage hydrolysis process.
Advanced microorganisms and fermentation systems are used to convert both C6 and C5
sugars into ethanol. The "beer" produced by fermentation is then distilled using conventional
technology to produce cellulose ethanol for fuel grade applications.
Large-scale process designs include energy efficient heat integration, water recycling, and
co-product production that make the overall process efficient and economical.

The very recent advent of ultra low sulphur diesel fuel is also expected to have a
significant impact on the gain in market share of diesel passenger vehicles, along
with the current rapid growth of hybrid passenger vehicles, both of which will give
major energy efficiency gains in the transportation sector.
However, none of the four Scenarios for Canada postulate that the growing
demand for transportation energy “could not be met any more by oil around 2035
and beyond 4 ”. Thus the introduction of new and innovative transportation
technologies will need to be either cost effective against conventional fossil based
systems, or require government intervention to meet the level of penetration
suggested in the Mobility Technologies to 2050 Specialist Report.
Policy initiatives are now underway in Canada that could point the way to future
initiatives that would accelerate the adoption of new technologies. These include
the promotion of rapid transit in urban centers by providing incentive to use public
transportation. In some major urban centres there are also major moves to “in fill”
to increase the density, with corresponding transportation gains. This has required
significant public policy changes to satisfy NIMBY concerns.

(b) Stationary Demand
The Canadian Report will not address this as a separate issue due to the broad
generic nature of the Stationary Demand Specialist Report. However, many of the
issues related to stationary energy demand are covered elsewhere in this report.

(c) Technology Options for Electricity Generation
Energy source diversity, keeping all energy options open, is the bedrock of a
robust supply system, and Canada has a very rich and diversified electricity
generation mix that has served Canada well over the past century.. Excessive
4

Mobility Technologies to 2050 Specialist Report, Section 5.5.
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dependence on any one source or supplier is likely to entail vulnerability. Over the
past several decades Canada has greatly increased its energy source
diversification as shown in chart below.
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Market design which provides for timely investment in renewing and expanding
supply and delivery capacity is another key dimension of ensuring supply reliability.
Regional integration of energy supply systems can boost access and energy
supply security, supporting improved access at the lowest possible price. Regional
collaboration to harmonize the regulatory framework and to create infrastructure,
also provides a more attractive base for investment. This has been the trend in
Canada for many decades, especially in electricity trade with the United States.
Canada is being very aggressive in the development and demonstration of new
emerging technologies for electricity generation and also in more flexible
“polygeneration” technologies. Overall, Canada sees the implementation of many
of the new emerging technologies sooner that postulated in the Technology Option
for Electricity Generation Specialist Report. This is especially true in carbon
capture and sequestration, clean coal technologies, synthetic gas from wood
residue (see sidebars).
Canada sees the development of new innovative technologies being driven by
overall higher price levels and a desire to “close the loop” on environmental
impacts. Technology is seen as a way to reduce the impact of both the projected
higher prices and reduce the footprint of projected increased electricity generation
in Canada under all four Scenarios.
It should be noted that Canada still has significant hydroelectricity development
potential, an assumption not assumed in the Specialist report. A recent study has
shown there is the technical potential for an additional 163,000 MW remaining in
Canada.
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Nexterra: Technology Fuels New Era of Clean, Low Cost Energy
Tolko Industries Ltd. and Nexterra Energy Corp.
have successfully completed their new gasification
project at Tolko’s Heffley Creek plywood mill near
Kamloops, BC. The new “syngas” plant converts
wood residue into low-cost, clean, thermal energy,
replacing high-cost natural gas and moving this
mill closer to energy self-sufficiency. The system
will not only save the mill more than $1.5 million in
annual fuel costs, but will also improve local air
quality and reduce Tolko’s greenhouse gas
emissions by 12,000 tonnes per year.

Powering a Cleaner Future (Clean Coal)
In Canada, nearly 20% of our electricity is produced by coal. In the world, it is estimated that by
2020 this abundant, secure and affordable fossil fuel will provide 40% of the planet's electricity.
In the past few decades significant gains have been made in controlling particulate matter, S02,
NOX and mercury. However, C02 remains one of the most significant challenges for electrical
utilities around the globe.
Current forecasts indicate that SaskPower (the principle supplier of electricity in Saskatchewan,
Canada) requires approximately 300 MW of new base load generating capacity beginning in
2012. Presently 60% of Saskatchewan's electricity is generated by coal.

In order to mitigate the environmental downside of coal combustion, SaskPower's Clean Coal
Project will introduce technology capable of capturing at least 90% of CO2 emissions. The
technology, called Oxyfuel, nearly eliminates emissions of combustion by-products, including
greenhouse gas emissions. The proposed $1.5-billion, 300 MW clean coal plant will capture
approximately 8,000 tonnes of CO2 a day. This CO2 will be sold for enhanced oil recovery
operations in southeast Saskatchewan, possibly generating enough revenue to offset the cost of
capture and delivery. Alternatively, the CO2 will be sequestered in deep saline aquifers.
The Poplar River Power Station and the Shand Power Station, both located in southern
Saskatchewan, are two potential sites for a new clean coal facility.

Page 30

Weyburn: C02 Management
Canada has a commitment to reduce greenhouse gas emissions and the energy industry has a
critical role to play in leading this effort. As a bridge to developing significant new energy options
such as hydrogen and other alternative energy sources, a complementary effort is required to
develop innovative, commercially viable carbon management technology.
It is essential to implement safe C02 management technologies that make it economically feasible
to reduce C02 emissions from industrial sources and energy production. The technology exists to
capture C02, transport it, use it to recover more conventional oil and gas, and return it to deep
underground formations.
C02 is currently being transported
by a pipeline from the Dakota
Gasification Company in North
Dakota, USA to the Weyburn oil
field in southern Saskatchewan,
Canada, where it is being used to
extend the productive life of the
field by more than 25 years,
producing an additional 122
million barrels or more of oil. The
graph shows the impact of the
C02 injection. The commercial viability of this kind of enhanced oil recovery on a large scale
depends on reliable sources of C02 and the technology to capture C02 in a pure form in a costeffective manner. It also depends on infrastructure to transport C02 to where it is needed and
safe methods of storing it permanently in underground oil and gas reservoirs.

(d) Drivers of World Market Prices for Crude Oil, Natural Gas, Hard Coal
and Uranium
To a large extent Canada is a “price-taker” for most energy commodities.
While Canada is a significant player in all energy commodities, it does not
command a large enough market share to significantly change the world
prices for crude oil and coal. It may have some influence on North
American natural gas prices, being about 15 percent of that market. It has a
strong influence on Uranium prices, with 30 percent share of the world
market.
Crude Oil
Canada produces about 4 percent of world crude oil supply. Over the
coming years an increasing portion will be provided by the oil sands in
Alberta, with NRCan estimating that this share to be about 80 percent of
Canadian production by 2020, a share which will likely increase to 2050.
While Canada’s crude production is expected to increase, its share of world
crude oil production will remain at about 4 percent. The vast majority of
Canada’s exports are to the US, a situation that is not likely change over the
study period to 2050.
Given the high production costs of oil sands projects, relative to
conventional oil, sustained higher prices are necessary to attract to
appropriate level on investment. Additionally, because of the high energy
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intensity of oil sands for extraction and upgrading carbon, mitigation costs
may become an important component of production.
It appears that the shift to much higher crude oil prices over the past few
years will be sustainable at levels high enough to encourage further oil
sands development.
Natural Gas
At this time, the North American market is regional, although as LNG
expands there could be a more global influence on prices. Canada supplies
about 15 percent of the North American market, and without this supply,
prices would be higher than they currently are. The extent of the influence
that Canada has on North American prices is uncertain. North America
natural gas prices are extremely sensitive to weather influences, perhaps
more than other markets. Recent price spikes were caused by hurricane
activity in the Gulf of Mexico, followed by a relatively depressed market due
to warmer than “normal” weather during the winter.
Conventional production in Canada is declining, both in the Western
Sedimentary Basin and the Scotian Shelf. However there appears to be a
large resource base for both coal bed methane and tight gas, which could
maintain current production levels, provided prices remain in the current
range of about US$7 per MMBtu. Moreover, the resources in the
Mackenzie Delta are likely to be developed within the next 5 to 10 years,
which could add to Canadian production.
It has been postulated that world-wide LNG trade could lower natural gas
prices. Currently landed prices in the US are about US $4.50 per MMBtu,
significantly lower than the 30 day Henry Hub price. However, within that
price the producer of the natural gas is not extracting an economic rent,
since the gas is largely surplus or trapped because of the lack of
liquefaction facilities. As global trade expands, it may be assumed that the
producers would require economic returns, hence LNG prices would rise.
Also, as the market becomes more liquid, LNG suppliers would be able to
send gas to the highest price markets. Therefore, the prospect of LNG
depressing world gas prices seems unlikely.
Coal
Note that coal in this context is assumed to be thermal, rather than
metallurgical. Small quantities of thermal coal are exported from western
Canada, and eastern Canada imports coal for most of its power generation
requirements.
Domestic prices are generally determined by contracts with electric
generators.
It should be noted that although coal prices are expected to be fairly stable,
the cost of capital assets for electricity generation will increase, as more
pollution controls and GHG mitigation technologies, such as carbon capture
and storage, will be required to maintain coal has a viable source of energy.
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The expectation would then be that the price of electricity from coal would
rise over time.
Uranium
Canada is the world’s leading producer and exporter of uranium, and third in
uranium resources. About 85 percent of Canadian production is exported,
principally to the US (50 percent), but also to the Far East and Europe.
While there is a spot market for uranium, it is principally traded through
long-term contracts. The spot price has risen dramatically over the last few
years, from about US $7 per pound of U3O8 in late 2000, to US $60 per
pound recently. Longer-term, prices may be expected to decline somewhat
as more production, in Canada and other major producing countries, is
brought on stream; however, the lead time from discovery to first production
is typically 10 to 20 years for new mines. Canada is expected to remain a
leading producer and would have some influence on world prices.
(e) Electricity End-Use Technologies
This Specialist Report covers a number of the emerging electricity end-use
technologies and are quite applicable to Canada.
One approach being demonstrated in Canada is community based integrated
energy systems that can significantly reduce electricity consumption (see Drake
Landing Project sidebar).

The Drake Landing Project
Community Energy System
 First large scale solar seasonal storage project in North America:
–

$16.5M project to build 52 homes in Okotoks community, Alberta

–

Each home equipped to capture solar thermal energy and store in central
underground storage system (bore holes)

–

Solar energy will provide 90% of space heating requirements and 60% of hot water
Solar energy
requirements, year-round

–

Private-public partnership

Collectors

Solar

Solar Thermal
Seasonal Storage
District Energy Systems
Simulation
Housing (Energy
efficient, R-2000)
Integrated HVAC
(eKOCOMFORT®)

Glycol/Water collectors
Heat Exchanger

Two
Storey
Home

District
Heating
Loop
Underground
Thermal
Storage

1
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8. Summary and Observations
(a) Changes to the energy system:
In general, no Scenario expected that there would be radical changes to the
energy supply or end-use applications. With the exception of Scenario 2, there will
be modest penetration of some new technologies such as hydrogen, zero emission
coal and advanced nuclear. Scenario 2 did not foresee very much new
technology, although LNG will play a larger role and the oil sands will be Canada’s
principal source of crude oil.
Supply-demand tension is evident for oil and natural gas in two cases, with a
tendency to decline in later years. Coal and nuclear tend to be neutral and
renewables start neutral with a tendency to increase.

(b) Observations:
For the Issues, Challenges and Opportunities, there is general agreement across
all Scenarios for five: Hydrocarbon Supply, Supply Options, Global Conservation
Ethic, Technology Challenges and Supply Security.
For the areas of disagreement, Scenarios 1 and 2 tended to be close to each
other, as did Scenario 3 and 4, which indicates that the Globalization/Nationalism
axis appears to strongly influence this outcome.
For the policy elements, carbon capture and storage was identified as a leading
area for R&D, specifically in Scenarios 2 and 3 and implicitly in Scenario 4.
Carbon trading is a feature of Scenarios 3 and 4.
Education on energy matters is a priority for all Scenarios.
Energy supply technologies were important in Scenario 1, especially alternatives to
natural gas, and the conversion of natural gas and coal to liquids.
Immigration was raised a policy issue in Scenarios 3 and 4.
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1. Outlook of the Mexican energy system*
- Organization
The Constitution establishes the ownership by the Nation of all natural
resources, the exclusive control by the federal government of the “strategic areas”
and companies instituted accordingly, i.e., PEMEX and CFE (+LFC). PEMEX has
exclusive charge of all hydrocarbon upstream and downstream (up to “basic”
petrochemicals) activities, imports & exports, internal sales. CFE has exclusive
charge of all electricity generation, distribution and sales –as well as imports and
exports – as a public service. The structure of the Mexican energy sector is shown
in the following Figure.

Structure of the Mexican energy sector
Energy Secretariat
(SENER)
Energy Regulatory Commission
(CRE)

National Nuclear Safety Commission
(CNSNS)

National Commission for Energy Savings
(CONAE)

Mexican Oil Company
(PEMEX)

Federal Commission of
Electricity
(CFE)

Electrical Research
Institute
(IIE)

Light and Power of the
Center
(LFC)

Mexican Petroleum
Institute
(IMP)

Corporate subsidiaries:
PEMEX Exploration and Production (PEP)
PEMEX Refining (PR)
PEMEX Gas and Basic Petrochemicals (PGPB)
PEMEX Petrochemicals (PPQ)
PEMEX International (PMI)

National Nuclear
Research Institute
(ININ)

Risk sharing contract are specifically forbidden by the Regulatory Law of Article
27 of the Constitution, as follows: “PEMEX may subscribe with physical or moral
persons the service contracts required for the better accomplishment of its activities.
The remunerations established in those contracts will always be in cash and in no
instance will grant for the rendered services or the works executed, percentages in the
products or participation in the results of the exploitations.”
There have been nevertheless in the past years some regulatory changes that offer
a limited participation to private investment. Currently, the situation is as follows
Areas still not open to private participation:
 Oil and gas exploration and production
 Hydrocarbon’s first processing (refining, condensate recovery, “basic”
petrochemicals*)
 Petroleum products transport and distribution (franchise arrangement for
the sale of oil products)
 Oil and oil products international trade
 Transmission and distribution of electricity
Open areas to private participation:
9 Distribution, transport and storage of natural gas (PEMEX retains control
up to “first hand sales”)
9 Support services in PEMEX and CFE
9 “Non public service” power generation (IPP, self supply, cogeneration)
9 Secondary petrochemical industry

* The list of “basic” petrochemicals reserved to the State has been reduced in
several stages from 81 to only 9, namely: ethane, propane, butanes, pentanes,
hexanes, heptanes, carbon black, naphtha and methane when derived from
hydrocarbons of national extraction and used as feedstock in industrial
petrochemical processes.
The North America Free Trade Agreement (NAFTA) does not modify the above
status, as indeed it states the complete respect of each country’s Constitution and
accepts the special reservations and provisions required by Mexico. Also the
energy supply clauses of the US-Canada Free Trade Agreement, incorporated to
NAFTA, do not apply to Mexico.

- Primary energy resources
Mexico’s primary energy resources consist overwhelmingly of oil and natural gas.
This is reflected in the structure of primary energy production shown in Figure 1.

Figure 1
Primary energy production structure 2004 (10’330 PJ)

Hydrocarbons

Electricity 1

Biomass 2

Coal

1: hydro (2.5%), nuclear (1%), geo (0.6%) and wind
2: sugar cane bagasse (0.9%) and wood (2.5%)
Source: Balance Nacional de Energía 2004, SENER, www.energia.gob.mx
Coal reserves are estimated at only 1,334.9 million short tons.
Hydrocarbon reserves are shown in Figures 2, 3, 4 and 5 (Source: PEMEX,
Hydrocarbon reserves as of December 31, 2005, Investor Relations
(www.pemex.gob.mx)), subdivided as proved, probable and possible, according to
the SPE (Society of Petroleum Engineers), the AAPG (American Association of
Petroleum Geologists) and the WPC (World Petroleum Congress) definitions and
guidelines, as well as the criteria of the Securities and Exchange Commission
(SEC) for proved reserves.

Figure 2

Figure 3

Figure 4

Figure 5

As shown in Figures 6 and 7, reserves have gone down due to low investment –
except for the last two years - in exploration activities (Source: PEMEX,

Hydrocarbon reserves
(www.pemex.gob.mx))

as

of

December

Figure 6

Figure 7

31,

2005,

Investor

Relations

Under these conditions the reserves to production ratio of proved reserves has
gone down to only 10 years, as shown in Figure 8 (Source: PEMEX, Hydrocarbon
reserves as of December 31, 2005, Investor Relations (www.pemex.gob.mx)).

Figure 8

The expected trend in reserves replacement rate is shown in Figure 9, provided a
10 billion dollars investment in exploration and production is made in the next
four years.

Figure 9

- Production and consumption
Figures 10, 11 and 12 shows the oil and gas production, as well as that of oil
products. This last one remains rather constant as new refining capacity has
derived solely from refinery upgrades, but no new refinery has been builtin the last
28 years. In 2005 production of oil, gas and oil products reached 3.333 Mbld, 4.818
Bcfd and 1.338 Mbld, respectively

Figure 10

Figure 11

Figure 12

To quote: “Despite its status as one of the world’s largest crude oil exporters,
Mexico is a net importer of refined petroleum products. During the first nine
months of 2005, Mexico imported 311,500 bbl/d of refined petroleum products,
while exporting 184,800 bbl/d. Of these imports, gasoline represented 50 percent.
Pemex has recently completed a series of refinery upgrades, and additional
capacity should become available by 2008. However, the company has stated that it
needs to spend at least $19 billion over the next eight years in order to make up for
domestic shortfalls in gasoline production” (EIA-DOE, Mexico Country Analysis
Brief, www.eia.doe.gov)

-The power sector
The basic information about the power sector is shown below in Figures 13, 14, 15
and 16 (Source:
Prospectiva del Sector Eléctrico 2005-2014, SENER,
www.energia.gob.mx) .

Figure 13
Effective installed capacity 2004
53’561 MW

Figure 14. Public service power generation 1994 – 2004 (GWh)

Figure 15
Public service power generation by fuel 1994 – 2004 (TWh)
(note the substitution of fuel oil by natural gas)

Figure 16
Expansion program 2005 – 2014 (MW)

To note is the substitution of fuel oil by natural gas, arising mainly for
environmental concerns but also from the growing participation of IPP’s based on
NG combined cycle power plants, as shown in Figure 17.

Figure 17

This is the reason from the growing imports of natural gas shown in Figure 11, up
to now mainly from the US by pipeline. Currently LNG has begun to flow through
the fist gasification terminal at Altamira on the Gulf of Mexico. This will have a
capacity of 500 Mcfd. Another terminal of the same capacity is been built on the
Pacific coast at Ensenada, Baja California, and two more are planned. The LNG
imports projection to 2014 is shown in Figure 18, to cope with the projected NG
demand shown in Figure 19, where it is evident that the growth arises from the
power sector.

Figure 18
Imports of LNG 2006 – 2014 (Mcfd)

Figure 19
NG demand by sectors 2005 – 2014 (Mcfd)

9
Finally, the existing interconnections with the U.S. power grids are minimal, as can
be seen in Figure 20.

Figure 20
Existing power interconnections 2004

- Secondary energy production and end use consumption
Secondary energy production is shown in Figure 21 and end use consumption in
Figure 22. The industrial sector considered does not include the oil and power
sectors, that are listed separately as transformation sectors in Mexico’s energy
balance accounting.

Figure 21
Secondary energy production 1995 – 2004 (PJ)

Other
Electricity
Natural gas
Fuel oil
Gasolina & Nafta

Source: SENER Balance Nacional de Energía 2004

Figure 22

End-use energy consumption 1995 – 2004 (PJ)

Source: SENER Balance Nacional de Energía 2004

The 2004 energy balance is shown below.

Source: SENER, Balance Nacional de Energía 2004

2. The Cuernavaca workshop, 25 May 2006
All participants received beforehand the terms of reference describing the policy
axis and the main elements of the four scenarios set by the study group (see
attachment in Spanish). OS presented the purpose of the study and the Dominant
Global Issues, Challenges and Opportunities (attached). MB presented the terms
of reference and the purpose of the workshop, including the past and present
situation of the country (attached).
The terms of reference were open to discussion and received a few commentaries.
These are as follows.
Scenario 1 (LowGov-LowCoop)
- Terms of reference -

-economic development based on internal energy security
- market approach in energy supply
- moderate government intervention in terms of rent and subsidies
- diminished capacity to react to energy crisis and world crisis (due to

low

cooperation)

- low technology transfer
- no post- Kyoto / increased GHG emissions : coal instead of expensive oil
- poor countries become poorer because of lack of cooperation
– Observations -

-Objection to assumption of low technology transfer
Scenario 2 (HighGov-LowCoop)

-Terms of reference –
-internal energy security needs high government involvement
- development of local resources even at higher cost

/less pressure on

international markets / less crisis and price volatility

- low technology transfer due to introspective approach
- environment: use of coal / nuclear energy /

land

for

biofuels

large hydro development

- diminished capability of international institutions
Observations

- no complete isolation; still some regional influence, e.g., US in the case of Mexico
- not necessarily low technology transfer

/

Scenario 3 (HighGov-HighCoop)

-Terms of reference -governments

active in regional and global cooperation to share expertise for
sustainable development

- international agreements on GHG emisions and poverty reduction
- poverty reduction stimulates energy demand, thus pressure on

supply and
infrastructure / additional resources for GHG reduction from increased GDP

- large role for international aid and development institutions
- Observations -

Add :
- strong presence of government in national companies, together with private
companies (national and foreign) under strong state regulation
- transparency in handling economic resources and strict enforcement of the legal
and fiscal framework
- frontal fight to corruption

Scenario 4 (LowGov-HighCoop)

-Terms of reference -liberalization

of
global
accesible energy prices

markets

for

increasing

GDP

- low government intervention in terms of rent and subsidies
- few government initiatives to attenuate energy crisis impacts
- larger flows of goods, services, technologies
- negative effect on poorer countries that cannot afford

through

return rates

required by investors

- more GHG emissions (use of coal) but more activity in Kyoto mechanisms – JI,
CDM, International emissions trading

-Observations –
Comment: Change “emissions” to “production “

It was pointed out that the recent evolution of Mexico, certainly located within the
quadrant of High Government – Low Integration (Nationalistic) because of the
constitutionally based State’s exclusive charge of the energy sector (Fig. 23), has
drifted towards a lesser government involvement. There has been a deregulation of
the downstream natural gas activities and a limited one of the power sector, where
independent power production – for self supply and for sale to the State company
CFE- , and cogeneration are accepted, as shown below (Fig. 24).

Figure 23
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There is a degree of international integration in the measure of the dependence on
oil exports, and of the signing of treaties like the Pacto de San José to supply oil to
Central American countries, NAFTA and the recent Agreement for Security and
Prosperity with Canada and the US (Figs. 25a,b).

Figure 24
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Figure 25a
Figure 25

3. Summary and conclusions
With regards to ACCESSIBILITY, it was noted that there are pl hydroc

Figure 25b

The four working groups were each asked to assess one scenario and to develop a
story lines for Mexico, both in the cases of unmitigated and mitigated by policies
(Fig. 26).

Figure 26

Mexico in future world policy scenarios
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The responses were as follows:

Scenario 1 LowGov- LowCoop – unmitigated
Growth rates
GDP : incresing to 2020, then neutal afterwards
Population : neutral to 2035, decreasing afterwards
Energy intensity: decreasing all periods
Primary energy mix: neutral to 2020, increasing to 2035 and 2050
GHG Emissions: increasing to 2020,
S/D Tension: Oil – increasing to 2035, neutral to 2035,
decreasing afterwards
Gas - increasing all periods
Coal – increasing to 2020, neutral to 2035, increasing
Nuclear – neutral to 2035, increasing afterwards
Renewables - neutral to 2035, increasing afterwards
Non-commercial – neutral to 2020, increasing
to 2035,neutral to2050
TPER: increasing to 2035, neutral to 2050

Scenario 1 LowGov- LowCoop - mitigated
Growth rates
GDP : incresing to 2035, neutral afterwards
Population : neutral to 2035, decreasing afterwards
Energy intensity: decreasing to 2035, neutral afterwards
Primary energy mix: neutral to 2020, increasing afterwards
GHG Emissions: increasing to 2020, neutral to 2035, decreasing
S/D Tension: Oil – increasing to 2035, neutral to 2035, decreasing
Gas - increasing to 2020, neutral afterwards
Coal – increasing to 2020, neutral to 2035,
decreasing afterwards
Nuclear – neutral to 2020, increasing afterwards
Renewables - neutral to 2020, increasing afterwards
Non-commercial – neutral to 2020, increasing
to 2035,neutral to2050
TPER: increasing to 2035, neutral to 2050

Scenario 2 HighGov- LowCoop - unmitigated
Growth rates
GDP : neutral to 2020, then decreasing to 2035 and 2050
Population : increasing to 2020, then neutral
Energy intensity: increasing steadily all periods
Primary energy mix: neutral to 2020, then increasing to 2035 and 2050
GHG Emissions: neutral to 2020, then increasing to 2035,

decreasing to 2050
S/D Tension: Oil - increasing steadily all periods
Gas - increasing steadily all periods
Coal – decreasing all periods
Nuclear – decreasing all periods
Renewables - decreasing all periods
Non-commercial - decreasing all periods
TPER: increasing to 2020, neutral to 2035, decreasing afterwards

Scenario 2 HighGov- LowCoop - mitigated
Growth rates
GDP : neutral to 2020, then increasing
Population : neutral to 2020, then decreasing
Energy intensity: neutral to 2020, decreasing to 2050
Primary energy mix: neutral to 2020, then increasing
GHG Emissions: decreasing to 2050
S/D Tension: Oil – neutral to 2020, increasing to 2050
Gas – neutral to 2020, increasing to 2050
Coal – neutral to 2020, then increasing
Nuclear – decreasing all periods
Renewables - decreasing all periods
Non-commercial - decreasing all periods
TPER: increasing all periods

Scenario 3 HighGov-HighCoop - unmitigated
Growth rates
GDP : neutral to 2030, then increasing to 2035 and 2050
Population : decreasing steadily all periods
Energy intensity: neutral to 2020, then decreasing to 2050
Primary energy mix: neutral to 2030, then increasing to 2035 and 2050
GHG Emissions: neutral to 2020, then decreasing to 2050
S/D Tension: Oil - increasing steadily all periods
Gas - increasing steadily all periods
Coal – neutral all periods
Nuclear – increasing to 2035, then neutral
Renewables - neutral all periods
Non-commercial - increasing all periods
TPER: neutral to 2020, increasing afterwards
Corruption: neutral all periods

Scenario 3 HighGov-HighCoop - mitigated
Growth rates
GDP : increasing all periods
Population : decreasing steadily all periods
Energy intensity: neutral to 2020, then decreasing to 2050
Primary energy mix: increasing steadily all periods
GHG Emissions: neutral to 2020, then decreasing to 2050
S/D Tension: Oil - increasing to 2035, then neutral
Gas - increasing increasing to 2035, then neutral
Coal – neutral all periods
Nuclear – increasing to 2035, then neutral
Renewables – increasing all periods
Non-commercial - decreasing all periods
TPER: increasing all periods
Corruption: decreasing all periods

Scenario 4 LowGov-HighCoop - unmitigated
Growth rates
GDP : increasing all periods
Population : increasing to 2035, neutral afterwards
Energy intensity: decreasing all periods
Primary energy mix: neutral to 2035, increasing afterwards
GHG Emissions: neutral to 2035, decreasing afterwards
S/D Tension: Oil – neutral all periods
Gas - neutral to 2035, decreasing to 2035, neutral after
Coal – neutral all periods
Nuclear – neutral to 2020, decreasing afterwards
Renewables - neutral all periods
Non-commercial - decreasing all periods
TPER: increasing all periods

Scenario 4 LowGov-HighCoop - mitigated
Growth rates
GDP : increasing all periods
Population : increasing to 2035, neutral afterwards
Energy intensity: decreasing all periods
Primary energy mix: neutral to 2020, increasing afterwards
GHG Emissions: neutral to 2020, decreasing afterwards
S/D Tension: Oil – neutral all periods
Gas - neutral to 2020, decreasing to 2035, neutral after
Coal – neutral all periods
Nuclear – neutral to 2020, decreasing afterwards
Renewables - neutral to 2020, increasing afterwards
Non-commercial - decreasing all periods
TPER: increasing all periods

The summary of the story lines derived is shown below.

Possible Story Lines:
Unmitigated
Scenario 2 / HiGov-LowCoop

Scenario 3 / HiGov-HiCoop

• slowing economic growth
• slow increase in demand

• continued pressure for greater
economic integration

because of expected high prices

• energy sector opening in order to

• only after 2020 some energy

finance infrastructure development

diversification and energy intensity
improvement
Scenario 1 / LowGov-LowCoop

•

economic growth insufficient for
general welfare

•

fuel diversification only after
2035; oil&gas S/D tension up to
2020

• increase in TPER up to 2035

Scenario 4 / LowGov-HiCoop

•

light diversification and
energy saving policies

•

macroeconomy fares well;
internal market poor

•

low R&D investment / loss of
competitivity

Possible Story Lines:
Mitigated by policies

Scenario 2 / HiGov-LowCoop

Scenario 3 / HiGov-HiCoop

• strong take-off of R&D&D
• strong effort to improve

promote investment in renewables
and deep sea oil

energy efficiency and lower
intensity / lowering GHG
production

•

policies reduce
supply/demand tensions/ oil
Scenario 1 / LowGov-LowCoop

• promotion of GDP growth
• accelerate fuel diversification /
earlier nuclear & renewables

• lower oil S/D tension after 2035
• improve energy efficiency

•

• strengthen environmental programs
• educate in energy use and saving
• opening the energy sector slowly
Scenario 4 / LowGov-HiCoop

• larger support to energy efficiency
• more energy diversification
• active policy of GHG reduction
• more investment in oil&gas exploration
• policy of electricity generation

And with respect to the three A’s:

UNMITIGATED BY POLICY
Region: MEXICO
Availability

Accessibility

Acceptability

Scenario 1
LG-LC
Scenario 2
HG-LC
Scenario 3
HG-HC
Scenario 4
LG-HC

MITIGATED BY POLICY
Region: MEXICO
Availability
Scenario 1
LG-LC
Scenario 2
HG-LC
Scenario 3
HG-HC
Scenario 4
LG-HC

Accessibility

Acceptability

3. Summary and conclusions
In the Low Cooperation and Integration global scenarios (Scenarios 1 and 2),
MEXICO fares better keeping a High Government Involvement (Scenario 2). To
get away from a moderate economic growth, insufficient to assure the general
welfare, strong policies are needed to:
a) limit oil exports to insure energy security extending R/P range;
b) to foster R&D&D and energy efficiency;
c) to promote earlier energy diversification to avoid supply/demand tensions
in the oil and gas markets.
In the High Cooperation and Integration global scenarios (Scenarios 3 and 4),
MEXICO can take better advantage of Low Government Involvement (Scenario 4).
However:
- global integration has to be approached cautiously, i.e. current government
involvement has to be phased out intelligently, gradually and not completely This means keeping for a while a strong presence of government in national
companies to strengthen them, while allowing private companies (national and
foreign) under strong state regulation
All story lines require political certainty and end of corruption
All story lines require a greater R&D&D effort to improve competitivity
All story lines require stressing energy efficiency and diversification

With regards to ACCESSIBILITY, it was noted that there are plenty of primary
energy resources, especially hydrocarbons.
However, as for the 95 % quoted by the CFE for the electric supply coverage, this
has to be qualified. For a large sector of the population the access is marginal –
17 % percent of the population is considered under the poverty line out of a 48%
considered poor. The following is a comparative table with the US and Canada.
2002

CANADA

USA

MEXICO

NA Average*

GDP/cap (2000 US$)

31'000

34'862

9'340

TPE/cap (GJ)

466.3

357.6

67.5

293.6

Electricity/cap (MWh)

15.71

12.63

1.84

10.23

C/cap (Metric tonne)

5.18

5.85

0.96

4.32

x Beware of averages!!!

28’362

This shows clearly that Mexico needs to increase its energy consumption, although
certainly not at the levels of Canada and the US where part of the consumption is
due to extreme climate conditions that Mexico is not subject to.
With respect to AVAILABILITY to be noted is the fall of the oil
Reserves/Production ratio to 10 years – although this obeys in part to a more strict
qualification of proven reserves and may be reversed by more investments in
exploration and development -. To be noted also is the expected need to import
natural gas, as well as the growing imports of oil products due to a lack of
investment in refining capacity.
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- Integration of 4 working groups to develop possible trajectories
for Mexico including policy recommendations,etc.
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working groups reports
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conclusions
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5.3 Terms of Reference for the Workshop* (in Spanish)
(* distributed in advance to all invited to participate)
TALLER
MEXICO EN LOS ESCENARIOS ENERGETICOS GLOBALES AL 2050
DEL CONSEJO MUNDIAL DE LA ENERGIA
Mariano Bauer
Instituto de Física, UNAM
El propósito del taller es obtener una opinión informada y representativa de México
sobre los escenarios que pueden presentarse en los cuadrantes que los ejes de referencia
señalados en la figura delimitan; y asimismo, delinear las opciones y las políticas
deseables del país en los entornos regionales y globales de esos escenarios.

EJES DE POLITICA ENERGETICA

Intervencionista
(fuerte)

I-N

I-G

Ingerencia
gubernamental

F-N

F-G

Facilitadora
(ligera)

Nacionalismo
(excluyente)

Global
(incluyente)

Cooperación & Integración

Un cuestionamiento central es si pueden asegurarse las tres condicionantes que el CME
considera esenciales para un desarrollo sustentable, a saber, Accesibilidad
(Accessibility), Disponibilidad (Availability), y Aceptabilidad (Acceptability). La
accesibilidad a recursos energéticos es fundamental para el desarrollo económico, con

referencia especial a la necesidad de revertir el hecho que hoy en día al menos dos mil
millones de habitantes – un tercio de la población mundial – no tiene acceso a las
formas comerciales de la energía. La disponibilidad involucra la confiabilidad y la
seguridad de la oferta energética una vez conseguido el acceso, dado que interrupciones,
crisis o sacudidas en la oferta energética frenan el desarrollo económico al incrementar
los costos. Finalmente la aceptabilidad se refiere a la sustentabilidad ambiental de la
oferta y el uso de la energía, orientándolos hacia combustibles más limpios y diversos.
Las apelaciones escuetas “Ingerencia gubernamental” y “Cooperación & Integración”
deben matizarse y ser explicadas con más detalle, para evitar que sean fuentes de
interpretaciones erróneas. Y desde luego se acepta que existen situaciones individuales
que pueden justificar sin prejuicio la ubicación de un país en uno u otro de los
cuadrantes. De hecho, estos ejes están todavía sujetos a aclaración y/o modificación
–y hasta poder ser desechados -, de acuerdo a la opinión de las distintas regiones,
por lo que es un tema a discusión en este taller.
A continuación se presentan algunas de las características que se considera pueden
definir escenarios considerados en cada uno de los cuadrantes, sujetas naturalmente a
una presentación más detallada en el taller para su discusión.
Escenario Facilitador-Nacionalista
-

se busca desarrollo económico interno sustentado en seguridad energética
interna, pero manteniendo una economía de mercado en la oferta energética
intervención gubernamental restringida en términos de acopio de renta y de
subsidios
capacidad disminuida de reaccionar a crisis energéticas y recesiones mundiales
debido a falta de cooperación
escasa transferencia de tecnología
no hay tratado post-Kioto por lo que suben las emisiones de GEI debido al
mayor uso de carbón frente a precios altos del petróleo
falta de cooperación internacional acentúa el empobrecimiento de los países más
pobres

Escenario Intervencionista-Nacionalista
-

-

-

la prioridad es la seguridad energética propia, por lo que hay fuerte intervención
del gobierno para asegurar la accesibilidad y la disponibilidad de fuentes
internas y externas
el desarrollo de fuentes propias, aún a costos superiores, quita presión a los
mercados internacionales, por lo que disminuye la posibilidad de crisis y
volatilidades en precios
poca transferencia de tecnología debido a visión introspectiva
concesiones en cuestión ambiental debido a mayor uso de carbón, energía
nuclear, cambio de uso de suelo para biocombustibles, grandes hidreléctricas
capacidad de acción disminuida de instituciones internacionales, e.g., Naciones
Unidas

Escenario Intervencionista-Global

-

-

gobiernos activos en cooperación regional y global para compartir “expertise” en
busca del desarrollo sustentable
acuerdos internacionales en torno a GEI y reducción de la pobreza
reducción de pobreza estimulará la demanda energética, creando presión sobre la
oferta y la infraestructura, pero permitirá el control de GEI por recursos
adicionales de un crecimiento mayor del PIB
gran papel de agencias de ayuda y bancas de desarrollo internacionales

Escenario Facilitador-Global
-

la preocupación principal es la liberación de los mercados globales para
promover el crecimiento del PIB por medio de precios de la energía accesibles
poca intervención gubernamental en términos de acopio de renta y de subsidios
poca iniciativa gubernamental para atenuar impactos de crisis energéticas
mayor flujo de bienes y servicios, y de transferencia tecnológica
posible efecto negativo sobre los países más pobres que no pueden acordar las
tasas de retorno requeridas por los inversionistas
mayores emisiones de GEI por uso de carbón, pero más actividad de los
mecanismos de Kyoto – Implementación Conjunta, Mecanismo de Desarrollo
Limpio, Comercio Internacional de Emisiones
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A.

Background

The United States Energy Association (USEA) has embarked on an effort to support the
World Energy Council’s Global Energy Policy Scenarios Study. The World Energy
Council (WEC) study lays out four energy policy scenarios, which provide a useful
framework to consider energy resource development and utilization over five decades.
This framework facilitates a discussion of how eleven critical global issues will influence
the WEC goals of assuring energy Accessibility, Availability and Acceptability.
This U.S. report, when in final form, will be appended to the “North American Regional
Report,” as will the country reports from Canada and Mexico. Thus, this document will
not only serve as a free-standing U.S. report, but will be substantially utilized as input to
both the North American and global World Energy Council documents
These “3-A’s” are defined as follows:
Accessibility: Access to affordable modern energy for all people, as distinct from
dependence on “traditional” energy forms, i.e., firewood, animal waste, etc.
Availability: Reliability and security of energy supply systems once access has been
achieved.
Acceptability: Avoidance of damage to the environment that could compromise current
and future welfare.

The Dominant Global Issues and Concerns for Next Half Century as
Identified by World Energy Council Scenarios Study
1. Global hydrocarbon supply challenge
2. Keeping all supply options open
3. Energy end uses, especially mobility systems
4. Global conservation ethic
5. Greenhouse gas challenge
6. Technologic challenges and opportunities
7. Global market reform
8. Financing Challenge
9. National and regional supply security
10. Global coordination and support
11. Accessibility
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1.

The U.S. Setting

The U.S. energy economy in 2006 presents an interesting example of the usefulness of
the WEC scenario study. U.S. Government statistical projections go to 2030, as is
common with similar efforts. Little analysis has been done with a time frame of the
middle of the century, yet many experts perceive that technology development and
deployment will address critical energy issues within this time frame.
The U.S. Energy Information Administration projects primary energy use to reach 131
quadrillion (quads) BTU’s by 2030 up from about 100 quads today. Petroleum and other
liquid fuels for transportation and coal for industrial/electric power generation drives this
increase. Growth in energy demand from 2030 to 2050 is unclear; but few, if any, expect
demand to fall in the United States. In fact, it is reasonable to expect that absent
dramatically different price or policy signals, the 2030 to 2050 timeframe will look
similar to 2005 to 2030.
FIGURE 1

Coal and Petroleum Lead Increases in Primary Energy Use

U.S. Energy Information Administration

FIGURE 2

U.S. Primary Energy Use Climbs to 131 Quadrillion Btu in 2030

U.S. Energy Information Administration
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Both petroleum and electricity consumption are expected to grow significantly, with most
increased demand for crude oil and refined products to be met by imports in the 20052030 time frame.
FIGURE 3

Liquid Fuels and Electricity Lead Growth in Energy Consumption

U.S. Energy Information Administration

Even though significant gains are reached in energy intensity through efficiency and
productivity, the average per capita energy use increases again in the 2005 to 2030 time
frame, with a 14% increase in per capita energy use for transportation between 2005 and
2030.
FIGURE 4

Average Energy Use per Person Increases Through 2030

U.S. Energy Information Administration
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FIGURE 5

Transportation Energy Use Is Expected to Increase

U.S. Energy Information Administration

Investments in energy infrastructure are beginning to percolate as a direct result of the
Energy Policy Act of 2005. These policy changes, coupled with the need to better
balance supply and demand, are expected to lead to a significant expansion in the electric
power system. Tax incentives for transmission system improvements, for new nuclear
plants, for deploying clean coal technologies and for renewable energy systems should
spur investments in this sector through the end of this decade and perhaps beyond.
The Energy Policy Act of 2005 did very little to facilitate domestic production of oil and
gas. Additional legislation will be needed to allow exploration and production on the
outer continental shelf, on federal lands in the west, particularly the Rocky Mountains, as
well as in the Artic National Wildlife Refuge.
This unwillingness on the part of the legislative branch to encourage an expansion of
domestic oil and gas production is occurring against a backdrop of:


Rising global demand for petroleum and natural gas and prices above
historic norms.



Increasing focus on domestic energy independence, driven by national
security concerns and an expectation of increased reliance on biofuels.

Hence, this is an opportune time for the United States to explore energy policy scenarios
to 2050, particularly within the framework of a more or less interventionist government
along a continuum of nationalism versus globalization.
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2.

Introduction to the Scenarios

The U.S. workshop generally accepted the descriptions of the four scenarios as framed by
the WEC study and defined by the National Workshop Guidelines (May 2005) – World
Energy Council. However, by the end of the workshop, it was clear that there was some
confusion as to how each scenario was defined.

Policy Axes

Interventionist
(Heavy)

Government
Engagement

Enabling
(Light)
Nationalism
(Exclusive)

Integration / Co-Operation

Globalism
(Inclusive)

What do the axes mean?
• Government Engagement
• Light or Enabling
– Is restricted

• Heavy or Intervening or Encumbering
– Plays a major role

• Cooperation / Integration (bi, tri…multi)
• Nationalism
– No drivers for cooperating (resources, investments,
products)

• Globalism
– Sharing (resources, power pools)
– Agreements (mutual benefit, treaties)

Page 8

Globalization (high international cooperation)


Strong support for ongoing global market reform, including stronger
NAFTA, WTO and other related organizations.



Strong committed support for future regional and global agreement which
address the world’s dominant energy-related issues and challenges,
including global warming, energy poverty, energy supply security,
technology development and transfer, etc.



Strong support for existing global and regional institutions with energy
related responsibilities, such as the UN, IMF, World Bank, Regional
Banks, etc., and working proactively in strengthening existing and creating
new institutional arrangements for tackling major international energy
related challenges.

Nationalism (low international cooperation)


Strong focus on national self sufficiency and national security.
International commitments tend to be avoided.



There is no direct participation in addressing future regional and global
concerns such as global climate change, energy poverty, etc.



Passive participation in the support of existing global and regional
institutions, such as the UN, IMF, etc., but no commitment to
implementation of their agendas.



Strong focus on the development and deployment of technologies which
utilize indigenous energy resources.

Interventionist Government (high government engagement)


Energy is viewed by governments as being of high priority for national
economic growth and development.



Governments decide that domestic energy systems are too important to be
left purely to open market processes, and thereby engage in direct
intervention, including equity participation and regulation (prices, taxes,
incentives).



There is a strong sustained commitment by governments to have a policy
framework for the development and management of energy system.



There is a strong regulatory environment to support energy development.
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There are strong programs for development and deployment of new
energy technologies, including “picking winners” and implementing
policies that support such decisions.

Enabling Government (low government engagement)


Overall economic development is the priority.



Energy systems are viewed by governments as elements (albeit important)
of other systems, with policy frameworks not focusing specifically on
energy systems as such.



Governments enhance and promote the importance of market forces in the
energy sector. The role of governments is to set the overall policy
framework, with the buyers and sellers making the key investment,
production and consumption decisions.



Regulations for development of energy systems are streamlined, and only
used as a last resort.



There is cooperation on technology, but with a stronger focus on
supporting and promoting RD&D initiatives by the private sector.

Possible Policy Scenarios

More
government
engagement

Less
government
engagement

Scenario 2
HG-LC

Scenario 3
HG-HC

Scenario 1
LG-LC

Scenario 4
LG-HC

Less
integration/
co-operation
WEC Energy Policy Scenarios To 2050 Study

More
integration/
co-operation
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3.

Summary of the Scenarios
Overall Commentary


The U.S. workshop participants indicated an acceptance of WEC approach
as providing a framework within which to discuss the principle issues.
However, a clear consensus emerged that these axes are not drivers of
major issues in the U.S. context.



It was noted that different fuels and technologies have different realities
within and among scenarios. There really is no one scenario that
adequately captures the United States today. Hence, it is difficult to
envision that one single scenario will apply to all fuels and all
technologies by 2050. One clear example is the regulatory regime that
applies to nuclear compared to solar photovoltaics.



Also state and regional differences are significant within the U.S. This
particularly applies to issues such as facility siting, power market structure
and the trade-offs between economic development and environmental
protection.



A general consensus emerged that Scenario Three or Four in 2050 is
likely. It is unclear if this is also desirable in that participants were not
asked this question. Differences in fuels, technology and regions are
likely to influence the desirability of any scenario.



Technology development and deployment is key in all four scenarios to
get to the Three A’s.



Introduction of new disruption technologies not currently utilized cannot
be predicted, i.e., nano-technology, methane hydrates, etc.



In responses to a direct question, a clear consensus emerged that in any of
the four scenarios, there is zero expectation that federal or state
government ownership of energy resources or facilities could increase.

All four scenarios breakout sessions reported agreement on:


The Hydrocarbon Challenge can be managed given supportive
government policies;



Keeping all energy options open is essential and policymakers should not
close off any options;



The availability of finance is not a issue in the U.S. However, it should be
noted that capital being available does not necessarily mean that investors
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will put capital in the energy sector if returns from other investments
provide better returns as adjusted for risk;


Technology challenges and opportunities are equally critical in all
scenarios;



Accessibility is not a issue in the United States.

Interesting Insights Emerging from Breakout Sessions:
 Scenario 1 – Light Government and Nationalism
– This is the “business as usual” approach – Scenario 1 is where the
United States is today, being nearer to the lower range of nationalism.
– The nationalist scenario requires movement up the vertical axis of
government involvement. Nationalist policies would need to be
government imposed. The “market” will lead to globalization.
Stronger nationalism is not feasible at the lowest point of government
involvement.
Issue 1: Accepting the proposed notion of fossil fuels providing 85-90%
of all U.S. energy in 2050 requires alternative fossil fuels, i.e., oil
sands/shale; methane hydrates; unconventional oil and natural gas. In
Scenario 1, which implies relying on domestic resources, the U.S. has
inadequate domestic supplies of conventional fossil fuel resources.
Issue 2: Keeping all supply options open is seen as critical and likely in
this scenario.
Issue 3: The workshop participants could not reach a consensus on how
“end-uses” plays out in Scenario 1.
Issue 4: The Global Conservation Ethic was rejected as an issue as being
neither desirable, necessary nor relevant to Scenario 1.
Issue 5: The Greenhouse Challenge in Scenario 1 is addressed by marketbased economic/social/business pressure. Voluntary responses to climate
change concerns are based on advanced technology such as carbon
sequestration and nuclear power.
Issue 6: Substantial government involvement is desirable in terms of
R&D investments and incentives to deploy technologies that are in the
“public good.”
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Government research, development and deployment support is consistent
with Scenario 1 and should be on a non-discriminatory basis, i.e.,
production tax credits across the spectrum of fuels and technology. In
Scenario 1, the government does not pick fuel and technology winners and
losers, rather the market does.
Issue 7: The participants concluded that global market reform is
inconsistent and outside of Scenario 1.
It was pointed out that any nation can be highly nationalist/protectionist
and still be a major global trader (i.e., mercantilism, colonization, etc).
Nationalism does not automatically lead to increased barriers to
international trade, while it can be interpreted to mean “no imports or
exports”. By definition however, it does not automatically mean this.
Issue 8: In the United States, no constraints exist on the availability of
capital given policy that incentivize investments. It was noted that even
some “bad” projects get financed.
Issue 9: In this scenario, market forces and free trade provide supply
security by diversification of sources of supply, of fuel choices, and of
technology.
Issue 10: Global cooperation is “defined” out of this scenario.
Businesses cooperate on a voluntary basis. For this scenario to be viable
in 2050, a new technology or resource must emerge.
Issue 11: Not relevant to the United States.

 Scenario 2 – Government Intervention and Nationalism
– Scenario 2 suggests that the United States embarks on a very different
approach to national energy policy than has historically been the case.
It relies more on a “moon shot” approach rather than incremental
change. This notion is that the U.S. Government, with Congressional
support, makes a commitment to energy independence driven by
strong government intervention in picking technology and fuel winners
and losers. Government agencies are rallied to the energy
independence cause in a manner reminiscent of President Kennedy’s
challenge in the early 1960’s to put a man on the moon within a
decade.
– Imports of oil fall to 50% by 2035 and to 33% by 2050. Therefore,
U.S. imports could be supplied exclusively from Canada and Mexico.
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Issue 1: This scenario forces North American resource development,
specifically oil shale and oil sands development. In the near term, by
2020, significant volumes of both oil and gas are delivered from Alaska,
and from the outer continental shelf, as well as from federal lands in the
Western U.S. Also the biofuel industry expands dramatically.
Issue 2: Scenario 2 suggests major U.S. Government-driven investments
in nuclear, clean coal, renewables and electric power infrastructure. The
steps taken by the Energy Policy Act of 2005 need to be dramatically
expanded and made permanent.
Issue 3: End use efficiency improvements and fuel switching, i.e., plug-in
hybrids displace imported oil being led by government forcing technology
deployment. This is primarily accomplished by tax policy, standards, and
regulation.
Issue 4: Scenario 2 results in a nationalist conservation ethic rather than
global conservation ethic. This scenario also suggests that government
policy forces behavior change rather than relying on moral/social pressure.
Issue 5: Greenhouse gas concerns are secondary to energy security
concerns.
Issue 6: Technology challenges are characterized by government picking
winners and losers.
Issue 7: Scenario 2 discourages global market reform.
Issue 8: Not relevant to the United States.
Issue 9: Continued integration of North American markets occur.
Issue 10: Defined out of this scenario.
Issue 11: Not relevant to the United States.
Overall Comment: The realism of this scenario was challenged by the
breakout session participants. They posed the question, “Can the U.S.
really become energy independent?” They also questioned if this will be
desirable.

 Scenario 3 – High Government/Globalization
Issue 1: This scenario is characterized by global competition for access to
hydrocarbon supplies. The U.S. government uses a variety of tools commercial, diplomatic and military - to secure access.
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Issue 2: The United States relies on a diversity of fuel and technology in
Scenario 2. All options are required to be open. Citizen concerns over
energy production and transportation facility siting are overruled by
government directives. The “Not In My Backyard” syndrome is overcome
by governments exercising eminent domain to site energy facilities.
Issue 3: Significantly more government policy-driven changes in
behavior characterizes this scenario, i.e., mass transit, urban planning,
telecommunication, employment patterns. Possible de-urbanization may
occur and new semi-urban communities prosper. Live where you
work/work where you live becomes more common. New residential and
commercial buildings are designed with significantly increased energy
efficiency standards. Old, inefficient urban buildings that cannot be
economically retrofitted are abandoned. In this scenario, the U.S.
becomes a global leader in setting efficiency standards.
Issue 4: All Americans come under political and moral pressure to
conserve energy and natural resources. Government policies force
mandatory efficiency and conservation measures.
Issue 5: In a spirit of international cooperation, the United States
endorses strong regulations and mandates regarding climate change –
government forces domestic, non-emitting technologies, i.e., renewable,
nuclear, etc. Greenhouse gas emissions are stabilized by 2050.
Issue 6: Government funding and support for research and development
increases dramatically in this scenario, characterized by public-private
partnerships. Global liability issues are addressed such as nuclear
incidents, carbon storage, etc. Global technology cooperation is
significant.
Issue 7: In this scenario the United States supports global market reform
and aggressively pursues treaties and other tools to promote international
trade and investment flows.
Issue 8: Availability of financing for domestic projects is not an issue in
the United States.
Issue 9: This scenarios addresses security of supply by increasing imports
from diverse sources. Imports of oil and gas increase significantly and
concerns over security of supplies grow. U.S. military forces assure the
free flow of energy resources globally.
Issue 10: The U.S. increases its financial support for technology transfer
to developing countries for clean energy technologies.
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Issue 11: Accessibility is not an issue in the United States as defined by
the WEC.

 Scenario 4 – Light Government - Globalization
Issue 1: In this scenario government imposed restrictions to access to
energy resources is removed, providing adequate hydrocarbons. Plentiful
supplies of oil and gas exist in the outer continental shelf, on federal lands
and in Alaska. Hydrocarbon dominance remains easily through the mid
point of the century, although price volatility occurs.
Reduced U.S. government intervention in the energy sector, including
reduced military presence, results in increased political risk for oil and gas
exploration and production. The number of quality investment
opportunities that have acceptable risk profiles decreases.
Issue 2: Government still has significant role as an “enabler” in helping
keep all energy options open. The U.S. government also has a role as a
facilitator of energy resource development by helping U.S. companies
engage in other countries. This scenario relies extensively on marketbased decision making – over time, markets bring supply and demand into
balance, albeit, short term disruptions occur. A shortage of technical
personnel will adversely impact resource development. This likely occurs
as a sporadic short-term, regional specific issue because ultimately salaries
will compensate for labor shortages and workers will migrate to higher
paid professions and jobs. This however, will put pressure on energy
prices and ultimately inflation.
Issue 3: A scenario of light government/globalization discourages
efficiency. Market pricing will eventually bring supply and demand into
balance, and while government policies such as building and appliance
standards can contribute, but they are inconsistent with the definition of
Scenario 4.
In this scenario higher prices drive “choice” - not government command
and control. Americans choose to drive more efficient automobiles
overall, but options remain for those individuals not sensitive to price.
Americans continue to like their cars. They resist cultural changes such as
using mass transit or otherwise modifying their behavior. Price rather than
policy guides consumers choices.
Issue 4: The breakout group participants strongly expressed a view that
for a global conservation ethic to emerge, conservation must become a
“marketable” product. It must be made to be stylistic, like anti-smoking or
anti-littering campaigns.
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Issue 5: Scenario 4 provides little reduction in U.S. greenhouse gas
emission levels by 2050. What does occur is driven by social/moral
pressures.
In Scenario 4, an enabling government solves the carbon sequestration
issue. This is in part due to Americans responding to international
pressure and a growing sensitivity to global concerns.
Issue 6: The U.S. Government’s role remains in basic R&D; protection of
intellectual property rights, etc., and is vital.
Issue 7: In globalized energy markets, international investment follow
market principals. “Enabling” foreign governments and proper investment
frameworks will determine which countries move forward and which are
left behind based in part on their ability to attract direct foreign
investment. This is true also for the United States.
Issue 8: Financing is adequate to meet U.S. requirements, provided that
the “enabling governments” provide for regulatory (including
environmental regulation) certainty.
Issue 9: The “Not in My Backyard” syndrome constrains facility siting,
ultimately putting increased pressure on price and supply.
In a scenario of light government, one appropriate role is energy market
monitoring to prevent market manipulation. Security concerns are
provided by diversified energy markets.
Issue 10: Government and industry work together in public-private
partnerships to transfer of best practices through international voluntary
partnerships. Improved international data is needed for decision and
policy making. International government cooperation is critical for this to
occur.
Issue 11: In this scenario energy poverty has been impacted little by
2050.
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4.

Comparison of the Scenarios
A. The Economy – Scenario Four is the only scenario where GDP growth is
expected to increase across the 2020, 2035 and 2050 time periods.

GDP Growth
Scenario
1
2
3
4

2005

2020

2035

2050

Increasing
Increasing
Increasing
Increasing

Decreasing
Decreasing
Neutral
Increasing

Neutral
Neutral
Neutral
Increasing

Increasing
Increasing
Decreasing
Increasing

Scenarios One and Two expected demographic growth to be neutral in all time
periods. Scenario Three expects an increase to 2020 and then a decrease
through 2035 and 2050. Scenario Four expected an increase to 2020 and then
neutral through 2035-2050.

B. Energy - Energy intensity was seen as decreasing in all time periods in
Scenario One and Two. In Scenario Three, it is seen as neutral through 2020
and then declines. In Scenario Four it remains neutral in all time periods.
Primary energy mix appears to have not been consistently interpreted. Hence,
the data is of little value.

C. Supply/Demand Tension
Oil
Scenario 1
Scenario 2
Scenario 3
Scenario 4
Gas
Scenario 1
Scenario 2
Scenario 3
Scenario 4

2005

2020

2035

2050

Increasing
Increasing
Increasing
Increasing

Increasing
Decreasing
Neutral
Increasing

Decreasing
Decreasing
Decreasing
Neutral

Decreasing
Decreasing
Decreasing
Decreasing

2005
Increasing
Increasing
Increasing
Increasing

2020

2035

2050

Neutral
Decreasing
Decreasing
Increasing

Neutral
Decreasing
Neutral
Neutral

Decreasing
Decreasing
Decreasing
Decreasing
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Coal
Scenario 1
Scenario 2
Scenario 3
Scenario 4

2005

2020

2035

2050

Increasing
Increasing
Increasing
Increasing

Neutral
Increasing
Increasing
Increasing

Neutral
Increasing
Increasing
Neutral

Decreasing
Increasing
Increasing
Increasing

Nuclear
Scenario 1
Scenario 2
Scenario 3
Scenario 4

2005

2020

2035

2050

Neutral
Neutral
Neutral
Neutral

Neutral
Increasing
Increasing
Decreasing

Neutral
Increasing
Decreasing
Decreasing

Neutral
Increasing
Decreasing
Decreasing

Renewables
Scenario 1
Scenario 2
Scenario 3
Scenario 4

2005

2020

2035

2050

Decreasing
Decreasing
Decreasing

Decreasing
Increasing
Increasing

Decreasing
Increasing
Increasing

Decreasing
Increasing
Decreasing

Decreasing

Decreasing

Decreasing

Decreasing

Non-Commercial – Not applicable to the United States.
In examining the supply/demand tension analysis, it is not clear that consistent
definitions were used in the four breakout sessions. Hence, it may be that little
can be gleaned from the information collected. It may be determined that this
exercise can be repeated if the results are critical.

D. Issues – Challenges & Opportunities – Areas of Agreement
All four scenarios concluded that:
Issue 1: The Hydrocarbon Resource Challenge can be met by a combination of
developing non-conventional domestic resources; accessing lands currently offlimit to production and diversify sources of imports. This will require mitigating
existing policies.
Issue 2: Keeping all options open is critical in each scenario. This will require
mitigating existing policies.
Issue 6: Technology Challenges & Opportunities - This is critically important in
all scenarios, with a significant U.S. Government role, even in the government
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“light” scenarios (1 & 4). The only difference among scenarios is the degree of
government engagement at the commercialization stage and the notion of
governments picking winners and losers. Current policies should accommodate
this in the short-term.
Issue 8: Financing challenge – does not apply in the U.S. context. Capital exists
for all “good” projects, and even some “bad” projects. Current policies should
accommodate this in the short-term. However, financial resources being available
does not automatically assure the capital flows into energy investments. These
investments still must achieve adequate returns, which can be affected by
policymakers.
Issue 11: Accessibility as defined by the World Energy Council is not a U.S.
issue. (Accessibility, in the context of “access” to the outer-continental shelf for
drilling is important; as is accessibility in the sense of energy security).

E. Issues & Challenges – Areas of Disagreement
Issue 3: End-Use – The scenarios of heavy government intervention (2 & 3) led
to dramatic efficiency improvements; market driven/voluntary efforts (1 & 4)
were not likely to have major impact.
Issue 4: Global Conservation Ethic – This was interpreted as not relevant to the
nationalist scenarios (1 & 2) and was considered as likely due to government
action in Scenario Three and only relevant in Scenario Four if the concept could
be “marketed” better.
Issue 5: Greenhouse Gas Challenge – Action in Scenario One is driven by
society pressure on business, in Scenario Two considered of secondary
importance to security, in Scenario Three is driven by government regulation and
mandates and in Four, minor reductions occur driven by social pressure.
Issue 6: Global Market Reform – Participants felt this was defined out of
Scenario One and Two. In Scenario Three, the U.S. Government is aggressive in
pursuing global market reform. In Scenario Four, pressure comes from private
capital markets rather than governments.
Issue 9: National and Regional Supply Security - Supply security is achieved in
each scenario, but by different paths. In Scenario One and Four, security is
achieved by market forces by way of diversification. In Scenario One and Two,
diversification occurs in the North American context, and in Scenario Four,
diversification occurs globally. In Scenario Three, security is achieved by
diversification with the U.S. military protecting supply sources and transportation
routes.
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Issue 10: Global Coordination & Support – This is defined out of the scenario in
One and Two, is government forced in Scenario Three and is market forced in
Scenario Four.

5.

The United States in 2050

Summarized below are the key characteristics of each scenario in the U.S. in 2050.

 Scenario 1 – Enabling Government/Nationalism
– Different states and regions have varying degrees of cooperation, i.e.,
border states more cooperative with Canada and Mexico.
 Energy producing states strive to maintain state level/regional
independence.
 Economic growth is strong. Private sector drives economic growth.
 Market forces eventually solve supply/demand imbalances but
volatility is constant issues due to market reaction lag-time.
 Social/cultural philosophy drives nationalism rather than government
policy.
 Social pressure regarding climate change pushes carbon light
technologies.
 Military presences support energy security within the context of world
oil markets.

 Scenario 2 – Interventionist Government/Nationalism
– The United States has a much more comprehensive energy policy than
ever before in our history. Energy policy becomes “moon shot”
approach.
 Strong government intervention in the energy sector is by way of
regulation, research and development and policy formulation; not by
government ownership.
 Domestic resources dominate, oil imports by 2050 limited to 1/3, i.e.,
from Canada and Mexico only.
 Behavior changes – nationalistic conservation ethic emerges.
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 Scenario 3 – Interventionist Government/Nationalism
– U.S. Government becomes heavily engaged in securing energy
supplies through commercial, diplomatic and military channels.
 Expanded international cooperation on hydrogen, nuclear, carbon
sequestration.
 Energy security preempts other U.S. foreign policy objectives, i.e.,
eliminating global poverty; promoting good governance/transparency;
intellectual property rights, etc.
 Domestic lifestyle changes are imposed by government regulation, i.e.,
telecommuting, shifting employment patterns, mass transit use, and
land use changes.
 Mandatory efficiency standards tightened, i.e., buildings and vehicles.
 Moral pressure is exerted domestically and globally regarding a global
conservation ethic.
 Stronger government intervention in siting energy facilities

 Scenario 4 –Enabling Government/Globalization
– Government role is to facilitate private sector action both domestically
and globally.
 Market forces determine prices – supply and demand are balanced
with short term volatility.
 Government restrictions to access domestic resources lighten.
 International cooperation is based on public – private partnerships,
transferring best practices.
 Fossil fuels remain dominant.
 Consumers make choices – little behavior change.
 Social pressure results in reductions of greenhouse gas emissions.
 Government role is crucial in monitoring energy markets.
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6.

Policy Elements

A review of the workshop’s commentary suggests that participants found the following
policy elements would mitigate the outcomes of a business as usual approach:
1. Government support for research, development, deployment and
commercialization is critical in all scenarios. The level of government
engagement and the degree to which the “government” or the “market” pick
technology winners or losers becomes a critical factor.
2. Fossil Fuels do continue to dominate the energy mix in the United States.
Policies which enable domestic production, which support cleaner fossil
technologies and which support the rapid expansion of unconventional fossil
fuels, coupled with the rate of advanced technology deployment, help
determine which scenario evolves.
3. The United States’ approach to climate is clearly differentiated by which of
the four scenarios might exist, but climate change policies also influence
which direction along both axes the U.S. finds itself.
4. All four breakout groups indicated that financing projects will not be an issue.
This is likely true if one assumes that the current balance between the roles of
the government and the market either maintain the current balance or evolve
in a positive manner. However, the potential for government interference in
the sector by not providing regulatory and policy stability should not be
ignored. Any of the four scenarios can result in a high price environment for
energy commodities and services. Government action to restrain prices to
consumers (voters) could result in inadequate rates of return and cause capital
flight either to other economic sectors, other countries, or both.
5. A key issue is how policy options can reduce the lag time of technology
deployment. In every industry sector, alternative, advanced, cleaner energy
technologies will contribute enormously to achieve the World Energy
Council’s Three A’s: Accessibility, Availability, and Acceptability. Policies
related to taxation, regulation, government investment in research,
demonstration, deployment and commercialization will determine whether
domestic deployment of these technologies will be sooner or later. Of equal
importance, U.S. government recognition and support, including major
financial support, can make the transfer and deployment of clean energy
technologies to developing countries much quicker than relying exclusively
on market forces.
6. Each of the workshop breakout sessions concluded that in any scenario, the
U.S. would “keep all energy options open.” While clearly not only desirable
but critical to our future, this view is certainly not unanimous in the general
public. Opponents of specific technologies and fuels not only exist but are
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actively working to close the door on technologies and fuels that they oppose.
Simultaneously, proponents of certain technologies and fuels are actively
striving to improve their position in the market place by denigrating what they
perceive to be their competitors. This later circumstance is particularly
shortsighted. The U.S. workshop clearly endorsed keeping all options open
and in that regard, we should remain united with the notion that both the
United States and the rest of the world, will need both every unit of energy
production and every unit of efficiency and conservation through 2050 that
can be achieved.
7. One final policy element that warrants discussion is the difficulty that the
industry has experienced in siting energy facilities. This phenomenon is not
unique to the energy sector, but it is certainly widespread within the sector.
We have gone from NIMBY, “Not In My Backyard” to BANANA, “Build
Absolutely Nothing Anywhere Nor Anytime,” to NOPE, “Not On Planet
Earth”, to now most recently DADA, “Design, Announce, Defend, then
Abandon.” Policy makers need to support a broad educational effort to
explain to the citizenry what future energy options are, why they are critical
and what the impact is on the economy, the environment and our collective
social welfare if critical projects can not be built. Some might visualize
Scenario Two, where a strong, nationalistic culture with heavy government
engagement results in governmental edicts regarding where specific projects
will be built and even exercising eminent domain to seize land for
construction projects. This scenario is difficult to imagine in a democratic
political system that is based on significant citizen involvement in public
policy, such as is well developed currently in the United States.

7. Observations
A slight majority view existed at the end of the workshop that in 2050, the United States
would be in Scenario 4. The others all felt that issues would drive the U.S. into a higher
government involvement, i.e., Scenario 3. No one thought the U.S. would be in Scenario
1 or Scenario 2. However, these conclusions need to be tempered by two realities.
1. Some of the participants, perhaps one third, were unable to stay until the end
particularly as the workshop went later than scheduled. While the workshop
began with a excellent representation of the U.S. sector, no notation was made
of which sub-sectors were under-represented at the end.
2. Also, there remained differences in view as to what constituted government
invention, including a lack of consensus on whether “light” government meant
“little” government intervention as compared with the notion of “enabling”
government whose interventions are significant as well as positive and
supportive.
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No effort was made to comment on which of the four scenarios is most
desirable, or which offered advantages or disadvantages to the United States.
Consequently, no identification occurred as to what policies would push the
U.S. into one scenario versus the other. Also, no effort was made to identify
strategies that would allow individual organizations to be successful in one
versus the other.
The United States energy system in 2050 looks much like the U.S. Energy
Information Administration projections for 2030. In that regard, the energy
resource mix is not dramatically different than in 2005. However, much
progress has been made in deploying advanced, clean energy technology.
Significant policy changes would be needed to cause the energy supply mix
and energy consumption patterns to be radically altered.
Several phenomenon contribute to this likelihood:
A. The sheer size of the energy system, i.e., over one million megawatts of
power generation; growth in petroleum consumption from ±20 million
barrels per day in 2006 to ±28 million in 2030 to who knows what volume
in 2050.
B. The lag rate of technology deployment.
C. The lag rate of political/regulatory policy making to stay ahead of the
“curve” in a fast paced, quickly evolving industry.
However, several plausible wildcards could push policy makers, who will
respond to public opinion, to aggressively pursue dramatic changes that push
into one of the four scenarios. Examples include:


A world war, with unforeseeable outcomes.



A series of repeated terrorists strikes on the U.S. homeland that result in a
“Fortress America” or a “Fortress North America” mindset, where energy
independence truly becomes a national/continental mandate (Scenario 1 or
Scenario 2).



A much broader and deeper than currently held belief that climate change
warrants urgent and immediate global action resulting in alternatives to
fossil fuels being embraced for non-economic motivations (Scenario 3 or
4).



A technological failure that closes off one or more energy options, i.e., oil
spill, nuclear incident; genetically engineered crops for bio fuel production
result in catastrophe, etc. (Scenario 2 or 3).
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A technological breakthrough that disrupts current technology deployment
roadmaps, i.e., moderate breakthroughs such as improved hydrogen fuels
cells; photovoltaics; electric batteries or substantial breakthroughs such as
more economic oil shale production, carbon capture and storage or
dramatic breakthroughs such as methane hydrates; safe carbon-eating
bacteria, nuclear fusion. (Scenario 4).

The relationship between the government and the energy industry is
significantly different in each of the four WEC scenarios. This remains true
even though a consensus exists in the U.S. that neither of the Axes by and of
themselves actually are going to drive events. Energy organizations expecting
to still be operating in 2050 and can consider how their organization can be
successful regardless of which (if any) of these scenarios materialize.

