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Albuquerque, New    
Mexico: a chilly-but-

sunny, sky blue January day 
in the foothills of the snow 
covered Sandia Mountains.  
A new year, a new begin-
ning, and a new IAEE 
President: I can’t tell you 
how honored and privi-
leged I am to serve you in 
this role. 

Tony Owen and his 
Council, supported by the 
Dave Williamses (Jr. and 
Sr.) have done a superb job 
in leading and managing 
our organization.  During 

2005 I hope to build on their successes, and as a famous chef 
often says, if I’m lucky, to help “kick it up a notch.”

When I started in the energy economics business as 
U.S. Federal Trade Commission Staff Economist in the early 
1970s, the Commission opened a “monopolization” anti-trust 
case against the top six U.S. oil companies.  About the same 
time, with the U.S. under energy price controls, Saudi Arabia 
embargoed the U.S. and the Netherlands, world oil prices 
quadrupled, and the U.S. thought it could regulate its energy 
markets better than the markets themselves.  Nuclear power 
was the poster child for clean, secure electricity. The U.S. im-
posed a host of new energy laws and regulations and a couple 
of Presidential initiatives, including Project Independence 
and the Moral Equivalent of War, to try to outsmart the mar-
ket.  By the 1980s, with a lot of hard work from many of us, 
and with oil prices falling from the current dollar high $30s 
into the current dollar teens, the policy-making community 
began to understand that oil markets were global and that 
energy markets worked, despite the best efforts of govern-
ment and OPEC intervention.  Much of the 1980s was spent, 
in the U.S. at least, dismantling the energy policy efforts of 
the 1970s. And following accidents at Three Mile Island and 
Chernobyl, and with high interest rates and capital costs, 
nuclear power became a pariah.   
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President’s Message

(continued on page 3)

In the 1990s OPEC was in apparent disarray, energy sup-
plies were abundant, prices were weak, and by the late 1990s, 
oil fell to the very low teens in current dollars. Folks began ask-
ing “what energy problem?”, and in the U.S., cheap natural gas 
supplies even helped lead the drive for electricity industry re-
structuring.  Environmental concerns overtook energy security 
concerns at national levels, with new environmental protection 
laws and regulations, such as the U.S. 1990 Clean Air Act Re-
Authorization.  This also became true at the international level.  
For example, the Intergovernmental Panel on Climate Change 
(IPCC) First Assessment Report (1990), lead to the Rio Dec-
laration on Environment and Development (1992) and the UN 
Framework Convention on Climate Change, which entered 
into force in 1994 after it was ratified by the U.S. Congress and 
signed by President George H.W. Bush.

Now in 2005, there’s an eerie sense of “déjà vu all over 
again,” to quote a famous baseball catcher.  Based on at least 
one set of published proven reserve estimates, six Persian Gulf 
countries and Russia together control about 70% of world 
proven oil reserves and about the same percentage of world 
proven natural gas reserves—and this region has no shortage 
of turmoil. Oil prices have risen from the low teens of late 
1990s to fluctuate between $40 and the mid $50s per barrel. 

(continued on page 3)

Editor’s Notes
Jean-Thomas Bernard, Frédéric Clavet and Jean-Cléo-

phas Ondo examine the Canadian government’s program 
that puts a ceiling on the price of emission permits paid by 
industrial users and that allocates permits on the basis of 
output. They conclude that the approach has almost no effect 
on electricity production and trade flows and does little to 
reduce CHG emissions.
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Helmut Frank was 
the founding editor of The 
Energy Journal. He tended 
and nourished the Journal 
during its first decade, a 
decade in which it swiftly 
established a reputation as 
the premier publication 
dealing with energy eco-
nomics.

How did the Journal 
begin? A few years ago, 
Helmut acquainted me 
with some of the back-
ground. The IAEE, shortly 

after its birth in 1977, decided to sponsor a scholarly publication 
to achieve a goal of advancing and disseminating knowledge 
on energy economics. Sam Schurr, then president of the IAEE, 
wrote to Helmut in 1979, inquiring whether the University of 
Arizona would be willing to house the publication. The pro-
posal was not without strings. Criteria included that the editor 
have sufficient time set aside to carry out the editorial function 
- an especially important condition - and that seed money be 
provided by the university to defray costs over the first two to 
three years. 

At that time Helmut was director of the division of economic 
and business research in the College of Business and Public Ad-
ministration. A faculty meeting was called and all present agreed 
the university should make a serious bid to land the Journal. But 
who was to be editor? As Helmut tells it, ” . ..when it came to 
volunteering to serve as editor there was silence, though 1 felt 
al1 eyes were staring at me.” However, Helmut was reluctant to 
step forward without relinquishing some of the responsibilities 
of his university post. Happily, that support plus provision of 
seed money was forthcoming from the university.

This positive response was welcomed by Sam Schurr who 
confirmed the selection of Helmut as editor of the Journal and 
the University of Arizona as the editorial headquarters. What 
was in Helmut’s background that fitted him for the difficult task 
of founding the new Journal? He had the academic credentials, 
with three degrees from Columbia University. And his doctoral 
dissertation topic was, suitably, on the pricing of Middle East oil. 
This work led to publication by Praeger of his book Crude Oil 
Prices in the Middle East: A Case Study in Oligopolistic Price 
Behavior (1966). 

Helmut’s main academic research interests were, and 
remained, energy economics and policy. In that vein he had 
published on energy demand (especially natural gas), on oil 
and natural gas supply, and on U.S.- Canada energy trade. The 
latter topic was in line with some of his earlier interests in more 
general aspects of trade and the balance of payments. He also 
published on the tanker market, electricity and energy policy. In 
short, his academic work on energy was broad ranging, provid-

ing him with a grasp of the many facets of energy economics.
Helmut’s experience also went beyond the academic con-

fines. He had worked for W.J. Levy Consultants in the 1950s 
and early 1960s. This experience was also a fortunate attribute 
for someone founding the flagship Journal of an organization 
that was by no means an association of academics. The IAEE 
from its inception drew its membership from al1 walks - indus-
try, government, institutions as well as universities. Moreover, 
Helmut had worked abroad, another useful aspect of his back-
ground for a publication intended to serve an international audi-
ence. His consulting studies and other activities saw him as a 
witness before the U.S. Senate, the Federal Power Commission 
and various other regulatory agencies. And he had served as a 
sergeant in the U.S. army, always useful if tardy referees and 
recalcitrant authors needed to be dragooned.

After Helmut’s appointment as editor, Ed Erickson, then 
IAEE Vice President Publications (VPP), engaged a publishing 
company in Boston to handle al1 production and typesetting 
phases. The selection of papers, refereeing, publication deci-
sions and copy editing were handled out of Tucson. A board of 
editors was appointed to assist in setting editorial policy. At the 
same time, Ed Erickson and subsequent IAEE VPPs continued 
to provide help and guidance.

The intention was to produce the first issue of the Journal 
by January 1980. This necessitated relying on papers from the 
first IAEE conference held in Washington in June 1979. The 
premier issue had to be in the publisher’s hands by Labor Day. 
An assistant editor was hired, and by dint of prodigious efforts 
the deadline was met. The Energy Journal was off and running. 
It hasn’t looked back.

Helmut presided over 40 regular issues and a number of 
special issues during his decade as the Journal’s editor. He re-
ceived an award at Bonn in 1985 for outstanding contributions 
to the Association, and a special IAEE Recognition Award in 
1989 at Los Angeles to mark his retirement as editor. Helmut 
continued to be actively involved with the Journal in the posi-
tion created for him as Founding Editor. 

As then IAEE VPP I was the person presenting the award 
to Helmut in Los Angeles, and I used a natural gas analogy to 
describe his achievements, saying, “He had fulfilled a long-
term firm contract, dedicated his reserves, shown reliable and 
consistent deliverability, and met peak demands.”  Helmut had 
a strong sense of duty, fairness and kindness; he was a source 
of encouragement for authors, especially beginners and those 
from overseas. He judged submissions by their content, not by 
the name or affiliation of the author; extra hours were put in to 
ensure things were done correctly at all stages of production. 
What also stands out is the enormously conscientious way he 
did the job.  Lastly, and most importantly, Helmut never relaxed 
the standards, nor jeopardized the integrity, of The Journal – he 
set a fine example.

             G. Campbell Watkins, Joint Editor, The Energy Journal 

HELMUT FRANK: AN APPRECIATION
It is with much sadness that I announce the passing of Helmut Frank on November 10, 2004.  As many of you know, 

Helmut was the founding editor of our Energy Journal, a pillar of its editorial board, an outstanding energy economist, and 
above all, a wonderful human being.  We will miss him very much.  

Campbell Watkins, Joint Editor of the Energy Journal and a long-time friend of Helmut’s, has kindly put together the Ap-
preciation we share with you below. 

  
Arnie Baker
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Electricity restructuring has stalled in the U.S. and is 
glacially moving in the EU—such uncertainties cannot help 
but affect fuel choice decisions for power generation.   The 
U.S. will again try to pass a comprehensive energy policy 
bill.  Nuclear has risen from the dead, at least in some coun-
tries outside the U.S., and its prospects may be rising there 
as well.   Natural gas markets are becoming increasingly 
globalized through cost competitive LNG, which will link 
electricity boiler fuel supply to world markets, as it was 
with oil in the early 1970s.  Securing critical energy infra-
structures, which are mostly owned by the private sector, 
has become a growing government concern.  Russian energy 
policy, which seemed to be heading toward open markets has 
become somewhat confused.  China’s coal based electricity 
may inadvertently be sending mercury and other pollutants 
to the U.S. and other parts of the world.  And the Kyoto Pro-
tocols to the Framework Convention are about to come into 
force without the U.S., despite strong pressure on the U.S. to 
join, and without developing countries, who are the key to 
successful long-term carbon emissions reduction.

All of this strangely suggests that government interven-
tion in energy markets again may be on the rise; that long 
term climate change issues from greenhouse gas emissions 
may rank higher on global political/public policy agendas 
than nearer term energy security issues; and that much needs 
to be done nationally and internationally to help synchronize 
energy, environmental and economic public policies—at 
least to help them not work at cross purposes.

I believe our Association and your active participation 
are critical to these efforts.  Increasingly the energy policies 
of the EU and its member countries, Russia and the CIS, Bra-
zil and South America, North Africa, India, China and Asia, 
as well as the U.S., and of course the Middle East, will exert 
powerful influences not only within their own countries, but 
also on global energy and environmental markets.   In a world 
of increasing globalization and competition, individual coun-
tries cannot afford to have energy-economic-environmental 
policies that cause their energy prices and energy security to 
be far out of line with the rest of the world.  Our Association 
is an excellent vehicle to help share our individual and col-
lective energy-economic-environmental learnings with each 
other and with public policy and private sector decision-mak-
ers around the globe, and in doing so, to help improve the 
quality of informed public policy and private sector energy-
related decision-making.  

We currently have national affiliates in 24 countries.  In 
2005 IAEE’s flagship conferences will be held as follows:  
IAEE International Conference in Taipei, Taiwan (June 3-6); 
IAEE European Conference in Bergen, Norway (August 28-
30); and the USAEE/IAEE Annual North American Confer-
ence in Denver, Colorado (September 18-20).  I sincerely 
hope you will be able to join us for many of these; and if not, 
that you will actively contribute to our IAEE and Affiliate 
newsletters, as well as our distinguished Energy Journal.

In the future we hope to continue our geographic expan-

President’s Message (continued from page 1) sion to South America and other parts of Asia and Europe, to 
help strengthen existing national and regional affiliates, and 
to build new ones.  We also hope to deepen our membership 
base both through students and universities, and through 
reaching out to experienced folks in industry and the public 
sector who are concerned about energy-economic and related 
environmental issues.   Our success in energy-economics and 
in this national and international outreach will depend on you 
and your active participation.

For 2005 I would like to welcome back to IAEE Council 
Carlo Andrea Bollino and Andre Plourde, Tony Owen, Mi-
chelle Foss, Georg Erdmann, Majid Abbaspour, Einar Hope, 
Frits van Oostvoorn and new members Marianne Kah, Fatih 
Birol, Herman Franssen, Michael Kraus, and Hermann-Jo-
sef Wagner.  It is also a pleasure to be working with newly 
elected IAEE President Jean-Philippe Cueille from the Insti-
tut Francais du Petrole.  Together we will be revisiting and 
revitalizing our long term IAEE strategy and membership 
customer services.  As a part of this effort, I would very much 
like to hear from you—your thoughts and concerns about our 
Association; what we’re doing well and what we’re not; what 
we need to do that we’re not; and how we can be of better 
service to you as members and to the energy-economic-en-
vironmental community at large.  Please send any thoughts 
you would like to share to Dave Williams at iaee@iaee.org 
during the year.  He will collect them and forward them to me 
to feed into our efforts.

Let me say again what a great privilege and honor it for 
me to serve as your President this year.  

With my very best wishes for a healthy and prosperous 2005.
Arnie Baker

Joseph Cavicchi and Andrew Kolesnikov provide a 
layman’s overview of the problems many US wholesale elec-
tricity markets face regarding ensuring adequate future sup-
plies.  In particular they examine recently implemented and 
proposed administrative locational installed capacity markets 
in New York and New England and discuss various issues as-
sociated with using this approach to resolve future electricity 
supply adequacy concerns.

Robert Bergstrom reviews some of the lessons he has 
learned in working on big-ticket energy projects in and with 
transitional economies, primarily in Central and Eastern Europe 
and Central and Southern Asia, within the last decade and a half. 
He is optimistic that global investment can penetrate the barri-
ers that older generations have created in these economies.

David McKeagen provides a note on measuring fuel 
economies and the effect on greenhouse gases.

Lorna Greening notes that uncertainty about the future 
plays a major role in the formulation of policy options. She 
focuses on hydrogen technology and analyzes how uncertain-
ty affects projections of total costs. Through incorporating 
uncertainty into the decision process, low risk or risk-averse 
strategies may be identified in choosing a hydrogen develop-
ment pathway.

DLW

Editor’s Notes (continued from page 1)
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28TH ANNUAL IAEE INTERNATIONAL CONFERENCE 
Hosted by: International Association for Energy Economics (IAEE) & Chinese Association for Energy Economics (CAEE)

Globalization of Energy: Markets, Technology, and Sustainability
3-6 June 2005 

The Grand Hotel, 1 Chung-Shan N. Road, Section 4, Taipei, Taiwan 104, ROC 

Conference Themes & Topics 
Keynote Plenary Session Themes: The Future of Energy: Solar Energy and Photovoltaics
Plenary Session Themes: Energy Security, Cooperation, and Policy in the Pan-Pacific Rim 

Energy Business 
Energy and Poverty in Asian Countries

Dual Plenary Session Themes: 
The Middle East Situation and Energy Security 
Regulation and Deregulation of the Energy Market 
Global Policy Options Dealing with GHGs Emission Control 
Rethinking of the Nuclear Energy 
Prospect for New Energy Technology 
Emerging Issues 

Other Session Themes & Topics: 
Prospects for Global Energy Development 

Global and Regional Energy Demand and Supply 
New Paradigm under the World Trade Organization 
Restructuring and Deregulation 
Inter-Regional Energy Security and Reliability 
Liberalization and Market Power 
Role of International Energy Suppliers 

Prospects for Energy Technology Development 
Green and Renewable Energy Technology 
Conservation Know-how and R&D 
Fuel Cell and Hydrogen Technology 
Distributive Energy Systems 
Diffusion and Collaboration in Energy Technology 

Sustainability 
Sustainable Energy Development 
Global Warming and Energy 
Energy and Pollution Control 
Nuclear Safety and Waste Disposal 
Rationality and Energy Selections 
Policy Options and Strategies 

Individual Energy Sectors 
Coal 
Oil
Natural Gas (including LNG) 
Electricity
Renewable Energy and New Energy 

Energy Efficiency and Energy Modeling 
Energy Statistics and Energy Efficiency Indicators 
Energy Modeling, Simulation, and Forecasting 
Energy Conservation Program and Demand-Side 

Management 
Integrated Resource Planning and Demand 

Response
ESCO and New Business Model

***** REGISTER NOW ***** 
Early Registration in Special Rates Deadline: 30 April 2005 

The Grand Hotel Reservation in Special Rates Deadline: 6 May 2005
We are pleased to invite all of you to join the 28th Annual IAEE International Conference. There will be 10 plenary 

sessions and 42 concurrent sessions. For online registration, please visit the conference official website at: 
http://www.iaee2005.org.tw For requesting registration form electronic file or paper copy, please download from our 
website or email/write to the CAEE conference secretariat: Yunchang Jeffrey Bor, Ph.D., Conference Executive Director, 
Chung-Hua Institution for Economic Research (CIER), 75 Chang-Hsing Street, Taipei, Taiwan 106, ROC, Tel: 
886-2-2735-6006 ext 631; 886-2-8176-8504, Fax: 886-2-2739-0615, E-mail: iaee2005@mail.cier.edu.tw   
     Please register early to grasp our special rates offering and mark your calendar for this important conference. You 
are kindly urged to register early, and book the airline flight and hotel as soon as possible because most of the hotels in 
Taipei will soon be fully booked due to the Dragon Boat Festival and the world�s second largest Computex Exhibition held 
at the beginning of June 2005. 

IAEE BEST STUDENT AWARD: US$1,000 cash prize plus waiver of conference registration fees. If interested, please 
contact IAEE headquarters for detailed applications/guidelines. STUDENT PARTICIPANTS: Please inquire about 
scholarships for conference attendance to iaee@iaee.org
TRAVEL DOCUMENTS: International delegates are urged to contact their consulate, embassy, or travel agent regarding 
the necessity of a obtaining a Taiwan Visa. Use CAEE contact information above to obtain a letter of invitation for the 
conference. We strongly suggest you allow plenty of time for document processing. 

General Organizing Committee 
Vincent C. Siew: General Conference Chairman; Chairman of the Board, Chung-Hua Institution for Economic Research (CIER), 
Taiwan, ROC. Huey-Ching Yeh: Program Committee Chairman; Director General, Bureau of Energy, Ministry of Economic Affairs, 
Taiwan, ROC. Ching-Chi Lin: Organizing Committee Chairman; Chairman of the Board, Taiwan Power Company; Taiwan, ROC. 
Ching-Tsai Kuo: Sponsorship Committee Chairman; Chairman of the Board, Chinese Petroleum Corporation, Taiwan, ROC. 
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IAEE Newsletter Disclaimer
IAEE is a 501(c)(6) corporation and neither takes any position on any political issue 

nor endorses any candidates, parties, or public policy proposals.  IAEE officers, staff, and 
members may not represent that any policy position is supported by the IAEE nor claim to 
represent the IAEE in advocating any political objective.  However, issues involving ener-
gy policy inherently involve questions of energy economics.  Economic analysis of energy 
topics provides critical input to energy policy decisions. IAEE encourages its members to 
consider and explore the policy implications of their work as a means of maximizing the 
value of their work.  IAEE is therefore pleased to offer its members a neutral and wholly 
non-partisan forum in its conferences and web-sites for its members to analyze such policy 
implications and to engage in dialogue about them, including advocacy by members of 
certain policies or positions, provided that such members do so with full respect of IAEE’s 
need to maintain its own strict political neutrality.  Any policy endorsed or advocated 
in any IAEE conference, document, publication, or web-site posting should therefore be 
understood to be the position of its individual author or authors, and not that of the IAEE 
nor its members as a group.  Authors are requested to include in an speech or writing 
advocating a policy position a statement that it represents the author’s own views and not 
necessarily those of the IAEE or any other members.  Any member who willfully violates 
the IAEE’s political neutrality may be censured or removed from membership.

Conference Proceedings on CD Rom
24th North American Conference

Washington, DC, USA, 8-10 July, 2004
The Proceedings of the 24th North American Conference of the USAEE/IAEE are available from  USAEE Headquarters on 
CD Rom.  Entitled Energy, Environment and Economics in a New Era, the price is $100.00 for members and $150.00  for 
non members (includes postage). Payment must be made in U.S. dollars with checks drawn on U.S. banks. Complete the 
form below and mail together with your check to Order Department, USAEE, 28790 Chagrin Blvd., Suite 350 Cleveland, OH 
44122, USA.
Name __________________________________________________________________________________________
Address ________________________________________________________________________________________
City, State, Mail Code and Country __________________________________________________________________

Please send me ____ copies @ $100.00 each (member rate) $150.00 each (nonmember rate).  

Special Issue of The Energy Journal Available

DISTRIBUTED RESOURCES:
TOWARD A NEW PARADIGM OF THE ELECTRICITY BUSINESS

Editors: Adonis Yatchew and Yves Smeers
As electricity industries worldwide move toward restructuring, rationaliza-
tion and increased competition, a variety of factors are combining to increase 
the prominence of distributed resource alternatives. This special issue ex-
amines issues relating to distributed resource alternatives in a world where 
electricity industries are undergoing restructuring.

Table of Contents:

• What’s in the Cards for Distributed Generation?
• Distributed Electricity Generation in Competitive Energy Markets: A 

Case Study in Australia
• Defining Distributed Resource Planning
• Using Distributed Resources to Manage Risks Cause by Demand 

Uncertainty
• Capacity Planning Under Uncertainty: Developing Local Area Strate-

gies for Integrating Distributed Resources
• Control and Operation of Distributed Generation in a Competitive 

Electricity Market
• Integrating Local T & D Planning Using Customer Outage Costs
• Winners and Losers in a Competitive Electricity Industry: An 

Empirical Analysis
• Regulatory Policy Regarding Distributed Generation by Utilities: The 

Impact of Restructuring

Financial support for this special issue is generously provided by EPRI, one 
of America’s oldest and largest research consortia with some 700 members.

ISSN 0195-6574 • 240 pages
       $75.00 U.S. & Canada • $85.00 All Other Countries

ORDER FORM

To order send payment in U.S. funds with a check drawn on a U.S. bank

Name ____________________________________________________
Address __________________________________________________
City, State, Mail Code ______________________________________
Country __________________________________________________
Phone _________________________ Fax_______________________

Special Issue Sales Dept., IAEE, 28790 Chagrin Blvd., Suite 350  
Cleveland, OH 44122, USA  

Phone: 216-464-5365 • Fax: 216-464-2737 • Email iaee@iaee.org

FUTURE USAEE / IAEE EVENTS

Annual Conferences
June 3-6, 2005 28th IAEE International Conference
 Taipei, Taiwan
 Grand Hotel

August 28-30, 2005 8th Annual European Conference
 Bergen, Norway

September 18-21, 2005 25th North American Conference
 Denver, Colorado, USA
 Omni Interlocken Resort

June 7-10, 2006 29th IAEE International Conference
 Potsdam, Germany
 Kongresshotel am Templiner See

2nd CZAEE Annual International Conference
December 8-9, 2005 • Prague, Czech Republic
Last year’s 1st CZAEE Annual International Conference in 

Prague, Czech Republic, was met with great success and attended by 
more than 140 participants from 16 countries.

The 2nd CZAEE Annual International Conference will take place again 
in Prague on Dec. 8-9, 2005 and will focus on strategic issues on Critical 
Infrastructure Protection and Continuity Business Planning topics.

A Call for Papers announcement will be published in the May 
issue of the IAEE Newsletter.  Please also keep posted to http:
//www.iaee.org/en/conferences/  for the most current Prague 2005 
conference announcement.

http://www.iaee.org/en/conferences/
http://www.iaee.org/en/conferences/
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Canada – U.S. Electricity Trade and GHG Emis-
sions Policies: The Situation in the North East

By Jean-Thomas Bernard, Frédéric Clavet 
and Jean-Cléophas Ondo*

Summary

Canada has ratified the Kyoto Protocol while the United 
States, its main trading partner, has not.  A major concern of 
Canadian industrial producers is the negative impact on com-
petitiveness of programs designed to reduce greenhouse gas 
emissions (GHG).  To alleviate this concern, the Government 
of Canada is proposing an approach that puts a ceiling on the 
price of emission permits paid by industrial users and that 
allocate emission permits on the base of output.  We analyze 
how such a scheme would affect electricity production and 
trade among three Canadian provinces (Ontario, Québec and 
New Brunswick) and two U.S. regions (New England and 
New York), which are linked by large interconnections and 
which exchange electricity on other wholesale markets.  We 
find that the Canadian government approach has almost no 
effect on electricity production and trade flows; so it is very 
effective at protecting the competitive position of electric-
ity producers.  However, it does little to reduce GHG emis-
sions.

Introduction

After a protracted consultation process which lasted 
more than four years and which revealed conflicting regional 
and industry positions, Canada finally ratified the Kyoto 
Protocol in December 2002.  Now Canada is committed to a 
6% reduction of its greenhouse gas (GHG) emissions below 
the 1990 level over the first commitment period, from 2008 
to 2012.  According to Government of Canada estimates, 
this means that CO2 eq. emissions1 will have to decrease by 
240 Mt or by 30% relative to the business-as-usual (BAU) 
scenario over the test period.  In order to make explicit its 
intention to reduce GHG emissions, the Government of 
Canada published a plan that sets the guiding principles, 
the policy instruments and the specific targets by sector.2  It 
claims that the measures that have already been launched will 
cause CO2 eq. emissions to fall by 80 Mt.3  The plan released 
in November 2002 presents policy actions and programs to 
lower further CO2 eq. emissions by 100 Mt.4  55 Mt of this 
reduction are supposed to be realized by the large industrial 
emitters which are oil and natural gas production, electricity 
generation from fossil fuels (oil products, natural gas and 
coal) and a small group of heterogeneous industries,5  Ac-
cording to BAU emission projection, the power generators 
share is about 20 Mt.

A major concern expressed by the Canadian industrial 
producers is the negative impact of such a policy on their 

competitive position in international markets.  A cause of this 
concern comes from the fact that the Bush administration has 
decided not to ratify the Kyoto Protocol and that more than 
80% of the international trade of Canada takes place with 
the United States.  To address this concern, the Canadian 
plan contains measures to alleviate the burden that industries 
would bear.  Two measures are of particular significance: 
first, no measure that costs more than $15/tonne of CO2 eq. 
should be undertaken by industries6.  This sets a ceiling on 
the price of emission permits to be paid by the Canadian in-
dustrial users.  Second, Canadian industries are not going to 
be asked to make CO2 eq. emissions reduction that exceeds 
15% of their emissions associated with the BAU scenario in 
20107.  This means that the Canadian industries will receive 
free of charge 85% of the permits associated with their spe-
cific emission target.

The fact that the Bush administration has decided not to 
sign the Kyoto Protocol and that there is no plan in the United 
States as in signatory countries, does not mean that there will 
be no government program that makes a contribution to the 
objective of the Protocol.  For instance, the New England 
states governors are committed to stabilize GHG emissions 
to their 1990 level in 2010 and to reduce them by 10% in 
2020; New York State is considering the development of a 
regional GHG emission permit market for electricity produc-
ers that will encompass also the New England states and the 
PJM area.8  Furthermore, it is possible that some standards 
will be set for electricity production from renewable sources.  
At this stage it is unclear what will be the end results of these 
policy initiatives; however, the time lag required to change 
the mix of electricity generation equipments leads to believe 
that their real effects around 2010 are likely to be minor.

The U.S. wholesale electricity market has been open to 
competition since January 1997 through FERC Order 888 
which allows producers, local distribution utilities or any 
FERC licenced marketers to exchange electricity at market 
prices.  Canadian electric utilities satisfied the reciprocity 
conditions imposed by FERC upon foreign applicants and 
obtained their FERC licences to participate in this new open 
wholesale market.  Now there are wholesale electricity mar-
kets operating in New York and New England.9  There were 
already significant electricity exchanges between the United 
States and Canada before 1997, mostly through long-term 
contracts; the structural change has tilted the balance in fa-
vour of instantaneous direct competition.  In 2002, Canada 
exported 34.1 terawatt-hours (TWh) and the share of inter-
ruptible sales was 77.0%; it imported 20.8TWh and the share 
of interruptible sales is close to 100%.  In value terms, exports 
were worth $1837 million and imports $1370 million1.0  The 
provinces of Ontario, Québec and New Brunswick (N.B.) ac-
counted for 59.0% of the exports and 96.0% of the imports.10  
The bulk of the exchanges of these three provinces is with 
New York and New England.

The purpose of this paper is to analyze the effects of 
the implementation of the Kyoto Protocol by Canada on 
the electricity production and exchanges between the three 
aforementioned provinces and their southern neighbors in 

* Jean-Thomas Bernard, Frédéric Clavet and Jean-Cléophas On-
doare are with the GREEN Department of Economics, Univer-
site Laval, Quebec, Canada. Professor Bernard can be reached 
at jtber@ecn.ulaval.ca

1 See footntoes at end of text.
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the United States, i.e., New York and New England.  Because 
of the time lag required to bring in service, new generating 
equipments, existing power plants are going to be a major 
factor in the implementation of the Kyoto Protocol at least 
toward the first commitment period, i.e., around 2010.  Our 
aim is to analyze how interfuel substitution and trade could 
foster or impair the realization of the objective of the Kyoto 
Protocol, what are the effects on the output of Canadian elec-
tricity producers and what are the likely costs of implement-
ing the Protocol.

The order of the presentation is as follows: in the first 
section, we describe the underlying analytical framework 
and we single out key features of the data that enter into the 
cost minimization problem which is assumed to represent the 
operations of the open wholesale electricity market.  In the 
second section, we present and discuss the results.  Toward 
this end, we build two scenarios: in the first scenario, which 
is considered to be our base case, we have free trade and no 
regulation on GHG emissions.  The second scenario embod-
ies the main features of the output base allocation of emission 
permits as currently proposed by the federal government, i.e., 
the $15/tonne price ceiling on emission permits and the 85% 
share born by the government.

Here is our finding: the Canadian government approach, 
which imposes a price ceiling on emission permits and which 
allocates emission permits on the base of production, has al-
most no effect on production and trade flows; it has also no 
effect on GHG emissions.

The Analytical Framework and Electricity Market Informa-
tion

In order to study the effects of limiting CO2 eq. emis-
sions on electricity production and exchanges between the 
five regions, we use the 1998 data on load, available gen-
erating capacities, average fuel costs by type of generating 
equipment and interconnection capacities between the five 
regions.  The year is divided into four uneven periods: Winter 
peak (300 hours), Spring (3930 hours), Summer peak (600 
hours), and Fall (3930 hours). The stepwise representation 
of the load curve allows us to capture the specific role played 
by hydro power plants; although the latter can accommodate 
a fairly flexible production schedule, they are limited not 
only by their generating capacities like any other generating 
plants, but also by the amount of electricity that can be pro-
duced from the available water.

Under the two scenarios which are called respectively 
free trade and output base allocation of permits in Canada, 
we assume that all the available resources in the five regions 
are used to minimize the total fuel cost of serving the given 
seasonal load in each region, while taking into account the 
constraints related to generating capacities, interconnection 
capacities, available hydroelectricity and policies related to 
CO2 eq. emission reduction.  The results of the cost minimi-
zation problem of serving the given load yield the optimal 
use of the generating capacities in each region and the trade 
flows during the four periods of the year.

We now present a brief description of the data that enters 

into this cost minimization problem.  Table 1 shows our step-
wise representation of the load curve in MW within each of 
the five regions.  Canadian regions have Winter peak demand 
due to electrical space heating while New York and New 
England have Summer peak load due to air conditioning.  
Altogether, the five regions have a Winter peak load.

Table 1
1998 Demand (MW)

Period Québec1 Ontario New  New  New  Total
   Brunswick England York
Winter (300 h) 34295 22330  3333 19800  24150 103908
Spring (3930 h) 20461 16087  1668 12428 16132  66776
Summer (600 h) 20461 21387 1668 22100 28960 94576
Fall (3930 h) 20461 16087 1668 12428 16132 66776

Estimated by the authors from North American Reliability Council 
(1998, 1999).

1 For Québec, we use the 1999 data due to the 1998 ice storm. 2300 MW 
of generation for own use by private companies are added to arrive at 
Québec total demand.

The upper part of Table 2 displays the available gen-
erating capacities by region.  Hydro generating capacity 
represents 41.7% of the total; this is due mostly to Québec 
where hydro power plants form 94.1% of its total capacity. 
Most of its hydro power stations are backed by reservoirs 
which are filled by spring runoff and which provide water 
for the rest of the year until the next cycle starts.  In terms 
of relative importance, hydro generating capacity is followed 
by oil (24.0%), nuclear (14.5%), coal (11.1%), natural gas 
(6.4%) and other (2.2%).12 We assume other generating ca-
pacities to be must-run units and their utilization rates are 
based on recent experiences.  The last line of Table 2 shows 
the total electricity (TWh) that can be produced by the hydro 
power stations.13 The 262.3TWh of hydroelectricity represent 
42.6% of the overall electricity demand (616.03TWh) of the 
five regions in 1998.

Table 2
1998 Available Generating Capacity (MW) 

and Hydroelectricity (TWh)
Type Québec Ontario New  New  New  Total
   Brunswick England York
Hydro 37 9961 8 034  919 3 599  5 470  56 018
Nuclear 675 8 7282 680 4 365 4 981 19 429
Coal  -- 7 797 570 3 311 3 262  14 940
Oil1  1596  2 3023  1 884 11 930  14 600  32 312
Natural Gas 37 1 803  --   1 858 4 959  8 657
Other4 90 334 511 1 599  469  3 003
Total 40 394 28 998 4 564 26 662 33 741 134 359
Hydroelectricity5 190.1406 39.818 3.000 4.380 24.930 262.268

Source (Québec, Ontario and New Brunswick) : Statistics Canada (1998a) 
and Statistics Canada (1994, 1995, 1996). (New England and New 
York) : U.S. Energy Information Administration (1994, 1995, 1996, 
1998).

1 Due to a long term contract, 5 428 MW from Churchill Falls in Labrador 
are included in Québec capacity.

2 Total nuclear generating capacity is 13 864 MW. Bruce A (2 060 MW) 
and Pickering A (3 076 MW) nuclear power plants have been taken out 
of service. See Ontario Power Generation (2002).

3 Oil or natural gas can be used as fuel.
4 Geothermal, solar, wind and biomass.
5 Average hydroelectricity production (TWh) in  1994, 1995 and 1996.
6 26.649 TWh from Churchill Falls in Labrador are included.



6 7 8 9 10 11 12

Table 3 shows the average fuel costs associated with 
the generating capacities of each region.  Here is the overall 
increasing order of costs by generation type: hydro, nuclear, 
coal, oil and natural gas.  However, there are some excep-
tions: natural gas average costs are less than oil average costs 
in Québec and Ontario.  Furthermore, oil in New Brunswick 
(1884MW) has a lower average cost than coal in New Eng-
land (3311MW).  The increasing order of the average fuel 
costs is the main factor behind cost minimization.  

Table 3
1998 Average Fuel Costs (¢/kWh)

Type Québec Ontario New  New  New 
   Brunswick England York
Hydro 0.00 0.00 0.00 0.00 0.00
Nuclear 0.18 0.23 0.18 0.181 0.181

Coal -- 2.07 2.35 2.68 2.20
Oil 3.86 3.22 2.37 3.15 3.02
Natural Gas 1.86 3.09 --  4.23 3.93

 Source (Québec, Ontario and New Brunswick) : Statistics Canada 
(1998b).

 (New England and New York): U.S. Energy Information Administration 
(1998).

1  No data are available. We use the Canadian information.

Interconnection capacities (MW) between the contigu-
ous regions appear in Table 4.  Figure 1 shows the geographi-
cal layout of the high voltage interconnections which link the 
power grids of the five regions.  Québec occupies a pivotal 
position and it has fairly large interconnections with all its 
neighbors. In general, the north-south interconnections of the 
Canadian regions to the U.S. power grids are larger than the 
east-west interconnections between the Canadian provinces.  
This is expected due to the seasonal complementarity of the 
power grids along the north-south axis.  The size of the in-
terconnections between the five regions can be considered to 
be large when they are compared to what exists elsewhere 
in Canada and in the U.S.  Nonetheless, if we set aside New 
Brunswick which has much smaller generating capacities 
than the other four regions, we see that the size of the inter-
connections is relatively small when interconnection capaci-
ties are compared to peak demand in each region.  This limits 
the role that competition from outside sources can play in 
each region and the extent that marginal costs can be equal-
ized in the new deregulated wholesale market.

Table 4
2000  Interconnection capacity (MW)

From/To Québec Ontario New  New  New  Total
   Brunswick England York
Québec -- 1 195 1 200 2 303 2 695 7 393
Ontario 550 -- -- -- 2 325 2 875
New Brunswick 785 -- -- 815 -- 1 600
New England 1 670 -- 815 -- 1 600 4 085
New York 1 000 1 300  -- 1 425 --  3 725
Total 4 005 2 495 2 015 4 543 6 620 19 678

 Source (Québec, Ontario and New Brunswick): Canadian electricity 
association and natural resources Canada (1999).

 (New England and New York): New York Independent System Operator 
(2000).

In order to keep the problem at a manageable scale with-
out limiting unduly the validity of the analysis, we take as 

given the exchanges with power grids other than the five re-
gions included in our study and they are set at their pre-1997 
level.  Ontario is a net exporter to Michigan and Minnesota, 
New Brunswick to Nova Scotia and Prince Edward Island, 
and New York is a net importer from PJM.  The trade of flows 
with power grids outside the five regions are much smaller 
than the trade flows within the five regions.14 .

The commitment of the Government of Canada with re-
spect to the Kyoto Protocol is to reduce the GHG emissions 
to the 1990 level minus 6%.  Here are the CO2 eq. emissions 
(Mt) that resulted from the 1990 electricity production of 
the three provinces: Ontario (27.4), Québec (1.1) and New 
Brunswick (6.5) for a total of 35.0.15  In that year, electricity 
production emitted 40.8 Mt of CO2 eq. in New England and 
61.6 in New York for a total of 102.4.16 In this study, we as-
sume that the CO2 eq. emissions by fuel type (Mt/TWh) are: 
coal (0.974), oil products (0.778), and natural gas (0.511).17

Table 5
Production and CO2 Emission: Free Trade

                                                    (MW)
Region Winter  Spring Summer Fall (TWh)  (MtCO2eq)
 Type
Québec
 Hydro 35 327 21 177 21 814 21 177 190.14 0
 Nuclear 6751 6751 6751 6751 5.91 0
 Coal -- --   --   --  -- --
 Oil 0  0  0  0 0.00 0
 Natural Gas  371 371 371 371 0.32 0.2
 Other2 60 60 60 60 0.53 --
 Total 36 099 21 949  22 586 21 949  196.90 0.2
Ontario
 Hydro 8 0341 4 146 8 0341 4 146 39.82 0
 Nuclear 8 7281 8 7281 8 7281 8 7281 76.46 0
 Coal 7 7971 6 461 7 7971 6 461 57.80 56.3
 Oil 0 0 0 0 0.00 0
 Natural Gas  0 0 0 0 0.00 0  
 Other2 131 131 131 131 1.15 --
 Total 24 690 19 466 24 690 19 466 175.23 56.3
 New Brunswick
 Hydro 9191 302 583 302 3.00 0 
 Nuclear 6801 6801 6801 6801  5.96 0
 Coal 5701 5701 5701 5701 4.99 4.9
 Oil 1 8841  1 729 1 448 1 729 15.02 11.7
 Natural Gas  --  --   -- -- -- --
 Other2 104 104 104 104 0.91 --
 Total 4 157 3 385 3 385 3 385 29.88 16.6
New England
 Hydro 3 5991 145 3 5991 145 4.38 0
 Nuclear 4 3651 4 3651 4 3651 4 3651 38.24 0
 Coal 3 3111 3 3111 3 3111 3 3111 29.00 28.3 
 Oil 2 827 0 5 127 0  3.92 3.1
 Natural Gas  0 0 0 0 0.00 0
 Other2 1 155 1 155 1 155 1 155 10.12 --
 Total 15 257 8 976 17 557 8 976 85.66 31.4
New York
 Hydro 537 2 867 3 730 2 867 24.93 0
 Nuclear 4 9811 4 9811 4 9811 4 9811 43.63 0
 Coal 3 2621 3 2621 3 2621 3 2621 28.58 27.8 
 Oil 14 6001 1 917 14 6001 1 917 28.21 21.9
 Natural Gas  0 0 0 0 0.00 0
 Other2 343 343 343 343 3.00 --
 Total 23 723 13 370 26 916 13 370 128.35 49.7
Total 103 926 67 146 95 134 67 146   616.03 154.2
1 Maximum generating capacity.
2 Geothermal, solar, wind and biomass
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Figure 1
High Voltage Interconnections
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Results and Discussion

Scenario 1: Free Trade

Table 5 shows the use of generating equipments under 
free trade which is considered to be our base case.  As is 
expected, hydro and nuclear power, which have zero or low 
fuel costs, are used to their full extent in all regions.  These 
two sources have zero emissions and their 100% use means 
that no further GHG emission reduction can be directly ob-
tained from them.  However, hydro generating facilities are 
not operating at full capacity (MW) most of the time even 
if all available water is used; therefore, hydro resources can 
still be reallocated from one period to another period to ac-
commodate some substitution toward sources which have 
lower emissions and in this way, they can make an indirect 
contribution to GHG emission reduction.  Ontario has large 
coal fired generating facilities which have low average 
costs relative to other regions; so they are used to the fullest 
extent which is compatible with the available interconnec-
tion capacities.  This is also the case of oil facilities in New 
Brunswick.  Coal generating power stations in New England 
and New York are used at full capacity while oil facilities are 
the marginal generating sources.  Except for Québec, which 
is a minor exception in this respect, natural gas power plants 
have relatively high fuel costs and make no contribution to 
the load in any of the other four regions.

Table 6
Origin and Destination of Electricity: Free Trade

 (MW)
From/To Winter Spring Summer Fall (TWh)

Québec Québec 33 572 19 126 19 298 19 126 171.98
Ontario  378 5501 378 5501 4.66 
New Brunswick 0  7851 7851 7851  6.64
New England 0 0  0 0 0.00
New-York 344 0  0  0 0.10 
Total  34 295 20 461 20 461 20 461  183.39 

Québec Ontario 0  0 0  0 0.0
Ontario  22 515 16 591 22 275 16 591 150.52
New-York 0 0 0 0 0.00
Total  22 515 16 591 22 275 16 591 150.52 

Québec New Brunswick 224 0 0 0 0.07
New Brunswick 3 342 1 785 1 785 1 785 16.10
New England 0  0  0 0  0.00
Total  3 566 1 785 1 785 1 785 16.17 

Québec New England 2 3031 1 755 2 3031  755 15.86
New Brunswick 8151 8151 8151 8151 7.14
New England 15 257 8 976 17 557  8 976 85.66
New-York 1 4251 882 1 4251 882 8.22
Total  19 800 12 428 22 100 12 428 116.88

Québec New-York 0 1 069 984 1 069 8.99
Ontario  1 797  2 3251  2 037  2 3251 20.04
New England 0 0 0 0 0.00
New-York  21 953 12 487  25 491 12 487 120.03
Total  23 750 15 881 28 513 15 881 149.06

Total  103 926 67 146 95 134 67 146 616.03
1 Maximum generating capacity.

Overall CO2 eq. emissions (Mt) under free trade are 
higher than the 1990 level, i.e. 154.2 versus 137.4.18  They 
are much higher in Canada, 73.1 versus 35.0, while they are 

lower in the two U.S. regions, 81.1 versus 102.4.  The shift 
of CO2 eq. emissions from the United States to Canada is 
caused by the low costs of coal facilities in Ontario and New 
Brunswick, and the low cost of oil facilities in the latter prov-
ince and by the fact that 5136 MW (Bruce A, 2060MW and 
Pickering A, 3076 MW) of nuclear power in Ontario have 
been taken out of service.

Table 6 shows that congestion interconnections is fairly 
widespread; however, congestion is mostly associated with 
moving power into New England, either directly or indirectly 
through Québec and New York.  The three Canadian prov-
inces are net exporters while the two U.S. regions are net 
importers.

The upper part of Table 7 shows the marginal costs in 
each region during the four periods of the year.  We can see 
that free trade does not lead to the equalization of marginal 
costs in the five regions due to the limits imposed by the in-
terconnections.  Québec and New York, which are located at 
the centre and which are linked by large interconnections, are 
free of congestion and hence they share the same marginal 
costs, that is 3.02¢/kWh.  However, the imports into New 
England are limited by the congested interconnections dur-
ing the Winter and the Summer peak periods and as a result, 
New England makes use of its high cost oil facilities at 3.15¢/
kWh.  Exports from coal facilities in Ontario during Spring 
and Fall and from oil facilities in New Brunswick during 
Spring, Summer and Fall are limited by congestion and the 
two provinces have lower marginal costs than New York and 
Québec during these periods.

Table 7
Marginal Cost (¢ / kWh)

Scenario/Region Winter Spring Summer Fall

Free trade Québec 3.02 3.02 3.02 3.02
 Ontario 3.02 2.07 3.02 2.07
 New Brunswick 3.02 2.37 2.37  2.37
 New England 3.15 3.02 3.15 3.02
 New York 3.02 3.02 3.02 3.02

Output base allocation of permits in Canada and no U.S. action
                  Québec 3.02 3.02 3.02 3.02
  Ontario 3.02 2.29 3.02 2.29
 New Brunswick 3.02 2.57 2.57 2.57
     New England 3.15 3.02 3.15 3.02
 New York 3.02 3.02 3.02 3.02

Table 8 shows the fuel costs and the value of net exports 
in each region under free trade.  The marginal cost of the 
importing region is assumed to be the price of the electric-
ity, which is exchanged between two regions: this is what is 
expected under free competition.  We can observe that alto-
gether the three Canadian provinces have net export revenues 
of $1572 million and the bulk is directed to New England that 
has imports which are close to a billion.  In summary, Cana-
dian electricity producers should perform well under unfet-
tered free trade due to their low operating costs.  However, 
the negative side is the increase in GHG emissions.

Scenario 2: Output Based Allocation of Permits in Canada and 
No U.S. Action

The plan which has been proposed by the Government 
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of Canada to reduce the GHG emission in the industrial 
sector came out of the consultation process that led to the 
ratification of the Kyoto Protocol and the main feature is the 
allocation of emission permits on the base of actual output 
according to the following formula:

Number of permits = Physical output
 x  GHG emission intensity per unit  

      of output
 x  Reduction factor.

The reduction factor is applied to bring the level of GHG 
emissions to the level which is deemed appropriate for the 
sector by the Government of Canada.  For the oil and natural 
gas sector, the reduction factor is 85%.  If we combine such a 
permit allocation mechanism with the $15/tonne price ceiling 
of emission permits, this means that the cost of a permit to the 
purchaser is reduced to $15 x 0.15 = $2.25/tonne since the 
purchaser of a permit needs to buy only 0.15 of a permit; the 
remaining 0.85 is provided gratis by the government.  Given 
the CO2 eq. emission intensity that we have adopted for this 
study, the modified permit price adds the following amounts 
to fuel cost (¢/kWh) in Canada: coal (0.22), oil (0.17), and 
natural gas (0.11).  If we add these numbers to the average 
fuel costs as they are presented in Table 3, we can see that 
there are very few changes in the ordering of the costs: now 
coal (2.57¢/kWh) is more expensive than oil (2.54¢/kWh) in 
New Brunswick and coal (2.29¢/kWh) in Ontario is more ex-
pensive that coal (2.20¢/kWh) in New York.  Our aim in de-
veloping scenario 2 is to analyze the effects of such changes 
relative to unfettered free trade; we assume that no action is 
undertaken in the U.S. regions to reduce GHG emissions in 
the electricity sector.

There is no change of total production in each region 
that comes out ot the Canadian policy toward GHG emis-

sions.  There is only one relative change by fuel type: elec-
tricity generated from oil goes up in New Brunswick with a 
compensating decrease of coal.  The fact that coal production 
in New York is now cheaper than coal production in Ontario 
does not induce any change since coal facilities in New York 
were already fully used under free trade.  The small substitu-
tion of coal by oil in New Brunswick brings emission down 
by 0.4Mt of CO2 eq.; this is a very small change.  Since there 
is no change in the total production by fuel type in each re-
gion, there is no change in the pattern of trade relative to free 
trade.

Table 7 shows the impacts of the $2.25 permit price in 
Canada on the marginal costs.  The only change occurs in 
the off peak marginal costs of Ontario and New Brunswick.  
Since exports out of these two provinces are limited by inter-
connection congestion during these periods, there is no influ-
ence on the neighbours.  The same point can also be seen in 
Table 8 which shows no changes in the values of net exports 
in comparison to free trade.

Except for the small increase of fuel cost in New 
Brunswick, the only significant change is the purchase of 
emission permits by Canadian producers at the net price of 
$2.25/tonne.  In order to show the significance of the result-
ing profit change, we present two indicators in Table 8.  The 
first indicator is the profit change per unit of sale within each 
region.  The second indicator is the first indicator divided by 
the average price of electricity in each region in 1998.  The 
motivation behind the second indicator is to assess how the 
price paid by the final user would need to change so that the 
profits of the producers are brought back to the level under 
free trade.  To illustrate the information transmitted by this 
second indicator, let us consider the case of Québec which 
experiences no change of marginal costs, and yet its cost 
goes up due to its small electricity generation from natural 
gas.  This is an infra marginal change which is not reflected 
in prices in competitive market.  However it has a negative 
impact on profitability.  In this particular case, it turns out to 
be very small.  The negative impacts are somewhat larger in 
Ontario (+1.0%) and New Brunswick (+3.5%).

It should be noticed that the two U.S. regions which take 
no action to reduce GHG emissions, emit 81.1Mt of CO2 
eq.  This is less than their combined emission level in 1990 
(102.4Mt).  The latter emission ceiling would not be binding 
for the U.S. electricity producers.

In summary, the approach proposed by the Government 
of Canada to shield the competitive position of Canadian in-
dustrial producers may turn out to be very effective; however 
the counterpart of this positive effect is that there is almost no 
reduction of GHG emissions.  Total emissions of electricity 
producers in the three Canadian provinces are 72.7Mt of CO2 
eq.  Since 15% are covered by permit purchase, the uncov-
ered part is 61.8Mt, which is well above the 1990 emission 
level minus 6%, i.e., 32.9Mt.  This would be a rather unsat-
isfactory situation.  There are two ways to solve this problem 
and both impinge upon the competitive position of Canadian 
electricity producers.  First, the Canadian government could 
lower its share of the emission permit price below 85% and 

Table 8
Profit Change and its Components ($ million)

Scenario  Québec Ontario New  New  New  Total  
   Brunswick England York
   Fuel cost
1 16.7 1 372.3  484.1 969.8 1 559.1 4 401.9
2 16.7 1 372.3 484.4 969.8 1 559.1 4 402.2
   Permit purchase
1  -- -- -- -- -- --
2 2.5 843.9 244.4 -- -- 1090.8
3 2.5 730.3 5.2 -- -- 738.0
4 2.5 164.2 0.0 -- -- 166.7
   Permit allocation
1 -- -- -- -- -- --
2 2.1 717.3 207.7 -- -- 927.1
    Net exports
1 411.0 745.9 415.1 - 948.2 -623.8 0.0
2 411.0 745.9 415.1 - 948.2 -623.8 0.0
   Profit change
1 / 2 - 0.4 - 126.6 - 37.0 0.0 0.0 -164.0
   Profit change (¢ / kWh)
1 / 2 ~ 0.0 - 0.1 - 0.2 0.0 0.0 --
                           Relative to 1998 average price (%)
1 / 2 0.0 1.0 3.5 0.0 0.0 --
1 Free trade.
2 Output base allocation of permits in Canada and no U.S. action.
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thus increase the price of emission permits to Canadian 
electricity producers; second, it could impose some ceiling 
on the overall emission level. This second approach gives 
rise to difficult implementation issues: for instance, how to 
reconcile an output base allocation approach with an overall 
emission ceiling?

Conclusion

Canada has ratified the Kyoto Protocol and the United 
States have not.  This is raising some concerns among Cana-
dian industrial producers with respect to their competitive-
ness on the world market.  To alleviate these concerns, the 
Government of Canada is proposing to introduce some safe-
guards on the costs born by large industrial GHG emitters.  
Two such safeguards are the price ceiling on GHG emission 
permits at $15/tonne and a favourable allocation of emission 
permits based on actual output.  In this paper, we analyze the 
effects of such measures on the electricity production and 
exchanges between three Canadian provinces (Ontario, Qué-
bec and New Brunswick) and two U.S. regions (New York 
and New England).  Electricity presents an interesting case 
because competition on the base of marginal costs is already 
well developed since FERC deregulated the U.S. wholesale 
electricity market in 1997.  Using cost minimization of satis-
fying the load in each region as a representation of the opera-
tions of the wholesale electricity market, we find that the two 
safeguards suggested by the Government of Canada to shield 
the competitive position of Canadian industrial producers, 
i.e., emission permit price cap at $15/tonne and output base 
allocation at 85% of emission intensity, are very effective 
indeed in this respect.  There is no change in production and 
trade flows.  However, there is also little change in GHG 
emissions, which is the primary objective of the whole ex-
ercise.  This is an unsatisfactory outcome which will require 
attention by the Government of Canada in the near future.  
Otherwise, Canada tax payers will have to pay a huge bundle 
related to GHG emission permits on the world market.

Footnotes
1 CO2 eq. emissions = CO2 equivalent of GHG emissions.
2 Government of Canada (2002).
3 Including 30 Mt of CO2 eq. in the form of sinks which are 

forest and agriculture accepted by the other parties to the Kyoto 
Protocol.

4 The 60 Mt remaining gap will be addressed in programs to be 
announced later on.

5 Mining, pulp and papers, chemical products, iron and steel, 
non-ferrous metals, cement and glass.

6 This is a commitment by the Government of Canada for the 
first commitment period only.  It is still possible that some industries 
may adopt measures that are more expensive than $15/tonne if they 
expect the emission permit prices to be above that threshold in 
future periods.

7 The oil and natural gas producers have been told by the 
Minister of natural resources, The Honourable H. Dhaliwal (2002), 
that their reduction target will not represent more than a 15% GHG 
intensity reduction compared to BAU scenario during the first 
commitment period.  See Nguyen (2003).

8 Pennsylvania, New Jersey and Maryland.
9 Such a market is also operating in Ontario since May 2002.
10 Values are expressed in Canadian dollars.
11 For an analysis of the effects of wholesale electricity market 

deregulation on the exchanges between Ontario, Quebec, N.B., New 
England and New York, see Bernard, Clavet and Ondo (2003).

12 Geothermal, solar, wind and biomass.
13 In order to remove some of weather randomness, we use the 

average hydroelectricity production in 1994, 1995 and 1996 prior to 
wholesale electricity market deregulation.

14 See Bernard, Clavet, and Ondo (2003).
15 Canadian Electric association and Natural Resources Canada 

(1991)
16 http://www.eia.doe.gov/cneaf/electricity/st_profiles (1990)
17 Gagnon (2000).
18 Bernard, Clavet and Ondo (2003) estimate that the wholesale 

electricity market deregulation adds 4.3Mt of CO2 eq. emissions.
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Ensuring the Future Construction of 
Electricity Generation Plants: The Challenge of 
Maintaining Reliability in New U.S. Wholesale 

Electricity Markets
By A. Joseph Cavicchi and Andrew Kolesnikov*

Introduction

Several independently-operated, federally regulated, 
hourly wholesale electricity markets have been established 
in the U.S. during the last several years.  Driven by the U.S. 
Federal Energy Regulatory Commission’s (FERC) landmark 
1996 regulatory order providing open access to the U.S. high 
voltage transmission network, various regions embraced the 
opportunity to form sophisticated, internet-based trading plat-
forms that produce transparent hourly spot prices for whole-
sale electricity supplies.  Concomitantly in most regions 
where these markets were introduced, significant investments 
in new, high-efficiency, low-emission electricity generators 
have occurred.  These investments flooded the marketplace 
with excess supply of electricity generating capacity, quickly 
revealing weaknesses in the underlying market structures and 
resulting in documented under-compensation of generating 
capacity clearly required to maintain system reliability.  The 
recognition that market modifications must be considered has 
resulted in numerous FERC proceedings focused on resolv-
ing the problem before a crisis ensues.

At the time restructuring was initiated it was understood 
that future investment was an important issue, but energy 
markets were expected to produce accurate price signals, and 
simply formulated capacity markets were expected to value 
facilities that were infrequently operated.  Although much in-
vestment occurred at the onset of restructuring in many parts 
of the U.S., expectations associated with how the markets 
would function were not realized.  This has become a pro-
nounced problem during the current period of excess supply 
in many regions, but the time when more generation capacity 
will be required is rapidly approaching, driving the urgency 
to modify existing wholesale market structures.

Without delving into the myriad details associated with 
short-term wholesale electricity market design in the U.S., 
it is well understood that the combination of bid mitigation 
systems, designed to thwart the potential exercise of market 
power, and so-called reliability must-run contracts results in 
electricity market-clearing prices that undervalue electricity 
generation capacity in certain geographic regions.  Usually 
these particular geographic areas are sub-regions of larger 
areas encompassing the operational footprint of a wholesale 
market.1  It is within these sub-regions that the under-com-
pensation, price signaling problem is most pronounced.  
Where we would expect the market system to reveal the 

value of generating capacity to investors, it does not, requir-
ing the market operator to scramble to either support aged 
resources or acquire new resources in order to maintain 
system security and reliability.  This observed approach to 
maintaining short-term system security, and ensuring long-
term generating capacity adequacy, was not envisioned when 
these markets were put in place.2

At the same time energy prices have been suppressed, 
the initially constituted capacity markets3 have been based 
on vertical demand curves that have proven to be a poor ap-
proach to pricing capacity.  These initial market structures 
have been developed using the classic approach for defining a 
reliability standard:  the amount of generation capacity avail-
able to the system should be adequate to ensure that only 
one major outage occurs every ten years.4  Because there is 
limited ability for consumers to reduce demand in response to 
high prices (not to mention poor price revelation to consum-
ers overall), the one-day-in-ten-year standard currently sets 
the establishment of generation capacity level throughout 
the U.S. regional electricity markets.  Thus, capacity market 
minimum quantities have been established using this reli-
ability standard.  Simply stated, a generation quantity is set at 
some percentage above measured or forecasted peak demand 
(typically 12-18% above), and this amount is defined as the 
total amount of generation capacity required throughout a 
region to ensure reliable operation of the electricity system 
(resulting in the quantity which defines the vertical demand 
curve).  System buyers responsible for serving consumers are 
required to purchase an amount of capacity based on peak ob-
ligations and face financial penalties if they do not purchase 
enough; generators either sell capacity bilaterally or receive 
revenues from auctions administered by system operators 
that ensure system buyers meet their obligations.

The vertical demand curve has been characterized as 
having two distinct undesirable characteristics.  First, auction 
prices are volatile: whenever system capacity is above or be-
low the set quantity, prices either shoot up to penalty levels, 
or decline to nearly zero.  And second, when capacity is in, or 
near to being in, short supply, there can be opportunities for 
sellers to withhold supply and drive up prices.  Moreover, the 
combination of total system excess supply and sub-regions 
where capacity is in short supply creates opportunities for 
buyers in some instances to realize preferential pricing by 
free-riding on the system.5  Thus, suppressed energy pricing 
and unworkable capacity markets have resulted in observable 
inadequate remuneration for various generation facilities.

The resolution of these problems will not be simple.  The 
market operator cannot force the construction of generating 
capacity when needed,6 and buyers of generating capac-
ity will employ all means possible of limiting expenditures 
for reliability, given its costs are not always easy to allocate 
equitably across system users.  Moreover, generating capac-
ity can often provide reliability and security services over 
fairly wide geographic regions, while consumers are in 
many instances represented by several utilities (load serving 
entities (LSE)) that are not subject to consistent regulatory 
frameworks, further complicating cost allocation issues.  The 
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existence and urgency surrounding implementing solutions 
to these problems cannot be underemphasized.

Theoretical Considerations for Ensuring that New and Existing 
Capacity Receive Remunerative Compensation

Electricity market pricing theory offers two possible 
methods of correcting the current pricing problems:  value-
of-lost-load (VOLL) pricing, or setting out minimum accept-
able quantities (as described above).  In a market modeled 
after the classic value-of-lost-load design, spot energy 
prices during times of tight supply are designed to mimic 
the consumer’s marginal willingness to pay for electric-
ity by allowing him to make the optimal trade-off between 
reliability and cost.  As supply and demand edge closer to-
gether, prices spike, reflecting the high willingness to pay in 
order to avoid having to shed load.  In reality, the absence 
of real-time metering precludes load from self-adjusting to 
the current prices; therefore, whenever power shortages are 
imminent, the market operator must artificially set the spot 
price to either an arbitrarily defined cap or an offer limitation, 
usually unrelated to the value of lost load.  This value (often 
considerably less than VOLL estimates) can exceed average 
prices significantly and is a way of providing additional infra-
marginal rents to cover fixed costs, but has clearly been insuf-
ficient to compensate a generator that is typically marginal.  
Although, ignoring risk and market-power considerations, 
ideal VOLL pricing should induce a level of investment in 
generating capacity, which ensures a socially optimal level 
of reliability.7

However, serious flaws hamper a VOLL market de-
sign.  First, since the market is not capable of determining 
the value of lost load by itself, VOLL must be set admin-
istratively.  The difficulty of estimating the value of lost 
load leaves significant room for error, resulting in over- or 
suboptimal investment in capacity as well as either more vio-
lent or more frequent price spikes in the short run.8  Second, 
setting spot price to VOLL levels whenever capacity drops 
below an amount necessary to ensure peak demand is satis-
fied produces a virtually vertical energy demand curve.  Such 
market structure augments investors’ risk premiums, which 
are, in turn, passed on to end users in the form of higher 
rates.  Thus, VOLL pricing exposes consumers to unpredict-
able and costly price swings, making it a highly unattractive 
choice from a political standpoint.  Third, since peaking units 
must rely on being paid the value of lost load during periods 
of shortage in order to recover their fixed costs, and since 
shortage hours are few and far between, fixed-cost recovery 
is highly uncertain.  In addition, the number of shortage hours 
may fluctuate from year to year, depending on many random 
factors such as weather, availability of generating resources, 
and the status of the transmission network, which will cause 
under-recoveries in some years and over-recoveries in oth-
ers.  Such unpredictability with respect to cash flows will 
surely prompt investors to demand higher risk premiums, 
which will ultimately be passed down to consumers through 
higher prices.  Finally, the inherent price volatility is further 
exacerbated by incentives to exercise market power.  The 

lack of real-time metering prevents consumers from shed-
ding load voluntarily whenever spot prices rise, rendering the 
short-run demand curve very inelastic.  Therefore, as peak 
load approaches the level of operational installed capacity, 
generators have an increased incentive to withhold their re-
sources and push the prices up even further.  Together these 
shortcomings make VOLL pricing unattractive to regulators, 
and as we describe above, anything remotely resembling it 
has been eliminated due to concerns associated with the ex-
ercise of market power.

Thus, given the unattractiveness of VOLL pricing, an 
emphasis has been placed on setting an amount of generation 
quantity deemed sufficient to ensure reliability.  By elect-
ing to set quantity, market designers and system operators 
then face the problem of how to ensure that the set quantity 
is available in the marketplace.  As we describe above, the 
initial approach has been to use a vertical demand curve for 
capacity, as opposed to, say, a uniform price paid to all ca-
pacity, or instituting a system of individual payments made 
to certain generators required to maintain reliability in sub-
regions.  As the vertical demand curve for capacity has been 
unworkable, there has been a move underway to introduce 
an administrative downward-sloping demand curve to price 
generation capacity.  Currently, this approach is in favor, al-
though there is limited experience with the proposed market 
structure and considerable debate surrounding the potential 
success of the new approach.9  When considered more gener-
ally, the problems associated with trying to create a regulated 
administrative market, such as this, have often been faced by 
policymakers.

Before examining in more detail the extant solutions 
being embraced to resolve the capacity payment problems, 
it is instructive to consider a theoretical paradigm developed 
to inform the process of deciding whether the control of 
price or quantity will create the most efficient outcome in 
those situations where an isolated economic variable (in this 
instance, reliability via capacity amount specification) needs 
to be regulated.  A seminal work on this topic is Martin L. 
Weitzman’s “Prices vs. Quantities.”10  The motivation of this 
work was the evaluation of the question of whether the con-
trol of pollution was better achieved by establishing pollution 
emission standards, or by setting pollution taxes.  Over the 
past 30 years, we have seen the U.S. often elect the former 
approach, although it has not been a simple proposition to 
determine the most efficient method.11  Thus, considering a 
framework within which the reliability assurance question 
can be considered is useful.

In the case outlined by Weitzman, he considers explic-
itly the difficult decision of determining whether quantity 
or prices should be used as planning instruments.  He sug-
gests a modeling framework wherein the decision is cast in 
the context of a trade-off between the social benefits and 
costs of one policy approach over another.  He envisions a 
downward-sloping marginal benefit curve (analogous to the 
capacity demand curve) and an upward-sloping marginal cost 
curve (analogous to the capacity supply curve).  He then pro-
ceeds to derive a so-called coefficient of comparative advan-
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tage that can be used to draw inferences on whether setting 
quantity or price is a better planning approach.12  His results 
provide interesting insights applicable to the capacity-plan-
ning dilemma facing wholesale electricity market designers.

In particular, Weitzman shows that the slopes of the de-
mand and supply curves will significantly affect the ability 
of the chosen policy instrument to perform efficiently.  For 
example, he explains that, depending upon the magnitude 
and sign of the coefficient as determined by the slopes of 
the demand and supply curves, it is possible to establish 
whether price or quantity control will be a better planning 
approach.  His primary findings tell us that when demand 
is steeply sloped (the benefit function is sharply curved), or 
the supply curve is nearly flat, it is better to control quantity.  
Conversely, when demand is elastic (the benefit function is 
near to being linear), the price control mode is relatively 
more attractive.  As he explains, this is because the marginal 
social benefit is approximately constant in some range such 
that naming a price is more optimal, assuming limited cost 
uncertainty.  Finally, if marginal costs are very steeply rising 
around the optimum—i.e., the supply curve is steep, as can 
be the case with fixed capacity—there is not much difference 
between controlling price and quantity.  He suggests that in 
this situation, “non-economic” factors should play a promi-
nent role in determining whether to control price or quantity.  
Generally, he finds that quantity control tends to be the less 
damaging approach to resolving this problem when facing 
uncertainty.  Nonetheless, given that the capacity demand 
curves described herein are developed purely on the basis 
of expert opinion, the question of the appropriate shape cer-
tainly arises.13

Finally, when we examine the approaches taken to re-
solve this problem on a world-wide basis, we see that price 
is often the planning instrument of choice.  For example, 
both Argentina and Colombia employ a fixed-capacity price 
paid to all capacity on the system that meets certain stan-
dards.  Additionally, the U.K. has experimented with setting 
price, as opposed to quantity.  Thus, although we limit our 
review herein to quantity-based planning standards where 
the shape of the demand curve is established administratively 
to achieve certain objectives, it may be the case that we are 
only beginning to develop an understanding of how to most 
efficiently approach the resolution of this problem.

Current U.S. Solutions to the Capacity Payment Dilemma:  Lo-
cational Installed Capacity (LICAP) Markets

Given the problems that resulted when relying on capac-
ity markets characterized by single vertical demand curves, 
there has been a significant effort placed on introducing price-
quantity pairings—downward sloping demand curves—as a 
means of resolving the originally experienced problems.  As 
we describe above, this is akin to making the policy decision 
to set quantity, and then proceeding to define the benefits 
function so as to achieve additional pricing objectives found 
to be desirable.  Notwithstanding the limited experience that 
currently exists through the use of this approach, much ef-
fort has been expended by New York and New England to 

develop capacity demand curves that can be applied location-
ally (i.e., to sub-regions) as a means of setting prices based 
on desired quantities, and then stepping back and observing 
if investment is forthcoming in sufficient amounts to meet the 
desired reliability standard.

Generally, these newly constituted LICAP markets are 
designed to allow all generators, in particular peaking units, 
to recover their fixed (carrying) costs through the combina-
tion of energy-market rents and capacity payments.  Addi-
tionally, they are formulated to place greater value on mar-
ginal capacity, leading to higher levels of reliability, which in 
turn would reduce the incidence of price spikes and lower the 
overall cost to consumers.  Capacity prices are determined 
by the intersection of the short-run supply curve and the LI-
CAP demand curve.  In general, the LICAP demand curves 
are characterized by a flat high-price portion at low levels 
of installed capacity, designed to spur investment and bring 
installed capacity levels back up, and a downward sloping 
portion until prices hit zero at considerably higher levels of 
capacity, aimed at sending a retirement signal to the least ef-
ficient generators and reducing capacity down to the level of 
optimal reliability.  LICAP demand curve designers define 
the price-quantity pairings for the curves such that an opti-
mal level of investment in generating capacity occurs, while 
providing long-run prices that allow the marginal generator 
to recover its fixed costs.

The construction of a LICAP demand curve proceeds 
by first estimating two key inputs—the benchmark cost of 
capacity (BCC), previously called the cost of new entry, and 
the objective capability (OC) for the sub-region or zone in 
question.  (OC is the amount of capacity necessary to meet 
forecasted demand.)  BCC represents the annual fixed cost of 
the benchmark generator (either a frame or aero-derivative 
gas turbine peaking unit), which has the lowest fixed cost per 
megawatt of capacity and the highest variable costs.  It is 
therefore typically the marginal generator that, during times 
of peak loads, sets the energy price in a market and earns the 
lowest infra-marginal rents.  Thus, absent capacity markets, 
the benchmark generator systematically under-recovers its 
fixed costs and, assuming the decision rests solely with the 
generator, is driven out of the market.  Under a LICAP mar-
ket design, the price of capacity will hopefully hover close 
to the estimated BCC (EBCC) when the level of installed ca-
pacity provides adequate reliability, allowing the benchmark 
generator to recover its fixed costs and preventing it from 
exiting the market.  Since any additional installed capacity 
would depress the LICAP price to below the EBCC, new 
generating units are discouraged from entry, thereby leading 
to an optimal long-run equilibrium level of installed capac-
ity and a price equivalent to EBCC.  OC, on the other hand, 
is the minimum acceptable level of installed capacity, the 
determination of which has been practiced by engineers for 
decades.

14  LICAP demand curves are defined by combining 
the appropriate EBCC and OC values, and then shaping the 
curve using expert opinion.

A LICAP market design using the demand curve de-
scribed above has already been implemented in New York 
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(by the New York ISO (NYISO)), while a similar LICAP 
market design proposed by ISO-NE is being reviewed by 
the FERC with the expectation that it will be put in place by 
January 1, 2006.  At the same time, the PJM Interconnect is 
actively developing a reliability pricing model that also in-
corporates a capacity demand curve.  Thus far, New York and 
New England provide excellent examples of two different 
approaches for drawing the capacity demand curve.  Figure 1 
portrays both New York’s and New England’s demand curves 
for power year 2005-06.15

Figure 1
LICAP Demand Curves, NYISO vs ISO-NE

The two LICAP demand curves display some similari-
ties and some differences.  In contrast to the pre-LICAP and 
VOLL designs’ abrupt drop-off in the marginal value of 
capacity whenever it exceeded the required minimum, both 
New York’s and New England’s curves provide for a gradual 
decline in prices at above-optimal levels of LICAP, resulting 
in a less volatile and potentially more predictable stream of 
payments to generation owners, as well as hopefully more 
stable retail prices and sustained reliability.  Both curves are 
designed to allow the marginal generators to recover their 
fixed costs, though the recovery mechanisms differ, and thus 
the NYISO’s and ISO-NE’s demand curves are not directly 
comparable.  In New York, the price of capacity, as deter-
mined by the height of the demand curve at each particular 
value of LICAP, coincides with the actual capacity payment, 
and is calculated as the difference between the estimate of 
annual carrying costs of a new gas-fired combustion turbine 
and the estimate of the expected net revenues that a new com-
bustion turbine would earn per year by selling into the energy 
and ancillary services markets.16  While NYISO’s demand 
curve determines the monthly capacity payments, ISO-NE’s 
curve intersects supply at a conceptually different level.  In 
New England, capacity payments are calculated as the differ-
ence between the LICAP price, as determined by the demand 
curve, and peak energy-market rents (PER),17 and as proposed 
are distributed to eligible generators who made themselves 
available during shortage hours.18  Because LICAP payments 
are reduced by price increases in the energy market, suppliers 
would lose as much in capacity payments as they would gain 
in energy rents should they choose to withhold their genera-
tion plants.  Therefore, despite the fact that its demand curve 

incorporates energy rents, ISO-NE’s proposal preserves the 
market-power mitigating characteristics of LICAP markets.19  
Moreover, it circumvents the difficulty and inevitable impre-
cision of estimating future infra-marginal rents by netting 
them out from the demand curve after the fact.  This con-
ceptual difference in the construction of NYISO’s and ISO-
NE’s demand curves accounts for the significant price level 
discrepancy apparent upon initial comparison.

Table 1 presents a comparison of various aspects of the 
LICAP markets in operation in New York, and as proposed 
for New England.  First, demand curve parameters vary as 
a function of LICAP zones.  The definition of the zones is 
primarily based on system transmission limitations which 
require the ISO to use distinct operational guidelines to 
maintain reliability.  Thus, the intention is that each LICAP 
zone be a geographic area where an incremental change in in-
stalled capacity would have a significantly different impact on 
reliability when compared to another area and, consequently, 
should be compensated differently.  In New England, for 
instance, LICAP zones were initially designated according 
to the “currently-defined load zones in the NEPOOL Control 
Area.”

20  As outlined in Table 1, ISO-NE has proposed five 
LICAP zones, compared to NYISO’s three.  There are sug-
gestions that the loss-of-load-expectation (LOLE) should be 
the sole basis for the establishment of LICAP zones.21  As 
such, separate zones should be created only if the installed 
capacity located there drops to levels insufficient to ensure a 
LOLE of one day in ten years, increasing capacity payments 
and thereby incenting new investments, and promptly elimi-
nated as soon as new capacity brings reliability back to the 
required standard.  However, this approach fails to recognize 
the fact that, in addition to transmission limits as well as other 
historical factors, new plant construction costs also tend to 
differ (in some instances significantly) among the currently 
established zones, a fact that is reflected by the zone-specific 
EBCC estimates.22  Without accounting for these cost differ-
ences, there would constantly be an imbalance, as LICAP 
markets would always be over-compensating some genera-
tors and under-compensating others.

Table 1 also shows that another key difference between 
New York and New England LICAP markets lies within the 
market-clearing methodology.  New York uses a nesting 
approach to clearing its markets.  The NYISO administers 
monthly sequential locational installed capacity auctions, 
with the Long Island and New York City zones clearing 
an amount equal to locational sourcing requirements prior 
to running a larger regional market which then determines 
capacity prices for rest-of-state (the third New York zone) 
as well as that capacity that will be considered imported 
into New York City and Long Island.  On the other hand, 
ISO-NE’s proposed LICAP markets will clear all five zones 
simultaneously.  This means that in ISO-NE, the amount of 
capacity that will be considered as imports into the various 
zones from rest-of-pool is determined by an optimization 
model and is limited to pre-defined capacity transfer limits 
between zones.  Practically this means that in New England 
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intra-regional supplies offering to deliver into constrained 
zones face a vertical supply curve, while in New York they 
face a sloping demand curve.  Although these market clearing 
system approaches differ, and can result in different short-run 
prices, it is not expected that the revealed pricing should 
vary considerably over the long run.

Table 1
Key Characteristics of LICAP Markets in New York and 

New England
 New Yorka New England
LICAP zones NYC,  Maine, 
 Long Island, NEMA, 
 Rest of State SWCT,  
   Rest-of-CT,
   Rest-of-Pool
Market-clearing methodology Nested b Simultaneous
Objective Capability (% above peak load) 18% c 12%
Break-even level of LICAP (% above OC) 0% 3.8% d

Zero-price level of LICAP (% above OC) 12% e 15%
Infra-marginal rent adjustment Ex-ante Ex-post

Note: LICAP and OC refer to locational installed capacity, and objective 
capability, respectively.
a The curves in NY are phased in, starting in 2003, in order to ameliorate 
rate impacts.
b NYISO administers sequential centralized monthly spot market auctions, 
whereby capacity in NYC and Long Island clears prior to Rest-of-State.
c Locational ICAP requirements in NYC and Long Island for power year 
2004-05 are 80% and 99% of objective capability, respectively.
d The “target” level of ICAP in New England, the historical average level of 
capacity relative to OC, is numerically identical to the minimum requirement 
and break-even levels of ICAP in New York (1.054*1.12 is approximately 
1.18).
e 18% in NYC and Long Island.

Although both New York and New England define 
objective capability as the level of installed capacity that 
ensures a LOLE of no higher than one day in ten years, the 
minimum required amount of capacity above forecast peak 
load differs between the two markets.23 As Table 1 shows, the 
New York State Reliability Council (NYSRC) requires that 
installed capacity in the state exceed its peak load by 18%, 
while New England sets the region’s minimum requirement 
at 12% above peak load.  Since the installed capacity values 
on both demand curves were originally measured as a mul-
tiple of objective capability, the comparison of the two de-
signs becomes more complicated.  Therefore, in order to find 
a common denominator for the measure of capacity on the 
x-axis, the objective capabilities were converted back to peak 
loads in Figure 1.  However, in order to preserve the curves’ 
key parameters as they were originally defined by the ISOs, 
Table 1 lists them in terms of the minimum requirements. 

Table 1 also shows that the New York and New Eng-
land LICAP markets offer conceptually different levels of 
compensation to the owners of installed capacity.  Whereas 
the marginal (benchmark) generator in New York breaks 
even whenever it brings the overall level of capacity to the 
required minimum, New England allows an additional 3.8 
percent above objective capability.  In effect, the break-
even points in New York and New England then lie at 18 
and 16 percent above peak load, respectively.24  Similarly, 
the zero-price levels of LICAP, defined as 12 percent above 

OC in New York and falling at 15 percent above OC in New 
England,25 correspond to 32 and 29 percent margins above 
peak load, respectively.26  These differences can be seen in 
Figure 1.

Table 1 also shows the source of an obvious differ-
ence between the two curves plotted in Figure 1; the kink in 
ISO-NE’s proposed demand curve.  The kink occurs at the 
break-even level of installed capacity, as described above, 
and divides the downward-sloping portion of the curve into 
two segments.  The left segment, by design, has a slope that 
is three times steeper than the slope of the right segment.  Dr. 
Steven Stoft, who is responsible for the design of ISO-NE’s 
proposed LICAP demand curve, argues that a steeper slope at 
close-to-deficient levels of installed capacity is necessary in 
order to send a stronger signal to investors and avoid shortag-
es.  Because “[t]he cost of too much installed capacity is con-
siderably less than the cost of too little,”27 the 3:1 slope ratio 
is justified.  The value of capacity at the kink is calculated 
such that, assuming that the distribution of installed capacity 
levels maintains its historical standard deviation around the 
“target” level,28 actual installed capacity falls below objective 
capability in only about 15 percent of years.29  Thus, we see 
clearly how expert opinion leads to different demand curve 
parameters as well as differently shaped demand curves.

Lastly, as already discussed above, the price of locational 
installed capacity in New York, unlike in New England, has 
already been adjusted for infra-marginal rents.  In general, 
as available capacity resources dwindle, energy and ancil-
lary services’ markets tighten, causing the prices to rise and, 
consequently, the rents that the generators earn by selling into 
these markets to increase.  Conversely, as available capac-
ity becomes more abundant, energy and ancillary services’ 
markets loosen, leading to lower energy prices and lower 
infra-marginal rents.  Recognizing this link between the 
energy and the capacity markets and the fact that generators 
must recover their carrying costs through a combination of 
rents from both markets, ISO-NE’s demand curve is steeper 
than NYISO’s at low levels of installed capacity and flatter at 
high levels.  Thus, ISO-NE avoids the difficult estimation of 
infra-marginal rents by subtracting the actual rents from the 
LICAP price ex-post.30  Thus, again expert opinion results 
in a significant difference in how capacity payments will ac-
count for inframarginal rents.

Conclusion

We clearly continue to be in a transitional mode char-
acterized by a general lack of consensus on the appropriate 
policy choices to make to ensure reliability.  Current policy 
on how to ensure future electricity system reliability in some 
regions of the U.S. is focused on establishing administrative 
LICAP market structures to value and hopefully cause, a pre-
defined amount of generation capacity to be constructed.  The 
ability of the new wholesale electricity markets in the North-
eastern and Mid-Atlantic U.S. to signal the need for this next 
wave of generation investment is largely dependent on how 
well these new LICAP markets perform.  Those investors 
that made past decisions based on expectations that markets 
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would provide certain revenues will not be so willing to in-
vest without assurances that capacity will be valued appropri-
ately going forward.  Although we expect that over the long 
run capacity will be compensated primarily via mid-term 
contracts, capacity markets will provide important signals as 
to the long-run marginal price of capacity.  If we are to rely 
on administratively determined demand curves, we must be 
satisfied that they are shaped properly, and that there is true 
competition among those suppliers that offer capacity in the 
auctions.  Currently it is clear that expert opinions differ on 
how to define and shape the demand curve in order to fulfill 
the reliability objective.  As we can see from the curves, these 
differences will have an impact on capacity payments and 
thus expectations on the value of capacity in the future.  In 
the near term it is imperative that LICAP markets send good 
price signals, as we cannot afford delays in needed future 
investments.

Footnotes
1 For example, in New England the independent system 

operator (ISO-NE) has identified Southwest Connecticut as a 
problematic sub-region.  In New York, both New York City and 
Long Island require separate consideration to ensure adequate 
capacity is available to meet demand.  All these sub-regions are 
characterized by limited import capability, and in some instances 
are areas where siting new generation or transmission facilities is 
complicated both environmentally and technically.

2 Although we understand that in some instances transmission 
system additions may resolve these observed problems, there 
nonetheless continues to be a fundamental problem with the current 
market structures when capacity shortages do not result in increased 
compensation to generating facility owners.

3 At the time when independent system operators began 
administering wholesale electricity markets in the U.S., New 
York’s, New England’s, and Pennsylvania/New Jersey/Maryland’s 
(PJM) ISOs each included capacity markets that were based on 
vertical demand curves.  New York replaced its initial capacity 
market in 2003, New England is in the process of replacing its 
capacity market, and PJM is actively debating a so-called reliability 
pricing model to replace its capacity market.

4 This refers to the bulk transmission and generation system 
as opposed to the lower voltage distribution system that will often 
experience weather induced outages.

5 Initially constituted capacity markets had attributes that 
resulted in capacity being akin to a public good when it was in 
excess supply.  Thus, consistent with the classic characteristic of 
a public good—non-exclusivity—buyers in all locations were able 
to take advantage of excess supply wherever it was located on the 
system.  This problem was able to arise because generators have 
been required to offer their capacity in order to be eligible for 
capacity payments.  Seriously limiting generators’ ability to remove 
supply from the market led to capacity often resembling a public 
good.

6 Of course, it is possible for the market operator to solicit 
supplies and make contractual obligations to buy such supplies, 
although taking a position in the market is completely contrary to 
the idea that market operators shall be independent and only provide 
a means for buyers and sellers to meet and transact anonymously.

7 Stoft, Steven, Power System Economics:  Designing Markets 
for Electricity, Piscataway, NJ:  IEEE Press, 2002, at 159.

8 The assumption is that regulators will eventually arrive at the 
correct level of VOLL by trial and error, spawning the desired level 
of investment in the long run.

9 ISO-NE’s proposed system is currently undergoing an 
extensive, more than year-long review at the FERC, while New 
York’s system is still being reviewed by the court system to ensure 
that the FERC did not exceed its authority when approving the New 
York’s new capacity market in 2003.

10 Weitzman, Martin L., “Prices vs. Quantities,” The Review 
of Economic Studies, Vol. XLI (4), No. 128, October 1974, at 477-
491.

11 For example, in Europe, pollution taxes are often favored 
over standards.

12 Weitzman, op. cit., at 85.
13 It may be the case that using demand curves shaped based 

on consumers’ willingness to forego consumption of electricity 
when facing high prices would be the most appropriate basis for the 
administrative curves currently in use.  At a minimum this would 
allow thoughtful consideration of the resolution of the price versus 
quantity control question.

14 As we mentioned earlier, minimum reliability is defined 
as the level of installed capacity which ensures a loss-of-load-
expectation (LOLE) of 0.1, or one day in ten years, which is the 
second key input into the LICAP demand curve.

15 The New England demand curve is that proposed by ISO-NE 
in its March 1 and August 31, 2004, filings for power year 2005-06.  
Nevertheless, considerable debate on the appropriate parameters for 
the curve is ongoing at the FERC.

16 United States of America, Before the Federal Energy 
Regulatory Commission, New York System Independent [sic] 
Operator, Inc., Docket No. ER03-647-000, Affidavit of Dr. Thomas 
S. Paynter, at 20.

17 PER are the “revenues, net of variable costs, that the 
Benchmark Generator would earn if it were always available.” 
(United States of America, Before the Federal Energy Regulatory 
Commission, Devon Power LLC, et al., Docket No. ER03-563-030, 
Direct Testimony of Steven E. Stoft, at 20.)

18 Capacity payments cannot be negative—i.e., if a generator’s 
PERs exceed the LICAP price, no capacity payments are awarded 
to that generator.

19 While generators would still be motivated to manipulate spot 
energy prices by withholding generation capacity, the concomitant 
reduction in capacity payments would result in market-power abuse 
having no effect on the overall rents.  This may not hold for some 
low-variable-cost base load generators, whose increases in infra-
marginal rents can, in theory, surpass the decreases in capacity 
payments as a consequence of withholding power.  This is a case 
when infra-marginal rents exceed LICAP price and, since the 
associated capacity payment, calculated as the difference between 
LICAP price and infra-marginal rents, is always non-negative, the 
generator receives zero capacity payment.

20 United States of America, Before the Federal Energy 
Regulatory Commission, Devon Power LLC, et al., Docket No. 
ER03-563-030, Compliance Filing of ISO-NE, Inc., March 1, 2004, 
transmittal letter, at 5.  Although, Southwest Connecticut was added 
as a zone following a FERC inquiry related to ISO-NE’s March 1 
filing.

21 United States of America, Before the Federal Regulatory 
Energy Commission, Devon Power LLC, et al., Docket No. ER03-
563-030, Prepared Direct Testimony of James G. Daly on Behalf of 
the Attorney General of Massachusetts, et al., at 42.
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Creating a Commercial Environment 
for Energy Projects –Lessons from 

Central and Eastern Europe
By Robert Eric Borgström*

Introduction

Fifteen years ago, “The Wall” came down and its de-
struction marked both the beginning of an historic period of 
economic restructuring and an unprecedented commercial 
opportunity for which many of us were entirely unprepared.  

Shortly thereafter, I had left the gas company where I 
was manager of economic analyses and was in Hungary, as 
part of a project to evaluate natural gas distribution compa-
nies for private sector investment.  That fascinating project 
began the senior third of my career to date, which has focused 
almost entirely upon the development of a commercial en-
vironment for energy projects in the transitional economies, 
primarily in Central and Eastern Europe but also in Central 
and Southern Asia.

The objective of this article is to review some of the les-
sons that were learned through working during this historical 
period of transition.  The points that I shall raise may seem 
elementary or even self-evident.  Nonetheless, I believe that 
the broad experiences of the past fifteen years should not be 
assigned to the dustbin of history.

Energy Projects in Transitional Economies

To put things into perspective, when I speak of energy 
projects, I am speaking of big-ticket projects that will en-
hance and expand energy supply infrastructures.  The IEA’s 
World Energy Outlook for 2002 estimates that meeting the 
demand for such projects will cost $16-trillion over the first 
three decades of the twenty-first century.   Half of this amount 
will be spent in developing countries and ten per cent will 
help to re-create Russia and the transitional economies.  This 
means that there is roughly $50-billion to be raised each year 
for expenditure in those countries alone.  Electricity projects 
should account for approximately 60% of that total, a re-
quirement of $30-billion annually. 

As countries “transit” from controlled to market 
economies, the public purse will be inadequate to meet the 
substantial capital requirements for infrastructure projects.  
Since these funds will need to come largely from the private 

sector, the State will inevitably be forced by the leverage of 
the new, private-sector investors to liberalize.  This will mean 
a more efficient restructuring of business units, the hands-on 
involvement of owner/managers from abroad and the need 
for current employees to adapt to new paradigms of working 
or face redundancy.

Lessons Learned

We don’t have the only winning paradigm.

 Let me speak from the bias of an American, which I am, 
to say that we tend to believe so strongly in our paradigms 
for economic success that we fully expect that everyone, if 
only given access to our methodologies, will happily rush to 
embrace and adopt them.  

However much our commercial success is admired and 
imitated, the rest of the world does not see its own set of en-
cultured values as being so without merit that their national 
experience should be tossed into a heap while they listen to 
the Delphic pronouncements of a visitor from America.

This doesn’t mean that we shouldn’t clearly explain the 
parameters of our logic.  On the contrary, the great challenge 
of doing business abroad is to establish a common basis 
of understanding from which meaningful negotiations can 
develop.  However, the exportation of our commercial phi-
losophy would be more successful if we learned to talk less 
and listen more; if we were more patient rather than contemp-
tuous of the “inefficiencies” we encounter; and if we were 
more inclined to recognize that successful cooperation can 
add strength to a competitive effort. 

There are fewer sound investment opportunities than “good 
ideas” for projects.

The “bottom line” to our business credibility can only be 
defined by our position on one single filter: will the project 
make money? 

This sounds so elementary that it’s hardly worth saying 
to an audience of energy economists, but in our zeal to pur-
sue a business opportunity, it is sometimes easy to forget that 
the nature of the transitional economy is to move from doing 
things because it was politically appropriate to do them, to 
doing things because investors will benefit from them.

There are many “good ideas” for projects, but very few 
are worth investing in them.  One will encounter no shortage 
of plans for new generation, the expansion of transmission 
systems, the betterment of distribution systems and a host of 
“good” things to drive the national well-being.

In the controlled economy, the merits of a proposal were 
weighed against socio-political objectives and, if the merits 
were aligned with the objectives, funds were drawn from the 
budget for construction. If the economy was a large enough, 
closed system to be self-sufficient it is possible that the bulk 
of the construction was without real cost.

 Recovering that cost, if any, was rarely a concern since 
rates for energy from the new asset were typically established 
by fiat with the objectives of keeping citizens happy and the 
government in favor.  Low cost – or lower-than-cost – energy 
was frequently a right of citizenship provided by the govern-
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ment in power.
And even if the established tariff did bear some relation-

ship to the cost-of-service – for example, the cost of imported 
coal or natural gas – realization of those tariffs often reflected 
the ability of large consumers, state-owned enterprises and 
municipal systems to exempt themselves from paying their 
bills. 

So I return to my not-so-elementary question of whether 
or not the project is likely to make money.  I can tell you that 
many times I’ve asked that question and seen in the faces of 
my colleagues across the table that the question had never 
been considered.  

Nonetheless, it is elemental that if the government’s 
policy is to provide energy service below cost, the project 
passes quickly from the interest of the private investor back 
to the fiscal responsibility of the State.  Understanding that 
investors who raise capital for energy projects have their 
own social objectives as a priority is an important lesson that 
many in the transitional economies must learn.

We don’t always have the same objective.  i.e., the Ministry isn’t 
always on our side.

If numbers like $50-billion are to be raised each year, it 
is fair to assume that every Minister of Energy is interested 
in attracting private sector investors. However, potential 
investors need to know whether the State sees energy as an 
element of the national patrimony to be husbanded, or does 
it subscribe to our capitalistic notion that the market is the 
best guarantor of public interest.  Or put another way, it is 
preferable for the investor to have equity in a project that will 
respond to signals from its customers rather than phone calls 
from the Prime Minister.

Today there are energy regulatory agencies in virtu-
ally all of the countries of the formerly Communist block 
in Central and Eastern Europe. This is an important step in 
moving the control of the energy sector away from political 
decision-making.  In practice, however, many of these regu-
latory bodies are still in positions of political subservience.  It 
is not unusual for the chief regulatory officer to be removed 
from office in an overnight political decision amid a flurry of 
headlines about his health or his alleged corruption.

In very few countries is there the stability that we know 
in the USA with our tradition of public hearings and elabo-
rately transparent processes of impeachment.  This lack of 
independence should raise red flags for the investor who is 
evaluating the possibility of equity participation in those 
states.

The government, through its regulatory agency, should 
also take leadership in explaining the costs and benefits of 
private sector investing to its constituents.  The new project, 
whatever form it may take, will cause economic dislocations 
and public resentments.  These results derive from the actions 
and inactions of the government and its predecessors and the 
defense of corrective measures cannot become the sole bur-
den of the investor.  This must be understood at the outset and 
be framed within the final negotiations.

The government wonders if we’re on their side.

In fairness, just as serious investors should be wary of 
the Central Authority and its influence affecting operating 
conditions over the life of the project, State authorities have 
reason to be wary of the investor.  Too many hard lessons 
were learned during the early days of Mass Privatization:
§ large shares of capital given to management to extend 

their years of control;
§ the overnight making of billionaires through the equally 

expeditious liquidation of enterprises and their assets; 
and
§ the fund scandals that exchanged years of participatory 

labor for meaningless scraps of paper.
The government official may pause when considering 

handing-over of the national patrimony to foreign influence 
under a system of economic exchange that may not be un-
derstood. 

From a policy perspective, the foreign investment in 
infrastructure must be constructive and long-term.  The in-
vestor must demonstrate not only his faith in the prospective 
project but his wiliness to be patience to await the project’s 
success before expecting a significant return on or of the 
investment.   The impatient have many other more suitable 
opportunities in which to risk their money.    

The project won’t help to perpetuate the status quo.

Sadly for some, new business ventures – whether it is 
a privatization or a significant financial enhancement of the 
business – will require important changes to the “old” busi-
ness approach.  Utilities around the pre-transitional world 
tend to be over-staffed and inefficient, it is expected that new 
projects will bring not only an infusion of useful capital, but 
also an intervention by new managers, armed with new man-
agement philosophies and a focus on international best prac-
tices with respect to operations, management and staffing.

These will not be popular changes among existing 
employees.  The inevitable redundancies will require pro-
grams for early severance and re-training, which are the 
fiscal responsibility of the government.  It will also require a 
carefully developed plan to explain that the new changes are 
inevitabilities, brought-about by the country’s economic tran-
sition.  In this development, the investor should also expect 
the government’s whole-hearted participation.

Indeed, whatever actions are taken in the course of eco-
nomic reform and restructuring, these actions must take place 
within the context of a specific public information campaign 
that will inform stakeholders about the changes to take place 
and be persuasive about the benefits ultimately to be derived 
from these measures.  The “good news” is that the new en-
ergy project will not only provide reliable energy at cost, 
it will help to fuel the nation’s economic recovery and be 
funded by mechanisms that are fair to all stakeholders.  But it 
will be a hard sell and the investor must have confidence that 
the participating government will be pro-active in promoting 
that sale.

(continued on page 28)



21

About How We Keep Score on Fuel Economy and 
How it Impacts Greenhouse Gas Production

By David McKeagan*
The methods used to quantify fuel economy need to be 

questioned. The way we have always done it leads to errone-
ous conclusions about the relative efficiency of gasoline and 
diesel engines. It also takes away focus from the importance 
of fuel chemistry on the relative amounts of greenhouse gases 
produced in any combustion process.

Fuel economy performance is reported on the basis of 
liquid volume of fuel consumed (miles/gallon or liters/100 
kilometers). The actual power developed in either spark or 
pressure ignition engines depends on the heat of combustion 
of the fuel and the stoiciometry of the oxidation reactions. 
Greater heat of combustion and greater molar expansion 
give higher cylinder pressure and more power. It is possible 
to compare fuels using simple gas law calculations. In Table 
1, the properties of a few representative fuels are shown. The 
‘adiabatic temperature’ is that which is reached assuming no 
heat losses and theoretical oxygen requirements. The higher 
the (cylinder) ‘relative pressure’, the greater is the power out-
put. The higher the carbon/hydrogen of the fuel, the higher is 
the relative amount of carbon dioxide (CO2) produced.

Table 1
Performance Based on Equal Liquid Volume Burned

Fuel Heating Value Adiabatic Relative Relative
 BTU/lb1 Temperature (0F) Pressure CO2

Octane 19,060 3359 1.00 1.00
Pentane    19,540 3386 0.93 0.89
Toluene    17,640 4002 1.11 1.36
Pentene    19,360 3348 0.95 0.95
Ethanol    11,520 3230 0.69 0.71
Methane    21,540 3270 0.49 0.38
Cetane    18,920  3453 1.13     1.15

This comparison is based on feeding the same liquid 
volume of fuel into either a gasoline or a diesel engine. Thus, 
compared to octane (C8H18),2 pentane (C5H12, a typical 
light component of motor gasoline) produces about 7% less 
power. Pentane and octane are fully saturated paraffins and 
so contain the maximum amount of hydrogen for C5 and C8 
carbon molecules respectively. Their relative power output 
and CO2 production can be explained by the differences in 
carbon content and liquid density. 

Commercial gasolines also contain olefins and aromat-
ics that are deficient in hydrogen. These compounds come 
mostly from catalytic cracking. Toluene (C8H10) is an aro-
matic that produces about 11% more power than octane and 
is also desirable as an octane number enhancer. Toluene has 
‘higher energy content,’ that is it has a higher density and a 
higher proportion of carbon than pentane or octane. Thus, it 
also produces more CO2 when it burns. Olefins like pentene 
(C5H10) have intermediate performance between saturated 
paraffins and aromatics.

Two alternative fuels for gasoline engines are ethanol 
(C2H6O) and natural gas (methane, CH4). The figures in 
Table 1 support the view that on a liquid volume basis they 

produce less power than typical gasoline components, and 
that they also produce less CO2.

3

The traditional basis for comparing diesel fuels uses cetane 
(C16H34) as a reference. The figures in Table 1 explain why it 
is observed that diesel engines get 15-20% more miles to the 
gallon. This advantage is frequently explained by the  ‘higher 
energy content’ of diesel fuels. However, this observation is 
purely an artifact of the practice of selling automotive fuels and 
measuring fuel economy on a unit volume basis (miles/gallon).

Consider how different fuels would stack up if instead 
the comparisons were done on a weight basis (e.g., miles/
pound of fuel or kilograms/100 kilometers).

Table 2
Performance Based on Equal Weight Burned

Fuel Heating Value Adiabatic Relative Relative
 BTU/lb1 Temperature (0F) Pressure CO2

Octane    19,060 3359 1.00 1.00
Pentane    19,540 3386 1.02 0.99
Toluene    17,640 4002 0.88 1.08
Pentene    19,360 3348 1.02 1.02
Ethanol    11,520 3359 0.60 0.62
Methane    21,540 3270 1.14 0.89
Cetane    18,920 3453 0.99 1.01

The cetane, pentane, pentene, and octane power output 
is nearly identical, as is the CO2 produced. This shows that 
when comparing fuels on an equal weight basis, there is no 
difference in performance (miles/pound) between gasoline 
and diesel engines. It also shows that aromatics like toluene 
only seem to give better performance because of their higher 
density and higher energy content on a volume basis. Sur-
prisingly, methane outperforms all the other hydrocarbons 
both on power output and CO2 production. Ethanol gives the 
lowest power output; it may produce low CO2 but per unit of 
power output, CO2 generation is not distinguishable from the 
heavier hydrocarbons.

There is no reason why fuels could not be sold on a 
weight basis, given the capabilities of modern instrumenta-
tion. Fuels sold in bulk outside the United States are mar-
keted this way, as are chemicals and plastics derived from 
petroleum. 

The difference is important when one considers the 
greenhouse gas producing potential of different fuels. High 
energy content goes hand in hand with higher density, more 
carbon in the fuel molecule, and more carbon dioxide pro-
duced on burning.

If we measured fuel economy on a weight basis, we 
would encourage the production of higher hydrogen contain-
ing fuels and engines suited to lower molecular weight fuels. 
Measuring fuel efficiency based on volume encourages the 
production of ‘high energy’ fuels and more greenhouse gas-
es. It artificially encourages the use of engines that produce 
greater pollution.

Footnotes
1 Lower Heating Value
2 The thermodynamics of combustion reactions are hardly 

affected by molecular structure. The kinetics are however 
dramatically affected by structure, hence the importance of octane 
and cetane number indexes in actual engine operation.

3 These comparisons do not take into account the CO2 given off 
in the production of these fuels.

* David McKeagan is an Adjunct Professor in Chemical Engineering 
at McGill University.
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Hydrogen Strategies Under Uncertainty: 
Risk-Averse Choices for “Hydrogen” Pathway 

Development 
By Lorna A. Greening*

Abstract: Uncertainty about the future plays a major 
role in the formulation of policy options. This analysis of the 
total costs (private and social) with a focus on hydrogen in-
dicates how some of this uncertainty may project into the fu-
ture. Through incorporating this uncertainty into the decision 
process, low risk or ‘risk-averse’ strategies may be identified 
for choosing a “hydrogen” development pathway.

Introduction

Discussions of energy policy have had a major role in 
the legislative agenda of the last session of Congress, and 
may have an even greater role in the upcoming session. Since 
the early 1970’s, many of these discussions along with the 
resulting energy policies in the U.S. have focused on the 
introduction of alternative transportation fuels and fuel ef-
ficiency policies (Greene, 1990; Kleit, 2004; Sperling, 1988; 
Sperling and DeLuchi, 1989). Alternative fuels have encoun-
tered many barriers to adoption. For example, bio-diesel, 
one of the closest substitutes for liquid transportation fuels 
available in terms of the use of existing vehicle technologies, 
is just now beginning to appear commercially. However, this 
fuel is on the order of 13 to 22 cents more per gallon when 
available, does require installation of a separate pump and 
tank at a re-fueling station, and depending on the blend may 
cause rubber or other engine components to fail in older vin-
tage vehicles (US DOE, 2001). Therefore, some seemingly 
minor differences with petroleum based fuels have impeded 
greater penetration of the fuel. Further, although shown to be 
quite effective when initiated 1978, fuel efficiency standards 
promulgated under provisions of the Corporate Average Fuel 
Economy Standards Act in 1976, have lost much of their 
effectiveness with time. Without the re-enforcing effects 
of energy prices, modal shifts and declining load factors 
have substantially offset improvements in energy efficiency 
(Greening, 2004). 

Most recently, hydrogen powered fuel-cell vehicles 
have been suggested as another alternative to the U.S. ever 
expanding demand for petroleum (Dearing, 2000; Sperling 
and DeLuchi, 1989). These studies, and many similar analy-
ses, have identified a number of barriers to the increased use 
of hydrogen in transportation applications. In an evaluation 
of the potential for this use and R&D requirements, these 
barriers were summarized (NRC and NAE, 2004). As with 
other alternative fuels, the current operating characteristics 

of relatively limited driving range, and narrow requirements 
for ambient temperature for operation of vehicle technologies 
were identified as a primary barrier. Further, in the hydrogen 
literature, it has been suggested that even if these character-
istics were improved, fuel cells would be no more efficient 
than a Carnot cycle (Lutz, et al., 2002). However, other 
researchers have provided evidence that fuel cells could be 
substantially more efficient than the Carnot (Cooper, 2003; 
Lawrence Livermore National Laboratory, 2001). Therefore, 
there is tremendous uncertainty concerning the operating 
characteristics, and the probable costs of fuel cell technolo-
gies even in the short-term. 

Environmental considerations also have been been cited 
as a rationale for the adoption of hydrogen as a transporta-
tion fuel. However, various comparative analyses of dif-
ferent means of production have concluded that emissions 
may merely be shifted from the tail-pipe to the hydrogen 
production stage for some types of hydrogen production 
(Wang, 2002). Some methods of hydrogen production may 
actually increase both emissions and the total energy of the 
system (Neelis, et al., 2004). Although, the least expensive 
means of hydrogen production at the moment is natural gas 
reformation, greenhouse gases (GHG) are still emitted, and 
domestic natural gas resources are declining. The EIA fore-
casts approximately 15% of our natural gas consumption in 
2025 will be supplied by imported LNG, most of which is 
expected to originate in the Middle East (EIA, 2004). There-
fore, increased use of hydrogen, depending upon the means 
of production, may not provide the promised environmental 
benefits, nor lessen U.S. dependence on foreign sources of 
fossil fuels. These benefits maximize only when hydrogen is 
produced using renewable or nuclear sources, however, there 
are trade-offs associated with the use of those commodities 
particularly in the case of nuclear energy (Greening and Sch-
neider, 2003).

Perhaps the biggest barrier to the penetration of hydro-
gen, which has often been cited as the overwhelming barrier, 
is the infrastructure requirements for hydrogen distribution. 
Distribution of hydrogen for transportation use is particularly 
difficult, owing to the need to use very high pressures or very 
low temperatures which greatly adds to the difficulty in stor-
age and distribution. If a hydrogen supply chain that parallels 
the existing supply chain for gasoline is constructed, it has 
been estimated that between 4500 and 17,700 stations would 
be required to initiate the system with a capital investment of 
between $7 and $25 billion (Melaina, 2003). If the traditional 
supply chain is abandoned in favor of distributed hydrogen 
production and distribution, carbon sequestration becomes 
more difficult, and many of the environmental benefits from 
hydrogen are substantially reduced. Also, it should be noted 
that with a greater dependence on a gaseous fuel, either natu-
ral gas in the case of production or the distribution of gaseous 
hydrogen from central production, the fuel transportation 
system becomes more vulnerable to protracted disruption 
(Corbet, 2004). The existing liquid fuel system responds 
much more slowly and recovers more quickly than a gaseous 
based system. 

* Lorna A. Greening is an Energy, Consultant based in Los Alamos, 
NM. She can be reached at lgdoone@aol.com I wish to thank 
my many colleagues at Sandia National Laboratories, especially 
Glenn Kuswa and Thomas F. Corbett, for their thoughtful and 
helpful comments during the preparation of this article. I take full 
responsibility for all errors of omission and commission, and any 
opinions presented are solely mine and do not represent the views 
of any other organization. 
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Energy and environmental policies have 
a number of characteristics in common, but 
are also dissimilar in a number of respects 
(Greening and Bernow, 2004). Both types 
of policies embody uncertainties evolving 
from long time frames, and capital-intensive 
investments (Huang, et al., 1995). However, 
the uncertainties associated with each stem 
from different sources. But, with the rec-
ognition of the nexus between energy con-
sumption and production and the possible 
degradation of environmental amenities, 
developing coordinated approaches to en-
ergy and environmental issues has become 
a primary goal for the policy formulation 
process. The discussion presented here 
begins to examine how uncertainties about 
characteristics of potential energy policy op-
tions when combined and compared can lead 
to less risky or ‘risk-averse’ choices. Several 
different criteria in addition to private costs 
have been included in this analysis. To do this, the ‘contro-
versial’ step of monetizing some of the externalities has been 
used. However, it should be noted that there are other well 
accepted means of including externalities in the decision pro-
cess, and those methods are being used in further research. 

Many of the previous analyses of both the life-cycle 
costs and emissions have used a static approach (e.g., Og-
den, et al., 2003) where fuel prices and the technological 
characteristics of vehicles and fuel production are assumed 
constant. Further, these previous analyses have not explicitly 
recognized the uncertainties associated with the valuation of 
externalities (i.e., social costs). In the work presented here, 
uncertainty concerning the potential prices of fuels, and 
technological characteristics has been explicitly recognized. 
In addition to market cost uncertainties, an attempt has been 
made to quantify other attributes, such as emissions of GHG 
and potential levels of imports of fossil-fuels, and provide an 
economic valuation. By the incorporation of other attributes 
in the analysis process, we begin to provide an understanding 
of some of the trade-offs that might be necessary in selecting 
one technology over another for support. As a result, policy- 
or decision-makers can broaden their basis for decision from 
just the private cost attributes.

Uncertainty and Hydrogen Choices

In order to evaluate many of the uncertainties associ-
ated with the potential development of our future trans-
portation system, personal vehicle miles traveled (vmt), 
energy consumption for personal transportation, vehicle and 
hydrogen production technology costs, and costs for various 
fuel commodities were forecast out through 2050. These 
forecasts were developed with three cases from the Annual 
Energy Outlook 2004 (reference, and high and low economic 
growth) and long-term population forecasts from two sources 
(Bureau of the Census, 1996; O’Neill, et al., 2001; United 
Nations Population Division, 2003). As demonstrated by 

Figure 1 of a forecast for vmt and total energy for light duty 
travel, this approach illustrates the uncertainty in projecting 
future transportation energy needs and costs, and the impacts 
of the penetration of alternative transportation fuels and 
technologies into the future. Personal vehicle miles traveled 
could reach levels of between approximately 3500 and 6100 
billion by 2050. Similarly, total energy consumption for this 
mode of transportation could reach levels of between 18 and 
32 quads with an expected (or reference level) of slightly 
over 26 quads by 2050. These levels translate into average 
annual growth rates of 0.4% to 2.3% and reflect the effects of 
expected improvements in fuel efficiency during the forecast 
period.

To illustrate further the uncertainties in the analysis of 
the future costs of transportation alternatives, forecasts of 
future energy prices were prepared and incorporated into this 
analysis. Figure 2 provides an example of the uncertainty of 
prices for natural gas delivered to the transportation, com-
mercial, and industrial sectors. This uncertainty could impact 
the private costs of travel to one extent or another for several 
different fuels including compressed natural gas and hydro-
gen produced from both distributed and central steam refor-
mation. The reference case prices for natural gas assume that 
although domestic production of natural gas has flattened, 
imported supplies of LNG are readily available through 
2050. The error bounds on those prices, however, begin to 
capture the potential effects of world competition for LNG 
from the developing portions of the world, the possibility 
that our resource estimates for recovered resources in North 
America are less than currently anticipated, and the over-all 
depletion of fossil-resources. As a result, natural gas prices 
could reach levels as high as 250% over forecasted refer-
ence levels in 2050, and reflect the possibility of short-falls 
in supply. These potential levels of price, however, do not 
consider the potential for fuel substitution nor acceleration of 
technological improvements. This same type of analysis was 
also performed for other fossil-fuel commodities such as the 

Figure 1
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delivered price of coal, distillate, gasoline, and other market-
based commodities.

To illustrate how these future uncertainties might impact 
the costs per vmt of different vehicle alternatives, Monte 
Carlo simulation was used to perturb the components of total 
costs (private and some social) of personal travel (vmt). This 
approach allows for a better understanding of the cumula-
tive uncertainty in a system than might be derived from the 
use of individual scenarios. This analysis, also serves as the 
first step in development of a multi-criteria decision support 
framework incorporating uncertainty and additional attri-
butes. As discussed in the following, this particular analysis 
includes only a very small sub-set of potential externalities 
from personal transportation. The inclusion of additional cat-
egories may amplify or reverse the conclusions made here. 
Therefore, this is an area of on-going research.  

Vehicle costs and costs for production of hydrogen, and 
energy usage were derived from various sources. Vehicle costs 
and energy usage were obtained from the OTT/DOE, and are 
consistent with such other sources such as the AEO (EIA, 
2001, 2004; Office of Transportation Technologies, 2002). 
Future vehicle costs and efficiency trends were projected us-
ing trends established in the Annual Energy Outlook. Costs 
for a selected number of hydrogen production, transportation, 
and delivery technologies were taken from several sources 
and compared with the NRC study (Amos, 1998, 2004; NRC 
and NAE, 2004; Simbeck and Chang, 2002). Other modeling 
efforts have included a greater number of production tech-
nologies (Greening and Schneider, 2004), however, for this 
illustration of the effects of uncertainty only a number over 
this range were examined.

Both vehicle technology costs and fuel efficiencies are 
assumed to have different rates of potential technological 
change depending upon the current development of a tech-
nology. Fuel price uncertainty is treated through projection of 
a spread of prices for each fuel commodity over the forecast 
horizon extending from 2000 to 2050. To incorporate some 
of the impacts of unpriced externalities, estimates of the 

potential damages from GHG and the increased 
or forecasted increased dependence upon imported 

sources of fossil fuels such as petroleum and petro-
leum products, and natural gas were also estimated. 
These two externalities have been argued by some to 
be particularly important for personal transportation 
in the U.S. (Greene, et al., 1997); however, others 
have argued that criteria pollutants and congestion 
produce greater welfare losses. As a result of this 
approach, we can identify technologies which may 
over the course of time in the face of uncertainties 
from a number of different sources offer lower total 
private and social costs on a per vmt basis. This then 
allows us to suggest areas of emphasis for research 
and development of alternative fuels, particularly 
hydrogen.

Emissions damages estimates were calculated 
for only greenhouse gases (i.e., CO2, CH4, N2O, 
VOCs, NOx, and CO). Different weighting schemes 
can be used to combine these species into a CO2-

equivalent measure. But, for this analysis, a scheme where 
distributions have been developed for each of the weights 
was used (Contadini, 2002). This captures the uncertainties 
associated with the climate forcing capacity of each gas 
(IPCC, 1996). To further incorporate these uncertainties, we 
have used a range of values for our proxy cost of environ-
mental damage from GHG emissions. Following Ogden, et al 
(2003), a cost of carbon dioxide ranging from approximately 
$18 to not quite $50 per tonne of CO2 was assigned to the 
CO2-equivalent emission. This range of costs represents a 
95% confidence of potential damages, and is consistent with 
estimated costs of achieving maximum levels of capture and 
sequestration. Finally, the full-fuel cycle estimates developed 
in GREET 1.6 were used (Wang, 2001). As a result, damages 
were estimated for “well-to-wheel,” and thus consider all 
vehicle/fuel combinations on a comparable per vmt basis. 

Security costs were estimated once again in a manner 
consistent with Ogden, et al. (2003). These authors used 
an estimate of between $20 and $60 billion per year to safe 
guard access to Persian Gulf oil. However, considering re-
cent experience (i.e., Iraq and Afghanistan), and whether we 
ascribe all Middle East military costs to oil, this range may 
be low. Ogden, et al., use a range of between $0.35 to $1.05 
per gallon of gasoline equivalent with a likely value of $0.70 
estimated on the basis that 20% of U.S. oil imports origi-
nated in the Persian Gulf in 1999. Since oil is fungible with 
an established commodity market, any disruption would be 
felt in across-the-board price increases. Therefore, this risk 
premium was assigned to the imported share of petroleum 
without regard to point of origin. Further, the share of im-
ports was forecasted out through 2050, and as a result, the oil 
security component of total price will increase with time for 
petroleum-fueled vehicles. Since imports of LNG are also ex-
pected to increase in time, they will probably be substantially 
from the Persian Gulf area, and will provide an increasing 
component of our natural gas supply, the security premium 
was also applied to imported LNG. As a result, this premium 
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on a per vmt basis increases for natural gas 
based vehicle options (e.g., CNG dedicated, 
hydrogen produced from central or distrib-
uted natural gas reforming) over the forecast 
horizon. If other sources of energy, such as 
nuclear, were used in the generation of 
hydrogen, other issues surrounding supply 
security and environmental considerations 
would need to be included in the analysis 
(Greening and Schneider, 2003). However, 
for this analysis, those potential sources of 
transportation energy have been excluded.

To illustrate the relative differences 
between various personal vehicle technolo-
gies, Figures 3 and 4 show total costs of 
each of the technologies for three points 
in time, 2005, when all of the technologies 
are assumed to be fully commercialized and 
available to the consumer, 2025, and 2050. 
Error bars on the total costs for each tech-
nology reflect the uncertainties from a num-
ber of sources that have been aggregated into these estimates. 
Figure 3 focuses on fuel cell technologies, and reflects both 
private and the externality costs included in this analysis. All 
of these fuel cell technologies use hydrogen with the excep-
tion of reformulated gas fuel cells and internal combustion 
engines, both using reformulated gasoline, and the hydrogen-
fuel cell technologies have the same initial investment costs 
and same development (i.e., technological change) trajectory. 
Therefore differences in total costs arise from fuel production 
costs, and the estimated values for emissions damages and 
security costs. 

Figure 4 provides an overview of total costs for other ve-
hicle options that would be considered as competitors to fuel 
cells. Once again the costs for an internal combustion engine 
using reformulated gasoline are provided as a yardstick. And, 
as with Figure 3, error bars on the estimates provide an indi-
cation of the potential uncertainty of the total cost estimates.

In general as would be expected, gasoline and diesel 
technologies (existing, hybrid, and advanced diesel) offer a 
cost advantage on a per vmt basis in 2005. However, as levels 
of imports increase and uncertainty increases concerning po-
tential prices of petroleum-based fuels, this advantage begins 
to erode. Even with anticipated increases in fuel efficiency, 
the potential parallel decreases in costs and improvements in 
operating efficiencies of renewable-based technologies along 
with the absence or low levels of emissions damages and 
security costs begin to assume an advantage. For distributed 
generation sources of hydrogen, renewable-based sources ex-
hibit substantial declines in cost. These technologies have no 
or minimal security costs or GHG emissions damages associ-
ated with them, thus fewer sources of uncertainty. And, for 
some of these technologies, during the period 2005 to 2025, 
actually achieve lower total costs per vmt than petroleum-
based options.

Figure 5 provides estimates of the range of fuel costs 
per vmt for the suite of fuel cell options, along with a 
hybrid, and an internal combustion engine, both using 
reformulated gasoline. Error bars once again illustrate 
the potential uncertainty of these costs either from pro-
jected market uncertainty or from production costs (e.g., 
hydrogen), and the vehicle technology fuel efficiency. 
All vehicles are assumed to be full-size, although this 
same evaluation can be performed for other vehicle 
sizes. Due to the relative uncertainties associated with 
the technological development of automotive fuel cells 
(both hydrogen and gasoline), the operating efficiencies 
of these technologies have been kept constant over the 
forecast horizon; however, initial costs were projected to 
decline. Efficiencies for the ICE and hybrid technologies 
improve slightly over the forecast horizon. All operating 
efficiencies are varied using a triangular distribution pro-
viding for a lower, expected, and upper value; this is an 
area of further research, and refinement of these assump-
tions is in progress. Hydrogen production costs with the 
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exception of the fuel inputs (e.g., electricity and natural gas) 
are held constant over the time horizon; however, those costs 
are perturbed over a range during each time increment. Hold-
ing costs constant does ignore the effects of technological 
change which has played a role in reducing costs for other 
technologies, and hydrogen production is assumed to be no 
different. Examination of Figure 5 indicates that fossil-fuel 
based technologies have the lowest cost per vmt for fuel with 
the least uncertainty even with the large potential spreads 
in projected fuel costs. Costs for fuels generated from re-
newables have the greatest uncertainty, but also the greatest 
decreases over the forecast horizon.  

 Figure 6 illustrates the potential contribution of environ-
mental damages and security costs to total costs of selected 
technologies in 2050. Although fuel efficiency is improving 
for fossil fueled vehicles, those declines are off-set by an 
increase in the shares of imports expected in our fuel mix. 
Should shares of imports increase radically above expected 

levels due to say an incremental demand in 
natural gas or domestic resources are less than 
currently anticipated, then this portion of the 
costs per vmt will increase above these expected 
levels. Differences in environmental damages 
between renewable- and fossil-based technolo-
gies are readily seen. In the cases of distributed 
hydrogen production using wind and solar, no 
environmental or security costs are incurred. 
Environmental damages are greater for central 
production due to losses of between 5 to 10% 
during transmission, and between 4 and 5% 
from the dispensing of fuel. As a result, ap-
proximately 10 to 15% more hydrogen must 
be produced from central generation in order 
to provide one unit to the end-user. Depending 
upon the source of energy used, emissions dam-
ages may actually be on par or greater than more 
conventional petroleum-based vehicle types.

Conclusions, Policy Recommendations, and Com-
ments on Further Work

Given the results of this initial evaluation with uncer-
tainty for various transportation options, the following set of 
preliminary conclusions seems appropriate:

 • If the full costs (private and social) of a vehicle mile 
were included in the cost per vmt, fuel cell vehicle 
technologies for some sources of hydrogen are probably 
competitive with more traditional petroleum-based tech-
nologies within the next 10 to 15 years. However, there 
is a high degree of uncertainty from the initial costs of a 
fuel-cell vehicle, operating efficiency, and fuel source.

• Uncertainties concerning transportation fuel prices and 
supplies may very well off-set fuel efficiency gains for 
petroleum- and natural-gas fueled options. Particularly, 
as we look further out to the future, previous polices 
aimed at fuel efficiency may no longer be sufficient to 

reduce or moderate aggregate demand for 
these fuels.
• Distributed sources of hydrogen provide 
a cost and energy advantage through avoid-
ing the potentially costly transmission pro-
cess with the accompanying energy losses. 
In other words, during the initial stages of 
development of the hydrogen economy we 
will probably jump out of the traditional 
supply chain. Further, security costs and 
environmental damage costs are  smaller in 
comparison to fossil energy-based hydro-
gen generation sources.
• Although carbon sequestration is an op-
tion with centrally produced hydrogen, 
even in 2050, GHG emissions damages 
constitute only a small proportion of total 
costs for centrally generated hydrogen 
from algae (0.43%), natural gas (1.40%) 
and grid-sourced electricity (6.89%). 
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Therefore, more analysis needs to be done on the trade-
offs between carbon sequestration for carbon from 
hydrogen generated using fossil fuels against the use 
of local sources of renewables for generation. The ad-
ditional energy consumption from central generation of 
hydrogen may far outweigh the benefits. 

•  Alternative fuels are not all equal. Fuels such as ethanol 
and bio-diesel shift environmental burdens from the tail-
pipe to the “front-end” and can result in higher emissions 
of methane, a gas with a greater climate forcing capacity. 
Similarly, the increased use of natural gas either in com-
pressed form or as a feedstock for hydrogen may very 
well lead to increased dependence on foreign sources, 
and may only lead to a partial environmental benefit.

• In making choices concerning future transportation 
options or any energy use for that matter, inclusion of 
externalities either through valuation or direct physical 
quantities is a crucial part of the analysis. Without inclu-
sion of these attributes, decisions may be made on an 
erroneous basis.
For hydrogen development strategies, several insights 

can be drawn:
• Local sources of renewable energy (wind, solar, and bio-

mass) provide the maximal environmental, energy, and 
security benefits; and, probably more so then natural gas, 
may lead to the initiation of the ‘hydrogen’ economy. As 
a result, a major emphasis needs to be placed on hy-
drogen conversion techniques for these resources. The 
hydrogen R&D program announced by U.S. DOE in 
October reflects this observation.

• Given the currently large initial costs, the uncertainty on 
how those costs might decline, the operating character-
istics of fuel-cell vehicles and other issues surrounding 
the use of hydrogen, initial costs for vehicles would 
need to decline to levels currently found with hybrids 
for market penetration into fleet markets. Cost declines 
can be achieved to some extent through R&D. However, 
drawing on previous experience with alternative fuels, 
demonstration projects and tax subsidies will undoubt-
edly be required for wider spread penetration.
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Ensuring the Future Construction of Electricity Genera-
tion Plants (continued from page 18)

Conclusion

Each of these “lessons” – and there are, of course, many 
others - can define a project as having positive economic 
impacts upon its stakeholders, or signal that the prospective 
investor should move on to other opportunities. 

I am optimistic that the reach of global investment will 
continue to penetrate the barriers that older generations of 
managers, politicians and investors have created from their 
own innate conservatism and arrogance.  New generations 
arising in the transitional economies will not have the restric-
tive baggage of controlling state environments and will be 
more nimble, creative and constructive in working with the 
foreign investors. 

I am optimistic, too, that from our side of the world, our 
own investors, negotiators and entrepreneurs will be more 
global with their vision and constructive with the energy 
investment opportunities that the future will present.

Creating a Commercial Environment for Energy 
Projects (continued from page 20)

Special Issue of The Energy Journal Available

The Changing World Petroleum Market
Edited by Helmut J. Frank

This special issue describes and explains the major changes that have 
been occurring in the world petroleum market and examines trends 
over the next decade. It is directed at noneconomists, managers, pol-
icy makers and the investment community as well as regular readers 
of The Energy Journal. The issue contains eighteen papers by distin-
guished authors and leading energy economists with varying profes-
sional backgrounds, affiliations and geographical perspectives.

Nine chapters cover the following topics: Petroleum Demand, Petro-
leum Supply, Oil Refining, Natural Gas, Industry Structure, Financial 
Requirements and a series of Policy Issues. The common theme is 
the evolution of markets and their effects of the various players, 
ranging from producers and financial interests to governments and 
the consuming public. The authors examine reasons for the ever-
widening competition in the industry, including more open access to 
resources, freer movement of capital, improvements in technology 
and greater acceptance of capitalist principles worldwide. The impact 
of these forces on the vertical and horizontal structure of the industry 
is examined. Special attention is given to the growth of the natural 
gas industry and to its likely future impact on oil demand, supply and 
prices. The issue concludes with a summary perspective about the 
implications of these forces for the future. 

ISSN 0195-6574 • 380 pages
       $65.00 U.S. & Canada • $75.00 All Other Countries

ORDER FORM

To order send payment in U.S. funds with a check drawn on a U.S. bank

Name ____________________________________________________
Address __________________________________________________
City, State, Mail Code ______________________________________
Country __________________________________________________
Phone _________________________ Fax_______________________

Special Issue Sales Dept., IAEE, 28790 Chagrin Blvd., Suite 350  
Cleveland, OH 44122, USA  

Phone: 216-464-5365 • Fax: 216-464-2737 • Email iaee@iaee.org
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Fueling the Future:
 Prices, Productivity, Policies, and Prophesies

September 18-21, 2005          Omni Interlocken Resort         Denver, Colorado - USA
25th USAEE/IAEE North American Conference

       United States Association for Energy Economics       International Association for Energy Economics
Denver Chapter, USAEE

General Conference Chair:  Marianne Kah
Program Co-Chairs:  Dorothea El Mallakh & Carol Dahl

Concurrent Session Chair:  Wumi Iledare

Conference Objective
Energy is forefront in the news again!  Will coming years take us to clean, cheap, stable, and secure energy supplies with ever-increasing 
prosperity?  Concentrated plenary sessions combined with diverse concurrent sessions and ample networking opportunities will provide 
the backdrop for exploring a wide-range of issues within energy markets while enjoying a view of the Rocky Mountains in a congenial 
atmosphere.

Plenary Session Themes
Fossil Fuels Reliance & Reserves Oil & Natural Gas Market Volatility 
Environmental Issues:  Past Approaches - Future Concerns   Renewable Energy:  Back to the Future? 
Electricity Reliability:  Boom to Bust & Back Again   Energy:  International Commodities

Non-Conventional Energies:  Probable to Proven

Possible Concurrent Session Topics
Concurrent sessions will be developed from the papers selected for the program. Among the possible topics are:  Electricity markets; 
geopolitics of energy; international energy markets; global LNG; Kyoto Protocol revisited & emissions trading policies; transport sector 
challenges; forecasting, modelling & scenario developments; energy efficiency & renewables; avoiding bottlenecks & blackouts; nuclear 
power revisited; sustainable development; private vs. public ownership & use; energy supply & demand; energy policy discontinuities and 
the climate change debate. 

All topic ideas are welcome and anyone interested in organizing a session should propose the topic and possible speakers to: 
Wumi Iledare, Concurrent Session Chair (p) 225-578-4552 (f) 225-578-4541 (e) wumi@lsu.edu

**** CALL FOR PAPERS ****
Abstract Submission Deadline: April 29, 2005
(Please include a short CV when submitting your abstract) 

Abstracts for papers should be between one to two paragraphs (no longer than one page), giving a concise overview of the topic to be covered.  At 
least one author from an accepted paper must pay the registration fees and attend the conference to present the paper. The lead author submitting 
the abstract must provide complete contact details - mailing address, phone, fax, e-mail, etc.  Authors will be notified by May 20, 2005, of 
their paper status.  Authors whose abstracts are accepted will have until June 29, 2005, to return their papers for publication in the conference 
proceedings.   While multiple submissions by individuals or groups of authors are welcome, the abstract selection process will seek to ensure as 
broad participation as possible: each speaker is to present only one paper in the conference. No author should submit more than one abstract as its 
single author.  If multiple submissions are accepted, then a different co-author will be required to pay the reduced registration fee and present each 
paper. Otherwise, authors will be contacted and asked to drop one or more paper(s) for presentation.  Abstracts should be submitted to:

David Williams, Executive Director, USAEE/IAEE, 28790 Chagrin Blvd., Suite 350, Cleveland, OH  44122   USA 
Phone:  216-464-2785 /  Fax:  216-464-2768  /  E-mail:  usaee@usaee.org

Students:  Please submit your paper for consideration of the USAEE Best Student Paper Award ($1,000 cash prize plus waiver of conference 
registration fees).  If you are interested, please contact USAEE Headquarters for detailed applications / guidelines.  Students may also inquire 
about our scholarships for conference attendance.  Visit www.iaee.org/en/conferences for full details.

Travel Documents:  All international delegates to the 25th USAEE/IAEE North American Conference are urged to contact their consulate, 
embassy or travel agent regarding the necessity of obtaining a Visa for entry into the United States.  If you need a letter of invitation to attend 
the conference, contact USAEE with a fax request to 216-464-2768 or email to usaee@usaee.org  The Conference strongly suggests that you 
allow plenty of time for processing these documents.

Interested in touring Denver?   Visit http://www.denver.org/visitors/index.asp
Interested in touring Boulder?  Visit http://www.bouldercoloradousa.com 

mailto:usaee@usaee.org
http://www.iaee.org/en/conferences
mailto:usaee@usaee.org
http://www.denver.org/visitors/index.asp
http://www.bouldercoloradousa.com
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IAEE European Conference in Zurich: A Success
The 6th European Conference on “Modelling in Energy 

Economics and Policy” was held from September 1st to 3rd 
in Zurich, Switzerland. Organizers of this recent in-
ternational conference were the Swiss Association 
for Energy Economics (SAEE) and the Centre for 
Energy Policy and Economics (CEPE) of the Swiss 
Federal Institute of Technology (ETH). The SAEE, 
directed by Prof. M. Filippini, was founded in 1984 
as the Swiss chapter of the IAEE and is, with 124 
members, one of the 16 largest affiliates of IAEE 
(3200 members).

More than 200 persons (coming from 20 na-
tions) from academia, industry and government 
attended this conference with a wide variety of 
interesting presentations. The conference started 
with the welcome reception at ETH, where the 
mayor of Zurich, Elmar Ledergerber, emphasized 
the importance of energy politics and economics in 
the context of urban sustainability policies.

The organizers could convince a group of 
distinguished world-class researchers to engage as 
keynote speakers: Derek Bunn (London Business 
School, UK) opened the first plenary session with 
a speech on strategic behaviour in electricity mar-
kets, one of the key topics of the conference. Lester 
Hunt (University of Surrey, UK) gave an instruc-
tive overview on the econometric modelling of 
demand functions. The second session started with 
two outstanding exponents: Michael A. Crew (Rut-
gers University, USA) with a talk on recent trends 
in regulatory economics, followed by William 
Greene’s (New York University, USA) presentation 
on statistical analysis of cost inefficiency. The last 
plenary session dealt with another important topic 
of the conference: Christoph Böhringer (ZEW, 
Germany) covered with his presentation the top-
down general equilibrium modelling, followed by 
Mark Jaccard (Simon Fraser University, Canada) 
on energy-economy models for simulating poli-
cies. Finally, William W. Hogan (Harvard Univer-
sity, USA) had his speech on electricity market modelling. 

As in the keynote talks, a variety of topics were covered 
in the parallel sessions. In addition to the ones already men-
tioned there were topics such as environmental economics, 
gas market modelling or diffusion of technological change. 
In total, there were 25 parallel sessions (plus one special 
meeting on energy models for developing countries). Orga-
nizing three speeches in a 90 minute session turned out to be 
a productive framework for a stimulating discussion of many 
theoretical and applied papers. 

The feedback the conference collaborators collected 
from the different participants was enjoyably positive. Not 
only the professional aspects of the conference, but also the 
social events were quite successful.  The gala dinner on Uet-
liberg (“Top of Zurich”) was held in a very nice weather and 
was accompanied by a folkloric show (see picture near by). 

After the conference, the participants were offered the 
possibility to attend two different excursions: an excursion to 
Eglisau at the Rhine with a visit of one of the oldest hydro-

power plants in Switzerland, and a trip to Ticino (in the south 
of Switzerland) with a hike and a typical meal in an alpine 
hut. As can be seen from the picture above, also this day was 
blessed with sunshine and a good end of a few fruitful work-
ing days. 

Useful links: 
• Swiss Association for Energy Economics (SAEE), 

www.saee.ch
• Centre for Energy Policy and Economics (CEPE), 

www.cepe.ch
• Swiss Federal Institute of Technology (Zurich), 

www.ethz.ch

Zürich,04 November 2004
Local Organizing Committee

http://www.saee.ch
http://www.cepe.ch
http://www.ethz.ch
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In today’s economy you need to keep up-to-date on energy policy and developments.  To be ahead of the others, you need 
timely, relevant material on current energy thought and comment, on data, trends and key policy issues.  You need a network 
of professional individuals that specialize in the field of energy economics so that you may have access to their valuable ideas, 
opinions and services.  Membership in the IAEE does just this, keeps you abreast of current energy related issues and broadens 
your professional outlook.
The IAEE currently meets the professional needs of over 3300 energy economists in many areas:  private industry, non-
profit and trade organizations, consulting, government and academe.  Below is a listing of the publications and services the 
Association offers its membership.
•  Professional Journal:  The Energy Journal is the Association’s distinguished quarterly publication published by the 
Energy Economics Education Foundation, the IAEE’s educational affiliate.  The journal contains articles on a wide range of 
energy economic issues, as well as book reviews, notes and special notices to members.  Topics regularly addressed include 
the following:

                     Alternative Transportation Fuels                                                   Hydrocarbons Issues
                      Conservation of Energy                                                                 International Energy Issues
                      Electricity and Coal                                                                       Markets for Crude Oil
                      Energy & Economic Development                                                Natural Gas Topics
                      Energy Management                                                                      Nuclear Power Issues
                      Energy Policy Issues                                                                      Renewable Energy Issues
                      Environmental Issues & Concerns                                                Forecasting Techniques

•  Newsletter:  The IAEE Newsletter, published four times a year, contains articles dealing with applied energy economics 
throughout the world. The Newsletter also contains announcements of coming events, such as conferences and workshops; 
gives detail of IAEE international affiliate activities; and provides special reports and information of international interest.
•  Directory:  The Annual Membership Directory lists members around the world, their affiliation, areas of specialization, 
address and telephone/fax numbers.  A most valuable networking resource.
•  Conferences:  IAEE Conferences attract delegates who represent some of the most influential government, corporate and 
academic energy decision-making institutions.  Conference programs address critical issues of vital concern and importance 
to governments and industry and provide a forum where policy issues can be presented, considered and discussed at both 
formal sessions and informal social functions.  Major conferences held each year include the North American Conference and 
the International Conference.  IAEE members attend a reduced rates.
•  Proceedings:  IAEE Conferences generate valuable proceedings which are available to members at reduced rates.
To join the IAEE and avail yourself of our outstanding publications and services please clip and complete the application below 
and send it with your check, payable to the IAEE, in U.S. dollars, drawn on a U.S. bank to:  International Association for Energy 
Economics, 28790 Chagrin Blvd., Suite 350, Cleveland, OH  44122.  Phone:  216-464-5365. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
   _____Yes, I wish to become a member of the International Association for Energy Economics.  My check for $65.00 is enclosed to cover 
regular individual membership for twelve months from the end of the month in which my payment is received.  I understand that I will receive 
all of the above publications and announcements to all IAEE sponsored meetings.
            

                                                                                                          PLEASE TYPE or PRINT

Name:  ___________________________________________________________________________________________
Position:  __________________________________________________________________________________________
Organization:  ______________________________________________________________________________________
Address:  __________________________________________________________________________________________
Address:  __________________________________________________________________________________________
City/State/Zip/Country:  ______________________________________________________________________________
Email:  ____________________________________________________________________________________________

Mail to:  IAEE, 28790 Chagrin Blvd., Ste. 350, Cleveland, OH 44122  USA or
Join online at http://www.iaee.org/en/membership/

Join the
Broaden Your Professional Horizons

International Association for Energy Economics
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Calendar
21-26 February 2005, PV Design and Installation at Tucson, 

AZ. Contact: sei@solarenergy.org, Solar Energy International, PO 
Box 715, Carbondale, CO, 81623, USA. Phone: (970) 963-8855. 
Fax: (970) 963-8866 Email: sei@solarenergy.org URL: http:
//www.solarenergy.org

21-27 February 2005, Homebuilt Wind Generators at Costa 
Rica. Contact: sei@solarenergy.org, Solar Energy International, 
PO Box 715, Carbondale, CO, 81623, USA. Phone: (970) 963-
8855. Fax: (970) 963-8866 Email: sei@solarenergy.org URL: http:
//www.solarenergy.org

22-24 February 2005, Gas Tech Cairo at Cairo, Egypt. Con-
tact: Mohamed Hammad, Marketing Manager, World Promotion 
Center. Phone: 202-2738278-2738279. Fax: 202-2738303 Email: 
hammad@wpceg.com URL: www.wpceg.com

22-23 February 2005, LNG Terminals at Singapore. Con-
tact: Sunitha, Conference Manager, IQPC Wordlwide Pte Ltd, 
Singapore. Phone: 65 6722 9388. Fax: 65 6224 2515 Email: 
enquiry@iqpc.com.sg URL: www.oilandgasiq.com/AS-697/f13

23-24 February 2005, Marketing Green Power: Profit Op-
portunities in Selling Renewable Energy at Denver, CO. Contact: 
Anjali Schulte, EUCI, 4643 S Ulster St, Ste 1490, Denver, CO, 
80237, USA. Phone: 303.770.8800 Email: aschulte@euci.com 
URL: www.euci.com

23-24 February 2005, Coal: Volatile Markets and New 
Fuel Supply Patterns at Denver, CO. Contact: Anjali Schulte, 
EUCI. Phone: 303-770-8800. Fax: 303-741-0849 Email: 
aschulte@euci.com URL: www.euci.com

23-24 February 2005, Reserves Valuation, Management 
and Accounting at Renaissance Kuala Lumpur, Malaysia. Con-
tact: Nazya Ayaz, Conference Manager, IQPC Wordlwide Pte 
Ltd, Singapore. Phone: 65 6722 9388. Fax: 65 6224 2515 Email: 
enquiry@iqpc.com.sg URL: www.oilandgasiq.com/AS-702/f13

23-24 February 2005, Earnings at Risk Conference at Den-
ver, CO. Contact: Anjali Schulte, EUCI, 4643 S Ulster Ste, Ste 1490, 
Denver, CO, 80237, USA. Phone: 303.770.8800. Fax: 303.741.0849 
Email: aschulte@euci.com URL: www.euci.com

23-24 February 2005, Renewable Energy in the Upper 
Midwest at Grand Forks, ND. Contact: Derek Walters, EERC 
Communications Manager, EERC, University of North Dakota, 
15 North 23rd St, Grand Forks, ND, 58202, USA. Phone: 701-
777-5113. Fax: 701-777-5181 Email: dwalters@undeerc.org URL: 
www.undeerc.org

23-25 February 2005, EXPOENERGY 2005 at San Pedro 
Sula, Honduras, Central America. Contact: Alexandra Lugo, Euro-
centro Fide Honduras. Phone: +504-566-3040 Email: eurocentro@f
idehonduras.com URL: http://www.expoenergia2005.com

24-25 February 2005, 2nd Petroleum Industry Fundamen-
tals in Africa at Sandton Sun & Towers InterContinental Johannes-
burg, South Africa. Contact: Jerry van Gessel, Marketing Manager, 
Global Pacific & Partners, 266 Groot Hertoginnelaan, The Hague, 
2517EZ, The Netherlands. Phone: +31 70 324 6154. Fax: +31 70 
324 1741 Email: jerry@glopac.com URL: www.petro21.com

28 February 2005 - March 2, 2005, Developing and 
Launching New Products and Services for Utilities at Denver, 
CO. Contact: Anjali Schulte, EUCI. Phone: 303-770-8800. Fax: 
303-741-0849 Email: aschulte@euci.com URL: www.euci.com

28 February 2005 - March 2, 2005, International Trading 
& Price Risk Management (ITRM 2005) at Singapore. Contact: 
Conference Coordinator, Conference Connection Administrators 
Pte Ltd, 105 Cecil St #07-02, The Octagon, Singapore, 069534, 
Singapore. Phone: 65-6222-0230. Fax: 65-6222-0121 Email: 
info@cconnection.org URL: www.cconnection.org

28 February 2005 - March 2, 2005, Distribution Neutral 
Grounding Course at Denver, CO. Contact: Anjali Schulte, EUCI, 
4643 S Ulster Ste, Ste 1490, Denver, CO, 80237, USA. Phone: 
303.770.8800. Fax: 303.741.0849 Email: aschulte@euci.com URL: 
www.euci.com

28 February 2005 - March 1, 2005, 2nd Annual Insurance 
& Risk Management in the Oil & Gas Industry Summit at Re-
naissance Houston. Contact: Sonia Grodsky, Marketing Assistant, 
Strategic Research Institute, 333 Seventh Avenue, 9th Floor, New 
York, NY, 10001, USA. Phone: 212-967-0095. Fax: 212-967-8021 
Email: info@srinstitute.com URL: www.srinstitute.com/cr271

1-3 March 2005, Power-Gen Renewable Energy: Moving 
into the Mainstream at Las Vegas, NV. Contact: Conference Co-
ordinator, Power-Gen Renewable Energy, Registration Dept, 1421 
South Sheridan, Tulsa, OK, 74112, USA. Fax: 918-831-9161 Email: 
pgre@pennwell.com URL: www.power-gengreen.com

Conference Proceedings on CD Rom
23rd North American Conference

Mexico City, Mexico, October 19-21, 2003
The Proceedings of the 23rd USAEE/IAEE North American Conference of the  held in Mexico City, Mexico are available from  IAEE 

Headquarters on CD Rom.  Entitled Integrating the Energy Markets in North America: Issues & Problems, Terms & Conditions, the 
price is $100.00 for members and $150.00  for non members (includes postage). Payment must be made in U.S. dollars with checks drawn 
on U.S. banks. Complete the form below and mail together with your check to Order Department, IAEE, 28790 Chagrin Blvd., Suite 350 
Cleveland, OH 44122, USA.

Name __________________________________________________________________________________________
Address ________________________________________________________________________________________
City, State, Mail Code and Country __________________________________________________________________

Please send me ____ copies @ $100.00 each (member rate) $150.00 each (nonmember rate).  

(continued on page 33)

Publications
Energy Developments in the Middle East, Anthony H. 

Cordesman (2004).  272 pages.  Price:  $55.00.  Contact:  Green-
wood Publishing Group, 88 Post Road West, PO Box 5007, West-
port, CT  06881-5007  USA.  Phone:  203-226-3571.  Fax:  203-222-
1502.  URL:  www.praeger.com

Natural Gas Survey Middle East & North Africa 2005.  
APRC (2005).  Price:  Euro 960.  Contact:  APRC, 7 avenue Ingres, 
75016, Paris, France.  Phone:  33-0-1-45-24-33-10.  Fax:  33-0-1-
45-20-16-85.  URL:  www.arab-oil-gas.com

http://www.praeger.com
http://www.arab-oil-gas.com
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IAEE Newsletter
Volume 14, First Quarter 2005
The IAEE Newsletter is published quarterly in February, May, August and November, by the Energy Economics Education Foundation for 

the IAEE membership.  Items for publication and editorial inquiries should be addressed to the Editor at 28790 Chagrin Boulevard, Suite 350, 
Cleveland, OH 44122 USA.  Phone: 216-464-5365; Fax: 216-464-2737.  Deadline for copy is the 1st of the month preceding publication. The 
Association assumes no responsibility for the content of articles contained herein. Articles represent the views of authors and not necessarily 
those of the Association.

Contributing Editors: Paul McArdle (North America), Economist, US Department of Energy, Office of Policy, Planning and Analysis, 
PE-50, Washington,  DC  20585, USA. Tel: 202-586-4445; Fax 202-586-4447.  Tony Scanlan (Eastern Europe), 37 Woodville Gardens, 
London W5 2LL, UK.  Tel 44-81 997 3707;  Fax 44-81 566 7674.  Marshall Thomas (Industry) 3 Ortley Avenue, Lavallette, NJ 08735, USA 
Tel 908-793-1122; Fax: 908-793-3103.

Advertisements:  The IAEE Newsletter, which is received quarterly by over 3300 energy practitioners, accepts advertisements.  For 
information regarding rates, design and deadlines, contact the IAEE Headquarters at the address below.

Membership and subscriptions matters:  Contact the International Association for Energy Economics, 28790 Chagrin Boulevard, 
Suite 350, Cleveland, OH  44122, USA. Telephone: 216-464-5365; Fax: 216-464-2737; e-mail: IAEE@IAEE.org; Homepage: http:
//www.IAEE@IAEE.org

Copyright:  The IAEE Newsletter is not copyrighted and may be reproduced in whole or in part with full credit given to the International 
Association for Energy Economics.
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2 March 2005 - April 2, 2005, Columbian Coal Conference 
at Hotel Puerta del Sol. Contact: Fernando Ibarra C., FenalCarbon, 
Diag.148 No. 35-59 Bogota, Calle 75 No.41D-79 Barranquila, Bar-
ranguila, COLOMBIA. Phone: O91-2588105. Fax: 091-2743516 
Email: ibarragarrido@cable.net.co

3-4 March 2005, Advance Price Risk Management (APRM 
2005) at Singapore. Contact: Conference Coordinator, Confer-
ence Connection Administrators Pte Ltd, 105 Cecil St #07-02, 
The Octagon, Singapore, 069534, Singapore. Phone: 65-6222-
0230. Fax: 65-6222-0121 Email: info@cconnection.org URL: 
www.cconnection.org

6-9 March 2005, Middle East Electricity 2005 at Dubai In-
ternational Exhibition Centre. Contact: Sarah Woodbridge, Exhibi-
tions Director, IIR Exhibitions, PO Box 28943, Dubai, United Arab 
Emirates. Phone: 009714-3365161 x 122. Fax: 00971-4-3364006 
Email: sarah.woodbridge@iirme.com URL: www.middleeastelectr
icity.com

7-12 March 2005, PV Design and Installation at San Fran-
cisco, CA. Contact: sei@solarenergy.org, Solar Energy Interna-
tional, PO Box 715, Carbondale, CO, 81623, USA. Phone: (970) 
963-8855. Fax: (970) 963-8866 Email: sei@solarenergy.org URL: 
http://www.solarenergy.org

7-13 March 2005, Renewable Energy for the Developing 
World at Costa Rica. Contact: sei@solarenergy.org, Solar Energy 
International, PO Box 715, Carbondale, CO, 81623, USA. Phone: 
(970) 963-8855. Fax: (970) 963-8866 Email: sei@solarenergy.org 
URL: http://www.solarenergy.org

8-8 March 2005, 7th Woibex Women in Business Confer-
ence at Burj Al Arab Hotel Dubai, UAE. Contact: Jon B. Man-
cilla Jr., Advertising Manager, Datamatix Group, P.O. Box 60019, 

Dubai,, UAE. Phone: +9714-3326688. Fax: +9714-3328223 Email: 
jon@datamatix-dubai.com URL: http://www.datamatixgroup.com

8-9 March 2005, 11th Annual Latin Oil & Gas at Rio de 
Janerio, Brazil. Contact: Jerry van Gessel, Marketing Manager, 
Global Pacific & Partners, 266 Groot Hertoginnelaan, The Hague, 
2517 EZ, The Netherlands. Phone: +31 70 324 6154. Fax: +31 70 
324 1741 Email: jerry@glopac.com URL: www.petro21.com

10-12 March 2005, International Workshop on Accelerated 
Radical Innovation at Toledo, OH. Contact: Sandy Stewart, Inter-
im Events & Facilities Manager, The University of Toledo, College 
of Engineering, 5005 Nitschke Hall MS #310, Toledo, Ohio, 43606-
3390, USA. Phone: 419-530-8014. Fax: 419-530-8006 Email: 
sstewart@eng.utoledo.edu URL: www.eng.utoledo.edu/coop

5-17 March 2005, Metering, Billing & CRM/ CIS Austra-
lia-New Zealand 2005 at Melbourne, Australia. Contact: Yvonne 
Morsink, Synergy, PO Box 1021, Maarssen, 3600 BA, The Neth-
erlands. Phone: +31 346 590 901. Fax: +31 346 590 601 Email: 
yvonne@synergy-events.com URL: www.synergy-events.com

15-16 March 2005, Coal Properties & Investment at Ft. 
Lauderdale, Florida. Contact: Christine Arian, Marketing Director, 
Platts, 24 Hartwell Avenue, Third Floor, Lexington, MA, 02421, 
USA. Phone: +1-781-860-6100. Fax: +1-781-860-6101 Email: 
registration@platts.com URL: www.events.platts.com

21-22 March 2005, Applying Financial Tools to the Oil 
and Gas Industries at Calgary. Contact: Adriana Lobo, Marketing 
Executive, Incisive Media, Haymarket House, 28-29 Haymarket, 
London, SW1Y 4RX, UK. Phone: +44 (0) 20 7484 9947 Email: 
adriana.lobo@incisivemedia.com URL: www.incisive-events.com/
oilandgas


