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Presidentôs Message

(continued on page 2)

Editorôs Notes
Fereidun Fesharaki comments on the global oil market 

asking the question has the market reached a new plateau or 
is this just another cycle. He concludes that the fundamentals 
have changed and there is an unusual conþuence of positive 
factors coming together in the oil and gas markets.

Toshihiko Nakata and Ryo Kinugasa examine the intro-

The onset of summer is 
a reminder for us in 

the Southern Hemisphere 
that the year is drawing to 
a close, and with it my term 
as President of the IAEE. 
It has been a privilege 
and an honour to serve as 
the IAEEôs President dur-
ing 2004, and I will look 
back upon this year with 
a great deal of pride and 
a sense of fulýlment. The 
IAEE ends the year on a 

ýnancially sound basis, intellectually supported by a ýrst tier 
academic journal, an enviable agenda for future international 
and regional conferences, and a vigorous student support 
program emerging from its þedgling state. Of course, my 
personal contribution has been negligible in the context of 
the excellent situation I inherited, the fundamentals of which 
were established over a decade ago. For ensuring the ongoing 
success of our organisation, I would like to thank all members 
of the 2004 Council for the time and effort they allocated to 
its development and operation during the year. I would also 
like to take this opportunity to pay tribute to the ofýcers of 
the U.S. chapters and the international afýliates for their 
contribution during the year. Finally, my role was made so 
much easier by the support I received from Dave Williams Sr. 
and Jr. at Headquarters. Their efýcient administration of our 
organisation has played a major part in its myriad of accom-
plishments over the past 13 years, and I would like to thank 
them personally for their support and friendship throughout 
my term in ofýce.

At the recent European conference in Zurich, a format for 
future IAEE European Conferences was developed to ensure 
that a structured approach to integrating a third þagship IAEE 
meeting per year could be achieved. Henceforth, there will be 
IAEE-sponsored conferences every year in all three locations, 
except where the international conference coincides with one 
of them. Next year, therefore, the international conference will 
be held in Taipei (June), the European in Bergen (August) and 

the North American in Denver/Boulder (September). The fol-
lowing year (2006) the international conference will be held 
in Potsdam (Berlin), and this will also serve as the European 
meeting, whilst the North American meeting will be held in 
Detroit. Offers for hosting the 2007 international conference 
are now being sought.

Oil prices on their way to US$60 a barrel and Russia 
ratifying the Kyoto Protocol emphasise the role that energy 
economists can play in contemporary society. This is a time 
when as a profession we should exhibit a high proýle, and our 
annual conferences should provide the springboard to achieve 
this objective. Earlier this year the Tehran conference closed 
with a journalist session addressing oil price volatility and oil 
price scenarios. Audience participation was exceptional for 
its depth of understanding of the many complex and interre-
lated oil market issues. These are messages and explanations 
that can be ñsoldò to the worldôs media to promote the IAEE 
and convince the public that there exists a substantial body 
of international expertise that can interpret such complicated 
issues. Let us all set some goals for the proýle of the profes-
sion in 2005!

In closing I extend to incoming President Arnie Baker 
and his team my best wishes for 2005, and to all IAEE mem-
bers across the world I hope that you have a happy, healthy 
and prosperous New Year.

Tony Owen
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Editorôs Notes (continued from page 1)

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).  

7th USAEE/IAEE/Allied Social Science Associationôs 
Meeting, Philadelphia, PA ï January 7 - 9, 2005

The IAEE annually puts together an academic session 
at the ASSA meetings in early January.  This yearôs organiz-
ing committee will be Carol Dahl of the Colorado School of 
Mines and Fred Joutz at George Washington University.  

The theme for the session will be ñVolatility in Energy 
Markets.ò

Papers presented at the session will be published in the 
Proceedings of the next North American Conference of the 
USAEE/IAEE. 

The program including abstracts will be posted at 
www.iaee.org/en/conferences by September 1, 2004.  

For complete ASSA meeting highlights and pre-registra-
tion information please visit:

http://www.vanderbilt.edu/AEA/anmt.htm 

duction of clean coal technologies into the electricity market 
in Japan, and explore the policy options for the promotion 
of clean coal technologies. They note that for a nation like 
Japan, which highly depends on imported fossil fuels, effec-
tive use of coal technology is important and necessary for the 
strengthening of the energy security of the country.

Malika Saidkhodjaeva reviews the energy position of ýve 
central Asian states, Uzbekistan, Kazakhstan, Turkmenistan, 
Tajikistan and the Kyrgyz Republic and then places them 
within the wider framework of the Euro-Asian energy market.

Mohammad Mazraati and Mehran Amirmoeni provide 
an overview of the changes in the structure of the Iranian 
oil industry from the discovery of oil there in 1908 up to the 
present. They look at the current structure and point out the 
difýculties with it and suggest how it could be improved.

Fereidoon Sioshansi discusses the changing roles of 
natural gas, oil, coal, nuclear and renewables, worldwide and 
asks the question, ñhow are going to wean our fossil-based 
economies from increasing reliance on oil?ò He suggests that 
natural gas will replace oil as the dominant fuel by 2025.

DLW

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:

Å Whatôs in the Cards for Distributed Generation?
Å Distributed Electricity Generation in Competitive Energy Markets: A 

Case Study in Australia
Å Deýning Distributed Resource Planning
Å Using Distributed Resources to Manage Risks Cause by Demand 

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

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

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

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

Impact of Restructuring

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

ISSN 0195-6574 Å 240 pages
       $75.00 U.S. & Canada Å $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 Å Fax: 216-464-2737 Å Email iaee@iaee.org
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28TH IAEE ANNUAL 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

at the Grand Hotel, 1 Chung-Shan N. Road, Section 4, Taipei, Taiwan 104, ROC
Conference Themes and Topics

 
***** CALL FOR PAPERS *****

Abstract Submission Deadline: 2 December 2004
(Include a short CV when submitting your abstract)

 We are pleased to announce the Call for Papers for the 28th IAEE Annual International Conference entitled óGlobalization 
of Energy: Markets, Technology, and Sustainabilityô, scheduled for 3-6 June 2005 at the Grand Hotel in Taipei. Please mark 
your calendar for this important conference. There will be at least 9 plenary sessions and 36 concurrent sessions. During the 
conference, we will also ensure that you and your spouses can enjoy the wonderful hospitality and rich content of traditional 
Chinese and Taiwanese culture.
 Abstracts should be double-spaced and between 300-500 words giving an overview of the topic to be covered. Abstracts 
must be prepared in standard Microsoft Word format or Adobe Acrobat PDF format and within one single electronic attachment 
ýle. Complete contact details should be included in the ýrst page of the abstract, which should be submitted to the IAEE 2005 
Taipei Conference Secretariat either through the e-mail system (as an electronic mail attachment) or the postal system (in a 
1.44Mb diskette) to: 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

General Organizing Committee
Vincent C. Siew: General Conference Chairman; Chairman of the Board, Chung-Hua Institution for Economic Research 
(CIER), Taiwan, ROC. Yunn-Ming Wang: Program Committee Chairman; Chairman of the Board, Chinese Association 
for Energy Economics (CAEE), 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.
IAEE BEST STUDENT PAPER 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

1. Prospects for Global Energy Development:
Global and Regional Energy Demand and Supply
New Paradigm under the World Trade 
Organization
Restructuring and Deregulation
Energy Security and Reliability among Regions
Liberalization and Market Power
Role of International Energy Suppliers

2. 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

3. 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

Keynote Plenary Session Theme:
The Future of Energy: Solar Energy and Photovoltaics
4. Individual Energy Sectors:

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

5. Energy Efýciency and Energy Modeling:
Energy Statistics and Energy Efýciency Indicators
Energy Modeling, Simulation, and Forecasting
Energy Conservation Program and Demand-Side Management
Integrated Resource Planning and Demand Response
ESCO and New Business Models

Dual Plenary Session Themes:
The Middle East Situation and Energy Security
Regulation vs Deregulation of the Energy Market
Global Policy Options Dealing with GHGs Emission Control
Rethinking of the Nuclear Energy
Prospects for New Energy Technology
Emerging Issues
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The Global Oil Market:  Have We Reached a New 
Plateau or Just Another Cycle?

By Fereidun Fesharaki*

Plateau Change vs. Cyclical Movement

We have seen many cyclical movements in the global 
oil market in the past 3 decades.  But in the recent past, the 
volatility has increased signiýcantly.  Are we in the midst of 
another cyclical change or have we entered a new plateau?

It is our view that we have now entered a new plateau 
with very different market dynamics.  Still, cycles will be 
seen and volatility will continue, but now from a higher price 
base.  The plateau change is of great signiýcance, much in 
the same way that the previous plateau change in the early 
1970s showed a shift in the control of oil from oil companies 
to oil producing governments and OPEC.

We have essentially graduated from a $15-25/b (Dubai/
AL) oil market to a $25-35/b in the short to mid term.  Beyond 
2010, we may well be in a long-term $40-50/b market.  The 
rate of economic growth, inventory situation, futures market, 
and OPEC policies can lead to more volatility than in the re-
cent past.  But this time, the fundamentals have changed.

A multitude of factors are responsible for such a funda-
mental change.  It is not just China or just the U.S. or just 
economic growth.  It is a change in the fundamentals.

Supply and Demand Issues

Demand growth has been unusually strong, but it is 
a mistake to assume continued demand growth at current 
rates.  The growth will surely slow down.  Still, even the low 
growth is outstripping the supply in the medium term.

Capacity additions inside of OPEC have good prospects, 
but circumstances due to politics, legal issues, and lack of 
sufýcient investment prospects will slow down the process.  
While currently only minor surplus capacity exists in Saudi 
Arabia, other countries such as Iran, Kuwait, Abu Dhabi, 
Nigeria, Venezuela, and Libya, as well as Saudi Arabia are 
planning new capacity.  A smooth expansion process might 
only be seen in Saudi Arabia and Libya.  Others will struggle 
with politics, legal issues, as well as a variety of other social 
factors and will surely face delays.

How about non-OPEC oil?  While we do not subscribe 
to the theory of a global peak and a collapse in non-OPEC 
production by 2010, there is a fundamental change in oil sup-
ply prospects.  Incremental non-OPEC oil supply which has 
been in excess of one million b/d in the past decade is drying 
up.  Non-OPEC incremental growth by 2010 may be between 
zero to 300 kb/d only.  While supplies in Russia and Central 
Asia will rise, declines in other areas will offset the growth. 
Thus, OPEC may recover its lost market share with little ef-
fort if it can muster enough production capacity.

This means that all new demand growth needs to come 

from OPEC and OPEC is neither ready nor prepared for the 
volumes needed.

Those who argue we are running out of oil (including 
some of our friends) have now mixed up politics and anti-
Arab sentiments with reality.  Attacking Saudi Arabia and 
arguing that the Saudis are unreliable suppliers and do not 
have adequate reserves does not serve any purpose and is 
counter-productive. 

Meanwhile, the other camp (again, including some of 
our friends) is arguing that the world oil supplies will grow 
indeýnitely, ignoring the geological realities.  A realistic 
analysis is lost in this argument.

Are the Middle East oil reserves a big lie?  Is there going 
to be a collapse in production?  Proven Middle East reserves 
are not certiýed and we doubt that all the reserves are actually 
proven as of now.  But, there will be no collapse in production 
for sure and it is more than likely that with application of new 
technologies and enhanced recovery, these reserves can be 
proven or even rise in the fullness of time!

An Impossible Future? 

When the IEA or EIA do their forecasts showing very 
large OPEC production, their analysis are seen by the uniniti-
ated as the evidence that such a production will be forthcom-
ing from OPEC.  It is not! All that the forecasts show is that 
OPEC production must reach a certain level to balance the 
market.

Indeed, the forecasts that show 22-24 million b/d of 
Saudi production by 2025 do not mean that Saudi production 
will reach these levels.  The forecasts are simply indicative of 
the consequences of business as usual and show us an impos-
sible future.  There is virtually no chance of Saudi Arabia 
producing oil at these levels on a sustained basis for technical 
reasons. Oil demand must simply be reduced by higher prices 
or technological breakthroughs.  As such, these forecasts do 
us a great service so we can understand the consequences of 
the present path, but it behooves us to understand what these 
numbers really mean.

There will be no oil shortage or collapse in the world 
economy!  Higher prices will reduce demand and encourage 
alternatives as economic theory tells us:  All we have to do is 
to be aware, to help the transition, not put up roadblocks, and 
not encourage unrealistic government policies.

On the supply side, we will be exhausting the supply 
growth potential, if demand remains strong. Higher prices 
are inevitable unless demand is drastically curtailed by reces-
sion, taxation or through regulatory mechanisms.

Can High Oil Prices Reduce Demand?

What level does the price of oil need to reach to stop the 
demand growth or reduce the demand?  Is the price already 
too high?

Figure 1 shows the real and nominal price of oil and our 
base case forecasts for Arab Light.  The price of oil today is 
not much higher than it was in 1973, in real terms.  Even our 
forecast of real prices by 2020 is at $40/b and nominal price 
at $55-65/b are still lower than the 1979/80 peak.  Unless 

* Fereidun Fesharaki is President of Facts, Inc. in Honolulu, HI and 
a past president of IAEE. He can be reached at ff@factsinc.net  
This article is reprinted, with permission, from the Facts publica-
tion, Energy Insights, Number 43.
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the world is facing a serious economic recession, we doubt 
that these prices will create a collapse in oil demand.  If the 
demand does remain strong, the price needs to reach much 
higher levels ($70+/b nominal) and then demand will decline 
and new technologies will bring in new alternative sources.

Short-Term Price Direction

In the short term, the price will decline as demand slows 
down and supply inventories build up. Indeed currently, sup-
ply exceeds demand by some 1.5 million b/d.  Though, the 
hedge funds net buying position has not changed much in 
the past six months, their involvement has had an impact of 
several dollars a barrel on oil prices. Once they unload (and 
they will unload), the price will come down to WTI of $30-
35/b.  Indeed, they may even go lower temporarily, but there 
is a fundamental þoor below prices now.  We expect the range 
of $25-35/b to hold for the next few years.  We may even be 
too conservative!

Figure 1
Price of Arab Light Crude in 
Nominal and Real 2003 Prices

(U.S. Dollars per Barrel)

Are Natural Gas Prices in a New Plateau Too?

The natural gas prices have entered a new plateau too, 
led by the U.S. market.  After decades of gas being sold in 
the United States at $2/MMBtu range, the price has risen to 
some $6/MMBtu. This is more dramatic than the oil market 
shift.  While U.S. natural gas prices may also ease, it is highly 
doubtful that they will go below $4/MMBtu and very likely 
will be higher.

Gas prices of $6/MMBtu corresponds to WTI prices of 
well over $40/b.  The change in plateau is comprehensive and 
supported by fundamentals of both oil and gas markets.

As the U.S. leads the global gas market, becoming the 
second largest LNG importer in the span of less than a decade 
(and perhaps the largest by 2015-2020), the global gas price 
will shift upward in line with the global oil market and will 
be dominated by the U.S. futures prices for gas.

Is the Reýning Business Also Entering a New Plateau?

The reýning business is also entering a new plateau.  For 
many years, independent reýning outside of the integrated 
oil companies seemed like a no-win proposition.  Crude oil 
prices moved sharply with OPEC policies and political cri-
ses, but product prices lagged.  Except for war periods where 
military needs for product supplies raised product prices, the 
reýning margins sagged.

The Asian margins were always the strongest, followed 

by European, and then the U.S. (Figure 2).  Strong competi-
tion among U.S. reýners, rising environmental costs, threat 
of product imports, and slow oil demand growth capped the 
margins in the United States.

The Asian margins dropped in 1997 when the Asian 
reýning surplus emerged. In 1996, two major Thai reýner-
ies (led by Shell and Caltex) came onstream at the heels of a 
major expansion by Exxon.  Meanwhile, the Asian economic 
crisis of 1997/98 seriously reduced oil demand and resulted 
in major overcapacity.

Figure 2
Gross Refining Margins Based on Arab Light Crude 

Cracking Yield

In the U.S., rising demand, increased environmental 
standards, and inability to add any new capacity soaked up 
all excess reýning capacity, closed down a few smaller less 
efýcient ones, and began to reverse the trend, making the 
U.S. margins higher than Europe or Asia.

The rising demand everywhere has soaked up capacity 
as shown in Figure 3.  Excluding former Soviet Union, the 
global reýnery utilization is over 90%, the highest in record-
ed historyïled by the United States.

Figure 3
Refinery Utilization by Region

For the United States, Mexico and Venezuela are ideally 
placed to become the major beneýciaries, if they added new 
reýning capacity.  Both countries, beset by political prob-
lems, legal restrictions, and anti-American sentiments have 
not taken advantage of this great opportunity. The Middle 
East, with its large reýning capacity, has fallen so behind in 
quality that it cannot supply the U.S. and Europe, and just 
barely Asia. Asian specs do not meet the U.S. standards with 
a few exceptions and few reýners are willing to raid their 
pool just to export to the United States.

Gross Refining Margins Based on 
Arab Light Crude Cracking Yield
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The result has been higher margins for everyone (Figure 
4).  Indeed in the recent past, the Asian margins have once 
again overtaken the United States and Europe, though this 
will likely be temporary.

The U.S. will remain the region with the best long-term 
margins (Figure 5), simply because it cannot add new capac-
ity.  In Asia, new capacities from China and India are on the 
horizon.  For the U.S., demand is the key.  As long as demand 
does not decline, even a moderate growth will keep margins 
in place. The margins will face cycles for certain.  Ups and 
downs will continue, but the base line has now shifted up-
wards.

Figure 4
Monthly Gross Refining Margins for U.S., Europe and Asia

Based on Cracking Yield of Arab Light Crude

For the time being, the only alternative supply for the 
U.S. is Europe, but the system is stretched there too.  As Eu-
rope moves towards dieselization and as GTL projects from 
Qatar come onstream, Europe can release more products for 
export to the United States.

Figure 5
EIA: U.S. Oil Supply to 2020

By 2012-2015, the three major regionsðU.S., Asia, and 
Europeðwill have very similar product quality standards.  
Something close to a global product market is on the hori-
zon in the not too distant a future.  Is this bad or good for 
the margins?  The U.S. advantage for certain will disappear 
as products will move more easily across the globe.  Still, 
California politicians and CARB will more than likely come 
up with something to ensure limited competition from the 

outside world!

What Does All This Mean?

Upstream business is likely to be the key beneýciary. 
Oil companies will make more money whether they like it 
or not!!

The downstream business will also do well in the U.S., 
but margins in Asia and Europe are unlikely to do as well as 
the U.S.

OPEC countries have become fundamentally richer with 
no new effort as their resources gain in value. Economic re-
form will surely slow down and subsidies will be maintained 
or even increased with the new riches.  Military expenditures 
are also sure to rise in the key oil exporting countries. 

Today, there is an unusual conþuence of positive factors 
coming together in the oil and gas markets: Everyone is mak-
ing money in every part of the businessðbe it E&P, reýning, 
shipping, trading, storage, etc.  This is unprecedented in his-
tory.

If you are clever you can make a lot of money. If you are 
not, you can still make a lot of money!
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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, policy 
makers and the investment community as well as regular readers of The 
Energy Journal. The issue contains eighteen papers by distinguished 
authors and leading energy economists with varying professional back-
grounds, afýliations and geographical perspectives.

Nine chapters cover the following topics: Petroleum Demand, Petro-
leum Supply, Oil Reýning, 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 ýnancial interests to governments and the con-
suming 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 ac-
ceptance 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 Å 380 pages
       $65.00 U.S. & Canada Å $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 Å Fax: 216-464-2737 Å Email iaee@iaee.org
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The Economic Aspects and Policy Options of Clean 
Coal Technologies

By Toshihiko Nakata and Ryo Kinugasa*
Clean coal technologies (CCT), such as a pressurized 

þuidized-bed combustion (PFBC), an integrated coal gasiý-
cation combined cycle (IGCC), and an integrated coal gasiý-
cation fuel cell combined system (IGFC), are recognized as 
efýcient and environmentally sound technologies. Although 
CCT has a possibility to enhance energy security, the cost, 
such as the speciýc capital cost and ancillary operating cost 
of CCT is higher than those of other power plants, such as gas 
combined cycle power and advanced coal-ýred power plants. 
Therefore, in this study, after we analyzed the introduction 
of CCT into the electricity market in Japan, we assumed the 
introduction of both an energy tax and a carbon tax as policy 
options to promote the introduction of CCT into the electric-
ity market. Moreover, we have assumed that the tax revenue 
which is gained by the carbon tax and energy tax is returned 
to the speciýc capital cost of CCT as a subsidy. From the 
result of our study, it is seen that an energy tax has an impact 
on the promotion of CCT.  In particular, the subsidy for the 
speciýc capital cost of CCT has a large impact on the electric-
ity market.

Introduction

Coal has some advantages, for example, coal has the 
largest reserves/production (R/P) ratio of any of the fossil fu-
els such as natural gas and crude oil, and has a regionally uni-
form distribution of producing countries (British Petroleum, 
2002). On the other hand, there are some disadvantages, 
namely that the carbon content of coal is larger than that 
of any of the other fossil fuels, and is not environmentally 
friendly. Thus, it is important for strengthening energy secu-
rity, to develop and promote the technologies which can use 
coal efýciently and in an environmentally friendly way.  

The research and development of CCT, such as PFBC, 
IGCC, and IGFC, are widely recognized. The PFBC and the 
IGCC have been commercialized already in Europe and the 
United States.  In Japan, PFBC is already commercialized, 
but the IGCC is still in the demonstration stage. In Europe, 
the development of CCT is promoted as a way to reduce 
dependence on natural gas which is expected to increase 
in demand. In the United States, in response to severe en-
vironmental regulations, the development of CCT has been 
promoted by the government (U.S. Department of Energy, 
1987).  For Japan, which depends on imported resources for 
its energy supply, clean coal technologies become important 
from the view point of energy security. Thus, for the devel-
opment of CCT, it is necessary to examine the introduction 
characteristics of CCT from a long-term technical and eco-

nomic view.
Several studies have been conducted on the technical 

and economic speciýcations of CCT.  Campbell studied the 
energy efýciency and the electricity price of an IGCC plant in 
Puertollano, Spain, by using the ECLIPSE process simulator 
(Campbell, 2000). McMullan studied the techno-economic 
aspects of PFBC and IGCC and whether they are competitive 
with existing power plants in the electricity market by using 
the process simulator (McMullan, 2001). Moreover, intro-
duction of a carbon tax in energy systems has been examined 
by many researchers. Williams analyzed optimal policy in-
troducing carbon taxation by using a global warming model 
(Williams, 1995).

However, very few attempts have been made to research 
both energy conversion efýciencies and economic aspects, 
such as speciýc capital cost and competitive power, in the 
long-term electricity market. Moreover, there has been no 
study that analyzed the return of tax revenue from carbon 
taxation as the subsidy for CCT. In this paper, we develop 
an energy-economic model to consider both the economic 
aspects and energy conversion efýciencies of CCT. By ana-
lyzing this model, we examine the introduction of CCT into 
the electricity market. And then, we analyze the impact of 
taxation on the introduction of CCT and explore effective op-
tions to accelerate the introduction of CCT.  

An Energy-economic Model

Japan Model

We have developed the detailed model in the electricity 
sector based on the Japan model which has been designed 
by Nakata et al. (Nakata, 2000; 2001. The Japan model has 
eighty-two processes; includes eight demand nodes in the 
industrial, commercial, residential and transportation sectors; 
and contains thirteen resource nodes modeling purchases of 
coal, natural gas, petroleum and nuclear fuel in the world 
markets. Additional processes model the electricity sector, 
transportation services, and the conversion of fuel to heat.  
Nakata, et al. analyzed the impact of carbon taxes on energy 
systems in Japan using this model. The Japan model runs 
from the year 1999 to 2044 in increments of 5 years.

Electricity Sector Model

The Japanese electricity model consists of oil-ýred 
power, gas-ýred power, coal-ýred power, hydro power, re-
newable energy, such as photovoltaics and wind power, and 
nuclear power. Gas-ýred power consists of gas combined 
cycle power plant, gas turbine power plant, and gas boiler 
power plant. Coal-ýred power consists of additional conven-
tional coal boiler power plant and advanced coal boiler power 
plant.  In this study, we have assumed that conventional coal 
boiler power plants and oil boiler power plants will not be 
constructed, and the amount of electricity power generation 
by them will decrease.  

We have designed three nodes of clean coal technolo-
gies such as PFBC, IGCC and IGFC in the electricity market.  
Then, in terms of the introduction of clean coal technologies 
into the electricity market, we have deýned the following 

*Toshihiko Nakata and Ryo Kinugasa are with Tohoku University, 
Graduate School of Engineering, Aoba-Yama 01, 980-8579, Ja-
pan. E-mail: nakata@cc.mech.tohoku.ac.jp; and kinugasa@cfd.
mech.tohoku.ac.jp This is an edited version of their presentation 
at the 26th International Conference of the IAEE, Prague, Czech 
Republic, June 2003.
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three scenarios:  
a)  Most likely case
 The cost and the share of CCT in Japan are derived from 

the actual performances of CCTôs commercialization in 
the United States and Europe.

b)  High cost case
 This case assumes that the cost of CCT in Japan becomes 

higher than that of the actual performance of CCTôs 
commercialization in the U.S.A. and Europe. Therefore, 
the cost in this case becomes higher than that of the Most 
likely case.

c)  Advance case
 As compared with the Most likely case, this case as-

sumes that the technological innovations in CCT arise in 
around ýve years. Therefore, the cost of CCT becomes 
lower than that of the Most likely case.
Moreover, we have assumed another case as follows: 

Commercialization of CCT will not be done on a large scale. 
This is the business as usual (BAU) case.

In this case, in terms of coal-fueled power plants, both 
conventional coal boiler and advanced coal boiler power 
plants exist in the electricity market.

The technical parameters of CCT such as the speciýc 
capital cost, the ancillary operating cost, and the energy con-
version efýciency are summarized in Table 1. These param-
eters are carefully examined from current references (Lon-
gwell, 1995; Takahashi, 2001; U.S. Department of Energy, 
Energy Information Administration, 2002).

Policy Options for the Promotion of Clean Coal Technologies

 As the speciýc capital cost and the ancillary operating 
cost of CCT are higher than those of other power plants such 
as advanced coal boiler power and gas combined power 
plants, the electricity price of CCT becomes higher than that 
of other power plants. Since price differences obstruct the 
introduction of CCT, it is important for the introduction of 
CCT to reduce the electricity price.  

A carbon tax and an energy tax are expected to be an 
efýcient approach to reduce carbon dioxide emissions. It has 

been implemented already in both Sweden and Denmark in 
1990s.  In Japan, the introduction of these taxes has been dis-
cussed extensively. These taxes will promote the shift from 
lower energy efýciency technologies to higher energy efý-
ciency technologies. In particular, the carbon tax will raise 
the price of high-carbon fuels such as coal and petroleum, 
and promote the energy shift from high-carbon fuels to low-
carbon fuels such as natural gas.  

In this study, it is assumed that a carbon tax and an energy 
tax are imposed as the method of reducing the price differ-
ence of electricity between the CCT and other power plants. 
In terms of the amount of tax, it is assumed to reduce 10% of 
CO2 emissions in the year 2044 in the BAU case.  In the case 
of carbon taxation, the tax reaches $80/tonC. In the case of en-
ergy taxation, the tax reaches $3/mmBtu. To mitigate the im-
pact of taxation on energy systems, the taxes were introduced 
gradually over time, increasing the tax rate in uniform steps 
each period until the maximum rate was reached in 2044 .

A large amount of tax revenue is gained by the imposi-
tion of taxes.  In Northern European countries, this tax rev-
enue is used for general ýnances. In this study, it is assumed 
that the tax revenue is used as the subsidy for the introduction 
of CCT.  It is assumed that 10% of the speciýc capital cost of 
CCT is subsidized by the tax revenue.  

Since the electricity sector accounted for 33% of total 
CO2 emissions in the year 1999, the total amount of subsidy 
took 33% of the amount of carbon tax revenue.

Tools for the Analysis

In this study, we have used the METAÅNet 
economic modeling system which was developed at 
the Lawrence Livermore National Laboratory. The 
METAÅNet is a partial equilibrium modeling system 
that allows for explicit price competition between 
technologies, and can constrain or tax emissions. It 
allows a user to build and solve complex economic 
models. Although the changes in the economy are 
largely driven by consumersô behavior and the costs 
of technologies and resources, they are also affected 
by various government policies. These can include 
constraints on prices and quantities, and various taxes 
and constraints on environmental emissions.  The 
METAÅNet can incorporate many of these mecha-
nisms and evaluate their potential impact on the de-
velopment of the economic system (Lamont, 1994).

Initial Conditions for the Analysis

Several key assumptions are required to drive any 
analysis of this type.  These include growth rates and demand 
response to changes in price. In this study, we assumed a 
moderate rate of growth over the time horizon. Table 2 shows 
the assumptions for the growth and demand elasticities in 
each sector. As for IGCC and IGFC, these have not yet been 
commercialized in the Japanese electricity sector. Therefore, 
it is assumed that the introduction of IGCC begins from the 
year 2004, and the introduction of IGFC begins from the year 
2009 in this model.   

 Table 1
Technical and Cost Parameters of CCT

 Case Speciýc capital Ancillary 
  cost($/(mmBtu/ operating Efýciency Available
  year)) cost % Year
   ($/mmBtu)
Conv. Coal  75.3 3.45 39
Adv. Coal  66.9 3.25 41.5
 High cost 80.3 6.25 40.5
   PFBC Most likely 73.9 5.75 41 1998
 Advance 68.8 5.75 42

 High cost 86.9 6.86 42
   IGCC Most likely 80.0 6.32 43 2004
 Advance 74.5 6.32 44 

 High cost 91.7 7.08 48
   IGFC Most likely 84.4 6.52 50 2009
 Advance 78.6 6.52 52 
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Results of the Analysis

Electricity Price and Electricity Power Generation of CCT

The discussion in this section highlights the analytical 
results of the electricity price and the electricity power gen-
eration of CCT.  

First, the electricity prices are shown in Figure 1. In each 
case, the electricity prices of CCT became higher than those 
of other power plants such as gas combined power plant and 
advanced coal boiler power plant. The electricity price of 

IGFC became lower than that of IGCC. Although the speciýc 
capital cost and ancillary operating cost of IGFC are higher 
than those of IGCC, since the energy efýciency of IGFC is 
much higher than that of IGCC, the electricity price of IGFC 
becomes lower than that of IGCC.

Second, the electricity power generation of CCT is 
shown in Figure 2. The growth rate of electricity power gen-
eration of CCT depends on the electricity cost.  For the ad-

vanced and high cost cases, the electricity power generation 
of CCT in the advanced case becomes 2.4 times larger than 
that of CCT in high cost case in the year 2044.  

The component of coal-fueled power generation is shown 
in Figure 3.The electricity power generation of conventional 
coal boiler power plants decreases, so that the electricity 
power generation of CCT increases. In the advanced case, 
which increased  the introduction of CCT into the electricity 
market, electricity power generation of CCT reached 11% of 
coal-fueled power generation. Moreover, since the electricity 
price of IGFC is lower than that of IGCC, the electricity pow-
er generation of IGFC becomes larger than that of IGCC.    

Electricity Power Generation of CCT When Carbon and Energy 
Tax are Imposed

The discussion in this section highlights the analytical 
results of electricity power generation of CCT when a carbon 
tax and an energy tax are imposed.  

The components of a coal-fueled power plant when the 
taxes are imposed is shown in Figure 4. When a carbon tax 
or an energy tax is imposed, the electricity power generation 
of coal-fueled power plant decreased.  However, in the case 
of energy taxation, the electricity power generation of CCT 

Table 2  
Growth Rate and Elasticity Assumptions for End-use 

Sector

Sector
Annual rate 
of demand 

growtha)

Demand
elasticityb)

Industrial heat demand 0.001 -0.340

Industrial electricity 
demand 0.005 -0.340

Commercial heat demand 0.009 -0.230

Commercial electricity 
demand 0.021 -0.230

Residential heat demand 0.003 -0.380

Residential electricity 
demand 0.006 -0.380

Truck transportation 
demand 0.003 -0.170

Personal transportation 
demand 0.003 -0.230

a) Energy Data and Modeling Center. (2002)  EDMC Handbook of Energy 
& Economic Statistic in Japan, Tokyo.

 b) Nagata, Y. (2000)  Personal communication. June 21, 2000.

Figure 2
Electricity Power Generation of CCT in Each Case

Figure 3
Electricity Power Generation of Coal-fueled Power Plant 

of each Case in 2004
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becomes larger.  When a carbon tax is imposed, the electricity 
price of CCT rises more than that of other power plants be-
cause the CCT uses coal which has the highest carbon content 
of any other fossil fuels.  Since the relative electricity price 

of CCT becomes higher in the electricity market, the electric-
ity power generation of CCT decreases. However, when an 
energy tax is imposed, the electricity price of CCT rises less 
than that of other power plants because CCT has the higher 
energy efýciency. Therefore, the electricity power generation 
of CCT becomes larger than that of the zero taxation case.

Electricity Power Generation of CCT When Tax Revenue is 
Returned

The discussion in this section highlights the analytical 
results of electricity power generation of CCT when the tax 
revenue is returned to the speciýc capital cost of CCT.  

The electricity price, when the energy tax is imposed and 
the tax revenue is returned, is shown in Figure 5. The com-
ponent of electricity power generation of coal-fueled power 
plants with energy tax and tax return is shown in Figure 6.  
By using the tax revenue as a subsidy, the speciýc capital 
cost of CCT became lower than that of the zero subsidy case. 

Therefore, the electricity price becomes lower than that of 
the zero subsidy case. Since the difference of electricity price 
among CCT and other power plants such as gas combined 
cycle power plant and advanced coal-ýred power plants 
becomes small, the competitive power of CCT becomes 
strong in the electricity market. On condition that the energy 
tax is imposed, the electricity power generation of CCT be-
came up to 2.9 times as large as that of zero subsidy case. In 
other words, by reducing speciýc capital costs ten percent, 
CCT becomes competitive in the electricity market.  For the 
promotion of CCT, energy taxation has a larger impact than 
carbon taxation.

The CO2 emissions from the electricity sector with en-
ergy tax and tax return is shown in Figure 7. In each case, 
CO2 emission from the electricity sector increases. Although 
the energy efýciency of CCT is higher than that of existing 
power plants, CO2 emissions increase because the consump-
tion of coal rises by the increase in the demand of CCT.  

Conclusion

In this study, we have developed an energy-economic 
model in which we can take both energy conversion efýcien-

Figure 4
Electricity Power Geneation of Coal-fueled Power Plant 

When the Taxes are Imposed

Figure 5
Electricity Price with Energy Tax and Tax Return
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