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President’s M essage

am pleased to welcome

you to this second 2001

issue of the Newsletter. We

areliving in an exiting time

relative to the global energy

sector and the fundamental

changes that are about to

take place. In this context it

is of vital importance to

define the strategy of our

own | AEE organization and

to define the main targets of

our contribution. This is a

continuous process going on in the local chapters as well as
at conferences and in the Council.

Energy isthelargest businessin the world. The turnover
of the global energy industry amounts to approximately $2
trillion ayear. Energy is vital in any economy. The forecast
from different sources show a significant increase in energy
demand over the next 20 years— specifically inthe devel oping
countries and in the countries in transition. At the moment
there are several powerful factors combining to shape the
future of the energy industry. Liberalisation and market forces,
technological innovation and environmental issues are three
topics of major importance.

The liberalisation of energy markets will continue in
several economies and enhance the efficiency and lower the
end user price of energy. During the transition to liberalised
energy markets the role of regulators and officiasis vitally
important and regulators must be willing to trust market forces
—if not, it may be better to keep hands away. The California
exercise shows that things can get challenging. A question
raised has been whether the electricity liberalisation exercise
in Californiawill influence other countriesto slow down the
pace in their own economies? In Europe the European
Commission laid the foundation for more competitive markets
by the EU Directive on Electricity (1996) and on Gas Markets
(1998) and adjustments are moving ahead. There is major
restructuring to be expected in both el ectricity and gas market
in Europe in the coming years. The same in other regions of
the world.

Technological innovation and improved technological
efficiency has been one of the most important factors to

increase energy supplies in recent years. There are still
significant upsides in improving the efficiency in existing
energy systems. In the oil industry improved recovery from
existing sources may be equally important as exploring for
new sources. Adding to this are exiting devel opments within
fuel cells, solar energy, wind-mill systems, distributed energy
systems, bio-systems and other renewable energy systems,
which might in the longer run contribute more significantly
onthe supply side and in addition contribute to environmental
challenges.

We should also add the challenge of the fact that the
productivity of one-third of theworld’s peopleiscompromised
by lack of accessto commercial energy, and perhaps another
third suffers economic hardship and insecurity dueto unreliable
supplies (UN/WEC). This is clearly a big problem for poor
countries and energy poverty is a matter of concern for rich
countries aswell and it isin their interest to help establish a
sustainable energy future for all the world’s inhabitants.

IAEE contributes to the global energy discussion on all
these issues and covers the policy discussions as well as the
issues of energy economics, incentives and improved energy
efficiency and legal aspects. | believe that it isimportant for
IAEE to take care of the balance between the profound

(continued on page 2)

Editor’s Notes

We're fortunate in having several of the papers presented
at the 24th Annual Conferencein Houston in late April in this
issue. Otherswill be appearing inthe Summer issue. Asaways,
your comments are welcome.

Gale Boyd and John Laitner identify a number of
underlying effects that support the possibility that the recent
trends in productivity and energy efficiency improvement are
the beginnings of along term trend in the U.S. economy.

Tony Owen shows that if estimates of damage costs

(continued on page 2)
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President’s M essage (continued from page 1)

understanding of energy economics and the academic
contribution on one hand and the policy implication and
recommandations for energy strategies on the other hand; to
build abridge between the academic energy institutions around
the world and the policy people within the energy business as
well as public energy administration. Inthiscontext the arenas
of our Newsletter together with The Energy Journal and the
regional and international conferences are all important.
Furthermore, the IAEE web should be developed further so
asto be asource of information and knowledge to the energy
communities around in the world.

Arild N. Nystad

Editor’s Note (continued from page 1)

resulting from the combustion of fossil fuels are internalized
into the price of electricity, anumber of renewabletechnologies
become financially competitive with coal-fired generation.

Timothy Considine and Andrew Kleit ask whether
electrical restructuring can survive given the California
experience. Their answer is a qualified “yes’, but caution
that restructuring efforts should avoid any type of price cap,
asmuch aspossible. The situation in Pennsylvaniais contrasted
with that of California

Kim Coffman, Vicki Zatarain and Stephanie Gambino
describe the new framework developed by the U.S. Materials
Management Servicefor estimating regional economicimpacts
of oil and gas |ease sales. The two-step process of the model
is described.

Michael Milligan looks at wind power electricity
generation noting that its attributes of clean generation and
inexpensive “fuel” are offset by its intermittent and variable
nature. However, he comments that both of these can be
characterized as different aspects of risk. Andrisk issomething
that power companies are increasingly trying to recognize
and quantify as electricity markets become more open. He
looks at some of the factors related to the operation of, and
planning for, wind power plants.

DLW

Newdletter Disclaimer

IAEE is a501(c)(6) corporation and neither takes any position on any
political issue nor endorses any candidates, parties, or public policy proposals.
| AEE officers, staff, and members may not represent that any policy position
is supported by the IAEE nor claim to represent the |AEE in advocating any
political objective. However, issuesinvolving energy policy inherently involve
questions of energy economics. Economic analysisof 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 | AEE 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.

| AEE Website Enhancement Update

| AEE has taken several initiatives to enhance its website
for memberg/visitors. Pleasevisit usat www.iaee.org Recent
services available at our site include:

Energy Journal Articles Online: Individual articles
from 1994 to present of The Energy Journal and al Energy
Journal Special Issues are now available on-line at
www.iaee.org/publications/enerjor.asp A convenient search
engine will put you in touch with the latest research in the
field of energy economics. The most recent four issues of the
journal are available to members complimentary. Articles
older than one year are available at a modest cost. Articles
are delivered to the user via PDF files.

Affiliate/Chapter Sub-pages: All IAEE Affiliates and
Chapters receive a page of their own at the IAEE site. Such
information as Officer Listings, Event Listings, Affiliate/
Chapter logo placement, membership information, Newd etters
and links to an Affiliates/Chapter’s own website (if already
developed) are offered to IAEE Affiliates/Chapters in good
standing. Visit us at either www.iaee.org/memberservices
affiliatelinks.asp or http://www.usaee.org/chapters/index.asp

Energy Calendar of Events: Have an energy conference
or seminar coming up that you would liketo promoteto visitors
at the IAEE Website? Visit www.iaee.org/conferences/
eventsview.asp to enter your event free of charge for posting
on the IAEE Website.

Energy Links Page: All energy related companies/
organizations/associations, etc. are invited to visit
www.iaee.org/energylinks/energylinks.asp where they can
enter their own link from IAEE's website. 1AEE asks that
you ask your ISP to build areciprocal link from your website
to IAEE’s at www.iaee.org

Employment Opportunitiess Employers looking for
employees are able to post their employment opportunities
directly on IAEE's website. Employers are provided: Title
of job, description and qualificationsfor job, salary information
or range and contact information. Visit www.iaee.org/index/
jobop.asp to post your position available.

Single Issues of The Energy Journal Hard Copy
Offerings: Back copies of The Energy Journal are now
available for purchase at www.iaee.org/publications/
enerjor.asp

Exciting things are happening at IAEE’'s website. Make
sure to bookmark us at www.iaee.org If you have any
suggestions on further improvements to our association’s
website please drop either Dave Williams a note at
iace@iaee.org or Peter Fusaro at pfusaro@csi.com

Futurel AEE Events

25th IAEE International Conference

Aberdeen, Scotland

Aberdeen Exhibition and Conference
Centre

22nd USAEE/IAEE North American
Conference

Vancouver, BC, Canada

Sheraton Wall Centre Hotel

26th IAEE International Conference

Prague, Czech Republic

Venue to be Announced

June 27-29, 2002

October 6-9, 2002

June 2003




United States Energy Association:
Policy Recommendations Summary

The record cold winter and the resulting consumer
reaction to rising energy prices, the critical energy shortages
that have caused rolling blackouts in California, and the
possibility that the situation in California could be duplicated
elsewhere, have had one beneficial effect. They have made a
diverse group of public and private interests — including
policymakers from the president and the Congress on down
— aware of the clear need for a national energy policy that
will alow all energy providers to more effectively meet the
ever growing energy demands of American families and
businesses.

Such an energy policy must meet several challenges,
including overly burdensome environmental regulations that
prevent access to new energy sources; the adverse national
security implications of rising oil imports; an energy delivery
infrastructure that is aging and increasingly overwhelmed by
growing demand; aregulatory processthat is often unfair and
counter productive; and alack of foresight in developing new,
more efficient energy technologies and alternative energy
SOUrces.

The members of the United States Energy Association
(USEA) are united in our belief that the time has come to
develop anational energy strategy that meetsthese challenges
and al so tackleshead on the many other critical energy choices
we must make. Therefore, we have outlined a strategy that
will increase the supply of affordable energy and deliver it to
the American consumer in asafe, reliable and environmentally
responsible manner. This paper, which was developed after
much debate by a broad range of energy interests, outlines
that strategy. Specifically we recommend the following steps:

Enhance Energy Supplies

* The nation should encourage energy supply expansion
with policies that fully recognize no single source can
meet our growing energy needs.

* Current policies should be amended to allow
environmentally sound access to domestic resourcesin
order to reduce dependence on foreign supplies, and
ensure that American consumers continue to have access
to energy at reasonable, affordable prices.

* Tax reform should be enacted to spur capital investment
in reliable, affordable and environmentally effective
energy technologies and supporting infrastructure.

Encourage Energy Efficiency and Affordable Prices

* Governmental policies should promote energy
efficiency.

* Thereshould befreeand competitive marketsregarding
pricing, technology deployment, energy efficiency, and
selection of fuels and energy suppliers.

* Funding for the low-income home energy assistance
program and weatherization program should be
increased.

Stimulate Global Energy Trade and Development

* U.S. leadership in energy development, services and
technology should be promoted on a global basis.

* Tax provisions that diminish the international
competitivenessof U.S. multinational energy companies
by exposing them to double taxation (i.e., the payment
of tax on foreign sourceincometo both the host country
and the U.S.), and to restrictive anti-deferral rules,
should be eliminated.

* Any U.S. foreign policy and development assistance
should increase supplies of reliable, affordable and
market-based energy for developing countries and
countries in economic transition in a way that opens
marketsto U.S. goods and services, creates cooperative
partnerships between the U.S. and overseas energy
firms, and enhancesinternational economic and political
security.

* The U.S. should foster more open political, legal and
institutional structures in developing and reforming
countries that facilitate energy trade and investment.

¢ Federal policymakersshould avoid unilateral trade and
economic sanctions that exclude U.S. companies from
key marketsin which foreign-based companiesarefree
to invest.

Promote Ener gy Technology Development and L ong-Range
R&D Initiatives.

* Investment in energy technology research and
development should focus on energy sources that can
realistically expect to have a significant impact in
meeting U.S. energy needs over the next 20 to 30 years.

Balance Ener gy Use and Environmental Concerns

¢ Government-sponsored education programs should
emphasize the importance of energy infrastructure and
energy sources as essential to continued economic
security and devel opment.

* Government programs intended to advance
environmental technologies should measure
environmental performance and be available to any
energy source that achieves environmental goals rather
than favoring selective fuels or technologies.

* The safe and efficient movement of energy goods and
services requires significant improvement of the U.S.
transportation infrastructure.

Unify the Energy Policy Process

¢ Rulemaking should promote regulatory predictability
to stabilize investment decisions.

¢ Comprehensive electric industry restructuring should
promote efficient competition by encouraging flexible
approaches to electricity markets and new investment
in transmission and generation.

1A
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Recent Trends in the U.S. Energy Intensity:
An Index Number Analysis

By Gale A. Boyd and John A. “Skip” Laitner

Introduction

The last 25 years have been a roller coaster ride for
energy markets. World oil markets have taken dramatic
swings, impacting oil production and consumption patterns.
Domestically produced energy resources, natural gas and
electricity, have experienced swings in price and consump-
tion patternsinresponseto changesin technology, regulation,
and other energy markets. Inrecent years, patterns of energy
use continueto change. In 1997 and 1998, the economy grew
at a rapid rate without a significant increase in energy
consumption, even though prices declined. If the growth in
the economy was largely in low-energy-using sectors, this
declineinintensity could be attributed to a shift in economic
activity rather than energy efficiency improvements.

For this paper, we use datafrom the Energy Information
Administration (EIA),2the Bureau of Labor Statistics(BL S),®
and Argonne National Laboratory (ANL) to examine recent
trends in energy use, focusing on the relationship between
nontransportation energy use and economic activity. We
separately examine trends in aggregate, nontransportation
electric and fossil fuel use relative to the gross domestic
product (GDP). Specifically, we examine trendsin the U.S.
aggregate energy/output ratio or energy intensity of the U.S.
economy (i.e., the ratio of nontransportation electricity
consumption in kilowatt-hour [kKWh] or fossil fuel consump-
tion in Btu to GDP). We develop severa indices to help
explainthechangesinthesetwo measuresof energy intensity;
in particular, we adjust aggregate electric and fossil fuel
intensity to account for shifts in the composition of US
economic activity. We then examine whether these compo-
sitional changes, or sectoral shifts, in US economic activity
explainthedramatic declinesin theratio of nontransportation
energy use to GDP in 1997 and 1998, relative to recent
history. The portion of energy intensity that is not explained
by compositional changesis labeled real energy intensity.

Inthelate 1980s and 1990s, aggregate energy intensities
in the nontransportation portions of the economy declined.
This decline was larger and steadier for nonelectric energy
than for electricity. Our analysis finds that, for both types of
energy, sectoral shift played an important rolein the decline.
Therewasan increasein therole of sectoral shift (i.e., amore
rapid decline) in 1997 and 1998. This increase in sectoral
shift was augmented by a more rapid decline in real energy
intensity relative to earlier years, resulting in the large
observed drop in aggregate energy intensities.

There are a variety of potential explanations for this
apparent change in the behavior of energy use relative to
GDP. Rapid overall productivity due to new investment,
energy efficient technology that is cost effective despite
falling prices, short-term fluctuation in weather-sensitive
energy loads, and changes in the mix of economic activities

* Gale A. Boyd iswith the Argonne National Laboratory and John
A. “Skip” Laitner is with the U.S. Environmental Protection
Agency. Thisisan edited version of a paper presented at the 24th
Annual International Conference of the IAEE in Houston, TX.
See footnotes at end of text.

may all have contributed. We focus on measuring the
economic mix, but also examinethe possiblerole of the other
factors, once we have accounted for the mix of underlying
economic activity.

Historical Context

Previous studies have shown that some portion of the
changes in aggregate energy intensity may be explained by
therelativegrowth or declinein moreenergy-intensiveor less
energy-intensive activities (e.g., shifts from heavy manufac-
turing to high techiindustriesand services). Whenthese shifts
are accounted for, a clearer picture of the changes in the
efficiency of the underlying energy-using activities is ob-
tained. Studies of U.S. manufacturing over various years
have found that as much as one-third of the declinein energy
intensity was due to sectoral shift, with the remainder
attributable to improvementsin efficiency. Other studies of
different countries, sectors, and years have found varying
results. For some countries or years, shifts have had little
empirical effect.* When examining aggregate energy inten-
sity, it is important to account for the impact due to the
composition of the underlying energy-using economic activ-
ity.

If we look at the very long picture of changing energy
intensity (Figure 1), we seehow energy use hasevolvedinthe
United States. Primary energy use per dollar of GDP (using
1992 chain-weighted dollars) was declining slightly before
the energy price increases of the seventies, when the decline
accelerated. Inthe late eighties, energy prices began falling
and the decline moderated. For electricity consumption, the
trend is quite different. Electricity intensity increased until
the mid-seventies. At that time, the increase stopped and
intensity declined slightly.

In this paper, we focus on two measures of energy
intensity: electricity end use in kWh and nonelectric energy
use in nontransportation sectors in Btu, but first we examine
long-term trends for several other measures of energy use.
Figure 1 shows theratio of five types of energy useto GDP:
(1) primary energy, (2) primary energy less electric end use,
(3) nonelectric energy (i.e., primary energy less electric end
use and losses), (4) nonelectric energy consumed in
nontransportation sectors, and (5) electric end use. Energy
prices are also shown in Figure 1.

All measuresof energy intensity, except electric end use,
show similar patterns after the late seventies but differ in the
earlier years. Electric end use intensity follows a quite
different pattern, rising at first, then declining only dlightly;
al other measures fall at various rates over the historica
period. If we focus on measures 1-4, we can explain some
of the difference in the trend lines. A more rapid declinein
nonelectric energy than in primary energy less electric end
use reflects the improved efficiency of electric conversion
that occurred in the sixties and late seventies; there is little
difference in the trend thereafter. Nonelectric energy con-
sumed by nontransportation sectorsis quiteflat in the sixties
and early seventies. This measure follows the general trend
of the other measures, but declinesmoreslowly intheeighties
than the nonelectric energy intensity with transportation
included, when corporate average fleet economy (CAFE)
standardshad animpact onthetransportation component. All
four measures of nonelectric energy intensity exhibit a
similar, morerapid declinein 1997 and 1998 than in the early




nineties. A much smaller decline in intensity isin evidence
for electric end use intensity.

Wefocusontherecent trendsin intensity for electric and
nonelectric less transportation measures in more detail.
Since we are effectively removing -transportation sector
energy usefrom our analysis, we use BL Sdatato adjust GDP
by removing commercial (for hire) transportation-related
economic activity.®

Index Number Analysis of Recent Trends
This section presents a decomposition of the electric

Figurel

Long-Term Trendsin Energy Relativeto GDP and Energy Prices

once we accounted for sectoral shifts. Aggregate electricity
intensity from 1983-1998 isthe same asit wasin Figure 1 but
is indexed to 1983 instead of 1973. The volatility in
electricity/GDP ratio in the late eighties was driven by
sectoral shift; specifically, production swings in primary
aluminum, steel, and refining.? Sectoral shift accounted for
about half of the overall -0.3% annual change in energy
intensity during the period. Sectoral shift was more stablein
the nineties, accounting for nearly all of the slightly higher -
0.4% annual intensity change during that period. The
average contribution of efficiency improvements remained
nearly the same over
theentiretimeperiod,
exceptinthelastthree
years. 1n 1995-1998,
shift contributed about
—0.3% to annual de-
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does not separateresi-
dential and commer-
cial nonelectric en-

energy intensities and nonelectric, nontransportation energy
intensities from 1983 to 1998. We compute an index of the
contribution to energy intensity of the changing composition
of economic activity. The remainder is treated as “real”
intensity change. ldentifiable trends in sectoral change and
real intensity are examined. In particular, we look for any
departure from recent history in 1997 and 1998.

Electricity/GDP Trends: 1983-1998

The recent drop in electricity intensity occurred during
aperiod of very rapid economic expansion. Using EIA data
on electricity sales by sector and BLS data on economic
activity, we compute an index of sectoral shift. To examine
whether efficiency improvements or economic shifts among
individual industrial sectors drove this decline in intensity
reguiresamoredetail ed accounting of industrial activity than
total industrial energy use. Using energy datafrom the LIEF
model, together with BL S data, we disaggregated the indus-
trial sector into 18 separate sectors.® A Divisia index of
sectoral shift is computed from 1983-1998.7

Figure 2 showsthe recent trendsin electricity efficiency

ergy. Toovercomethis
limitation, atwo-sector Divisiaindex is computed for 1983-
1998.° The results of this analysis are shown in Figure 3.

The decline in the ratio of aggregate nonelectric energy
use to GDP is much larger than that of electricity to GDP,
averaging —1.8% annually. When the index of shift is
computed, we see that sectoral shift slowed the decline of
aggregateenergy intensity until 1988 by offsetting somelarge
increases in nonelectric energy efficiency. After 1988,
sectoral shift accounted for nearly al (-1.4%) of the annual
declineinaggregateintensity (-1.7%). However, in 1997 and
1998, aggregate intensity declined dramatically at —6.0%
annually. From 1997 to 1998, sectoral shift caused a-2.7%
annual rate of energy intensity, with an additional —3.3%
remaining. In the previous 10 years, rea intensity had
averaged only -0.2% annual change.

Observations on Energy I ntensity Changes from 1996 to 1998

Compared withtrendsin prior years, energy trendsinthe
more recent years looked quite different. The recent years

(continued on page 6)




Trendsin Energy Intensity (continued from page 5)

showed amarked accel eration of energy intensity decline. If
we look back to the point where energy prices took major

curred for both electricity and nonelectric energy intensity.
The increase and overall magnitude in sectoral shift was
much larger for nonelectric energy. Thisis not surprising,
since the difference in sectoral energy intensity was much

downward turn (1983 for electricity
and 1986 for nonelectric energy), an
interesting picture emerges.

During thel5-year period of 1983-
1998, the rate of aggregate electricity
intensity change was -0.3%, about half
of which was sectoral shift, and half
was rea intensity. During 1997 and
1998, electricity intensity changed by
an annual rate of —1.8%. Sectoral shift
doubled, from —0.13% to —0.26%.
After accounting for the sectoral shift,
weestimatethedeclineinreal intensity
as —1.6%.

For nonelectric energy use in the
nontransportation sector, the rate of
change in aggregate energy intensity
was —1.3% from 1986-1998. Almost
four fifths, -1.0%, was sectoral shift;
the remainder of the change was de-
clineinreal intensity, -0.2%. Between
1996 and 1998, the impact of sectoral
shift increased to —2.7%, almost a
factor of three. Real intensity declined
even more dramatically, to -3.3%.

To understand the significance of
changes in 1997 and 1998 from past

trends, we should consider the possible underlying economic
effects of both the structural shift and the real energy
intensity. First, the structural change in the economy toward
more value-added, less energy-intensive sectors appears to

haveincreased in recent years. Romm
etal. (1999) suggeststhat theroleof the
Internet, orinformationtechnology (1T)
in general, isimportant. We examine
this opinion below in our underlying
data. Second, real energy intensity
showed someadditional reductionrela
tive to past years. There are many
reasons that this might have occurred,
despite falling energy prices. One
reasonisthat investment asapercent of
GDP was up significantly, which may
havedriven changesinthe productivity
component of real energy intensity.
Another reason may be the success of
government-sponsored, voluntary en-
ergy-efficiency programs, which may
have started to show animpact. Onthe
other hand, we consider that 1997 and
1998 energy use may have been driven
by changesinweather-sensitiveenergy
loads. We discuss each of theseissues
in turn.

Structural Change and | nfor mation
Technology

The increase in sectoral shift oc-
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Decomposition of Electric Energy Intensity
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wider for nonelectric energy than for electric energy. Itisthe
difference in energy intensities between sectors that was the
underlying cause of the sectoral shift phenomenon. High
value-added information sectors of the economy were much

Figure3
Decomposition of Nonelectric, Nontransportation Energy I ntensity
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lower in nonelectric energy than electric energy. These
sectors grew most rapidly in the last few years.
Thegrowth of thel T sectorshasbeen cited anecdotally
as an important driver of change in the U.S. economy. A
report by the Department of Commerce (DOC 1999) identi-
fies several IT sectors, many of which are included in the
high-growth manufacturing sector taxonomy
used in this analysis.® To see how these IT
sectors may have driven results, we look at
the growth rates of the IT vs. non-IT sectors
in the LIEF “high-growth” manufacturing

the nineties, we find MFP at about 0.5%; nonelectric and
electric productivity, adjusted for sectoral shift, both average
only about 0.2%. Inthe more recent years, wefind that MFP
was up sharply, averaging about 3.0% in 1994-1996. Energy
productivity was also up, averaging 1.0% and 3.3% for
electric and nonelectric, respectively. For nonelectric en-

Figure4

Comparison of Single Factor and Multifactor Productivity M easures

sector. Wefound that the high-growth manu-
facturing sector grew at an average annual

rate of 5.8% from 1983 to 1998. The IT
manufacturing component grew at 12% an- 1.,
nually. Thel T nonmanufacturing component
grew at 3.5%, only dlightly better than the 1o
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overal economy (3.0%) and non-IT high
growth sector (3.3%) and less than the com- 1
mercial sector overall (3.6%). It appearsthat
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thel T growth strongly influenced the sectoral °®
shift results.

Investment and Productivity

It is well understood that investment in
new capital drives the productivity advances

—— Private Business Multi-factor Productivity
GDP/KWh
—e— GDP/Person Hour

—+— GDP/Non Electric Energy Consumed by Non Transportation Sectors

in the economy. Since energy intensity,
energy per unit of output, is simply the

inverse of productivity (measured as output s 1960
per unit of input of energy or some other

resource), it is helpful to examine overall

productivity trends in energy and other inputs. Figure 4
shows the aggregate energy intensity measure discussed
above represented as productivity measures. These are
compared to measures of labor productivity and multifactor
productivity (MFP).2* In recent years, nonelectric energy
productivity outpaced labor productivity. On the other hand,
we see that electricity productivity was quite close to MFP.

MFPistypically viewed as an economywide measure of
technical change. Other thingsbeing equal, onewould expect
single factor productivity to be about equal to MFP. Single
factor productivity (e.g., labor or energy) may diverge from
MFP if the intensity of other factors, particularly capital,
raises the effectiveness of those other inputs. The BLS
estimates that increased capital intensity contributed 0.4% to
labor productivity between 1990 and 1997 (the last year for
MFP data). This contribution compares to 0.5% average in
MFP over the same period. Capital deepening, the addition
of more capital per unit of labor through increased invest-
ment, is an important component of labor productivity. The
impact on energy productivity depends on the substitution
relationship between energy and capital.

Atkeson and Kehoe (1999) illustrate a “putty-clay”
model where energy and capital are long-run substitutes.
This view is also consistent with engineering studies of
energy efficiency. Thisview suggeststhat capital deepening
would tend to augment the MFP trend to improve energy
productivity. On the other hand, capital requires energy to
operate, so the rate of capital deepening would have to be
compared to the differences in energy intensity in new
capital.

If we simply compare the empirical growth rates from

1965 1970 1975 1980 1985 1990 1995 2000

ergy, themagnitude of MFP and nonelectric productivity was
quite striking. The lower value for electric productivity
suggests that capital deepening required additional electric
energy use, but that the net effect was still an improvement
in energy productivity.

Energy Efficiency Programs

There are many government- and nongovernment-spon-
sored programs for energy-efficient technologies. These
include the Federal Energy Management Program (FEMP),
the U.S. Department of Energy (DOE) and U.S. Environ-
mental Protection Agency (EPA) Energy Star Programs,
Green Lights, and Climate Challenge Program. In addition,
regulatory programswere implemented during the period we
examine. We do not provide a comprehensive analysis of
these programs but use estimates of the electricity savings
from a small group of these programs to illustrate the
magnitude of these savings, relative to our measured histori-
cal trends.

EPA has estimated the electricity consumption savings
from the Energy Star and Green Lights programs. These
programs, which began in the early nineties and havefocused
on the residential and commercial end-use sectors, saved an
estimated 26.2 billion kWh in 1998. This amount is almost
three times the savings from these programs only two years
beforein 1996 and about 1.3% of USretail salesof electricity
in those sectors. If we plot the contributions of these
voluntary program estimates on top of the real electricity
intensity, we can see the difference that they began to make

(continued on page 8)




Trendsin Energy Intensity (continued from page 7)

(Figure 5). At the same time, other voluntary energy-
efficiency programsthat showed astrong level of savings. A
careful accounting for successes in each of those operations
would serve to increase the distance between the actual
reduction in electricity intensity and what “would have
been.”

Short Term Variation Due to Weather-Sensitive Energy Use

The changes in 1997 and 1998 described in this paper
might beattributabl eto short-term fluctuationsaround along-
run trend. In particular, weather may have driven the year-
to-year energy use patternsin amanner consistent with these
results. To examine this, we regress the annual growth rates
in electric and nonelectric real intensity against the changein
heating and cooling degree-days. This approach should
capture the weather-sensitive variation in the energy inten-
sity, after our corrections for sectoral shift. Table 1 shows
the results (t-statistic shown beneath the coefficient esti-
mates). The intercept is the average growth rate in shift-
adjusted energy intensity. The only statistically significant
coefficient isfor the effect of cooling degree-dayson electric
intensity, although the heating degree-day variable might be
considered “marginally significant”. Both variableshavethe
correct sign; and the cooling degree-day is much larger, as
expected by the growth in air-conditioning load over the last
15 years. Neither weather variable is significant in the
nonelectric equation.

Sincetheel ectricintensity equation suggeststhat someof
the variation in the shift adjustment is explained by weather,
we wanted to see how well the equation predicts the last two

Figure5

Example M agnitude of Savings from a Few Voluntary Energy

Efficiency Programs

datapoints. Theactual valuesare—2.5% and —0.6% for 1997
and 1998, respectively. The predicted values are —0.6% and
0.3%, respectively. Collectively, the regression
underpredicted the declinein electric intensity in the last two
years by 2.8 percentage points. The nonelectric equation
actually did a better job of predicting the 1997 and 1998
growth rates of —2.5% and —4.0%. The predicted values
were —1.8% and —4.0%. However, the weak t-tests and the
counterintuitive sign on the CDD variable suggests that this
is not a strong contender to model variations in energy
intensity.
Tablel
Regression of Annual Growth Ratesin Real Energy

Intensity against Changesin Weather (t-ratio shown
below coefficients)

Change
I ntercept HDD CDD
Electric -0.10% 0.000019  0.000078
-0.24 1.24 2.04
Nonelectric -1.38% 0.00003  -0.00006
-1.49 0.90 -0.68
Summary

If the economy charts a course toward less energy-
intensive forms of economic activity, aggregate energy
intensities will continue to fall. It is till too early to tell if
the recent years of productivity and energy-efficiency im-
provements are the beginnings of a long-term trend in the
U.S. economy. However, we identify a number of underly-
ing effectsthat support this possibility. Althoughwebelieve
that short-term fluctuations in weather did
influence the weather-sensitive load (in par-
ticular, electricity), changes in heating and
cooling degree-days did not adequately ex-
plain the changein rea intensities. If these
short-term, weather-related fluctuations do
not explain the changes in energy intensity,
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then we speculate that rapid productivity
improvements embodied in new capital in-
vestment may have generated net improve-
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ment in energy efficiency. Voluntary pro-
grams appear to play a measurable role in

U.S. real (adjusted) electricity intensity
through efficiency improvements. Although
an information-based, service-based, and
high-tech economy requires capital invest-
ment and uses energy to generate productiv-

099 | ity improvements, the shift away fromthefar
more energy-intensive manufacturing sec-
tors has had a measurable effect on the U.S.
098 X :
aggregate energy intensity. At the same
time, new and existing technology adoption
097 — — is being accelerated in the buildings and
""" Real Becticity Itensity without EPA Voluntary Prograrms offices of the same service and high-tech
—— Real Bedtricly Irtensity (Actel) companies. If these effects continue, then
0% recent trends in energy intensity may con-
tinue as well.
0% ‘ ‘ ‘ ‘ ‘ ‘ ‘ Footnotes
1990 1901 199 1998 1904 19% 1996 1997 198
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Atmospheric Programs, U.S. Environmental Pro-




tection Agency, under contract No. W-31-109-ENG-38. Wewould
like to thank Howard Gruenspecht, Joe Romm, and Lee Schipper
for their helpful comments on an earlier draft of this paper.

2 Energy Information Administration (1999).

8 Andreassen and Chentrens (1999).

4 For an early reference on the U.S. manufacturing sector, see
Boyd et al. (1987). Greening et a. (1997) compares severa
methods for analyzing structural shift for 10 OECD countries.

5 We cannot remove transportation activity in firms that own
and operate internal vehicle fleets, only activity such as that
associated with for-hire trucking, rail transportation as a flow of
services is not included in GDP, so no adjustment is required for
those activities.

5 LIEF refersto the Long-Term Industrial Energy Forecasting
model (Ross et a. 1993).

7 See the appendix for technical details on the index number
approach.

8 These sectors exhibited very volatile patternsin the eighties.
For example, the annual growth rate in the aluminum industry was
—55% in 1985 and 44% in 1987. Although not as dramatic as
aluminum growth rates, annual growth rates in steel and refining
ranged from —21% to 28% in the late eighties and very early
nineties.

9 See appendix for details.

10 Some of the “IT producing sectors’ identified in the DOC
report are communi cations and broadcasting, whichweassigntothe
commercia sector, not manufacturing.

11 Data shown are for private, nonfarm business.

12 The term “rolling year” index is introduced by Lui to
represent an annual, year-to-year, chain-weighted index rather than
onethat always references abase year, 0, and current year, T. This
isthe same index frequently employed by earlier authors but called
simply a Divisiaindex (e.g., Boyd et al. 1987).
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Appendix: |ndex Number M ethodology

By using theterminology introduced by L ui et al. (1992),
we computed arolling year Divisiaindex.'2 of the component
of aggregate energy intensity that was due to sectoral mix for
theyearsthat the datawere available. Thisindex isgiven by:

L+ Al ) s = XP Z% L+ ) In(zAh)

—Y
Sir =", (1)
where Jisthetotal number of sectors. Energy use and output
are denoted by E and Y, respectively. For simplicity we
suppress any subscriptson E, although indices for electricity
and non-electric energy are both computed. The index of
total, or aggregate energy intensity is computed by:

(1+AI total )T 1T =1+ lnD%_lH 2

The real intensity is computed by the identity:
1+ Al gy )T—1,T =(1+Al mix)T—l,T 1+Al, )T—l,T &)

It is well known that many index number approaches,
including the one used here, suffer from aresidual term. The
index of real intensity derived from the identity in (3) would
include this residual, so might not be an accurate measure.
Angand Choi (1997) proposearefined Divisiaindex, theLog
Mean Divisia (LMD) index, which does not have this
problem. The LMD was applied to the data used in this paper
and the differences between the methods were empirically
inconsequential. The rolling year Divisia results are re-
ported.
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The Economics of Renewable Energy Technologies
in the Context of Australia

By Anthony D. Owen*

Introduction

Despite the apparent environmental attractiveness of
renewabl e energy, excluding hydropower its market penetra-
tion has been limited to date rel ative to past projections. This
failure has not, however, been due to any failure in its
anticipated reduction in cost. For all major renewable tech-
nologies, future cost projections for successive generations
have either agreed with previous projections or have been
even more optimistic. Their lack of commercial success has
in large part been due to declining fossil fuel prices for
conventional technologies, combined with energy market
reforms that have tended (at least in the short run) to return
substantial cost savings for utilities utilizing these technolo-
gies. Global environmental concerns over emissions of
carbon dioxide, however, are likely to exert significant
pressure on governments in industrialized countries to en-
courage power generation by means of moreenvironmentally
benign technologies and micro-power supply sources.

It is widely recognised that one of the most important
barriers to the large-scale exploitation of renewable energy
technologies is related to their relatively high initial capital
cost as compared with conventional generation, transmission
and distribution networks!. The latter have often benefited
from loans at favourable interest rates with extended repay-
ment periods, whereas renewable energy technologies (par-
ticularly thosebest suited todistributed rather than centralised
use) must raise capital privately at prevailing market rates.
Although capital costs have decreased with market penetra-
tion, technol ogical devel opment, and economiesof scale, and
running costsaregenerally relatively low, it isestimated that,
under current market conditions, most renewable technol o-
gieswill not beableto competewith conventional onesbefore
the middle of the current century. However, these financial
viability comparisons are based upon costs that generally
ignore environmental externalities associated with the com-
bustion of fossil fuels. Results from the ExternE project
conducted recently in the European Union (1998) show that
external cost estimates may significantly change the current
perception about the economic attractiveness of different
energy sources and has stimulated a vigorous debate on the
potential exploitation of the resulting figures in energy
decision making.

This article specifically addresses externalities associ-
ated with electric power generation, arising from both
renewable and non-renewable sources. It focuses on emis-
sionsof carbon dioxide (CO,) and their imputed environmen-
tal costs since, being global in nature, such costs can be

* Anthony D. Owen isaprofessor in the School of Economics, The
University of New South Wales, Sydney, NSW 2052, Australia.
Email: aowen@unsw.edu.au This article is an abbreviated ver-
sion of a paper presented at the 24" Annual |AEE International
Conference, Houston, April 25-27, 2001. Monetary data quoted
in this article are generally expressed in terms of Australian
dollars (A$). For the (approximate) equivalent in US$ divide by
two.

1 See footnotes at end of text.

considered to be uniform per unit of emissions across all
countries (even though ultimately the costs/benefits to indi-
vidual countries resulting from the accumulation of such
emissions may vary greatly). The data relate to Australian
conditions, but the conclusions should have must broader
implications.

Environmental Externalitiesin Power Generation

Externalitiesare defined as benefitsor costsgenerated as
an unintended by-product of an economic activity, that do not
accrue to the partiesinvolved in the activity. Environmental
externalities are benefits or costs that manifest themselves
through changes in the physical-biological environment.

Pollution emitted by fossil fuel fired power plantsduring
power generation may result in harm to both people and the
environment. In addition upstream and downstream exter-
nalities, associated with securing fuel and waste disposal
respectively, aregenerally not included in autility’ scosts. To
the extent that the electricity industry does not pay these
environmental costs, or does not compensate peoplefor harm
doneto them, consumersdo not facethefull cost of el ectricity
they purchase and thus energy resourceswill not be allocated
efficiently.

The two principal methods for assessing the value of
externalities are cal culation of damage costs and calculation
of control (or mitigation) costs.

Estimation of damage costs involves assessment of four
factors: emission quantities, emission concentrations at re-
ceptor points or areas, the physical effect of those concentra-
tions on that point, and the economic value of those effectsin
terms of willingnessto pay to avoid damage arising from the
emissions. All four factors are subject to significant uncer-
tainty.

Control costs are generally used as a surrogate for
damage costs as they are easier to estimate. The implicit
assumptionincontrol costingisthat society controlspollution
until the benefits of additional controlswould be outweighed
by the costs. Generally control costs are viewed as a poor
substitute for estimating damage costs, although when de-
rived as a function of a market in emission permits, at least
in theory, they yield aminimum cost solution for compliance
in reaching a set target (although the actual cost of achieving
this target will only be known ex poste).

For simplicity, externalitiesof fossil fuel combustion can
be divided into three broad categories:

* hidden costs borne by governments, including tax subsi-
dies, direct energy industry subsidies, and support of
research and development costs,

¢ costs of the damage caused to health and the environment
by emissions other than CO,; and

* thecosts of global warming attributable to CO, emissions.

The second category is costs due to emissionsthat cause
damagetothe environment or to people. Theseincludeawide
variety of effects, including damagefrom acid rain and health
damage from oxides of sulphur and nitrogen from coal fired
power stations. Other costs in this category are power
industry accidents, whether they occur in coal mines, on
offshore ail or gasrigs, in nuclear plant, on wind farms, or
at hydro plants.

Thethird category refersto external costs due to green-
house gas emissionsfrom el ectricity generating facilitiesthat
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cause global warming with all its associated effects. Thisis
a very contentious area, and the range of estimates for the
possible economic implications of global warming is huge.
Costs associated with climate change, flooding, changes in
agriculture patterns and other effectsall need to betaken into
account. However, there is a lot of uncertainty about the
magnitude of such costs, since the ultimate physical impact
of enhanced level sof global warming hasyet to be determined
with precision. Thus, deriving monetary values on this basis
of limited knowledge is, at present, an imprecise exercise.

Energy Subsidies

Support that lowersthe cost of power generation cantake
many forms, including support to the use of inputs (e.g.,
water, fuels, etc.), public financing at interest rates below the
market value, tax relief on corporate income, lump sum
support to fixed capital investment in research and develop-
ment, etc. Examples include the exemption of government-
owned electricity generators from corporate income tax
payments (increasing the relative after tax rate of return
compared with electricity generation by private enterprises)
or the provision of loans at interest rates well below market
rates, or over repayment periods in excess of market terms
(which favour capital intensive energy forms, such asnuclear
and coal, and encourages over-investment).

Itisnot the purpose of this paper to examinethefull range
and costs associated with energy subsidies world-wide, but
their adverseimpact on global emissionsof CO, hasbeen, and
remains, significant (see Mountford (2000) and Schneider
and Saunders(2001)).

Emissions Other Than CO,

Among the major external impacts attributed to electric-
ity generation are those caused by air pollutants, such as
particulates, sulfur dioxide (SO,) and nitrogen oxide (NO,).
Table 1 gives emissions of these, and other, pollutants from
atypical 2000 MW fossil-fuel power station. Emissions of
SO, and NO, have long range transboundary effects, which
makes calculation of damages an imprecise exercise. Such

calcul ationsrequire measurement to be based upon theunique
link between fuel composition, characteristics of the power
unit, and features of the receptor areas. Thus estimated
damage costs vary widely across countries. For example, for
member countries of the European Union, damage costs
arising from power plant emissions of SO, range from Euro
1,027-1,486/tonne for Finland? to Euro 11,388-12,141/tonne
for Belgium.

The External Damage Costs of Emissions of Carbon Dioxide

Table 2 gives life-cycle CO, emissions (in tonnes per
GWh) of the major forms of electric power generation. From
thistableit is evident that CO, emissions from coal and oil-
based technol ogies far exceed those of the “renewables’” and
are twice those of gas.

The European Commission (1998) has calculated an
indicative 95% confidence interval for damage costs arising
from CO, emissions (from all sources), with limits of Euro
3.8/tonne CO, and Euro 139/tonne CO,. “Base case” esti-
mates were Euro 18/tonne CO, and Euro 46/tonne CO, (or
approximately A$33/tonne and A$85/tonne respectively at
current exchange rates).

These cost bands are relatively wide, and the corre-
sponding “damage”’ per MWh is, therefore, of a correspond-
ing dimension. Combining these “base case” cost estimates
with the data contained in Table 2 yields base case “dam-
ages’, from CO, emissions alone, from conventional coal
fired plant in the range of A$32/MWh up to A$82/MWh

Table 3 gives current costs (in AS'MWh) of electricity
generation by both renewable and non-renewabl e technolo-
gies. From thistable it is clear that, depending on the value
within the range that is chosen, coal may either |ose a major
cost advantage or be rendered financially non-viable with
respect to some renewable technologies (and in particular
wind and biomass) if CO, emission damages alonewereto be
internalised into production costs. With respect to gas, coal’s
current (small) cost advantage would be lost entirely.

Tablel
Emissions from Typical 2000 MW Fossil-fuel Power Station

Pallutant Conventional
Coal
(tonnes per year)
Carbon dioxide 11 million
Sulphur dioxide 150000
Nitrogen oxides 45000
Airborne particulates 7000
Carbon monoxide 2500
Hydrocarbons 750
Hydrochloric acid 5000-20000
Solid waste and ash 840000
lonising radiation (Bq) 10"
Trace elements
Abbreviation: Bq Becquerel

Source: |EE (1993)

(continued on page 12)
Conventional Combined-cycle
Oil Gas
(tonnes per year) (tonnes per year)
9 million 6 million
170000 Negligible
32000 10000
3000 Negligible
3600 270
260 180
Negligible Negligible
Negligible Negligible
10° 10*

Depends on source
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Table2
CO, Emissions from Different Electricity Generation Technologies

CO, Emissions (tonnes per GWh)

Technology Fuel Construction Operation Total
Extraction
Coal-fired (Con) 1 1 962 964
AFBC 1 1 961 963
IGCC 1 1 748 751
Oil-fired - - 726 726
Gas-fired - - 484 484
OTEC N/A 4 300 304
Geothermal <1 1 56 57
Small hydro N/A 10 N/A 10
Nuclear ~2 1 5 8
Wind N/A 7 N/A 7
Photovoltaics N/A 5 N/A 5
Large hydro N/A 4 N/A 4
Solar thermal N/A 3 N/A 3
Wood (SH) -1509 3 1346 -160
Abbreviations:
AFBC Atmospheric Fluidised Bed Combustion
BWR Boiling Water Reactor
Con Conventional
IGCC Integrated Gasification Combined Cycle
OTEC Ocean Thermal Energy Conversion
SH Sustainable Harvest

Source: |EA (1989)

Economics of Renewable Technologies (continued from page 11)

Although the majority of US State utility commissions
currently take environmental externalitiesinto consideration
intheir resource planning process, only seven have explicitly
specified monetary externality values for designated air
emissions from power plants. Such values form part of the
utilities “ Integrated Resource Planning” (IRP) process, and
are not actually internalised into their power pricing struc-
tures. Thevalues (all in 1992 dollars) are largely based upon
“control” costs, with ranges reflecting differing ideas over
the extent of such costs. For example, the Massachusetts
figure is based upon the marginal cost of planting trees in
order to sequester carbon. The Oregon range represents U.S.
Department of Energy “low” and “high” estimates.

California US$9/ton CO,
Massachusetts US$24/ton CO,
Minnesota US$5.99-13.60/ton CO,
Nevada US$24/ton CO,

New York USs$8.6/ton CO,
Oregon US$10-40/ton CO,
Wisconsin USs$15/ton CO,

In a study incorporating three of these States, the U.S.
Department of Energy (EIA, 1995) concluded that “The
requirement to incorporate externalities in the resource
planning process had negligible impacts on the planned
resource mix of the utilities in each of the three States.”

Making allowances for inflation since 1992, and adjust-
ing the units of measurement, these figures would (roughly)

correspond to the range derived by the EU. However, it
should be emphasized that only external damage costs asso-
ciated with emissions of CO, have been considered here.
Those associated with other formsof environmental degrada-
tion must also be estimated in order to achieve a reasonable
balance across the range of power generating technologies,
both renewable and non-renewable.

Internalising the Exter nalities

The leading renewable energy technologies are
characterised by relatively high initial capital costs per MW
of installed capacity, but very low running costs. This
structure can make renewabl e technol ogies financially unat-
tractive compared with traditional fossil fuel derived power
usingtraditional project eval uationtechniquesbased uponthe
anticipated life of the electricity generating facility (say, 30
years). However, in terms of an economic/environmental
evaluation, the relevant time frame should be set by the date
atwhichall of the consequencesattributableto the project had
ceased to exist. In the context of CO, emissions from fossil
fuel power stations this period could exceed 100 years.
Further, it islikely that the value of emission reduction will
continue to rise into the future given projected world popu-
|ation growth, economic growth, and the subsequent difficul-
ties in meeting global climate change agreements. In this
context, therate of discount iscrucial in assessing therelative
cost and benefit streams of alternative energy technologies.

It has been argued that for intergenerational damages
(i.e., damages caused by the actions of one generation that
affect another generation) individual time preference is
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Table 3

Cost of Renewable Energy Technologies — Current and Expected Trends (Australian 1998 dollars)

Energy Source | Technology Cost $MWh* Expected trend Comments
Cod Coal-fired steam 30-40 Stable
Gas 35-60 Small decrease
Solar radiation Solar hot water 40-70" 120% with increase in | Typical domestic system
market size cost is $2000
High temperature | 70-190 Longer term cost |
solar thermal expected with mass
production
Solar thermal electric | 200-270 Cost may halve by
2010
Photovoltaics 300-500 { 50+% by 2010
PV RAPS 350-600
Wind Wind | to 75% of current | Site (wind resource)
turbine/generator 90-120 cost by 2005 variation is reason for the
Wind RAPS 150-400 | 15 to 30% by 2010 rangein costs
Fuel wood Boiler 70-110
Pyrolysis furnace 0.45-0.85/litre Cost assumes biomass is
provided at a cost of
between $20 and $50 per
tonne
Bagasse Boiler (cogeneration) | 40-50 Slight reduction Also embedded
generator network cost
savings
Gasification 30-100° Energy costs expected
to | with 1 in
efficiency
Various wastes Boiler (cogeneration)
Gasifier/gasengine | 80-200 25% | expected by
2010
Suger, starch, | Hydrolysis'fermentati | $0.28-$0.69/litre | Competitive with oil by | Worldwide the cost of
cellulose on/distillation 2010 production from sugar &
starch has | 50% over
past 10 years
Organic wet | Biogas digestor/gas | 30-200 1 beyond 2005 Economics depend on
waste engine negative cost of fuel and
value of by-products
Landfill gas, Gas Engine 55-90 No change to 2010 Most of resource
Sewage gas recoverable at $65/MWh
Hydro Hydro turbine/ t as most attractive | Cost isvery site specific
generator 40-100 sites are used.
Micro hydro RAPS 70-250 Remain constant
Geothermal hot | Heat exchanger/ | 90-130 Unknown Speculative technology,
dry rock turbine costs are rough
estimates. Cost also site
dependent
Tides Low head hydro 80-150 No change Very site specific
turbine/generator
Waves Various devices/ | 100-2007
generator
Source: DISR (1999)
*

1.

unit is MWh except where specified otherwise
Cost of ddivered energy from the solar component of a solar hot water system. Calculation based on the installed

capital cost differential between the solar unit and competing unit of $1500.
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Economics of Renewable Technologies (continued from page 12)

irrelevant. It follows that a discount rate equal to the per
capita growth rate is appropriate, which would probably lie
between 1% and 3%. In addition, without assumptions
regarding the preferences of future generations, adjusting
future cost and benefit streamsto reflect such changeswould
be a very subjective action. Nevertheless, benefits of CO,
emission reductionsarelikely to increase (in real terms) over
asignificant part of the current century, given the long time
lags inherent in the breakdown of CO, in the atmosphere.

Once monetary values have been derived to reflect the
external costs of differing technologies, the next step is to
devise a mechanism for “internalising” them into market
prices. In theory, an energy tax would represent arelatively
straightforward solution, although the practicalities of its
imposition would be fairly complicated. The tax would be
required to be imposed at differential rates, depending upon
the total estimated damages resulting from the fuel in
guestion. A simple carbon tax alone, for example, would not
imposeany cost on the nuclear power industry. Thetax would
also have to be imposed by all nations, to ensure that the
competitiveness of their industriesin global markets was not
compromised. The resulting tax revenue would also have to
be distributed in such a way that implicit energy subsidies
were not introduced. Finally, the worst of any social impact
of energy taxes on poorer sections of society would have to
beoffset toinsurethat thetax burden wasnot disproportionate
in its incidence.

An alternative approach to the problem of reflecting
external costs, and one that would possibly cause less
economic disturbance, would beto introduce* environmental
credits” for the uptake of renewable energy technologies.
Examples are currently commonplace. However, such cred-
itsdo not “internalise” the social costs of energy production
but rather subsidise renewables. In addition, the taxpayer
pays the subsidy and not the electricity consumer, thus
rejecting the “polluter pays principle”.

Conclusions

On the basis of CO,-imposed externalities alone, it has
be shown in this article that estimates of damage costs
resulting from combustion of fossil fuels, if internalized into
the price of the resulting output of electricity, would clearly
render anumber of renewabl etechnol ogies(specifically wind
and biomass) financially competitive with coal-fired genera-
tion. However, gas-fired power generation would clearly
have a marked financial advantage over both coal and
renewables under current technology and market conditions.
The internalization of other environmental externalities has
not been addressed inthisarticle, but it isevident from Table
1that including costsassociated with power station emissions
of sulfur dioxideand nitrogen oxideswouldfurther strengthen
the competitive position of renewable technologies. In addi-
tion, over the next couple of decades, the cost of renewable
technologies (particularly those that are “directly” solar-
based) islikely to decline markedly astechnical progressand
economies of scale combine to reduce unit generating costs.
Incorporating environmental externalities explicitly into the
electricity tariff would serve to hasten this process.

These results are specific to Australia, where electricity

generated by coal-fired power stationsis, by world standards,
relatively cheap (largely dueto Australia’ slarge endowment
of domestic coal resources, ingtitutional factors relating to
past financing practices for government-owned power sta-
tions, and recent electricity industry re-organization). Nev-
ertheless, the principle of internalizing the environmental
externalities of fossil combustion is of global validation.
Whether this is achieved directly through imposition of a
carbon tax or indirectly as a result of ensuring compliance
with Kyoto targets, a similar result is likely to be achieved;
i.e., arisein the cost of power generation based upon fossil
fuel combustion and a relative improvement in the competi-
tive position of an increasing range of renewable energy
technologies.

Footnotes

1 See Watt and Outhred (2001) for adetail ed analysis of market
impediments facing renewable energy technologies.

2 The data for Finland underestimate damages due to lack of
data from non-European receptor points.
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* Natural Gas: The problems of gas development at global and regional levels. The determination of prices. The reserve
position. The place of natural gas within the power generation sector. Security of Supply.

* TheOil Industry: Technology and the resource base. The development of the offshore industry. Taxation. New frontiers.
The Future of the North Sea Industry. Qil price developments and market mechanisms.

* IT and the Energy Sector: How has the impact of IT developed, or is the revolution over? The place of e-commerce. The
provision of information by governments and its role. IT and market transparency. IT and its impact on costs.
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will be awarded for the best paper given in this session, plus the refund of the conference registration fees. Please indicate
on the abstract if any author is under 35 years old.

Professor Alex Kemp
Conference Genera Chair
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Should States Restructure Their
Electricity Sectors?
L essons from California and Pennsylvania

By Timothy J. Considine and Andrew N. Kleit*

Five years ago restructuring efforts in several states
promised to unshackle el ectricity firmsfrom the dead hand of
regulation, creating efficiency gains and price reductions
similar to those experienced in transportation, telecommuni-
cations, and other deregulated industries. Today, with the
ongoing problems in California, restructuring is no longer
perceived as a panacea. In this brief essay, we discuss the
motivation behind restructuring, the course of restructuring
in Californiaand Pennsylvania, and the lessonslearned from
these two states.

Why Restructure?

Oddly enough, proponents of restructuring have a diffi-
culttimearticulating why restructuringisagood idea, beyond
ideological references to the efficiencies of free markets.
There are two basic motivations for the recent wave of
restructuring.

Firgt, restructuring frees electricity generators from rate of
return regulation. Generatorsthus have important incentivesto
cut costs, which will result in lower pricesfor consumersin the
long run. Moreover, in areas with excess capacity, competition
will naturally decrease the price of power.

Second, restructuring eliminates the monopoly on retail -
ing held by local distribution companies. In a properly
restructured market, any number of providers can compete
on both price and quality of service when offering retail
electricity to consumers.

We shall arguethat policiesdesigned to recover stranded
costsactually impede competition at theretail level. Stranded
costs are the non-remunerative investments electric utilities
made in generation capacity during the regulated era. The
compromisesthat enabl ed passage of restructuring legislation
allowed utilities to recover their stranded costs in return for
retail price ceilings during this transition period. These
ceilings, however, interfere with the effective operation of a
retail market for electricity.

The California Experience

Thedetailsof the Californiarestructuring plan arewell
known, so only a brief description will be made here.
Generators were deregulated and, for market power reasons,
incumbent producers were required to sell off half of their
generation capacity. The restructuring plan required most
power to be bought and sold in awholesale power exchange
called “POOLCO,” based on one previously used in Britain.
Beginning January 1, 1998, residential customers of the
investor owned utilities received a 10 percent reduction in
their monthly bills. Consumer ratesinclude adistribution and
transmission charge, a generation charge, other miscella-
neous charges, and a competitive transition charge (CTC)

* Timothy J. Considine and Andrew N. Kleit are with the Depart-
ment of Energy, Environmental, and Mineral Economics, The
Pennsylvania State University. This paper is part of a study
funded by the Appalachian Regional Commission. Emails:
cpw@psu.edu and ank1@psu.edu, respectively.

that was used to pay off stranded costs. For example, a
customer of Southern CaliforniaEdison on average paid 12.7
cents per kilowatt hour in 1999 (see Table 1). Morethan 4.6
cents of that reflected a still-regulated transmission and
distribution charge. The generation charge was approxi-
mately 3.2 cents. Other miscellaneous charges amount to a
shade over 2.3 cents. The CTC picked up the remainder, 2.5
cents per kilowatt hour. Consumer rates were frozen until
stranded costs were paid off.

Tablel
Average Electricity Ratesfor Southern California
Edison Co., 1998-2001

Averageratein cents per kilowatt hours

Component 1998 1999 01/2000- 05/2000-

04/2000 02/2001
Generation Charge 3.34 3.22 3.78 17.36
Transmission &

Distribution 3.34 4.64 5.66 3.44
CTC 3.28 2.50 118 -10.11
Other Charges 2.76 2.31 2.10 2.17
Amount paid

per month 12.72 12.67 12.72 12.86

Note that the CTC charge is aresidual set equal to the
fixed price to consumers minus transmission, distribution,
and other charges, and minus the fluctuating generation
price. Aslong asthe generation price did not go “too high”
the CTC would remain positive, and the system would be
financially stable.

In this system, generators have important incentives to
cut costs, one of the two objectives of restructuring. But
where did this leave retailing? In the California system,
retailing was left absolutely nowhere. Any consumer who
chose to purchase power from aretailer other than the local
distribution company received arebate equal to the POOL CO
price. Thismeant that aretailer could not show aprofit unless
it was able to purchase power below the POOL CO price for
power, which was close to impossible. For example, if the
POOLCO price was 3.5 cents per kilowatt-hour, 3.5 cents
was the amount of the rebate. Since no one would sell to
retailersat lessthan 3.5 centswhen they could get thisamount
in the POOLCO market, no electricity retailer could make
money in California. Thus, the California system precluded
retail competition until stranded costs were paid off.

Unfortunately, by the summer of 2000, the California
systemunraveled. Thechief cul prit wasthelack of electricity
supply. For over adecade, it had been extremely difficult to
site new power plants in California. The state had become
highly dependent on hydroelectric sources, power from
natural gas plants, and imported power. In the summer of
2000 lack of rain and snow from the previous winter greatly
reduced the availability of hydroelectric resources. Rising
natural gas pricesalso increased the cost of gas-fired genera-
tion, which provides more than forty percent of the total
generation capacity in California. Perhapscombined withthe
exercise of market power by suppliers, the result was a price
explosion. The wholesale price of electricity rose over ten
fold.

Distribution companies, with their retail prices fixed by
law, saw their generation prices not only drive their CTC to
zero, but negative, eating up their existing equity base. The
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problem was further exacerbated by the requirement that
distribution companies buy their power on the spot market
through the POOLCO. Distribution companies, unable to
shield themselves against price risk though the use of long-
term contracts, and unable to raise retail rates because of
regulation, had to suffer the full financial exposure of the
price increase.

By January 2001, the major distribution companies in
California were essentially bankrupt. Power generators
refused to sell these companies power for fear of non-
payment, and widespread blackout resulted. The state of
Cdlifornia stepped in, eliminated the POOL CO, and subsi-
dized electricity markets, at a cost of approximately $40
million per day. At this writing, the state is only now
beginning to raise electricity prices.

Restructuring did not cause the power supply shortagein
Cdlifornia. But the form of restructuring — with generators
and distributorsessentially required to buy on the spot market
— exposed them to the risk of using spot markets. The
regul ated retail prices meant that distribution companiesheld
all therisk. When prices exploded, bankruptcy and blackouts
were the natural response. The state of California, by not
allowing prices to rise, at least at this point in time, is only
exacerbating the problem.

The Pennsylvania Experience

The Pennsylvania restructuring plan was similar to the
Cdliforniaplan in several ways. Generation was freed from
rate of return regulation, and power was sold in a largely
unregulated market. Generation divestitures were not re-
quired, though many took place voluntarily. Prices to con-
sumers were lowered 10 percent, and capped for the period
of stranded cost recovery. Again, pricesto consumers were
set as a total of transmission, distribution, generation, and
CTC charges (see Table 2).

Table2
Average Electricity Ratesfor Selected Pennsylvania
Utilities, 1999

Ratein centsper kilowatt hours
Component PECO GPU Allegheny
Generation Charge 5.75 4.00 3.22
Transmission & Distribution  4.57 3.03 3.06
Transition Charge 1.82 0.73 0.64
Amount paid per month 12.14 7.76 6.92

There were, however, two important differences from
the Californiastructure. First, power could be sold on a spot
or long-term basis, whatever the parties thought was in their
best interest. Second, consumers choosing a supplier other
than their local distribution company were given “shopping
credits’ set administratively by the state Public Utility
Commission. Shopping creditswere set originally abovethe
generation cost component of retail prices, which alowed
retailers to enter the market.

Electricity retailers did enter the market, selling at one
point up to 10 percent of customers. Of special significance
is the success of Green Mountain Power, which has sold
environmentally friendly power to customers at a premium
price. Unfortunately, as market prices have risen (and
shopping creditsremained fixed), retail ershavebeen squeezed

out of the market.

Wholesale electricity prices have risen in Pennsylvania
in the last two years by approximately 25 percent. Power in
Pennsylvania comes largely from coal-fired generators, with
natural gas plants representing only the marginal suppliers.
New power plants are being allowed into the system, though
the required administrative and regulatory procedures slow
this process down.

The Pennsylvania price cap, just like its California
equivalent, does create the possibility of a market meltdown
if wholesale pricesrisetoo high. But that has not happened,
and isnot likely to. The supply of power in Pennsylvaniais
very stable, and isnot highly dependent on the price of natural
gas and on natural factors, such as the amount of rainfall.
Summer peaking prices can get very high, but only for
relatively short periods of time.

Can Electricity Restructuring Survive?

The Californiaexperience bringsclear lessons. |If power
markets are going to be restructured, retail prices must be
allowed to reflect the opportunity cost of power. Further, if
restructuring is about allowing contractual freedom, power
should be allowed to be sold in any form trading parties
choose, not just on the spot market.

ThePennsylvaniaexampl e showsthat el ectricity restruc-
turing can survive, and survive with some success. But one
issue that comes out of both California and Pennsylvaniais
the failure of retail suppliers to enter the market, and to
survivethere. Wesuggest that thisisin large part dueto price
capsrequired by regulatorsin both states. Potential retailers
must compete against a regulated price that greatly limits
their profit opportunities. Only when price caps are elimi-
nated in Pennsylvaniado we expect to see aburgeoning retail
market for power.

Should other states restructure? We suggest that the
answer isaqualified, “ yes'. But restructuring efforts should
avoid as much as possible any type of price cap. Inaddition,
advocates of restructuring should understand that generation
efficiencies and a robust retail market take time to evolve.

CALL FOR PAPERS

4" USAEE/IAEE/Allied Social Science Associations
Meeting

Atlanta, GA — January 4 - 6, 2002

Thel AEE annually putstogether an academic session
at the ASSA mestings in early January. This year’s
session will be structured by Carol Dahl of the Colorado
School of Mines.

The theme for the session will be “Current Issues in
Energy Economics and Modeling.”

If you areinterested in presenting please send an abstract
of 200-400 words to Carol Dahl at (cadahl @mines.edu) by
May 25, 2001. Preliminary decisionson papers presented and
discussants will be made by July 1. The program including
abstracts will be posted at iace@iaee.org by September 1,
2001. Pleasesend abstractsin electronic format that iseasily
converted into program information. (e.g. word, wp, text).

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

http://www.vanderbilt.edu/AEA/index.htm
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The New Regional Economic Impact Modeling
Approach for the U.S. Minerals Management
Service

By Kim F. Coffman, Vicki Zatarain
and Sephanie Gambino*

Introduction

The U.S. Minerals Management Service (MMYS) is
responsible for managing mineral resources on the Federal
Outer Continental Shelf (OCS). Among the many factors
decision makers must consider prior to scheduling and
conducting OCS qil and gas | ease sales (auctions of devel op-
ment rights) are the magnitude and location of economic
impacts on local communities. In the late 1990s, MMS
developed a new framework for estimating regiona eco-
nomic impacts that recognizes regional differences but pro-
videsfor aconsistent approach to the devel opment of models
for all coastal areasand for different levels of analysis. This
paper presents a general description of that framework and
the models themselves, focusing on models for Gulf of
Mexico (GOM) analyses. For more details on the various
activities that comprise an offshore oil and gas project,* the
resulting expenditures, and the allocation of those expendi-
tures to specific industrial sectors in designated onshore
economies, see the papers by David Dismukes & Williams
Olatubi and by Jonathan Skolnik & Chris Holleyman in the
proceedings for the April 2001 IAEE International Confer-
ence.

Background
L egal Mandate

The OCS Lands Act, as amended, established a policy
for the management of oil and natural gasonthe OCSand for
protection of the marine and coastal environments. The
mandate given MMS under the OCS Lands Act and other
laws, is essentialy

* to expedite exploration & development of the OCS;
* to protect human, marine, & coastal environments;

¢ to obtain for the public afair & equitable return on OCS
resources,

* to preserve & maintain competition; and

* to balance this range of objectives under all market
conditions.

Regional economic impact analyses play a part in two
kinds of planning to help carry out this mandate. Thefirstis
the development of anew 5-year program (a 5-year schedule
of proposed auctions of mineral rights, which are called |ease
sales). The OCS Lands Act requires that a 5-year program
be in place and lays out a variety of considerations and
reguirementsfor devel oping one. After a5-year program has
been approved, and prior to each lease sale, MM S conducts

*Kim F. Coffman, Vicki Zatarain, and Stephanie Gambino, are
with the U.S. Minerals Management Service.This is an edited
version of a paper presented at the 24th Annual |nternational
Conference of the IAEE in Houston, TX.

Any views expressed herein are those of the authors and may not
reflect the officia views and policies of the U.S. Minerals
Management Service.

more detailed analyses for decision makers, who then decide
whether the sale will be held as proposed, modified, delayed,
or cancelled.

The regional economic impact analyses conducted in
these planning phases help satisfy two primary statutory
requirements. Section 18 of the OCSLandsAct requiresthat,
in the development of a 5-year program, the

[t]liming and location of exploration, development,
and production of oil and gas among the oil- and gas-
bearing physiographic regions of the outer Continental
Shelf shall be based on a consideration of ... (B) an
equitablesharing of devel opmental benefitsand environ-
mental risks among the various regions ... . [43 U.S.C.
1344(8)(2)]

The equitable sharing analysis, which examines all
coastal areas near lease sale areas on a proposed schedule, is
included in the decision document for each of three stagesin
the development of a new 5-year program.

In addition, the National Environmental Policy Act
(NEPA) of 1969 states that

[t]he Congress authorizes and directs that, to the
fullest extent possible: ... (2) all agenciesof the Federal
Government shall ... (C) include in every recommenda-
tion or report on a proposal for legislation and other
major Federal Actionssignificantly affecting the quality
of the human environment, a detailed statement by the
responsible official on (i) the environmental impact of
the proposed action, ... . [42 U.S.C. 4332]

To this end, MMS prepares Environmental Impact
Statements (EISs) and Environmental Assessments (EAS);
acquires marine environmental data; analyzesdata, literature
surveys, socioeconomic studies, and special studies; and
holds public conferences. The EIS for a proposed 5-year
program contains aregional impact analysis for each coastal
area throughout the Nation near a sale on the proposed
schedule, while the EIS for an individual lease sale includes
an analysis for the local coastal areas.

Application of Regional Economic I mpact Analysesto
MMSMandate

However they measureregional economic effectsof new
investments or activity, such as OCS oil and gas develop-
ment, regional economists generally classify the effects as
direct, indirect, or induced. For the equitable sharing and
ElS analyses, direct effects are those resulting from the first
round of “new” spending by companies working directly on
an OCS project(s). Indirect effectsresult from the additional
project-related spending of contractors, vendors, and others
who provide goods and services to the companies working
directly on the OCS project(s). Induced effects result from
the additional consumer spending by employees (and their
families) of the businesses working directly on, or providing
goods and services in support of, the project(s).

The MM S bases all its analyses of proposed |ease sales,
not just those of regional economic impacts, on Exploration
and Development (E& D) Scenarios. The appropriate MM S
regional office’s Resource Evaluation unit prepares an E& D
scenario for each sale or schedule of sadles. The E&D
scenario consists of estimates of the amount of infrastructure

1 See footnotes at end of text
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required for the exploration, development, and production
anticipated from the proposal in question. Each scenario is
based on an analysis of existing geologic data and assump-
tions about the extent to which unleased resources will be
discovered and produced at specified price paths. For some
analyses, the scenario includes a forecast of the annual
distribution of these activities over time, e.g., the number of
exploration wellsin year 1, the number of exploration wells
and of development wellsin year 2, etc. For the GOM, these
estimatesare provided for several water depths, from shallow
to ultra deep water.

The E&D scenario for a proposed 5-year program
encompasses al anticipated projects in each OCS planning
area. For a single proposed lease sale, it encompasses all
anticipated projects in the OCS planning area for which the
saleisscheduled. Post-lease analyseswouldtendtofocuson
aspecific project, for which the direct effects may be known.

For the GOM planning areas,? the E& D scenario pro-
vides estimates of

¢ number of new exploration & delineation wells
¢ number of new platforms

¢ number of new development wells

* milesof new pipelineinstalled

* number of workovers

¢ quantity of oil produced

¢ quantity of gas produced

* number of new gas processing facilities

* number of platforms removed.

Any model that MM Susesto estimateregional economic
impacts of proposed OCS oil and gas activities must do
several things. First, for each OCS activity related to a
specific OCS planning area, the model must estimate the
typical industry expenditure, then allocate that expenditure
among the onshore geographic areas to be considered in the
analysis. Such models must be developed specifically for
OCS oil and gas analyses to reflect the unique expenditure
patterns of OCS-related companies. For example, OCS
activities require much larger purchases of steel pipe and air
and water transportation than do onshore activities, where a
higher proportion of expenditures necessarily goes to the
other factors, including ground transportation. Industry ex-
penditures also vary by the water depth at the location of the
exploration or production facilities. For example, an explor-
atory well in 50 metersof water isexpected to bedrilled using
a jack-up rig and to cost about $4 million, whereas an
exploratory well in 950 meters of water may be drilled using
adrill ship and cost more than $10 million to complete.

The model also must estimate indirect and induced
effects. For an EIS, MMS needs impact data for specific
onshore areas composed of single boroughs/municipalities
(in Alaska) or groups of contiguous counties/parishes that
exhibit shared economic activity (in GOM States). Because
the secondary and tertiary spending patterns resulting from
direct expenditures vary by onshore area, a separate set of
multipliers® must be used for each.

In addition, an accurate model must reflect typical
commuting patterns for workers in OCS-related industries.
For example, OCS platform workers tend to spend aweek or
more offshore, followed by the same period at home. This
allows them to commute longer distances and resultsin such

workers spending most of their income outside the areas of
analysis. Therefore, to accurately model the onshore effects
of OCS activities, an analyst must know what percentage of
workers spend what portion of their income where, then must
use a customized model or must “recalibrate” amore general
model to properly characterize local labor payments in
certain industries.

Regional Economic Modeling: Previous MM S Methodology

Prior to the Autumn of 2000, the Alaska OCS Regional
Office and the GOM OCS Regional Office used indepen-
dently devel oped processes to estimate regional employment
impacts for EISs. The equitable sharing analysis was done
with existing data, with little use of output from impact
models.

In the Alaskaoffice, MM S used the “Manpower” model
to convert E& D scenarios into estimates of direct employ-
ment expected to result from a proposed OCS lease sale.
Manpower, which was developed by MM S employees with
contractor assistance, consists of a set of simple multipliers
on spreadsheet pagesin a Corel Quattro Pro notebook. MMS
used the Rural Alaska Model (RAM), developed by the
University of Alaska, and the output from Manpower to
estimate indirect and induced employment. The RAM con-
sists of a set of worksheets in a Microsoft Excel workbook.
Like Manpower, it uses simple multipliers to estimate
results. The RAM isactually acollection of 10 models, 1 for
each of 10 local onshore areas.

In the GOM office, MMS used an unnamed, staff-
developed, MS Excel spreadsheet to estimate direct, indirect,
and induced employment effects. The GOM office based its
direct employment and population projections on average
employment requirements for OCS activities (by type of
activity and water depth), determined through an informal
survey of industry employment types and locations. The
GOM region allocated onshore direct effects using historical
data from an offshore rig locator service. The same model
used exogenous multipliers developed and modified over
time from County Business Pattern data to estimate indirect
and induced employment.

Giventhelack of proposed |ease salesin either regionfor
morethan 15 years, no PC-based models were maintained to
estimate regional employment impacts for the Atlantic OCS
region or the Pacific OCS region. The Pacific OCS Regional
Office had planned to use analyses of internal environmental
studiesto help estimate direct employment effects and to use
proprietary IMPLAN data and software to estimate indirect
and induced employment effects.

The New MM S Consistent Approach to Regional Economic
Impact Modeling

In the mid-1990s, MMS formed the Developmental
Benefits Model Assessment Team (DBMAT) to develop
proposals to improve its regional economic impact models.
The DBMAT was composed of members from each MMS
OCSregional officeand relevant unitsat MM S headquarters.

While the DBMAT researched a broad range of models
used for regional economic impact analyses, it is important
to note that there was, and is still, no secondary source from
which MMS could obtain data showing how a given expen-

(continued on page 20)
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Regional Economic Impact M odding (continued from page 19)

diture on OCS oil and gas activities reverberates through
onshore economies. No standard statistical series, such as
those compiled by the Departments of Commerce and L abor,
gathers data on the offshore oil and gas industry. In every
case, offshore is combined with onshore oil and gas or with
all mining. These distinctions are important because of the
different spending patterns cited above and because the sector
in which money is spent and workers are employed can
strongly influence the level of indirect and induced effects.

TheDBMAT proposed atwo-step modeling processthat
would allow the devel opment of region-specific modelsto be
developed under a consistent methodology, whether for
large, Statewide or multi-State areas in equitable sharing
analyses or for sub-State areas in specific pre-sale analyses.
Given the Team's belief that there was no single readily
availablemodel adequatefor all MM Sanalyses, thisproposal
called for region-specific “first-step” model components to
estimate direct effectsand “second-step” model components
comprised of, or including multipliers from, a single static
input-output model* with region-specific databases to esti-
mate indirect and induced effects. Accordingly, thefirst-step
component would include a cost function® that not only
estimated the total required expenditures for each E&D
expenditure but also allocated expenditures among industrial
sectors in each onshore area.

After the proposal was approved, the DBMAT selected
theIMPLAN (IMpact Analysisfor PLANnNing) model for the
universal second-step component, becauseit had the simplic-
ity and flexibility to meet current and unforeseen MMS
needs, and it was the most widely used input-output model
available with regularly updated data for all coastal areas.
Furthermore, IMPLAN had been used to analyze impacts
from oil, gas, and non-oil related economic shocks in all
MMS regions.

The necessary first-step data for the two OCS regions
available for leasing consideration was obtained through
outside contracts. The Center for Energy Studies (CES) at
Louisiana State University developed the data for the cost
functions and onshore alocations for the GOM under a
Coastal Marine Institute contract. Jack Faucett Associates
(JFA) was hired to develop first-step models for the Arctic
and Sub-Arctic Alaska OCS.

CES and JFA had to determine the appropriate technol-
ogy for each phase of development, e.g., exploratory drilling
or production operations and maintenance, then identify
necessary expenditures and the industrial sectors and geo-
graphic locations of all supporting activities. For example,
while ajackup rig ismost likely to be used in 0-60 meters of
water in the Gulf of Mexico, other drilling structures would
be used in deeper water. However, JFA found that in the
Beaufort Sea, where production from Federal waterswill not
begin until late thisyear at the earliest, normal rigs could not
withstand the winter conditions, and production would most
likely takeplacefrom artificial gravel islandsuntil oil and gas
activities eventually move out of shallow water. The cost
functionsfor thesewater depthsand different kindsof drilling
structures can vary considerably, as can the locations of the
companies providing the necessary goods and services for
fabrication and installation. About 36 percent of platform
fabrication and installation expendituresfor aproject in 0-60

meters of water go to IMPLAN sector 258 (Steel Pipe and
Tubes), while that rises to 56 percent or more for a project
in more than 900 meters of water. Nearby companies are
likely to meet most needs for shallow-water projects in the
GOM, while some important capital goods (like hulls for
deep-water platforms) for deep-water projects—and the ma-
jority of goods and services for Arctic Alaska—may come
from outsidetheregion. All MM S modelstreat expenditures
onforeign goods asleakage, whilemodelsdesigned for EIS's
al so exclude expenditures anywhere outside thelocal areas of
interest.

These are among the many factors influencing the data
used in building a first-step model. For more in-depth
explanations, see the papers by Dismukes & Olatubi and
Skolnik & Holleyman in the proceedings for the April 2001
International Conferencein Houston. Thefull CES and JFA
reports to MMS should be available in mid-2001.

Microsoft Accesswas selected asthe softwaretolink the
E&D scenarios, the first-step components, and IMPLAN.®
Given the large number of inputsfor the second-step compo-
nent, usually numbering many thousands, IMPLAN Pro
software and data are used only to provide and regularly
update sets of multipliers for the MS Access model. The
IMPLAN software itself also could be used for analyses not
requiring extensive data entry.

Becausethemagnitudeof indirect andinduced effectsfor
each industry varies by geographical location, MMS devel-
ops aseparate MS Access model for each onshore areain an
analysis. For the Gulf of Mexico, these onshore areas are

e TX-1 (Aransas, Cahoun, Cameron, Jackson, Kenedy,
Kleberg, Nueces, San Patricio, Refugio, Victoria, Willacy)
TX-2 (Brazioria, Chambers, Fort Bend, Galveston, Hardin,
Harris, Jefferson, Liberty, Matagorda, Montgomery,
Orange, Waller, Wharton)

LA-1 (Cameron, Calcasieu, |beria, Lafayette, Vermilion)
LA-2 (Ascension, East Baton Rouge, Lafourche,
Livingston, St. Charles, St. James, St. Martin, St. Mary,
St. John the Baptist, Tangipahoa, Terrebonne, West Baton
Rouge)

A-3 (Jefferson, Orleans, Plaquemines, St. Bernard, St.
Tammany)
MA-1(Baldwin, AL; Mobile, AL ; Hancock, M S; Harrison,
MS; Jackson, MS; Stone, MS)

FL -Panhandle (Escambia, Santa Rosa, Okaloosa, Walton,
Bay, Franklin, Gulf)

FL-Rest of the western coast’

Rest of the U.S.

The model aso produces direct spending estimates for
Rest of the World, but these results are not used in either the
equitable sharing analysis or the EISs.

For Gulf of Mexico analyses, the entire two-step process
is accomplished within the MS Access model, as shown in
Figure 1.

Figure 1 shows the design view of a sample MS Access
query for the area called LA-1 that illustrates how the GOM
models work. The first box in the upper left corner of the
figure represents the Exploration and Devel opment scenario,
required for any model to produce data. The second
requirement is the first-step component—the third box from
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the left, which contains the cost functions by phase (e.g.,
exploratory drilling) and water depth. The MS Access query
uses this data table (see footnote 5) to estimate the expendi-
tures resulting from the activities and to allocate those
expenditurestoindustrial sectorsintherelevant onshorearea
addressed by this model. So for each exploratory well in O-
60 meters of water, for example, about 70 percent of the
estimated $4.25 million spent to drill each well will be
allocated to sector 38 in the group of parishes called LA-1.

The other boxesto the right comprise the second step of
the model. These are the multipliers for employment, em-
ployee wages, personal income, total value added, and total
economic output. They estimate, for example, the number of
industry jobs created in LA-1 as a result of each million
dollars spent, as well as the number of jobs created by
secondary industries and by households with industry em-
ployees. The equations performed on the data are in the
bottom section of the window.

The models for the Arctic and the Sub-Arctic OCS are
similar in concept, but the linkages between thefirst-step and
second-step components are more complex. The two major
differences between the Alaskamodel s and the GOM models
are that the direct expenditures for the former are estimated
and allocated by the stand-alone Arctic and Sub-Arctic

Impact Modelsfor Petroleumin Alaska (IMPAK), devel oped
in MS Excel by JFA, and that Personal Consumption Expen-
ditures (PCE) areindependently estimated.2 The MS Access
model uses direct expenditures on capital, materials, and
purchased services from IMPAK to stimulate the indirect
IMPLAN multipliers and uses payments to labor (PCE) to
stimulate the induced IMPLAN multipliers. The Arctic
IMPAK estimates the direct expenditure and employment
effectsof proposed activitiesin the Beaufort Seaonthe North
Slope Borough, while the Sub-Arctic IMPAK estimates the
direct effects of proposed activitiesin Cook Inlet on Anchor-
age, on the Kenai Peninsula Borough, and on the Kodiak
Island Borough. Both models estimate direct expendituresin
the Rest of Alaska and in the Rest of the U.S.

At present, the estimated effects of proposed activitiesin
other Alaska OCS planning areas, such as the Chukchi Sea
and the Gulf of Alaska, are estimated using the existing
models and certain rules of thumb for adapting the results.

For the 5-year program’ s equitable sharing analysis, the
modelswill allocateimpactsto the onshore“regions’ usedin
equitable sharing analyses previously upheld by the court.
These are much larger geographical areas than those for

(continued on page 22)

Figurel
Sample View of Microsoft Access Model for Gulf of Mexico
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Regional Economic Impact Modding (continued from page 21)

ElSs. These regions are:

* Regionl—Maine, New Hampshire, Massachusetts, Rhode
Island, Connecticut, New York, New Jersey, Pennsylva-
nia, Delaware, Maryland, Virginia

¢ Region II—North Carolina, South Carolina, Georgia

* Regionlll—Florida

* Region IV—Texas, Louisiana, Mississippi, Alabama

* RegionV—Cadlifornia

¢ Region VI—Washington, Oregon

* RegionVIl—Alaska.

Therequirement for an equitablesharing analysisapplies
only to anew 5-year program, whilethe NEPA analysis(EIS)
must be done for both the 5-year program and the pre-sale
decision processes.

L ooking Forward

The new consistent approach to regional economic
impact modeling will be thoroughly tested over the next year
or two, as MMS conducts at least two iterations of the
equitable sharing analysis and the EIS for the 5-Y ear Oil and
Gas Program for 2002-2007—-which must bein place by mid-
2002. A multi-sale EIS analysis also will be completed for
proposed sales in the Western and Central GOM planning
areas. During this period, MMS will be looking for ways to
improve upon the initial models that have been developed
under this approach.

Some of theseimprovementswill comefrom better data.
For example, MM S is confident that its allocation of expen-
ditures to specific onshore areas is fairly accurate overal;
however, it may be appropriate to further refine the alloca-
tionsaccording to planning areaand water depth of the oil and
gasresourcesin question, aswell as by sector. We expect to
find that the owner of a shallow-water oil and gas lease can
choosefrom anumber of manufacturing and servicefacilities
in nearby GOM areas but that the choice for deep-water
projects may be limited to avery few facilities. Thismay be
especially truefor drilling equipment and platforms. A case
in point isthe Shell Mars Tension Leg Platform. Its 15,650-
ton hull was fabricated in Italy; its 7,200-ton deck was
fabricated in Morgan City, Louisiana; and its 12 pilesand 12
tendons (weighing a total of almost 10,000 tons) were
fabricated in Ingleside, Texas.

In other cases, these improvements may come from
refinement of existing data, for example, developing cost
functions for specific technology (e.g., jack-up rigs). For
analyses of identified projects, these would be better than the
weighted averages for mixed technology that are used for
more genera proposals, like lease sales. Given that the
existing models use a static input-output model to approxi-
mate a dynamic process, MM Sintends to devel op a method-
ology to spread certain E&D expenditures across years,
where appropriate (e.g., for fabricating and installing plat-
forms in deep water).

Other changes will result from the incorporation of
additional research results on commuting (and spending)
patterns for offshore workers, wage rates in related indus-
tries, State and local government revenue collection and
expenditure patterns, and offshore contractor expenditure

patterns that may be masked in existing data.

Finally, MMS hopes to take advantage of more sophis-
ticated features of MS Access and Visual Basic software, as
well asimprovementsto IMPLAN Professional software and
data. Future versions of IMPLAN Pro may allow MMS to
create multi-regional models, which would capture more of
the inter-regional trade interactions. MM S also can develop
uniform input formats and Visual Basic programming in-
structionswithin M'S Accessto make model s easier to update
and easier to link to new E& D scenarios, as well asto make
them more user-friendly.

Footnotes

1 For the purposes of this paper, an oil and gas project includes
al activities necessary for a company to discover and produce oil
and/or natural gas resources from a single field, beginning with
exploratory drilling and ending with removal of the drilling struc-
ture.

2 The activities in an E&D scenario for the Alaska OCS are
equivalent but, especialy in the Arctic, not identical. For more
detail, see the paper by Skolnik & Holleyman, in the proceedings
of the 24th International IAEE Conference.

3 Multipliers estimate the extent to which initial spending
reverberates through the economy. For example, an indirect
multiplier of 1 would indicate that for every initial dollar spent on
oil and gas activities, another dollar is spent by businesses in the
local economy.

4 A static model approximates an outcome for which all
changes occur at once, as opposed to a dynamic model, which
alows for changes and variable interactions over time and is thus
much more complex. An input-output model estimates the mon-
etary interactions among all industries required to achieve a
specified change in output in one or more sectors.

5> The MMS calls the spending estimation and allocation to
industry sectors a “cost function” to avoid confusion with the
similar “production function” for each sector in the second-step
model. Because the analysis of direct effects also requires alloca-
tion of expenditures to the appropriate onshore geographic areas,
this is also sometimes inferred by the term “cost function.”

6 MS Access stores data in tables (data sets) that can be
manipulated by queries (sets of programming instructions). For
example, the E& D table contains the activity level estimates for a
specific E&D scenario. Another table can contain the estimated
amount spent in each industrial sector for each kind of activity. An
M S Accessquery can be designed to multiply thevaluesinthe E& D
table by the corresponding values in the other table to produce an
estimate of thetotal amount spent in each sector asaresult of all the
projected oil- and gas-related activities in the E&D scenario.

7 Specification of the Florida areas sometimes varies, expand-
ing to as many as four areas.

8Due to the extent that sector production functionsin Alaska
differ from the national averages used in IMPLAN, direct expen-
dituresfrom either IMPAK areallocated well beyond thefirst round
of spending. The goa of both JFA and CES was to alocate
expenditures down to the sector level at which the IMPLAN
production functions would be as accurate as their OCS cost
functions. For Alaska, this often required JFA to effectively create
new industries.
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Factors Relevant to I ncorporating Wind Power
Plants into the Generating Mix in Restructured
Electricity Markets

By Michael R. Milligan*

Introduction

In many places throughout the world there isincreasing
interest in developing power plants that are fueled by the
wind. Wind power plants are a clean source of electricity.
However, many electric generating companies are reluctant
toinstall significant wind capacity because of theintermittent
nature of the resource. Wind power plants cannot be con-
trolled inthe same way astheir conventional cousins, and are
subject to the availability of thewind itself. From one year to
thenext, itisalsolikely that theyield from awind power plant
will vary. Both of these issues can be characterized as
different aspects of risk, which is becoming an important
topic as the electricity industry moves toward a greater
degree of competition under restructuring.

To reduce the risk of depending too heavily on one
specific type of generation or fuel, resource-planning tech-
nigues haveincorporated methodsof portfolio diversification
theory. Financial option theory is also used to evaluate the
relative costs of building a power plant now or building it
later. Another strategy is hedging, which can consist of
forward trading or contracts for differences. Applying these
theories and practices to resource planning hel ps companies
assess and reduce risksin the emerging competitive environ-
ment.

In the regulatory environment, risk is shared by the
consumers and the power company, although some would
argue that most risk is borne by the consumer while the
monopoly power company enjoysavirtually guaranteed rate
of return set by the regulator. But as electricity markets
become more open, power companies are attempting to
recognize and quantify variousrisksthat they had previously
been abletoignore. Some of theseincludetherisk that anew
unitwon’t becompleted whenitisneeded, therisk of fuel cost
escalation, or future regulations covering various emission
levels. Intermittent power plants, such as wind plants, enter
risk discussions in several ways. There is the obvious risk
that the wind power plant may not produce power when it is
needed, but that is balanced against the risk undertaken by
building power plantsfor which lifetime-fuel costs cannot be
accurately determined at the time of plant construction.
Although the fuel for a wind plant is inexpensive and in
plentiful supply, the timing of its availability is not always
known in advance, and is subject to variation. Other risks
faced by power producersincludetherisk of future emissions
abatement requirements and the resulting effect of the cost of
conventional power generation. Power companies facing
restructuring arefamiliarizing themselveswith the principles
needed to analyze the risks and benefits associated with wind
power plants. Aswe move forward, risk-based performance

*Michael R. Milligan is with the National Wind Technology
Center, National Renewable Energy Laboratory. He can be
reached at milligan@nrel.gov Thisis an edited version of a paper
presented at the 24th Annual International Conferenceof thel AEE
in Houston, TX.

measures of power systems, markets, and generators will
become more prevalent.

This paper examines some of the factors related to the
operation of, and planning for, wind power plants. In spite of
the move towards restructuring and new ways of doing
business, utilities that are evaluating wind power plants are
asking questions about the intermittency of wind and the
implicationsof thisintermittency on power system operation.
To deal effectively with intermittency, accurate wind fore-
casts can prove helpful, both in regulated and in unregul ated
markets. Another important consideration involves the mea-
surement of available capacity to determine whether electric
capacity is sufficient to cover demand. Thisleads usinto the
area of reliability assessment, and to reliability-based mea-
sures of capacity credit.

The power generation industry is assumed to include
many types of firms, ranging from small firms that own one
or two generating resources, to behemoth firms with genera-
tion ownership up to 30,000 megawatts (MW) or more. Inthis
paper the term “utility” means power generator (also known
as generating company or GENCO), as we straddle environ-
mentsthat are still regulated and those that have restructured.
It is also assumed that at least some of these companies will
hold both wind-generating capability and other conventional
power generators, and that restructuringisawork in progress.
The electricity industry has not been down this road before,
and predictions about how a specific market will perform can
only be answered with experience. As one of the earliest
examples of restructuring, the United Kingdom power sys-
tem hasrecently made somevery significant changesin many
aspects of the operating procedure of the electricity supply
industry. Current eventsin the California electricity market
demonstrate that generating supply adequacy, reliability, and
capacity measurements, are still very important. Further
discussion in this paper concerning the electricity market is
made under the assumption that the restructuring dust world-
widehasnot yet settled. Therearemany underlying technical
issues that must be addressed by the market, and the first and
even subsequent versions of the market rules may not address
al of these issues.

The results presented in this paper are from various
projects undertaken at the U.S. National Renewable Energy
Laboratory (NREL), involving electricity production simula-
tions using actual wind-speed data, generator data, and
electric load data. Datawere also used from several different
utilitiesor regionsand many wind sites. The hourly dataused
for wind power are based on actual wind dataand are applied
to various wind-turbine power curves, all of which represent
actual wind turbines, to calculate the hourly power output of
several hypothetical wind power plants. The electricity
production simulation and reliability programs used for this
work are Elfin (a load duration curve model produced by
Environmental Defense) and P+ (an hourly chronological
model produced by the P Plus Corporation). In the wake of
restructuring, both of these models have been enhanced to
allow for the new electricity markets, but the primary least-
cost dispatch algorithms are still at the heart of the models.
Resultsfrom an experimental chronological reliability model
developed at NREL are also included in thiswork. Although
some of the focus and emphasis changes, competitive pres-

(continued on page 24)
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Wind Power (continued from page 23)

surewill inducefirmsto assessthe best (Ieast expensive) way
to produce electricity, subject to profit maximization. To
maintain the reliability of the electricity supply, either some
form of reliability-based pricing or regulation may become
necessary.

Some of thefactorsrelevant to incorporating wind plants
into the generation mix can be framed by these questions:
Does a wind power plant offer any value to a generation
company that owns a variety of generating resources? Can
wind energy systems reduce the need for conventional
generation in theindustry supply portfolio? If so, how much
generation can be displaced, and how can it be measured?
Does the intermittency of wind power plants present any
significant problems for the operation of electric power
systems? Can any of these problems, or problems of lesser
significance, be mitigated, and if so, how? Will it be possible
for wind plant owners/operators to participate in the newly
emerging electricity markets, such as day-ahead markets, in
the new market structure?

The Value of Wind Power Plants

It is widely recognized that wind power plants can
provide energy valueto thegrid. Thisvalueisaresult of the
reduction in electricity generated from conventional power
plants, made possible by the wind plant. The value of offset
fuel consumption and emissions reduction can be calcul ated
by an electricity production simulation model. In many cases
wind power plants can offset the need for conventional power
plants. The variable and marginal costs of wind generation
are typically less than most, if not all, other power plants
because thereisno fuel cost, and operation and maintenance
costs are very low. In regulated electricity markets, this
means that each wind-generated kil owatt-hour (kWh) would
be utilized whenever available, making it possible for the
utility toramp back on other |oad-following power plants. As
we move toward a restructured industry, generating compa-
nies with diverse generating portfolios will still attempt to
produce electricity, subject to various bidding strategies, at
lowest possible cost and highest possible profit. Therefore, a
generating company that owns a portfolio of generators that
includes wind power plants will attempt to maximize the
efficient use of thewind plantsto reducefuel costs associated
with conventional power generation.

The value that wind plants contribute to generating
companiesdependsheavily onthe GENCO’ s specific combi-
nation of generators, and the influences of the chronological
wind pattern and itsrel ationship to the expected load. A wind
site that is attractive to one utility may not be as attractive to
another. Milligan and Miller experimented with various
combinations of wind sitesand utility dataand found signifi-
cant variations in the benefit of otherwise identical wind
power plantsto different utilities. Inastudy by Milligan, two
large utilities were modeled. The model paired each utility
with each wind site, one at atime. The benefit provided by
the wind power plant includes three parts: (1) energy, which
represents the reduction in conventional fuel cost resulting
from adding awind power plant; (2) capacity, defined in this
case by the shortage method adopted by the CaliforniaEnergy
Commission (CEC) prior to restructuring in California; and
(3) emissionsvalue, which was also valued on aper/ton basis

by the CEC prior to restructuring. The full socia value of
reduced emission levelsmay not find itsway into the market,
but isawell-known market externality. The energy, capacity,
and emission values were calculated by initially running the
model without any wind generation. After theresultsfor this
no-wind case were collected, the values were recal cul ated to
includea125 MW wind power plant. Thedifferencebetween
thesetwo casesgivesusthevalueprovided by thewind power
plant.

Figure 1 illustrates the results for the two utilities, U1l
and U2 (the utilities are not identified because of prior
agreement). Thewind sitesutilizedinthisstudy includeasite
from a West Coast mountain pass (WC) and a site from the
High Plains (HP). The vertical axis of the graph represents
the benefit as a percent of cost, which is $1,000/kW. It is
clear from the diagram that (a) a given wind site will
contribute adifferent level of value, depending on the utility,
and (b) the value of wind power to a utility will vary as a
function of the chronological variation of the wind power
plant.

Figurel

Valuevs. Cost for Several Wind Siteand
Utility Combinations
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Milligan also shows the results of several electricity
production simulations using a chronological model. Using
various combinations of utilitiesand wind regimes, thiswork
shows the reduction in generation from those units on the
margin during periods of significant wind generation when
the chronol ogical unit-commitment and economic dispatchis
optimized to include the wind plant. For one of the large
utilitiesthat was studied, thetotal number of start-stop cycles
from conventional power plants was reduced by about 700
cycleslyear.

Forecasting, Capacity and Risk

There are several ways to look at the effective capacity
of wind power plants. In regulated markets the term
“capacity credit” is often used to describe the level of
conventional capacity that a wind plant could replace. This
section assumes that uses of the term “capacity credit” may
be more general in the newly restructured markets. It begins
by discussing some general characteristics of various pool
bidding processesand the uniqueissuesraised by wind power
plants in these arrangements. The discussion will look at
short-term markets and the role wind forecasting can play in
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those markets, followed by an examination of measures of
capacity credit that are based on reliability estimates. These
estimates have been used in some regulated environments.
Whether these will be appropriate in the new electricity
markets may still be open to some question.

Bidding Wind Power into the Supply Pool

Because electricity has a higher value during periods of
system peak demand, generating companies will have a
higher economicincentiveto secureabid into the pool during
these times, as compared to periods of relatively low system
demand. Astherestructuring landscape continuesto evolve,
differences in many aspects of the wholesale electricity
market will surface as they did in California in the United
States, and in the United Kingdom. However, an emerging
trend is for some mechanism by which buyers and sellers
strike agreements on price and quantity during a period prior
to the actua transaction. The elapsed time between the
agreement and the actual exchange of power may range from
hours to days in these short-term markets. This discussion
only describes short-term operational transactions, ignoring
any longer-term transactions so that we can focus on the
operational market.

Wind power plant owners must participate in such
bidding arrangementsto sell power unless bilateral contracts
or market bundling become significant. Although the short-
term markets may include some provision to account for
spinning reservesto cover unforeseen generator malfunction
or higher than anticipated customer load, it is advantageous
to the wind plant owner to ensure that the capacity or energy
bid into the market can be supplied at the specified time of
delivery. However, there are various mechanisms that can
be used when contracted power isnot delivered as specified.
An example of one mechanism is the Balancing and Settle-
ment Code (BSC) in the United Kingdom, in which market
participants must pay for any imbalances during a settlement
period that occurs after the time of the specified transaction.
Therefore the wind plant operator, as do all power plant
operators, hasan economicincentiveto bid quantitiesinto the
market that can be reasonably supplied.

For the wind plant operator there is an additional
complication. The intermittent nature of the wind makes it
impossible to control the power plant the same way a
conventional unit is controlled. Significant social costs are
imposed during outages, which iswhy all electrical systems
maintain a spinning reserve. However, scheduling more
generation than is needed also results in unnecessary costs.
Theincidence of these costs can vary widely, and caninclude
any combination of the power generators, distribution com-
panies, or ultimate consumers. Thetotal generation supplied
should equal total demand (allowing for reserves, ancillary
services, etc.) to minimize coststhat areinduced by either an
oversupply or undersupply of electricity. Therefore, the
stochastic nature of the fuel source makesit vital for thewind
plant operator to obtain an accurate forecast of thewind speed
for the power delivery period.

An accurate forecast would have value in bilateral
contracting, or any other arrangement under which the wind
power plant operator/owner sellspower on ascheduled basis.
Thevalue of an accurate wind forecast in apool arrangement
will depend on many factors; among them is the generation
portfolio that is controlled by the GENCO. If a quick-

response unit is part of that portfolio, that unit can be brought
online quickly during unexpected lulls in the wind. Con-
versely, if thereisan unexpected period of wind, itispossible
that acombustion turbine or other similar unit can be ramped
down to avoid the use of arelatively expensive fuel.

Milligan, Miller, and Chapman modeled two large
utilities in two regulated markets and showed significant
economic benefits of accurate wind forecasts. Their ap-
proach was to cal culate the optimal unit commitment sched-
ule under various assumptions about wind timing and avail-
ability. To introduce forecast error into the model, they
modified thewind power availability after fixing the commit-
ment schedul eto aspecificwind forecast. Thisallowed them
to calculate the difference in power production cost that
would result from wind forecasts from various degrees of
accuracy ranging from 0% — 100%. They found that the
economic benefits of an accurate forecast were substantial
because errors in unit commitment and economic dispatch
can bereduced or avoided. It isalso likely that accurate wind
forecasting will help reduce or eliminate any operating
penalties that might otherwise occur because of the intermit-
tent nature of the wind resource.

TheNational Renewable Energy Laboratory iscurrently
working with the Electric Power Research I nstitute on awind
energy forecasting development and testing program and is
conducting independent research on wind forecasting tech-
niques. Accurate wind forecasting may be one of the most
important issues facing wind power plant operators in re-
structured electricity markets. As market-based €electricity
supply pools continue to develop around the world, wind
plant operators must be able to participate in the various
bidding arrangements. In the very short-term power markets,
it remainsto be seen whether separate capacity paymentswill
be made, or whether energy will simply be more highly
valued during peak periods than in non-peak periods. How-
ever, the penalty for over- or under-scheduling resources
during the system peak is higher than during other periods.
The most effectivetool for thewind plant operator may be an
accurate wind forecast for the period that is covered by the
bidding process.

Reliability-based M easures of Capacity Credit

As utilities develop more risk-evaluation strategies, a
central element will continueto be overall system reliability.
This paper ignores the reliability aspects of the transmission
and distribution grids, as the number and complexity of
transactions on these grids continues to increase. However,
this aspect of reliability will be critical in the future. For
example, a recent international panel of electric-system
reliability experts agreed that: (1) electrical reliability inthe
United Statesisvery hightoday, particularly asviewed inthe
context of generation reliability; (2) the transactions in the
wholesale market that will arise from the restructuring of the
industry will be far more complex than they were in the past;
and (3) system reliability will likely worsen, but will in any
case continue to be an important issue in a restructured
market. This section will focus on the reliability of the
generating system. Recent experiencesin parts of the United
States indicate that concerns over the adequacy of the
generation supply appear to bewarranted. Giventhe stochas-

(continued on page 26)
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tic component of electricity demand and a corresponding
stochastic component of the generation supply, the grid
operator isstill faced with the problem of balancing loads and
resources. Asregional coordinating councils or power pools
evaluate the electricity supply in future peak periods, risk
assessment will continue to be important. Large GENCOs
till perform reliability studies, and measures such as | oss of
load probability (LOLP) are still used to assess system
adequacy. Until the new BSC recently went into effect in the
United Kingdom, LOLP was used to determine capacity
prices, athough that caused significant volatility in those
prices.

There are several ways in which one can evaluate the
reliability contribution of a single power plant to the gener-
ating system. One way involves calculating the reliability
measure of choice (LOLP or expected energy not served,
[ENS], for example) and comparing the results with and
without the generator of interest. Another approachisclosely
related, but instead of using LOLP or ENS, the reliability
measureisconverted to amegawatt quantity by increasing the
peak load until the reliability matches the base case (exclud-
ing the generator of interest). This quantity, called the
effectiveload carrying capability (ELCC), iswell known and
hasbeen widely used for many years. EL CC hastraditionally
been called a measure of capacity credit. To evaluate
competing power plant options, one can calculate the ELCC
of each plant to determine the effective capacity contributed
by each one. Ancther related approach is to compare an
intermittent power plant, such aswind, toitsclosest competi-
tor; often agasplant. Theevaluation strategy workslikethis.
For agiven size gas plant, calculate the system reliability for
the generating system, including the gas plant. Record the
system reliability attained by the calculations. Then remove
the gas plant, substituting increasing penetrations of wind
capacity until the reliability measure equals the system
reliability in the gas plant case. Once this equality has been
achieved, the rated capacity in MW of the wind plant is
reliability-equivalent to the gas plant.

ELCC can be calculated for a wind power plant, using
the same basic technique as for conventional power genera-
tors. The advantage to using a measure such as ELCC is
because it takes the relative load level and timing of wind
power delivery into account. For example, a wind power
plant that generates most of itsoutput during off-peak periods
would achieve a lower ELCC value than a wind plant that
generates most of itsenergy during peak periods. ELCC also
makesit possibleto compare two or more generation options
that deliver the samelevel of reliability to the grid. Although
these cal cul ations can be donewith al oad-duration model, the
results are more accurate with actual hourly chronological
wind power output and hourly chronological load data.

However, many chronological production simulation
and reliability models may not accurately capture the prob-
ability that a wind plant may not deliver its statistically
expected output and also model thetime-variability of awind
plant. Figure 2 shows a comparison of the conventional
reliability calculation of loss of lead expectation (LOLE) as
calculated by a commercial model, and calculated by an
experimental chronological reliability model developed at
NREL. The graph shows the difference as a function of the

load level for the electrical supply in Minnesota, along with
alarge composite wind site. The graph shows that thereis a
significant difference between what is normally calculated

Figure2
Comparison of Reliability Measures of a Wind Power
Plant
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when wind power istreated asaload-modifier (LMLOLE) in
the modeling process, as compared to a direct assessment
based on the chronology of thewind power output (DLOLE).
As the need for wind power plant reliability assessment
increases, it will be important to adjust the fundamental
reliability algorithm so that more accuracy can be achieved.

Will ELCC still be relevant in the new markets? There
will continue to be a need to measure capacity contributions
and risk. If ELCC is not the right measure, another may take
its place for large-scale evaluations of generation adequacy
(pools, control areas, etc.) Investorsand GENCOs also need
information that helps compare different power generation
options, risks, and estimated rates-of-return for alternative
power plants. Theserates-of-return may be based, at least in
part, on capacity payments, depending on the structure of
contracting in the electricity market. ELCC provides impor-
tant information about how the plant operates in the context
of the market or GENCO assets and has a built-in risk
component, so it may continue to be useful as risk analysis
becomes more important in the new markets. ELCC or
variations on ELCC could also play a role in determining
capacity payments or risk-based assessments of whether a
wind plant operator islikely to meet abid into aday-ahead or
hours-ahead market. Because of the evolutionary nature of
restructuring, the notion of capacity credit may be somewhat
transitional in nature, and whether EL CC continuesits useful
life in the long term may be open to some question.

Year-To-Year Variability and Extensionsto Gener alized
Risk Assessment

Because wind speed can vary significantly from year to
year and from hour to hour, capacity credit estimatesthat are
based on asingle year (or less) of data and modeled without
taking this variation into account may not be credible. This
section examines modeling techniques that can help assess
this variation, and suggests that these methods can be
extended for generalized risk assessment.

Many production-cost and reliability models have a
Monte Carlo option that allows sampling from the probability
distributions of generator availability. Thisapproach isused
to obtain a better estimate of the range of possible outcomes
than can be provided by the usual convolution approach.
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Another advantage of the Monte Carlo method is that it
provides estimates of various probability distributions, such
as system reliability and system costs. The P+ model also
has a branching option that combines the more efficient
convolution approach with the more precise Monte Carlo
method. The branching technique performsthe usual convo-
lution on all but one generator. Thisgenerator’s statewill be
sampled repeatedly via Monte Carlo, holding all other
generator valuesto the expected valuesfrom the convolution.
This alows the andyst to focus on the effects of a particular
generator, without paying the full price of heavy executiontime
that can beexacted by full MonteCarlosimulations. Anexcellent
discussion of this technique in the context of chronological
production cost models can be found in Marnay and Strauss.

This approach appears to be ideal for modeling wind
power plants. Unfortunately, the Monte Carlo simulation
procedures generally sample from a very simple probability
distribution that is not appropriate for wind power plants.
Thisleadsusto consider separating the probabilistic sampling
from the production-cost model. The method involves
repeated creation of synthetic wind-speed data, that can easily
be used to calculate hourly wind power output. One can
obtain a sequence of such data sets, and then run a series of
production model simulations, capturing the results of these
runs and summarizing in a convenient form. The Monte
Carlo processis used to create the synthetic wind series, and
the production-cost or reliability model can be applied to
each. Thisissometimes called “ Sequential Monte Carlo” to
differentiateit fromthe Monte Carlo logic that is often found
in the models themselves. Milligan illustrates such a Monte
Carlo method, and it is similar to a technique proposed by
Billinton and Chen. Milligan applies this approach to a 13-
year data set, and compares the capacity credit results
obtained with the external Monte Carlo method with results
using the actual wind-speed data. The findings indicate that
thismodeling procedure did avery good job of estimating the
variability in capacity credit, but somewhat underestimated
the variation in energy production. Milligan and Graham
extend the basic framework, using the Elfin and P+ models,
and introduce a reduction technique to help minimize the
significant model run-time that is required for the full
simulation set.

The Milligan and Graham study examined the influence
of inter-annual variationsin wind on EL CC, production cost,
and the scheduling of various conventional generators. Their

Figure3
Estimated Variationsin Effective Load Carrying
Capability of Wind Power Plant
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approach was to generate 1000 synthetic hourly time-series
of wind speed with properties similar to actual hourly wind
speed. For each of the synthetic series, they ran aproduction
simulation model and calculated ELCC. Although this
approach is very time-consuming, it helps answer basic
guestions about the likelihood of significant variationsin the
timing and availability of wind power. Figure 3 shows a
frequency distribution of 1000 model runs based on a wind
plant with a rated capacity of 100 MW. From the graph we
can determinethat 500 times out of 1000 wewould expect the
EL CC of this particular wind plant to fall between 32% and
40% of rated capacity.

The sametechnique can be applied to various other items
of interest. For example, a GENCO can run such a model to
determine the likelihood of committing a conventional unit
given a particular bidding strategy and expected wind fore-
cast error. Milligan and Graham successfully applied this
method to examine various generating schedules and costs
that would vary asafunction of year-to-year changesinwind
generation. One of the by-products of this type of modeling
is the probability distribution of the parameter of interest.

Impacts of Geographic Dispersion

Several studies have examined the issue of geographi-
cally dispersed wind sitesand the potential smoothing benefit
on aggregate wind power output. The principle behind this
benefit is that lulls in the wind tend to be more pronounced
locally than over a wide geographic area. Building wind
capacity at different locations may help reduce the problems
caused by the intermittency of the wind resource, although
the benefit of this geographic spread may be limited by
various control area constraints. Wind developers in com-
petitive electricity markets will likely examine these effects
closely and use broader geographic areas to reduce the risks
of not meeting committed capacity targetsand highly varying
wind output. Kahn's analysis is based on data collected in
Cdlifornia. Grubb analyzes the effects of smoothing from
wind generating unitsin Britain. Milligan and Artig exam-
ined areliability optimization for the state of Minnesota but
did not addresseconomic benefits. Ernst providesan analysis
of short-term, high-resolution wind data in Germany. And
Milligan and Factor examined a geographical optimization
using two optimization targets: reliability and economic
benefit. All of these studies find that the geographic spread
of wind generators provides a smoothing benefit when wind
output is aggregated. Although it is measured differently in
these studies, the results appear to be robust across time-
scales ranging from minutes to hours.

From here, the analysis can get a bit complicated. The
benefits of geographically dispersed utility-scale wind power
plants can be analyzed to maximize anumber of optimization
targets. A joint project undertaken by NREL and the
Minnesota Department of Public Service set out with a goal
to find the combination and sizes of wind power plants that
would maximize system reliability. Eight hundred twenty-
five MW of rated wind capacity was sel ected asthetotal level
of installed capacity, corresponding to the capacity level that
was hegotiated between the state of Minnesota and Northern
States Power as part of the Prairie Island nuclear waste
storage agreement. Milligan and Artig applied afuzzy logic

(continued on page 28)
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search techniqueto examinethemost promisinglocationsand
sizes, evaluating the composite generating system reliability
asafunction of thegeographic dispersion of wind capacity for
the state of Minnesota. They found that the highest level of
generating system reliability was possible by installing the
wind capacity at a combination of sites, and that hourly
variation in wind power output can be substantially reduced
when a combination of sites is used.

Milligan and Factor did asimilar analysisfor the state of
lowa, confirming the results from the Minnesota study. They
applied both adynamic fuzzy search technique and agenetic
algorithm to the optimization process. However, inthiscase,
there were twelve wind sites with a total installed capacity
target of 1600 MW. Their model was run with projected
hourly load data for the year 2015, along with detailed
information about all power generatorsand significant power
exchangesin the whol esale power market in lowa. To reduce
computer run-time to amanageablelevel, they considered 50
MW asthe smallest increment of wind capacity development
that could be built at asingle site. Even with thisrestriction,
there are approximately 5 x 10° possible ways to build 1600
MW among twelve sites. Given the extremely large number
of potential solutions, their technique provides several alter-
native solution sets, each of which represents either the best
or close-to-the-best combination of sites. In this study, they
redefined “best” to be that combination of sites that would
minimize the cost of running the conventional generating
units. Additional model runsidentified the combination and
location of sitesthat would maximizeelectric system reliabil-
ity, and these are described in their paper.

Figure4
Top 12 Site Combinations Based on Economic Benefit
for lowa
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Figure4 illustratesthe basic results. Each bar represents
a solution that identifies a particular combination of wind
plant locations and sizes. For example, the bar on the far | eft
side showsarecommendation of 4 50-MW clustersat Algona
(“Alg"), 5 clusters at Alta (“Alt"), 13 clusters at Estherville
(“Est”), and so forth. Bar two shows a dlightly different
combination of sitesthan bar one: morewind capacity at Alta
istraded against |ess capacity at Estherville. Even though the

number of clustersat Altaand Estherville differ significantly
between the two solutions, the economic benefit between
these two solutions is extremely small.

Not all siteswere chosenfor potential development. This
suggests that although geographic dispersion can provide
benefits, it is not a foregone conclusion that sites not in
proximity of each other will necessarily provide economic or
reliability benefits to the grid.

Milligan and Factor did significant testing of alternative
site combinations that they considered close to the choices
recommended by their model. They found a very large
number of additional site combinations that were nearly as
good (by their metric) as the site combinations that appear in
Figure4. They believe that these multiple solutions provide
significant latitude to take other constraintsinto account that
the modeling process does not explicitly recognize. Some of
these constraints include transmission constraints, land-use
constraints, or other operational issues such as local voltage
or volt ampere reactive (VAR) support. This modeling
process allows them to investigate the merit of building a
small amount of capacity at one of the sites that was not
chosen by the optimization process, given that they make
small changesinthecapacity recommendationsat theremain-
ing 11 sites. This provides decision-makers with extraordi-
nary latitude in selecting the locations and sizing of geo-
graphically dispersed wind power plants.

Other Issues

On the basis of day-to-day operations, various power
pools and control areas have specific ways of assessing the
operational capacity credit of al generators in the region.
This capacity credit is assessed in part to determine whether
available capacity exists in the region during the specified
time period. Wind power plants can provide operational
capacity credit, although typically at some fraction of rated
capacity. As various operating regions and pools mature
under restructured electricity markets, the pool accreditation
rulesmay bere-evaluated. Itwill beimportant for theserules
totreat all resourcesin an unbiased way and yet recognizethe
difficulties imposed by intermittent power plants.

In the analysis of lowa, Milligan and Factor used the
capacity credit procedure from the Mid-Continent Area
Power Pool (MAPP), one of only two poolsthat specifically
addresseswind power plants. Applying thismethod to thetop
12 fuzzy solutions, the annual average capacity credit was
47% of the rated capacity of the composite wind plant, with
significant monthly variation. The MAPP method isbased on
finding the median output of the power plant during a four-
hour window surrounding the monthly system peak, as
contrasted with L OL P-based methodsthat consider abroader
time period, weighting the morecritical peak hoursaccording
to the potential loss of service.

Wind power plants must be located at sites that have a
good wind resource. Unfortunately, thismay beat alocation
that isfar away from the load center and/or from atransmis-
sion interconnection point. There can be an additional
complication even if transmission is nearby, but the line is
nearly fully loaded during times of peak wind plant output.
Because wind power plants typically operate at annual
capacity factors in the range of 20% — 40%, the high fixed
cost of transmission line construction is spread over fewer
kWh than for most conventional power plants. As wind
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operators bid into an electricity supply pool, transmission
capacity must also be available at the time the wind power is
available, and this introduces additional complications into
thelife of thewind plant operator. However, for awind plant
that may reach its peak output for a small number of hours
during the year, limited curtailment of wind power output
might be preferable to expensive transmission upgrades that
are needed for alimited time. The formation and revision of
transmission access ruleswill play an important part in wind
plant development in the new millennium. Rules should not
impose implicit or explicit barriers to entry, and must fairly
allocate costs, even across multiple operating regions. Pen-
alty-based rules in ancillary services markets are less desir-
able than make-up rules, alowing the generator to replace
capacity or standby power that may have been incorrectly
supplied. However, penalties that result from operating
practices different than instructed by the system operator
would be acceptable. The National Wind Coordinating Com-
mittee in the United States has analyzed these and other
additional transmission issues. The results are available on
the internet at http://www.nationalwind.org/pubs.

There are still several unanswered questions regarding
additional smoothing effects that were not considered by
these hourly analyses. How much smoothing occurs within a
wind power plant on a second to second basis? What are the
impacts of short-term fluctuations on frequency regulation
and spinning reserve requirements? Ernst began to analyze
these questions by looking at some high-resolution datafrom
the German 250 MW Wind Turbine Measurement Program.
He calculated the smoothing impact of a small humber of
turbines on regulation, load following, and reserves. He
found that a large number of turbines spread over relatively
large distances may cause a significant decrease in the
relative ancillary service requirements assigned to the wind
plant. Ernst also found that there is a clear diversity benefit
during short time periods (on the scal e of minutes) that arises
from the spacing of turbines at the site. Analysis of the
regulation impact of the wind power plant can also be
influenced by the spatial diversity of the turbines. NREL is
currently collecting one-second datafrom awind plant in the
Midwest, and will conduct a detailed analysis of the power
fluctuations and their impact on ancillary services. Another
project underway at NREL is to adapt the experimental
chronological reliability model so that reliability-based cal-
culations can be used as a basis for allocating the spinning
reserve burdento all power plants according to their capacity
and frequency of variability.

The smoothing effects from large numbers of wind
turbines and from geographically disperse sites appear to be
significant. However, it is not yet clear how robust this
smoothing effect will be to different sites around the world.
Aspower plant ownersand operators examinethe question of
how to diversify their holdings of different types of power
plants to mitigate risk, it seems clear that wind plant site
diversification playsanimportant rolein thistype of decision
analysis. Site diversification reduces risks of sudden drops
in wind power and spreads the risk of forecast errors.
Smoother wind plant output appears to reduce the burden on
regulation and other operational factors.

Itisalsoimportant to analyzetheimpact of awind power
plant on spinning reservesand ancillary servicesinthe proper
context. For example, inatypical utility control areathelevel

of required spinning reserve is assessed on a system-wide
basis, and normally includes consideration of the largest
hazard. At relatively low penetration levels, the variability of
the wind plant would likely be significantly lower than the
largest single generating unitinthe control area. Utilitiesdeal
with uncontrollable load on a routine basis, and in fact are
used to forecasting load based on weather, day of the week,
and other factors. Although wind forecasting and power
variability may be new issues for grid operators, it appears
to be an extension of familiar ideas.

Summary

We understand many of theissues surrounding the use of
large-scale wind power plants in regulated markets through
acombination of growing experience with wind power plants
and the application of various modeling methods and tech-
niques. Astheuse of wind energy increases, thisunderstand-
ing will expand to a more empirical base and to additional
wind sites. Many of theseissueswill also be addressed asthe
electricity system movestowardsamore competitively based
market structure.

From past work we know that wind power plants have
capacity, energy, and emissions value, depending on a
variety of factors. As the utility industry enters an era of
increasing risks, companieswill need to befully aware of the
various risks posed by the new markets. The use of large-
scale wind power plants presents some risk, i.e., the risk of
no wind when it is needed, but alleviates others, i.e. the risk
of future fuel cost escalation or therisk of tighter constraints
on future emissions levels. Some of these risks can be
mitigated by good siting and geographic dispersion. These
smoothing effectshavebeen documentedinboth high-resolution
dataand hourly data, and can be substantial . It will be useful to
apply existing modeling and analysis techniques to additional
siteswhen databecomes available. Other wind-related risks can
be mitigated by accurate wind forecasts to help wind plant
operators bid into the dectricity supply markets.

Transmission will play an important role in future
development of wind. As the regulatory and market forces
evolvein the newly emerging competitive markets, there are
many unresolved issues concerning reasonable and fair cost
alocations, incentives for market players to provide suffi-
cient transmission, and consistent rules governing different
regions. For competition to succeed, it is critical that trans-
mission access is afforded to al technologiesin a way that
does not reward those playerswith substantial market power.

There are several other important issues that must be
addressed that will play an important role in determining the
success of wind power plants in the new electricity markets.
They include the specific regulatory environment of the new
markets, power pool rules, and bidding and settlement
procedures. Significant levels of market power on the part
of large generation owners will also have an important
influence on the role of large-scale wind power plantsin the
restructured market.
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Energy Efficient Economy, 1001 Connecticut Avenue NW, Suite
801, Washington, DC, 20036, USA. Phone: 302-292-3966 URL:
WWW.aceee.org

27-31 August 2001, Corporations, Communities, Human
Rightsand Development. Contact: MrsMoiraMcKinlay, Seminar
Co-ordinator, CEPMLP, Centrefor Energy, Petroleum and Mineral
Law and Policy, University of Dundee, Dundee DD1 4HN, Scotland,
UK. Phone: +44 (0) 1382 344303. Fax: +44 (0) 1382 345854 Email:
m.r.mckinlay@dundee.ac.uk URL : www.cepmlp.org

(continued on page 32)
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Calendar (continued from page 31) & Dams, Aqua-Media Internationall, Ltd., 123 Westmead Road,
Sutton, Surrey, SM1 4JH, United Kingdom. Phone: 44-20-8643-

3-7 September 2001, Negotiation and Documenting AL ) ™ 3
Petroleum Industry Transactions. Contact: MrsMoiraMcKinlay, ﬁgz : l\jvav)\(/w‘l?]vzd?c?r?:vse?zdoa?nlzsrggr; cont @hydropower -dams.com

Seminar Co-ordinator, CEPMLP, Centrefor Energy, Petroleum and 2729 Se
i . L - ptember 2001, Hydro 2001 Conference &
Mineral Law and Policy, University of Dundee, Dundee DD1 4HN, Exhibition at Riva del Garda, Italy. Contact: Hydro 2001, Aqua-

Scotland, UK. Phone: +44 (0) 1382 344303. Fax: +44 (0) 1382 Media International, 123 Westmead Road, Sutton, Sutton, Surrey
345854 Email: m.r.mckinlay@dundee.ac.uk URL: SM1 4JH, United Kingdom. Phone: 44-20-8643-4727. Fax: 44-

www.cepmip.org . 20-8643-8200 Email: conf @hydropower-dams.com URL:
10-14 September 2001, Natural Gas Negotiations and www.hydropower-dams.com

Contracts. Contact: Mrs MoiraMcKinlay, Seminar Co-ordinator, 1-2 October 2001, Energy Utilities Advanced Valuation.

CEPMLP, Centre for Energy, Petroleum and Mineral Law and Contact: Mrs Moira McKinl : :
- ) . ’ : ay, Seminar Co-ordinator, CEPMLP,
Policy, University of Dundee, Dundee, Scotland, UK. Phone: Centre for Energy, Petroleum and Mineral Law and Policy.

+44(0)1382 344303. Fax: +,44(0)1382 345854 Email: University of Dundee, Dundee, Scotland, UK. Phone: +44(0)1382
m.r.mckinlay@dundee.ac.uk URL: www.cepmip.org 344303, Fax: +44(0)1382 345854 Email-

10-12 September 2001, Energy Economy_2000 at Houston, m.r.mekinlay@dundee.ac.uk URL : www.cepmlp.org
IgfssbutﬁAéhcqgtaC}é Naj‘j“?’ ,lAI ov(v)alz/, EX% Deler(e)gtolz’siennge”-' 2-3 October 2001, Pacific Northwest Strategies Conference
018 831u9 438e|r:| ?nglg 8é2 3238’1 E y il ; y ' ol one: at Portland, Oregon. Contact: Ziff Energy Group. Phone: 403-
URI:' www pénnavclell co_m ] mail: nancya@pennwell.com 234-6555 Email: gasconference@ziffenergy.com URL:

: : - www.ziffenergyconferences.com

10-12 SepFember 2001, Energy Economy 2001 at Houston, 4-5 October 2001, Acceler ating the Der egulation of Ener gy
Texas. Contact: Nancy Aloway, Event Director, Energy Economy, Markets. Contact: Mrs Moira McKinlay, Seminar Co-ordinator,
Pennwell, 15218§hendan Road, Tulsa,_ (_)K' 74112, USA. Phone: CEPMLP, Centre for Energy, Petroleum and Mineral Law and
918-831-9438. Fax: 918-832-9201 Email: nancya@pennwell.com Policy, University of Dundee, Dundee DD1 4HN, Scotland, UK.

17-21 September 2001, Fifth International Biomass Phone: +44(0)1382 344303. Fax: +44(0)1382 345854 Email:
Conference of the Americas, Orlando, Florida, USA at Rosen m.r.mckinlay@dundee.ac.uk URL : www.cepmlp.org

Centre Hotel. Contact: Organizers: U.S. Department of Energy, 16-17 October 2001. The Enerav and Environmental
U.S. Department of Agriculture, Nat’l Resources Canada & the Technologies Conference 'at Atlantic (gty, New Jersey, USA.

Nat’ | (gfenewafb:; ESng}/ Lab. Per;one: /§21'638'1527 Email: Contact: Rhea Weinberg Brekke, Executive Director, New Jersey
JoannieISec. Uct.edu - WWW.Nret.gov/bioam Corporation for Advanced Technology, New Jersey EcoComplex,

27-29 September 2001, Hydropower & Dams- Hydro 2001
at Riva del Garda, |taly. Contact: Mr. Gael Bozee, Hydropower 1200 Florence Columbus Road, Bordentown, NJ, 08505, USA.
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