Department of Energy
Washington, DC 20585

SEP 1 4 2000

MEMORANDUM FOR THE SECRETARY

THROUGH: KYLE MCSLARROW .
CHIEF OF STAFF , & ﬂ}%/
FROM: VICKY A. BAILEY W -7
) ASSISTANT SECRETARY

~ OFFICE OF POLICY AND INTERNATIONAL AFFAIRS

SUBJECT: ACTION: Attendance by Senior DOE Officials at Proposed Indo-U.S. Conference
on Natural Gas in New Delhi, India on November 7-8, 2001

ISSUE: What senior DOE officials will attend the proposed conference.

@ Printed with soy ink on recycled paper
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CONCUR

Attachment:

Revised Agenda

NON-CONCUR

DATE

29989



2001-016239

Department of Energy
Washington, DC 20585

September 14, 2001

Paul and Nancy Vigyikan Lp

- =mtae

Dear Mr. and Mrs. Vigyikan:

~ Thank you for your letter to President Bush regarding the National Energy Plan (NEP) and your
interest in energy conservation. The NEP, released on May 16, 2001, contained

105 recommendations to improve our energy future.. Of those, 54 dealt with energy efficiency
and renewable energy. This Administration strongly supports energy efficiency as one of the
building blocks to a strong energy policy while recognizing the need to increase supply. Adding
additional fuel supplies will reduce our dependence on foreign sources and increase our energy
independence. An entire chapter of the Plan discusses the importance of savings gained by
energy efficiency and outlines a broad scope of activities to improve efficiency throughout the
federal government and beyond.

We are moving ahead in our efforts to implement many of the NEP recommendations. The
Office of Energy Efficiency and Renewable Energy (EERE) is in the process of performing a
strategic program review that will carefully evaluate ongoing programs to ensure that they
provide maximum benefits to U.S. taxpayers. Once the review is completed, we will correct
program inadequacies or refocus our efforts to higher performing activities.

Additionai]y, EERE held a series of public meetings across the country in June to receive public
comments on the objectives of the current energy efficiency and renewable energy research,

development, demonstration and deployment programs and whether these Federal programs are
achieving intended objectives. In response to the public comment period, we received input from
approximately 5,000 people and organizations. Completion of the above efforts will ensure that

- our federally-funded energy efficiency and renewable energy programs will continue to be an
integral part of our nation’s encrgy future.

I believe that the Plan presents a balanced blueprint for our nation’s energy future. Again, thank
you for your interest in energy conservation.

Sincerely,

k(@\

David K. Garman
Assistant Secretary
Energy Efficiency and Renewable Energy

@ Printed with 20y ink on recycied paper
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2001-018572
Department of Energy
Washington, DC 20585

September 18, 2001

Mr. Charles L. Campbell

(P)(v)

Dear Mr. Campbell:

“* YourTax to President Bush regarding U.S. energy and environmental issues has
been forwarded to the Department of Energy, Office of Nuclear Energy, Science

and Technology, for response.

Thank you for your support of the National Energy Policy and for sharing your
ideas and concerns. The Department is pursuing full implementation of the
National Energy Policy and is also working on a comprehensive and practical
response to climate change concerns. We agree with your assessment that nuclear
energy, renewables, and other resources must be applied to address our energy
and environmental challenges.

As you anticipate, we expect a vigorous debate on energy policy in the weeks and
months ahead. We welcome your ideas and comments as we engage this
important issue and set a course that assures the long-term energy security of the
United States.

Once again, thank you for your letter and for sharing your concerns.

Sincerely,

[k

William D. Magwood, IV, Director
Office of Nuclear Energy, Science
and Technology

cc: Ms. Trudy Roddick
Director, Mail Analysis
The White House
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i

Susan S. Kwak

o September 20, 2001

- -

Dear President Bush,

Your energy policy is insufficient action to address the 1ssue of global warming.

S———

The focus of your plan as announced in March of this year, is to increase domestic
fossil fuel supply With this focus of supply, you have walked away from your campaign
pledge to regulate carbon dioxide emissions from U.S. power plants and refused to ratify
the Kyoto Protocol. Instead, the actions planned include a $2 billion subsidy program for
the coal industry, continual building of new power plants with a renewed commitment to
nuclear power, rollbacks of key clean air rules, opposing caps on carbon dioxide
emissions, and drilling for oil in the Arctic National Wildlife Refuge, as well as other
sensitive areas.

The justification for pursuing this strategy has been that implementing the Kyoto
Protocol and regulating carbon dioxide emissions from power plants will harm the U.S.
economy. The pitch has been that we are in need of energy right now, and that big oil,
electric, and coal companies need our help to provide it. You have stated that carbon
dioxide is not considered a pollutant under the Clean Air Act, and yourself and members
of your administration have indicated repeatedly that other industrialized countries share

the U.S. position in not supporting the Kyoto protocol.

The claim that CO? would be too costly to regulate is based upon a Department of
Energy report, (the Mclntosh-EIA report), provided by the Energy Information
AMM [ was surprised to find that such a significani’claim would be based upon
a smgle report, one that has been criticized for failing to consider how energy efficiency
may be significant in reducing greenhouse pollution, and whose conclusions have not
been substantiated by analysis on the part of your administration. If reports are to be
believed in such a manner, the National Resource Defense Council notes two other
comprehensive government studies which have shown that it is possible to reduce

- greenhouse pollution to levels called for in the Kyoto agreement without harming the
economy.

The claim that carbon dioxide is not considered a poliutant under the Clean Air
Act is simply not true. Carbon dioxide undeniably fits the definition of an air pollutant
under the Clean Air Act. By any standard, it is an air pollutant, but it can be seen in
section 103(g) of the act, when Congress included emissions of carbon dioxide from
fossil fuel power plants on a list of air pollutants to be included in poliution prevention
programs directed by the EPA. Carbon dioxide has not been regulated by the EPA yet,

but this does not mean it is a nonpollutant.

¢ i ————
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And the results of this summer’s international meetings in Genoa are clear

evidence that industrialized countries do support the protocol. Why are there 80
countries who have signed the Protocol? Why did other countries continue to settle
country-by-country limits on emissions of greenhouse gases, even without U S
participation? Because everyone has accepted the basic science of global warming, that
the global temperature is rising due to the collection of greenhouse gases: chief among
these gases is carbon dioxide. While it is true that the consequences of rising
temperatures are uncertain, there is no debate that this 1s an international problem

Sir: if you take the issue of global warming seriously, you must change your

energy policy and take leadership in solving the problem of climate change. Specifically.
1 urge you to:

“REDUCE GLOBAL WARMING POLLUTION. Electric power plants are

the country’s largest source of global warming pollutants. There must be
controls on all four pollutants that are generated by power plants, including
carbon dioxide, the main cause of global warming.

INCREASE ENERGY EFFICIENCY. Offer tax incentives and set higher
standards for energy efficiency in our homes, offices, and factories. The
current energy policy does not include rewards for energy efficiency, even
opposes appliance efficiency standards. Yet a November 2000 Department of
Energy report found that energy efficiency and renewable power sources
could meet 60 percent of the nation’s needs for new power plants.

INCREASE FUEL EFFICIENCY. Raise the fuel efficiency standard for new
passenger vehicles to 40 mpg. Cars, trucks, and buses are responsible for 20%
of the U.S. greenhouse gas emissions and your administration has given no
commitment to raise fuel economy standards. The new standard would cut
carbon dioxide pollution by 600 million metric tons and save consumers at
least 345 billion a year at the gas pump. The amount of oil we would save is
more than we would get from all our Persian Gulf imports, the Arctic wildlife
refuge, and California offshore oil drilling combined (Sierra Club).

INCREASE RELIANCE ON RENEWABLE ENERGY SOURCES. Increase
the amount of electricity produced from renewable sources to 20 percent by
2020. We must decrease U S. reliance on coal and oil. There are no other
opuons :

DEMONSTRATE INTERNATIONAL LEADERSHIP. Please do not
abandon the Kyoto protocol. The U.S. should not only participate, but lead,
for the world to successfully stop global warmmg

As a consumer of energy, as on who believes pubhc and environmental health
should be protected and strived for, and as a proud American, | urge you to make
the world different and change your energy policy. Thank you.

{ha«wé 7'71«’1,'
Al
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D .‘ f 2001-021847 9/25 A 10:55
'Secretal_'!, The
From: C- ' /\ B /5
Sent: Sunday, September 23, 2001 2:35PM . —
To: Secretary, The
Subject: Fossil Energy
mROM___ . 4 021341 707 SEP 25 A 1655
NAME: Harriet Cheney -
SUBJECT: il Energy
2P
cw$L > P -
PARM.1 T01he secretary@hq.doe.gov
STATE\

. TOPIC: Natuonal mobifization

SUBMIT: Send Comments

CONTACT: email -

COUNTRY: USA

MESSAGE: Secretary Abraham: What I'd like to see is govemment

officials rise from being political operatives 1o rea) leaders.

What I'd tike to see is a national energy policy whereby we rid

ourselves of our onerous addiction to fossil fuel. This would

free our country to make foreign policy decisions based on ethics

and good sense. Why can't we float "energy bonds" to fuel a

national effort to convert to renewable sources of energy? This

would not only buoy up the economy - but would also help protect

our endangered environment (which probably poses a greater threat

to our future than terrorists). Why haven't we done this before?
‘remember the gas lines of 18973. We need our leaders to help us

se the best we can be. As 4% of the world popuiation, we should

not be using 44% of the world's resources. God Bless America,

Wﬁ%%i By
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2001-020617

Department of Energy
Washington, DC 20585

October 25, 2001

L R0 ’

Dear Mr. Claudin:

- 1 am responding to your letter to President Bush which commented on several
aspects of the Administration’s National Energy Policy released in May. You can
obtain more information by visiting the White House website at:

www.whitehouse,gov/energy.

Let me assure you the National Energy Policy is being implemented in a manner
that will assure accountability. By Federal law, performance objectives are
established for all major programs implemented by the Department of Energy and
other Federal agencies, and progress toward achievement of these objectives is
regularly tracked and reported.

Your recommendations concerning expanded use of nuclear energy and release of
information on development of the National Energy Policy have been conveyed to
key decision makers within the Department.
Thank you for writing.

Rcéards
é/‘)% %é

Vicky A. Banley
Assistant Secretary
Office of_ Policy and International Affairs
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2001-018617

Hebron, Estelle

From: Mollot, Darren J

Sent: Mondav. November 26, 2001 1:53 PM
To: (b _
Subject: Correspondence - National Energy Policy
Mr. Murray Duffin

This is in response to your email to Secretary Abraham dated August 7, 2001 regarding the National Energy
Policy. Your obvious interest and desire to get involved in the formulation of energy policies that will effect
our Nation’s future is admirable and critically important. It is the efforts of people like your self, who educate
themselves and take the time to participate in national as well as grass roots efforts, that ultimately shape energy

licy.

pg'h?t’xgh many of the points you make are legislative and need to be addressed to your Congressman and
Senators, I never the less thought you might be interested in what your Department of Energy is doing in the
areas you seem to be interested in. There is a general consensus that we will have to reduce our reliance on
fossil fuels over the long term. What “long term”™ means is a widely debated question and will depend largely
on how fast cost effective and reliable altemnative technologies can be developed. As you might imagine, the
Department of Energy, in cooperation with private industry, has committed significant resources toward
developing cost effective and reliable renewable technology. There has been a lot of progress. Over the past
few decades many of these power systems have developed to the point that they are commercially viable in
niche applications. But, as you are aware, a lot of work is still needed. I urge you to visit the energy efficiency
index page of the DOE web site at <htip://www energy gov/efficiency/index.htmi> for more information.
Similarly, there is a lot of work being done to improve the efficiency of fossil power generation technology. In
addition to improving efficiency and reducing regulated pollutants, continued advances in technologies that will
allow CO2 to be permanently sequestered from the atmosphere should allow us to build a coal or natural gas
electric power plant in 2020 that will produce near zero harmful emissions (including CO2). For more
information on fossil energy programs you may want to visit the Fossil Energy web site at

’ JIWWW. e V> |

{ri addition, there are numerous projects and planning efforts underway which address hydrogen production
and transmission, building, appliance, and transportation efficiency, safe nuclear fission and fusion
technologies, super conductors to improve the performance of the electric transmission, technologies to improve
yields from existing and previously inaccessible oil and natural gas reservoirs and on and on. Information on
most of these can be found on the previously cited web pages as well. Another excellent source of information
on how much, and what types of energy we use here in the U.S. and interationally, is the Energy Information
Administration. The EIA 1s a quasi-independent organization within DOE that is tasked with providing
unbiased energy data and forecasts. Their web address is hifp; i v <hitp: >,

Hope that this information is of value. Once again, thank you for your interest in energy issues.

Darren Mollot

Darren J. Moliot, PhD
Technical Advisor

Office of Fossil Energy, FE26
U.S. Department of Energ
1000 Independence Ave. SW
Washington, DC 20585

tel: 202 586-0429 : -
fax: 202 586-1188
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* Carter, Douglas

From: Porter, Robert

Sent: Tuesday, February 13, 2001 9:21 AM

To: Rudins, George; DeHoratiis, Guido; Braitsch, Jay; Carter, Douglas
Subject: FW: Outlines: regional information

Please see the note below -- and especially look at the 2nd page of the attachment on Increased Production of Traditiona!
Energy Resources. o

Is there anything we want 10 add or correct -- in the next 45 minutes!

Bob Porter

*  ——-Original Message-—

From: Anderson, Margot

Sent “Tuesday, February 13, 2001 8:26 AM

To: Porter, Robert; PETTIS, LARRY; Breed, William; Conti, John
Subject: FW: Outlines: regional information

S

P.S. Use WORD. Software of choice!

Margot

_-----Originai Message-----

From: Kelliher, Joseph

Sent: Monday, February 12, 2001 10:09 PM

To: Anderson, Margot

Subject: Outlines: regional information b 6

| T

-~

- e T——

toutregi.doc
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Interim Report of the Federal Trade Commission Midwest Gasoline Price Investi gationJu]y 28. Page 1 of 6

Interim Report of the Federal Trade Commission
Midwest Gasoline Price Investigation
July 28, 2000

1. Introduction

The Federa) Trade Commission is investigating the causes of the sharp rises in gasoline
prices in certain Midwest markeis in the spring and early summer of this year. A principal
purpose of the investigation is to determine whether those price rises were caused in
whole or in part by antitrust violations. This interim report to Congress sets forth the
reasons the Commission launched this investigation and provides a status report on the
ongoing investigation, including progress to date and a description of the work
remaining. In testimony before the House Committees on the Judiciary, Commerce, and
Government Reform on June 28, 2000, and the Senate Committee on Energy and Natural
Resources on July 13, 2000, Chairman Robert Pitofsky and Bureau of Competition
Director Richard G. Parker confirmed the promise made to several members to deliver an
interim report to Congress before the end of July.

In the spring and early summer of 2000, gasoline prices increased in markets all over the
country. Gasoline prices have long been seasonally cyclical, rising in late spring and early
summer as consumer demand increases with the onset of the summer driving season.
However, the increases this year in some Jocal markets, particularly in the Midwest,
eclipsed those experienced in past years, and were much greater than those experienced

in other U.S. markets. Consumers in markets such as Chicago and Milwaukee saw

significant price spikes at the retail level, both for the Phase II reformulated gasoline 4
("RFG"), required under the Clean Air Act for those markets, and for conventional -/
gasoline, which is used in other local markets in the Midwest. \D .
The national average retail price of RFG increased from $1.29 to $1.67 per gallon from /

November 1999 to June 12, 2000, before declining to $1.61 on July 17, 2000 In
Chicago, however, the average RFG price rose from $1.85 per gallon on May 30 to $2.13

on June 20, before falling to $1.57 on July 24, 2000.*) From May 30 to June 20 in
Milwaukee the average RFG price increased from $1.74 to $2.02, but by July 24 had

fallen to $1.48.%

Conventional gasoline prices in the Midwest also have risen substantially from late 1999
levels, although they also have receded significantly since the highs in mid-June.
National average retail prices increased from $1.25 to $1.61 per gallon for conventional
gasoline between November 1999 and June 12, 2000, and then eased to $1.51 on July 17,

2000.9 Average conventional gasoline retail prices in the Midwest rose from $1.55 to
$1.85 per gallon from May 29 to June 19, 2000, but had decreased to $1.48 by July 17,

2000.%*) The price runup was intense, but brief, with pnces peaking during the week of
June 18-24. i

The sheer magnitude of the price increases, their particular intensity in one section of the
country, and their occurrence in conventional gasoline as well as in RFG, prompted the
Commission’s Bureau of Competition to consider the reasons for the price increases and,
specifically, whether price fixing or other illegal activity might have occurred. A
bipartisan group of Senators and Representatives strongly urged the Commission to

investigate these matters.
- ' ) 0}
| 2999%
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Interim Report of the Federal Trade Commission Midwest Gasoline Price InvestigationJuly 28 Page 2 o

- In early June 2000, Commission staff began a preliminary investigation, relying initially
on publicly available data and consumer complaints. Staff interviewed persons
knowledgeable about factors that may have contributed to these price spikes, industry
structure, and the regulatory environment. Staff also met with representatives of the
Environmental Protection Agency and the Department of Energy. A principal focus of
that preliminary investigation, and of the ensuing formal investigation, has been to
determine whether there is sufficient evidence to conclude that the antitrust laws have
been violated and that such violations caused all or part of the price spikes in the
Midwest. Commission staff also have sought information on other polenual causes of the
price spikes. -

The staff’s initial inquiry suggested several factors as potential contributors to Midwest
gasoline price spikes. The first is the reduced global supply of crude oil. In the second
half of 1999, OPEC countnies, joined by several non-OPEC oil exporting countries,
curtailed the global supply of crude oil. Dunng the same period, worldwide demand for
petroleum products increased significantly, as economies in Asia and Europe recovered
and econommic growth in the United States continued. As a result, worldwide
consumption of crude oil has exceeded production, and world and U.S. inventories have

been drawn down.!®) Refiners responded to the price increases caused by the crude
shortage in the same way they had responded to past supply reductions -- by cutting
gasoline production and using inventories of gasoline to meet demand, in the expectation
that inventories could be replenished when crude oil prices drop as some OPEC members

exceed their quotas.m This series of events contributed to exceptionally tight supply
situations in many countries, particularly in the United States (&)

In the last two months, the OPEC countries,!” and Saudi Arabia individually,!'?” agreed
to increase production in an effort to moderate the price of crude petroleum. It remains to
be seen whether, when, and to what extent OPEC’s and Saudi Arabia’s announcements of
crude supply increases will reduce prices in the medium to long run. In the short run,
crude oil prices have moderated slightly, from $33.55 per barrel on June 23 t0 $31.31 on

July 14..') OPEC actions likely cannot fully explain the exceptional price spikes that
occurred in the Midwest, because such actions would be expected to affect prices in all
sections of the United States in a broadly similar way.

A factor specific to the Midwest markets that may have contributed to the price increases
was the introduction of EPA Phase 11 regulations for summer-blend reformulated
gasoline in high ozone urban areas. These regulations went into effect on May 1, 2000 at
the wholesale level in both Chicago and Milwaukee. The new, more-stringent regulations
may have contributed to abnormally low inventories for several reasons. They required
that winter-blend gas be drained from storage tanks before the summer-blend supply
could be added, which led to lower inventories than usual. According to some reports,
summer-blend Phase I RFG is proving more difficult to refine than anticipated, causing
refinery yields to be less than expected. The ethanol-based RFG used in Chicago and
Milwaukee is reportedly even more difficult to produce. Further, St. Louis entered the
RFG program for the first time this year, adding additional demand to an already tight

Midwest RFG supply situation. U2) Moreover, the recent federal court of appeals decision
upholding Unocal’s patent for some formulations of RFG may have caused some
refineries to change RFG blends to avoid-infringement or high royalty payments, leading

to production delays and decreased refinery throughpul.ui) RFG-related issues seem

‘http://www fic.gov/0s/2000/07/gasprice.htm
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Interim Report of the Federal Trade Commission Midwest Gasoline Price InvestigationJuly 28. Page 3 of 6

unlikely, however, o provide a complete explanation for recent Midwestern gas price
increases, because in the Midwest as a whole, conventional gasoline prices rose more

dramatically than RFG prices from May to the end of June 1)

“Another possible contributor to the Midwest price increases was the break in the Explorer
pipeline in March. Explorer moves refined petroleum products from the Gulf of Mexico

through St. Louis to Chicago and other parts of the Midwest. (13) The pipeline break
caused a disruption in the supply of gasolme to the already tight Midwest markets. That
could have contributed 1o tight supply and nising prices throughout the region.

Although it is likely that each of these supply factors contributed to the dramatic recent
price spikes in the Midwest, no single factor appears from staff’s preliminary
investigation to be likely to provide a full explanation, and staff does not yet have
sufficient information to assess the impact of these factors in combination. Accordingly,
it is prudent to investigate the possibility of collusion or tacit coordination, conduct that
could be illegal under section 5 of the Federal Trade Commission Act. In order to
investigate this and other possible causes of the price spikes in the Midwest, on June 21,

2000, the Commission initiated a formal investigatjon.l-'ﬁ) Because of the multiplicity of
potential interrelated causes, this investigation is likely to consume, at a minimum,
another three or four months. :

I1. The Commission’s Investigation

This investigation is being conducted pursuant to the Commission’s authority under the

Federal Trade Commission Act.!”) The Bureau of Competition is treating it as a top
priority matter and has assigned experienced attorneys, economists, investigators and
paralegals to the investigation. The Commission chose its Midwest Regional Office,
located in Chicago, to spearhead the investigation because they are well-situated to work
with local refiners and witnesses and with other law enforcement agencies in the region.
Attorneys and economists from the West Coast Regional Office in San Francisco and our
headquarters in Washington, D.C. with particular expertise in the oil industry are
assisting the Midwest Office. In all, 12 to 14 Commission attorneys, economists, and
paralegals are working on the investigation. We are also coordinating our efforts with the
Attorneys General of Wisconsin, Illinois, Michigan, Ohio, Indiana, Missouri, Jowa,
Minnesota, Kentucky, South Dakota and West Virginia. The Commission has approved
the use of compulsory process in this investigation, permitting the issuance of both
'subpoenas and Civil Investigative Demands, and the taking of depositions under oath.

The objective of the investigation is to consider the causes of the price increases, and
determine whether there was any illegal contact, communication, signaling, or
understandings among competitors. With regard to proving illegal conduct, the
Commission must show more than paralle] behavior among market participants. Standing
alone, proof that all companies raise prices at the same time is not sufficient evidence of
collusion. The courts have held that some “plus factor” must be present to demonstrate
that an agreement was reached. Behavior that would be unprofitable "but for” collusxon
may be evidence that such an agreément exists.

Consistent with the necessity of protecting the confidentiality of information from
participants in the investigation, as well as protecting the legal staff’s work product, we

can report the following information about the investigation to date 48

http:/iwww.ftc.gov/os/2000/07/gasprice.htm
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Staff is using process to take testimony and gather evidence from the various entities that
refine, transport and distribute gasoline in the Midwest, as well as suppliers and
customers and other knowledgeable or affected persons. The Commission issued a first
round of subpoenas to nine refiners that supply Midwest markets on June 29. A
substantial number of documents have already been produced. In less than a month, staff
has received approximately 200 boxes of documents. The bulk of the documents from the
first round of subpoenas should be in our hands by the middle of August. Staff is
carefully reviewing these documents. The Commission issued a second round of
subpoenas to other refiners last week. We have also recently issued CIDs to the refiners,
requesting compilations of data and answers to written questions.

We issued another set of subpoenas, this time to the entities that own or control the
pipelines serving the Midwest markets, on July 25. We expect responsive documents to
begin arriving shortly. Staff also has conducted approximately 15 interviews with market
participants, consumers, corporate users of gasoline, and others with knowledge of
relevant facts, and is in the process of obtaining industry-wide data from the Oil Price
Information Service (OPIS). Staff also conducted a site visit at a refinery on July 20.
Once the documentary material has been analyzed, staff will take depositions under oath
of key decision-making personnel throughout the gasoline distribution chain in the
Midwest. The Commission has retained, and is working with, an outside economic
consultant with expertise in this industry.

Our investigation is comprehensive. Prices spiked in the Midwest for one or more
reasons. Staff is attempting to identify those reasons. Staff is investigating any and all
aspects of the distribution chain in which firms could have colluded to increase prices
directly or colluded to reduce capacity or supply, or otherwise to take advantage of a tight
supply situation and rising prices. For example, staff is examining supply and inventory
evidence from integrated oil companies and independent refineries serving the Midwest
to determine if supply was manipulated by agreement or understanding such that
insufficient product was available to meet increased summer demand in the Midwest and
prices spiked as a result. Staff is also considering whether pipeline capacity constraints
and allocation decisions were the result of accidental and market-driven factors or, in
whole or in part, the product of a collusive agreement designed to restrict supply in local
markets. These are but examples of the kinds of inquiries staff is pursuing. At this point,
no conclusions, however tentative, have been reached.

:III. Conclusion

~Much work remains to be done in order to complete this investigation. The scope of the
investigation, the volume of the information that has been or will be produced, and the
complexity of the issues under investigation suggest that the investigation likely will
consume at least three or four more months. The Commission is treating this
investigation as a matter of top priority, but answers in antitrust investigations do not
typically come quickly or easily. If staff uncovers reason to believe that an antitrust
violation has occurred, however, the Commission will act promptly.

1. Energy Information Administration, Office of Oil and Gas Daily Price Report (June 12, 2000: July 3, |
2000; July 24, 2000). In comparing average RFG prices at different times and different places, it should be
noted that RFG requirements may differ between summer and winter and also among localities.

e

Page 4 of 6
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2. EPA Data, RFG-CG Price Information, based on Oil Price Information Service data (June 14, 2000, June
23, 2000).

3. Id. During the week of June 19, RFG prices at some Chicago gas stations apparently rose as high as
$2.50, although they have since receded. See R. Kemper & K. Mellen, "As Pressure Builds, Price of Gas
Falls,” Chicago Tribune (June 23, 2000).

4. EPA Data. RFG-CG Price Information (June 14, 2000, July 10, 2000, July 24, 2000).

5. Energy Information Administration, Motor Gasoline Watch (June 21, 2000, July 10, 2000, July 24,
2000) at 2. -

6. Orpanisation for Economic Cooperation and Development ("OECD"), International Energy Agency,
Monthly Oil Market Repon (July 1. 2000) at 5, www_iea.org.

7. Id. ("Refiners do not really believe today’s prices are sustainable, and hesitate to run crude for product
restocking.”).

8. /d. Gasoline stocks in the United States for the fourth quarter of 2000 are estimated 10 be 37 percent
below the level of the fourth quarter of 1999, while Europe’s stocks dropped 27 percent in the same period.

9. "OPEC Agrees to Increase Oil Production,” Wall Street Journal (June 22, 2000) at A3.
10. "Saudi Plan to Raise Oil Quiput Sturs Up Debate,” Wall Street Journal (July 5, 2000) at A2.

11. Energy Information Administration, Weekly Petroleum Status Repon, Table 13 (July 20, 2000) (WTI-
Cushing spot prices).

12. St. Louis received EPA waivers to delay implementation of Phase 11 RFG until early June, because of a
break in the Explorer pipeline which serves the region. St. Louis uses primanily MTBE-based RFG. which
many observers believe 1o be less costly than ethanol-based RFG. St. Louis did not experience price
increases as great as those in Chicago and Milwaukee.

13. Union Oil Co. v. Atlantic R[chﬁeld Co., 208 F.3d 989 (Fed. Cir. March 29, 2000).

14. According 10 Energy Information Administration figures, average retail prices throughout PADD 11 (the
Midwestern Petroleum Administration for Defense District) rose 18.9 cents for RFG and 29.4 cents for
conventional gasoline from May 29 to June 19. See Energy Information Administration, Motor Gasoline
Watch (June 21, 2000) at 2.

15. Environment News Service, "Gasoline Spill Threatens Dallas Water Supply'" (March 13, 2000).
16. Midwest Gasoline Price Investigation, FTC File No. 001 0174.

17. 15 U.S.C.'§ 41 et seq. The Commission does not have criminal enforcement authority. The Antitrust
Division of the Department of Justice has exclusive responsibility for criminal enforcement of the antitrust
laws, pursuant 10 authority granted under the Sherman Act. 15 U.S.C. § 1 et seq. If staff were to uncover
evidence of criminal activity, such as hard-core price fixing, staff would forward the matter to the Antitrust
Division.

18. The Commission is statutorily obligated to protect confidential information it receives in a law
enforcement investigation. See Sections &(f) and 21 of the Federal Trade Commission Act, 15 U.S.C. §§ 46
(f), 57b-2. In addition, the Commission protects information that reveals the agency's deliberative process,
its aitorney work product and information whose disclosure could interfere with a law enforcement
proceeding. See Exemptions 5 and 7 of the Freedom of Information Act, 5 U.S.C. § 552(b)(5), (7);
Commission Rule 4.10, 16 C.F.R. 4.10. See also Commission Operating Manual § 3.3.3.1 (investigations
are ordinarily nonpublic unless the Commission orders otherwise). The Commission may release certain
deliberative or investigational information, consistent with the needs of the investigation, and has voied 1o

- 30002
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do so with this report.
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It's amazing what

mtérnatmnal famlly planmng can do.

{"INTERACT | MARKETPLACE

L s
Midwest states probing high gasoline prices Iroolbox J

Thursday, June 15, 2000
E-.maﬂ..thv.s. story to a friend

The Clinton administration said on Wednesday it has not ruled out possible slk Back ' d
coliusion among oil companies as the reason behind a sharp rise in retail gasoline | et us know what you think about this story
prices in the Midwest. in ENN's Forum Discussion Area.

A rapid run-up in overall U.S. gasoline and crude oil prices has also caught the
attention of thé Federal Reserve, Wthh is also closely watching for any impact on
inflation or economic growth.

Federal officials are investigating whether soaring prices in Chicago, Milwaukee
and other Midwest locations are due to free market forces, strict new
requirements for cleaner-burning gasoline, or unfair action by U.S. oil refiners,
according to Energy Secretary Bill Richardson.

"They're much too high. They're unacceptably high,” Richardson said, referring to
gasoline prices in the Midwest which have topped $2 a galion in Chicago and
Milwaukee.

"We're trying to determine whether it's market forces or collusion or some
glitches with the Environmental Protection Agency's RFG gasoline,” Richardson
told reporters following a speech at the National Press Club.

The Environmental Protection Agency and the Energy Department met with the
region's oil refiners earlier this week to find out why gasoline prices — especially
for the new cleaner-burning reformulated gasoline (RFG) — have soared when
supplies seem adequate.

Midwest drivers are now payind about 20 cents a gallon more than the U.S.
nationwide average price for conventional gasoline, according to the Energy
Department.

Hiinois Gov. George Ryan, a Republican, asked the state attorney general
Wednesday to launch an investigation into gasoline price fraud.

Ryan also said governors in Indiana, Nebraska and Kansas backed his plan to
have the federal government temporarily suspend new anti-smog regulations,
which have contributed to tight supplies of cleaner-burning gasoline.

Oil companies claim that the new reformulated gasoline, which the EPA required
be sold in polluted areas beginning this month, is too expensive and difficult to
produce. They say that this has resuited in supply problems and higher prices.

The government is not buying those arguments, pointing out that RFG in cities
wutside the Midwest is not as expensive.

"The refiners can't explain and others can't explain why gasoline prices are so
high in the Midwest and in other parts of the country thev're lower.” Richardson

http://www.enn.com/news/wire-stories/2000/06/06 1 52000/reu_midwest_1391] O.asp
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said. "We're trying to get those answers.”

‘he Federal Reserve is also paying attention to the rapid mcrease in oil pnces
" during the past month.

Alan Greenspan, chairman of the Fed, is concerned about the risk of inflation
posed by steep price increases for oil and low inventories, said Argentine

Economy Minister Luis Machinea. He described Greenspan's views to reporters
after meeting with the U.S. central banker on Wednesday.

Thomas Hoenig, president of the Federal Reserve Bank of Kansas City, said late
Wednesday that the Fed is tracking the rise in gasoline prices and its effect on
the economy.

- -

The unexpected climb in U.S. gasoline prices is blamed by many industry experts
as a key reason for the run-up in global crude oil prices during the past month.
The Organization of Petroleum Exporting Countries is scheduled to meet next
‘week to decide whether worldwide oil supplies are too tight, and more production
is needed.

U.S. benchmark gasoline futures contracts trading on the New York Mercantile
Exchange finished the day at just over $1.08 a gallon, rising 1.83 cents. During
the trading day gasoline reached $1.096 a gallon, the highest since the Guif War
of a decade ago.

The chairman of the House Judiciary Committee asked the Federal Trade
Commission last week to investigate if oil companies are gouging Midwest
consumers at the pump.

"Even aside from the impact of state and local (fuel) taxes, these prices raise
guestions as to whether illegal price gouging is occurring,” said Republican Rep.
Henry Hyde of Illinois.

Copyright 2000, Reuters
All Rights Reserved

E Home | News | In-Depth | Interact | Marketpiace | About ENN | Affiliate Tech Center | Take Our Survey | Feedback | Site Map

ENN is a registered trademark of the Environmental News Né_twork Inc. Copyright © 2001 Environmental News Network Inc.
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ADVERTISEMENT
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us. Gasoline price report cites shortage of --

WEATHER b - f l Search

g?ufg ) cleaner-burning fue [CNNcom <!
%fﬁm August 23, 2000 l

ENTERTAINMENT Web posted at: 1:11 p.m. EDT (1711 GMT) - - )

Law " MIL Fnd |

CAREER MILWAUKEE (AP) — A federal report U
IRAVEL blamed the summer’s high gasoline Uus.

mﬂg & STYLE prices in the Chicago-Milwaukee area TOP STORIES

s on short supplies of a new, cleaner- California braged for weekend
IN-DEPTH burming gas and said the price of power scrounging
ANALYSIS fluctuations could continue in future

LOCAL summers Nancy Reagan says she was
EDITIONS: ' territied” when Reagan.broke
CNN.com Europe hip

The report. issued by the Department of Energy’s Energy Information Court order averts shike

change detault gdi}ion e 3 A . ) e R
. Administration, validates the petroleum industry’s position that it was not al  z5ainst Union Pacific railroad

‘!'OT'MED'A: fault for the rising prices, said Erin Roth, executive director of the Wisconsin _
180 archive Petroleum Council. U.S. warning at Davos forum
mugc{timgdig showcase Long !sland police officer
more services But an official at another federal agency, the 5 Pricing Gasoline afrested in molestation case
E-MAIL: Environmental Protection Agency, called the .y hzie 1o s22 how Two more Texas. fugitives will
Subscribe to one of our report subjective. Robert Perciasepe, the produchion costs atiec: § contest exiradition
news e-mail lists. , . . . . the cncz of pascline
Enter your address: EPA’s top air quality official, cgmmped to (MORE)
r—— gol blame the oil industry for the price hikes. —_—
_ . [= Oil Production .co
DISCUSSION: Gas prices in the Milwaukee and Chicago Ciich here 12 lsam aboul] ‘.f@-_- TOP STORIES
message boards areas increased 40 percent in May and June, - [ yores #4909 lam Thousands. dead in India;
%‘i‘! . when the federal Clean Air Act mandated a ** quake toll rapidly rising -
new type of gas to combat air pollution. Prices Dav
. IS . . Davos protesters confront
CNN WEB SITES: at one point topped $2 a gallon but have since Gas Budget Calculator  police
myQicom OWSl decreased. Click hete s caiculate EN 1
Bpoll N o how much you spend California readies lor weekend
o G . each: yeat on gas Di'_l of power s¢rounging
NN.com Euro The report cited high crude oil prices, pipeline - o .
AsiaNow : problems and a special ethanol-blended " You'll need Flash 1o view two of gﬁg";‘i’é‘:‘pgﬁza"’mﬂﬁlﬂ?’—"‘
@mlg&x gasoline used primarily in the Midwest for the these featres. if you don't haveit,
German - regional shortage. get it here (MORE)
Nomwegian Perciasepe said the report does not explain Rising oil prices Wall St. Greenspan-ready
Jun e why the refineries couldn’t make enough gas, _ ' ,
Japanese ) . Retailers post_gains
Egr" ’S‘EHHE ?::"95 even though they knew of the new requirement for years. T PR A
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ME INC. SITES: : Of eight refinenies serving the Chicago-Milwaukee market, half increased (MORE) '
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Clinton Administration Looking for Gas-Price Scapegoat . Page 1 ot 2

Clinton Administration Looking for Gas-Price

Scapegoat
June 21, 2000
Related Links A Congressional Research Service (CRS) report identified high crude oil
Contract with Amenca ~ prices, the use of ethanol in reformulated gas, and gas pipeline problems

Gore Kept Energy Plan among the reasons gas prices are higher in the Midwest than in other parts
Secret for Eight Years of the country.

We are Being Gored by

High Gas Prices But Vice President Gore, facing growing pofitical
Clinton Administration fallout from current gas prices, cited a different
Looking for .G:;S!:Pme__ _cause. The vice president suggested yesterday

that "big oil is gouging American consumers.*
Free Trade Could Mear:

i ng al the pump

the End for China . .. .,
Dictatorship The Clinton administration’s Federal Trade
Commission is investigating the cause of higher
gas prices.

"The vice president has a growing political problem because his
administration has been asleep at the wheel when it comes to dealing with
OPEC," said House Majority Leader Dick Armey. “Instead of acknowledging
that his administration has no energy policy, which leaves our nation overly
dependent on foreign oil, the vice president is looking for a scapegoat.

"When the going gets tough, Al Gore points fingers,” said Armey.

According to the CRS report, se.ve'ral factors contribute to higher Midwest
gas prices, including:

o Higher crude oil prices. According to the report, "crude acquisition
costs have risen by the equivalent of 48 cents per gallon during the
past year and a half.”

o Use of Ethanol in Reformulated Gas (RFG). Reformulated gas,
required in certain areas of the country to comply with emission
standards, is mixed with ethanol in the Chicago and Milwaukee areas.

- New RFG requirements that went into effect June 1, "have made it
more difficult and costly to make RFG with ethanol.”

« Pipeline Problems. "Two oil pipelines serving the upper Midwest have
been experiencing operational difficulties,” reducing gasoline deliveries
- to the region. "In a tight regional market, supply reductions of this
magmtude can be extremely disruptive, and lead to significant price
increases."

Read the Congressional Research Service report, "Mtdwest Gasoline Price
Increases.” (2mb, PDF format)

http://freedom.house.gov/library/foreignaffairs/pr000621.asp . _ _ 2/13/0)
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Carter, Do'uglas

From: Friedrichs, Mark -
Sent: Tuesday, March 27, 2001 9:56 AM
Jo: Carter, Douglas; Braitsch, Jay; KYDES, ANDY; jkstier@bpa.gov', Zimmerman, MaryBeth;
Terry, Tracy
Subject: FW: Commerce Recommendations for NEP
Follow Up Flag: Follow up
" Flag Status: Flagged

7 b()

DRAFT Commerce
Recs.coc

L

————— Original Message-----

From: Anderson, Margot

Sent: Monday, March 26, 2001 3:36 PM

To: Conti, John:; Haspel. Abe; Zimmerman, MaryBeth; Lockwood, Andrea,
Breed, William; KYDES, ANDY; Whatley, Michael; Carter, Douglas,
Braitsch, Jay; Melchert, Elena; Cook, Trevor; Breed, William;
‘jkstier@bpa.gov’; York, Michael; Freitas, Christopher; Friedrichs,
Mark; Pumphrey, David; Kolevar, Kevin

Cc: Kelliher, Joseph

Subject: FW: Commerce Recommendations for NEP

All, -

This is Commerce’s wish list of Policy Options for the NEP. Mark F. -
can you coordinate a DOE response so we can get to Joe Kelliher? By
Wednesday COB? Thanks.

Margot

————— Original Message-----

From: Charles_M._Smith@ovp.eop.goviinternet
[mailto:Charles_M._SmithBovp.eop.gov)

Sent: Monday. March 26; 2001 3:03 PM

’o: Kelliher, Joseph; Kolevar, Kevin; Anderson, “Margot:
Juleanna_R._Glover@ovp.eop.gov%internet; Kmurphy@osec. doc govsinternet;




e T = e e P R L

Sue_Ellen_Wooldridge@IOS.DOI.govtinternet;
Joel_D._Kaplanéwho.eop.goviinternet; Keith.Collins@USDA.goviinternet;
Joseph.Glauber@USDA.gov$internet: Galloglysj@State.goviinternet;
McManusmt@State.gov$internet; Michelle.Poche@OST.DOT.Gov%internet;
Patricia.Stahlschmidt@FEMA.gov$internet; Brenner . Rob@EPA.gov$internet;
Symons .Jeremy@EPA.goviinternet; Beale.John€EPA.govitinternet; -
MPeacock@omb.eop.goviinternet; Mark_A._Weatherly@omb.eop.goviinternet;
Robert_C._McNally@opd.eop.govéinternet; Jhowardj€ceq.eop.govéinternet;
.William bettenberg@I0S.DOI.gov¥internet;
Tom_fulton@I0S.DOI.govsinternet; Kjersten_drager@ovp.eop. gov%lnternet,
Mleblanc@ceq.eop.gov¥internet; Bruce.Baughman@FEMA.goviinternet;
Charles.m.Hess@USACE.army.mil%internet; akeeler@cea.eop.gov¥internet;
commcoll@aol.com$internet; Karen_E._Keller@omb.eop.goviinternet;
Carol_J._Thompson@who.eop.goviinternet;
Sandra_L._Vialomb.eop.goviinternet; Megan_D._Moran@ovp.eop.goviinternet;
Janet_P._Walker@opd.eop.govi$internet; o
Ronald_L._Silberman@omb.eop.gov¥internet;
Lori_A._Krauss@omb.eop.goviinternet; WheelerE@State.govtinternet;
Mark_J._Sullivan@ovp.eop.goviinternet

Cc: Andrew_D._Lundquist@ovp.eop.gov$internet;
Karen_Y._Knutson@ovp.eop.goviinternet; John_Fenzel@ovp.eop.goviinternet
Subject: Commerce Recommendations

Attached are Commerce’s draft recommendations for your review

(See attached file: DRAFT Commerce Recs.doc)




Carter, Douglas

From: Carter, Douglas

Sent: Thursday, February 22, 2001 5:03 PM
To: Anderson, Margot

Ce: Braitsch, Jay; Kripowicz, Robert
Subject: RE: NEP news

Margot -

One more from FE (sorry).

T

R
\9

A\ - | _

Doug
-—Original Message-----
From: Anderson, Margot
Sent: Wednesday, February 21, 2001 7:35 PM
To: Cook, Trevor; Scalingi, Paula; PETTIS, LARRY; KENDELL, JAMES; Zimmerman, MaryBeth; Sullivan, John; ‘jkster@bpa.gov';

Kripowicz, Robert; Haspel, Abe; Magwood, William; ‘jkstier@bpa.gov’; Whatley, Michael; Braitsch, Jay; Conti, John; Carter,
Douglas; KYDES, ANDY; Pumphrey, David; Hart, James

Ce: Kelliher, Joseph
Subject: NEP news
All,

Joe has now received hard copies of chapters 4, 5, and 10 for our review (the ones we didn't do). Sorry but | only had
e-copies of 10, rest are hard, so you have to stop by to collect. I'll out them on the PO 7C-034 open area credenza for
pick up. Need your comments by Thursday COB - please e-mail me a comments page. I'll compile for Joe. Joe
delivered our DOE-led chapters 1, 2, 3, 6, 7, 8 and we will await comments. I'm working on coliecting figures and
charts. By my calculations, we are still missing chapter 9 (DOT).

The revised outline:

F
%) S '

Margot ' —_—

' - | 30010



Carter, Douggs

From: Braitsch, Jay

Sent: Thursday, February 22, 2001 4:26 PM

To: Anderson, Margot -
Ce: ' Carter, Douglas

Subject: RE: NEP news

Margot -- More FE Comments b(§>

r _ 7




Second paragraph under Electricity Imports - b (93

———

I

L

—Original Message-—

From:
Sent:
TJo:

Subject:

Anderson, Margot

Thursday, February 22, 2001 3:33 PM
Braitsch, Jay

RE: NEP news

Yes, got Doug's stulf. Sorry for not checking. | think you are right.

~—0Original Message-—-
From: Braitsch, Jay
Sent:  Thursday, Febnsary 22, 2001333PM

To:

e o™ . - b(s)

| think Doug Carter sent you something, and ) will be sending some more comments shorﬂyl

%)

-—-Original Message-—-

From: Anderson, Margot

Sent: Thursday, February 22, 2001 3:15 PM

To: Cook, Trevor; Scalingi, Paula; PETTIS, LARRY; KENDELL, JAMES; Zimmerman, MaryBeth; Sullivan, John; 'jkstier@bpa.gov’;
Kripowicz, Robert; Haspel, Abe; Magwood, William; ‘jkstier@bpa.gov’; Whatley, Michael; Braitsch, Jay; Conti, John;
Carter, Douglas; KYDES, ANDY; Pumptrey, David; Hart, James

Cc: Keliiher, Joseph

Subject: RE: NEP news

Can | get a sense of who is going to provide comments by the end of the day on these three chapters? | have
NE’s (thanks, Trevor) and know EE will comment. Anyone else?

 -——Driginal Message-—-

From: Anderson, Margot .
Sent: Wednesday, February 21, 2001 7:35 PM

TJo: Cook, Trevor; Scalingi, Paula; PETTIS, LARRY; KENDELL, JAMES; Zimmerman, MaryBeth; Sullivan, John;
. ‘jkstier@bpa.gov’; Kripowicz, Robert; Haspel, Abe; Magwood, William; ‘jkstier@bpa.gov'; Whatiey, Michael;
i . Braitsch, Jay; Conti, John; Carter, Douglas; KYDESANDYPumphreyDawdHart.James
Cc: Kefliher, Joseph
Subject: NEP news

Al

Joe has now received hard copies of chapters 4, 5, and 10 for our review (the ones we didn't do). Somy
but | only had e-copies of 10, rest are hard, so you have 1o stop by to collect. I'll out them on the PO 7C-
034 open area credenza for pick up. Need your comments by Thursday COB - please e-mail me a
comments page. |l compile for Joe. Joe delivered our DOE-led chapters 1, 2, 3, 6, 7, 8 and we will await
comments. I'm working on collecting figures and charts. By my calculatuons we are still missing chapter 9
(DOT).

The revised outline:

r’ 1 : _
- 30012
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Carter; Dcmlas

From: Braitsch, Jay
Sent: - Friday, May 25, 2001 9:55 AM
To: Rudins, George; Caner, Douglas; McKee, Barbara; DeHoratiis, Guido; Johnson, Nancy;

Juckett, Donald; Pyrdol, John; Freitas, Christopher; Porter, Robert
Ce: Kripowicz, Robert _
Subject: National Energy Policy (NEP) Recommended Actions

B | !

AN - b(s)

Summary wil. .

30014



Carter, Dox.gljs

From: SITZER, SCOTT
Sent: Friday, February 16, 2001 6:06 PM
To: Carter, Douglas
Subject: RE: NEP Coal

A .

NEPCOAL.DOC
Doug.
Thanks for the comments. ’ L?(T€£>
) ;I have aftaéhed that

version,

which has already gone to Larry Pettis for transmittal to Margot
aAnderson.

It

there are any further opportunities for revisions, I will certainly
consider

what you sent me.

Scott

————— Original Message-----

From: Douglas Carter_at_HQ-EXCH at X400PO

Sent: Friday, February 16, 2001 1:17 PM

To: Sitzer, Scott

Cc: Rcbert Kripowicz_at_HQ-EXCH at X400PO: George Rudins_at_HQ-EXCH at
X400PC; Robert Porter_at HQ EXCH at X400PO

Subject: FW: NEP Coal

Scott -

I wanted to offer you something more concrete than our earlier
discussion.

I have marked-up the coal language you drafted for Section 1, and the
markup

is attached. Please consider this in your future drafts.

Doug Carter, FE-26, x69684

————— Original Message-----

From: SITZER, SCOTT

Sent: Friday, February 16, 2001 1:34 PM
To: Carter, Douglas

Subject: NEP Coal

Doug,

Attached is a slightly "polished" version of what I sent you yesterday,
plus

he
.ssociated graphs.

I am supposed to turn this in at noon today. so I would appreciate any

1
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RE: BPA DSI information : Page 1 of 2
From: - Carier, Paul

Sent: Friday, March 23, 2001 3:57 PM

To: Anderson, Margot; caball@bpa.gov

Cc: ‘Stier, Jeffrey K - KN-DC'; Seifert, Roger

Subject: RE: BPA DSI information
importance: High

Margot, ‘)G\

Paul

~—Original Message—

From: Anderson, Margot

Sent: Friday, March 23, 2001 12:46 PM

To: ‘'Ball, Crystal A - KN-DC'; Carrier, Paul

Cc: ‘Stier, Jeffrey K - KN-DC’; ‘Seifert, Roger - KN-DC'
Subject: RE: BPA DS! information

rierstai, | l ,.__( ‘

e

L

L

Margot

—Original Message—

From: Ball, Crystal A - KN-DC [mailto:caball@bpagev}————"————__~
Sent: Friday, March 23, 2001 12:35PM -

To: Anderson, Margot; Carrier, Paul

Cc: Stier, Jeffrey K - KN-DC; Seifert, Roger - KN-DC

: 30016




RE: BPA DSI information Page 2 of 2

Subject: RE: BPA DSl information
Importance: High

W\E

> <<D8l paul info.doc>> <<McCook pr final.doc>> T

5/1A3/oz ' _— | | | | 30017




Kelliher, Joseph Q&W

om: : Stephen Sayle [ssayle@dutkogroup.com)
sent: Thursday, March 22, 2001 4:58 PM ; g)
Ta: Kelliher, Joseph / C
Subject: to mr. commissioner

A multipollutant regulatory strategy should be established for the
power generation sector including:

- Gradually phased in reductions.

- Reform/replacement of NSR

- Use of market-based/emission trading programs

- Inclusion of both existing and new plants and equal treatment for

both

The last bullet is the critical one to ensure that: a) we
encourage the new generation that is required b) we ensure that
the new technologies developed through DOE programs can come
into the market.)

I will follow up with a short statement on above tomorrow. Call me with
guestions



warming trend may be underway, and that greenhouse gases emissions from human sources
may increase the potential impact of global warming. The IPCC recommended that an
international agreement be negotiated setting forth a pathway to limit man-made greenhouse
gas emissions, especially energy-related carbon dioxide emissions. In 1992, 160 nations
heeded this advise and signed the Rio Agreement on Climate Change, formerly known as the
* United Nations Framework Convention on Climate Change™ (FCCC).

The United States was among the nations to ratify this agreement, which has as its
objective stabilizing the atmospheric concentration of greenhouse gases at a level that pre-
vents dangerous anthropogenic interference with the climate system. In ratifying the FCCC,
the United States, Europe, Japan and other industrialized countries agreed to take the lead
in modifying longer-term trends in anthropogenic emissions, to make best efforts to reduce
emissions to 1990 levels by 2000 and to provide technology a nd funds to developing countries
to ensure that emission levels would remain as low as possible—without jeopardizing
economic development.

In the months that followed, many U.S. companies, and even entire industry sectors,
began to develop programs to increase operating efficiencies, put new technologies in place,
and implement business practices aimed at lowering greenhouse gas emissions—while, at the
same time, maintaining a growing U.S. economy. These voluntary programs, often in
conjunction with government partners, have paid off. Recently, the Department of Energy
released a report showing that U.S. greenhouse gas emissions are more than two hundred
million tons per year lower than they would be had industry and business not taken these
voluntary actions. ‘

A sound long-term climate change policy that complements a sound long-term energy
policy must be developed to ensure that the greenhouse gas emissions growth line continues
to bend downward while the economic growth curve continues to move upward. Sound
climate change policies can make this happen, particularly if these policies:

» Emphasize voluntary action;
» Are cost effective, flexible and focus on long-term solutions that recognize that our
economy is built on the availability of reasonably priced energy of all forms;
» Address both cost-effective mitigation actions—such as avoiding emissions through
enhanced energy or operating practices—and adaptation to changes that occur for
whatever reason; ,
Expand research programs that address science, economics and technology
development;
_ » Remove barriers to the deployment of new technologies and encourage rapid
deployment through incentives; - :
» Address the needs of developing nations, including their desire to build their
domestic capabilities and grow their economies; and, -
» - Encourage local action and actions by governments as well as by industry.

Unfortunately, as we enter the 21st Century U.S. climate policy is not based on a long-
term strategy. Over the last three years, the US Administration’s strategy has been short
term and directed at ratifying and implementing the 1997 Kyoto Protocol. This agreement,
concluded in December 1997, would require the U.S. and other developed countries to meet
mandatory emission reduction targets by 2008-2012. For the United States, the Kyoto
Protocol would mean a reduction of greenhouse gas emissions to a level that is seven percent
below 1990 levels with additional, but as yet unidentified reductions, after 2012. To meet the

13



initial target the U.S. would have to cut its emissions by 30-35 percent below projected levels.
Doing so would be very costly. Most analyses show that reaching this target in such a short
time period would reduce the U.S. GDP by several percentage points.

To date, the Kyoto Protocol has not been submitted to the U.S. Senate. If it were, it
likely would not be ratified, which is a requirement for the United States to be bound by that
agreement. The United States in not alone in its concerns about the impact of the Kyoto
Protocol. -As of January 2001, no developed country has ratified the agreement. Most nations
realize that the Protocol would require significant changes in energy, economic and trade
policies and would seriously affect the lives of every citizen. Moreover, the European Union
has strenuously resisted elements in the Protocol that theoretically could reduce the cost of
compliance. These elements include a proposed emissions trading program, the Clean
Development Mechanism (directed toward emissions abatement in developing countries)
and land use and forestry programs. Such elements are key to offsetting costly short-term
mandatory emission reduction targets. To date, nations are looking for reasonable and cost
effective approaches to deal with the climate issue. Increasingly, it is appears likely that most
nations will concentrate on new technology development, deployment and transfer to limit
greenhouse gas emissions.

In the decade ahead, the federal government should seek to meet the commitment
expressed in the FCCC by devoting sufficient scientific resources to determine the maximum
atmospheric concentration of greenhouse gases that would “prevent dangerous anthropogenic
interference with the climate system” (From Article 2 of the FCCC). Additionally, the U.S.
should work with other nations, including developing countries, to establish an equitable
long-range plan to prevent the exceeding of this unacceptable concentration. This plan should
include all market-based measures that contribute to the ultimate goal, including making
maximum use of cost-reducing implementation measures. Moreover, governments should
work with industry to develop a broad suite of technology options from which energy users
could select in order to meet climate change policy goals in 2050, 2075 and 2100.



. FOR-MMEDIATE RELEASE ‘ hnp://wwvx.house.gov/transponanonf}:.xiL‘O-'s-25-0 1. rurner

Testimony of

Frank K. Tumer, President

American Short Line and Regional

Railroad Association

Railroad Infrastructure cy

House Committee on Transportation and Infrastructure
Subcemmittee on Railroads

April 25, 2001

Chairman Quinn and members of the Subcommittee, I am Frank K. Tumer, President of the
Amencan Shon Line and Regional Railroad Association headquanerea Washmmon D.Cx> 1
appreciate this opportunity to testify about the infrastructure needs of <maﬂ railroads on behalf of

e m—— e

ASLRRA’s more than 4QO short li_ne and regional railroad members.

I know that in this room, I’'m probably preaching to the choir when 1t comes 1o poinung out all
the good reasons there are for keeping freight on the rails. Railroads help to address this Nation's
groving congesuon problems by keeping freight off the highways, and when it comes 10 moving freigh:.
railroads are cost effective, burn less fossil fuel and emit less air pollution per ton-mile than trucks.

. Small railroads are doing 2 big job of relieving highway congestion. More than one-quaiter of
the carloads of rail freight in this country onginate or terminate on a short line or regional railroad. If
these small railroads weren’t there, this freight would move 1n trucks - - many of them on rural roads
that are not equipped to handle this influx of freight. Public money, and lots of it. will be used 1o repair
the damage all that extra truck traffic creates. Transportation rates in these areas of the country.
parucularly for bulk commodities such as grain, stone and forest products, will increase because 1t 1s
~more expensive to move these commodities by truckload than by trainioad.

‘Today. the contribution that small railroads make to our national transportation system 1S

threatened by the condition of their infrastructure. In one sense this problem has always been with us.

- These are light density lines that don’t generate enough revenue to make up for the years of deferred
maintenance they inherited from their Class 1 owners. Because of their lower cost structure and therr
ability to dea! with individual shippers in 2 more flexible way than the Class I's. they have been able 1o
tum money losing lines into marginally profitable lines. They have made enough money to get by. bui
not enough to make the kind of one-time capltal expendxtures needed to remain an efficient feeder

system for the national rail network.

Today this problem is coming to a head because Ofn Tew elemem that 1s compleiely outside the
control of the shor line industry — that is the introduction of the heavier 286.000-4b. freight cars that
have become the standard for the Class I industry. These cars cause swmﬁcamlv more siress and wear
and tear on rail track and bridges. To handle thesé cars efficiently. light density lines can no lonzer put
off major capital expenditures. If they don’t find the money for that investment their lines and their
shippers will be effectively disconnected from the nation’s main hne railroad svsiem.

How Laroe Is the problem and How Should Coueress Confrant It?

\ A recent study by ZETA-TECH Associates concluded that investment in traci and structures
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needed to handle 286,000-pound cars will approach $7 billion on small railroads. ASLRRA and the ;
Federal Railroad Administration funded the ZETA-TECH study jointly under a cooperative agreement. ‘f
It validated the scope of the “286” problem that had been established in an earlier survey of short lines -
by the Standing Committee on Rail Transportation of AASHTO (the American Association of State
Highway and Transportation Officials).

How should Congress confront this pressing issue? There are two solutions that I would like 10
discuss today. One involves loans, and the other involves grants. Both are desperately needed. The first
is the Railroad Rehabilitation and Improvement Financing Program, commonly referred to as “the RRIF
Loan Program.” The RRIF Loan Program already exists, but steps need to be taken as soon as possible
to make this program work the way Congress intended. The second is H.R. 1020, which would
authorize grants of $350 million per year for three years for small railroad infr: tructurz projects.

1. Implementation of the RRIF L.oan Program

Congress enacted the RRIF Loan Program as Section 7203 of the Transportation Equity Act for |

the 215t Century (TEA-21). The program authorizes the Secretary of Transportation to provide up to
$3.5 billion in direct loans and loan guarantees for railroads projects. Of this amount, at least $1 billion:
is reserved for small railroad pro;zcts. )

The loan program has been on the books since June of 1998. It took the Administration more
than two years to produce implementing regulations. Since the regulations took effect in September of;
2000, over a dozen railroad applications have been presented to the Federal Railroad Administration.
Not a single one has been approved. This innovative infrastructure financing tool has not yet begun to‘
perform in the way Congress intended.

You have heard from the FRA on this subject and I do not question their good intentions with
regard to this program. But the fact 1s that somehow and somewhere this program 1s stuck. Somebody
in the Department of Transportation neéds to get it unstuck.

2. EFnactment of H.R. 1020

On March 14 of this year, Congressmen Jack Quinn (R-NY), Bob Clement (D-TN) and
Spencer Bachus (R-AL) introduced H.R. 1020, the Railroad Track Modemization Act of 2001. In
addition to this strong support from the leadership of this Subcommittee, for which we are grateful; the
bill has been sponsored by full Committee Chairman Don Young, by four of the six Subcommittee
Chairman and by three of the six Subcommintee ranking Democratic Members.

; The bill authorizes General Fund appropriations of -$350 million per year for three years for
capital grants to rehabilitate, preserve or improve track (including roadbed and bridges) of Class II and
Class IIl railroads. The grants are intended for projects to-allow. safe and efficient rail operations,
particularly when handling 286 000-1b. freight cars. In addition, H.R.. 1020 specifically allows grants 1o
be used to supplemem the RRIF loan program, to pay credit nisk premiums, lower interest rates, or
provide a “holiday” on principal payments.

Enactment of H.R, 1020 is a “Wipn-Win” for Railroads‘jmplovees Shippers and States.

Cenamly the large railroads will benefit from passage of the bill and stabilization of light density
rail infrastructure.. One way to think of the more than 500 short line and regional railroads in this
country is as a very big customer to the mega-carriers. We market business, gather traffic from remote
locations and tender it to the AAR member Class I railroads. Our share of the revenues of the traffic we
generate and terminate each year is about $3 billion. Theirs 1s much greater. If we fail, that traffic will
be lost to the highways and waterways. At the very least it will move great distances over rural and
.secondary road systems at great cost to the taxpayers.

This bill is supported by the largest rail union, the UTU. As you have heard, it is opposed by the
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"~ Transpontation Trades Departmeént of the AFL-CIO, on behalf of its other rail union members. As |
understand that -opposition, it is based on ‘the fact that many of today’s short hine railroads began
operation as non-union companies and as such the over 25,000 people we employ today do not merit the
attention of the federal government. 1 want to address that issue head on.

First, ] served as President of one of the very first spin-off railroads, the MidSouth, duning the
1990’s. It was fully unionized. I inherited some of the most dilapidated railroad track in the State of
Mississippi, track that was well on its way to abandonment. Fortunately we had some profitable
segments and we invested every dollar we could from those segments into upgrading those poor
segments. We saved the line and we saved the jobs.

Second, while one may argue about why or how short line railroads were onginally formed, the
fact of the matter is they are increasingly unionized. I have attached to my testimony a copy of the facts
as they relate to that matter. Today, 66 percent of small railroad employees are represented by a union.
Eight two percant of small railroads with 50 or more employees have a union on the property. One

: hundred percent of all Class II railroads have at least one union on the property. The trend 1s clear. As

- small railroads grow their employees tend to unionize. This legislation will help small railroads grow
and prosper and it seems counterproductive 1o oppose that opportunity in the name of a perceived
inequity that occurred twenty years ago.

Third, the railroad unions told you today that preserving the financial stability of Railroad
Retirement is one of their most important priorities. Every small railroad worker, whether they are
unionized or not, pays into the Railroad Retirement System. Together small railroad employees
contribute approximately $206 million annually to the Tier II system. That 1s not an nsignificant
amount of money, and everyone that is interested in preserving Railroad Retirement should be interesied
in preserving and growing this financial contribution to the system.

Fourth, and finally, the Short Line Association has spent considerable time working with the
unions, including the TTD 1n trying to accommodate rail labor’s concemns. The sections in the
legislation concerning labor protzction, Davis-Bacon requirements and disallowing the use of the money
for new spin-offs were all included 1n the bill at the request of rail labor. Not all my members are
supportive of these provisions, particularly taking away this funding opportunities for yet to be created
short line railroads. But we want to work with rail labor on this legislation and we have tried hard to do

S0.

Finally, Mr. Chairman, our shippers and the communities in which they are located are
beneficiaries of this legisianon. Without small railroads our shippers lose their connection 1o the
national railroad system. Our communities lose an important economic development tool. Our states

. are faced with increasing highway congestion and repair costs. :

Meeting the g;baliggge of Infrastructure

The purpose of the infrastructure program ASLRRA is advocating 1s to provide a one-time fix
for light density railroads so they can meet the new requiremeénts of the 215! Century. The need exceeds
$7 billion over the next decade. Our railroads can raise part of the money needed, but they are not big
enough or wealthy enough to raise it all for the major rehabilitation that is required to meet the heavy car
challenge.

There will be many projects with low returns that will not be suitable for loan financing under
the RRIF program. H.R. 1020 provides the missing piece of the puzzle.  We believe the
Quinn-Clement-Bachus grant program leveraging federal loan funds and state assistance, together with
private capital, will help to fix the problem.

: If this problem 1s not fixed, then these railroads will gradually lose their business as their
shippers are forced to move to truck or relocate. Once that occurs, these lines will deteriorate and
ultimately be abandoned and no amount of federal funding will be able to bring them back. Thousands
of current rail shippers will close their doors or put their goods on the highway.
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Enactment of H.R. 1020 will be a “win-win” for railroads, employees, shippers and communities
across Amerca. I urge your support and prompt passage of this important legislation.

Thank you.

* ASLRRA is a non-profit trade associétion incorporated in the District of Columbia. ASLRRA represents the
interests of its mare than 400 short line and regional railroad members in legislative and regulatory matters. Short

line and regional railroads are an important'and growing component of the railroad industry. Today, they operate
and maintain 29 percent of the American raiiroad industry’s route mileage (approximately 50,000 miles of track),
and account for ten percent of the rail industry’s freight revenue and twelve percent of railroad employment {based

on statistics for calendar year 1999).
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U.S. NUCLEAR REGULATORY COMMISSION
TESTIMONY ON THE U.S. NATIONAL ENERGY POLICY:
" NUCLEAR ENERGY

Introduction

Mr. Chairman, members of the Subcommittee, | am pieased to submit this testimony on behatf
of the U.S. Nuclear Regulatory Commission (NRC) regarding the NRC's perspective on how
nuclear energy fits into the U.S. National Energy Policy. As the Subcommittee knows, the
Commission’s mission is 1o ensure the adequate protection of public health and safety, the
common defense and security, and the environment in the application of nuclear technology for
civilian use. The Commission does-not have a promotional role - - the agency's role is to ensure
the safe application of nuclear technology if society elects to pursue the nuclear energy option.
The Commission recognizes, however, that its regulatory system should not estabilish
inappropriate impediments to the application of nuciear technology. Many of the Commission’s
initiatives over the past several years have sought to maintain or enhance safety while
simuttaneously improving the efficiency and effectiveness of our regulatory system. The ‘
Commission also recognizes that its decisions and actions as a regulator influence the public's
perception of the NRC and ultimately the public's perception of the safety of nuclear technology.
For this reason, the Commission’s primary performance goals also inciude increasing public

confidence.
The Commission's primary focus is on safety. The Commission nonetheless recognizes that

the quality, predictability, and timeliness of its regulatory actions bear on licensee decisions
related to construction and operation of nuclear power plants.
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Background

Currently there are 104 nuclear power plants ficensed by the Commission to operate in the
United States in 31 different states. As a group, they are operating at high levels of safety and

reliability.

NRC Performance indicalors; Annual industry Averages, 19871999
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These plants have produced approximately 20% of our nation's electricity for the past severa.
years and are operated by about 40 different companies. In 2000, these nuclear power plants

produced a record 755-thousand gigéwaﬁ-hours of electricity.

Net Gensrofion of .S, Nuclear Heckicy 1977-1999
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Improved Licensee Efficiencies {Increased Capacitv Factors)

The nation’s nuclear electricity generators have worked over the past 10 years to improve

nuclear power plant performance, reliability, and efficiency. Accarding to the Nuclear Energy
institute, the improved performancé of the U.S. nuctear power plants since 1990 is equivalent to
placing 23 new 1000-MWe power plants on line. The average capacity factor’ for U.S. light

water reactors was 86 percent in 1999, up from 63 percent just 10 years ago. Thﬂ@ommetmn/
hameueeﬁ—mf‘ensunng that»afety has not been compromised as a resutlt of tneeemd-asw, ’
efforts. The-Cammlssmn_mﬂ.oontme‘totarry oatits reguiatory responsibilities in an effective -
and efficient manner so as not to mpede mdustry initiatives inapprooriately.

‘Capaciiy factor is the ratio of electricity generated, for the period of time considered, to
the amcunt of energy that could have been generated at continuous full-power operation during
the same period. :

Y
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U.S. Commercial Nuclear Power Reactor Average Capacity Factor and Net Generation

Year Number of Average Annual Thousands of : Percent of Total
Reactors Capécity Factor Gigawatthours  U.S.
Licensed to (Percent)
Operate
1989 109 63 528 19.0
1990 111 68 576 205
1991 111 71 613 217
1992 110 71 620 1222
i 1993 109 73 611 21.2
1994 109 75 640 221
1995 109 79 674 225
. 1996 110 77 670 219
1997 104 74 628 20.1
1998 104 |78 673 226
1999 104 .86 727 19.8

Electric Industry Restructuring

As the Subcommittee is aware, the nuclear industry has undergone a perniod of remarkable

change. The industry is in a period of transttion in several dimensions, probably experiencing
more rapid change than in any other period in the history of civilian nuclear power. As
deregulation of electricity generation proceeds, the Commission is seeing significant
réstructuring among the licensees and the start of the consolidation of nuclear generating
capacity among a smaller group of operating companies. In par, this change is due to an
industry that has achieved gains in both economic and safety perfformance over the past decade
and thus has been able to take advantage of the opportunities presented by industry
restn_:cturing. The Commission has established a regulatory system that is technically sound,

that is fair, predictable, and reaches decisions with reasonable dispatch.

1911



initiatives in the Area of Current Reactor Regulation

License Transfers

One of the more immediate results of the economic deregulation of the electric power industry
has been the development of a market for nuclear power plants as capital assets themseives.
As a result, the Commission has seen a significant increase in the number of requests for
approval of license transfers. These requests increased from a historical average of about two

or three per year, to 20 - 25 in the past two years.

The Commission has assured that our reviews of license transfer applications, which focus on
adequate protection of bublic health and safety, are conducted efficiently. These reviews
sometimes require a significant ekpenditure of talent and energy by our staff to ensure a high
guality and timely result. Qur legislative proposal to eliminate foreign ownership review could
help to further streamline the process. To date, the Commission believes that it has been timely
in these transfers. For‘example. in CY 2000, the staff has reviewed and approved transfers in
periods ranging from four to eight months, depending on the complexity of the applications. The
Commission will strive 1o continue o perform af this level of proficiency even in the face of

continued demand.

License Renewals

Another result of the new economic conditions is an increasing interest in license renewa! that

would allow plants to operate. beyond the original 40§year term. That term, which was
established in the Atomic Energy Act (AEA), did not reflect a limitation that was determined by

engineering or scientific considerations, but rather was based on financial and antitrust
concerns. The Commission now has the technical bases and experience on which {o base

judgments about the potential useful life and safe operation of facilities and is addressing the

question of extensions beyond the priginal 40-year term.
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The focus of the Commission’s review of applications is on maintaining plant safety, with the
primary concem directed at the effects of aging on important systems, structures, and
componems. Applicants must demonstrate that they have identified and can manage the
effects of aging so as to maintain an acceptable fevel of safety during the period of extended

operation.

The Commission has now renewed the licenses of plants at two sites for an additional 20 years:
Calvert Cliffs in Maryland, and Oconee in South Carolina, comprising a total of five units. The
thorough reviews of these applications were completed ahead of schedule, which is indicative of
the care exercised by licensees in the preparation of the applications and the planning and
dédication of the Commission staff. Applications for units from three additional sites — Hatch in
Georgia, ANO-1 in Arkansas, and Turkey Point in Florida — are currently under review. As
indicated by our licensees, many'more applications for renewal are anticipated in the coming

years.

Although the Commission has met the projected schedules for the first reviews, it would like the
renewal process to become as effective and efficient as possible. The extent to which the
Commission is able to sustain or ilnprrove on our performance depends on the rate at which
applications are actually received, the quality of the applications, and the ability to staff the review
effort. The Commission recognizes the importance of license renewal and is committed to
providing high-priority attention to this effort. As you know, the Commission encourages early
notification by licensees, in advance of their intentions to seek renewals, in order to allow adequate

planning so as
not to create-

unmanageable
demands on

staff resources.

Number of Licenses
Expired
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Reactor Piant Power Uprates

In recent years, the Commission has approved numerous license amendments that permit its
licensees to make relatively small power uprates (approximately 2-7 percent increases in the
output of a facility). Collectively, these uprates supplied the electricity equivalent to that from two
large power plants (approximately 2,000 MWe). The Commission has received applications for
several substantial uprates, and anticipates more within the near term. In addition, some nuclear
generators have requested Commission safety review of increasing fuel bumup, thereby extending
the operating cycle between refuéling outages and thus increasing nuclear plant capacity factors.
Such approvals are granted only after a thorough evaluation by Commission staff to ensure that

safe operation and shutdown can be achieved at the higher power and increased fuel bumup.

High Level Waste Storage/Disposal (Spent Fuel Storage)

-

in the past several years, the Commission has responded to numerous requests to approve spent
fuel cask designs and independent sbent fuel storage installations for onsite dry storage of spent
fuel. These actions have provided an interim approach pending implementation of a program for
the long-term disposition of spent fuel. The ability of the Commission to review and approve these
requests has provided the needed additional onsite storage of spent nuclear fuel, thereby avoiding
plant shutdowns as spent fue! pools reach their capacity. The Commission anticipates that the
current lack of a fina! disposal site will result in a large increasé in on-site dry storage capacity

during this decade.

The Commission is currently reviewing an application for an Independent Spent Fuel Storage
installation on the reservation of the Skull Valley Band of Goshute Indians in Utah.

Certain matters also need 1o be resolved in order to make progress on a deep geologic repository

for disposal of spent nuclear fuel. The Energy Policy Act of 1992 requires the Environmental
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Protection Agency (EPA) to promulgate general standards to govemn the site, while the
Commission has the obligation to implement those standards through its licensing and regulatory
process. The Commission has concerns about certain aspects of EPA’s proposed approach and
is working with EPA to resotve these issues.

Risk-informing the Commission's Regulatory Framework

The Commission also is in a period of dynamic change as the Agency moves from a prescriptive,
deterministic approach towards a more risk-informed and performance-based regulatory
paradigm. improved probabilistic risk assessment techniques combined with over four decades
of accumulated experience with operating nuclear power reactors have led the Commission to
recognize that some regulations may not serve their intended safety purpose and may not be
necessary to provide adequate protection of public health and safety. Where that is the case, the
Commission has determined it should revise or eliminate the requirements. On the other hand,
the Commission is prepared to strengthen our regulatory system where risk considerations reveal
the need.

Perhaps the most visible aspect of the Commission's efforts to risk-inform its regulatory
framework is the new reactor oversight process. The process was initiated on a pilot basis in
1999 and fully implemented in April 2000. The new process was developed to focus inspection
effort on those areas involving greater nsk to the plant and thus to workers and the public, while
simultaneously providing a more objective and transparent process. While the Commission
continues to work with its stakeholders to assess the effectiveness of the revised oversight-

process, the feedback received from industry and the public is favorable.
Future Activities

Scheduling and Organizational Assumptions Associated with New Reactor Desians

While improved performance of operating nuclear power plants has resulted in significant
increases in electrical output, significant increased demands for electricity will need to be

addressed by construction of new generating capacity of some type. Serious industry interest in
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new rnnstniction of nuclearsewer-plartsrthet-5-hes-enlysecently emerged. As you know,

tha C.ommission has alreadv certitied three new reactor_designs pursuant to 10 CFR Part 52.
These desians inflie (sanaral Flactnn s anvancaa nomnn waler reactor. Westinohouse's AP-600
and Combustion Enaineerine’s Svetom rn+__Because the Commission has ceruted these
gesigns, a hew plant order may include one of these approved designs. However, the staff is also
conducting a preliminary review associated with other new designs.

In addition to the three already certified advanced reactor designs, there are new nuciear power

plant technologies, such as the Pebble Bed Modular Reactor, which some believe can provide

enhanced safety, improved efficiency, lower costs, as well as other benefits. To ensure that the
Commission staff is prepared to evaluate any applications {o introduce these advanced nuclear
reactors, the Commission recently directed the staff to assess the technical, licensing, and
inspection capabilities that would be necessary to review an application for an early site permit, a
license application, or construction permit for a new reactor unit. This will include the capability to
review the designs for generation i1+ or generation IV light water reactors including the
Westinghouse AP-1000, the Pebble Bed Modular Reactor, and the Intemational Reactor innovative
and Secure (IRIS) designs. In addition to assessing its capability to review the new designs, the
Commission will also examine its regulations relating to license applicéifons, such as

10 CFR Parts 50 and 52, in order to identify whether any enhancements are necessary.

In order to confirm the safety of new reactor designs and technology, the Commission believes
that a strong nuclear research program should be maintained. A comprehensive evaluation of the
Commission’s research program is underway with assistance from a group of outside experts
and from the Advisory Committee on Reactor Safeguards. With the benefit of these ihsights‘, the
Commission expects to undertake measures to strengthen our research program over the coming

months.

Human Capital

Linked to these technical and regulatory assessments, the Commission is reviewing its human

capital to assure that the appropriate professional staff is available for the Commission to fulfill its
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traditional safety mission, as well as any new regulatory responsibilities in the area of licensing

new reactor designs.

In some important offices within the Commission, nearly 25 percent of the staff are eligible to retire
today. In fact, the Commission has six times as many staff over the age of 60 as it has staff under
30.

And, as with many Federal agencies, it is becoming increasingly difficult for the Commission to

hire personnel with the knowledge, skills, and abilities to conduct the safety reviews, licensing, S
research, and oversight actions that are essential to our safety mission. Moreover, the number of
individuals with the technizai skills critical to the achievement of the Commission’s safety mission

is rapidly declining in the Nation and the educational system is not replacing them. The

Commission's staff has taken steps to address this situation, and as a result, is now seeking
systematically to identify future stafiing needs and to develop strategies to address the gaps. ltis
apparent, however, that the maintenance of a technically competent staff will require substantial

effort for an extended time.

As the Commission is currently challenged to meet its existing workload with available resources,
additional resources would be necessary to respond to increased workioad which could result

from some of the initiatives discussed in this testimony.

10
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Implications of a National Energy Policy

The Commission has a stake in a national energy policy and has identified areas where.new
legisiation would be helpful to eliminate artificial restrictions and to reduce the uncerainty in the
licensing process. These changes would maintain safety while increasing fiexibility in
'decision-making‘ Although those changes would have little or no immediate impact on electrical
supply, they would help establish the context for consideration of nuclear power by the private

sector without any compromise of public health and safety or protection of the environment.

Legisiation wili be needed to extend the Price-Anderson Act. The Act, which expires on
August 1, 2002, establishes a framework that provides assurance that adequate funds are
available in the event of a nuclear acddent and sets out the process for consideration of
nuclear claims. Without the framework provided by the Act, private-sector participation in

nuclear power would be discouraged by the risk of large liabilities.

Several other legislative changes would be helpful. For example, Reorganization Plan No.
3 of 1970 could be revised 4o provide the Commission with the sole responsibility to
establish all generally applicabie standards related to Alomic Energy Act (AEA) materials,
thereby avoiding dual regulation of such matters by other agencies. Along these same
lines, the Nuclear Waste Policy Act of 1982 could be amended to provide the Commission
with the sole authority to establish standards for high-level radioactive waste disposal.
These changes would serve to provide full protection of public health and safety, provide

consistency, and avoid neediess and duplicative regulatory burden.

Commission antitrust reviews could also be eliminated. As a result of the growth of
Federal antitrust law since the passage of the AEA, the Commission’s antitrust reviews are
redundant of the reviews of other agencies. The requirement for Commission review of
such matters, which are distant from the Commission’s central expertise, should be

eliminated.

Elimination of the ban on foreign ownership of U.S. nuclear plants would be an

enhancement since many of the entities that are involved in electrical generation have

12
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foreign participants, thereby making the ban on foreign ownership increasingly
anachronistic. The Commission has authority to deny a license that would be inimical to
the common defense and security, and thus an outright ban on all foreign ownership is

unnecessary.

With the strong Congressional interest in examining energy policy, the Commission is optimistic
that there will be 3 legislative vehicie for making these changes and thereby for updating the AEA.

Summary ) _

The Cormmission has long been, and will continue to be, active in concentrating its staffs’ efforts
on ensuring the adequate protection of public health and safety, the common defense and
security, and the environment in the application of nuclear technology for civilian use. Those
statutory mandates notwithstanding, the Commission is mindful of the need to: 1) reduce
unnecessary burdens, so as not to inappropriately inhibit any renewed interest in nuclear power;
(2) maintain open communications with all its stakeholders, in order to seek to ensure the full, fair,
and timely consideration of i issues that are brought to our attention; and (3) continue to encourage
its highly qualified staff to stnve for mcreased efficiency and effectiveness, both in our dealings

with alt the Commission’s stakeholders and internally within the agency.

I look forward to working with the Committee, and | welcome your comments and questions.

13
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PURPOSE

The Subcommittee will conduct a hearing on the infrastructure policies affecting the nation’s railroads on Wednesday, April.
25, 2001, at 10:00 a.m. in Room 2167, Raybum House Office Building. The Subcommitiee will hear testimony both on the
implementation of the direct and guaranteed rail and rail-intermodal infrastructure loan program enacted in the 1998
Transporation Equity Act for the 21st Century (TEA 21) and on H.R. 1020, legislation to address smaller railroads’
infrastructure needs. _

BACKGROUND

Smaller railroads are generally labeled Class 11 or Class III rail carners, using Surface Transportabon Board (formerly
Interstate Commerce Commission) size thresholds based on total annual revenues. Class 1l carners each have $20.8 million
or less in annual revenues, while the limit for Class 11 carmiers is 3259.4 million. Although some smaller railroads have
existed for decades, hundreds of new short-line and regional railroads were created following the enactment of the Staggers
Rail Act of 1980. ’ . C -

Prior 1o the Staggers Act reforms that permitied large (Class 1) railroads 10 abandon unproductive lines more easily,
deterioration of the rail network, especially on light-density lines serving smaller towns and rural areas, was widespread. The
generally higher operaang costs of the Class I camiers, combined-with low waffic levels, made most light-density lines
money-losing enterprises for the large railroads. Prior to 1980, most such lines were shed by Class 1 camiers (when the ICC
regulatory process permifted) through outright abandonment—removing the lines permanently from the rail nerwork.

Afier 1980, ICC policies and regulations were revised to permit easier sale or lease of marginal lines by Class 1 railroads to
stari-up operations. This led to a boom in the formation of Class 11 and Class 111 railroads, which include both.union and
non-union camers. Some have succeeded financially, while others have not. In the vast majority of cases, the rack, roadbed.
and other infrastructure acquired by the new smaller operators was already severely deteriorated by Class | standards. but stil]
sufficiently sound to allow low-density (and often low-speed) freight operations. Besides attracting sufficient revenue, a
secondary struggle by the smaller freight railroads involved acquiring sufficient capital to mainwain and possibly upgrade the
quality of the infrastructure mherited from the former owners of these lines. In the early 1990s, an FRA study of smaller
railroads” infrastructure needs showed a severe shortfall in the capital resources of these carriers relative to the state of their
infrastrucwre.

In the last several years, a new burden to the marginal infrastructure of smaller railroads has appeared. Class ] railroads have
begun to add large numbers of more efficient, but far heavier, 286,000-pound cars to their fleets. This increases the operating
stresses and wear and tear op smaller railroads’ track systems, and depending on the level of deterioration, could entirely
prevent operation of “286” cars on certain light-density lines. If such physical embargos were 10 become widespread. 1t could
result in a non-interoperable rail network, i.e., a rail system where the same fleet of cars cannot operate in all locations on the
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system. Smaller railroads provide approximately 10 per cent of the freight maffic of the major Class ] camers. A recent
study, conducted by Zeta-Tech Associates, Inc., under conmract to the American Short Line and chlonal Railroad
Association, concluded that the entire Class II/Class 11 rail newwork will require about $6.R hillion in infrastructure upgrades

10 deal with the heavier ml cars.
H.R. 1020, Railroad Track Modernization Act of 2001
On March 14, 2001, I introduced this bill, with the original cosponsorship of S

" Mr. Bachus, a Subcom'nmec Member. Chairman Young has since also cosponsored this legislation. which has been re{em:d

1o the Transportauon and Infrasmicnure Commuttee and th:.s Subcommmcf

The bill establishes a program of direct grants to smaller (Class II and Class III) railroads for rehabilitation and improvement
of tracks and related structures, to bring the infrastructure up to a level permitting safe and efficient op~rator. including
traffic containing the new heavier 286,000-pound rail cars being adopted as an imdustry standard b:- 1c large rzilroads. The
general fund authonization level is $350 million per year for FY 2002-2004.

Matching contributions are required under an 80/20 federal/non-federal formula. The nonfederal contribuucn can be from
any non-federal source, and may be cash, equipment, supplies, or other in-kind contribunion. Generally, a project must have a
1.0 or higher cost-benefit ratio, with DOT Secretary empowered to waive this standard based on public tnterest. Track te-be
rehabilitated or improved must have been operated as a Class I or Class I rail property on date of enactment.

Grant funds must be contractually obligated wathin 3 full fiscal years after the award of grant. Besides direct funding of rack

" rehabilitation and improvement, grants may also be used to supplement TEA 21 rail loans, including paymg credit risk

premium for loans, lowering raie of interest, or providing principal payment holidays.

Davis-Bacon standards applicable to Amtrak'and transit apply to constuction work financed by grants. Any rail employee
adversely affected by a grant-funded project will receive standard New York Dock labor protection benefits. under current

Surface Transportation Board standards.

DOT is required to conduct a study of future needs of light-density rail lines for federal infrastructure funding, and report to
Conpgress by March 31, 2003.

TEA 21 Rail Infrastructure Loan Program
This program was based on 2 proposal submined by the Amencan Shon Line and Regional Railroad Association at 2 1997

Subcommittee on Railroads hearing (and inmoduced by Congresswoman Molinan as H.R. 1939). It was enacted as Secnor
7203 of the TEA 21 (Pub. L. 105-178}, and is now codified as Title V of the Railroad Revitalization and Regulatory Reform

- ("4R”} Act, as amended [45 U.S.C. 82] 823, 836].

The new program expanded a predecessor loan program established by Section 511 of the “4R™ Act. The TEA 21 program
created a permanent, revolving authorizavon for $3.5 billion (face amount) in direct and guaranteed loans for virtually anv
form of rail or rail-intermodal equipment or nfrastrucrure. This includes freight rail-port connections, comnuter and
passenger ratl facilities, and rail-truck transloading facilites. Of this $3.5 billion revolving authorization, $1 billion was
dedicated to the primary benefit of Class 11 and Class III railroads. The amended TEA 21 loan program retained the labor
protection requirements of the 1976 statute. _ .

The TEA 21} program also created two alternative procedures for obtaining a loan. Prior.to TEA 21 and afier enactment of
the Credit Reform Act of 1990, loans under the predecessor program could be obtained only if the credit risk premium
{security deposit) for the loan was appropriated as federal funds. The new program permits either an appropriated credit nsk
premium or one furnished by public or private non-appropriated sources. Thus the second option created the possibiliry of
loans being made on an off-budge1 basis without any need to become involved in the appropriations process.

Ininal Proposals by the Previous Administration

Since TEA 21 was enacied in the summer of 1998, implementation of the loan program by the Federal Railroad
Admunistration has proceeded very slowly. The Administration’s first official statement regarding implementation came in
the President’s FY 2000 Budget (Appendix, p. 767) where the Administration stated its intention (1) to require market rates
of nterest on all loans made under the program and (2) to require 2 prior showing that the DOT loan represented a “loan of
last resont” following private sector rejecuons. .

The Transporation Cornmittee leadership (Messrs. Shuster, Oberstar, Pemi, and Rahall) wrote to Secretary Slater and OMB
Director Lew on Apnl 15, 1999, pointing out that ncither of these requirements had any legal basis; and that they would
cripple the loan program. The lerter also complained of the exmremely slow unplcment.anon of the program 1o that point.

(Unlike entirely new programs like TIFLA, new railroad Joan regulations required only a revision of the rules applicable 10
the predecessor program.}

FRA Proposed Regulations

Norwithstanding these concerns, no rules were proposed until the summer of 1999 [64 Fed. Reg. 27488 (May 20, 1999)].
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The proposed regulations deleted the universal marke! interest rate requirement, which directly contravened statwtory
language governing interest rates. Nevertheless, the proposed regulations continued to require a showing of “lender of last
resont” status through at least two prior rejections of financing from commercial lenders (proposed 49 C.F.R. 260.23(o), 64

Fed. Reg. 27495).

The Commitee again responded, this time with a joint comment in the FRA rulemaking docket, dated June 14, 1999,
pointing out this and several other deficiencies. When 1999 ended without any final regulations in place, the Commuittec
leadership again wrote to Secretary Slater, pointing out the urgency of baving final regulations, so that loan applications
could be processed. The leadership's letter of January 3, 2000, pointed out the immediate need for infrastructure funds 1o
address transportation “choke points™ such as intermodal port facilities, as well as the urgent need of smaller railroads for
upgraded infrastrucnure to address the “286™ car weight problem. Nevertheless, another half-year elapsed without the

issuance of regulations.
Final FRA Regulabons

FRA issued its final regulations last summer {65 Fed. Reg. 41838 (July 6, 2000)]. Responding to the Committee leadership’s
repeated comments pointing out the lack of any legal basis for the proposed “lender of last resort” requiremnent, FRA stated:

While FRA need not be a lender of last resort, it does not intend to replace private funding sources already availabie to the- -
rail industry. Therefore, in order to establish that private funding on terms necessary to the viability of the applicant’s project
1s not available, FRA will require that railroad applicants provide a letter from a commercial lender denying funding for the
project [emphasis added].

This relabeled version of “lender of last resort” is codified at 49 C.F.R. 260.23(0) {65 Fed. Reg. 41844}

Railroad applicants must also submit a copy oi’application [sic] for financing for the project in the private sector, including
the terms requested, from at least one commercial lender, and its response refusing to provide such financing.

Administradon delay in promulgating final rules has prevented any loans from being made (inciuding loans that require no
appropriarion whatever) for more than two and one-half years since enactment of TEA 21,

DOT-OMB Memorandum of Understanding

At a Ground Transportation Subcommittee hearing on July 25, 2000, a2 memorandum of understanding dated June 23, 2000,
between DOT and OMB was made part of the record. In the memorandum, a2 number of additional requirements were
imposed on the loan program. These included (1) not approving any loan over 10 per cent of the annual “cohon™ of loans.
i.e., bolding an early-month application until the entire annual cohort is defined at the end of the vear; (2) capping any loan at
10 more than 6 per cent of the unused authorization, i.c., a constantly declining amount; (3) requiring collateral with a
recovery value of 100 per cent of principal and interest, 1.e., the equivalent of requiring the collateral for a $100,000 homne
loan 10 cover not only the $100,000 loan principal, but the entire 30-year interest soeam as well. All of these requirements
lack statutory basis, were never subjected to public notice and comment as part of the FRA rulemaking proceeding. and make
implementation of the program more difficult. Mr. Rahall has introduced corrective legislation, H.R. 517, 10 expunge the
lender-of-last-resort requirement in the published regulations and the full-recovery collateral requirement 1o the DOT-OMB
memorandum.

0;1 Apﬁl 6, 2001, Chairman Young, Ranking Member Oberstar, Ranking Subcommirtee Member Clement and I wrote to
Secretary Mineta, expressing our concern.about the complete stagnation of the rail loan program. We urged the Secretary to

" begin immediately the process of conforming the DOT regulations to the statutory requirements of TEA 21. Not a single loan

has been approved under this program since the enactment of TEA 21. The Bush Administration’s FY2002 budget proposal
{as with all pnor Presidential budgets since enactment of TEA 21) includes no funds for appropnated federally provided
credit nsk premiums to support loans under this program.
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Foothills Pipe Lines Ltd. / Alaska Highway Gas Pipeline
Project

My name is John Ellwood. Iam Vice President, Engineering and
Operations at Foothills Pipe Lines Ltd. (“Foothills™). We appreciate your
invitation to discuss the transportation of Alaska North Slope natural gas 1o
markets in the Jower-48 states through the Alaska Natural Gas
Transportation System (“Alaska Highway Project”). I understand that your
committee wishes to explore with us the current status of our pipeline
project with a particular focus on our permits.

Let me begin by telling you about Foothills. Our company is jointly owned
by Westcoast Energy Ltd. (“Westcoast™) and TransCanada PipeLines
Limited. (“TransCanada”), the two major players in the Canadian gas
pipeline business. Our corporate mission 1s very specific: to build and
operate the Alaska Highway Pipeline Project. We were leaders in the
project that was conceived twenty-five years ago, and we are just as
committed today.

Between Westcoast and TransCanada, we have nearly 100 years of
experience in developing, building and operating gas pipeline projects. We
have been mnvolved with every major Canadian gas pipeline project built in
the last fifteen years.

Our existing pipeline systems provide access to five of North America’s
largest natural gas markets. Together, these systems have the capability to
move fifteen billion cubic feet per day of gas from Western Canada to the
consuming markets. Canadian gas accounts for almost 20% of all gas
consumed in the United States and all of that gas currently moves through

pipelines owned in whole or in part by TransCanada and Westcoast.

This map shows the existing and planned pipeline network of Westcoast and
TransCanada.

TransCanada, Westcoast and Foothills have developed leading edge gas
pipeline design, construction and operating technology, including expertise
in dense phase designs. We are also well known for our development of
environmentally sound design, construction and operation practices. We
believe that our expertise in northern, remote and difficult terrain gas
pipeline construction and operations is second to none.
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Building and operating pipelines is our core business.

The Alaska Highway Project is the Alaskan gas pipeline project approved in
accordance with the Alaska Natural Gas Transportation Act of 1976
(“ANGTA”) in the U.S., the 1978 Northern Pipeline Act in Canada, and the
1977 Agreement Applicable to a Northern Natural Gas Pipeline between the
two countries (“U.S./Canada Agreement”). The project is shown in black
and green on this map. As approved, the Alaska Highway Project is a 4,800-
mile international pipeline project commencing at Prudhoe Bay and
terminating in the Midwest and California market areas. It is important to
note that the southern part of this pipeline has been constructed and 1s in full o
operation. The route for this system parallels the Trans Alaska Pipeline
System (“TAPS”) to Fairbanks, where it angles southeast, following the
Alcan Highway to the Alaska-Yukon border with Canada, down through the
Yukon Temtory and northern British Columbia, and into Alberta. In
Alberta, the pipeline splits into two legs. The Eastern Leg proceeds
southwest, crossing the U.S.-Canada border at Monchy, Saskatchewan and
terminating near Chicago. The Western Leg proceeds southwest, crossing
the U.S.-Canada border near Kingsgate, British Columbia and terminating at
a point near San Francisco, California.

Foothills and TransCanada are the two remaining parmers of the Alaska
Northwest Natural Gas Transportation Company (Alaska Northwest), a
parmership formed to construct and operate the Alaska portion of the Alaska
Highway Project. In addition, Foothills 1s the Canadian sponsor of the
Alaska Highway Project, and the majority owner and operator of the
Canadian poruons of the Eastern and Western Legs of the Alaska Highway
Project.

‘Foothills has continuously championed the Alaska Highway Pipeline Project
from the very beginning.

The Project is back “on the list” of possible solutions to the current North
‘Amencan concerns about high energy prices and the adequacy of natura) gas
supplies.
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At the outset, there are some basic points that we should delineate:

e Itis important to remember that this pipeline crosses the territory of two
countries with different regulatory and political regimes.

« The Project has a long history, which adds unique atmbutes. The permits
which have been issued are a product of this history and to undeistand
the former requires an appreciation of the latter. Significantly, ANGTA
in the U.S. and the Northern Pipeline Act in Canada create expedited
procedures for completing the chosen system, the Alaska Highway

Project.

e The pipeline permitting process can be very time consuming. In addition
to the substantial work already completed on both the Alaskan and
Canadian portions of the Alaska Highway Project, the special legislative
and regulatory procedures in place in the U.S. and Canada will assist in
expediting the construction and initial operation of the Project and
keeping unnecessary delays to a minimum.

Historical Background

As ] indicated, there are important historical dimensions associated with this
project. We might focus on the time frame 1976-1982. Originally there were
three competing Alaskan natural gas pipelines proposed. As shown on this
map two of the projects were overland pipelines through Alaska and Canada.
The third project would have transported gas by pipeline to tidewater,
following the route of the“TAPS” pipeline, where the gas would be liquefied
and transported to California by hquefied natural gas (“LNG”) tankers.

The U.S Congress enacted the Alaska Natural Gas Transportation Act of
1976 with a purpose to provide an expedited process with respect to the
selection of a'single transportation system for the delivery of Alaska natural

~ gas to the lower forty-eight states and to expedite construction and initial

oberation of the chosen transportation system.

With respect 1o tne transportation of Alaska North Slope gas to markets in
the lower 48 states, ANGTA superseded the usual Natural Gas Act (“NGA”)

4
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process for granting Federal regulatory authorization to construct and
operate a pipeline. ANGTA assigned the responsibility for the overall
Alaska pipeline agenda to the President and Congress. Much the same
approach was followed in Canada, where the Government took an active
role in the decision regarding the Alaska natural gas pipeline. The reason
for the creation of this extraordinary authority was that the governments
wanted to expedite a cumbersome regulatory approval process in order to
move more quickly to a solution.

Prior to 1978, a Canadian Board of Inquiry (The Berger Inquiry) examined a
proposal to move Alaska gas across the North Slope and along the
Mackenzie Valley. At the same time the National Energy Board (“NEB”)
held a hearing to determine which of the two overland pipeline routes was
acceptable to Canada. Both processes rejected the North Slope route
(primanly for environmental reasons) and the NEB recommended the
Alaska Highway (Alaska Highway Project) option, being promoted by
Foothills. The Berger Inquiry recommended that no pipeline should be built
along the Mackenzie Valley for at least a decade and that a pipeline across
the northern Yukon should never be built.

Durning this same period of time the Federal Power Commission (later to
become the Federal Energy Régulatory Commission (“FERC”) came to a
split decision on the question of which route should be selected.

Following the enactment of the ANGTA, the President selected the Alaska
Highway route and the Alaska Highway Project with his Decision and
Report to Congress on the Alaska Natural Gas Transportation Svstem
(“President’s Decision” or “Decision”).

In 1977 just prior to the President issuing his Decision, the U.S. and Canada
signed the U.S./Canada Agreement. This agreement or treaty, established

-the route, chose the companies who would build and operate the system,

established tolling principles, and set the terms and principles to be followed
in facilntating the construction and operation of the Alaska Highway Project
pipeline. The President’s Decision reflected the U.S./Canada Agreement.
The Decision and the Agreement were subsequently approved by the U.S.
Congress.
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In 1978 Canadian Parliament enacted the Northern Pipeline Act. The Act:

1) incorporated all of the terms of the U.S./Canada Agreement

2) issued statutory certificates of public convenience and necessity to
the respective subsidiaries of Foothills Pipe Lines Ltd.,

3) created the Northern Pipeline Agency to “ facilitate the efficient and
expedirious planning and consiruction of the pipeline

4) established the methodology and rules for setting the Canadian tolls
and tariffs for the pipeline

5) selected the route for the pipeline across Canada and

6) established Terms and Conditions respecting the socio-economic,
environmental, construction and operations matters.

The complete Alaska Highway Project is shown on the attached map.

The President’s Decision designated Alcan Pipeline, a subsidiary of
Northwest Pipeline Company (Northwest), as the party who would construct
and operate the Alaska pipeline segment of the Alaska Highway Project.
This authority was later assigned to Alaska Northwest, a partnership
assembled by Northwest. At one time Alaska Northwest consisted of eleven
(11) parmers, all subsidianies of U.S. or Canadian pipeline companies.

Given the magnitude of the pipeline undertaking Alaska Northwest sought to
recruit the North Slope Producers to join the project and assist the financing
of the pipeline. The Producers expressed a willingness to join but were
restncted by the President’s Decision that disallowed the producers taking
an equity position in the pipeline. In 1981, President Reagan submitted and
Congress approved a Waiver of Law package allowing producer
participation and including in the project, the North Slope gas conditioning
facility. '

In 1980, before the Waiver of Law was passed, Alaska Northwest and the
Alaska Producers entered into a Cooperation Agreement providing for joint
funding of the design and engineering of the Alaska Highway pipeline and
the gas conditioning facility. Following the approval of the Waiver of Law,
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the scope of the Cooperation Agreement was expanded to encompass efforts
to achieve the remaining regulatory approvals and to jointly pursue

. financing arrangements. The two sides anticipated that affiliates of the

Producers would join the Alaska Northwest Partnership.

Design, engineering, environmental, financing and regulatory work
proceeded along parallel tracks in Alaska and in Canada duning this period

of timcI '

As world wide energy supply and demand came back into balance and the
“energy crisis” eased, the focus of the pipeline shifted to the pre-building of
the southern portions of the Alaska Highway Project. There was a
disagreement between-Canada and the United States over this 1ssue,
primarily as it related to tiie export of Canadian natural gas to the U.S.

market.

The Canadian Government was unwilling to authorize the Pre-build or the
gas exports without further assurance from the United States that the entire
Alaska Highway Project, including the Alaska segment, would eventually be
completed. This assurance was forthcomung in a letter from President Carter
to Prime Minister Trudeau, along with a Congressional resolution. As a
result the southern Pre-build pipeline section was completed by 1982. This
involved constructing 650 miles of 36 and 42 inch pipeline from Caroline,
Alberta to Monchy and Kingsgate on the US border. The Pre-build and
subsequent expansions were constructed pursuant to the Northern Pipeline
Act and 1t’s regulatory regime managed by the Northern Pipeline Agency.

When the Pre-build construction began it was widely anticipated that North
American natural gas demand would quickly resume 1ts upward trend.
However the market did not recover as anticipated and demobilization of the
Alaska Highway Project soon began.

In order to remobilize, we will be required to make modifications and

enhancements to vanous elements of the Alaska Highway Project regime.
Pipeline designs will have to be modified so that that the Project can respond
to capacity and gas quality requirements of the shippers. We will have to
incorporate the latest technology and techniques necessary to ensure that the
maximum environmental protection measures are in place. We do not expect
any difficulty in introducing these revisions which are so obviously of
penefit to all parties.
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Recently other parties have raised issues related to payments that might be
due to withdrawn partner$ pursuant to the Alaska Northwest Partnership
Agreement. We are confident that if any return of the withdrawn parmers’
original investment is required it can be resolved within the context of an

economically viable project.

Clearly there 1s a lot of work still to be done. It is very important to
understand is that the advantages that come with the unique ANGTA and
NPA regulatory regimes far outweigh the alternative of starting from
scratch. Using the existing statutes and treaty we can assist in having Alaska
natural gas into the U.S. market sooner, with competitive transportation
costs and at the same time reducing project risks for all stakeholders.

In our capacity as the managing partner of Alaska Northwest we have
maintained the Alaska Highway Project in good standing. We have kept the
project alive to ensure that the advantages and benefits of the Project could
be used in remobilization plans to expedite construction of the pipeline. We
particularly wished to preserve what we see as the “special and unique fast

track” regulatory regime.

Foothills and its shareholders have exbendcd time and effort to keep the
permuts current and to optimize the project design. We do not intend to quit
the field now that success is within sight.

The Alaska Permits — Federal

A substantial amount of work has been completed by the Alaska Highway
Project sponsors to date. Before discussing the specific permits held by
Alaska Northwest it is important to better understand the unique regulatory
and legislative framework under which these permits were issued, namely
ANGTA.

ANGTA and the President’s Decision remain in effect and can be terminated
only by another act of Congress. ANGTA does not create a perpetual
priority for the Alaska Highway Project. Rather, it establishes a priority
designed to ensure that the Alaska Highway Project will be completed and
begin initial operation in accordance with the decision of the President and
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Congress. Once the Aldska Highway Project is in operation additional
projects may be considered under the Natural Gas Act.

In implementing this priority, ANGTA requires that Federal agencies and
officers expedite and issue “at the earliest practicable date™ all permits and
authorizations required by the Alaska Highway Project. In addition,
ANGTA provides that applications and requests with respect to permits and
authorizations required by the approved system “shall take precedence” over
any similar applications and requests. Furthermore, ANGTA limuts the
discretion of Federal agencies and officers to include in certificates and
permits for the Alaska Highway Project any conditions that would obstruct
the system’s expeditious construction and initial operation. _

As required by ANGTA, the FERC in 1977 expeditiously issued a
condinonal certificate of public convenience and necessity for the Alaska
Highway Project. That certificate contains no expiration date and 1s still in

effect today. -

In addition, Alaska Northwest holds a federal nght-of-way grant issued in
1980 by the Department of Interior’s Bureau of Land Management. That
grant does not expire until December 2010, and may be renewed at the
request of Alaska Northwest.” |

Furthermore, Alaska Northwest holds two recently extended Clean Water
Act wetlands permits issued by the Army Corps of Engineers in coordination
with many other agencies. Those permits were extended through September
of 2007.

While these vanous federal permits were 1ssued some time ago, they all are
valid today. Indeed, nothing in ANGTA or in the certificates and
authonzations issued for the Alaska Highway Project thereunder provides
for the expiration of the chosen system’s priority because completion of the
Alaska segment was postponed unti] the U.S. domestic market could support
it. Rather, the Alaska portion of the Alaska Highway Project has been held
in reserve unti] the need for additional natural gas arises in the Lower 48
states 18 such that this section can be completed. As sponsors we have

- actively protected the preserved Alaska segment by maintaining all
necessary certificates and permits and actively overseeing the nghts-of-way.
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We recognize that these certificates and permits need to be “updated” to
capture changes in technology, markets and environmental requirements.
We will do such updating, and it can be done within the ANGTA
framework. To that end, a couple of additional points need to be
emphasized before 1 move on-to the State permits.

e First, ANGTA clearly envisions and provides for the ability to condition
and to amend these permits. These powers are subject only to the
limitation prohibiting changes in the “basic nature and general route” and
actions that will “otherwise” prevent or impair in any significant respect
the expeditious construction and 1nitial operation of the Alaska Highway

Project.

e Second, the Alaska Highway Project sponsors’ requests for both new
permits and amendments to existing permits must be given priority under
ANGTA. This prionity translates into a timing advantage for the Alaska
Highway Project.

e Third, the authonty of the Office of Federal Inspector, as transferred to
the Secretary of Energy, also continues in effect today to expedite and
coordinate federal permitting, enforcement of permit conditions, and
facilitation and oversight of the construction and initial operation of the
U.S. portion of the Alaska Highway Project.

e Fourth, ANGTA also provides for expedited and limited judicial review
of actions taken by Federal agencies and officers.

e Finally, the Alaska Northwest Partnership is well along in permitting the
Alaska Highway Project.

The Alaska Permits ~ State of Alaska

On the state side, Alaska Northwest has a pending State of Alaska right-of-
way lease application. Recently, we have initiated discussions with the State
officials regarding perfecting and processing the pending application. Also
at the state level, Alaska Northwest holds certificates of reasonable
assurances 1ssued pursuant to Section 401 of the Clean Water Act and a
determination of consistency with the Coastal Zone Management Act.

10
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Additional Alaska Permits

While Foothills already holds the major permuts necessary to construct the
remainder of the Alaska Highway Project, there are additional permits and
authorizations that will need to.be obtained. For example, the Alaska
Highway Project sponsors will need to acquire a permit under the Clean Air
Act. However, these additional permits will be procured as the Project
proceeds, and such procurement will not cause a delay in the expeditious
construction of the Alaska Highway Project.

The Canadian Permits

On the Canadian side, Foothills holds two unique certificates or permits:
o Certificate of public convenience and necessity.
¢ Yukon right-of-way.

Certificate of Public Convenience and Necessity

The certificate of public convenience and necessity (“certificate”) is the
Order 1ssued following a successful hearing before the National Energy
Board (NEB) of a pipeline application. The information that is required to
be filed for hearing purposes is delineated in regulation and includes details
about supply and markets, environmental impact assessment, engineering,
construction and operations plans and details about connecting pipeline

facilities.

The preparation of the required hearing information generally takes one to
two years to complete and the length of the hearing will be proportional to
the level of controversy surrounding the issues.

Foothills has completed this phase of the process. We have the “certificates”

that entitle us to build a pipeline, subject only to terms and conditions set out
n the Alaska Highway Project regime.
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The “certificates” are statutory. They were 1ssued by the Parliament of
Canada when it enacted the Northern Pipeline Act and are n keeping with
the principles and intent of the U.S./Canada Agreement.

We acknowledge that the “certificates” were legislated 20 years ago and that
some have raised questions about their scope and validity. Others suggest
that the certificates are dated and accordingly must be reissued. The
“certificates” are valid. We are on solid legal ground 1n this regard.

Changes to the pipeline design to accommodate new technical i1ssues and
improvements have previously have been granted by the Northern Pipeline
Agency both at the time of the construction of the original Pre-build
facilities and later during the facility expansion.

However, fundamental changes to the Canadian “certificates” would require
changes to both the legislation and the treaty. For example another project
could not be approved under the Alaska Highway Project regime. Further
the Northern Pipeline Act (incorporating the U.S. /Canada Agreement)
provides that the route for Alaska natural gas will be along the route set forth
in Annex 1 to the U.S. /Canada Agreement i.e. the Alaska Highway route. In
the face of the provision of theé Northern Pipeline Act and the U.S. /Canada
Agreement, a treaty with the force of law, it is difficult to see how the

‘National Energy Board could entertain applications either for alternative

pipehne routes for delivery of Alaska gas through Canada or applications by
companies other than Foothills following the Foothills highway route for
delivery of Alaska gas through Canada.

Given the above we may well ask what remains to be done before the project
can proceed? :

First of all, we do not have a commercial arrangement negotiated with the
Alaska North Slope producers or other shippers. Achieving this commercial
arrangement is our number one priority. We are confident that the mutual
interests of all sides will ultimately lead to satisfactory arrangements.

Following the successful completion of such a commercial agreement, there
are a number of terms and conditions that must be satisfied. These are set
out 1n the Northern Pipeline Socio-economic and Environmental Terms and
Conditions. It is our view that the terms and conditions are broad enough to
accommnodate modemn environmental, engineenng and construction

12
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practices. In fact, we addressed this issue when we pre-built the southern
portion of the Alaska nghway Project pipeline.

Detailed design and engineering work also must be completed and approvals
must be obtained from the Northern Pipeline Agency. It is this mechanism
that I referred to when 1 indicated that we had a “fast track™ regulatory

process.
The Yukon Right-of-Way

I will take a few minutes to describe the status of our right-of-way through

‘the Yukon. Foothills has been granted an easement in the Yukon. The _

current term of the easement is September 2012 and provisions are in place
to renew the easement for a further term of 24 years. It is important to note
that the easement is protected under the Encumbenng Rights provisions of
the Umbrella Final agreement which has been signed by the Government of
Canada, the Government of the Yukon and the Yukon First Nations. The
Final Settlement Agreements that have been negotiated with the Yukon First
Nations contain specific provisions relating to the easement. In addition, the
compressor stations locations and permanent access to the proposed stations
are protected.

-

What does this mean? From our perspective this translates into certainty of
land tenure and a significant timing advantage. Foothills has developed an
excellent working relationship with the Yukon First Nations over the years
and we are building on that relationship. Like the Canadian “certificates” the
easements also constitutes an important asset. An asset not easily replicated.

Conclusion |

Let me surnmarize and focus on some of the key points.

Foothills is a company with real pipelines and real customers.

When combined with our shareholders TransCanada and Westcoast, we
transport 20% of all the natural gas consumed in the United States. And we
have the know-how and the where-with-all to bu11d the Alaska Highway
Pxpelme

We have been involved in this project for 25 years.

13
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We and our former partners have invested heavily to achieve the permits,
certficates, rights-of-way and much of the engineering on the Alaska

Highway pipeline.

A basic message that I want to leave with you is this, we have a...very
unique and solid regulatory framework, it is a very valuable framework n
terms of saving money and avoiding costly delays when building a pipeline.
It is more than a collection of permits. It is 2 package, designed specifically
to expedite building the Alaska Highway pipeline.

This framework can neither be duplicated nor terminated easily. It 1s a one-
of-a-kind regime. I urge all Alaskans to take full advantage of it.

Finally let me raise one other issue and that 1s the matter of the pipeline
route decision. Before we can move from discussion to action this must be
resolved. Anything this committee can do to bring clarity to the routing
debate will be a positive development.

Ulumately all stakeholders must find some common ground and go forward.

N

So where do we go from here?

A commercial agreement between pipelines and producers is the next major
mile post for the Project.

Once a satisfactory commercial arrangement is achieved ... the flag drops;
from that point on we believe that our regulatory framework will allow
“shovels to be in the ground” within 24 months.

This 1s a very large project. It will involve many companies. It will cost a lot
of money and there will be lots of issues to address and benefits to share.

Foothills and 1ts shareholders intend to be major players in the development
and operation of this important pipeline and we believe that we bring value

to the Project and value to Alaska.

Thank you, and I am now prepared for questions.

14
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Kelliher, Joseph Vo g
From: Charles Ingebretson [cingebretson@bracepatt.com]

Sent: Wednesday, April 25, 2001 5:25 PM

To: _Kelliher, Joseph

Cc: Michael Pate; kcullen@wte.org%intemet
Subject: Waste-to-energy credit

Joe, here's what I've got on your guestion yesterday asking how many
additional megawatts would be subject to the waste-to-energy tax credit
in the year 2011. '

As you know, we estimate that the tax credit wouvld stimulate 200
megawatts of additional electricity. However, we estimate that it would
be five years before any of this electricity is available. Furthermore,
the full 200 megawatts would not be available immediately in the fifth
year; additional production would grow to 200 megawatts over a period of
time.

For purposes of a rough calculation, we assume that the credit becomes
effective in FY 2002 and that no electricity eligible for the credit is
generated for 5 years, i.e., until FY 2006. We further assume that for
the next 4 years, from FY 2007-2010, the amount of electricity eligible
for the credit increases incrementally, by 50 megawatts per year. As a
result, the full 200 megawatts of electricity is being produced in FY
2010 through 2012.

If you accept our estimate that the cost of the credit is $27 million
per year (assuming 200 megawatts/yr), then the cumulative cost of the
credit through the year FY 2012 is something around $121.5 million
{(which is the sum of $6.75m + $13.5m + $20.25m + $27m + $27m +S$27m).

0f course, this number will vary if assumptions are different concerning
how gquickly the tax credit stimulates new production.

On the guestion of eguivalent barrels of oil, Katie advises that IWSA
has done an estimate showing that 200 megawatts of electricity
displaces, on a Btu basis, 2.8 million barrels of oil per year. She
says she'g got the mathematical proofs if you want ‘em!

I think I mentioned to you in an earlier phone message that Mike Pate
from my office took IWSA in to visit with Treasury Department folks
yesterday afternoon. Katie was in that meeting if you have questions.
Hope this is helpful.
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Kelliher, Joseph "
From: Howard Geller [hgeller@aceee.org)]
Sent: Tuesday, February 27, 2001 1:29 PM
To: Kelliher, Joseph
Subject: Re: national energy policy
Joe,

I'm glad to hear that. Please remind me--did I send you the full

set of policy recommendations (about 12) that we put together,
just a few selected ones? If only a few, I will send you the
complete set. Also, did J send you our new report on "Using
Targeted Energy Efficiency Programs to Reduce Peak Electrical
Demand” by_Nadel et al?

Please let me if you would like to meet to go over any of this,
and last but not least (as I mentioned over the phone), I reall
hope the Administration does not proceed in proposing a major c
in energy efficiency and renewable energy R&D and deployment
programs for FY02. This is not only a bad idea, but it would be
severely criticized by folks like us and I believe it would
tarnish the overall effort to advance a broad, balanced set of
energy policy initiatives. -

Howard

Reply Separator

Subject: natlional energy policy

Author: "Kelliher Joseph”. <Joseph.Kelliher@hg.doe.gov> at
internet-mail

Date: 02/27/2001 1:39 PM

Howard, thanks for the information you sent me. I just wanted to

restate

our interest in your specific recommendations on energy efficiency
elements

for incorporation in the Administration's national energy policy.

or
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Keifitier, Joseph i

From: Slaughter, Bob [Bob_Slaughter@npradc.org]

Sent: Thursday, March 22, 2001 3:52 PM

lo: Kelliher, Joseph .

Cc: Anthony, Betty; Stemfels, Urvan

Subject: NPRA Recommendations on National Energy Policy

natenergypol2.doc

Joe Kelliher: Attached is a short document which includes NPR2's current

thinking as to what changes in national energy policy are needed to help
the
refining sector.

I would like specifically to highlight three:

One. We believe that the Administration is missing an important

opportunity

To improve znergy policy by not addressing the onroad diesel sulfur

rule.

This rule will have a greater adverse supply impact than any other in

the

next five years and should be reviewed. Instead of requiring

essentially

100% of onroad diesel output to be reduced from 500 ppm to 15 ppm sulfur

by

mid-2006, at & cost of $8 billion, the Administration could move the

-equired supply date back to 2008-9 and provide a reduction in the
.esel .

.xcise tax for 15ppm sulfur diesel sold in advance of the 2008 date.

This

could provide all the necessary supply for new trucks which need the

diesgel

in 2006-7 (probably only 5% of demand). There are no environmental

penefits

from using the new diesel in old truck engines, so the program in its

current form constitutes massive waste, since those trucks aren't a

sufficient force in the market until 2008 at the earliest. This change
will help prevent loss of diesel supply and refinery closures which will
take place under the rule in its current form. The overall benefits of
the

program are not reduced. We would like to talk with you more on this.

Twe. The EPA's enforcement campaign against U.S. refineries should be
hzlted and reexamined. As you know, it is impossible to build new
refinerlies, so the industry has had to add capacity at existing sites in
an
eéttempt to maintain an adequate supply of products for consumers in the
past
twenty years. Even at that, the industry has been able to keep U.S.
capacity only flat over the past decade, so new demand has been met by
increased imports of refined products. The Browner EPA launched an
extensive '
and coordinated campaign against the industry, alleging that capacity
additions diring the past twenty years were not appropriately permitted.
This despite the fact that refinery improvements were made with the
knowledge of both state and federal environmental agencies and in

2ping ‘

:h permitting requirements as they were understood at that time. The
PR
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naif gent sectlon 114 requests, in effect blanket subpoenas, to most
refiners, and many are now facing notices of violation and legal action.

r

few have settled because theyibélieve that it is easier to pay a fine,
sign

a consent decree and move forward than resist. All this comes at a time
when federal and state authorities have urged the industry to continue
its

herculean efforts to produce product all-out to avoid shortages. EPA's
actions are really nothing more than an attempt to discredit the
industry

and collect tribute in the form of fines in order to allow refiners to
get

on with their business. We believe that everyone in the industry should
obey the law, and we believe that they do, often under difficult
circumstances. But this activity goes far beyond the pale of reasonable
enforcement activity and should cease.

Three. The Unocal patents, recently upheld by a federal court of
appeals in
a decision that the Supreme Court let stand, provide no real benefit to
the
industry or consumers. The huge royalties granted by a California
District
Court-- 5.3/4 cents/gallon——are far in excess of the cost of even the
reformulated gasoline program and may well cost consumers over $200
million
per year when implemented. The existence of the payents will increase
the
cost of gasoline, reduce supply, and eliminate all of the incentive feor
overcompliance with environmental regulations. The patent will also
make it
even harder to use ethanol in gasollne where ozone problems exist during
ne
ammer months (e.g. Chicago and Milwaukee). The Administration should
study
this issue and take steps to put any royalty collections on hold.
Otherwise, this situation will affect Midwestern and East Coast gasoline
supplies adversely this summer, as it did last year. '

rest of our thinking is attached. Thank you for your call
Terday.
m available to discuss these matters with you at any time.

Zocb Slaughter . ( 5)(@))
WPR2 202.457.0480 x 152; home

[P
- ({
(/)

<<natenergypol2.doc>>
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Naubnal t:nergy Policy: Themes

. Stable, reliable and affordable supplies of energy and more efficient energy use
are essential to maintaining living standards and supporting economic growth.

- Greater emphasis should be placed on diversifying the sources of US energy
supplies. Domestic supplies can be enhanced through incentives for improved
recovery from existing fields and through improved access to promising acreage.

- Energy policy cannot just focus on the “upstream” sector, i.e. exploration and
production. There needs to be a clear understanding that local/regional
bottlenecks can occur in producing and distributing feedstocks and products.
Further, refineries have been operating near maximum capacity and it has been
almost twenty years since a new refinery has been built.

- Petroleum product pipelines are increasingly challenged by the proliferation of
“boutique” (area-specific fuels) due to limits on their ability to handle segregated _
. shipments and availability of adequate storage tank capacity. And, additional
constraints may arise from the need to gain regulatory approvals for new facilities
or pipelines, e.g., the Longhorn pipeline recently agreed not to carry MTBE
products in order to gain approval.

- Siting and permitting challenges can seriously delay needed
modifications/expansions of existing manufacturing (refining and petrochemical)
capacity and constrain additions to downstream infrastructure (e.g. pipelines).

- No single action or single fuel can resolve all energy concerns. The nation needs
a balanced mix of policies — which fosters a mix of fuels and balances
environmental goals and energy supply concerns.

- A balanced approach to energy policy should examine both demand and supply.
Incentives for greater energy efficiency (e.g. through the use of lighter welght
materials in vehicles) can play an important role.

- Regulatory programs that distort markets can divert energy supplies from essential
(i.e., where there are limited, if any, substitutes) and/or highest valued markets.
For example, environmental programs are increasingly drawing natural gas to use
in electric generation, thus depriving petrochemical manufacturers of feedstocks or
making them so costly that the US petrochemical industry is placed at a
competitive disadvantage in global markets.

- Both energy and environmental policy should be based on sound science and the
best and most current data available. Cost-benefit analyses and reasonable risk-
assessment are key tools for choosing the most-effective policies to achieve
national goals. Regulations should:

B take into account the cumulative effect of regulations in that sector;

® set performance goals and avoid mandating specific technologies or setting
product specifications;

B provide adequate leadtime and avoid overlapping requirements wherever
possible;

B provide flexibility through the use of market-based inceritives; explicitly
evaluate their impact on energy supplies; and
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® - be fairly and consnstently enforced, without retroactive reinterpretatlon of .-,
regulations through enforcement programs. ‘

Potential Energy Policy lrﬁprovements

Process

- Require annual study by Secretary of Energy of refining and product
distribution infrastructure including assessment of cumulative impact of

regulations and specific recommendations for improvements.

- Periodic OMB-led review of supply impact of environmental regulations.
Could be included as part of National Energy Policy Plan.

- Require Enérgy impact Analysis for new regulations.

- Enhance regulatory certainty, e.g., avoid retroactive reinierpretation of
regulations such as in recent EPA NSR enforcement actions.

Incentives
- Accelerated depreciation for clean fuels upgrades.

- Accelerated depreciation for pollution control equipment on stationary
sources.

- Tax credits for energy efficiency improvements.
- Investment tax credit for clean fuel capital investments.

- Relief from Alternative Minimum Tax to ensure any incentives offered are not
automatically recaptured.

- Excise tax incentives for early introduction of clean fuels, e.g. for low sulfur
gasoline and diesel.

Streamilining/Flexibility

- Reasonable guidance on BACT and LAER for Tier 2 gasoline and diesel
sulfur programs. Guidance.on the emissions level and cost used to
determine BACT/LAER requirements. [NOTE: Current draft guidance is not
reasonable on this point]. .

- Allow for trading of credits from mobile source emission reductions with
stationary sources.

- Expedited permitting review. Provision of greater certainty that once permits
are approved, they will not have to be reopened/renegotiated due to third
party intervention.
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I --Linkage between regulatory implementatidn deadlines and permitting .',,_»,
“ =7 7 process, e.g., if delay in permitting despite good-faith efforts to comply, the -
regulatory deadline is adjusted.

Fuels

- Reassess the sequencing of major fuel regulatory programs. Eliminate the
overlap in timing between the gasoline sulfur and diesel sulfur requirements.

- Eliminate 1.5% minimum oxygen requirement for RFG.

- No additional product specifications (such as aromatics caps) that will further
constrict gasoline supplies. Focus on performance goals not product specs.

- Reassess mobile source air toxics program to allow greater fiexibility through
trading among refineries. Reevaluate baseline calculation to remove penalty
on refiners who are cleaner than average. Reevaluate standard in light of
state programs that limit MTBE use (e.g., Connecticut, New York) which could
make regulatory requiirement unattainable or very expensive.

- National Academy of Sciences study of MTBE to provide a science-based
assessment of impact on groundwater and effectiveness of remediation
technologies and including assessment of role of MTBE in meeting gasoline
demand.

- Determine appropriate sequencing for any future off-road diese!

requirements. Avoid overlap with other regulations, set a reasonable
standard for sulfur content.
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50% more energy efficient homes!

Pulte Homes southwest division has utilized technical assistance from DOE’s Building America
program to create what one residential expert calls "the best production house 1n the world,"
which won the 2001 National Association of Home Builders Energy Value Award. In Tucson,
Phoenix and Las Vegas, Pulte Homes has worked with DOE to redesign the energy features of its
basic models. Using advanced insulation techniques, highly efficient equipment and windows,
and nght-sized heating and cooling systems, the homes look the same but perform so well they
use half the energy for heating and cooling at virtually no increase in construction costs. The
whole building, systems engineering approach used in Building America allows the builder to
add more insulation and more efficient windows while reducing the size of the heating and
cooling equipment. The trade-off means no added cost to the builder, better value for the buyer,
reduced electnic load for the utility, and improved affordability.

For more information, you may contact Randy Foltz or Dave Beck at Pulte Homes (702 256-
7900).
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Martin, Adrienne » b
From: Anderson, Margot
Sent: Wednesday, March 21, 2001 11:57 AM
To: Cook, Trevor
Subject: as we discussed

e =

secB.doc

Helpful to use redline method if you can/
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CORE PRINCIPLES FOR RELIABILITY LEGISLATION

_ Accreditation of a single North American SRRO

¢ FERC to approve a single SRRO. .

e Procedures for an applicant to apply for SRRO status, and the procedures and
requirements for FERC to approve such an application.
Requires that all system operators be members of the SRRO.

» Provides procedures for the SRRO to modify its procedural, governance and funding
rules.

_ Authority for that SRRO to set and ehforce standards

e Specifies the procedures for the SRRO to file with FERC for approval of reliability
standards.
¢ Provides that such proposed standards are to be approved uniess FERC finds that

they are unjust, unreasonable, unduly discriminatory or preferential, or otherwise not ~

in the public interest.
e Provides that FERC is to give due weight to the technical expertise of the SRRO.
e Gives the SRRO the authority to enforce its standards, subject to FERC review.

_ Allowance for the SRRO to delegate authority for lmplementatlon of standards and

enforcement of compliance to regional organizations
» Permits the SRRO to delegate certain authority to regional entities by agreement.
¢ Such agreements would be filed with FERC for approval.

. Funding authority

» Provides for the assessment and allocation of SRRO and regional entity costs to
system operators, to be recovered from systern users, through a non-bypassabie
charge.

_international arrangements

+ Governs international agreements and recognition of the SRRO.

_ Anti-trust protections

+ Provides for a rebuttable presumption that activities undertaken under the Act are in
compliance with the antitrust laws.

Transition mechanism

e Provides for the optional filing with FERC of existing standards by NERC and
regional councils prior to approval of an SRRO, which FERC could approve and
enforce

March 1, 2001
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Kefliher, Joseph i

From: _ Dana Contratto [dcontratto@msn.com)

3ent: Thursday, March 22, 2001 12:04 AM

To: Kelliher, Joseph

Subject: RE: national energy policy

importance: High

Joe,

Of course, if 1 were King we would already have a national energy policy
that would have kept California out of the mess in which it now finds
itself. Also, I was pleased to see that the Secretary is now saying
that '

OPEC pricing is the action of a cartel and nct market forces -- he is
certainly on the right track.

Now, to the point of your guestion, what to do about pipeline
certification -

and pricing. Frankly, I do not recall much of the gas title that was
basically dropped from the 82 EPAct. I do recall that much of what the
pipelines wanted was on the pricing side, and not just market pricing,
but

"cost of service"” at such, in my view, ridiculous things as replacement
pricing, which is basically "profiteering” of the worst kind because it

is
with the government as "regulator," and market pricing for existing
systems
irrespective of the pipeline's market power. Anyway, enough bemoaning
Jheat )
ne pipelines will seek. -
to cerzification or licensing, the process is both mature and
unting.
ere seems teo be little that can be done in terms of reducing
Tervencrs
righzts tsu cting intervention from competing fuels, like c¢il
achpers this notion once "had legs", but I would not
rsee
icr the simple reason that, while one could theorectically restrict

cf such intervenors, the EIS process still reguires the
ieration
ternatives and that, periorce, brings in the alternative fuel
5 .
y}). There are some things around the edges that could be done,
&s
FZRC just proposed for California service -- that is, raising the
r level for f cilities bullt under blanket certificates, which

of adding compression. In short, I do :think that the certificate
ss 1s seriously process constrained, but, absent suggestions tha<

ighly controversial, I do not see much procedurally that carn be done

ct

eally expediting it. (Remember the illi-fated Optional

cedure -- basically saying that if the pipeline agrees to
c risk"™ of the project, 1i: could proceed much more

pipeline certificates come with rights of eminent domairn

32

m

lowing such on an expedited basis is truly preblematicz, 1f nct &t the
1
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‘se¥tificate stage itself, then when the pipeline goes to court to
condemn . o
property and is challenged on public benefit grounds.)

So, having said that, what can be done. Here are some ideas: First,
while

the process itself is constrained with environmental assessments and
EISs,

it seems to me that the government could do something to make sure that
the

process is not resource constrained. In other words, my guess is that
more

resources at FERC for some period of time -- perhaps outside contractors
S0

as not to commit to higher staffing for the next century -- could
expedite

pipeline certificates substantially. Presently, my recollection is that
FERC costs the government nothing -- that is, the fees and charges
generated "

"by FERC are sufficient to cover its costs of operations. Nonetheless,
the

idea is that if it takes two FERC staff people two weeks to review an
application, four staff people should be able to do so in less time.
Granted that this increase in FERC resources might cost the surplus some
few .

tens of millions of dollars, it probably could have & significantly
beneficial impact on the time it takes to complete a certificate
application

review.

Second, and in a similar vein, I do not think that FERC has the power to
control other agencies that are necessary to process a pipeline
certificate

-- for example, the Corps of Engineers for water crossings or dredge and
ermits or DOI's Fish and Wildlife for endangered species

inztions. I believe that one idea floated in the past was for

o

1o

t Q.
ot -

n ing agency. The proklem is, -what do you do when the
agencies do not comply with FERC deadlines -- it is politically
acceptable
ay, well, 1f you do not meet the deadline, whatever you are looking

a0
[}

i1l
ete
ZRC
be-t
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o
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deemed done and acceptable. So, again, this is another kind of
nstraint that in my view can also be viewed as & resource
t is, 'if more money could be put into the process to

So, &sgain, increase the resources as necessary to move
tificate applications and related requirements of other

manner. Do not compromise the substance, just get it done
; cre resources.

Tinally, the norm for gas transmission operating pressures in the U.S.
is
around 1000 psi. 1In other parts of the world, pipelines are cperating
at
.higher pressures -- the Bolivia-Brazil line is 1400 psi. With higher
pressures, more gas moves. Obviously, some pipelines could nct handle
such .
nigher pressures, but new pipelines could be built to move more gas a:
uch
igher pressures. This 1s an idea I would take up with INGAAK, alsc with
the

obvicus first order being saiety.

-
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entioned above, rates, that is money and returns on eguity,.are

As™m

central A

to incentives. To my mind, rolled in pricing is problematic from the
outset :

unless there are truly system benefits that are fairly evenly spread in
terms of better service or lower rates. Incremental pricing in my mind
should, however, be the order of the day -- that is, those who use the
incremental capacity created by the project or system enhancement pay
for

it. The good thing about this is that it quells complaints by existing
customer, which can kill projects. Another interesting pricing idea is
to

allow market rates on new projects where there are more than one
competing .

pipeline for the customers and where the pipeline does not possess
market

power -- obviously, it is gquite difficult for a pipeline to possess
market :

power when it is trying to enter a new market. The downside to this
from an

existing coustomer perspective is, how do we know that the pipeline will
really be able tc operate at such prices -- that is, what happens when
it

fails and tries to put the cost on other customers or tries to increase
rates to cover its higher cost of capital for having a large failed
project.
Having said this, I still believe that negotiated, market rates on new
projects would greatly enhance the pipelines' incentives to build new
projects. The customers are usually large and sophisticated and do not
need
government protection from the hands of market power because the

) 1 e

: es not have market power in these circumstances where it is
rving to o A ‘
pullc new Iaczilities tc serve new customers. The key, to me, is tc
reguire
th2 pipeline to bear the risk of failure on such projects.

¢ it. The pest of my guick thinking at the moment
I am 2lsc on vacation in St. Lucie &t the moment. 1

able to discuss this or other items further
way, as to ANGTS, I nhave not reviewed it for

done in 1976 probably should be revisited o

Sorry I do not have more at this time to offer on

Dzna

----- Originzl Message-----

Trom: Kelliner, Jcseph [mailto:Joseph.Kelliher@hg.doe.gov)

Sent: Sunday, March 18, 2001 5:44 PV

To: 'Danz Contratto’

Subjecz: national energy policy

f you were King, or Il Duce, what would you include 1in 3 national ;:9

Lfne:gy A
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- policy, especially with respect to natural gas issues? Should I look at
angTs :

i
]

of the gas pipeline provisionsvin the House EPAct bill that were dropped
in ,

conference? I -am just looking for your immediate thoughts, please do
not

put 2 lot of time into this. I am working up the policy elements, and

am .
less coniident of my judgement on gas pipeline issues than other areas,
and

thought I would pick your brain. With respect to the Alaska Natural Gas
Transportation Act cf 1576, I am operating a suspicion that law would
have .

to be substantielly amended to serve as a basis for licensing an Alaskan

. gas

‘pipeline. Do.you agree?

L

ce- - - T o h (‘—\.-—‘
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R gaitsch, Jay-

From: Como, Anthony
Sent: Thursday, February 22, 2001 11:18 AM
To: Braitsch, Jay

Per George's request, I've attached some comments on the National Energy Policy paper he

ocomments to
jay.wpd

gave me this morning.
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o ?— o The White House 5

Office of the Press Secretary

For Immediate Release September 27, 1993

Fact Sheet
Nonproliferation Ard Export Contrel Policy

The President today established a framework for U.S. efforts to prevent the proliferation of weapons of
mass destruction and the missiles that deliver them. He outlined three major principles to guide our

nonproliferation and export control policy:

- Our national security requires us to accord higher priority to nonproliferation, and to make it
an integral element of our relations with other countries.

- To srengthen U.S. economic growth, democratization abroad and international stability, we
actively seek expanded trade and technology exchange with nations, including former
adversaries, that abide by global nonproliferation norms.”

- We need to build a new consensus - embracing the Executive and Legislative branches,
industry and public, and friends abroad - to promote effective nonproliferation efforts and
integrate our nonproliferation and economic goals.

e s i
-

iyl

The President reaffirmed U.S. support for a strong, effective nonproliferation regime that enjoys broac
- muitijateral support and employs all of the means at our disposal to advance our objectives.

Fev elements of the policy follow.

Fissile Material

The U.S. will undertake a comprehensive approach to the growing accumulation of fissile material from
dismantied nuclear weapons and within civil nuclear programs. Under this approach, the U.S. will:

- - Seek 1o eliminate where possible the accumnulation of stockpiles of highly-enriched uranium
- or plutomurn, and to ensure that where these materrals-atready-exist they ate subject to the
highest standards of safety, security, and international accountability.

- Propose a multilateral convention prohibiting the production of highly-enriched uranium or
plutomum for nuclear explosives purposes or outside of international safeguards.

- Encourage more restrictive regional arrangements to constrain fissile material production in
regions of instability and high proliferation nsk.

- Submit U.S. fissile matenal no longer needed for our deterrent to inspection by the
International Atomic Energy Agency.

3.28/0! 1254 Pn-
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- Pursue the purchase of highly-enriched uranium from the former Soviet Union and other
countries and its conversion to peaceful use as reactor fuel.

- Explore means to Iimit the stockpiling of plutonium from civil nuclear programs, and seek to
minimize the civil use of highly-enriched uranium.

- Initiate a comprehensive review of long-term options for plutoniumn disposition, taking into
account technical, nonproliferation, environmental, budgetary and economic considerations.
Russia and other nations with relevant interests and experience will be invited to participate in
this study.

The United States does not encourage the civil use of plutonium and, accordingly, does not itself engage in
plutonium reprocessing for either nuclear power or nuclear explosive purposes. The United States, _
however, will maintain its existing commitments regarding the use of plutonium In ctvil nuclear programs
in Western Europe and Japan- '

Export Controls

To be truly effective, export controls should be applied uniformly by all suppliers. The United States will
harmonize domestic and multilateral controls to the greatest extent possible. At the same time, the need t0
lead the Intemational policy interests may justify unilateral export controls in specific cases. We will - -
review our unilateral dual-use export controls and policies, and eliminate them unless such controls are
essential to national secunty and foreign policy interests.
We will streamline the implementation of U.S. nonproliferation export controls. Our system must be more
responsive and efficient, and not inhibit legitimate exports that piay a key role in American economic
_srength while preventing exports that would make a material contribution to the proliferation of weapons
of mass destruction and the missiles that deliver them.

Nuclear Proiiferation

The U.S. will make every effort 1o secure the indefinite extension of the Non-Proliferation Treaty 1n 1995
We will seek 1o ensure that the International Atomic Energy Agency has the resources nzeded 10
implement its vital safeguards responsibilities, and will work to strengthen the laea's ability to detect
clandestine nuclear activities.

-

Missile Proliferation ' . e e e

We will maintain our strong support for the Missile Technology Control Regime. We will promote the
principles of the Mtcr Guidelines as a global missiie nonproliferation norm and seek to use the Micr as a
mechanism for taking joint action to combat missile proliferation. We will support prudent expansior. of
the Mtcr's membership to include additional countries that-subscnbe to international nonproliferation
standards, enforce effective export controls and abandon offensive ballistic missile programs. The United
States will also promote regiona! efforts to reduce the demand for missile capabilities.

The United States will continue to oppuse missile programs of proliferation concern, and will exercise
particular restraint in missile-related cooperation. We will continue to retain a strong presumption of denial
against exporis to any country of complete space launch vehicles or major components.

20f4 . 3728011254 Ph

< o - | . KRET



3of4

The United States will not support the development or acquisition of space-launch vehicles in countres
outside the Mter.

For Mtcr member countries, we will not encourage new space launch vehicle programs, which raise .
questions on both nonproliferation and economic viability grounds. The United States will, however,
consider exports of Mtcr-controlled items to Mtcr member countries for peaceful space launch programs

on a case-by-case basis. We will review whether additional constraints or safeguards could reduce the risk

of misuse of space launch technoiogy. We will seek adoption by all Mtcr partners of policies as vigilant as
our own.

Chemical and Bioiogicél Weapons

To help deter violations of the Biological Weapons Convention, we will promote new measures 1o provide
increased transparency of activities and facilities that could have biological weapons applications. We call
on all nations — including our own -- to ratify the Chemical Weapons Convention quickly so that it may
enter into force by January 13, 1995. We will work with others to support the international Organization
for the Prohibition of Chemical Weapons created by the Convention.

Regiona! Nonproliferation Initiatives

Nonproliferation will receive greater priority in our diplomacy, and will be taken into account in our
relations with countries around the world. We will make special efforts to address the proliferation threat
in regions of tension such as the Korean peninsula, the Middle East and South Asia, including efforis 10
address the underlying motivations for weapons acquisition and to promote regional confidence-building
steps. T

In Korea, our goal remains a non-nuclear peninsula. We will make every effort to secure North Korea's full

. compliance with its nonproliferation cormnmitments and effective implementation of the North-South

denuclearization agreement.

In parallel with our efforts to obtain a secure, just, and lasting peace in the Middle East, we will promote
dialogue and confidence-building steps to create the basis for a Middle East free of weapons of mass
destruction. In the Persian Gulf, we will work with other suppliers to contain Iran's nuciear, missile, and
Cbw ambitions, while preventing reconstruction of Irag's activities in these areas. In South Asia, we will
encourags india and Pakistan to proceed with multilateral discussions of nonproliferation and security
1ssues, with the goal of capping and eventually rolling back their nuclear and missile capabilities.

in developing our overall approach to Latin America and South Africa, we will take account of the
significant nonproliferation progress made in these regions in recent years. We will intensify efforts to
ensure that the former Soviet Union, Eastern Europe and China do not contribute to the spread of weapons
of mass destruction and missiles.

Military Plapning and Doctrine
We will give proliferation a higher profile in our intelligence collection and analysis and defense planning.

and ensure that our own force structure and military planning address the potential threat from weapons of
mass destruction and missiles arcund the warld.

Conventional Arms Transfers

3728/01 12 54 Pt
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We will actively seek greater transparency in the area of conventional arms transfers and promote regional

i

confidence- building measures to encourage restraint on such transfers to regions of instability. The U.S.
sHHE

will undertake a comprehensive review of conventional arms transfer policy, taking into account national
security, arms control, trade, budgetary and economic competitiveness considerations.

372801 1253 P
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The White House. " . T -

Office of the Press Secretary

For Immediate Release September 27, 1993

Fact Sheet
Nonproliferation And Export Control Policy

The President today established a framework for U.S. efforts to prevent the proliferat’ sn of weapons of
mass destruction and the missiles that deliver them. He outlined three major principles to guide our
nonproliferation and export control policy:

- Our national security requires us to accord higher priority to nonproliferation, and to makc it
an integral element of our relations with other countries.

- To strengthen U.S. economic growth, democratization abroad and international stability, we
actively seek expanded trade and technology exchange with nations, including former
adversaries, that abide by global nonproliferation norms.

- We need to build a new consensus - embracing the Executive and Legislative branches,
industry and public, and friends abroad - to promote effective nonproliferation efforts and
integrate our nonproliferation and economic goals.

"The President reaffirmed U.S. suppon for a strong, effective nonproliferation regime that enjoys broad
multilateral support and employs all of the means at our disposal to advance our objectives.

Kev elements of the policy follow.
rissile Material

The U.S. will undertake a comprehensive approach to the growing accumulation of fissile matenal from
dismantied nuciear weapons and within civil nuclear programs. Under this approach, the U.S. will:

- Seek to eliminate where possible the accumulation of stockpiles of highly-enriched uranium
- or plutonium, and to ensure that where these materials already exist they are subject to the
highest standards of safety, security, and international aceountability .-

- Propose a multilateral convention prohibiting the production of highly-enriched uranium or
~ plutonium for nuclear explosives purposes or outside of international safeguards.

- Encourage more restrictive regional arrangements to constrain fissile material production in
regions of instability and high proliferation nisk.

- Submit U.S. fissile material no longer needed for our deterrent to inspection by the
International Atomic Energy Agency.

lof4 3728/01 12.54 PA
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Nauonai :nergy r'cmcy Themes

- Stable, reliable and affordable supplies of energy and more efficient energy use
are essential to maintaining living standards and supporting economic growth.

- Greater emphasis should be placed on diversifying the sources of US energy
supplies. Domestic supplies can be enhanced through incentives for improved
recovery from existing fields and through improved access to promising acreage.

- Energy policy cannot just focus on the “upstream” sector, i.e. exploration and
production. There needs to be a clear understanding that local/regional
bottlenecks can occur in producing and distributing feedstocks and products.
Further, refineries have been operating near maximum capacity and it has been
almost twenty years since a new refinery has been built.

- Petroleum product pipelines are increasingly challenged by the proliferation of
“boutique” (area-specific fuels) due to limits on their ability to handle segregated _
shipments and availability of adequate storage tank capacity. And, additional
constraints may arise from the need to gain regulatory approvals for new facilities
or pipelines, e.g., the Longhom pipeline recently agreed not to carry MTBE
products in order to gain approval.

- Siting and permitting challenges can seriously delay needed
modifications/expansions of existing manufacturing (refining and petrochemical)
capacity and constrain additions to downstream infrastructure (e.g. pipelines).

- No singlte action or single fuel can resolve all energy concerns. The nation needs
a balanced mix of policies ~ which fosters a mix of fuels and balances .
environmental goals and energy supply concerns.

- A balanced approach to energy policy should examine both demand and supply.
Incentives for greater energy efficiency (e.g. through the use of lighter weight
materials in vehicles) can play an important role.

- Regulatory programs that distort markets can divert energy supplies from essential
(i.e., where there are limited, if any, substitutes) and/or highest valued markets.
For example, environmental programs are increasingly drawing natural gas 10 use
in electric generation, thus depriving petrochemical manufacturers of feedstocks or
making them so costly that the US petrochemical industry is placed at a
competitive disadvantage in global markets.

- Both energy and environmental policy should be based on sound science and the
best and most current data available. Cost-benefit analyses and reasonable risk
“assessment are key tools for choosing the most effective policies to achieve
_national goals. Regulations should:

R take into account the cumulative effect of regulations in that sector:

B set performance goals and avoid mandatmg specific technologies or setting
product specifications;

B provide adequate leadtime and avoid overlapping requirements wherever
possible;

®  provide flexibility through the use of market-based incentives; explicitly
evaluate their impact on energy supplies; and
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® be fairly and consistently enforced, without retroactive reinterpretation of
regulations through enforcement programs.

Potential Energy Policy Improvements

Process

Require annual study by Secretary of Energy of refining and product
distribution infrastructure including assessment of cumulative impact of
regulations and specific recommendations for improvements.

Periodic OMB-led review of supply impact of environmental regulations.
Could be included as part of National Energy Policy Plan. -

Require Energy Impact Analysis for new regulations.

Enhance regulatory certainty, e.g., avoid retroactive reinterpretation of
regulations such as in recent EPA NSR enforcement actions.

Incentives

Accelerated depreciation for clean fuels upgrades.

Accelerated depreciation for pollution control equipment on stationary
sources.

Tax credits for energy efficiency improvements.
Investment tax credit for clean fuel capital investments.’

Relief from Alternative Minimum Tax to ensure any incentives offered are not
automatically recaptured.

Excise tax incentives for early introduction of clean fuels, e.g. for low sulfur
gasoline and diesel.

Streamilining/Flexibility

Reasonable guidance on BACT and LAER for Tier 2 gasoline and diesel
sulfur programs. Guidance on the emissions level and cost used to
determine BACT/LAER requirements. [NOTE: Current draft guidance is not
reasonable on this point).

Allow for trading of credits from mobile source emission reductions with
stationary sources.

Expedited permitting review. Provision of greater certainty that once permits
are approved, they will not have to be reopened/renegotiated due to third
party intervention.

AT



. Lin‘kage between regulatory implementation deadlines and permitting
process, e.g., if delay in permitting despite good-faith efforts to comply, the
regulatory deadline is adjusted.

Fuels

- Reassess the sequencing of major fuel regulatory programs. Eliminate the
overiap in timing between the gasoline sulfur and diesel sulfur requirements.

- Eliminate 1.5% minimum oxygen requirement for RFG.

- No additional product specifications (such as aromatics caps) that will further
constrict gasoline supplies. Focus on performance goals not product specs.

- Reassess mobile source air toxics program to allow greater flexibility through
trading among refineries. Reevaluate baseline calculation to remove penalty
on refiners who are cleaner than average. Reevaluate standard in light of
state programs that limit MTBE use (e.g., Connecticut, New York) which could
make regulatory requirement unattainable or very expensive.

- National Academy of Sciences study of MTBE to provide a science-based
assessment of impact on groundwater and effectiveness of remediation
technologies and including assessment of role of MTBE in meeting gasoline
demand. :

- Determine appropriate sequencing for any future off-road diesel
requirements. Avoid overap with other regulations, set a reasonable
standard for sulfur content.

ARTD



Kelliher, Joseph : b Q}
From: Anderson, Margot

Sent: Saturday, March 24, 2001 11:04 AM

To: Kelliher, Joseph

Subject: FW: NPRA Recommendations on National Energy Policy

Did I send this to you? PO guys took z look at the NPRA recommendations.
mm—

—

----- Original Message—---- ;

from: Ereed, Wiiliam o

Sent: Friday, March 23, 20C1 £:05 PM

To: Anderson, Margot

Cc: McNutz, 3Barry

Subject: RE: NFRA Recommendations on National Energy Pollicy
Lfte: talxing with Barry, here ars SOme COMMENTS:

(9%

Comments on NPRE energy pcllcy 1deas (23 MAR 01




William Breed

Acting Director, Office of Energy Efficiency,
Alternative Fuels, and Oil Analysis (P0O-22)
202-586-4763

----- Original Message-----

From: Anderson, Margot

Sent: Friday, March 23, 2001 17:58 AM

To: Breed, William

Subject: FW: NPRA Recommendations on National Energy Policy

Bill,

——

Can you ask your crack staff if any of these policy recommendatiocns from

-

NPRA have merit?

Sent: rricday, March 23, 2001 9:0¢4 AM
TcL Anderson, Margot
Supject: NFRA Recommendations on National Energy Policy

nal
From: Kelliner, Joseph
Y

Do any cf these have merit? Many of the recs are so general is it hard
to figure out exactly what the actlion is.

----- Cr n sage-—=---

Trom: S ch Boo [mailto:Bob_Slaughterfnpradc.org)

Sert: Thursd arch 22, 2001.3:52 PM

Tc: Relllner, Josepnn :

Zc: Rnthony, Betty: Sternfels, Urvan

Suzjecz: NPRAR Recommendations on National Energy Policy _ .

Joe Kelliper:
thinking as Tc what changes in national energy policy are needed to hel
the )
refining sector.

woulad iike specificeily to highlight three:
—
Cne. We zelieve
{ oppPOoCTuniTy :
" to imprcve energy policy by nct addressing the onroac diesel sulfur

nat the Administretion is missing an importan:

rt

ile.

25 rule will have a greater adverse supply impact than any other Iin
-ne
next five years anc should be reviewed. Instead ol requiring
essentially : ;
100% ©f onrcacd diesel ouuput to be reduced from S0C ppm to 15 pem sulfur
by _

T *fig-2006, ar a cos: of 38 billion, the Administration cculd mcve the

2

=
Y



reguired supply date back to 2008-S and provide & reduction in the [
diesel

excise tax for i5ppm sulfur diesel sold in advance of the 2008 date.
This

could provide all the necessary supply for new trucks which need the
diesel

in 2006-7 (probably only 5% of demand). There are no environmental
benefits .

from using the new diesel in old truck engines, so the program in its
current form constitutes massive waste, since those trucks aren't a
sufficient force in the market until 2008 at the earliest. This change
will help prevent loss of diesel supply and refinery closures which will
take place under the rule in its current form. The overall benefits of
the

program are not reduced. We would like to talk with you more on this.
Two. The EPA's enforcement czhva‘gn against U.S. refineries should be
halted and reexamined. As you know, it is impossible tc build new
refineries, so the industry has hac to add capacity at existing sites 1in
an

attempt o maintain an adequate sumnlv of products for consumers in the
past

twenty vears. Even at that, the industry has been able to keep U.S.
capacity only flat over the past decade, so new demand has been met by
increased imports of refined products. The Browner EPA launched an
extensive

and coordinated campaign against the industry, alleging that capacity
additions diring the past twenty years were not appropriately permitted.
This despite the fact that refinery improvements were made with the
knowledge of both state and federal environmental agencies and in

keeping

with permitting reguirements as they were understood-at that time. The
EPA

has sent section 114 reguests, in effect clanket subpoenas, to most
refiners, and many are now facing notices of violation and legal action.
=

few have settled beczuse thev believe that it is easier to pay & fine,
sign

& consent decree and move forwarcd than resist. Al this comes at a time
when federel and state authorities have urged the-industry to continue
its

herculean efforts to produce product all-out to avoid shortages. EPA's
acticns are really nothing more than an sttempt to ciscredit the
ingustry - .

anc collect tripute In the form of fines in order to allow refiners to
gel -~ :

cn with thei- business. We believe tThat everyone in the industiry shouicd
obey the law, and we believe that they do, often TBndér difficult
circumstances. But this activity goes far beyond the pale of reasonable
enforcement activity and should cease.

Three. The Unocal patents, recently uvpheld by & federsl court of
egcoeels in

e decision that the Supreme Court let stand, provide no real beneiit to
the .

inzustry cr consumers. The huge rcyelties grantecd by & Californis
Distric:

Cour=z~-- 3.3/4 cents/gallon~--are far in ekc=ss of .the cost ¢i even the

refcrmulatec cascline orocram and may wel. COSt consumers over $200
millicn

-er year when implemenzec. The existence cf the payents will Increase
-he

cost of gesoline, reduce supply, anc e
cvercompliance with environmental regu
meke 1t

ever narder To use ethanol 1In gasc.line where cIcne Erofiems exist cur:ing

liminate ell ¢I the incentive Zcor
lation The patent wiil 2lso

o
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summer months (e.g. Chicago and Miiwaukee). The Administration should /

study i
this issue and take steps to put any royalty collections on holid.
Otherwise, this situation will affect Midwestern and East Coast gasoline
supplies adversely this summer, as it did last year.

The rest of our thinking is attached. Thank you for vour call

yesterday.

I'm available to discuss these matters with you at any time. 5
Bck Slaughter . )

NPRA 202.457.0480 x 152; home j b{o

<<natenergypol2.doc>> - _
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RECOMMENDATION TO ENHANCE US NUCLEAR ENERGY
RD&D

The Need for Long-term R&D .
rThe Nuclear Energy Research Advisory Committee (NERAC), formed in compliance with the {
Federal Advisory Committee Act (FACA), has recommended that DOE pursue nuclear energy
RD&D programs to:
+ revitaiize U.S. nuclear energy supply,
+ re-instate effective radio-isotope production for medicine and industry,
- increase basic nuclear research, and ‘
\ + re-build the physical and human infrastructure needed for these purposes V-

Roadmap for Expanded Nuclear Power Capability'

\ NERAC has also been charged to oversee DOE's development of a Roadmap defining:
- the goals of both a long- and short-term nuclear energy R&D program,
+ the technology gaps that need to be closed to reach those goalis,
+ advanced nuclear power plant candidates with potential for short term (by 2020) and
long term (by 2050) depioyment, i
= appropriate resource requirements and time frames, and . B
L__ - criteria to measure progress toward the goals. :

Goals for Future Nuclear Power Plants o _
\The three primary, and their subsidiary, goals for new nuciear power plants are:

+ Sustainability, providing
- -frée energy with essentially no air poilution or greenhouse gas emissions
- a stable and abundant fue! supply
- minimum amounts of radioactive waste
- 2 reduced long-term stewardship burden
- route to weapons proliferation.

» Improved safety and reliability, assuring
- equal or better plant avaitability factors (>50%) than today
- reduced chance of accidental fuel damage
- need for emergency response.

- Economic competitiveness against other energy sources, inciuding
- a full lite-cycle cost advantage
- a comparabie level of financial risk «-- == -

Tnese criteria will allow screening down to @ small number of candidates on which to place
primary focus and resources. Safety, environmental, and non-proliferation goals and criteria.
along with cost competitiveness, are of key importance 1n assuring successful deployment. Of
these, NERAC has recommended that internationally accepied methods of assessment and
siandards for profiferation resistance should be more fully developed. builiding on the existing
international non-proliferation regime. This need is of particular importance for development of
acceptable advanced plant candigates slated for long-term deployment that recycle to maximize
| theuse of nuclear fuel.

—

|

Industrial and International Cooperation

i
1
\

Two common themes in the NERAC recommendations are:

.

| - - e -
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+ industry and DOE, with its national labs, should enter into cost-share partnering,
especialiy for the nuciear power plants siated for near term deployment, and

- international cooperation should be fostered to assure global development consistent
with U. S. policies on.safety , the environment, and proliferation resistance.

LDo'e has engaged U.S. industry, and those of its overseas allies with on-going nuciear energy J

-

programs, in the deveiopment of the Roadmap.

Recommendations to Strengthen Nuclear Energy RD&D ’
- Strengthen the NER! program to foster innovative nuclear power concepts.
* Strengthen the NEPO program, cost-shared with industry, to assure the continued
effective operation of present plants
- Strengthen the umversnty program to develop a new generation of nuclear engineers
and scientists, -
+ Expand long-term R&D by an additional $280 million annually by 2005
- Impilement the roadmap by developing a vigorous program to demonstrate the most
- promusing of these technoiogies. This will require substantial additional funding and ‘
)._ will involve a concerted interaction with industry

Re-building the Nuclear Energy Infrastructure
NERAC has advised that to achieve the goals and meet the needs outlined above will reguire re- _.i‘
buiiding the U.S. nuclear energy infrastructure, both in human skills and facilities. Re-buiiding is
required also for national security and the jong-term stewardship of defense nuclear materials and
facilities as well as the efiective management of radioactive wastes and spent fuels from both
tivilian and defense sectors. A funocmemal stamng point is the training of qualified personnet in

our universities. -7

This re-butilding. coupled with the impiementation of the RD&D programs recommended above,
will entail substantial funding increases and ennanced priority within the federal government and
industry, without which the nation’s energy needs and national security will not be achieved.
Contact:

R 5
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American Gas Association
March 1, 2001

Natural Gas Utilities
Recommendations for National Energy Policy

verview

It 1s 1n the nation's best interest to cultivate and B

makes the most of each fuel's unique attributes and advantages. Natural gas is making a significant
contribution to meeting Americans' energy needs for an affordable, reliable energy resource. In order

to provide Americans an energy future that is free of oi] embargoes and rolling power blackouts, we

must now adopt Rba

policy provides the energy to ensure the prospenty of American families and businesses.

Future of Natural Gas jn the United States

R
century, according to projections by the Department of Energy and the American Gas Foundation --

but only if recommended policy changes are made.

Results of Greater Use {atura] Gas

The 1ncreased;use obna would provide numerous benefits for all Americans:
G R LTRSSl

P EpoTs DY Ak lion barrels per day, providing national security.

- power.

* Supply needed relief to the over-burdened electric gnd, along with a;’»' eliabilir_\' 1o businesses

~

and home offices, through new téchnologies which generate both heat and eleciricity and can be

sited closer to the consumer.

» FETEERUP the air by lowering carbon dioxide emissions by 930 million tons per year.

(Over for AGA's specific policy recommendations)

400 North Capito! St NW, Washington, DC 20001 ® Teiephone 202-824-7000. Fax 202-824-7115 @& \Wep Sue htipwww.3gz org

6334



5(%)
ch

American Gas Association ‘
March 1, 2001

endatio iona

Protection of low-incoie consiimersy Expand current Low Income Home Energy Assistance

Expansion’ of natural gm strachire; Change the current [Eteptociatio

affx _i:year T Schedule. This will free up capital for natural

schedule for ¥

- atura] gas utility expenses to an

gas utilities to invest in new pxpelxnes storage facilities and upgrading the exszﬁastrucmre

ensuring continued rehable servxce for all natural gas consumers. Also iRSEEIRERIN!

N Y

gas “gas infrastracture rchabn Jty and sgfeymm mrer comnections {Contributions in
Aid of Construction. ' b(;)

\Development of new natural gas technologies: Provide RPIAE.

e e ALY

.t S

AN B
——

"produce, deliver and use natural gas in a highly-efficient and safe manner; provide favorable tax A(S)
treatment for highly efficient end-use technologies; reduce or eliminate Parric;s to market entry.

]ncreased energy efficiency: Provide funding to improve thes

facilitres aqd g;lgls RD&D; mdmxmccunvm for hxghly efﬁcxcm Lcchnologxes 'pAcbylrlcy
Tecognition of tcxai’euergy efficiency. = ﬂ'

Adequate supphes of natural gas Nonh Amenca has abunda.m supplles of natural gas More

- AGA-

Amencan Gas Association  (202) 824-7000
400 N. Capito! St., N.W_, Suite 400, Washington, D. C 20001
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American Gas Association

ederal v I egjsiatio
Comparison of AGA Recommended Provisions
And Provisions Contained in Senator Murkowski’s
National Energy Security Act of 2001 (S. 389)

Summary: The bill introduced by Senator Murkowski contains almost every provision

recommended by AGA. It would:

¢ Encourage increased production of natural gas

¢ Allow seven-year depreciation of all new patural gas distribution, transmission, and
storage facilities (representing potential tax savings to AGA gas distribution members
of approximately $8 billion over ten years) -

« Repeal CIAC and PUHCA . ()

e Remove barriers to infrastructure expansion ’

e Create incentives for distributed generation and

* Increase LIHEAP authorizations.

On November 30, 2000, the Government Relations Policy Committee and the Execuuve
Committee of the Board of Directors created the AGA Energy Legislative Steering Committee
under the leadership of Dick Reiten of NW Natural. During the months 6f December and
January, the steenng committee worked closely with AGA Staff to crafi a set of core principles
essential to any legislation as well as specific legislative proposals embodying the advocacy
priorities of AGA member companies. The result of these efforts was circulated on January 16,
2001, and was approved by the GRPC and the AGA Board of Directors on February 26, 2001.
AGA Staff has also been working with other associations and Congressiona! Staff to ensure that
these principles and proposals are incorporated in the comprehensive, bipartisan legislation that
will soon be a topic of Congressional attention.

On February 26, 2001, Senator Frank Murkowski, Chairman of the Senate Energy and Natural
Resources Committee, introduced the National Energy Secunty Act of 2001 (S. 389.). This bill
addresses a broad spectrum of energy issues and incorporates most of the principles and
proposals that AGA has advocated throughout this effort. This memorandum highlights the
natural gas provisions of interest to AGA members in the bill as well as some of the other more
imporiant energy issues it addresses. ' T

Although much effort has already been invested, introduction of the Murkowski bill is onlv the
starting point in the legislative process. AGA Staff will work closely with Senator Murkowski,
his staff, other Senators, Members of the House of Representatives, and the Bush Administration
in the weeks ahead 10 advance the AGA legislative proposals approved by the GRPC.

Following 1s a brief summary of what is included in the bill, organized to follow the order of the
legislative proposals as recommended and ulumately approved by the AGA Legislative Steering
Committee and GRPC.



Eederal E&P Studies

The bill calls for reports on all federal actions affecting energy supply or deiivery and annual
reports on progress toward energy.independence, which would be produced by DOE rather than
the National Academy of Sciences. (Sections 101, 102.)

Renewal and Expansi tructure

Senator Murkowski has decided not to mandate a White House Office of National Energy Policy
in light of President Bush’s creation of a Cabinet-leve] “National Energy Policy Development
Group” led by Vice President Cheney. The staff director of this group is Andrew Lundquist, until
recently the staff director of the Senate Energy and Natural Resources Committee. However,
codifying such an effort in the Executive Office of the President 1s still desirable.

The bill requires federal studies of rights of way over federal lands to determine which of these
can support additional energy infrastructure. (Section 104.)

It requires FERC and other pertinent agencies to zeview the pipeline certification process to
determine where time and cost can be saved. (Section 109.)

The bill requires DOE, FERC and other agencies having a role in the pipeline certification
process to enter into an interagency agreement regarding environmental review of interstate
pipeline certificate applications with deadlines for completion of required review. (Section 113.)

1t requires DOT to implement an accelerated cooperative program of R&D regarding pipeline
safety. (Section 114.)

The bill contains several significant tax incentives to expand infrastructure that are described
under Tax Provisions in this memorandum.

Equitable Enerev Efficiency Resgulau ,

The bill does not address the need 1o give fair and equitable treatment to natural gas in energy-
efficiency standards and related administrative proceedings before DOE and other federal
agencies. AGA expects to continue to pursue this issue as this bill and others move forward
through Congress.

LIHEAP
The bill increases LIHEAP authonzation to §3 billion annually for the years 2000-2010 and S! billion

in emergency funds annually. It does not call for indexing authorizations to rising costs. (Section 60! .)

Bujlding Efficiency

The bill extends authority regarding federal energy-savings performance contracts. (Section 603.)

The bill creates in DOE an energy-efficient schools program, with authorizations in excess of

S200 milhon. (Section 602.)

™)
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Tax Provisi
The bill provides for seven-year tax depreciation for new natural gas pipe, storage facilities,
equipment and appurtenances. (Section 921.) It also allows the expensing of storage facilities.
(Section 922.)

It provides for a tax credit for distributed power facilities used in nonresidential real or rental
residential property used in trade or business (in excess of 1 kW) and used in manufacturing or
plant activities (in excess of 500 kW). A credit is also extended to combined heat and power
systems. (Section 971.) ‘

The bill provides for the repeal of the tax on contributions in aid of construction (CIAC). (Section
959.)

The bill provides tax incentives for NGVs and other alternative-fuel vehicles. (Sections 981-985.)

ew Natu s Techno
DOE is required to conduct 2 five-year RD&D program to increase the rehiability, efficiency,
safety, and integnty of the natural gas delivery infrastructure and for distributed energy resources
with such funds authorized as are necessary. (Section 115.)

Each federal agency is required to carry out periodic review of its regulations to ensure that they
do not inhibit market entry of new energy-efficient technologies. (Section 112.)

Production Incentives v

e Tax credit for nonconventional fuels (Section 29) -~

¢ Expensing geological and geophysical costs and shut-in royalties

o Tax credits for marginal oil and gas wells

e Royalty relief when the Henry Hub price is less than $2.30 per MMBtu
¢ Deepwater royalty relief

. PUHCA repeal

= Improvements to federal oil and gas leasing management, including the ability of states 1o
assume responsibility for leasing on federal lands

e ANWR leasing program

o FERC jurisdiction over wholesale electric reliability

e Prospective PURPA repeal coe

s Tax credits for energy -efficient appliances and homes

A copy of the complete b\ll can be downloaded at:
btip:/'thomas. 9: or at hitp://energyv.senate.gov

AGA Contacts: © Darrell Henrv‘ 202-824-7219, dhenrv(@aga.org (Advocacy)
Jeff Petrash 202-824-7231, jpetrash(@aga.org (Legislation

| .\shared Jegislanon-commpanson of S.389 10 AGA 3-09-01

Natural-Gas Provisions of S. 389 0371301
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Office of the Press Secretary

For Immediate Release September 27, 1993

Fact Sheet
Nonproliferation And Export Contrel Policy

The President today established a framework for U.S. efforts to prevent the proliferation of weapons of
mass destruction and the missiles that deliver them. He outlined three major principles to guide our
nonproliferation and export control policy:

- Our national security requires us to accord higher priority to nonproliferation, and to make it
an integral element of our relations with other countries.

)

i

- To srengthen U.S. economic growth, democratization abroad and international stability, we
actively seek expanded trade and technology exchange with nations, including former
adversaries, that abide by global nonproliferation norms.

- We need to build a new consensus - embracing the Executive and Legislative branches, -
industry and public, and friends abroad - to promote effective nonproliferation efforts and
integrate our nonproliferation and economic goals.

’ -
e ol

[

The President reaffirmed U.S. support for a strong, effective nonproliferation regime that enjoys broad
inultlateral support and employs all of the means at our dispesal to advance our objectives.

Kev elements of the policy follow.

Fissile Material

The U.S. will undertake a comprehensive approach to the growing accumulation of fissile material from
dismantled nuclear weapons and within civil nuclear programs. Under this approach, the U.S. will:

- Seek to eliminate where possible the accumulation of stockpiles of highly-enriched uranium

or plutonium, and to ensure that where these materials already exist they are subject 10 the

highest standards of safety, security, and international accountability.

- Propose a multilateral convention prohibiting the production of highly-enriched uranium or
plutonium for nuclear explosives purposes or outside of international safeguards.

- Encourage more testrictive regional arrangements 1o constrain fissile material production in
regions of instability and high proliferation nsk.

- Submit U.S. fissile material no longer needed for our deterrent to inspection by the
International Atomic Energy Agency.

! - - 8586
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- Pursue the purchase of highly-enriched uranium from the former Soviet Union and other
countries and 1ts conversion to peaceful use as reactor fuel.

- Explore means to limit the stockpiling of plutonium from civil nuclear programs, and seek to
minimize the civil use of highly-enriched uranium.

- Initiate a comprehensive review of long-term options for plutonium disposition, taking into
account technical, nonproliferation, environmental, budgetary and economic considerations.
Russia and other nations with relevant interests and experience will be invited to participate in
this study.

The United States does not encourage the civil use of plutonium and, accordingly, does not itself engage in
plutonium reprocessing for either nuclear power or nuclear explosive purposes. The United States, ~
however, wiil maintain its existing commitments regarding the use of plutonium in civil nuciear programs
in Western Europe and Japan. »

Export Controls

To be truly effective, export controls shouid be applied uniformly by all suppliers. The United States will
harmonize domestic and multilateral controls to the greatest extent possible. At the same time, the need to
lead the International policy interests may justify unilateral export controls in specific cases. We will -
eview our unilateral dual-use export controls and policies, and eliminate them unless such controls are
essential to national security and foreign policy.interests. )
- 3 #
We will streamline the implementation of U.S. nonproliferation export controls. Our system must be more
tesponsive and efficient, and not inhibit legitimate exports that play a key role in American economic
‘'strength while preventing exports that would make a material contribution to the proliferation of weapens
of mass destruction and the missiles that deliver them.

Nuclear Proliferation

The U.S. will make every effort to secure the indefinite extension of the Non-Proliferation Treatv in 1995.
We will seek to ensure that the International Atomic Energy Agency has the resources neededto
implement its vital safeguards responsibilities, and will work to strengthen the laea's ability to detect
clandestine nuclear activities.

Missile Proliferation

We will maintain our strong support for the Missile Technoiogy Control Regime. We will promote the

. principles of the Mtcr Guidelines as a global missile nonproliferation norm and seek to use the Micr ds a
mechanism for taking joint action to combat missile proliferation. We will support prudent expansion of
the Micr's membership to include additional countries that subscribe to international nonproliferation
standards, enforce effective export controls and abandon offensive ballistic missile programs. The United
States will also promote regional efforts to reduce the demand for missile capabilities.

The United States will continue to oppose missile programs of proliferation concern, and will exercise
particular restraint in missile-related cooperation. We will continue to retain a strong presumption of denial-
against exports (o any country of complete space launch vehicles or major components.

a8
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The United States will not support the development or acquisition of space-launch vehicles in countries
outside the Mtcr.

For Mtcr member countries, we will not encourage new space launch vehicle programs, which raise
questions on both nonproliferation and economic viability grounds. The United States will, however,
consider exports of Mtcr-controlled items to Mter member countries for peaceful space launch programs
on a case-by-case basis. We will review whether additional constraints or-safeguards could reduce the risk
of misuse of space launch technology. We will seek adoption by all Mtcr parters of policies as vigilant as
our own.

Chemical and Biological Weapons

To help deter violations of the Biological Weapons Convention, we will promote new measures to provide
increased transparency of activities and facilities that could have biological weapons applications. We call
on all nations -- including our own -- to ratify the Chemical Weapons Convention quickly so that it-may
enter into force by January 13, 1995. We will work with others to support the international Organization
for the Prohibition.of Chemical Weapons created by the Convention.

Regional Nonproliferation Initiatives

‘Nonproliferation will receive greater priority in our diplomacy, and will be taken into account in our
relations with countries around the world. We will make special efforts to address the proliferaiion threat
in regions of tension such as the Korean peninsula, the Middle East and South Asia, including effortsiio’
address the underlying motivations for weapons acquisition and to promote regional confidence-building
steps.

e s v

In Korea, our goal remains a non-nuclear peninsula. We will make every effort to secure North Korea's full
compliance with its nonproliferation commitments and effectxve implementation of the Norih-South
" denuclearization agreement.

In paralle! with our efforts to obtain a secure, just, and lasting peace in the Middle East, we will promote
dialogue and confidence-building steps to create the basis for a Middle East free of weapons of mass
destruction. In the Persian Gulf, we will work with other suppliers to contain Iran's nuclear, missile. and
Cobw ambitions, while preventing reconstruction of Irag's activities in these areas. In South Asia., we will
encourage India and Pakistan to procesd with multilateral discussions of nonproliferation and security
1ssuez. with the goal of capping and eventually rolling back their nuclear and missile capabilities.

In developing our overall approach to Latin America and_South Africa, we will 1ake account of the

significant nonproiiferation progress made in these regions in recent years. We will intensify efforis 1o
ensure that the former Soviet Union, Eastern Europe and China dc not contribute to the spread of weapons

of mass destruction and missiles.
Military Planning and Doctrine

We will give proliferation a higher profile in our intelligence collection and analysis and defense planning.
and ensure that our own force structure and military planning address the potenuial threat from weapons of
mass destruction and mussiles around the world.

Conventional Arms Transfers
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sparency in the area of conventional arms transfers and premote regional

€ncourage restraint on such transfers to regions of instability. The U.S.
transfer policy, taking into account national

titiveness considerations.

We will actively seek greater tran

confidence- building measures to
will undertake a comprehensive review of conventional arms

security, arms control, trade, budgetary and economic compe
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The White House

Office of the Press Secretary

For Immediate Release September 27, 1993

Fact Sheet
Nonprohferatlon And Export Control Policy

The President today established a framework for U.S. efforts to prevent the proliferation of weapons of
mass destruction and the missiles that deliver them. He outlined three major principles to guide our

nonproliferation and export control policy:

- Our national security requires us to accord higher priority to nonproliferation, and to make it
an integral element of our relations with other countries.

3

- To strengthen U.S. economic growth, democratization abroad and international stabiiity, we
actively seek expanded trade and technology exchange with nations, including former
adversaries, that abide by global nonproliferaticn norms.

- We need to build a2 new consensus - embracing the Executive and Legislative branches,
industry and public, and friends abroad - to promote effective nonproliferation efforts and
integrate our nonproliferation and economic goals.

v s
-

The President reaffirmed U.S. support for a strong, effective nonproliferation regime that enjovs broad
- multilateral support and employs all of the means at our disposal to advance our objectives.

Kev elements of the policy follow.
; poLIcy

Fissile Materiai

S. will undertake a comprehensive approach to the growing accumulation of fissile material from

dismantied nuclear weapons and within civil nuclear programs. Under this approach, the U.S. will:

- Seek to eliminate where possible the accumulation of" stockpiles of hxghly enriched uranium
or plutonium, and to ensure that where these materials already exist they are subject to the
aighest standards of safety, security, and international accountability.

- Propose a multilateral convention prohibiting the production of highly-enriched uranium or -
plutonium for nuclear explosives purposes or outside of international safeguards.

- Encourage more restrictive regional arrangements to constrain fissile materiai production in
regions of instability and high proliferation risk. :

- Submit U.S. fissile matenial no ionger needed for our deterrent to inspection by the
International Atomic Energy Agency.
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| V\?ﬁﬁams, Ronald L
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From:
Sent:
To:
Subject:

Cook, Trevor

Wednesday, March 07, 2001 9:44 AM
Anderson, Margot

RE: template

| have a meeting on Friday at 2:00pm so sometime before then is good for me.

Trev.

-—-Qriginal Message—-

From:
Sent:
To:

Ce:
Subject:

All,

Anderson, Margot

Tuesday, March 06, 2001 6:27 PM

Haspel, Abe; Zimmerman, MaryBeth; Lockwooc. Andrea; Breed, Patricia; Breed, William; KYDES, ANDY; Whatiey, Michael; Canter,
Douglas; Braitsch, Jay; Meichert, Eiena; Cook, Trevor; ‘jkster@bpa.gov'

Kelliner, Joseph _

RE: template

() S)

Who can meet on Friday afternoon?

Margot

<< Fiie: NEP Policy Issues.doc >> << Fiie: template for policy ideas.doc >>

----- Origmat Message—--

From:

Sent:
To:

Cc:

Angerson, Margot

Tuesday, March 0§, 2001 9:33 AM

Conu, John; Haspel, Abe; Zimmerman, MaryBeth; Lockwood, Andrez; Breed, Patriciz; Breed, William; KYDES, ANDY; WhatJey,
Michael; Carter, Douglas; Braitsen, Jay; Melcnent, Eiena; Cook, Trevor; 'jkster@bpa.gov'

Kelliner, Joseph

Subject: RE: template

All,

| B

I discussed with Kelliher and received comments from PO and EE. Anyone else going to weigh 1n before 1 finalize
and set some deadiines? \

Margot

N

~—0riginal Message~—-

7820



From: Angderson, Margot : : e
Sent: Monday, March 05, 2001 4:56 PM ’ -

" To: Contj, John; Haspel, Abe; Zimmerman, MaryBeth; Lockwood, Andrez; Breed, Patricia; Breed, Wiiliam; KYDES, ANDY; Whatiey,

Michael; Carter, Douglas; Braitsch, Jay; Meichert, Elena; Cook, Trevor; 'jkstier@ppa.gov’
Cc: Kelliher, Joseph
Subject: template

<< File: template for policy ideas.doc >>
All,
Comments, please. -

Margot

7821
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Martin, Adrienne fo {0 K

From: Anderson, Margot / S <

Sent: Tuesday, April 03, 2001 3:36 PM

To: ‘Charles Smith (E-mail)’

Subject: FW: NA Transmission Line Maps

W) W
NAtranshines_bw.doc - NAtranslines_coior.doc
Charlie,

(L)()

Margot )

-—-0Original Message-—-

From: Terry, Tracy

Sent: Tuesday, April 03, 2001 9:17 AM
To: Anderson, Margot

Cc: Conti, John

Subject: FW: NA Transmission Line Maps

Margot - Here are the transmission line maps. Let me know if these are OK or if we need something eise.

----- Original Message-----

From: Forbes, Leslie {mailto:LForbes@ftenergy.com]
Sent: Friday, March 30, 2001 4:46 PM

To: Terry, Tracy

Subject: NA Transmission Line Maps

March 30, 2001
Dear DOE:

Here are the map images you requested. If you need additional information

please let us know.

<<NAtransiines_bw.doc>> <<NAtranslines_color.doc>>
Thank you,

Leslie Forbes

Leshie Forbes

GIS Cartographer
Financial Times Energy
720-548-5472

8131
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Kelliher, Joseph -

From: Kelliher, Joseph

Sent: Tuesday, July 03, 2001 9:30 AM

To: ‘Dave Nevius' .
Subject: RE: "Enerpy Legislative Agenda®

There was a reference to the NEP recommendation that DOE develop
legislation that would "enhance reliability,” among other goals.

----- Original Message-----

From: Dave Nevius 'mailto:Dave.Nevius@nerc.net)
Sent: Tuesday, July 03, 2001 9:21 AM

Te: Kelliher, Joseph

Cc: linda Stuntz (E-mail); DNC (E-mail)
Subject: "“Energy lLegislative Agenda”

-

Jee :

ress accounts say the White House sent ar "Energy legislative Agerda®™
to the Hill last Thursday. What did this agenda ssy about relianili-:y
legislation? .
Thanks.

dave

ES - I may nct have anything to you‘on ideas for how to approach a
"national grio study” until early next week. We had to do a little
scraxbling tc respsnd to Mr. Delay's request to acddress a draft
electricity restructuring bill, as well as a couple of other crash
izems, FYI, the Rellability Legislation Coalition is meetiny today (July
i-4 p= in CTZA ofiices) to ciscuss what can be done to bring others on
S ir cuppert ¢f the consensus reliability legislation that is

suzpcried by 14 infuswiry apd state organizations. You're welcome

8950
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Kelllher Joseph . T

From: Kelliher, Joseph

Sent: Wednesday, June 20, 2001 5:01 PM

To: . Glotfelty, Jimmy

Subject: FW: NEPDG Long-Term Strategy Meeting - 4:45 TOMORROW

You should go to the meetnig and-reception.. What is your SS and DOB?

----- Original Message-----

From: Kjersten_S. Drager@ovp.eop.goviinternet

(mailto:Kiersten_S. _Drager@ovp.eop.gov]

Sent: Wednesday, June 20, 2001 4:48 PM

To: Reed, Craig; Kelliher, Joseph:

sue_ellen wooldridgefios.doi.govtinternet; gibson.tom@epa.govtinterner:
Daigle. stephanle@epa govitinternet; Dina.ellis@do.treas.gov%internet;
kmurphy@osec.doc.goviinternet; Michelle.pochefost.dot.govéinternet;
Patricia.stahlschmidt@fema.goviinternet; scott.douglas@fema.goviintelnet
Cc: Andrew_D. Lundgquist@ovp.eop.goviinternet;

Karen_ Y. Knucson@ovp eop.govtinternet; John Fenzell@ovp.eop.goviinternet;
Megan_E._McGlnn@ovp.eop.govslnternet

Subject: NEPDG Long-Term Strategy Meeting - 4:45 TOMORROW

Andrew Lundguist and Karen Knutson, Director and Deputy Director,
respectively, of the National Energy Policy Development Group, have
askea -

that everyone on this list attend a pre-meeting tomorrow, Thursday, June
2z, &t 4:45 p.m. in the Vice President's Ceremonial Office, 276 OEOB, to
discuss long-term strategy With regard to the National Energy Polic

in,,the Ceremonlal Office, Andrew and Karen zare
ginﬂ ng at 5:30 p.m. just down the hall -out on
room 200 OEOB. You are all invited. The reception is
ietion for &ll of the hard work that went intc the
Netlional Energy Pclicy report by NEPDG agency and
ince some of you are new "liaisons" for vour
Thls wiil be a good way for you to meet the pesocis
n th2 implementation of the Plan. There will b=
everages
€ ether or not you'll b2 abkle to meke the ¢:::I
- co'll be ettending, I'll need your sociel security F and
Iz . order to Zlear you into the bui:l ding rf ycu have
= =-m2..2c me your infic., no neec to do so again. OJtherwiss,
sen your Lnio. as soon as possible
Transns. - Hiersten Drager, Assistant to the Director, NIFDE

[y
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Table 10.1 Renewable Energy Consumption by Source, 1989-1999

(Quadrillion Btu)
Wood Conventional
Y and Hydroaisctric

oar Waste ' Geotherma! ? Power 34 Solar? Wind ¢ Yots!
1889 f3.050 Ra 338 "2.999 R0.059 "0.024 ng.470
1990 R2 665 R0.359 R3.140 0.063 "0.032 Rg.2680
1991 R2879 R0.368 R3.222 0.068 R0.032 fg.367
1992 f2.828 0.379 2.863 0.068 0.030 Rg.167
1993 R2.782 0.393 3.147 0.071 0.034 Rg.424
1994 n2.014 0.295 2971 0.072 0.038 Rg.387
1995 A3.044 0.339 3474 0.073 0.033 Rg8.963
1998 *3.104 0.352 f3.915 0.075 0.035 A7.482
1997 R2.982 Ro.328 R3.940 0.074 70,034 Ry.358
1998 "2.991 f9.335 R3.552 0074 f0.031 Rg.984
. 1999¢ 3514 0.327 3417 0.078 0.038 7.3

! Wood, wood wasts, black tquor, red liquor, spent sulflte liquor, pitch, wood sludge, peat, rallroad lles,
utllity poles, municipal solld wasts, iandfil gas, methane, digesier gas, liquid acelonlirile wasts, lall ofl,
wasle alcohol, medical waste, paper patlets, studge wasie, sofid byproducts, lires, agricullural byproducts,
closed looped blomass, fish oft, and straw, ¥

1 includes elaciricly imports from Mexlco that srs derved from gecthermal energy. Includas
grid-connacied elaciricity, and geothermal heat pump and direct use ensrgy. Excludes shaft powar and
remote electrical power.

¥ Hydroelactriclty genaratad by pumpsd storage Is nol included in renewable anergy.

¢ Includes electrclly net Imports rom Canada that ara derlved from hydroetectric power.

% inctudas solar thermal and photovolalc snergy.

¢ Includas only grid-connecied elsciricity.
RaRevised. E=Estimaled.

Note: Totals may nol equal sum of companents dus to Indepandant rounding.

Web Page: hitp://www.ela.doe.gov/fuelrenewabie. himi.
Sources; » 1989—Enargy Information Administration (E1A) estimates. « 1990-1993—FEIA, Renewabdls
Enargy Annusel, annual reports. » 1994.1998—EIA, Renewsble Energy Annus! 1999 (December 1999).

* 1399—EIA eslimatea.

Energy Information Administration/Annual Energy Review 1999

253
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Figure 10.2 Renewable Energy Consumption by Sector, 1999

By Sector Residential and Commaerclat Sector
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Hydroeleclric and Wind Hydroelectric and Wind
Power Power* 4
* Generatlon of electricity by nonutitity power producaers is Included in the industrial

sector, not the elactric utility sector, Covars (acllities of 1 megawatt or greater capacity.
' Geothermal heat pump and direct energy use.
' Geolherm al elactricity generation, heat pum p, and direcl ener gy use.

254

power,

¢ Includes elactricity nel imports from Canada that are dedved {som hydroelectric

* Includes electriclty imports from Maxico that are derlved from geothermal energy.

{s) = Less than 0.05 quadrillion Blu.
Source: Table 10.2,

Energy Information Administration/Annual Energy Review 1999
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Table 10.2 Renewable Energy Consumption by Sector, 1989-1999

(Quadrillion Btu)

Resldential

and Commoercial Industeial ®

Wood Conventional

Geo- and - Geo. Hydroslectric
Year| Wood? | thermal ¢ Solar 3 Total Waste therms!’ Power ® Solar
1989 20 952 0.008 0.053 R1.012 f2.007 Ro.122 R0.091 R0.007
1990 Ro.618 0.008 . 0.056 Ro.602 R1.944 f0.159 R0.101 0.007
1991 R0 652 0.009 0.058 Ro.719 R1.940 RO.174 R0.100 0008
1992 R0 687 _ 0.010 0.060 A0 756 R2.040 0.182 0.098 0.008
1993 0.592 0010 0.062 0.664 R2.082 0.208 0119 0.009
1994 0.582 0.010 0.064 0.656 R2.214 0.214 0.136 0.009
1995 0.641 0.011 0.065 0.717 R2.281 0.210 0.152 0.008
1996 . 0644 0.012 0.0868 0.722 R2.388 0217 0.171 0.009
1997 Rp.480 0.013 0.065 R0.558 A2.385 R0.200 0.185 0.009

1998 Ap 424 0018 0.085 R0.503 R2.a41 "0.211 R0. 151 R0.0090.

1999¢ 0.481 0.018 0.083 0.539 2922 0.278 0.125 0.013

Trans-
portation Electric Utititles ?
Wood Conventional
Alcohol and Qeo- Hydroelegiric | Solar

Wind Total. | Fuels® | Waste® |thermasl 10 Row’x!‘ sndWind | Total Total

4 1
Rp02¢  R2.250 0.071 0.020 0.208 l its08 | (s) 3131 Re4r0
Ro032  R2.242 0.082 A0.022 0.192 > L) 3253 Rg.260
o032  R2.254 0.065 0.021 0.185 - A3 \;(s) Ra30  ®e.3e7
0030 "2357  *0.078 0.022 0.188 168 (s} f2918  Rg.187
0031 P2.447 0.088 R0.021 0177 (s) 3228  "6.424
0036 R2610 0.097 R0.021 0.170 (9) 3024 P87
0033  "268% 0.104 0.017 0.118 ) 3457  Rg.963
0035 R2.798 0.074 0020 + 0123 I (- Mses  Pras2
R0.034 2813 0.097 Ro.021 0.118 (s) R3g80 Ar.ass
R o031 R2p44 0.105 R0 021 Ro.110 (s} R385328. ™ 984
0.038 3313 0.112 0.020 0.038 {s) 3.349 13713

' Nonutility powsr producers' use of renewable energy (o produce slectriclly and usehul tharmal oulput is ¢
Included in the Industrial secior, not the eleciric utliity sector. Covers faciilles ol Y magawall or greater
capacity. .

? For Biu conversion rates, see Appendix Table AS.

? Wood.

¢ Geothermat hesl pump and direct use energy.

® The sofar thermal camponant of 0.08 quadsilion Btu for residential and commercial use Is calcytated
by presuming an overall efficiency of 50 percent for all thres calegorias of golar thermal colleclors {low
temperaturs, medium temperature, snd high temperature), @ 1,500-Blu per square fool average dally
Insotation, and the potentlal thermal energy production from the 219 milllon square feel of solar thermel

flectors produced bet: " 1980 and 1899. Thisis a simplifiad approach since low-temperature and
high-tamperature collectors have been rated at more than 50 percent affictent and medlum-tomperature
colleciors are generstly less than 50 percent eficient. Included also Is a very small amount of photovolialc
solar energy.

' Wood, wood waste, black liquor, red fiquor, spent sulfite iiquor, pitich, wood studge, peat, railroad lles,

Energy Information Administration/Annual Energy Review 1909

ullitty poles, municipat solid waste, landfil gas, methane, digestar gas, flquld acstonitrile waste, taft of,
wasie alcoho!, medical waste, paper pellsts, sludge waste, solid byproducts, tires, agricultural byproducts,
closed looped biomass, fish oll, and straw. !

! Geothermal elactriclly generation, hesl pump, and direct use anergy.

¢ Hydroelectriclly generated by pumped storage ls not included in renewable energy.

? Ethanof blended into motor gasoine,

*® Includes slactricity Imports from Mexico that are derived from geothermal energy.

" Includes electricity net imports from Caneda that are derived from hydroeleciric powsr,

R=Revised. ExEslimated. (s)=Lesa than 0.0008 quadrillion Bty.

Note: Tolals may not equal sum of companents due to independent rounding.

Wab Page: htip://www .ela dos.gov/fuslrenawabte html,

Sources: « 1989—Energy Information Administration (EIA) estimales. o 1990-1993—E|A, Renewable
Energy Annusl, ennusl reports. ¢ 1994-1998—EIA, Renewabls Energy Annuai 1999 (December 1999).
e 1999—EIA astimates,

—"
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Table 1: Coal Production by State, 1989, 1994-1998

(Thousand Short Tons)
Average
Percent Annual
SoALProdueing 1998 1997 1996 1995 1994 1989 Change fercent
egion ’ 1997-1998 8
- 1994- 1989-
1998 1998
Alabama 23013 24468 24637 24640 23266 27,992 59 03 21
Alaska 1,344 1450 1481 1698 1,567 1582 73 38 -18
Arizona 131 11723 10442 11947 136856 11,935 35 35 -6
Arkansas 24 18 21 29 s1 70 323 <168 -110
California - - - - - 41 - - -
“olorado 29631 27449 24886 25710 25304 17,123 7.9 40 _ 63 -
tlinois 39732 41,159 46656 48,180 52,797 59267 35 69 43
ndiana 36,803 35497 29670 26007 30927 33641 37 44 1.0
owa ' - - - - 46 430 - - -.
Kansas 341 360 232 285 284 856 53 46 97
Kentucky Total 150295 155853 152425 153739 161642 167389 36 -18 .12
Easiern 116,654 120918 116951 118541 124447 125739 a5 -6 -8
Westem 33641 34936 35474 35198 37195 41649 37 25 23
Louisiana 3216 3,545 3221 3719 3463 2983 93 -18 8
Maryland 4060 4160 4,093 3667 3632 3376 -2.4 238 21
Missoun 372 401 710 548 838 3,378 -7.2 _ -184 -21.7
Montana 42,840 41.005 37,891 39451 41,640 37,742 4.5 7 1.4
New Mexico 28597 27,025 24067 26813, 28,041 23702 5.8 5 2.1
North Dakota 29912 29.580 29‘861 30,112 32286 29,566 1.1 -1.9 A
Ohio 28048 29154 28572 26118 29897 33,689 38 L6 -20
- Oklahoma 1661 1621 1701 1876 1911 1753 25 34 -6
Pennsvivania Total 81036 76198 67942 61576 62237 70596 6.3 6.8 1.5
" Anthracite 5231 4678 4751 4682 4621 3348 18 31 5.
Bituminous 75,805 71,520 63,190 56.893 57,616 67248 6.0 7.1 1.3
Tennessee 2696 3300 3651 3221 2987 6480 2183 25 .93
Texas 52583 53328 55164 52684 52346 53854 14 Ny -3
Utah 26075 26683 27507 25167 24399 20,i02 23 17 2.9
Virginia 33,747 35,837 35590 34,099 37,129 43,006 -5.8 -2.3 -2.6 '
Washingion 4,638 4,495 4.565 4,868 4,893 5,039 3.2 -1.3 -9
West Viggiaia Total 171,145 173743 170433 162997 161776 153580 15 1.4 1.2
No;h—em 44,618 42,802 45910 46,114 49316 56.018 T 4.2 -2.5 -2.5
Southem 126527 130941 124523 116883 112460 97.562 34 30 29
Wvoming 314409 281881 278440 263822 237.092 171558 s 73 7.0
" Appalachian Total 460,400 467,778 451,868 434,861 445370 464,45 16 3 -1
interior Total' 168374 170863 172,848 168,526 179,858 197,880 -14 -1.6 -1.8
Western Total! 488,762 451291 439,140 429587 408,276 31839 83 a6 49
East of Miss. River 570,576 579369 563,668 544,246 566,289 599,015 -15 2 -5
West of Miss. River - 546,960 510,563 500,188 488,728 467,216 381,714 7.4 4.0 4.1
US. Total 1,117,535 1,089,932 1,063,856 1031974 1,033,504 980,729 15 20 15

1/ For a definition of coal-producing regions. see Appendix C.
Notes: Coal production excludes silt, culm, refuse bank. slurry dam. and dredge operations except for Pennsylvania

anthracite. Totals may not equal sum of components due to independent rounding.
Sources: Energy Information Administration, Form EIA-7A. "Coal Production Report”; State Mining Agency Coal
Production Reports: and/or U.S. Depanment of Labor. Mine Safety and Health Administration, Form 7000-2. “Quanteriy Minc

Employment and Coal Production Report.”

hrtn://www eia.doe.gov/cneaf/coal/cia/html/t1pOlp1.html . 2/1 8%2
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Residential Heating Oil Prices: G |
What Consumers Should know

Introduction

Heating oil is a petroleum product used by many Americans to heat their homes. Historically, heating oil
prices have fluctuated from year to year and month to month, generally being higher during the winter
months when demand is higher. This winter, consumers are even more concerned about the potential for
higher prices. To understand the reasons for these price variations, consumers need to understand how
heating oil is used and how and where 1t is produced. -

~

Who uses heating oil?

Of the 101.5 miltion households i in t the United States, aoproxxmat ely 7.7 mxllxon use heating oi!
Residenuai Spave neating is tn€ primary useTor heating oil, makmg the demand highly seasonal. Most
of the heating o1l use occurs during October through March. The area of the country most reliant on
heating o1l is the Northeast.

Some customers try to beat rising winter prices by filling their storage tanks in the summer or early fall
when the prices are likely to be lower. However, most homeowners do not have large enough storage
“tanks to store the full amount needed to meet winter demands. Because homeowners may have to refill

their tanks as often as 4 or 5 times during the heating season, rising or spiking prices are a concern.

Where does heating oil come from?

The United States has two sources of heating oil: donfestic rehneries and@p_ond from foreign countries.
Refineries produce heating oil as a part of the “distiiiafe tuel oil” product family, which includes
heating oils and diesel fuel. Distillate products are shipped throughout the United States bv ninelines.
barees. tankers. trucks and ran cars. Most oIS ofdistitatecome from T anana, the Virainleiande .
ana vepecauela.

Refiners are limited in the amount of heating oil they can make to meet the demands of the winter
heating season. Some winter heating oil is produced by refineries in the summer and fall months and
stored for winter use. During the coldest winter months, the inventories that are built in summer and fall
are used 10 help meet the high demand. Refiners can increase heating oil production in the winter to a
modest degree, but they quickly reach a point where, to produce more heating oil, they would also have
to produce more of other petroleum products which could not be sold in sufficient quantities during the
winter months. On the other hand, if consumer demand is high for a seasonal product, such as gasoline,
refiners may delay producing heating oil for the winter, which may lower inventories at the start of the
heating season.

Heating oil is brought into oil storage terminals in an area by refiners and other suppliers. For example,
heating oil may be delivered to a central distribution area, such as New York Harbor, where it is then
redistributed by barge to other consuming areas, such as New England. Once heating oil is in the
consuming area, it is redistributed by truck, to smaller storage tanks closer to a retail dealer’s customers.
or directly to residential customers.

8963
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How much does a gallon of heating oil cost?

Page 2 of i_
Heating oil prices paid by consumers are determined by the cost of crude oil, the cost to produce the
product, the cost to market and distribute the product, as well as the profits (sometimes losses) of

refiners, wholesalers and dealers. In 1999, crude oil accounted for approximately 48 percent of the cost
of a gallon of heating oil. The next largest component of beating oil price (45 percent) included the cost
of distribution and marketing. Lastly, refinery processing costs accounted for another 7 percent (Figure
1. '

Figure 1. Heating Oil Price Components, 1999

Percent
(per galion)

Sourc2: E1A’'s Pelrolewrt Marizdng Amual, 1000

Why do heating oil prices fluctuate?
change for a variety of reasons. These include

Heating o1l prices paid by consumers can vary over time and by where a consumer lives. Prices can

Seasonality in the demand for heating oil - When crude oil prices are stable, home heating oil prices
tend to gradually rise in the winter months when demand is highest. However, at times, prices can surge
quickly to very high levels, as occurred in January/February 2000 (see box on “What Causes a Surge in

Heating Oil Prices”). A homeowner in the Northeast might use 650-1,000 gallons of heating oil during

a typical winter, while consuming very little during the rest of the year
Changes in the cost of crude oil - Since crude oil is a major price component of heating oil, changes in

the price of crude o1l will generally affect the price of heating oil (Figure 2). Crude oil prices are

determined by worldwide supply and demand. Demand can vary worldwide with the economy and
and other factors.

with weather. Supply can be influenced by the Organization of Petroleumn Exporting Countries (OPEC)
Figure 2. Heating Oil Prices Follow Crude Oil

http: /www eia.doe.gov/pub/oil gas/petroleum/analvsis publications/heating brochure/hea
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Competition in local markets - Competitive differences can be substantial between a locality with only
one or a few suppliers or dealers versus an area with a large number of competitors. Consumers in
remote or rural locations may face higher prices because there are fewer competitors.

Regional operating costs - Prizes also are impacted by higher costs of transporting the product to
jocations. In addition, the cost of doing business by dealers can vary substantially depending on the area
of the country in which the dealer is located. Costs of doing business include wages and salaries,
benefits, equipment, lease/rent, insurance, overhead, and state and local fees.

Heating Oil is Important to Consumers in the Northeast

Of the 7.7 million households in the United States that use heating oil to heat their homes, 5.3 million households
or roughly 69 percent reside in the Northeast region of the country. The Northeast region (which includes the
New England and Central Atlantic States) remains the area with an appreciable share of oil-heated single family
homes. In other regions, older homes have been converted from oil heat to gas heat, and oil no longer has a
noticeable share of the new home construction market. Thus, the seasonal increase in inventories and demand
(sales of heating oil) is largely confined to the Northeast. In 1999, 4.9 billion gallons of heating oit were sold to
residential consumers in the Northeast; this is 78 percent of total U. S. residential fuel oil sales (Figure 3).

Figure 3. Residential Heating Oil Sales by Region
1999 Annual Sales

Southeast

e N ew Brotand
Oos 2l ats :

Sowrce: EV Fue! Oil and Kervsene Siles 1999,
Note: Gulf Coast Sales too small to display.

hnp://www.eia.doe.gov/pub/oil_gas/petroleuﬁvanalysis_publicaﬁons/heating-_brochure/hean.. 2/18%5
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What Causes a Surge in Heating Oil Prices?

Home heating oil prices sometimes can change dramatically in a short period of time. Why does this happen? If
refiners, wholesalers, dealers and consumers have enough heating oil in storage and temperatures do not drop
rapidly, prices hold fairly steady (assuming crude oil prices are also not changing much). However, a rapid
change to colder weather can impact both supply and demand, people want more fuel at the same time that
harbors and rivers are frozen or delivery systems are interrupted. During this time, the available heating oil in
storage is used much faster than it can be replenished. Refineries normally cannot keep up with demand during
_these cold periods. Wholesale buyers become concemed that supplies are not adequate to cover short-term
customer demand and bid up prices for available product. In the Northeast, for example, additional supplies may
have to come from some distance away such as the Gulf Coast or Europe. It costs more to transport heating oil
from these sources to the Northeast, and it also can take two to three weeks to arrive. During the time that
resupply from distant markets is occusring, the supply of heating oil that seflers in the region have in storage drops
further, buyers’ anxiety about finding heating oil in the short term rises, and so do prices — sometimes sharply -
until new supplies arrive.

Additionally, during very cold periods, prices of other heating fuels (such as natural gas or kerosene) may
increase even more than heating oil. in this case, some consumers may switch from using their normal heating
fuel to using heating oil, thereby increasing the demand for heating oil.

What can you do to lower your heating oil bill?

You can arrange to have your tank filled in late summer or early fall when prices are generally lower.
Talk to your heating oil dealer about participating in a budget plan to help stabilize your monthly bill.
You can also talk to your heating oil dealer about “cap” or fixed price protection programs, which can
help keep costs down. You can obtain a home energy audit to ensure that your furnace and appliances
are running efficiently before the season begins. You can achieve conservation gains by weatherizing
your home, i.e., installing the proper insulation in your house and around your hot water heater. Quick
and easy fixes such as caulking and weather stripping windows and doors to seal out cold air also help
save energy. Installing a programmable thermostat and reducing temperature settings on your
thermostat, especially when you are not at home, are other ways to reduce your heating fuel costs.

Lastly, energyv assistance programs are available to heating oil customers who have a limited budget. For
example, the Low Income Home Energy Assistance Program (LIHEAP) is a Federal program that -
distnibutes funds to States to help low-income households pay heating bills. Additional State energy
assistance and fuel fund programs may be available to help households during a winter emergency. To
find out if you qualify for assistance in your State, see:
www.acf.dhhs.gov/programsl/liheap/states.htm

or contact your local heating oil dealer.

Information about heating oil prices... o

For the latest update on heating oil ciemand, prices, and inventories, see our “Heating Qil and Propane
Update” section of the web site at:

http:/lwww.eia.doe.qov/oil_gas/petroleum/special/heating_update’heating update.htmi
The Energy Information Administration is an independent statistical agency within the U.S. Department of

Energy whose sole purpose is to provide reliable and unbiased energy information. For further
information contact:

National Energy Information Center
Washington, DC 20585

http://www.eia.doe.gov/pub/oil_gas/petroleum/analysis_publications/heating_brochure/hea:.. 2/12/2001
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Table A10: Net Generation from Gas by Census Division and State, 1999 and Next Tabie
1998 ] Previous Table
1al0.TXT (page 2 of 2) (Previous Page}
Industry Utility Nonutility

Census Division 1999 1998 1999 1998 1999 1998

and State Generation Generation Generation Generation Generation Generation

(million (million (million (million (million (million
kWh) kWh) kWh) kWh) kKWh) KWh)

Kentucky 458 498 453 496 5 2
Mississippi 8,412 6,982 7,605 5635 808 1,347
Tennessee 558 865 234 551 324 315
WestSouthCentral 245,198 246,804 166.899 T 169222 78299 77,582
Arkansas 4,849 5,070 3,764 3,704 1,084 1,366
Louisiana 47,731 46,004 30,163 28318 17,568 17,686
Oklahoma 17,952 18315 16,614 17,000 1,339 N.315
Texas 174,666 177417 116,358 120201 58,308 57216
Mountain 25,144 - 22528 17,198 14,788 7,946 7,741
Arizona 5,027 3914 4,557 3,472 470 441
Colorado 5,019 3,927 2,050 964 2,969 2,963
Idaho 337 322 - - 337 322
Montana 37 87 20 41 17 46
Nevada 9.295 8,687 6,736 6.189 2,559 2,497
New Mexico 4235 4,542 3,304 3,631 931 910
Utah 798 674 515 463 283 211 -
Wyoming 397 376 16 27 381 349
PacificContiguous 94,376 89,516 17,255 30,987 77,121 58.528
California 84,177 77.652 13918 26385 70258 51266
Oregon 6,668 7252 2,759 3,467 3,909 3,785
Washington 3,531 4612 578 1,135 2,953 3,477
PacificNoncontiguous 4,053 3,719 2,839 2,549 1.214 1.170
Alaska 3,713 3,396 2.839 2,549 874 848
Hawaii 340 323 - - 340 323
U.S.Total 565,403 549,215 296,381 309,222 269,021 239,99

1al0.TXT (page 2 of 2) (Previous Page)

* = For detailed data, the absolute value is less than 0.5; for percentage calculations, the absolute value is less than 0.05

percent. k Wh = Kilowatthours.

Notes: *Gas includes natural gas, waste heat, waste gas, butane, methane, propane, other gas, and digester gas. Values for
the industry and nonutilities for 1999 are preliminary; utility values for 1999 are final. Values for 1998 are final. *Totals may

~ not equal sum of components because of independent rounding. *For a given fuel type, estimated totals for nonutility data at

the Census division level will not exactly equal the sum of the estimated totals for all corresponding States. This is because
Census division level estimation is donc by combining data regardless of State; thus avoiding the need to add State level
cstimates that may not all be available. .

Source: Energy inMmWition Administration, Form E1A-759, "Monthly Power Plant Repor..” Form EIA-860B, "Annual
Electnc Generator Rédbnt-Jyonutility.” Form EIA-900, "Monthly Nonutlity Power Plant Repon.”

hup://www.eia.doe.gov/cneaf/electricity/epav1/tal Op2.htmi 2/12'/@67
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Table A7: Net Generation by Census Division and State, 1999 and 1998 Next Table
1a7.TXT (page 2 of 2) (Previous Page) Previous Table
Industry Utility Nonutility
Census Division 1999 1998 _ 1999 1998 1999 1998
and State Generation Generation Generation Generation Generation Generation
(million {million (million - (million (million (million
kWh) kWh) kWh) kWh) kWh) kWh)
Kentucky 92,633 90,936 81,658 86,150 10,974 4,786
Mississippi 35,025 34,434 32212 31,991 2.813 2,442
Tennessee 93,444 97,730 89,683 94,142 3,761 3,588
WestSouthCentral 549207 546311 451,705 453,828 97,502 92,484
Arkansas 47592 45,663 44,131 43,200 3,461 2.463
Louisiana 89316 89,622 64,837 66,107 24,479 23,515
Oklahoma 54,849 56,189 50,279 51,453 4,570 4,737
Texas 357450 354 837 292,458 293,068 64,992 61\.769
Mountain 310931 307,433 296,479 294,208 14,452 13225
Arizona 83,921 82,081 83,096 81,300 825 781
Colorado 39,546 38,851 36,167 35,471 3,379 3,380
Idaho 14,454 13,849 12,456 11,978 1,998 1,871
Montana 29263 28,461 27,597 27618 1,666 844
Nevada 30,751 30,591 26486 26,553 4,265 4,038
New Mexico 32,589 32342 31,655 31,429 935 - 913
Utah 36,760 35910 36,071 35,161 689 750
Wyoming 43,646 45347 42951 44,699 695 649 i
PacificContiguous 357,550 341,976 251,646 258,408 105.905 83,569
California 184,630 188,760 87,875 114928 96.754. 73.832
" Oregon “50491 51,141 51698 46353 4,793 4,790
Washington 116.429 102,075 112072 97,128 4357 4,947
PacificNoncontiguous 16230 16,082 11,061 10,886 5,169 5,196
Alaska 5,908 5,859 4,609 4,588 1,299 1.271
Hawaii 10322 10223 6.452 6.298 3,870 3.926
U.S.Total 3,691,073 3,617,873 3,173.674 3212171 517,400 405,702

7. TXT (page 2 of 2) (Previous Page)

kWh = Kilowatthours.

Notes' Values for the industry and nonutilities for 1999 are preliminary; utility values for 1999 are final. Values for 1998
are final. -Totals may not equal sum of components because of independent rounding. =For a given fuel type, estimated 1otals
for nonutility data at the Census division level will not exactly equal the sum of the estimated totals for all corresponding
States. Thus is because Census division jevel esumation is done by combining data regardiess of State; thus avoiding the need
to add State level estimates that may not all be available,

_ Source: Energy Information Administration, Form E1A-759, "Monthly Power Plant Report.” Form E1A-860B, "Annual
Electric Generator Report-Nonutility.” Form El1A-900, "Monthly Nonutility Power Plant Report.”

http://www.eia.doe.gov/cneaf/electricity/epav}/ta7p2.html 2/12/2001



Energy in the United States: A Brief History and Current Trends

Energy is essential to life. Living creatures draw on cnergy flowing
through the environment and converl it (o forms they can use. The most
fundamental energy flow for living creatures is the energy of sunlight, and
the most important conversion is the act of biological primary production,
in which plants and sea-dwelling pbytoplankton convert sunlight into bio-

mass by photosynthesis. The Earth’s web of life, including human beings,
resis on this foundation. . ’

Over millennia, humans have found ways to extend and expand their en-
ergy harvest, first by harnessing draft animals and later by inventing ma-
chines to tap the power of wind and water. The walershed social and
economic development of the modern world, industrialization, was accom-
panied by the widespread and intensive use of fossil fuels. This develop-
ment freed human society from the limitations of natural energy flows by
unlocking the Earth’s vast stores of coal, oil, and natural gas. By tapping
these ancient, concentrated deposits of solar energy, the rate at which en-
ergy could be poured into the human economy was enormously multiplied.

Figure 1. Energy Consumption in the United States, 1775-1999

The result was one of the most profound social ransformations in history.
The new river of encrgy wrought astonishing changes and did so with un-
precedented speed. The energy transformations expericnced by traditional
socicties—from human labor alone to animal muscle power and later wind-
mills und waternmills—were very slow, and their consequences were
equally slow to take effect. 1n contrast, industrialization and its associated
sociveconomic changes took place in the space of a few generations.

The history of energy use in the United States reflects these genesal themes
of ransformation and its consequences. Consider the evolution of the U.S.
energy mix. Wood energy has been a significant part of that mix for a very
long time (Figure 1); in fact, fuelwood was overwhelmingly the dominant
energy source from the founding of the earliest colonies until late in the last
century. Thereafter, the modern ega is notable for the accelerated appearance
of new sources of energy, in conlrast to the ifnpercep(ible pace of change in
earlier tunes. Coal ended the long dominance of fuelwood in the United
States about 1883, only itself to be surpassed;in 1951 by petroleum and then
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by ratural gas a few years later. Hydoosieotric power and nuclear eleciric
power appeared about 1890 and 1937, respectively. Solur photovoliaic,
advanced solar thermal, and geothermal technologies also represent recent
developments in energy sources. The most striking of these entrances,
however, is that of petroleum und naturai gas. The curves depicting their
consumption remain shallow for severai -iecades following the haphazard
success of Colonel Drake's drilling iy 1. 1859, but begin to rise more
steeply in the 1920s. Then, interrupted omly by the Depression, the curves
climb at increasingly alpine angles until 1573, Annual consumption of pe-
troleum and natural gas exceeded thu: «:f coal in 1947 and then quadrupled

in a single generation. Neither before nor sinée has any source of energy
become so dominant so quickly.

As for the social, economic, and ecological consequences of evolving en-
ergy sources, they are too deep and numerous to do more than give sug-
gestive examples. One of the most significant is the shift between
muscle- and machine power. Horses, mules, and other draft animals were
invaluable prime movers well into the first half of the 20" century, and
despite increasing reliance on fossil fuels and the engines they powered,
the number of draft animals in the United States continued to rise uniil
about 1920. As late as 1870, draft animals accounted for more than half
of the total horsepower of all prime movers. Their displacement by fos-
sil-fuel driven engines meant, eventually, the disappearance fros city and
farm alike of millions of animals, along with the vast stables that housed
the city-based animals, the mountains of dung they left on city streets,
and the hordes of English sparrows that fed on the grain therein.

As fossil fuels and.the machines that ran on them proliferated, the nature of
work itself was transformed along with the fundamental social, political,
and geopolitical circumstances of the Nation. In the middle of the 19" cen-
tury, most Americans lived in the countryside and worked on farms. The
country ran mainly on wood fuel and was relatively unimportant in global
affairs. A hundred years later, after the Nation had become the world’s larg-
est producer and consumer of fossil fuels, most Americans were
city-dwellers and only a relative handful were agricultural workers. The

United States had roughly tripled its per-capita consumption of energy and
become a global superpower.

Although coal, oil, and natural gas are the world’s most unpuortant ehergy
sources, their dominance does not extend to all comers of the globe. In most
places and times diversity and evolution in energy supplies has been the rule.
In many areas muscle power and biomass energy remain indispensable. The

xvill : Energy Information Administration/Annual Energy Review 1999

shifting cmphasts over tune is clear not only 1w the long sweep ol lustory
but also i the short teom, especially mn the industrialized world. Electie-
iy, for ciample, was essentially unavattable unul the 1880s; now it is
ubiquitous. And as the data in this volume show, in the span of a few de-
cades nuclear electiic powerin the United States was barn, peaked, and be-
gan to decline in its contribution to total energy production.

No doubt we have not seen the end of evolution in energy sources. The

pages that follow briefly discuss the mmajor energy sources now in use in the
Uunited States, including a bit of history, trends, and snapshots of current
conswption. The story they tell is one of diversity and transformation,
driven by chance, the play of cconomic forces, and human ingenuity. Whalt-
ever energy future awaits us, that part of the story seems unlikely to change.

Total Energy

The United States has always been a resource-rich nation, but in 1776, the
year the Nation declared i1 independence from Great Britain, nearly alil
cnergy was still supplied by muscle power pnd fuelwood. America’s vast
déposi\s of coal and petroleum lay untapped and mostly undiscovered, al-
though sinall amounts of coal were used to make cahe, vital for casling the
cannon that helped win the war, Mills made use of waterpower, and of
course the wind enabled transport by ship.

Fuclwood use continued to expand in parallel with the Nation's economic
growth, but chronic shortages of energy in general encouraged the search
for other sources. During the first 30 years or so of the 19th century, coal
began to be used in blast fumaces and in making coal-gas for illumination.
Natural gas also found limited applicaiion in lighting during the period.
Even electricity sought a niche; for example, experiments were conducted
with battery-powered electric trains in the 1840s and 1850s. Still, muscle
power remained an important source of cnergy for decades. Although o
number of mechanical innovations appeared, including the cotton gin and
the mechanical reaper, they had the effect of multiplying the productivity
of buman and animal muscle power rather than spurring the development
of machine power. It was oot until well after mid-century that the total
work oulput from all types ol engines exceeded that of work animals.

The westward expansion helped change that.  As railroads drove west to
the plains and the mountains, they left behind the fuclwood so abundant
atong the castern seaboard. Coal became more atlractive, both because de-
posits were often found near the new railroad rights of way and because its
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higher energy content increased the range and load of steam trains. De-

mand for coal also rose because the railroads were laying thousands of .
miles of new track, and the metals industiry needed an economical source

of coke to make iron and sieel for the rails and spikes. The transporta-
tion and industrial seéctors in general began 1o grow rapidly during the
latter half of the century, and coal helped fuel their growth.

Petroleum got its start as an illuminant and nostrum ingredient and did
not catch on as a fuel for some time. At the end of World War I, coal
still accounted for about 75 percent of U.S. total energy use. About the
same time, the horse and mule population réached 26 million and then

went into permanent decline. The beginning of the transition from mus-
cle power was over.

America's appeltite for energy as it industrialized was prodigious,
roughly quadrupling between 1880 and 1918. Coal fed much of this
growth, while electricity expanded in applications and total use alike.
Petroleum got major boosts with the discovery of Texas's vast
Spindletop Oil Field in 1901 and with the advent of mass-produced au-
tomobiles, several million of which had been built by 1918.

In the years after World War 11, “Old King Coal" relinquished its place
as the premier fuel in the United States. The railroads lost business to
trucks that ran on petroleum and also began switching to diesel locomo-
tives themselves. Labor troubles and safety standards drove up coal
production costs. The declining demand for natural gas as an illuminant
forced that industry to look for other markets. Heating applications had
obvious potential,‘and natural gas replaced coal in many household ranges
and furnaces. The coal industry survived in part because nationwide elec-
trification created new demand for coal among electric utilities despite re-
gional competition from hydroelectric and petroleum-fired generation.

Moslt energy produced today in the United States, as in the rest of the in-
dustrialized world, comes from fossil fuels—coal, natural gas, crude oil,
and natural gas plant liquids (Figure 2). Although U.S. energy production
draws from many sources, fossil fuels together far exceed all other forms,
In 1999 they accounted for 80 percent of total energy production and were
valued at an estimated $94 billion (nominal dollars).

For much of its history, the United States was mostly self-sufficient in en-
ergy, although small amounts of coal were imposted from Britain in colo-
nial times. Through the late 1950s, production and consumption of energy

Figure 2.
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wtre nearly in balance. Over the following tiqcade, however, consumption

slightly ouwtpaced domestic production and by the early 1970s a more sig-
nificant gap had developed (Figure 3). '

Figure 3. Production and Consumption
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In 1999 the United States produced 73 quadrillion Brilish thermal units
(Btu) of energy and exported 4 quadrillion Biu, about 40 percent of it as
coal. Consumption totaled 97 quadrillion Btu, requiring imports of 27 qua-
drillion Biu (Figure 4), |8 times the 1949 level.

This appetite for imported energy is driven by petroleum consumption.
-U.S. petroleum imports in 1973 totaled 6.3 million barrels per day (3.2 mil-
lion barrels per day of crude oil and 3.0 million barrels per day of petro-
leum products). In October 1973, however, the Arab members of the
Organization of Petroleum Exporting Countries (OPEC) embargoed the
. sale of oil to the United Siates, prices rose sharply, and petroleum imports
fell for two years (Figure 5). They increased again until the price of crude
oil rose dramatically (roughly 1979 through 1981) and suppressed imports.
The rising-import trend resumed by 1986, and in 1998 U.S. petroleum net
imports reached an annual record level of 9.8 million barrels per day. in
1999, net imports fell slightly 10 9.6 million barrels per day.

The efficiency with which Americans use energy has improved over the
years, One such measure is the amount of energy consumed to produce a
(constant) dollar’s worth of gross domestic product (GDP). By that meas-
ure, efficiency improved 47 percent between 1949 and 1999, as the amount
of energy required to generate a dollar of output (chained 1996 dollars) fell
from 20.6 thousand Btu to 10.9 thousand Btu. Nevertheless, a growing

Figure 4. Energy Flow, 1839
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population and economy drove total energ){ use up. As the U.S. population
expanded from 149 million people in 1949 to 273 million in 1999 (an in-
crease of 83 percent), total energy consuifiption grew from 32 quadrillioa
Btu to 97 quadrillion Biu (up 202 percent). Per-capita energy consumption
rose 65 percent, from 215 million Btu in 1949 to 354 million B in 1999,

Energy plays a central role in the operation of the industrialized U.S. econ-
omy, and energy spending is commensuraiely large. In recent years, Amer-
ican consumers have spent over half a trillion dollars a year on energy.
That energy is consumed in three broad end-use sectors: the residential and
commercial sector, the industrial sector, and the transportation sector. In-
dustry, historically the largest consuming sector of the cconomy, ran just
ahead of the residential and commercial sector in recent years, followed by
the transportation sector (Figure 6).

The industrial sector reveals occasional sharp fluctuations in its use of energy.
In contrast, trends in the residential’ and commercial sector are smoother.
Within the sectors, energy sources have changed dramatically over time. For
example, in the residential and commercial sector, coal was the leading source
as late as 1951 but disappeared rapidly thereafler (Figure 7). Petroleum usage
grew slowly to its peak in 1972 and then subsided. Natural gas becaine an im-
portant resource, growing strongly until 1972, when ils growth stalied. Elec-
tricity, only an incidental source in 1949, expanded in almost every year since

xx ' Energy Information Administration/Annual Energy Review 1999
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Figure 6. Energy Consumption by End-Use Sector

40 -
Indusirlal . /\//N/‘
30 - '
2
m .
& S
:__é 20 - /,-\ Transpoﬂallon
8 —
3 Rasldennal
(e} e and
T Commetclal
10 -~ T
,'/. h
0 ;
1950 1960 1970 1980 1990

then, as did the energy losses associated with producing and distributing the
electricity. (See page xxxi for an explanation of these losses.)

The expansion of electricity use reflects the increased electrification of
U.S. households, which typically rely on a wide variety of electrical

Figure 7. Resldential and Commaercial Consumption
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appliances and systems. 1o 1997, 99 percent of U.S. households had a
color television and 47 percent had centeal air conditioning. Eighty-five
pereent of all houscholds had one refrigerator; the remaining 15 percem
had two or more. New products continued 1o penetrate the market; for ex-
ample, in 1978 only 8 percent of U.S. households had a microwave oven,
but by 1997 microwaves could be found in 83 percent. EIA first collected
houschold survey duta on personal computers in 1990, when 16 percent of

houscholds owned one or more. By 1997 that zhare had more than doubled
to 35 percent.

U.S. home heating also underwent a big change. Over a third of all U.S.
housing units were warmed by coal in 1950, but by 1997 that share was
only 0.2 percent. Distiltate fuel oil lost just over half its share of the
home-heating market during the same period, falling from 22 pescent. Nat-
ural gas and electricity gained as home-heating sources: ihe share of natu-
ral gas rose from about a quarier of all homes to over half, while
electricity’s share shot up from only 0.6- percent in 1950 to 29 percent in
1997. 1In recent times, electricity and natugal gas have been the most com-
fpon sources of energy used by commercialibuildings as well.

In the industrial sector, the consumption of both natural gas and petroleum
rase steadily and in tandem unti) the oil embargo in 1973, afier which their
use fluctuated (Figure 8). Consumption of coal, once the leading source in
the sector, shrank. Electricity and its associated losses grew steadily.

About three-{ifths of the energy consumed in the industrial sector is used for
manufacturing. The remainder goes to mining, construction, agriculture,
fisheries, and forestry. Within manufacturing, large consumers of en-
ergy are the peiroleum and coal products, chemicals and allied prod-
ucts, paper and allied products, and primary metal indusiries. Natural
gas is the most commonly consumed energy source in manufacturing,
The predominant end-use activity is process heating, followed by ma-
chine drive and then facilily heating, ventilation, and air conditioning
combincd.

Just under 7 neregnt of 4l epsegy consumed in the United States is used for

nonfuél purposgs, such as asphalt and roaa on sor FOSHAE prodicts dad
Toad viniding and conditioning; liquefied petroleum gases for feedstocks al

Coal
I S AARASAS AARARARAAS RARAAAARALRARAAARAAE AARARASAS petrochemical plants, waxes for packaging, cosmetics, pharniaceuticals,
1950 1960 ’970 1980 1990 inks, and adhesives; and still gas fur chiemical and rubber manufacture.
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Figure 8. Industrial Consumption
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While variety and change in energy sources are the halimarks of the in-
dustrial sector and the residential and commercial sector, transportation's
reliance on petroleum has been nearly total since 1949 (Figure 9).

Figure 9. Transportation Consumption
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Figure 10. Motor Vehicle Efficlency
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Compared with trends just prior to the oil embargo of 1973, fuel con-
sumplion per motor vehicle fell in the two decades that followed, miles
traveled per vehicle generally fell until the early 1980s and thea resumed
a paltern of increase, and the fuel rate (i.e., miles per gallon) improved
greatly (Figure 10).

Petroleum

It is hard to imagine a world without petraleum, partly because humans
have been using it since at least 3000 B.C. Mesopotamians of that era used
“rock oit” in architectural adhesives, ship caulks, medicines, and roads.
The Chinese of two millennia ago refined crude oil for use in lamps and in
heating homes. Seventh-century Arab and Persian-chemists discovered that
petroleum’s lighter elements could be mixed with quicklime to make
“Greek fire,” the napalm of its day. From these scaltered uses, petroleumn has
come to occupy a central place in modern civihization. Today petroleum still
finds applications in buildings, shipping, medicine, roads, and warfare. It is
crucial to many industries, including chemicals and agriculture. Needless to
say, it dominales the world energy scene.

Petroleum was known to native peoples in the northeastern parts of what
wis 10 become the United States, and was put to various uses by some of



them. A French military officer noted in 1750 that Indians living near Fort
Duquesne (row the site of Pittsburgh) set fire to an oil-slicked creek as

part of a religious ceremony. As setilement by Europeans proceeded, oil

was discovered in many places in northwestern Pennsylvania and western

New York—to the frequent dismay of the well-owners, who were drilling
for salt brine.

In the mid-1800s expanding uses for oil extracted from coal and shale began

to hint at the value of rock oil and encouraged the search for readily accessible
supplies. This impetus launched the modem petrpleum age, which began on a
Sunday afternoon in August 1859 at Oil Creek, near Titusville in northwestem
Pennsylvania. The credit has traditionally gone to “Colonel” Edwin L. Drake,
a railroad conduclor on sick leave employed by the Pennsylvania Rock Oil
Company After months of effort and many setbacks, Drake's homemade drill-
ing rig drove down to 70 feet, and the bit came up coated with oil. lronically,
Drake wasn't there that day to witness the historic event. And except for the
slow and uncertain mails of the time, which delayed a letter from his financial

backers ordering him to cease operations, it might not have happened in Oil
Creek at all.

“Great excitement ensued” following Drake's discovery, according to the
account in the 1883 edition of Mineral Resources of the United States. The
succeeding oil boom was driven by strong demand for lighting fuel and lu-
bricants. Over the next four decades the boom spread to Texas and Califor-
nia in the United Stales and to Romania, Baku (in Azerbaijan), Sumatra
Mexico, Trinidad, lran, and Venezuela. Overproduction temporarily drove
prices down, but the rapid adoption and spread of intemal combustion en-
gines in the late 19" century helped create vast new markets. With only tem-
porary interruptions, world petroleum consumption has expanded ever since.

Until the 1950s the United States produced nearly all the petroleum it
needed. But by the end of the decade the gap between production and
consumption began to widen and imported petroleum became a major
component of the U.S. petroleum supply (Figure 11). After 1992, imports
exceeded production.

~

Production of petroleum (crude oil and natural gas plant liquids) in the
U.S. lower 48 States reached its highest level in 1970 at 9.4 million bar-
rels per day (Figure 12). A surge in Alaskan oil output at Prudhoe Bay
beginning in the ate 1970s helped postpone the decline in overall U.S.
production, but Alaska's production peaked in 1988 a1 2.0 million bar-
.rels per day and fell to 1.0 million barrels per day in 1999. By (I\en u.s.

Energy Information Administration/Annual Energy Review 1999 1

Figure 11. Petrolewn Production and Consumption
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Figure 12. Lower 48 and Alaskan Crude Oil Production

Million Barrels per Day

10 ~

0 T Ty T
1960 1970 1980 1990

_-xxlll

. 8975



Another index of the Nation's petrolesn: output is

oil well productivity, i

which fell from a high of 18.4 barrels per day p«.rm() 7 Flgure 14. Petrolaum Consumption by Sector
barrels per day per well in 1999 {Figurc 13). o ‘ 15 -

U.S. petroleum consumption rose an~tially uriil 1973, when the Arab
OPEC embargo stalled the annual inci1cases for two years. The increases
then resumed, raising consumption iv 18.8 million barrels per day in
1978, before rising prices drove it down iv a post-embargo low of 15.2
million barrels per day in 1983. Consum:ption began to rebound the fol-
lowing year and was boosted by p: : mmelm;; crude oil prices in 1986.
By 1999 it had reached 19.4 million tarrels per day, an all-time high.

Industrial

of every 10 barrels of petroleum consumed in the United States in 1999,

more than 4 barrels were consumcd 1 mc rrm olmam.r,nasolmc The R
(ran;fmnahon seclor alone iccounted for lwo lhlrds of .xll pelroleum uqed T asidential

T T T . and Commercial
o the UniTed Statesrm099 (Figure T4).” -y N )

___Electac Utiliey ...~ . N
0 T T T T ey

To meet demand, crude oil and petroleum products wege imported at the 1950 1960 1970 ] 1960 1990
rale of 10, SJmlhon bau.us?émv 0 [2490 while exports measured 0.9

million barrels per day. Between 1985 (when net imports fell to a
post-embargo low) and 1999, net imports of crude oil and petroleum
products more than doubled lrom 4.3 million barrels per day 10 9.6 mil-
lion barrels per day.> The share of U'S. net |mp0rls “that came irom

Million Barrels per Day

. ‘
OPEC nations reached 72 percent in 1977, subsided to 42 percent in

1985, and climbed back to 50 percent jn 1999. Total net imports as a
share of petroleum consumption reached a record high of 52 percent in

Figure 13. Oil Well Productivity Figure 15, Strategic Petroleum Reserve Stocks
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Figure 16. Inflation-Adjusted Cost of Crude Oil
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1998 before declining to 50 percent the following year. The five leading
suppliers of petroleum to the United States in 1999 were Saudi Arabia,
Venezuela, Canada, Mexico, and Nigeria.

To protect against supply disruplions, the United States began to build a
Strategic Petroleum Reserve in the late 1970s. By 1985 the reserve’s hold-
ings reached 493 million barrels, which would have provided enough crude
-oil to replace about 115 days’ worth of net petroleum imports that year
~(Figure 15). In 1999, the reserve held 567 million barrels of crude oil.

Natural Gas

Natural gas is mostly a mixture of methane, ethane, und propane, with
methane makiog up 73 (0 95 pereent of the total. Often encountesed when
drilling for oil, natural gas was once coasidered mainly a nuisance. When
either uses or—imore likely today—accessible markets were lacking, it was
sitnply flared (burned off) ul the wellhead. Major flaring sitcs were some-
times the brightest arcas visible in nightlime satellite images. Today, how-
ever, the gas is mostly reinjected for later use and 10 encourage greater oil
production.

The first practical use of natural gas dates 1o 200 B.C. and is attributed,
like so many technical developments, to the Chinese. They used it to
make salt {from brine in gas-fired evaporators, boring shallow wells with
crude percussion rigs and conveying the gas to the evaporators via bam-
boo pipes. Natural gas was used extensively in Europe and North Amer-
ica in the 19" century as a lighting fuel, until the rapid development of
electricity beginning in the 18905 ended that era. The development of
steel pipelines and related equipment, wl}ich allowed large volumes of
gas to be easily and safely transported over many miles, launched the
modern natural gas industry. The first all-welded pipeline over 200
miles in length was built in 1925, from Lduisiana to Texas. U.S. demand
for natural gas grew rapidly thereaftes, especially following World War
1. Residential demand grew fifty-fold between 1906 and 1970.

Figure 17. Natural Gas Overview
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Due to the increased rate of imports, however, that amount would replace '3‘} Production
only 59 davs’ worth of net imported petroleum. L; 15
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Despile recent price increases, petroleum remains relatively cheap in the E
United States. Refiners’ acquisition costs for crude oil in 1999 averaped ;
$17.46 per barrel. When adjusted for inflation, the cost was $16.69  ~ .
(chained 1996 dollars), 37 percent above the previous year’s cost but 70 _,__...__,N!!!Lo_eﬂﬁ.-—'-//
percent below 1981°s record inflation-adjusted cost of $56.50 per barrel 0 T e T T T
(Figure 16). 1950 1960 1970 1980 1990
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Figure 18. Natural Gas Net Imports as Share of Consumption
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Th_; United States had large natural-gas reserves and was essentially

GrsEmplion began
to significant luctign (Figure 17). Imports rose 1o make up
the difference, nearly all coming by pipeline from ada, although smal}

volumes were brought by tanker in liquefied form from‘Alggria and, in re-
cent years, from a few other countries as well. Net import a share of
consumption more than tripled from 1986 IOIM -

U.S. natural gas production in 1999 was 18.7 trillion cubic feet, well below
the record-high 21.7 trillion cubic feet produced in 1973. Gas well produc-
livity peaked at 435 thousand cubic feet per well per day in 1971, then fell

steeply through the mid-1980s before stabilizing. Productivity in 1999 was
157 thousand cubic feet per well per day (Figure 19).

Three States (Texas, Louisiana, and_%ﬁﬁor%gmm&ewml
‘ndTural gas Frodnrer need {0 TRE United States. Zexas alone produced 6.9 tril-

“lioncudic feet in 1999. Advancing\Qrillifig technology has made offshore
sites more important, and over the last two decades about one-fifth of all
U.S. production has come from offshore sites.

: ' iest
user of natural eas (Figure 20). In 1999 industrial entities (including most
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Figure 19. Natural Gas Waell Productivity

) 500 - Peak Produclivity: 435 thousand
: - ‘/cublc_leel per day per well in 1971
Q
z
:g 400 ~
&
a
§ 3o -
T
@
('S
Q
8 200 -
3
S \’\_____——\_\,
3
S 100 -
]
£
[
0 T e —rr—r

1960 1965 1970 1975 1980 . 1985 1990 1995

!
electric power producers other than utilities) accounted for nearly half of
all natural gas consumption, followed by the residentjal sector, which used
another fifth of the 10tal. In recent years, very small aiounts of natural gas
{about 5 billion cubic feet in 1998) have been reported for use in vehicles.

Figure 20. Natural Gas Consumption by Sector
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The price of natural gas at the welllicad (i.e., where the gas is produced)
was $1.98 per thousand cubic feet in 1999, in real terms (chained 1996,
dollars), well below the historical high of $3.76 per thousand cubic feet

in 1983. In nominal dollars, the 1999 wellhead price was $2.07 per thou-
sand cubic feet. 700 -

Figure 21. Coal Production by Mining Method
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| Scattered records of the use of coal as a fuel/date from at least 1100 B.C. ) 400 7
} However, coal was not used extensively until the Middle Ages, when small ,S 300 -
j mining operations in Europe began to supply it for forges, smithies, lime- g Underground
burners, and breweries. The invention of firebricks in the late 1400s, 200 -
which made chimneys cheap to build, helped create a home heating market T~
for coal. Despite its drawbacks (smoke and fumes), coal was firmly estab- 100 =

lished as a domestic fuel by the 1570s. By that time, production in Eng-

land was high enough that exports were thriving. Eventually, some of that
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coal went to the American colonies. - :

|
0 S L .
Technological improvements in miningland the shift toward more sur-
face-mined coal, especially west of the Mississippi, have led to greal im-
provements in coal mining productivity. In 1949 U.S. miners produced 0.7

short tons of coal per miner hour; by 1998 that rate had increased (o 6.2
short tons per miner hour.

The total amount of coal consumed in the United States in all the years be-

fore 1800 was an estimated 108,000 tons, much of it imported. The U.S.
: ‘ market for coal expanded slowly and it was not until 1885 that the young
: and heavily forested nation burned more coal than wood. However, the ar-
rival of the industrial revolution and the development of the railroads in
the mid-nineteenth century inaugurated a period of generally growing pro-
duction and consumption of coal that continues to the present time. Today,
the United States extracts coal in enormous quantities. In 1998 U.S. pro-
duction of coal reached a record 1.12 billion short tons and was second

worldwide after China. U.S. 1999 production was 1.10 billion short tons. 600 - Eastol Miss,sslpp/,\/\/\/\//\_\/\/\ :

Figure 22. Coal Production by Location-
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From 1885 through 1951, coal was the leading source,of energy produced in § 500
the United States. Crude oil and natural gas then vied for that role until € 400 -
1982. Coal regained the position of the top resource that year and again in £
1984, and has retained it since. At 23 quadrillion Btu in 1999, coal s 300 -~
accounted for a third of all energy prd@ieRd in the country. % ‘

= 200 -

Over the past several decades, coal production shifted from primarily un- 00 -

derground mines to surface mines (Figure 21). In addition, the coal re- o5t of Mississi

sources of oming and other areas west of the Mississippi River A —— — e SR e
nderwent tremendous development (Figure 22), :
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Since 1950, the United States has produced more coal than it has con- — ici ; '

sumed. The excess production allowed the United Stales to become a sig- Figuro 24. Electricity Net' Genaration by Source, 1999
nificant exporter of coal to other nations. 1n 1999 U.S. coal exports totaled ;5:1/:‘” “{fi
58 mitlion short tons, which, measured in Btu, accounted for 40 percent of \ %
all U.S. energy exports. About 38 percent of the year's coal exports went o
Europe, while the individual nations buying the most American coal were
Canada, Japan, Brazil, htaly, and the Netherlands. While the quantities of
coal leaving the country are huge, in 1999 they represented only 7 percent
of the Blu content of the petroleum coming infe the United States.

Naiural Gas
and Pelroleum

The uses of coal in the United States have cilanged dramatically over the

years. In the 1950s, most coal was consumed in the industrial sector, but

many homes were still hcated by coal and the transportation sector still con-

‘Sumed SIgmTicant amounis in steam-duven teamsand ships (Eigure 23). In

999 the industrial sector used less than half as much coal as in_1949. Today

or@éﬂ( of all coal consumed in the United States goes o the industria)

—— sector. Ninety percent ig used in the electric power sector; coal-fired units ac-
counted for 51 percent of U.S. electricity generation in 1999 (Figure 24).

Nuclear Electric
Power

Hydroeleclric
Power and Other -

AY
Coal-fired electric generating units emit gases that are of environmental
concern. In 1998 U.S. carbon dioxide emissions from the combustion of
coal for electric utility generation were nearly half a billion metric tons of
carbon, 32 percent of total carbon dioxide emitted from all U.S. fuel
sources.

Except for a post-oil-embargo price spike that peaked in 1975, real (infla-
tion adjusted) coal prices have generally fa :

The average pricein “peccent lower than it was in 1949. Coal is
the lcast expensive of the major fossil fuels in this country: in nominal dol-
lars, 1999 production prices for coal were 84 cents per mitlion Bu com-

pared with $1.86 per million Bu for nalural gas and $2 68 per mlllnon Btu
Figure 23. Coal Consumption by Sector for crude oil. :

) o
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h0e s / Electricity
: - S Electric power arrived barely a hundred years ago, but it has radically trans-
] 750 - Electric / : formed and expan@ed our energy use. To a large extent, electricily defines
e Power Sector modern technological civilization.
T ;
2 500 ~ The reasons may not be easy to appreciate for those who have never known
(2 / the filth, toil, danger, scarcity and/or inconvenicuce historically associated
2 Transportation /-/ with obtaining and deploying such fucls as wood, coal, and whale oil. By
s / contrast, at the point of use electricity is clean, flexible, contrallable, sale,
0" industrial effortless, and instantly available. In homes, it runs everything from tooth-
. = brushes and televisions to heating.and cooling systems. Outdoors, electric-
’ N . Residential and Cammecial ity guides traffic, aircraft, and ships, and lights up the night. In business and
s SAAAA AR A0 daaaid a0t AR AAE RAMASARRALARARARRE industry, clectricity enables virtually instantancous global communication
1950 1960 1970 1980 1990

and powers everything from trains, auto plant assembly lines, and
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testourant refrigerators to the compulers that run the New York Stock Lx-
change and the automatic pin-setting machines at the local bowling alley.

Electric power developed slowly, however. Humphrey Davy built a
baltery-powered arc lamp in 1808 and Michael Faraday an induction dy-
namo in 1831, but it was another half-century before Thomas Edison’s
primitive cotton-thread filament burned long enough to prove that a work-
able electric light could be made. Once past that hurdle, progress acceler-
ated. Edison opened the first electricity generating plant (in London) less
than 3 years later, in January 1882, and followed with the first Amersican
plant (in New York) in September. Within a vhonth, eleciric current from
New York’s Pearl Street station was feeding 1,300 lightbulbs, and within a
year, 11,000—each a hundred times brighter than a candie. Edison’s re-

ported goal was to “make electric light so cheap that only the rich will be
able to burn candles.”

Though he fathered the electric utility industry, Edison failed in his at-
tempts to dominate its business and technical sides. Other companies sur-

passed his efforts to build central power stations, and Edison’s dogged

faith in direct current (DC) a i C could onfy be transmitte
tles, € a rival alternating-current (AC) system developed by George

estinftiiouse an tkola Tesla (whom Edison had fired) enabled long-

@istance ransmission olhigh-voltage current and stcpdowns to lower volt-

apes at the poinl of use—essenually the system in y. Edison
eveii subsidized consiruction of an -powered electric chn‘ir to convince

the public that AC was dangerous, but to no avail.

The process of electrification proceeded in fits and starts. Industries like
mining, textiles, steel, and printing electrified rapidly during the years be-
tween 1890 and 1910. Electricity’s penetration of the residential secter
was slowed by competition from gas companies, which had a large stake in
the lighting market. Nevertheless, by 1900 there were 25 million electric

incandescent lamps in use and homeowners had been introduced 1o electric

stoves, sewing machines, curling irons, and vacuum cleaners. In paralicl,
generaling equipment and distribution systems developed to meel the de-
mand. By 1903 utility executive Samuel Insull had commissioned a 5
megawall steam-driven turbine generator—the first of its type and the larg-
est of any generator then built—and launched a revolution in generating
hardware.

The cities received electric service first, because it has always been
cheaper, easier, and more profitable to supply large numbers of customers

vhien they are close together. High costs and the Great Depression, which
dricd up most investment capital, delayed electric service o rural Aweri-
caus uniid President Franklin Roosevelt signed wnto law the Rural Electriti-
cation Administration (REA) in 1935, The REA loaned money at low
interest and helped to set up clectricity cooperatives. Though interrupied
by World War 1L, rural electrification procecded rapidly thereafier. By
1967 more than 98 percent of American farms were using electricity from
central station power plants.

The depth of electricity’s penetration into our cconomy and way of hife is
reflected in the fact that, over the last half century, annual increases in total
electricity sales by clectric utilities faltered only twice, in 1974 and (982,
in every other year, sales grew. From 1949 10 1999, while the population
of the United States expanded 83 perceat, the amount of eleciricity sold by
utilities grew 1,180 percent. Per-capila average consumption of electricity
in 1999 was seven times as highas in 1949. Electricity’s broad usage in the
cconomy can be seen in the' sector totals, which were led in 1999 by the
residential sector, followed closely: by lhe mduslnal sector, and then the
commercial sector (Figure 25) : aj ‘

Where does all this electricity come from? In the United States, coal has

been and continues to be the sousce ofmost W““b for over
halT of all e]ec(rlcny generaled by uuh(u.s in 1999 (Figure 26).

Figure 25. Electric Utility 'Retail-OSaIes of Elactricity, 1999
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Figure 26. Electricity Net Ganaration at Utilities Figure 27. Electricity Net Generation, 1999
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—-accounting the energy from its original forin, such as coal, into electricity and the cost

for almost a third of all utility generation in 1949—and remains a depend- of delivering it. In 1999 consumers paid an average of $23.94 per million
able contributor (ov@ of the total in 1999). Naturxh-gas-end-pemro- Btu for the electricity delivered to their residences (Figure 28). In contrast, -

leum grew steadil sources of electricity in the fate 1960s. Their consumers paid an average of only $6.39 per million Btu for the natural gas
combined usage peaked at 37 percent of the total in 1972 and stood at 18

percent in 1999, MeanwhilE:TneTsource entered the picture: wc-

it power. Atrickle of nuclear electricity began flowing in 1957, and the
stream widened steadily except for downturns in 1979 and 1980, following 30 -
the accident at Three Mile Island, and again in 1993. Nuclear generation de-
clined 7 percent in 1997 but rebounded 16 percept between 1997 and 1999.

Figure 28. Consumer Priceé, 1999
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Just as electricity’s applications and sources change over time, so is the ':"c’ 20
structure of the electric power sector itself evolving. The scctor is now £
moving away from the traditional, highly regulated organizations known % '
for many decades as electric utilities and toward an environment marked o
by lighter regulatiun and greater compelition from and tility )
powmgﬁdeec- -
lnmﬁgame from nonutility power producers, such as independent power o
producers and nonulility cogenerators (Figure 27). 5
Electricity’s great assets as a form of energy are reflected in its cost to the 0 )
end user. The price paid by the consumer includes the cost of converting Reswontial Molar Rasidontal

Elecincity Gasoline Natural Gas
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purchased for their homces and an average of $9.83 per million Btu for the
motor gasoline to (uel their vehicles.

The unit cost of electricity is high because most of the encrgy that must be
purchased to generate it does not actually reach the end user but is ex-
pended in creating the electricity and moving it to the point of use. In
1999, for example, approximately 35 quadrillion Biu of encrgy were con-
sumed (o generate eleciricity at utilities in the United States, but only 11
guadrillion Btu worth of electricity were actually used directly by con-
sumers. Where did the other 24 quadrillion Blu go? Energy is never de-
stroyed but it does change form. The chemical energy contained in fossil
fuels, for example, is converted at the generator to the desired electrical
energy. Because of theoretical and practical limits on the efficiency of
conversion equipment, much of the energy in the fossil fuels is “lost,”
mostly as wasle heat. The overall energy efficiency of a system can be in-
creased through the tandem production of electricity and some form of
useful thermal energy. This process, known as cogeneration, reduces
waste energy by utilizing otherwise unwanted heat in the form of steam,

hot water, or hot air for other purposes, such as operating pumps or for
space heating or cooling.

In addition 1o the conversion losses, line losses occur during the transmis-
sion and distribution of electricity as it is transferred via connecting wires
from the generaling plant to substations (lransmission), where its vollage is
lowered, and from the substations to end users (distribution), such as
_homes, hospitals, stores, schools, and businesses. The generating plant it-
self uses some of the electricity. In the end, for every three units of energy
that are converted lo create electricity, only about one unit actually reaches
ithe end user.

Nuclear Energy

Awmong all the major forms of energy now in use, only nuclear power is na-
live to the 20" century. The central insight—that the controlled fission of
heavy elements could release enormous encrgies—came lo British physi-
cist Ernest Rutherford in 1904, and research during the 1930s convinced
scientists that a controlled chain reaction was possible. Enrico Fermi’s
group achieved such a reaction for the first time in December 1942 at the
University of Chicago in a primitive graphite-moderated reactor built on a
vacant squash court.

Energy information Administration/Annuai Energy Raview 1999

World War Il postpouned further progress toward commercial nuclear
clectric power, but the theoretical Toundation had been established and

_several factors encouraged nuclear power’s developent when peace
Creturned. it was belicved that fuel costs would be negligible and there-

fore that nuclear power would be relatively inexpensive. In addition,

both the United States and Western Europe became net importers of

crude oil in the carly 1950s and nuclear power was seen as critical to
avoiding encrpy dependence. Geopolitics appear to have played a role
as well; President Dwight Eisenhower’s Atoms for Peace program was
intended in part to divert fissionable materials from bombs to peaceful
uses such ascivilian nuclear power. .

In 1951 an experimental reactor sponsored by the U.S. Atomic Energy
Commission generated the first electricity from nuclear power. The Brit-
ish completed the first operable commercial reactor, at Calder Hall,
1956. The U.S. Shippingport unit, a design based on power plants used in
nuclear submarines, followed a year latec. In caoperation with the U.S.
electric utility industry, reactor manufacturers then built several demon-
stration plants and made cummitmcnlsLlu build additional plants at fixed
prices. This commitment helped launch commercial nuclear power in the
United States. :

The success of the demonstration plants and the growing awareness of
U.S. dependency on imported crude oil led to a wave of enthusiasm for

Figure 'ZQ. Cumulative Orders for Nuclear Generating Units
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nuclear electric power that sent orders for reactor units soaring between
1966 and 1974 (Figure 29). The number uf operable units.increased in
turn, as ordered units were constructed, tested, licensed for full power
operation, and connccted to the electricity grid (Figure 30). However,
the curve of operable units lagged behind the curve of ordesed units
somewhat because of the long construction times required for the farge,

complex plants. The total number of U.S. operable reactor units peaked
in 1990 at 1 12.

Orders for new units fell off sharply after 1974, Of the total of 259 units or-
dered to dale, none was ordered after 1978, Although safety concerns, espe-
cially after the accident at Three Mile Island in 1979, reinforced a growing
wariness of nuclear power, the chief reason for ils declining momentum in
the United States was economic. The promise of nuclear elcctric power had
been that it would, in the now-famous phrase, make energy “too cheap to me-
ler.” In reality, nuclear power plants have always been costly to build and,
for several reasons, became radically more costly between the mid-1960s
and the mid-1970s. Utilities began building large plants before much experi-
ence had been gained with small ones. Expected economies of scale did not
malerialize. Many units were forced 1o undertake costly design changes and
cquipment retrolits, partially as a result of the Three Mile Island accident.
Mecanwhile, nuclear power plants have also had to compete with conven-
tional coal- or natural gas-fired ptants with declining operating costs.

Figure 30. Operable Nuclear Generating Units
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Figure 31. Nuclear Generating Units Cancelled or Shut Down
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These trends disiltusioned many utilities and investors. Interest in further
orders subsided and many ordered units were cancelled before they were
buiit. By the end of 1999, 124 units had been cancelled, 48 percent of all
ordered units (Figure 31). - ’

The average capacity factor of U.S. nuclear units—the ratio of the
electricily they actually produced in a given year to the electricity they
could have produced if run at continuous full power—has improved
steadily over the years, and reached 86 per'ccm in 1999. However, as oper-
able nuclear power plants have aged, some have become uneconomic 1o
operate or have otherwise reached the end of their useful lives. By the end
of 1999, 28 oncc-operable units had been shut down permanently. The

joint effcct of shutdowns and lack of new units coming on line is that the ‘

number of U.S. operable units has fallen off since 1990 10-104. ln its An-
nual Energy Outlook 2000, E1A projects that 41 percent of the nuclear gen-
erating capacity that existed at the cnd of 1998 will be retired by 2020. No
new plaats are expected o be built during the period.

Renewable Energy

For all but the most recent fraction of hunimity's time on Earth, virtually all
encrgy was renewable energy.  Frior to the widespread use of fossil fuels

.
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anc nucical power, which arrived only an eyeblink ago in relative terms,
there was essentially nothing else. Our ancestors warmed themselves di-
rectly in the sun, burned vrush and fuclwood fashioned by photosynihesis
from sunlight and nutricnts, harnessed the power of wind and water created

mainly by sun-driven aunospheric and hydrologic cycles, and of course
used their own musclepower and that of animals.

We stili depend heavily on renewable energy in these primeval forms. But
various cultures have also found more inventive means of harnessing re-
newable resources, from mounting sails on wheelbarrows, as did ancient
Chinese laborers, to gathering and burning buffalo dung, as did American
settlers making their way west. The story of renewable energy is one of
the invention and refinement of technologies for extracting both more en-
ergy and more useful forms of it from a wider variety of renewable
sources. Many energy experts believe that the age of fossil fuels is only an

interlude between pre- and post-industrial eras dominated by the use of re-
newable energy. '

Some renewable energy technologies, such as water- and wind-driven
mills, have been in use for centuries. Grain mills powered by waterwheels
have existed since at least the first century B.C. and became commonplace
long ago. In England, for example, the Domesday Book survey of 1086
counted 5,624 mills in the south and east alone. They were to be found
throughout Europe and elsewhere and were used for a wide variety of me-
chanical tasks in addition to milling, from pressing oil to making wire.
Some installations were surprisingly large. The Romans built a mill with
16 wheels and an output of over 40 horsepower near Arles in France. A gi-
ant 72-foot waterwheel with an output of 572 horsepower, dubbed Lady
Isabella, was erected at a mine site on the Isle of Man in 1854. Further de-
velopment of waterwheels ended with the invention of water turbines.
Both types of machines were supplanted by large steam engines, which
could be sited nearly anywhere. Turbines, however, found an important
niche with the development of hydroelectric power.

Windmills are a younger but still ancient technalogy, dating al least to the
10™ cenlury in the Middle East, a bit later in Europe. In one form or an-
other, windmills have remained in use ever since, for milling grain, pump-
ing water, working metal, sawing, and crushing chalk or sugar canc. As
mentioned in the introduction, American farms of the 19" century erected
millions of small windmills to pump water for livestock or household use.
In the modern era, technologically advanced windmills have been devel-
oped for generating electricity.

Modern rencwable sources in the United States contribute sbout as
much (roughly onc-tenth) to total energy produciion as does nuclear
power (Figure 32). Just as water power was relatively more inportant
than wind cacrgy in pre-industrial times, renewable energy today is
dominated by hydroclectric power. About 45 percent of the U.S. renew-
gbl\clolul in 1999 came from hydroelectric power generation, which
uses dam-impounTged Wwavter (6 drive turbine gencralors that make clec-
tricity. The American hydropower infrastructure is extepsive ang in-
cludes the great dams of the intermountain West, the Colummbia basin,

and the Tennessee River valley, as well as hundreds of other smaller
installations nafionwide”
/—\_———a_\/

Most of the rest of the U.S. rencwable energy total came frm@m.
’(\@,a diverse category that includes not only the obvious candidates
such as wood, mcthanol, and ethanol) but also peat, wood liquors, wood
sludge, ratlroad ties, pitch, municipal solid waste, agricultural waste,
straw, tires, landfitl gas, fish oil, and other things. Wood and wood by-
products are the most heavily used form of biomass and figure promi-
nently in the energy cousuunplin’l’n of such industries as paper

manufacturing and lumber, which have ready access to lhcm.
mal was third in 1999, accounting for about 5§ percent of U.STTenew-
able energy production. ‘

Figure 32. Renewable Energy in Total Energy Production, 1999
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m)vol(aic and thermal) a wind
energy contribute refative y

__?&gﬂbl_umnj_muwr-
cent and one-half percent respdclive]y peak year for U.S. manu-

Facturers® shipments oT solar thermd] collectors was 1981, when 2]
million square feet were shipped. From 199] through 1998, an average
of 7.4 million square feet were shipped each year. Over 90 percent of
the solar thermal collectors went o the residential sector in 199§,
Ninety-three percent of the newly shipped collectors were used to heat
swimming pools, while 6 percent were used for water heating and less
than { percent for space heating. Prices for photovolitaic cells have
fluctuated in recent years, while the volume’of shipments in 1998 was
nearly nine times the 1985 volume. U.S. wind energy production rose
38 percent between 1989 and 1999 but remains a very small lactor in re-
newable energy here,

Environmental Indicators

The use of energy brings undisputed benefits, but it also incurs costs,
Some of these costs show up on consumers’ utility bills. The charges lev-
ied on consumers by an energy producer (an electric utility with a
coal-fired generating plant, for instance) are designed 1o cover the pro-
ducer's costs of building the power plant, extracting coal from the ground,
transporting it to the power plant, crushing it to the proper size for combus-

tion, maintaining the gencrating turbines, paying workers and managers,
and so on.

One important calegory of costs that often is not reflected in consumers’
bills is energy-related environmental effects. These unwanted effects can
be thought of as the tail end of (he energy cycle, which begins with extrac-
tion and processing of fuels (or gathering of vsind or solar energy), pro-
ceeds with conversion 10 useful forms by means of petroleum refining,
electricity generation, and other processes, and then moves on to distribu-
tion to, and consumption by, end-users. Once the energy has rendered the
services for which it is consumed, all that is left are the byproducts of en-
ergy use, i.e., waste heat, mine tailings, sulfur dioxide and carbon dioxide
gases, spent nuclear fuel, and many others.

All energy use has unwanted effects of one kind or another; even a simple
campfire produces eye-stinging smoke as well as warmth. The effects can
be local or widespread, and neither type is only a concern of modern tlimes,

King Edward | of England, for nstance, so objected to the noxious smoke
and fumes from London's Many coal-burning fires that in 13006 he tried
(unsuccesstully) (o ban its use by anyone except blacksmiths. But the
enormous scale of modern cnergy use ha

s sharply increased concerns
aboul unwanied covitonmental effects.

No form of energy production is
entirely frec of them, including renewable energy. Damming rivers and
streams for hydropower facilities radically alters natural stircam flows in
ways that can threaten or endanger aquatic species. Wind-turbine genera-
lors can make noise and kill birds, Biomass generating plants that rely on

plantation forestry for fuel can displace natural forest habitat and reduce
biological diversity.

Amnong the most significant environmenial effects of energy production
and consumpltion is the emission of greenhouse gases. Such gases—car-
bon dioxide, methane, nitrous oxide, and others—block infrared radiation
from the Earth to space and retain the captured heat in the atmosphere.

This greenhouse effect keeps the Earth’s climate hospitable to life. Bul the

possibility ofcarbon-dioxide-forced’warming of the climate has been pos-
tulated since 1861, and in recent yqars many scientists have come 1o be-
lieve that anthropogenic (human-caused) additions to greenhouse gases are
raising global average (cmperal’urk:s;and may produce harmful changes in
the global climate. Energy-related greenhouse gas cmissions make up a
signilicant fraction of all such emissions, and the United States, as one of
the world’s largest producers and consumers of fossil fucls, is responsible
for a major portion of global energy-related emissions.

Carbon dioxide (CO3) accounts for the largest share of combined
anthropogenic greenhouse gas emissions. In 1998 U.S. anthropogenic CO,
emissions totaled about 5.5 billion metric tons (of gas; | ton of carbon
equals 3.667 tons of carbon dioxide gas), 0.2 percent higher than the year
before and 20 percent higher than in 1985 (Figure 33). Nearly 99 percent
of this total was energy-refated emissions, especially from petroleum con-
sumed by the transportation sector, coal burned by electric utilities, and
natural gas used by industry, homes, and businesses. '

Encrgy-related emissions of methane, another important greenhouse gas,
remained at 10 million metric tons in 1998. While about 35 percent of US,
methane emissions stemmed {rom energy use, most came from lundfills and
such agricultural sources us ruminant animals (cattle and sheep) and their
wastes. Emissions of a third potent greenhouse gas, nitrous oxide, re-
mained about the samie in 1998, at 1.2 million metric tons.
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Figure 33. Carbon Dioxide Emissions
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All sectors of the U.S. economy contribute to energy-related greenhouse
gas emissions, especially CO;. Of 1998 energy-related CO; emissions of
1.5 billion metric tons of carbon (5.4 billion tons of gas), the industrial and
transportation sectors each accounted for about one-third, the residential
sector for about one-fifth, and the commercial sector for the remainder. In-
dustry’s emissions derive from a broad mix of fossil-origin energy, includ-
ing electricity, petroleum, natural gas, and coal. Not surprisingly, the
transportation sector emits carbon dioxide mostly via the consumption of
petroleum (especially motor gasoline, distillate fuels such as diesel, and jet
fuel). Residential- and commercial-sector emissions are owed mostly to the
use of electricity and natural gas.

The U.S. Energy Outlook

Future patterns of energy production, use, and consequences in the United
States are, of course, purely speculative. But educated guesses can be made
by means of sophisticated computer models, such as the Energy Informa-
tion Administration’s National Energy Modeling System (NEMS). EI1A's
current projections are published in its Annual Energy Outlook 2060 (AEO
2000) and extend through 2020. Although emphatically not to be taken as
predictions—no existing or imaginable model pretends to be able to

Energy Information Administration/Annual Energy Review 1999

toresee critical but unexpected events, such as the 1973 oil embargo - the
projections can sketch a plausible general picture of future developments
given known trends in technology and demographics and current laws and
regulations.

The projections in AEO 2000 suggest our near-term energy future will be
one of more: consumption, production, imports, and emissions. Real en-
ergy prices are cxpected etther to increase slowly (petroleum and natural
gas) or to decline (coal and clectricity). These circumstances will encour-
age greater consumption (Figure 34), and AEQ 2000 projects U.S. total
consumpltion to reach 121 quadritlion Btu in 2020, 27 percent higher than

in 1998. Consumption rises in all sectois, but growth is especially strong in

transportation because of more travel and greater freight requirements.

Despite the gencral increase in energy consumption, efficiency gains and
rising population keep per-capita use of energy roughly stable through
2020, according to the projections. Energy intensity, expressed as encrgy
use per dollar of gross domestic product, has declined since 1970 and is ex-
pected to continue falling. '

More energy consumption, of course, means more energy produc-
tion—somewhere. Because the output of aging U.S. oil fields will continue
to drop, rising demand for petroleum will have 10 be met by imports. The
share of U.S. petroleum consumption met by net imports is projected to

Figure 34. Energy Consumption by Fuel, 1949-2020
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rise from 52 percent in 1998 to 64 percent in 2020. Domestic natural gas
production, an the other hand, increases 1.5 percent per year on average, an
increase sufficient to micet most of the higher demand. Oulput from the Na-
tion’s vast coalfields likewise incre:-2s 1o meet rising domestic demand.
Growth in production of energy fror.. renewabple sources is less than 1 per-
cent per year, while output from nuclear power facilities declines
significantly.

Unless policies to reduce emissi. 1s of carbon dioxide (such as those pro-
posed under the 1997 Kyoto Proto. 1) are adopted, greater use of fossil fu-
els, slow market penetration by renewable cr{crgy sources, and less use of
nuclear power will inevitably lead to higher emissions. AEO 2000 projects
U.S. energy-related carbon dioxide emissions to reach nearly 2 billion met-

ric tans of carbon (7.3 billion tons of gas) in 2020, 33 percent more than in
1998.

What of our long-term energy future? That is even more speculative. Many
would argue that the world is destined to move beyand fossil fuels eventu-
ally; if the threat of global climate change does not compel it, then ex-
hausted supplies and rising prices may. The far future seems likely to
belong to renewable sources of energy. Although the form they take may be
radically different than in the past—solar hydrogen and advanced
photovoltaics, perhaps, rather than fuelwood and dung—humankind’s
sources of energy thus will have come full circle.
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CONCEPTS FOR AN EXECUTIVE ORDER

FOR GEOTHERMAL DEVELOPMENT ON FEDERAL PUBLIC LANDS

POLICY - Consistent with the National Energy Policy relating to all energy sources, and
specifically to renewable sources, all federal agencies, under the lead of the Departments of
Energy and Interior are directed, consistent with applicable law, to undertake appropriate
actions to expedite the development and production of geothermal resources from federal

lands and to facilitate the sale of electricity from geothermal sources into the energy market.

SPECIFIC DIRECTIVES

» It 1s a national priority, consistent with other laws, to developrand expand the use
of geothermal energy resources on federal lands. Federal agencies including. but
not limited to the Bureau of Land Managémem (BLM) and the U.S. Forest
Service (USFS), involved in geothermal leasing, permitting or other reviews are
directed 1o give geothermal energy projectséxpeditious and priority consideration
and minimize impediments and unnecéssary requirements upon geothermal

operations;

e The Depariment of the Interior (DOI) 1s directed to review 1ts regulations and
existing lzgal authority to enhance BLM's authority under the Geothermal Steam
Act to ensure timely decisions or actions involving geothermal Jeases and

subsequent permitting or review. including actions taken by other agencies. and to

['DAD11420027 doc} .
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establish specific goals and timeframes for completion of leasing, permitting and

other actions;

e The DOI is directed to expeditiously review all moratoria and withdrawals of land
preventing exploration and development in Known Geothermal Resource Areas,
and where considerations of additional energy supply outweigh the original
purboses of the moratoria or withdrawal, to modify any such order to permit

consideration of development under applicable law;

« The DOl 1s directed that all active pending administrative appeals concerning
geothermal energy development should be expedited, including the consideration
of assumption of jurisdiction of such appeals by the Secretary in order to reach

final decisions on such.appeals;

¢ The BLM is directed to decide whether or not to issue leases or hold a competitive

lease sale within 90 days for all pending lease applications;

e DOl 1s directed to examine whether a portion of the federal share from geothermal
royélties should be set aside for Native American Tribes that demonstrate
historical ties to the land or operate as local units of ‘govemmerﬁ and to take
appropriate regulatory action or propos'e legislative amendments as it determines

necessary;,

e BLM is directed to work with the U.S. Geological Sunvey, DOE. and USFS to

fund geophysical studies, including the drilling of temperature gradient core holes.

1 DADII420027 doc) - R RV



to help characterize new potential geothermal resources in order to define high

potential areas that can be offered for competitive bidding;

BLM is directed to review its geothermal lease management rule, guidelines and

practices to ensure that they promote and facilitate development;

Federal agencies, especially the power marketing administrations, are directed 10
consider purchasing geothermal energy as part of their “‘green” power promotion

efforts, and DOL is directed to consider long-term geothermal contracts in order

to promote new development; and

DOl is directed to review geothermal leasing and regulations by other agencies
(including DOD) and to report on actions that could be taken to promote

geothermal development and ensure uniform lease terms, administration and

rovalty policies;

The Department of Energy is directed to establish a National Geothermal

Coordinating Commitiee (as recommended by the February 28, 2001 NREL

Report) to facilitate agency actions supporting and expediting the expanded

production or energy from geothermal resources; and

The Department of the Treasury is directed. in cooperation with the Department of
Energy. to consider expanding the production tax credit to geothermal energy as

part of its deliberations implementing the tax recommendations of the NEPDG.

|’ DAUTTA20027 doc) ’ -J- R R RN
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Preface

In December 2000 the U.S. Environmental Protection

Agency (EPA) issued a final rulemaking on Heavy-Duty
Engine and: Vehicle Standards and Highway Diesel Fuel
Sulfur Control Requirements. The purpose of the rule-
making is to reduce emissions of nitrogen oxides and
particulate matter from heavy-duty highway engines
and vehicles that use diesel fuel. The rulemaking
requires new emissions standards for heavy-duty high-
way vehicles that will take effect in model vear 2007.
“The pollution emitted by diesel engines contributes
greatly to our nation’s continuing air quality problems,”
the EPA noted in its regulatory announcement. “Even
with more stringent heavy-duty highway engine stan-
dards set to take effect in 2004, these engines will con-
tinue to emit large amounts of oxides of nitrogen (NO,)
and particulate matter (PM), both of which contribute to
serious public health problems in the United States.”

While the review of this rule was underway, the Com-
mittee on Science of the U.S. House of Representatives
asked the Energy Information Administration (EIA) to
provide an analvsis of the proposal (Appendix A). The
Committee noted that the proposed ruie would reduce
the level of sulfur in highwayv diesel by 97 percent.
“These deep sulfur reductions will require significant
investment s that not all refiners may choose to make. As
a result, diesel fuel supplies could be affected,” the Com-
mittee’s letter stated.

In response to the Committee’s request, EIA undertook
an analvsis incorporating two different analvtical
approaches. Mid-term issues and trends are addressed
through scenario analvsis using EIA’s National Energy
Modeling Svstem. In addition, refinerv cost analvsis
addresses the uncertainty of supply in the short term.
Discussion of the kev issues and uncertainties related
to the distribution of uitra-low-sulfur diese! is based
on interviews with a number of pipeline carriers. As

suggested by the Committee, most of the major assump-
tions in this report are consistent with those used by the
EPA in its Regulatory Impact Analysis (RIA) of the Rule.

Within its Independent Expert Review Program, ElA
arranged for leading experts in the fields of energy and
economic analysis to review earlier versions of this anal-
vsis and provide comment. The reviewers provided
comments on two draft versions of the report and dis-
cussed their comments in a joint meeting. All comments
from the reviewers either have been incorporated or
were thoroughlv considered for incorporation. As is
always the case when peer reviews are undertaken, not
all the reviewers may be in agreement with all the meth-
odology, inputs, and conclusions of the final report. The
contents of the report are solelv the responsibility of EIA.
The assistance of the following reviewers in preparing
the report 1s gratefully acknowledged: .

Raymond E. Orv
Baker and O’'Brien, Inc.

Norman Duncan
Energy Institute, University of Houston

Kevin Waguespack
PricewaterhouseCoopers

The legislation that established EIA in 1977 vested the
organization with an element of statutorv independ-
ence. EIA does not take positions on policv questions. It
15 the responsibility of EIA to provide timelv, high-
quality information and to perform objective, credible
analyses in support of the deliberations of both public
and private decisionmakers. The information contained
herein should be attributed to the Energv Information
Administration and should not be construed as advocat-
ing or reflecting any policv position of the U.S Depart-
ment of Energy or any other organization.
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Executive Summary

This study was undertaken at the request of the Com-

mittee on Science, U.S. House of Representatives. The
Committee asked the Energy Information Administra-
tion (EIA) to provide an analysis of the Final
Rulemaking on Heavy-Duty Engine and Vehicle Stan-
dards and Highway Diesel Fuel Sulfur Control Require-
ments, which was signed by President Tlinton in
December 2000.!

The purpose of the rulemaking is to reduce emissions of
nitrogen oxides (NO,) and particulate matter (PM) from
heavy-duty highway engines and vehicles that use die-
sel fuel. The new rule requires refiner< and importers to
produce highway diesel meeting a 15 parts per million
{ppm) maximum requirement, starting June 1, 2006;
however, pipelines are expected to require refiners to
provide diesel fuel with an even lower sulfur content,
somewhat below 10 ppm, in order to compensate for
contamination from higher sulfur products in the sys-
tern, and to provide a tolerance for testing. Diesel meet-
ing the new specification will be required at terminals by
July 15, 2006, and at retail stations and wholesalers by
September 1. 2006. Under a "temporarv comphance
option” (phase-in), up to 20 percent of highway diesel
fuel produced may continue to meet the current 500
ppm sulfur limit through May 2010; the remaining 80
percent of the highway diesel fuel produced must meet
the new 15 ppm maximum.

The purpose of this study is to assess the possible impact
of the new sulfur requirement on the diesel fuel market.
The study discusses the implications of the new regula-
tions for vehicle fuel efficiency and examines the tech-
nology, production, distribution, and cost implications
of supplying diesel fuel to meet the new standards. In
order to address both the short-term and mid-term
supply issues identified by the Committee on Science,
this analvsis incorporates two different analytical
approaches. Refinery cost analysis addresses the uncer-
tainty of supply in the short term, during the transition
to ultra-low-sulfur diesel fuel (ULSD) in 2006. Mid-term
issues and trends (2007 through 2015) are addressed

through scenario analysis using EIA’s National Energy
Modeling System (NEMS). The Committee on Science
requested that these analyses use assumptions consis-
tent with the Regulatory Impact Analvsis publi>..cd by
the U.S. Environmental Protection Agency (EPA). Dis-
cussion of the key issues and uncertainties related to the
distribution of ULSD is based on interviews with a num-
ber of pipeline carriers.

Although highway-grade diesel is the second most con-
sumed petroleum product, gasoline is the most impor-

tant product by far. In 1999 highwav diesel accopnted

for 12 percent of total petroleum consumption and gaso-
fine 43 percent.2 Consumption of highway-grade diesel
(500 ppm) accounted for 68 percent of the distillate fuel
market in 1999, although 9 percent went to non-road
(rail, farming, industry) and home heating uses.? Higher
sulfur distillate (more than 500 ppm sulfur), used exclu-
sively for nor -road and home heating needs, accounted
for the other 2 percent of the distillate market.

Assessment of Short-Term Effects
of the Rule

Whether there will be adequate supplv of diesel fuel a

the new standard becomes effective in june 2006 1s one
of the kev questipns raised by the Hopse Commuttee on
Science in the request for analvsis. To assess this possi-
bility, cost increases for individual refineries to produce
ULSD were estimated, the cost increases were arraved
from smallest to largest, and the resulting cost curves
were matched against projected demand and imports.
The cost curves reflect investment requirements and
operating costs for refineries in Petroleum Administra-
tion for Defense Districts (PADDs) I through TV.* ULSD
production costs were estimated for different groups of
refineries based on size, sulfur content of feeds, fraction
of cracked stocks in the feed,” boiling range of the ieed,
and fraction of highwav diesel produced. Unlike ULSD
analvses conducted by the EPA and others, the cost
curves relied on proprietary stream data collected bv

LS. Environmental Protection Agency, “Control of Air Pollution from New Motor Vehicles: Heavy-Duny Engine and Vehicle Stan-
dards and Highway Diesel Fuel Sulfur Control Requirements: Final Rule,” Federal Register, 40 CFR Parts 69. 80, and 86 (January 18, 20011,

-Energv Information Administration, Petroleum Supply Annual 1999, DOE/EIA-0340(99)/1 (Washington, DC, fune 20003, Table 3

—Energy Information Admunistration, Fuel Oil and Kerosene Sales 1939, DOE/E1A-0525(99) (Washington, DC. September 2000). Tables

19-23.

3PADD V was not included in this analysis, because supply concerns are less of an 1ssue in the transition period. and the requirement tor
Califormia Air Resources Board diesel makes the PADD V market different from those in PADDs |- lv
SCracked stocks are previously processed streams - hat are more difficult to treat

Energy information Acniinistration / Transition to Ultra-Low-Sutlur Dieset Fue!
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EfAS 'n\e capltal and operating costs for the different * In the Cautious Expansion scenario, current produc-
groups were developed to. EIA by the staff of the ers with competitive cost structures for ULSD pro-
National Energy Technology Laboratory (NETL), con- duction and high fractions of highway diesel
sistent with the EPA analysis. Return on investment was production (greater than 70 percent) are assumed to
assumed to be 5.2 percent after taxes, consistent with the maintain current production levels and, possibly, to
EPA’s assumption of a 7-percent before-tax return on push production of ULSD toward 100 percent of
investment. Costs were not adjusted to take sulfur credit their distillate production if only minor increases in
fradi.ng into account, because of the uncertainty about per-unit production costs occur for the increased
whether trading would occur and the value of the cred- volume.

its. If credit trading occurred, costs could be reduced. _
* The Moderate New Market Entry scenario assumes

Cost representations of desulfurization units were used that a selective number of refineries currently pro-
to develop four sets of cost curves, based on four differ- ducing little or no highway diesel will enter the
ent investment rationales (Table ES1). Within a given ULSD market. The underlying premise is that a lim-
supply curve, the relative costs of different groups of ited number of companies would think that they
refineries provide an indicator of possible supply short- would be able to gain market share without depress-
falls at the beginning of the ULSD requirement in the ing margins to the extent of undercutting profits.

summer of 2006. Some refiners may be able to produce
ULSD at a cost of about 2.5 cents per gallon; however, at
the volumes needed to meet demand, costs are esti-
mated at 5.4 to 6.8 cents per gallon,” and they could be
higher if supply falls short of demand and consumers
bid up the price. The behavior of refiners will be influ-
enced by their expectation of what others will do and is
therefore subject to considerable uncertainty.

*The Assertive Investment scenario assumes that a
larger number of refiners would make the requisite
investments to either maintain or gain share in the
highway diesel market. In this scenario, refiners
would believe that most of their competitors were
overly cautious, and that they could succeed by tak-
ing a contrary strategy (which in reality would be
adopted by far more refiners than anticipated).

The four refinery investment scenarios have progres-

sively more volume and are defined as follows: As aresult of distribution limitations and non-road uses,

the amount of ULSD actually needed to balance demand
* The Competitive Investment scenario includes only in 2006 is highly uncertain. Accordingly, a range of
those refiners that are very likely to prepare to pro- demand estimates was developed to account for some of
duce ULSD in 2006. They currently hold market the uncertainty (Table ES2 and Figure ES1). The Small
_share and are estimated to be able to produce ULSD Refiner and Temporary Compliance Options demand

at a competitive cost. Refiners with highway diesel estimate was calculated as 80 percent of the estimated
as a relatively low fraction of their distillate produc- demand for transportation distillate for both highway
tion are assumed to abandon the market unless their and non-road uses in PADDs I-IV in 2006 (excluding
cost per unit of production is competitive at current production by small refineries, which are allowed to
highway diesel production levels. request waivers to delay production until 2010}, repre-

senting the EPA’s requirement to produce 80 percent
ULSD after the regulation takes effect. The Small Refiner
and Temporary Compliance Options with Imports

Table ES1. Short-Term Scenarios
Number of Refineries :
Scenario Producing ULSD Characteristics

(1) Competitive Investment 66 Current low-sulfur diese! producers maintain market share. Low-traction
* producers drop out. .
{2) Cautious Expansion 66 Some low-sulfur diesel producers in Scenario 1 expand production.
(3} Moderate New Market Entry 67 One refinery not currently producing low-sulfur diesel enters the ULSD market.
_ Nine other producers in Scenario 2 expand production.
(4) Assertive investment 74 A larger number of refineries not cumently producing fow-sulfur dieset enter the

. ULSD market. Some others expand production.
Notes: Current low-sulfur diesel contains 500 ppm sulfur. ULSD contains 7 ppm sulfur to compensate for contamination and to provide a tolerance

for testing.
Source: Energy Information Administration, Office of integrated Analysis and Forecasting.

5The EPA used EIA data on refinery capacity and diesel production in its refinery-by-refiney analysis.
7These are marginal costs on the industry supply curve, based on average refinery costs for producing ULSD. These cost estimates do not
include additional costs for distribution, estimated at 1.1 cents per gallon in the mid-term analysis. 9 2 5 O A
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estimate assumes that imports from Canada and the
Virgin Islands will continue at historical levels (Demand
B, which matches the demand projection in the
mid-term analysis described in Chapter 6). The High-
way Use Only, Small Refiner and Temporary Compli-
ance Options with Imports estimate (Demand C)
assumes that ULSD will be used only to meet highway

Table ES2. Short-Term Demand Estimates, 2006

transportation demand, that the temporary compliance
option will further reduce this demand by 20 percent,
and that imports will remain at historical levels. Finally,
the Highwayv Use Only, Small Refiner and Temporary
Compliance Options with Higher Imports estimate
(Demand D) assumes a higher level of ULSD imports.®

Demand Level
(Thousand Barrels

Estimate per Day) Characteristics
Demand A: Small Rehiner and Temporary Comphance 2.02¢ 76 parcent ot transporiation demand.
Options
Demand B: Small Refiner and Temporary Comphance 1.94%8 Demand estimate A iess projecied imports from Canada ang
Options with Imporis the U.S. Virgir Isiangs.
Demand C: Highwayv Use Only. Small Retiner and 1.6582 63 percert of ranspartation demand. less projected imports from
Temporary Compliance Options with impors Cananz anc the U.5 Vrgm isiangs.
Demand D: Highway Use Only. Small Refiner and 1.825 Demand estimate C. less nigher projected imports

Temporary Comphance Opttons witr Higher Imports

Source: Nationa! Energy Mooeiing System. run DSU7INV.C043001A.

Figure ES1. ULSD Cost Curve Scenarios with 2006 Demand Estimates
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™ Fhe combined cost curves for PADDs I-IV show that the
total volume of ULSD production on the cost curves for
the Competitive Investment and Cautious Expansion
scenarios, production reaches the two lowest demand
estimates, although at different costs (Figure ES1). In the
Moderate New Market Entry scenario, production just
reaches the Small Refiner and Temporary Compliance
Options with Imports estimate. In the Assertive Invest-
ment scenario, production just reaches the Small Refiner
and Temporary Compliance Options estimate.

The largest shortfall—estimated at 264,000 barrels per
day relative to the Small Refiner and Temporary Com-
pliance Options demand estimate (Demand A, the high-
est demand estimate in Table ES2)}—occurs in the
Competitive Investment scenario (which assumes the
most cautious investment strategy and has the lowest
production estimate). The largest surplus—>517,000 bar-
rels per day relative to the Highway Use Only, Small
Refiner and Temporary Compliance Options with
Higher Imports estimate (the lowest demand esti-
mate}—occurs in the Assertive Investment scenario
(which assumes the most aggressive investment strat-
egy and has the highest production estimate).

With the Highway Use Only, Small Refiner and Tempo-
rary Compliance Options with Imports demand esti-
mate (Demand C), all the production scenarios project
sufficient supply {at least in the aggregate). For the Small
Refiner and Temporary Compliance Options with
Imports demand estimate (Demand B), the”"Moderate
New Market Entry and Assertive Investment produc-
tion scenarios provide supplies that are higher than
demand by 197,000 barrels per day and 6,000 barrels per
day, respectively. Supplies in the Competitive Invest-
ment and Cautious Expansion scenarios fall short of
Demand B by 184,000 and 123,000 barrels per day,
respectively. For the Small Refiner and Temporary Com-
pliance Options demand estimate (Demand A), only the
Assertive Investment production scenario provides suf-
ficient supply.

Two sensitivity cases were used to examine the effects of
assumptions about hydrotreater capital costs and about
return on investment. The capital costs assumed in the
initial set of four scenarios are similar to those used in
the EPA analysis. When the capital costs for hydro-
treater units are assumed to be about 40 percent higher
than assumed in the initial set of scenarios, production
of ULSD is projected to be 25,000 to 55,000 barrels per
day lower, and the production costs are projected to be
from 0.5 to 1.1 cents per gallon higher. When a 10-
percent return on investment is assumed, as compared
with 5.2 percent assumed in the initial set of scenarios,
production is projected to be 40,000 to 66,000 barrels per
day lower and costs 0.8 to 1.2 cents per gallon higher.
3ecause of the reduced volumes, estimated production
levels in the Moderate New Market Entry Scenario fall

—

short of the demand level projected in the Small Refiner
and Temporary Compliance Options with Imports esti-
mate in both the higher capital cost and higher required
return on investment sensitivity cases.

The scenarios indicate the possibility of a tight diesel
market when the ULSD Rule is implemented.
Supply scenarios that assume more cautious investment
indicate inadequate supply compared with the demand
levels projected in the Annual Energy Outlook 2001. Only
more aggressive investment scenarios or lower demand
scenarios show adequate supply to meet estimated
demand. Furthermore, this anal -.is compares supply
and demand at a very aggregate level M=intrining a
balance of supply and demard :cros¢ regiuns and
throughout the distribution system could e even more
difficult.

-

If supplies fell short of demand, sharp price increases
would likely occur to balance supply and demand.
Sharply higher prices would curtail demand for diesel
fuel. Truckers would reduce consumption to the extent
possible and try to pass higher fuel costs on to custom-
ers, who would then look for alternative means to trans-
port goods. In this situation refiners would attempt to
maximize ULSD production. Some additional produc-
tion may be possible by, for example, shifting some
non-road distillate or jet fuel streams into ULSD. Addi-
tional imports of ULSD or jet fuel could be forthcoming
if there were large price differentials between markets. -

In 2006, little ULSD will actually be needed, because few
new vehicles requiring ULSD will be on the road by
then. If itbecomes apparent that there will be inadequate
supply, or if distillate markets are tight, the EPA could
temporarily reduce the required proportion of ULSD
production, which could make additional diesel sup-
plies available. However, a temporary reduction would
reduce the availability of ULSD supplies for new vehi-
cles. In its final rulemaking the EPA required refiners
and importers to submit a variety of reports to ensure a -
smooth transition, and the agency plans to establish an
advisory panel to look at issues of diesel supply and
monitor the progress of related technologies.

Assessmént of Mid-Term Effects
of the Rule

The mid-term analysis for this study was performed
using the NEMS Petroleum Market Module (PMM) to
assess the impact of new requirements for ULSD in the
years 2007 through 2015. The PMM represents domestic
refinery operations and the marketing of petroleum
products to consumption regions. Refining operations
are represented by a three-region linear programming
formulation of the five PADDs. PADDs | (East Coast)
and V (West Coast) are treated as single regions, and
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PADDs II (Midwest), III (Gulf Coast), and IV (Rocky
Mountains) are aggregated into one region. Each region

.1s considered as a single firm, for which more than 80

distinct refinery processes are modeled. Refining capac-
ity is allowed to expand in each region.

Unlike previous ULSD analyses, the PMM provides
multi-year scenarios. These scenarios reflect market

prices rather than average costs and implicitly include

investment and import decisions. In contrast to the cost
curves used in the short-term analysis, the NEMS projec-
tions reflect equilibrium market prices. That is, the
results of the PMM scenarios assume that, in the long
run, refiners will increase supply to meet demand. As a
result, the NEMS analysis reflects more aggressive
investtnent behavior than that portraved for individual
refiners in the short-term analysis.

The PMM was used to develop a ULSD Regulation case
based on the provisions of the EPA’s final ULSD Rule. A
Severe case was developed to combine five sensitivity
cases associated with greater uncertainty in industry
operations and costs.” Finallv, a No Imports case and a
10% Return on Investment case were developed.

In the Regulation case, highway diesel at the refinery
gate is assumed to contain a maximum of 7 ppm sulfur.
Although sulfur content is limited to 15 ppm at the
pump, there is a general consensus that refineries will
need to produce diesel somewhat below 10 ppm in order
to allow for contamination during the distribution pro-
cess. Revamping existing units to produce ULSD is
assumed to be undertaken bv 80 percent of refineries,
while 20 percent build new units. The amount of ULSD
that 15 to be downgraded to a lower value product
because of sulfur contamination in the distribution svs-
tem is assumed to total 4.4 percent. The energv content
of the ULSD is assumed to decline by 0.5 percent,
because undercutting and severe desulfurization will
resultin a lighter stream composition than 500 ppm die-
sel. The Rule is assumed to result in no loss in vehicle
ruel efficiencv. The actual after-tax return on investment
is assumed to be 5.2 percent, which is equivalent to a
7-percent before-tax return on investment. As suggésted
bv the Committee. the major assumptions in this case are
consistent with those used by the EPA in its Regulatory
Impact Analvsis (RIA) of the Rule.!!

The Severe case combines five sensitivities at variance
with the above assumptions. In'the “2/3 Revamp” sensi-
tivity case, two-thirds of upgrades at refineries are
assumed to be accomplished- by retrofitting existing
equipment and one-third by construction of all new

units, consistent with the results of the individual refin-
erv analvsis. In the “10% Downgrade” case, 10 percent of
the 15 pprn diesel produced is assumed to be down-
graded to a lower value product because of contamina-
tion with higher sulfur products in the distribution
system. In the “4% Efficiency Loss” case it is assumed
that :manufacturers will meet the emissions require-
ments of the ULSD Rule by installing atter-treatment
technology on new vehicles beginning in 2010, which
would result in a 4-percent loss of fuel efficiency that is
phased out as new technology emerges. In the “1.8%
Energy Loss” case, a greater loss of energy content is
assum~d than in the Regulation case. In the “Higher
Capital Cost” case, the capital costs of the hvdrotreaters
are 24 percent higher and 33 percent higher than in the
Regulation case, based on a review of the most Tecent
industry cost data.

The No Imports case assumes that foreign imports of
ULSD will not be available. This assumption was not
included in the Severe case because it was deemed to be
less likely. Foreign supplies should be available from
Canadian refiners, who likely will move to the U.S. stan-
dard at the same time as the United States, and from .a
large refinery in the U.S. Virgin Islands that is jointlv
owned by Armada Hess and Venezuela's national oil
company, PAVSA. Both owners of the Virgin Islands
plant see the United States as a strategic market. The
greatest uncertainty for import availabilitv is hikelyv to
occur in the early vears of the program, because toreign
refiners may delav investment until the market outlook
for ULSD is more certain.

The 10% Return on Investment case uses the after-tax
rate of return assumed in most other studies, which 1s
higher than the 5.2-percent after-tax rate used in the Reg-
ulation case and in the other sensitivity cases in this
study, consistent with the EPA’s assumption. Atarate of
return less than 10 percent, investors mayv hesitate to pGt
money into the refinery industry, especially for equip-
ment designed for a new product.

In the Regulation case, the marginal annual pump price
for ULSD is projected to range from 6.5 to 7.2 cents per
gallon between 2007 and 2011 (Table ES3 and Figure
ES2).!! The peak differential is projected to occur in 2011,
when oil refiners must produce 100 percent ULSD. In

~ absolute terms, real marginal prices range from 51.29 to

$1.35 per gallon in the Regulation and Severe cases from
2007 to 2011.)° Refiners are projected to invest 56.3 to
$9.3 billion to meet full compliance with the ULSD Rule
through 2011.

YResults for the five sensttivity cases are provided in Cha‘pter 6 and Appendin E

' S, Environmental Protection Agency, Regulatory impact Analusis: Heane-Duty Evgniie aed Velucle Standards and Higlioan Divsed F i
sulfur Control Reyremwnts, EP A420-R-00-026 (Washington, DC, Decemnber 2000,

! Anatvsis 0f 200015 discussed above. As a partial vear, 20060 1 not mciuded m th e equilibriim analvas

DThese cases are based on vanations from a reterence case similar o that i B2 s Awsnt! Loer oy Qutlovk 2051]
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After 2011, the first full year of 100 percent ULSD, the necessary for full compliance, to be making additional

projected differential of marginal prices is generally investment only to meet incrementai demand, to be
expected to decline, because of lower distribution and replacing and upgrading existing equipment, and to be
capital investment costs. About 0.7 cents of the projected making incremental operating improvements that make
decline results from using the EPA’s assumption that the ULSD production less challenging. A similar decline in
additional capital investments for distribution and stor- the price differential also occurs in all the sensitivity
age of a second highway diesel fuel will be fully amor- cases.

tized during the transition period. The remainder of the ‘

drop in the post-2011 differential occurs because refiner- Through 2010, the Regulation case projections for high-
ies are assumed to have completed the upgrades way diesel consumption exceed the reference case levels

Table ES3. Variations from Reference Case Projections in the Regulation and Sensitivity Analysis Cases,

2007-2015 ‘
2007-2010 | 2011-2015
Analysis Case 2007 2008 2009 2010 2011 2015 Average Average
Difference Between End-Use Prices of ULSD and 500 ppm Diesel (1939 Cents per Galion)
Regutation .. .......... 7.0 6.7 6.5 6.8 7.2 5.1 6.8 54.
Severe . .............. 8.8 8.4 8.4 8.6 10.7 6.8 8.6 7.4
Nolmports ............ 8.6 8.1 7.8 8.0 8.8 6.2 8.1 6.8
Total Highway Diesel Fuel Consumption (Tnousand Barrels per Day)
Regulation ............ 10 10 8 8 83 85 ] 83
Severe ............... 41 40 39 57 355 374 44 366
Nofmports .. .......... 10 9 7 7 81 83 8 81
Total Imports of Highway Diesel Fuel (Thousand Barrels per Day)
Regulation ............ -36 -1 -1 0 0 o -10 0
Severe . ...... ... ... -36 -1 -1 0 0 0 -10 0
Nolmports .. .......... -120 -125 -125 -125 -125 -125 -124 <125

Scurce: National Energy Modeling System, runs DSUREF.D0430018, DSU7PPM.D043001A. DSU7ALL.DOS0101A. and DSUIMP0.D043001A,
Figure ES2. Difference Between End-Use Prices of ULSD and 500 ppm Diesel in the Reference Case,
2007-2015
1999 Cents per Gallon
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BR Regulation M Severe [INo imports
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g
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0

2007 2008 2009 2010 2011 2015
Source: National Energy Modeling System, runs DSHREF.D043001B, DSU7PPM.D043001A, DSU7ALL.DO50101A. and DSUIMPO.D(@&M A 2A
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bv up to 10,000 barrels per day, which can be attributed
to the assumption of 0.5-percent loss in energy content.
In 2011 the differential in consumption increases to
83,000 barrels per dav, because ULSD contaminated in
the distribution system can no longer be downgraded to
500 ppm highway diesel, and refiners must therefore
make more ULSD.

In the Severe case, up to 57,000 barrels per day of addi-
tional highway diesel is projected to be consumed
between 2007 and 2010, and an average of 366,000 bar-
rels per day of additional consumption is projected
between 2011 and 2015. The ULSD Rule by itself
accounts for an average of 9,000 barrels per dav of the
additional consumption through 2010 and an average of
83,000 barrels per day after 2010. The combined effects of
the 2/3 Revamp, 10% Downgrade, 4% Efficiency Loss,
1.8% Energy Loss, and Higher Capital Cost cases raise
consumption beyond that in the Regulation case by at
least 30,000 barrels per day through 2010, primarily
because of energy losses and higher capital cost, and by
an average of 283,000 barrels per day after 2010 because
of energv losses, downgrading, and efficiencv losses.
The higher downgrade assumption accounts for about
210,000 barreis of the additional dernand after 2010.
ULSD-related investments in the Severe case are pro-
jected to total $9.3 billion through 2011, $3 billion more
than in the Regulation case. Higher demand in the
Severe case generallv results in marginal prices 1.7 to 1.9
cents per gallon above those in the Regulation case,
although costs range up to 3.5 cents per gallon higher in
2011,

The No Imports case explores the impact of the ULSD
Rule by assuming that foreign imports will not be avail-
able to meet the new sulfur standard. In the Regulation
case, projected imports of highwav diesel are lower than
in the reterence case in the first few vears, because for-
eign refiners are expected to be more hesitant to invest to
meet a U.S. regulation. The Neo Imports case assumes
that no imports of ULSD are available, and that imports
of highway diesel are reduced by 120,000 to 125,000 bar-
rels per dav between 2007 and 2015, relative to the refer-
ence case. The lack of imports means that domestic
refineries must produce more ULSD. The requirement
tor more production results in marginal prices 1.1t0 1.6
cents per gallon higher than in the Regulation case. The

higher prices in the No Imports case result in a slight -

dampening of demand compared with the Regulation’
case. o

Because the Regulation case assumes a 3.2-percent
after-tax return on investment, the 10% Return -on
Investment case must be compared with an alternative
base case that assumes the same return on investment.

. The resulting price differentials range from 7.5 to 8.0
cents per gallon between 2007 and 2011 and are 0.9 cents
per gallon higher or average than when the 5.2-percent
after-tax rate is assumed.

Energy Information Administration / Transition to Ultra-Low-Sulfur Diese! Fuel

Differences between regional end-use prices in the anal-
vsis cases relative to those in the reference case reflect
variations in the marginal costs of producing ULSD
between regions. The cost curve analvsis described in
Chapter 3 indicates that PADD 1V, which is made up of
relatively small refineries, can be expected to be the
highest cost region. The relatively high cost in PADD IV
is obscured in the mid-term analvsis (Chapter 6),
because PADD 1V is aggregated with both PADD Il and
the largest and lowest cost refining region, PADD IIl. In
the transition vears of the Regulation case, regional
refining costs range from an average of 4.8 to 5.3 cents
per gallon. PADD 1 is the highest cost region, PADD V 1s
the lowest cost region, and PADDs [I-IV (and average
U.S.) costs fall in between. Average marginal refining
costs generally narrow by about 0.5 cents per gallon in
the post-2010 period, as refineries make incremental
improvements that allow them to produce ULSD more
efficiently.

Additional Uncertainties

Uncertainties about the pace of engine, refinery, and
pipeline testing technologyv development; the availabil-
ity of personnel, thick-walled reactors, and reciprocat-
ing compressors; the behavior of ULSD in the oil
pipeline system; and cost recovery by oil pipelines fur-
ther cloud the outlook for the transition to very low lev-
els of sulfur in diesel fuel. The new ULSD Rule requires
not only that the sulfur content of transportation diesel
fuel oil produced bv domestic refineries be drastically
reduced by 2007, but also that emission controls on
heavy-duty diesel engines be imposed to reduce emis-
sions of NO,, PM, and hvdrocarbons (HC).

Historicallv, engine manufactures have met new ermus-
sions standards through modifications to engine design.
To meet the 2007 standard, manufacturers will have to
relv heavily on component and svstem development by
emission control equipment manufacturers. In particu-
lar, engine manufacturers must implement an exhaust
after-treatment catalyst technology to control NO, emis-

-sions. Currently, the EPA expects NO, adsorbers to be

the most likely emission contral technology applied bv
the industryv. Using current catalyst technologv, the
fuel-rich cvcle could reduce fuel efficiency by 4 percent.
To date, no NO, adsorber svstem has proven teasible.
Although NO, adsorbers have demonstrated compli-
ance using ULSD (7 ppm), the svstems show losses in
conversion -efficiency after 2,000 miles of operation. In
order to meet the 2007 emission standards for

- heavv-duty diesel engines, conversion efficiencies must

be improved, and exhaust gas recirculation equipment
must be optimized. The considerable time available for
rescarch and.development, however, mav provide gov-
ernment and industryv ample time to resolve the tuel effi-
ciency loss issues associated with advanced emssion
control technologices.
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Beyond traditional hydrotreating to remove sulfur from
diesel streamns, new technologies are under develop-
ment that could reduce the cost of desulfurization. They
include sulfur adsorption, biodesulfurization, sulfur
oxidation, gas-to-liquids, and biodiesel. Each of these
technologies is in the first stages of commercialization.
Although they are being spurred by the EPA Rule, it is
uncertain whether any of the new technologies will
make a significant contribution to meeting the require-
ments of the ULSD Rule in 2006, although they may
have some impact later in the decade.

Before the ULSD Rule takes effect in 2006, sulfur testing
methods must also be improved. The designated
method, ASTM 6428-99, was developed for testing sul-
fur in aromatics and has not yet been adapted or evalu-
ated by industry as a test for sulfur in diesel fuel.
Because the diesel methodology has not yet been devel-
oped for the designated method, it has not yet been
tested by multiple laboratories. There is also no readily
available and appropriate test for sulfur that will permit
the precise cuts between batches that will be required in
handling ULSD. Most oil pipeline operators will proba-
bly want or need to perform in-line monitoring of sulfur
content, because degradation of ULSD will easily and,
possibly, frequently occur in as little as a minute’s time.
However, current instruments for testing sulfur do not
have adequate sensitivity, accuracy, or speed for the job.
Current machines require 5 to 10 minutes to complete
one analysis of a passing product stream—far too long to
permit a pipeline operator to make a correctional
response if off-specification material is detected in a
batch of ULSD.

The deployment of diesel desulfurization technologies
will hinge not only on the ability and willingness of
refiners to invest and the timing of investment and per-
mitting but also on the ability of manufacturers to pro-
vide units for all' US. refineries at once, and the
availability of engineering and construction resources.
In addition to providing diesel hydrotreaters, the same
contractors will be designing and building gasoline
desulfurization units for the Tier 2 gasoline sulfur reduc-
tion requirements that will be phased in between 2004
and 2007. The EPA’s breakout of the expected startup of
gasoline and diesel desulfurization units reflects an
overlap of 26 gasoline units and 63 diesel units in 2006,
more than any other year except 2004. The EPA esti-
mates that 30 percent more workers will be required for
the gasoline and diesel programs together than for the
gasoline program alone. If thick-walled reactors are
required for deep hydrotreating, delivery lead times will
be longer, because only one or two U.S. companies
produce thick-walled reactors. Another type of
critical equipment is reciprocating compressors. Two
‘eciprocating compressors will be required for each die-
sel desulfurization project. Reciprocating compressors
will also be required for gasoline desulfurization
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projects. Excluding the former Soviet Union, there are
only five manufacturers of reciprocating compressors in
the world.

The exact sulfur level at which refineries will be required
to produce ULSD is not certain, because there is no expe-
rience with distributing ULSD in a non-dedicated or
common transportation systemn. Residual sulfur from
high-sulfur material could contaminate subsequent
pipeline material beyond the interface between the two -
products. Recently, Buckeye Pipe Line conducted a test
of possible sulfur contamination from one product batch
to another. Buckeye carefully measured the sulfur con-
tent in batches of highway diesel fuel following a batch
of high-sulfur diese! fuel and found that the sulfur con-
tent of the second batch of highway diesel fuel
increased. Exact sulfur levels have implications for the
amount of material downgraded during pipeline and
terminal operations.

If no other application or action were taken by an oil
pipeline company, the existing tariff rates covering die-
sel fuel would apply to ULSD when that material is dis-
tributed to markets; however, oil pipelines will incur
large incremental capital and operating costs in distrib-
uting the new diesel fuel. If an oil pipeline carrier is
operating under the Federal Energy Regulatory Com-
mission’s commonly approved index method and
applies its existing tariff rate to ULSD, there will be no
basis for the carrier to recover its incremental costs inithe
approved rate. A carrier might file a new tariff rate
expressly covering ULSD.

Comparison with Other Studies

Earlier studies related to ULSD supply and costs
included analyses by the U.S. Environmental Protection
Agency (EPA), Mathpro, the National Petroleum Coun-
cil (NPC), Charles River and .Associates with Baker and
O'Brien, EnSys Energy & Systems, Inc., and Argonne
National Laboratory (ANL). The studies were based on
two general types of methodologies: a linear program-
ming (LP) approach used by Mathpro, NPC, EnSys,
ANL, and EIA; and a refinery-by-refinery approach
used by Charles River, EPA, and EIA.

Cost estimates from the different studies are not easv to
compare, because differences in estimation methodolo-
gies make them conceptually different. Both average
and marginal costs can be based on LP models that oper-
ate as a single firm, or estimated from analysis of indi-
vidual refineries. In general, marginal cost estimates that
represent the cost of the last barrel of required supply
can be seen as estimates of market prices. Average cost
estimates usually reflect refinery investment, but they
are not good estimates of market prices. Much of the
variation in investment and cost estimates reflects
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different assumptions about the cost of technologies;
unit size; contingency factors; the extent to which refin-
ers will modify existing equipment or build entirely new
hvdrotreaters; the cost and quantity of additional hvdro-
gen required; the extent to which some refineries may
reduce highway diesel production; and the amount of
highway diesel downgraded due to fuel contamination
during distribution. Nevertheless, the studies using LP
models reported cost increases ranging from 4.0 to 10.7
cents per gallon, excluding distribution costs and taxes.
The marginal refinery gate prices reported in this study
for the post-2006 period, which exclude distribution
costs and taxes, range from 4.7 to 9.2 cents per gallon.

Likewise, the costs derived from refinery-bv-refinerv
analvsis included average costs for the industry and

Energy Information Adminisiration / Transition to Ultra-Low-Sutfur Diese! Fue)
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average costs for the marginal firm, difterent estimates
of the penetration of ULSD, different consumption esti-
mates, different assumptions about the cost of technolo-
gies, different assumptions about the extent to which
refiners will modify existing equipment or build entirely
new hydrotreaters, different assumptions about the cost
and quantitv of additional hvdrogen required, and dif-
ferent regions. The range of estimated cost increases
reported in the studies using refinerv-byv-refinery analv-
sis was 4.1 to 6.8 cents per gallon. This studv’s range for
the 2006 analysis is at the higher end, because it leaves
out the lower cost PADD V, is based on marginal indus-
try costs rather than average refinerv costs, and has 63
percent of refineries revamping their hydrotreaters, as
compared with 80 percent in the studies with lower cost
estimates.
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1. Background and Methodology

Introduction

This study was undertaken at the request of the Com-
mittee on Science, U.S. House of Representatives. The
Committee asked the Energy Information Administra-
tion (ElA) to provide an analysis of the Final
Rulemaking on Heavy-Duty Engine and Vehicle Stan-
dards and Highway Diesel Fuel Sulfur Control Require-
ments, which was signed by President Clinton in
December 2000.! Along with all other regulations final-
ized at the end of the Clinton Administration, the Rule
underwent a 60-day review by the Bush Administration.
On February 28, 2001, the Administrator of the U.S.
Environmental Protection Agency (EPA), Christine
Todd Whitman, gave her approval to move forward
with the new rule, citing the great benefits to public
health and the environment.?

The purpose of the rulemaking is to reduce emissions of
nitrogen oxides (NO,) and particulate matter (PM) from
heavv-duty highwav engines and vehicles that use die-
sel fuel. The rulemaking requires new emissions stan-
dards for heavv-duty highway vehicles that will take
effect in model vear 2007. Because the advanced emis-
sion control devices that will be required to meet the
2007 emissions standards are damaged by sulfur, and
because the 2007 model vear begins September 1, 2006,
the rulemaking also requires the sulfur content of high-
way diesel to be substantially reduced by mid-2006.

The purpose of this study is to assess the possible impact
‘of the new sulfur requirement on the diesel fuel market.
The studv does not address the impact of the
rulemaking on vehicle emissions or public health.? This
studv discusses the implications of the new regulations
tor vehicle fuel efficiency and examines the technology.
production, distribution, and cost implications of sup-
plving diesel fuel to meet the new standards.

A summary of the new sulfur requirement, the analysis
1ssues identified by the Committee on Science, and
the methodology of the report are provided in the
remainder of this chapter. Chapter 2 describes emission
control technologies for heavv-duty diesel engines, their
effects on fuel efficiencv, and expected costs. Chapter 3

discusses technologies for producing ultra-low-sulfur
diesel fuel (ULSD) and the analvsis approaches used in
this study to assess their future costs. Chapter 4 dis-
cusses the impact of the ULSD Ru'e on oil pipeline oper-
ations. Chapter 5 addresses th- ..sue ¢f iuture supply of
ULSD, particularly during the transition v« o+t in 200¢,
and the potential responses of refin:ry op2rators. Chap-
ter 6 summarizes mid-term projections (2007 through
2015) for diesel fuel prices, based on a range oi assump-
tions in cases analvzed using ElA‘s National Energy
Modeling System (NEMS). A comparison of the
assurnptions and estimates from this study with those
from other analyses is provided in Chapter 7.

Summary of the Final ULSD Rule

The new ULSD Rule requires refiners and importers to
produce highway diesel meeting a 15 parts per million
(ppm) maximum requirement starting june 1, 2006.7
Pipeline operators are expected to require refiners to
provide diesel fuel with even lower sulfur content
(somewhat below 10 ppm) in order to compensate for
possible contamination from higher sulfur products in
the system and to provide a tolerance for testing. Diesel
meeting the new specification will be required at termi-
nals by Julv 15, 2006. and at retail stations and wholesal-
ers bv September 1, 2006. This time schedule is driven by
the need to provide fuel for the 2007 model vear diesel
vehicles that will become available in September 2006
Under a “temporary compliance option” (phase-inj. up
to 20 percent of highway diesel fuel produced mav con-
tinue to meet the current 500 ppm sulfur limit through
May 2010. The remaining 80 percent of the highwayv die-
sel fuel produced must meet the new 15 ppm maximum.

The ULSD Rule provides for an averaging, banking, and
trading (ABT) program. Refineries that produce more
than 80 percent of their highway diesel to meet the 13
ppm limit can receive credits, which mav be traded with
other refineries within the same Petroleurn Administra-
tion Defense District (PADD) that do not meet the
80-percent production requirement. Starting June 1.
2005. refineries can accrue credits for producing anv

'U.S. Environmental Protection Agency, “Control of Air Pollution from New Motor Vehicles: Heavyv-Duny Engime and Vehiie Sian-
dards and Highway Diesel Fuel Sutfur Contral Requirements: Final Rule,” Federad Register, 40 CFR Parts o4, 80, and So tanuary 1S, 2001

2L.S Emvironmental Protection Agéncy, “EPA Grves the Green Light on Diesel-Sultur Rule,” Press Release (February 2s, 20011
3Gources addressiny the impact of the LLSD Rube on vehicte emissions and pulhic bealth are included m the pibhography

The State of Alaska and the US Territones have been exesnpied trom the pro sram

Energy Information Administration / Transition to Ultra-Low-Sultur Diesel Fuet

9255



- T

volume of highway diesel that meets the 15 ppm limit.>
The trading program will end on May 31, 2010, after
which time all refineries must produce 100 percent of
their highway diesel at a low enough sulfur level to
ensure 15 ppm at retail. The ABT program will not
include refineries in States that have State-approved die-
sel fuel programs, such -as California, Hawaii, and
Alaska.

The Rule includes provisions for refiners in a Geograph-
ical Phase-In Area (GPA) that includes Colorado, Idaho,
Montana, New Mexico, North Dakota, Utah, Wyoming,
and parts of Alaska. The highway diesel provisions in
the GPA are linked to the Tier 2 gasoline program. While
the rest of the country is required to average 30 ppm gas-
oline sulfur requirements by January 2006, refineries in
the GPA are granted an additional year to meet this
requirement. Under the highway diesel provisions,
refineries in the GPA that meet the ULSD standard by
June 1, 2006, for all their highway diesel may receive a
2-year extension on gasoline compliance to December
31, 2008. To receive the extension, the refinery must
maintain production of 15 ppm highway diesel fuel that
is at least 85 percent of its average 1998 and 1999 high-
way diesel production.

Hardship provisions are allowed for small refiners with
up to 1,500 employees corporate-wide and that had a
corporate crude oil capacity of 155,000 barrels or less per
calendar day in 1999. The small refiner provisions
include: (1) production of 500 ppm diesel fuel until May
31, 2010; (2) the ability to acquire credits for producing
15 ppm highway diesel prior to June 1, 2010; and (3) a
2-year extension of the refiner’s applicable interim gaso-
line standards if all its highway diesel fuel is 15 ppm sul-
fur beginning June 1, 2006.

Summary of the
Request for Analysis

In its July 2000 letter (see Appendix A), the Committee
on Science requested that EIA undertake a study
addressing the possible supply and cost implications of
the diesel fuel regulations. The Committee specifically
asked EIA to address the following production and sup-
ply issues related to the ULSD Rule:

* The potential impacts of the Rule on highway diesel
fuel supply and on costs to end users of diesel fuel®

. * The potential impacts of the diesel fuel regulation on
other middle distillate products such as home heat-
ing oil, non-road diesel, and jet fuel

* The cost and availability of ULSD imports
e The impact of the Rule on refinery operations

» The impact of the Rule on fuel efficiency (related to
engine after-treatment devices) and on diesel fuel
demand

* The cost of current and future technologies that-are
expected to allow refineries to meet the new sulfur
standard, and their costs

¢ The likelihood that the necessary technologies will
be adequately deployed to meet the new standards.

The memorandum also identified a number of issues
related to the distribution of ULSD that are addressed in
the study, including:

* The effects of the ULSD Rule on the U.S. oil distribu-
tion system both during and after the phase-in
period

* How the distribution system would handle the sec-
ond highway diesel product during the phase-in
period, the infrastructure and investments required,
and how the investments might be recouped

* The extent to which fuel contamination might occur
when ULSD is shipped in common pipelines with
other, higher sulfur products

* The capability of current testing methods to measure
sulfur at the 15 ppm level

¢ The operational changes required in the distribution
system, and how they will affect consumer costs.

In a followup letter dated January 24, 2001, the Commit-
tee on Science modified its initial request to reflect provi-
sions included in the EPA’s final rule. The Committee
directed EIA to reflect the assumptions used by the EPA,
to. the extent possible. Where EPA’s assumptions
diverge meaningfully from industry expectations, EIA
was asked to provide a sensitivity analysis. The Com-
mittee noted several issues that might require sensitivity
analysis, including:

* The difference in production of 7 ppm versus 10 ppm
diesel fuel

* The energy content of ULSD

» Fuel efficiency losses associated with engine after-
treatment devices

o Additional distribution costs.

5Credits for 15 ppm diesel fuel can be accrued before this date if the refiner can certify that the fue! is to be used in vehicles certified to

meet the 2007 model year heavy-duty engine standards.

6The Committee also asked about several issues relevant to the proposed rule but not to the Final Rule: how potential supply might
change if the effective date of the diesel regulation were later and did not overlap those for gasoline sulfur requirzments, and how potennal

supply would change if the ULSD requirement were phased in.
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Background

The ULSD Rule represents a unique financial and logis-
tical challenge to refiners and distributors, because it
places an unprecedented low sulfur limit on a secondary
product. Although highway-grade diesel, which is
currently limited to 500 ppm sulfur, is the ‘second most
consumed petroleum product, gasoline is the most
important product by far. In 1999, 500 ppm diesel
accounted for 12 percent of total petroleum consump-
tion while gasoline accounted for 43 percent.” The ULSD
Rule comes less than a vear after a new nationwide sul-
fur standard for gasoline was finalized by the EPA at
an average 30 ppm.® Some concerns have been raised
that resources mayv be both financially and physically
challenged to meet both the gasoline and diesel sulfur
standards.”

In February 2000, the EPA finalized a rule on Tier 2 vehi-
cle emissions and gasoline sulfur standards. The sulfur
content of gasoline across the country is to be phased
down to 30 ppm on average between 2004 and 2007. Like
the diesel sulfur standard, reduced sulfur gasoline is
required in order to accommodate new ermnissions con-
trol technologies required for meeting tighter vehicle
emissions standards. Gasoline produced by most refin-
ers will be required to meet a corporate average sulfur
content of 120 ppm in 2004 and 90 ppm in 2005, com-
pared with a national average of around 340 ppm in
1998.% Bv 2006, most refiners must meet a refinery level
annual average of 30 ppm with a maximum of 80 ppm in
anyv gallon.

Refiners producing most of their gasoline for the Geo-
graphical Phase-In Area (GPA), generallv encompassing
the Rocky Mountain region, will also be allowed a more
aradual phase-in because of less severe ozone poliution
1In the area. These refiners will be required to meet a
retfinerv average of 150 ppm in 2006 and must meet the
30 ppm requirement in 2007. Small refiners will not be

required to meet the 30 ppm standard until 2007. The
date for GPA and small refiner gasoline sulfur compli-
ance has been extended an additional 2 vears for those
refineries that produce 15 ppm diesel at 85 percent of
baseline highway diesel production levels.!!

Consumption of highway-grade diesel (500 ppm sultur)
accounted for 68 percent of the distillate fuel market in
1999,12 although 9 percent of that fuel went to non-road
(rail, farming, and industrv) and home heating uses.!*
Higher sulfur distillate (more than 500 ppm) used exclu-
sively for non-road and home heating needs accounted
for the other 32 percent of the distillate market. These
other distillate markets will also be affected bv the new
highway diesel standard and may play a role in how
some refineries respond to the rule. For instance, instead
of investing in ULSD production, some refineries mav
opt to switch production to non-road or heating
markets.

The EPA is in the process of promulgating “Tier 3

non-road engine emission limits around 2005 or 2006,
which are expected to be linked to sulfur reduction for
non-road diesel fuel.'¥ The level of sulfur reduction
required for Tier 3 vehicles is highlv uncertain because
of the diversity of the non-road market. Diesel engines
used for farming, construction, rail, and other industrial
markets have different performance requirements that
need to be reconciled.!” Both the American Petroleum
Institute (AP1) and National Petrochemical and Refiners
Association (NPRA) have expressed concerns about
complving with potential non-road standards before full
implementation of the 15 ppm highwayv diesel stan-
dards.!®

In addition to refinerv issues, there are concerns about
the abilitv of the distribution svstem to handle the
requirements of the ULSD Rule Between june 2006 and
June 2010, the 80/20 rule will allow up to 20 percent of
highway diesel production to continue at the current 500

_”:nergv tmormanon Admimstration, Petroleum Supply Annual 1999, DOE/EIA-0340(99)/1 (Washington, DC, hune 2000). Table 3

Lo~ Environmental Protection Agency,
and Gesohne Control Requirements,”

“Control of Air Pollution from New Motor Vehicles Tier 2 Motor Vehicle Ermissions Standards
Federal Reguster, 40 CFR Parts 80, 83, and 86 (February 10, 2000).

“Nauonal Petroleumn Council, U.S. Petrolcum Refining: Assuring the Adequacy and Affordability of Cleaner Fuels (June 20001, Chapter 3,

LS A

'L Environmental Protecion Agency, EPA Staff Paper on Gasoline Sulfur Issues, EPA420-R-98-003 (Washington, DC, May 19931 The

average ~ultur content has declined since the sulfur content of reformulated gasoline was reduced substantially to meet Phase 2 resormu-
iated gasohne ermissions requirements, which became effective in 2000.

~The EPA announced on May 4, 2001, that National Cooperative Refining Association and Wyoming Refiming would be given addi-
tianal time to meet the sulfur standard for gasoline. Both refiners are planning to comply with the 2006 highw av diesel requirements on
tithee

;E:‘werg'\' information Ad mlmstration, Petroleum 5upp1_|/A::::WH999, DOE/EIA-0340(99)/1 (Washington, DC. lune 2000}, Table 3
Energy Information Admunistration, Fuel Ol and Kerosene Sales 1999, DOE/ EIA-0323(99) (W ashington, DC, September 20005 Tables
1e-25 :

LS Environmental Protechion Agency. Reduciie Air Poilution from Not-road Eigines, EP A420-F004048 (W ashimpion, DC. N\ ow emnber

W0, p 3
*Nonroad Workgroup, Minutes of the Workgroup’'s Meetimg (Alexandria. VA Januan To, 2000
Dl Faagd News, Vol 3, No 3 (February 5, 2001
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?)pm lmut That fuel must be segregated in the distribu-
tion system from the remaining 80 percent of highway
diesel meeting the 15 ppm limit. As a result, some

" pipelines, terminals, and retail outlets may temporarily

need to carry an extra diesel product, requiring capital
investment for the additional infrastructure require-
ments and additional operating costs for distributing the
extra product. Both pipeline operators and fuel market-

.ers are concerned that contamination from higher sulfur
petroleum products might require some ULSD to be
downgraded to a higher sulfur product that would have
a lower market value. Moreover, a second new distillate
product may be required if Tier 3 requirements also
become effective before 2010.

A number of groups representing refiners and retailers
are taking legal action against the ULSD Rule, including
the National Petrochemical and Refiners Association
(NPRA), the American Petroleum Institute (API), the
Society of Independent Gasoline Marketers of America
(SIGMA), and the National Association of Convenience
Stores (NACS). The four groups have cited concerns
about the possibility of inadequate ULSD supply under
the Rule. The retailer groups also oppose the phase-in
provision of the ULSD Rule ("“the 80/20 rule”), because
it will temporarily require costly storage of an additional
product. SIGMA's lawsuit also questions the feasibility
of the 15 ppm sulfur limit on ULSD.1 On the other hand,
the Rule has been strongly supported by a diverse coali-
tion of environmental, manufacturing, reguatory, and
trucking groups.'® State and local regulators are sup-
portive of the ULSD Rule because it is an integral part of
their State Implementation Plans for meeting air quality
standards.

Some State and local areas have begun to set their own
requirements for ULSD. Texas and Southern California
have already finalized ULSD regulations, and the State

of California is in the process of doing $5.1° During the
Bush Administration’s review of the Federal ULSD rule,

17 Diesel Fuel News (March 19, 2001 ).

—

a group of State and local air pollutior‘\‘ regulators
warned that more States would follow suit with their
own regulations if the ULSD rule were delayed or

changed in any way.?

Methodology

In order to address both the short-termm and mid-term

“supply issues identified by the Committee on Science,

this analysis incorporates two different analytical
approaches.

Refinery cost analysis addresses the uncertainty of sup-
ply in the short term. In addition, mid-term issues and
trends are addressed through NEMS scenario analysis.?!
Discussion of the key issues and uncertainties related to
the distribution of ULSD is based on interviews with a
number of pipeline carriers.

As suggested by the Committee, most of the major
assumptions in this report are consistent with those used
by the EPA in its Regulatory Impact Analysis (RIA) of
the Rule. Before conducting this study, EIA consulted
with representatives from diesel engine and emissions
control manufacturers, the refining industry, and
Government? to discuss the methodology and assump-
tions. E1A also received input through EIA’s Independ-
ent Expert Review program.?> On the basis of the
information received and a review of other analyses,
ElA identified the analysis assumptions that contained
the most significant uncertainties. Where possible, sensi-
tivity analyses were developed to provide a measure of
uncertainty in the projections.

Assessment of Short-Term Effects
of the Rule
For the purpose of assessing the short-term supply situa-

tion as the new standard becomes effective in June
2006 (see Chapter 5), industry-level cost curves were

-18The coalition includes the Alliance of Automobile Manufacturers, the American Lung Association, the Association of Intemational
Automobile Manufacturers, the Association of Local Air Pollution Control Officials, the California Trucking Association, the Clean Air Net-
work, the International, Truck and Engine Corporation, Manufacturers of Emission Contro! Association, the Natural Resources Defense
Council, Northeast States for Coordinated Air Use Management, the Sierra Club, the State and Territorial Air Poliution Program Adminis-
trators, U.S. Public Interest Research Group, and the Union of Concerned Scientists.

19 Discussions with Mr. Bill jordan, Texas Natural Resource Conservation Commission, and Mr. Tim Dunn, California Air Resources
‘Board.

" 20 Diesel Fuel News, Vol. 5, No. 4 (February 19, 2001).

21Energv Information ‘Administration, National Energy Modeling Syctem An Overview 2000, DOE/EIA-0581(2000) (Washington, DC
March 2000), www.eia.doe.gov/ oiaf /aeo/overview/index htmi.

22Contact with diesel engine manufacturers included Cummins, Inc., Mack Truck, Inc., and Caterpillar, Inc. Contact with emission con-

trol manufacturers included Johnson Matthey and Engelhard Corporation. Refining industry contacts included the American Petroleum
Institute (API), the Cenex Harvest States Cooperatives, UniPure Corporation, Equilon Enterprises, LLC, Lyondell Citgo Refining Company,
Ltd., ExxonMobil Refining and Supply Company, Marathon Ashland Petroleum, LLC, and the National Petrochemical and Refining Associ-
ation (NPRA). Government contacts included the U.S. Department of Energy'’s Office of Policy and Office of Transportation Technologies
and the U.S. Environmental Protection Agency.

-31ndependent expert reviewers were Mr. Raymond E. Ory, Vice Pre51dent Baker and O'Brien, Inc.; Mr. Norman Duncan, Energy Insti-

tute, University of Houston; and Mr. Kevin Wag uespack, PricewaterhouseCoopers.
9256A

4 Energy information Administration / Transition to Ultra-Low-Sulfur Diesel Fuel



e it

" -

)

4

constructed, based on refinery-specific analvsis of
investment requirements and operating costs.** Unlike
the NEMS projections discussed below, the cost curves
do not reflect an equilibrium market price.

The cost curves developed for this study are the result of
a refinery-by-refinery analysis. Because of the propri-
etary nature of the data, this analvsis does not disclose
information about individual refineries. The ULSD pro-
duction costs were estimated for different groups of
refineries based on their size, the sulfur content of the
feeds, the fraction of cracked stocks in the feed, the boil-
ing range of the feed, and the fraction of highway diesel
produced. The capital and operating costs for the differ-
ent groups were developed for EIA by the staff of the
National Energy Technology Laboratory (NETL).?*

The technologv cost representations were used to
develop four sets of cost curves based on four different
investment rationales. Within a given supply curve, the
relative costs of different groups of refineries provide an
indicator of possible supply problems. A large range of
compliance costs in which investment costs are much
higher for some refiners than for others may be an indi-
cation that some refiners may forgo investment. The
behavior of refiners will be influenced by their expecta-
tion of what others will do and is therefore subject to
great uncertainty. In order to explore the uncertainty of
refinerv behavior and the possible implications for sup-
plv, cost cirves were developed based on the four differ-
ent scenarios of investment behavior discussed below:

_* Competitive Investment Scenario. This scenario
assumnes that some refineries will produce ULSD in
2006, while others mav find it more economical to
abandon the market. Refiners that have competitive
costs of production are assurned to maintain market
shares similar to current highway diesel market
shares. Refinenes currentlv producing a relatively
low fraction of diesel fuel mav abandon the market
unless their cost per unit is competitive at current
highwav diesel production levels.

* Cautious Expansion Scenario. Current producers
with competitive cost structures for ULSD produc-
tion and a high vield of diesel production (greater
than 70 percent of middle distillates) are assumed to
increase production if the unit cost of the increased
production is not substantial. Other refineries mav
also increase their fraction of highway production if
economical and if the non-road market will allow.
For instance, the Northeast has a strong heating oil
market, potentially limiting a shift toward highway
diese! production.

¢ Moderate New Market Entry Scenario. This cost
curve assumes that a selective number of refineries
that are currently producing littie or no highway die-
se]l will enter the ULSD market. The underlving
premise is that there would be a limited number of
companies that think they will be able to gain market
share without depressing margins to the extent of
undercutting profits. Onlv a few will make this
move, while the rest wait for a clear indication of

ULSD margins.

¢ Assertive Investment Scenario. Refineries were
assumed to make the requisite investments to either
maintain or gain highway diesel market share.

The scenarios discussed above are based on capital cost
and return on investment assumptions that are consis-
tent with EPA’s analysis. Due to the uncertainty of these
assumptions, two sets of sensitivity analvsis are also
provided. To address the uncertaintv associated with
the cost of installing or modifving distillate hvdro-
treaters for producing ULSD, a set of scenarios was
developed assuming capital costs for hvdrotreater units
that are about 40 percent higher than the initial set. An
additional set of scenarios explores the impact of assum-
ing a 10-percent after-tax rate of return on investment,
used in most of the studies compared in Chapter 7,
instead of the 5.2-percent after-tax rate (equivalent to 7
percent before tax) assumed in the initial set.

Assessment of Mid-Term Effects
of the Rule

The mid-term analvsis for this study was performed
using the NEMS Petroleum Market Module (PMM). The
PMM represents domestic refinery operations and the
marketing of petroleum products to consumption
regions. PMM solves for petroleum product prices,
crude oil and product import activity {in conjunction
with the NEMS International Energy Module and Indus-
trial Demand Module), and domestic refinery’ capacity
expansion and fuel consumption. PMM is a regional, lin-
ear programming representation of the U.S. petroleum
market. Refining operations are represented bv a
three-region linear programming formulation of the
five Petroleum Administration for Defense Districts
(PADDs). PADDs I (East Coast) and V' (West Coast) are
treated as single regions, and PADDs [l (Midwest). liI
(Gulf Coast), and IV (Rocky Mountains) are aggregated
into one region. Each region is considered as a single
firm where more than 80 distinct refinerv processes are
modeled. Refining capacity is allowed to expand in each
region over each 3-vear period. Ax a result, cumulative

>4The EPA and Baker and O'Brien also developed refnerv-specific cost analyvses. but their estimates did not retiect data related (o the
Jquahty of crude oil mputs and the quahity ot diese! tuel components mput to downstream unts, collected by £l A

P

-*The technology costs were developed m consultation with Mr lohn Hackworth and were reviesed by Mr Ray Oy one ot FIA < inde-

pendent expert re 1iewers, and by members of AP
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investment for any given year may include investment
to meet future product expectations.

Unlike previous ULSD analysis sponsored by the EPA
or industry groups, the PMM provides multi-year sce-
narios. These scenarios reflect market prices rather than
average costs and implicitly include investment and
import decisions. Because each model region operates as
a single firm, the impact of the ABT refinery credit pro-
gram is also implicitly represented. The PMM cannot
differentiate between the costs of different types of refin-
eries, but the impact of the temporary compliance option
for small refiners is partially accounted for in this analy-
sis by reducing the refinery production of ULSD by 4
percent prior to 2010.

The PMM was used to develop a ULSD Regulation case
based on the provisions of the EPA’s final ULSD Rule.
Five sensitivity cases were developed for assumptions
associated with greater uncertainty, a< well as a Severe
case, which combines the five sensitivity case assump-
tions in a single scenario, a No Imports case, and a 10%
Return on Investment case. The eight alternative cases
explore the impacts of the following assumptions:

* The capital costs associated with distillate hydro-
treaters (the Higher Capital Cost case).

* The reliance of refineries on revamped equipment
versus new equipment (the 2/3 Revamp case)

* The percentage of ULSD that is downgraded to a
lower value product because of contamination from
higher sulfur products in the distribution system
(the 10% Downgrade case)

* The fuel efficiency loss associated with meeting new
diese] emissions standards (the 4% Efficiency Loss
case)

* The loss in ULSD energy content resulting from
more severe desulfurization processes (the 1.8%
Energy Loss case) ‘

* The combined effects of the alternative assumptions
in the previous five sensitivity cases (the Severe case)

* The impact of the ULSD Rule assuming that foreign
imports meeting the new sulfur standards will not
be available (the No Imports case).

¢ The rate of return on investment (the 10% Return on
Investment case).

The PMM provides average annual marginal prices.
Because of its aggregate regional and annual nature, the
PMM cannot be used to address short-term supply
issues. The results of the PMM scenarios assume that, in
the long run, refiners will increase supply to meet
demand.

Assessment of Distribution and Marketing
Effects of the Rule

The temporary compliance and small refinery provi-
sions were incorporated into the Final Rule as a “safety
valve” to minimize potential supply problems by allow-
ing up to 20 percent of a refinery’s highway diesel fuel
production to remain at the current 500 ppm sulfur stan-
dard between June 1, 2006, and May 31, 2010, and by
allowing small refineries (representing about 5 percent
of total diesel fuel production) to delay compliance with
the new standard until June 1, 2010. These provisions
provide flexibility to refiners during the transition
period but will effectively require the distribution sys-
tem to temporarily handle an additional product. Aside
from carrying an additional product, the distribution
system will face new challenges related to transporting a
very-low-sulfur fuel in the same system with other,
high-sulfur products. The discussion of the implications
of the ULSD Rule for the pipeline distribution system
(Chapter 4) is based on interviews with a number ot
pipeline companies representing a cross-section of size,
capacity, location, markets, corporate structures, and
operating modes.?

The mid-term scenarios generated by the PMM include
additional distribution costs associated with getting the
ULSD to market during the transition period and after
2010. The incremental distribution costs reflect both the
cost of capital for pipelines, terminals, and retail outlets
and the costs associated with downgrading highway
diesel that is contaminated during distribution. The cap-
ital component of the distribution costs used in this anal-
ysis is the same as that used in‘the EPA’s Regulatory
Impact Analysis (RIA) and is similar to those estimated
by two other studies (Chapter 7). The cost of down-
graded product is estimated by EIA using EPA’s total

26The companies that participated in the interviews included Buckeye Pipe Line Company, Colonial Pipeline, Conoco Pipe Line Com-
pany, Kaneb Pipeline Partners, L.P., Kinder Morgan Energy Parmers L.P., Marathon Ashiand Petroleum, LLC, TE Products Pipelin > Com-

pany, L.P., and Williams Energy Services.
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Mason and Associates.” Due to the uncertainty about
the extent of downgrade that will occur in the pipeline
svstem, EIA has also projected the costs associated with
larger downgrade assumptions (see Chapter 6).

downgrade assumption of 4.4 percent and the price dif-
ferential between ULSD and other diesel 2" Estimates for
the percent of downgraded product range between
EPA’s 44 percent estimate to 17.5 percent by Turner

- LS. Environmental Protection Agency, Regulatory Impact Analysis: Heasy-Dutu Engunie and Velucle standareads and Highzeau Diese! Fue!
sulfur Requirements, EPA420-R-00-0260 (Washington, DC, December 2000), Chapter V', web site wwiv.epa.gov, otag, reps  hd2007 tam
na-v.pdi

2 Turner. Mason & Company, Ret
August 8, 200

wsed supplement to Report: Costs/impacts of Distributin e Potentad Uitea Loz sudner Diese! (Dallas, T\,

o
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2. Efficiency and Cost Impacts
of Emission Control Technologies

Background

The new ultra-low-sulfur diesel (ULSD) Rule issued by
the U.S. Environmental Protection Agency (EPA)
requires not only that the sulfur content of transporta-
tion diesel fuel oil produced by domestic refineries be
drastically reduced by 2007, but also that emission con-
trols on heavy-duty diesel engines be imposed to dra-
maticallv reduce emissions of nitrogen oxides (NO,),
particulate matter (PM), and hydrocarbons (HC). This
chapter summarizes the new heavy-duty engine emis-

sion standards, discusses the feasibility of meeting the

standards based on a review of the EP A-identified emis-
sion control technology options that might be available,
and assesses cost implications of the technology options.

The new ULSD standards finalized by the EPA are cru-
cial to the successful development of emission contro!

equipment for heavy-duty diesel engines. The catalysts’

to be used in meeting the emission standards can be
severely damaged by sulfur contamination. For exam-
ple, catalyst-based particulate filters for diesel engines
have shown significant losses of conversion efficiency
with ruel containing 30 ppm sulfur, particularly in
colder clhimates. With respect to NO, adsorbers,
researchers have found that at fuel sulfur levels above 10
ppm, the heavy truck emission standard mav not be
attainable.

The EPA’'s final emussion standards will affect new
heavy-duty vehicles in model vears 2004, 2007, and 2010.
Although this study focuses on the impact of the 2007
standard, discussion of the 2004 standards and the asso-
ciated impacts on technology, cost, and efficiencv are
relevant to the analysis. In 1997, the EPA proposed new
emission standards for 2004 and later model vear
heavv-duty diesel engines that required a combined
standard for NO, and HC of 2.4 grams per brake horse-
power-hour (g /bhp-hr).2Y The current standard for NO,
is 4 g /bhp-hr. and the standard for HC is 1.3 g /bhp-hr.
The proposed standard was reviewed by industry, and
in 1998 the EPA signed consent decrees with several

heavv-duty engine manufacturers, stating that the 2004
emission standards would be met bv October 2002.%
The standards for new heavy-duty hxghu av vehicles in
model years 2004 and later were finalized July 2000.

In December 2000, EPA published additional stardards
for on-road heavv-duty diesel engines that would take
effect beginning in 2007. These standards will require
stricter control of PM (0.01 g/bhp-hr), NO, (0.20
g/bhp-hr), and HC (0.14 g /bhp-hr) emissions. The new
standards apply to diesel-powered vehicles with gross
vehicle weight (GVW} of 14,000 pounds or more.
The PM standard applies to all on-road heavy- and
medium-duty diesel engines. The NO, and HC stan-
dards are to be phased in at 50 percent of new vehicle
sales in model years 2007 through 2009. In 2010, all new
on-road vehicles will be required to meet the NO, and
HC standards.

* For vears 2007 through 2009, the EPA allows diesel

engine manufacturers flexibilitv in meeting the NO, and
HC standards.?! Engine manufacturers are provided the
option of producing all diesel engines to meet an aver-
age of 2004 and 2007 NO, and HC emission standards
{1.1 g/bhp-hr). Engine manufacturers and EPA have
confirmed that the industry intends to design and pro-
duce engines that meet the average NO, /HC emission
standard, providing engine manufacturers the abilityv to
comply with the standards by using less stringent erms-
sion - control systems.* If manufacturers produce
low-emission engines in 2006, the number produced can
be deducted from 2007 production requirements.

Emission Control Technologies

Historically, engine manufaciures have met -new
emissions standards through modifications to engtne
design. The continuation of this trend is seen in the
projection of technologies used to meet the EP4's 2004
emission standards for heavy-duty diesel engines. An

- EPA-commissioned technology studv that addressed

2The brake horsepower of an engine 1s the effective power output, sometimes measured as the resistance the engine provides to a brawe
anm hed to the output shaft. A bhp-hr is that unit of work or energy equal to the work done at the rate of 1 horsepower tor 1 hour
¥'L.S Emvironmental Protection Agemv Frual Emussion Standards for KIS and Later Model Year Hichivay Heavu-Dura Velucles avid Ennines.

EPA-PU F-00-026 (Washington, DC, July 2000), p. 4.

LS Environmental Protection Agency, Heary- Duh/ En\'uu'uud Veh cle smudunh and Highivay Diesel Fuel Sulfur Control Requiremens,

EPA420-FUU-057 (Washungton, DC, December 2000}, p. 2

> Based on telephone interviews with engme manufacturers and the U.S Environmental Profection Agency,
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technology, availability, cost, and effiéiency concerns
concluded that engine manufacturers could meet the
2004 emission standards with engine control strate-
gies—primarily, exhaust gas recirculation (EGR) and
high-pressure fuel injection systems with retarded fuel
injection strategies.33 The EPA also stated that other
advanced diesel engine technologies—such as waste-
gated turbochargers, air-to-air after-coolers, advanced
combustion chamber design, and electronic controls—
could be used to heip meet the 2004 emission standards.

Although the EPA states that implementation of cooled

- EGR will achieve most of the necessary emission reduc-

tions and that increases in fuel consumption are
expected due to pumping losses, they believe that
advanced turbochargers, advanced combustion cham-
ber design, and electronic controls will also be used to
overcome losses in efficiency. The EPA also mentions
various catalyst technologies that might be used to meet
the NO, and PM standards but concedes that engine
manufacturers will opt for engine control strategies to
meet the NO, standard, due to both economic and
technological concerns regarding the catalyst technolo-
gies for NO, reduction. The EPA concludes that particu-
late traps or oxidation catalysts will be used to control
PM.3* The assumptions reflected in the EPA study
were recentlv confirmed when several engine manu-
facturers reported that they would implement the
above-mentioned engine technologies to meet the 2004
standards.35-36-7 B -

Whereas engine manufacturers have been able in the
past to meet new emission standards by using advanced
engine controls and technologies, they will have to rely
heavily on component and system development by
emission control equipment manufacturers to meet the
2007 standard. In particular, engine manufacturers must
implement an exhaust after-treatment catalyst technol-
ogy to control NO, emissions.

Several NO, control after-treatment devices = are
currently being investigated, including lean-NO, cata-
lysts, NO, adsorber catalysts, and urea-based selective

—-

catalytic reduction (SCR) devices. Lean-NO, catalysts
have not seen significant improvement in NO, reduc-
tion efficiency during the past 3 years and are not con-
sidered a viable option, but NO, adsorber and SCR
svstems have shown potential for significant reduction
of NO, emissions.3 The NO, absorber catalyst works by
temporarily storing NO, during normai engine opera-
tion on the adsorbent. When the adsorbent becomes sat-
urated, engine operating conditions and fuel delivery

ates are adjusted to produce a fuel-rich exhaust, which
- 1s used to release the NO, as N,. The SCR process

involves injecting a liquid urea solution into the exhaust
stream before it reaches a catalyst. The urea then breaks
down and reacts with NO, to produce nitrogen and
water. Using the SCR system, it might be possible to
meet the NO, emission standard without -ultra-low-
sulfur diesel fuel. -

Industry experts have indicated that the SCR system
shows more promise than the NO, adsorber system for
reduction of NO, emussions in truck applications.?
There is currently no infrastructure in place for the dis-
tribution of urea, however, and other issues remain to be
addressed, including freezing of the urea solution in
extreme weather conditions as well as operator compli-
ance. Several engine manufacturers are working on
infrastructure development plans for liquid urea.
Although the EPA agrees that the technology is promis-
ing, it has serious concerns about compliance issues,
because truck drivers may forgo refilling the urea tanks
in an effort to save on operating costs. Engine manufac-
turers are working with the EPA to develop engine con-
trol systems to address this and other engineering
issues. The SCR technology will not be viable until infra-
structure plans are established and engine manufactur-
ers can demonstrate to the EPA that compliance can be
assured through reasonable engine contro! strategies.

Currently, the EPA expects NO, adsorbers to be-the
most likely emission control technology applied by the
industry.*’ Using current catalyst technology, the
fuel-rich cycle reduces fuel efficiency by 4 percent.?! The
majority of the reduction in fuel efficiency comes from

3y.s. Environmental Protection Agency, Regulatory impact Analysis: Control of Emissions of Air Pollution From Highway Heavy-Duty

Engines, EPA420-R-00-010 (Washington, DC, july 2000), p. 21.

M{.S. Environmental Protection Agency, Regulatory Impact Analysis: Control of Emissions of Air Pollution From Highway Heavy-Duty

Engines, EPA420-R-00-010 (Washington, DC, july 2000), p. 46.

FDieselNet, “Caterpillar Announces New Emission Technology,” web site www.dieselnet.com/news /0103cat.html (March 2001).
36Newport's Truckinginfo.com, “Mack To Use EGR To Meet ‘02 Emissions Standards,” web site http:/ /www .trcukinginfo.com/news/

news_print.asp’news_id=42839 (March 20, 2001).

*DieselNet, “Cummins in Support of Cooled EGR Technology,” web site www.dieselnet.com/news/0103cummins.htm! (March 2001).
3By.S. Department of Energy, Office of Transportation Technologies, “Impact of Diese! Fuel Sulfur on CIDI Emission Control Technol-

ogy” (August 21, 2000), p. 2.

¥Based on telephone interviews with manufacturers of heavy-duty diesel engines.

40y 5 Environmental Protection Agency, Technical Support Document for the Heavy-Duty Ergine and Vehicle Standards und Higiway Diesel
ruei Sulfur Control Requirements: Air Quality Modeling Analyses, EP A420-R-00-028 (Washington, DC, December 2000), p. V-3.

41U.S. Department of Energy, Office of Transportation Technologies, “Diesel Emission Control: Sulfur Effects (DECSE) Program Phase 1]

Summary-Report: NO, Adsorber Catalysts” t October 2000), p. 21.
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the reduction of sulfur in the exhaust stream. The sulfur
accumulates on the NO, adsorber catalyst, and eventu-
allv adsorber storage capability is completely lost. Even
at ultra-low-sulfur levels, further desulfurization must
occur to ensure that the NO, adsorber is not “poisoned.”

To date, no NO, adsorber systern has proven feasible.
Although NO, adsorbers have demonstrated compii-
ance using ULSD (7 ppm), the systems show losses in
conversion efficiency after 2,000 miles of operation.*
Concemns have also been raised about the ability of the
technology to perform over a range of operating temper-
atures and loads. Industry and government research
efforts are seeking ways to overcome the obstacles fac-
ing the NO, adsorber technology.

In order to meet the 2007 emission standards for heavv-
duty diesel engines, the EPA makes the following
assumptions regarding the performance of NO,
adsorber emission control technology:

* Conversion efficiencies will improve so that the
overall loss of fuel economy will be only 2 percent: 1
percent for the fuel-rich cycle and 1 percent for
pumping losses.

* EGR equipment will be optimized as a result of the
improved efficiencv of NO, adsorber emission con-
trol equipment. The optimized EGR air-to-fuel mix-
ture will provide a 1l-percent increase in fuel
efficiency. which will offset the 1-percent loss in effi-
ciency from the fuel-rich exhaust cvcle.

" » The application of the new emission control technol-
ogv will provide a 3-percent or greater increase in
effictency by offsetting the fuel efficiency reductions
that were incurred to meet the 2004 standard when
diesel engine manufacturers manipulated fuel injec-
tion timing to optimize for low NO, emissions.

Based on these assumptions, EPA predicts that there
will be no loss in fuel efficiency associated with the NO,
adsorber catalvst designed to meet the 2007 emission
standard.** Although experts agree that this is possible,
it has vet to be proven.** Current field tests reveal a 4- to

S-percent fuel efficiency loss with current state-of-the- .

art technologv, which still requires EGR and timing
control. Zxperts agree, however, that NO, adsorber

catalvsts are expected to improve and that the associated
optimization of EGR and timing control will eventually

be achieved.

Technology Costs

The EPA’s cost analysis of the technologies required to
meet the 2004 standard assumed that fuel injection and
turbocharger improvements would occur without the
new emission standards. Therefore, when estimating
increases in engine costs, the EPA excluded 50 percent of
the technology costs in the total cost estimation. The
incremental costs for medium-duty engines were esti-
mated to be $657 in 2004, decreasing to $275 in 2009.
Heavy-duty engine costs were estimated at $803 in 2004,
decreasing to $368 in 2009 .4

The EPA also estimated increases in annual operating
costs of $49 for medium-duty engines and 5104 for
heavy-duty engines for the maintenance of the EGR sys-
tem. The cost of the NO, adsorber emission control sys-
tem for medium-duty engines was estimated at $2,564 in
2007, decreasing to 51,412 in 2012. For heavyv-duty
trucks, the cost of control technologv was estimated at
$3,227 in 2007, decreasing to $1,866 in 2012.7¢ Although
engine manufacturers state that these costs are optimis-
tic, no studies have been completed to dispute the EPA
estimates.

Efficiency Losses

EPA assumptions for the impacts of the ULSD Rule on
diesel engine fuel efficiency are used for the Regulation
case in this analvsis. Because the emission control tech-
nology development needed to meet the 2007 standards
remains to be developed, however, a sensitivity case
was analvzed to evaluate the possible impacts of tuel
efficiencv reductions *" In the 4% Efficiency Loss case for
this stud—)', it is assumed that meeting the emission stan-
dards in 2010 will reduce the average fuel efficiency of
highwav heavy-dutv diesel engines bv 4 percent,
improving to no efficiencv loss in 2015. 1t 1s assumed in
this scenario that engine manufacturers will not be able
to overcome fuel efficiencv losses in order-to meet the
standards in 2010, but with continued improvements in
NO, adsorber efficiencv and desulfurization catalvsts,
they will be overcome by 2015. '

3= Manuiacturers of Emission Controls Association, Catalysi-Based Diesel Particulate Filters and NO  Addsorbers: A summury of the Teclnol-

ogies and the Effects of Fuel Suifur (August 14, 2000), p. 19.

LS. Environmental Protection Agency., Teclmucal Support Document for the Heavy-Duty Encine and Veincle Standarids and Hichieau Diesel
Fuc! Sulfur Control Requirements: Arr Quality Modeling Analyses, EPA420-R-00-028 (Washington, DC, Denember 20004, p V34
+ Based on phone interviews with emission control equipment manufacturers.
435, Environmental Protection Agency, Regulatory Impact Amalysis- Control of Enmssions of Awr Polhution From Highicayw Heasw-Dutu

Encnes. EP A420-R00-010 (Washington, DC, july 2000). p. 88.

LS Enviromimental Protection Agency. Teclmncal Support Document for the Heazy-Disty Enine and Velucle stasndirids ynd Hivlieas Diesel

Fret sulfur Control Requirements: Arr Quality Modeluig Analuses, EPA420-R-00-028 (Washingron, DC, December 2000, p \'-38
37 Although this case reflects a scenaria in which losses in efficiency from emission contol are not vvercome by new technology . the con-
siderable t'me available for research and development may provide government and imdustry ample e 10 resoh e the el ot ictens v loss

1ssues assoxrated with advanced emission control technologies
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e reference case for this analysis includes assump-
tions for the market penetration of advanced engine and
vehicle technologies and resulting improvements in fuel
efficiency. Included in the slate of technologies are low
rolling resistance tires, improved aerodynamics, light-
weight materials, advanced electronic engine controls,
advanced turbochargers, and advanced fuel injection
systems. Market penetration is estimated using a pay-
back function in which the incremental capital cost for
each technology is compared to a stream of fuel savings
over a specified technology payback period (1 to 4
vears), discounted at 10 percent. In the reference case it is
projected that average new truck fuel efficiency will
increase from 6.4 miles per gallon in 2000 to 7.4 miles per
gallon in 2020.

)

{

New vehicle fuel efficiency is reduced slightly in the 4%
Efficiency Loss case, but the impact on stock efficiency is

- -

marginal because the number of new vehicles expected
to enter the market is small relative to the total numbe

of vehicles on the road. Fuel expenditures for heavy
trucks are projected to be $1.9 billion higher in 2007 in
the 4% Efficiency Loss case than in the reference case,
and the difference grows to $2.9 billion in 2011 (Table 1),
an increase of $410 in average fuel expenditures per
truck. Cumulative fuel expenditures from 2007 to 2015
are projected to be $17.6 billion higher in the Regulation
case than in the reference case and an additional $3.0 bil-
lion higher in the 4% Efficiency Loss case. The projected
cumulative increase in energy use in the 4% Efficiency
Loss case is approximately 80 trillion British thermal
units (Btu). Energy consumption projections are dis-
cussed in Chapter 6.

Table 1. Projected Fuel Expenditures for Heavy-Duty Diesel Vehicles, 2006-2020

(Billion 1999 Dollars)

T
Analysis Case 2007 2008 2009 2010 2011 2015 200?-‘2((5 15
Total Fuel Expenditures
Reference ................ 39.45 40.46 41486 42.18 42.98 4596 385.63
Reguilation. ............... 41.37 42.31 43.09 44.40 45.55 47.95 403.24
4% Efficiency LOSS ......... 41.37 42.31 43.09 44.58 45.92 48.44 406.21
Incremental Fuel Expenditures .

Reguiation................ 1.92 1.85 1.63 2.21 2,57 1.99 17.62
4% Efficiency Loss . ... ..... 1.92 1.85 1.63 2.38 2.94 2.49 20.58

_Source: National Energy Modeling System, runs DSUREF.D0430018. DSU7PPM.D043001A. and DSU7TRN.DO43001A.
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3. Desulfurization Technology

Introduction

The availability of technologies for producing ultra-
low-sulfur diesel fuel (ULSD) was one of the issues
raised by the House Committee on Science. First, do ade-
quate and cost-effective technologies exist to meet the
ULSD standard? Second, are technologies being devel-
oped that could reduce the costs in the future? Last, is it
likely that the needed technologies can be deploved into
the market in time to meet the ULSD requirements of the
rule?

A review of the technologies reveals that current tech-
nologies can be modified to produce diesel with less
than 10 parts per million (ppm) sulfur. A small number
of refineries currently produce diesel with sulfur in the
10 ppm range on a limited basis. The existence of the reg-
uisite technologv does not ensure, however, that all
refineries will have that technology in place in time to
meet the new ULSD standards. Widespread production
of ULSD will require many refineries to invest in major
revamps or construction of new units. In addition to the
status of desulfurization technologies, this ¢hapter dis-
cusses possible impediments to their deplovment.

Refineries in the United States are characterized by a
wide range of size, complexity, and quality of crude oil
inputs. Upgrades at a given refinerv depend on individ-
ual aircumstances, including the refinery’s existing con-
figuration, its inputs, its access to capital, and its
perception of the market. The sulfur in petroleum prod-
ucts comes from the crude oil processed by the refinery.
Refiners can reduce the sulfur content of their diesel fuel
to a limited extent by switching to crude oil containing
less sulfur; however, sulfur reduction from a switch in
crude oil would fall well short of the new ULSD stan-
dard. Refineries will require substantial equipment
upgrades to produce diesel with such limited sulfur.

In order to allow for some margin of error and product
contamination in the distribution svstem, refineries will
be required to produce highwav diesel with sulfur
somewhat below 15 ppm. Due to limited experience
with such low-sulfur products, the exact sulfur level that
will be required by refineries is not certain. In the Regu-
latory Impact Analvsis for the ULSD Rule, the EPA
assumed highway diesel production with an average of

7 ppm. Whether production is at 10 ppm or 7 ppm, the
same technology would be used. In general, a relatively
lower sulfur content would be achieved with more
severe operating conditions at a higher cost.

Considerable development in reactor design and cata-
lyst improvement has already been made to achieve
ULSD levels near or below 10 ppm. In some cases low
sulfur levels are the consequence of refiners’ efforts to
meet other specifications, such as low aromatre levels
required in Sweden and California. In other cases refin-
ers have decided to produce a “premium” low-sulfur
diesel product, as in the United Kingdom, Germany, and
California. These experiences, though limited, provide
evidence for both the feasibility of and potential difficul-
ties in producing ULSD on a widespread basis.

Refineries currently producing ULSD in limited quanti-
ties rely on enhanced hvdrotreating technology. Tech-
nology vendors expect that this will also be the case for
widespread production of ULSD. The following section
focuses on . hydrotreating as the primarv means to
achieve ULSD levels. A few emerging and unconven-
tional desulfurization technologies are also discussed,
which if proven cost-effective eventually may expand
refiners’ options for producing ULSD.

ULSD Production Technologies

Verv-low-sulfur diesel products have been available
commerciallyv in some European countries and in Cal-
fornia on a limited basis. Sweden was the first to impose
very strict quality specifications for diesel fuel, requiring
a minimum 30 cetane, a maximum of 10 ppm on sultur
content, and a maximum 5 percent on aromatics content.
To meet these specifications the refinerv at Scanraff,
Sweden, installed a hvdrotreating facilitv based on
SvnTechnology.* The Scanraff hvdrotreating unit con-
sists of an integrated two-stage reactor system with an
interstage high-pressure gas stripper. The unit processes.
a light gas o1l (LGO) to produce a diesel product with
less than 1 ppm sulfur and 2.4 percent aromatics by vol-
ume. It i1s important to note that the Scanraff plant is
highly selective of its feedstock to achieve the ultra-low
sulfur content which mayv not be generalized to most
U.S. refineries.

*B Lander Linde (Shell), R Menon {ABB Lumimus), D. Dave & § Gustas {Cniterion, “SynT eehnolegy An Attractive Solunon jor Veet-
g Future Diesel Specitications,” presentalion 1o the 1994 Asian Refining Technology Conterer-ce, ARTC-99
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In addmon to Sweden, other European countries are
encouraging the early introduction of very-low-sulfur
diesel fuel ahead of the shift to a European requirement
for 50 ppm diesel in 2005. The United Kingdom and Ger-
many have structured tax incentives for the early intro-
duction of 50 ppm diesel fuel and have discussed
incentives for introduction of a 10 ppmn diesel fuel. An
example of a European refinery capable of producing
diesel fuel for these markets, is BP’'s refinery at
Grangemouth, United Kingdom, which has a 35,000
barrel-per-stream-day unit originally designed for 500
ppm sulfur in 1995.4° The hydrotreater at Grangemouth
has a two-bed reactor, no quench, and operates at about
950 pounds per square inch gauge (psig). Operating at a
space velocity of 1.5 and using a new higher activity
AK30 Nobel catalyst (KF757), the unit is producing 10 to
20 ppm sulfur diesel product. The feed is primary LGO
with a sulfur content of about 1,800 ppm, derived from a
low-sulfur crude. BP reported that on several occasions
the feed had included a small fraction of cycle oil, which
resulted in a noticeable increase in catalyst deactivatior
rate.

In 1999 Arco announced that it would produce a pre-
mium diesel fuel— which Arco termed “EC Diesel”—at
its Carson, California, reﬁr\ery‘50 EC Diesel is a “super
clean” diesel designed to meet the needs of fleets and
buses in urban areas. The reported quality attributes
include less than 10 ppm sulfur, less than 10 percent
aromatics, and 60 cetane, among others." Arco indi-
cated that the crude slates of the Carson refinery would
remain unchanged, with only the operating conditions
modified. The refinery had to selectively take out a sul-
furous, aromatic cycle oil feed stream to the diesel unit
and repeat this every few days for batches. If continuous
production were required, a major capital investment

"~ would have to be made. In April 2000, Equilon also

announced that its Martinez refinery in Northern Cali-
fornia could provide ULSD for fleet use in that region of
the State.>?

The challenge of producing ULSD from feedstocks that
are difficult to desulfurize is well represented by the
experience of Lyondell-Citgo Refining (LCR) at its refin-
erv in Houston, Texas. In 1997 the refinery moved to a
diet of 100 percent Venezuelan crude.5* The gravity of
the crude oil was less than 20 °API, and it was highly
aromatic. To produce suitable quality low-sulfur diesel
product the refinery had revamped a hydrotreater to

oy~

SynSat operation in 1996 and then converted to SynShift
in 1998. The revamped hydrotreater has a capacity o
50,000 barrels per day and consists of a first-stage reactor
operating at 675 psig pressure, a high-pressure stripper,
and a second-stage reactor that uses a noble metal cata-
lyst. The feed to the unit is a blend of light cycle oil
(LCO), coker distillate, and straight-run distillate
(approximately equal volumes) with 1.4 percent sulfur
by weight, 70 percent aromatics, and a cetane number of
30. The product has about 40 percent aromatics, a cetane
number of 38.5, and sulfur content less than 140 ppm.

Citgo reported that the LCR hydrotreating unit was the
largest reactor of its type when installed in 1996 and that
the volume of catalyst in the unit, which had been 40,000
pounds in the old unit, had increased to 1.7 million
pounds in the revamped unit. The diesel sulfur_level
produced in the unit reportedly met the 15 ppm sulfur
cap at initial conditions at start of run, but as the
desulfurization catalyst aged, the reactor temperature
had to be revised to achieve target sulfur levels. If the
revamped unit had to consistently meet a 15 ppm diesel
sulfur limit, the cycle life could be greatly reduced from
current operation, causing frequent catalyst replace-
ment and more frequent shutdowns. Under the current
mode of operation, the frequency of catalyst changeout
is managed by reducing the cracked stocks in the feed to
the unit. More frequent catalyst changeouts to meet a 17
ppm sulfur cap reportedly could raise the cost of diesel
production.

Hydrotreating:

Conventional hydrotreating is a commercially proven
refining process that passes a mixture of heated feed-
stock and hydrogen through a catalyst-laden reactor to
remove sulfur and other undesirable impurities. Hydro-
treating separates sulfur from hydrocarbon molecules;
some developing technologies remove the molecules
that contain sulfur (see box on page 16). Refineries can
desulfurize distillate streams at many places in a refin-
ery by hydrotreating “straight-run” streams directly fol-
lowing crude distillation, hydrotreating streams coming
out of the fluid catalytic cracking (FCC) unit, and/or
hydrotreating the heavier streams that go through a
hydrocracker. Over half of the streams currently going
into highway-grade diesel (500 ppm) are made up from
straight-run distillate streams, which are the easiest and
least expensive to treat.

491 A. Gerritson, F. Stoop {Akzo Nobel Catalyst), P. Low, J. Townsend, D. Waterfield, and K. Holdes (BP Amoco), “Production of Green
Duesel in the BP Amoco Refineries,” presented at the WEFA Conference (Berlin, Germany, june 2000).

50Now part of BP Amoco.

51 Arco’s EC Diesel Dominates CARB Advisory Discussion,” Diesel Fuel News (April 26,1999), p. 5.
_ Equnlon Ofters 15 PPM Sulfur Diesel for N. California,” Diesel Fuel News (April 10, 2000), p. 10.
53’L Allen (Criterion Catalyst Co.), “Economic Environmental Fuels with SynTechnologies,” presented at the World Fuels Meeting,

EAA-World Fuels-98 (Washington, DC, Fall 1998).
54 Diesel Fuel News (April 11,2000), p. 17.
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Refineries with hydrotreaters are likely to achieve pro-
duction of ULSD on straight runs bv modifying catalvsts
and operating conditions. Desulfurizing the remainder
of the distillate streams is expected to pose the greatest
challenge, requiring either substantial revamps to
equipment or construction of new units. In some refiner-
ies the heavier and less valuable streams, such as LCOs,
are run through a hydrocracker. The distillates from the
cracked stocks contain a larger concentration of com-
pounds with aromatic rings, making sulfur removal
more difficult. The need for some refineries to.desulfur-
ize the cracked stocks in addition to the straight-run
streams may play a key role in the choice of technology.

When the 15 ppm ULSD specification takes effect in June
2006. refiners will have to desulfurize essentially all die-
sel blending components, especially cracked stocks, to
provide for highway uses. It is generally believed that a
two-stage deep desulfurization process will be required
by most, if not all refiners, to achieve a diesel product
with iess than 10 ppm sulfur. The following discussion
reviews a composite of the technological approaches
of UOP, Criterion Catalvst, Haldor Topsoe, and
MAKFining (a consortium effort of Mobil, Akzo Nobel,
Kellogg Brown & Root, and TotalFinaEIf Research).

A design consistent with recent technology papers
would include a first stage that reduces the sulfur con-
tent to around 250 ppm or lower and a second.stage that
completes the reduction to less than 10 ppm. In some
cases the first stage could be a conventional hvdro-
treating unit with moderate adjustments to the opera-
tion parameters. Recent advances in higher activity
catalysts also help in achieving a higher sulfur removal
rate.™* The second stage would require substantial modi-
fication of the desulfurization process, primarily
through using higher pressure, increasing hvdrogen
rate and purity, reducing space velocity, and choice of
catalvst. To deep desulfurize cracked stocks, a higher
reactor pressure is necessarv. Pressure requirements
would depend on the qualitv of the crude oil and the
setup of the individual refinery.

The level of pressure required for deep desulfurization
is a kev uncertainty in assessing the cost and av ailability
of the technologv. In its 2000 study, U.S. Petroleum

Refining: Assuring the Adequacy and Affordability of Cleancer
Fuels, the National Petroleum Council (NPC) suggested
that in order to produce diesel at less than 30 ppm sulfur,
new high-pressure hvdrotreaters would be required,
operating at pressures between 1,100 and 1,200 psig.™
Pressures over 1,000 psig are expected to require
thick-walled reactors, which are produced by only a tew
suppliers (see discussion later in this chapter) and take
longer to produce than reactors with thinner walls. In
contrast to NPC’s expectations, EPA’s cost analysis
reflected vendor information for revamps of 650 psig
and 900 psig units that would n .. reguive thick-walled
reactors. The vendors Indicated tha: axisting
hydrotreating unit could be retrofittcd with a number of
different vessels, including: a reactor, a hydrogen com-
pressor, a recycle scrubber, an interstage stnpper and
other associated process hardware.>’

The amount of hvdrogen required for desulfurization is
also uncertain, because the industry has no experience
with widespread desulfurization at ultra-low levels.
One of the primary determinants of cost is hvdrogen
consumption and the related investmment in hvdro-
gen-producing equipment. Hvdrogen consumption is
the largest operating cost in hvdrotreating diesel, and
minimizing hvdrogen use is a key objective in hyvdro-
treating for sulfur removal. In general, 10 ppm sulfur
diese! would require 25 to 45 percent more hvdrogen
consumption than would 500 ppm diesel, in addition to
improved catalvsts.™ Hvdrogen requirements at lower
sulfur levels rise in a nonlinear fashion.

In addition to improvements in design and catalvsts,
other modifications to refinerv operations can contrib-
ute to the production of ULSD. For example. high-sulfur
compounds in both straight runs and cracked stocks lie
predominantly in the higher boiling range of the mater:-
als. Thus, reducing the final boiling point for the streams
and cutting off the heaviest boiling segment can reduce
the difficulty of the desulfurization task. If a refiner has
hvdrocracking capability, the hvdrocracker would be an
ideal disposition for these streams. Some refiners mak-
ing both high- and low-sulfur distillate products mav be
able to allocate the more difficult distillate blend streams
to the high-sulfur product; however, the EPA is in
the process of promulgating “Tier 3” non-road engine

SThe type of improvement in catalyst activity is illustrated bv Akzo Nobel new KF757 cobalt-molvbdenum (CoMeo) catalvst Comparing
KF 757 with its predecessor catalvst Akzo states, A diesel unit des:gned toachieve 500 w ppm product sultur with KF 732 can easily achieve
less than 230 ppm product sulfur with KF 757 while mamtammg the same operating cvcie.” Source: C.P Simit, “MAKFiming Premwum Disul-
lates Technology- The Future of'Distillate Upgrading,” presentanon 10 Petrobras (Ria de |aneiro, Brazil, August 24, 20000, p 4.
> National Petroieum Council, U.5. P(‘trol('nm Refimng: Assurmg the Adeguaru and Affordabriiry of Cleaner Fuels (hune 20001, Chapter ™. pp

132-133. .

51U S. Environmental Protection Agency, Requlatory Impact Anaivsis: Heavy- Dutv Cugune and Velncle Standards amd Hieliseau Diese! Tue!
stdfur Requirements, EPA420-R-004026 (Washington, DC. December 2000}, Chapter \', p V69

M Charles River Assoctates, Inc., anc Baker and O’ Brien, Inc., Anassessment of e Potental Impacts of Proposed Lnsteonnental Re clibations on

U > Rerery supply of Diesel Fuel, CRA No. DO“’“)lh-O()(Au;,uct 20000, p 26
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Sulfur Adsorption

One new technology on the horizon is the “S Zorb”
processing under development by Phillips Petroleum.
S Zorb has been promoted for gasoline desulfurization
to meet EPA’s Tier 2 requirements. The major distinc-
tion of this process from conventional hydrotreating is
that the sulfur in the sulfur-containing compounds
adsorbs to the catalyst after the feedstock-hydrogen
mixture interacts with the catalyst. Thus the catalyst
needs to be regenerated constantly. Phillips is promot-
ing the S Zorb process for highway diesel as potentially
having lower capital cost than conventional hydro-
treating options and reportedly is on the fast track to
demonstrate the process in a pilot piant in 2001.2 Phil-
lips estimates on-site capital costs at $1,000 to $1,400
per barrel per day.

Biodesulfurization

Biodesulfurization is another innovative technology,
which uses bacteria as the catalyst to remove sulfur
from the feedstock. In the biodesulfurization process,
organosulfur compounds, such as dibenzothiophene
and its alkylated homologs, are oxidized with geneti-
cally engineered microbes, and sulfur is removed as
a water-soluble sulfate salt. Several factors may limit
the application of this technology, however. Many
ancillary processes novel to petroleum refining would
be needed, including a biocatalyst fermentor to
regenerate the bacteria. The process is also sensitive to
environmental conditions such as sterilization, tem-
_perature, and residence time of the biocatalyst. Finally,
the process requires the existing hydrotreater to con-
tinue in operation to provide a lower sulfur feedstock
to the unit and is more costly than conventional
hydrotreating.® Biodesulfurization has been tested in
the laboratory, but detailed engineering designs and
cost estimates have not been developed.

Sulfur Oxidation

The latest entry in unconventional desulfurization
involves sulfur oxidization. This process creates a
petroleumn and water emulsion in which hydrogen per-
oxide or another oxidizer is used to convert the sulfur
in sulfur-containing compounds to sulfone.® The oxi-
dized sulfone is then separated from the hydrocarbons
for post-processing. Most of the peroxide can be

.Developing Technologies and Ultra-Low-Sulfur Alternatives

*U.S. Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highwway Diesel Fuel
Sulfur Requirements, EP A420-R-00-026 (Washington, DC, December 2000), Chapter IV, pp. IV-31-1V-32,

®National Petroleum Council, U.S. Petroleum Refining: Assuring the Adeguacy and Affordability of Cleaner Fuels (June 2000), p. 75.

“Sulfone is any of various sulfur-containing organic compounds having a bivalent radical SO, attached to two carbon atoms.

9R.E. Levy et al, “UniPure’s ASR-2 Diesel Desulfurization Process: A Novel, Cost-effective Process for Ultra-Low Sulfur Diesel,”
presented at the National Petrochemical and Refining Association 2001 Annual Meeting (New Orleans, LA, March 18-20, 2001).

““Gas-to-Liquids Technology: The Current Picture,” International Energy Outlook 2000, DOE/EIA-0494(2000) (Washington, DC,
March 2000), pp. 59-60; and S. Weeden, “Financial Commitments Brighten 2001 GTL Prospects,” Oil & Gas Journal (March 12, 2001).

=

recovered and recycled. The major advantages of this
new technology include low cost, lower reactor tem-
peratures and pressures, short residence time, no emis-
sions, and no hydrogen requirement.

Advocates for the sulfur oxidation technology estimate
capital costs at $1,000 per barrel of daily installed
capacity—less than half the cost of a new high-pressure
hydrotreater.4 The technology preferentially treats
dibenzothiophenes, one of streams that is most diffi-
cult to desulfurize, but it does not work as well on
straight-run distillate. Because the process removes
molecules containing sulfur, some volume losses also
occur. One company working on the technology has
proposed installation of 1,000 to 5,000 barrel per day
units at distribution terminals to “polish” material'that
might otherwise be downgraded. Construction of a
pilot plant is planned, but to date there has been no
real-world demonstration of the process.

Fischer-Tropsch Diesel and Biodiesel

One way to add to ULSD supply without desulfuriza-
tion is to rely on a non-oil-based diesel. The Fischer-
Tropsch process, for example, can be used to convert
natural gas to a synthetic, sulfur-free diesel fuel. Two
gas-to-liquids (GTL) facilities have operated commer-
cially: the Mossgas plant in South Africa with output
capacity of 23,000 barrels per day and the Shell Bintulu
plant in Malaysia at 12,500 barrels per day. Other
plants are in the planning stages.

Commercial viability of GTL projects depends on capi-
tal costs, the market for petroleum products and possi-
ble price premiums for GTL fuels, the value of
byproducts such as heat and water, the cost of feed-
stock gas, the availability of infrastructure, the quality
of the local workforce, and potential government sub-
sidies. Capital costs for GTL projects are currently less
than $25,000 per daily barrel of capacity. An EIA analy-

sis of a hypothetical GTL project estimated the cost of
GTL fuel at almost $25 per barrel in 1999 dollars. Thus,
a GTL project with present technology could be cost-
competitive only if investors were confident that crude
oil prices would stay in the range of $25 to $30 per bar-
rel and natural gas feedstock prices would remain at 50
cents per thousand cubic feet.® -
(Continued on page 17)
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A second way to avoid desulfurization is with
biodiesel made from vegetable oil or animal fats.
Although other processes are available, most biodiesel
is made with a base—catalyzed reaction. A fat or oil is
reacted with an aicohol, such as methanol, in the pres-
ence of a catalyst to produce glvcerine and methyl
esters or biodiesel. The methanol is charged in excess to
assist in quick conversion and recovered for reuse. The
catalvst, usually sodium or potassium hydroxide, is
mixed with the methanol Increased production of
biodiesel could create more surfactants than the

fWeb site www.biodiesel.org/marketers.htm.

Developing Technologies and Ultra-Low-Sulfur Alternatives (Continued)

market would be able to absorb. Biodiesel is a strong
solvent and can dissolve paint as well as deposits left in
fuel lines by petroleum-based diesel, sometimes lead-
ing to engine problems. Biodiesel also freezes at a
higher temperature than petroleum-based diesel.
Biodiesel advocates claim that a 1-percent blend of
biodiesel can improve lubricity bv as much as €5 per-
cent. At least eight companies are marketing biodiesel
in all parts of the United States, according to the
National Biodiesel Board.'

emission limits around 2005 or 2006, which are expected
to be linked to sulfur reduction for non-road diesel
fuel.?¥

A processing scheme that has been promoted primarily
in Asia and Europe emplovs a combination of partial
hvdrocracking and FCC to produce verv-low-sulfur
tuels. In this scheme a partial conversion hydrocracking
unit is placed in front of the FCC unit to convert the vac-

uum gas oil to light products (distillate, kerosene, naph-

tha, and lighter) and FCC feed. The distiliate product is
low in sulfur (less than 200 ppm) and has a cetane num-
ber of about 50. The cracked stocks produced in the FCC
unit are also lower in sulfur and higher in cetane. The
relativelyv greater demand for distillate relative to gaso-
line demand in Europe and Asia and the higher diesel
cetane requirement are more in keeping with the
strengths of this process option than is the case for most
US. refineries.

A few new technologies that mav reduce the cost of
diesel desulfurization—sultur adsorption, biodesulfuri-
zation, and sultur oxidation—are in the experimental
stages of development (see box above). Although they
are being spurred by the EPA rule, they are unlikely to
‘have significant effects on ULSD production in 2006;
however, they may affect the market by 2010. In addi-
tion, methods have been developed to produce diesel
fuel from natural gas and orgamc fats, but thev still are
costlv.

NEMS Approach to Diesel
Desulfurization Technology

The Petroleum Market Module (PMM) in the National
Energy Modeling System (NEMS)®' projects petroleum
product prices, refining activities, and movements of
petroleum into the United States and among domestic
regions. In addition, the PMM estimates capacity expan-
sion and fuel consumption in the refining industry. The
PMM is also revised on a regular basis to incorporate
current regulations that mav affect the domestic petro-
leun market.

The PMM optimizes the operation of petroleum refiner-
1es in the United States, including the supply and trans-
portation of crude oil to refineries, the regional
processing of these raw materials into petroleurn prod-
ucts, and the distribution of petroleum products to meet
regional demands. The production of natural gas liquids
from gas processing plants is also represented. The
essential outputs of the model are product prices. a
petroleum supplv/demand balance, demands for rétin-
erv fuel use, and capacity expansion.

The PMM emplovs a modified two-stage distillate deep
desulfurization process based on proven technologies ™
The first stage consists of a choice of two distinct units,
which accept feedstocks of various sulfur contents
and desulfurize to a range of 20 to 30 ppm (Table 2). The

" 3L .S Environmental Protection Agency, Reducuig Arr Politetiont from Non-road Enguies, EP AJ20-F-00-048 (W ashington. DC, November

20000, p. 3.

™'NEMS was developed by EIA for mid-term forecasts of LS. energy markets (currentiy through 2020) NEMS documentation can be
found at web site www eia.doe. gov/bookshelf/dacs.html PMM documentation ¢an be tound at web site wwaw eia doe gon ‘pub . pdi

model.docs/mO039(2001 ).pdt.

“IThe PMM incorporates the technology database from EnSve Energ\ & Svstems, Inc, a consultant to E1A 1o refinen ;m cessiny maod-

ehng
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second stage also includes a choice of two processing
units, which further deep desulfurize the first-stage
streams to a level below 10 ppm. The purpose of reduc-
ing the sulfur level to 20 to 30 ppm in the first stage,
rather than the common goal of 250 ppm or less, is to
enable a more accurate representation of costs for pro-

cessing streams.

The PMM retains the option of conventional distillate
desulfurization when 500 ppm sulfur diesel can still be
produced (before June 2010). Because the PMM models
an aggregation of refinery capacities in each of the
refinery regions,®? the above representation of multi-
ple processing options is possible, although in reality
individual refineries may choose one process over the
other on the basis of strategic and economic evaluations.

Individual Refinery Analysis
Approach to Diesel Desulfurization
Technology

To assess the supply situation during the transition to
ULSD in 2006, industry-level cost curves were con-
structed for this study and matched against assumed
demand and imports. The cost curves are the result of a
refinery-by-refinery analysis of investment require-
ments and operating costs for refineries in Petroleum
Administration for Defense Districts (PADDs) 1 through

Table 2. Desulfurization Units Represented in the NEMS Petroleum Market Module

-

.-

IV. The ULSD production costs were estimated for dif-
ferent groups of refineries based cn their size, the sulfu-
content of the feeds, the fraction of cracked stocks in the
feed, the boiling range of the feed, and the fraction of
highway diesel produced. The capital and operating
costs for the different groups were developed for EIA by
the staff of the National Energy Technology Laboratory

(NETL).

- For the study, a semi-empirical model was developed to

size and cost new and retrofitted distillate hydrotreating
plants for production of ULSD. Sulfur removal was pre-
dicted using a kinetic model tuned to match the limited
literature data available on deep distillate desulfuriza-
tion. Correlations were used in the model to relate
hydrogen consumption, utility usage, etc., to the three
major constituents of the distillate pool: straight-run dis-
tillate, cat-cracker light cycle oil, and coker gas oil. (See
Appendix D for a discussion of the assumptions used to
construct the model.)

Capital costs ranged from $592 to $1,807 per barrel per
day, depending on the size of the unit, whether it was
new or retrofitted, and the percentage of straight run
feedstock (Table 3). A large hydrotreater using only
straight-run distillate derived from high-sulfur crude
had the least cost for both new and retrofitted units. The
most expensive units were small hydrotreaters running
32 percent cracked stocked, about the average propor
tion of cracked feedstocks in PADD II.

( Capital Cost® Total Capital Cost
Capacity {1999 Dollars per Unit?

Unit (Barreis per Day) Feedstock per Barrei per Day) {Million 1999 Dollars)

HL1/HS2. .., 25,000 All except coker gas oil and high-sulfur light cycle oi 1,331 33.3

HD1/HD2 . .. 10.000 Al 1.84¢ 18.5

30nly on-site costs for hydrotreaters are included in this table. See NEMS documentation for hydrogen and sulfur plant costs. Revamped unit costs

are estimated to be 50 percent of new unit costs.

Source: Energy intormation Administration, Office of integrated Analysis and Forecasting.

Table 3. Range of Hydrotreater Units Represented in the Individual Refinery Analysis

Capital Cost®

Total Capital Cost

Throughput Straight-Run Feedstock (1999 Dollars per Unit?
Type - {Barreis per Day) (Percentage) per Daily Barrel) {Million 1999 Dollars)
New................. 50.000 100 . 995 . 49.8
New . ... 10.000 68 1.807 18.1
Revamp.............. 50.000 100 592 29.6
Revamp.............. 10.000 68 1.210 121

& nciudes only on-site costs.

Source: National Energy Technology Laboratory.

62Within the PMM, the refinery sector is modeled by a linear programming representation for three refining regions. The first region
consists of Petroleum Administration for Defense District (PADD) I; the second of PADD's 11, 111, and 1V; and the third of PADD V. Each

model region represents an aggregation of the individual refineries in the region, rather than a rotional refinery.
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Expected Developments
and Cost Improvements

Recent experience indicates that consistent, high-
volume production of ULSD is a technologically feasible
goal, although many refineries could face major retrofits
or new unit construction. The variation in feedstock con-
cerning both sulfur content and the amount of cracked
stock may be influential in the choice of process option
and the cost of desulfurization, which may also entail a
different allocation of streams to products. Although
unconventional desulfurization technologies have been

_promoted recently by various vendors, none has mad:
sufficient progress toward the commercial stage to war-
rant consideration by most refiners who must start pro-
ducing ULSD by June 2006.63

The two-stage desulfurization process can be accom-
plished through revamping existing units, building new
units, or a combination of both. Several aspects of unit
design are important. Properly designed distribution
trays can greatly improve desulfurization efficiency, in
that catalvst bypassing can make it virtuallv impossible
to produce ULSD. Because hydrogen sulfide (H,S)
inhibits hydrodesulfurization reactions, scrubbing of
recvcle gas to remove H>5 will improve desulfurization.
New design or revarmnps will also include gas quench to
help control temperature through the reactor. In. the
design of a two-stage system, there will be a hot stripper
between the two reactors where ammonia and H-S are
stripped from the first-stage product.

As more commercial evidence and cost information
become available for diesel desulfurization in the next
few vears, it will be possible to better assess the technol-
ogy choices—including equipment requirements, oper-
ating conditions, and production logistics—that most
refiners will have to make in order to meet the new
ULSD standards. However, the EPA’s tight compliance
timetable for producing ULSD might short-circuit the
learning process for refiners to acquire necessary experi-
ence to make cost-effective decisions.® The many cave-
ats within current vendors’ statements must be carefullv
scrutinized, to avoid overestimating the capability or
underestimating the costs for new or revamped distil-
late hvdrotreafing facilities. Most vendors state that
their goal is to use or revamp a client refiner’s current
process units whenever possible. In trying to reach a 10
ppm or lower sultur target, however. many units may be

unsuitable or require major capital outlavs. Uncertaintv
about the level of revamp 1s a major source of uncer-
tainty in estimating the cost of the ULSD Rule.

Further consolidation of the refinery industry mayv
achieve better economies of scale, although some indus-
try analvsts have expressed concern that a shortage ot
diesel supply could materialize in the short term if some
economically challenged refineries exit the diesel mar-
ket. Catalyst improvements are expected to be one of the
main factors in reducing operating costs, both in terms
of recvcle rate and efficient use of hvdrogen. Other fac-
tors, such as the dependence of the refinery on distil-
lates, access to lower-sulfur crude, level of competition,
and ability to upgrade infrastructure, must also be taken
into account. The European experience could also pro-
vide valuable insights for U.S. refineries. T

Deployment of
Desulfurization Technologies

The deplovment of diesel desulfurization technologies
will hinge on several factors, such as the abilitv and will-
ingness of refiners to invest, the timing of investment
and permitting, the abilitv of manufacturers to provide
units for all U.S. refineries at once, and the availability of
engineering and construction resources.

One impediment to acquiring desulfurization upgrades
mayv be the willingness and abilitv of individual refiners
to obtain capital. The EPA estimates that average invest-
ment for diesel desulfurization will cost 550 million per

refinery, slightlv more than the estimated S44 million

per refinerv required to meet the Tier 2 gasoline sulrur
requirement. Most refiners will invest in the gasoline
sulfur upgrade because gasoline is their major product.
Because U.S. refineries tvpically produce three to four
times as much gasoline as highwayv diesel fuel, the per
gallon investment cost of ULSD will be three to four
times as high 5

In its Regulatory Impact Analysis, the EPA provided an
analysis of capital requirements indicating that the com-
bined annual capital investment for gasoline and diesel
desulfurization would be 52.15 billion in 2004 anc 52 49
billion in 2005.** The EPA analvsis spread the diesel
investments over a 2-vear period (to reflect “a somewhat
more sophisticated schedule for the expenditure of capi-
tal throughout a project”) and assumed that the gasoline

2 . . - .
"Itis beheved that. to comply with the new ULSD cap of 15 ppm, a refiner would require about 4 vears lead tine to secure a permit and

te design, build. and optimize a new desulfurization process before commercial production is ready
™Small refiners, which may delay ULSD production under special provisions of the Riile, could adoptemerging technologies later in the

decade when any of those technologies becomes cost-competitive.

53U S, Environmental Protection Agency, RF}:“M!O"}/ Impact Analusis: Heavy-Duty Engone and Velncle standards and Higivieaw Diesed Fuel
sulfur Requirements, EP A420-R-00-026 (Wasimngton, DC, December 2000), Chapter 1V
A8 Environmental Protection Agency, Reguldatory Impact Anaivsis Hearw-Duty Cyone aind Velncde Standards aund Heelizeaw Diesed fuei

sulfur Reguirements, EP Ad20-R-00-026 (Washington, DC, Decembe - 2000). Chapter IV, pp I\ -03- [V-nd
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investments would be incurred in the year before a unit
came on line. The EPA concluded that this level of
investment should be sustainable by the industry
because it is roughly two-thirds of the estimated envi-
ronmental investments incurred during 1992-1994,
when the industry was responding to the 500 ppm high-
way diesel and oxygenated and reforrnulated gasoline
requirements. Other estimates of ULSD investment
costs range from $3 billion to $13 billion (see Chapter 7).

Although not discussed in the EPA’s investment analy-
sis, the 1990s was a period of rationalization for the refin-
ing industry, marked by refinery sales, mergers, and
closures. Between January 1990 and January 1999, 50 of
205 refineries were closed (4 of which were merged wth
adjacent refineries).®” The NPC attributes the refinery
closures to heightened competitiveness. Although the
environmental requirements of the 1990s cannot be
pointed to as the cause of the closures, they contributed
to the inability of some refineries to compete economi-
cally. Refiners who chose not to invest in the 500 ppm
sulfur limit (required for highway diesel since 1993)
found it more economical to shift their existing
high-sulfur diesel production to non-road markets.

Some refiners will be more able than others to obtain
capital for Tier 2 gasoline and ULSD projects. Assuming
that capital is accessible, a refiner’s willingness to invest
in ULSD projects will depend on its assessment of the
economics of the market. For instance, a refiner would
be less likely to invest if it believed it could not compete
favorably with others because the investments would
result in a higher cost per gallon. History may lead some
refiners to be cautious about investment. In the 1990s
refinery upgrades for meeting reformulated gasoline
requirements resulted in excess gasoline production

capacity. As a result, gasoline margins were depressed,

making it difficult for refiners to recoup investments.

Profit margins for ULSD could be depressed if refiners
build too much capacity, and the fear of overinvestment
could lead some refiners to delay investment until more
highway diesel production is required. On the other
hand, refiners anticipating inadequate supply of ULSD
may choose to invest as early as possible to benefit tem-
porarily from higher margins and sell credits to those
that do not invest early. The EPA believes that any lack
of investment will be compensated for by the temporary
compliance options and credit trading provisions of the
ULSD Rule.

Another possible hurdle to the timely adoption of
desulfurization technologies is the ability of the engi-
neering and construction industries to design and build
diesel hydrotreaters in a timely manner. In addition to
providing diesel hydrotreaters, the same contractors

will be providing gasoline desulfurization units for the
Tier 2 gasoline sulfur reduction requirements that wi!’
be phased in between 2004 and 2007. Moreover, engi-
neering and construction requirements will also be
expanding outside the United States. The Canadian gov-
ernment has committed to harmonizing gasoline and
diesel requirements with the United States. In Europe,
refiners will be making upgrades to meet tighter gaso-
line and diesel requirements in 2005 and have may
incentives to produce even cleaner fuels for markets in
Germany and the United Kingdom (see discussion in
Chapter 6).

In its 2000 study, the NPC provided an analysis of the
number of construction projects required for U.S. refin-
ers to provide both gasoline and diesel fuel meeting a 30
ppm sulfur cap. The analysis concluded that “if a-diesel
sulfur reduction is required for 2006, implementation
would overlap significantly with the Tier 2 Rule gasoline
sulfur reduction, and engineering and construction
resources will likely be inadequate, resuiting in higher
costs, implementation delays, and failure to meet the
regulatory timelines.” The study also concluded that if a
15 ppm diesel standard is required, further investments
in new units will be required and there will be a signifi-
cant risk of inadequate diesel supplies. »

The NPC estimated that 89 refineries will require gaso-
line hydrodesulfurization units by 2004 and that 85
refineries (presumably the same ones) would make
upgrades for new highway diesel standards and con-
cluded that if the diesel standard were required within
12 months of completion of Tier 2 gasoline projects, con-
struction labor shortages could occur. The analysis pro-
vided peak monthly engineering and construction
personnel requirements for five scenarios with different
assumptions about the timing and overlap of Tier 2 gas-
oline and ULSD requirements (Table 4). The scenarios

‘ranged from a “balanced implementation” case, in

which one-fourth of the required projects would begin
in each quarter of the first year (Scenario A), to highly
front-end loaded cases (Scenarios D and E), in which
three-fourths of the projects would begin in the first
quarter of the first year. Scenarios B and C assumed that
refiners would start projects as late as possible.

In the Regulatory Impact Analysis for the ULSD Rule,
the EPA conducted its own analysis of the personnel
requirements for design and construction services
related to the overlapping requirements of the Tier 2
gasoline and ULSD requirements. The analysis pro-
vided monthly estimates for each personnel category,
assuming that in a given year 25 percent of the projects
would be completed per quarter. The monthly estimates
were used to develop estimates of the maximum num-
ber of personnel required in any given month for the

7National Petroleum Council, U S. Petroleum Refining: Assuring the Adequacy and Affordability of Cleaner Fuels (June 2000), p-23.
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Tier 2 gasoline program alone and for the gasoline and
ULSD programs together, both with and without a
temporary compliance option. The estimates of the two
programs taken together without the temporary compli-
ance option were about double the emplovment esti-
mates for the Tier 2 gasoline program only, in all three
job categories. When the temporary compliance option
is taken into account, personnel requirements for the
two programs are only about 30 percent higher than for
the Tier 2 gasoline program alone.

l

Because the largest impact is expected to occur in front-
end design, where 30 percent of available U.S. personnel
are required, the EPA believes that the engineering and
construction workforce can provide the equipment nec-
essary for compliance. It appears that the EPA’s criterion
for the adequacy of engineering and construction per-
sonnel lies somewhere between 30 percent and 50 per-
cent over the personnel requirements of the Tier 2
requirements alone.

The EPA’s estimates without a temporary compliance
option are most consistent with the timing assumptions
of NPC’s Scenario A. EPA’s analysis indicates that engi-
neering and construction requirements will be lower
given the temporary compliance option of the ULSD
Rule; however, NPC Scenarios D and E demonstrate that
different assumptions about project timing lead to verv

e )

different estimates for personnel. The range of personnel
estimates shown in Table 4 highlights the uncertainty of
the estimates.

The EPA’s analvsis assumed that a total of 97 units
would be added to make Tier 2 gasoline and that 121 die-
se] desulfurization units would be added for ULSD
(Table 5). The expected startup dates for the gasoline
and diesel desulfurization units indicate an overlap of 26
gasoline units and 63 diesel units in 2006. The 2006 over-
lap in gasoline and diesel startups is noteworthy
because it is significantly great: than t would have
been with ULSD implementation in anv .i:er vear
except 2004.

Another possible hurdle to implementing technology
for the ULSD Rule raised by the NPC is the ablity of
manufacturers to provide critical equipment. As men-
tioned earlier, the NPC analysis assumed that a sulfur
requirement below 30 ppm would require new deep
hvdrotreaters with reactor pressures in the range of
1,100 to 1,200 psig, requiring thick-walled reactors. As
compared with other reactors, the delivery time for
thick-walled reactors is longer and the number of sup-
pliers is more limited. Only one or two U.S. companies
produce thick-walled reactors, whereas four to six can
supply reactors with more tyvpical wall widths. Outside
the United States, 10 to 12 companies are able to supplv

Table 4. Estimated Peak Engineering and Construction Labor Requirements for Gasoline and Diesel
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reactors regardless of wall width. Thi$ view is at odds
with the EPA analysis, which was based on vendor esti-
mates, with reactor pressures in the range of 650 to 900

psig.

Another type of critical equipment identified by the
NPC is reciprocating compressors. The NPC indicated
that two reciprocating compressors will be required for
each diesel desulfurization project. Reciprocating com-
pressors will also be required for gasoline desulfur-
ization projects, and the NPC listed them as the principal
constraining factor for the gasoline projects. Excluding
the former Soviet Union, there are only five manufactur-
ers of reciprocating compressors in the world. Two are
in Europe and were assumed to be occupied with orders
for European gasoline sulfur reduction projects through
2003. The NPC analysis did not account for additional
orders from Canadian desulfurization projects.

2 Energy information Administration / Transition to Ultra-Low-Sutfur Diesel Fuel
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Conclusion

Technology for reduction of sulfur in diesel fuel to 15
ppm is currently available and new technologies are
under development that could reduce the cost of
desulfurization. Variations in feedstock sulfur content
and the amount of cracked stock may be very influential
in the choice of process option and cost of desulfur-
ization. Estimates of investment costs related to ULSD
production range from $3 billion to $13 billion. The abil-
ity and willingness of refiners to invest depends on an
assessment of market economics. Experience with
upgrades to meet reformulated gasoline requirements in
the early 1990s may lead some refiners to be cautious.
The availability of personnel, thick-walled reactors,
and reciprocating compressors may delay some
construction. T
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4. Impact of the ULSD Rule on Oil Pipelines

Introduction

The petroleum products pipeline distribution system is
the primary means of transporting diesel fuel and other
liquid petroleum products within the United States. The
Nation’s refined petroleum products pipeline system is
not monolithic. Pipelines are distinguished by the region
they serve, the type of service they offer, their mode of
operation, their size, the size of the interfaces between
batches, and how they dispose of them. In preparing this
report, several pipeline companies were contacted 58
These companies represent a cross-section of size, capac-
itv, location, markets, corporate structures, and operat-
ing modes. The assessment of the impact of the
ultra-low-sulfur diesel (ULSD) Rule is complex, both
because the pipeline system is complex and because
there are uncertainties that cannot be resolved without
operating experience with ULSD.

The first question appears to be: “Can the Nation’s oil
pipeline svstern successfullv distribute ULSD without
degrading its sultur concentration?” While the answer
seems to be ves, lingering uncertainties that come with
the unique specifications of this new and untested prod-
uct prevent a clear assertion. Among the uncertainties
are the following:

* Protecting the product integritv of 15 parts per mil-
lion (ppm) product will be more difficult than pro-
tecting the product integritv of the current 500 ppm
highway diesel. Not onlyv is the sulfur specification
lower, with less room tor error, but also the relative
“potency” of the sulfur in products turther upstreamn
s higher.

* The behavior of sulfur molecules in ULSD has not
been field-tested to allow conclusions about whether
pipeline wall contamination is a real problem or sim-
plv a fear, and whether the migration of sulfur will
require a significant increase in the volume down-
graded at the interface. :

* There are few pieces of the approved test equipment
now n use, but its reliability and accuracv are

unproven.

Although the overall costs of the program may be lower
if the rule is phased in, the incremental costs associated
with temporarily transporting ULSD, in addition to
low-sulfur diesel and heating_oil fall on pipelines and
other players in downstream distribution. During the
transition phase, some 20 percent of the highway diesel
volume wiil be 500 ppm. The increased cost of tankage
for handling this small volume of 500 ppm material 1s
borne solely by the affected regions. On a cost-per-
gallon basis for the small volume in the limited region,
the increased cost more than doubles the current pipe-
line tariff for the largest carriers. Whether such an
increase can be passed through in tariff rates is a matter
of significant concern for pipeline operators.

Finally, there is a concern that further limitations on dis-
tribution flexibility will contribute to price spikes or spot
outages. The distribution of ULSD will reduce the sys-
tem’s flexibility by imposing testing requirements that
will increase transit times by increasing the product lost
to downgrade and by “freezing” storage capacity in the
event of product contamnination. These adverse impacts
inject new supply risks into the svstem, making an
alreadv burdened oil distribution svstem more vulnera-
ble to product supply imbalances in local and regional
markets. Supplyv imbalances, if thev occur, could cause
increased product price volatility, price spikes, and
product outages. This concern is not just theoretical
During 2000, logistics problems contributed to large and
sudden price spikes in the Midwest gasoline market.™
To the extent that the svstem is overburdened. stresses
and unforeseen circumstances will cause imbalances
more often, and with greater impact.

The Role of Refined Petroleum
Product Pipelines

Oil pipelines transport more crude oil and refined
petroleum products in the United States than anv other
means of transportation.” Tvpicallv, as common carn-
ers (which transpert for anv shipper on a nondiscrimina-
torv basis), oil pipelines are subject to State authority if

" Buckeve Pipe Line Company, Colonial Pipeline, Conoco Pipe Line Company. Kaneb Pipeline Parmers, L.P., Kinder Morgan Energy
Parmers L.P . Marathon Acshland Petroleum LLC, TE Products Pipeline Company, L.P.. and Williams Energy Services V
“joanne Shore, Energyv Information Administration, “Supplv of Chicago/Milwaukee Gasohine Spring 20007 web sie wuww
eia.docgoy / pub/ oil_gas/ petroleum/ presentations/ 2000/ supply_of_chicago_milwaukee_gasohine_spring 2000 cmszupph 2000 num

tAugust 9, 2000 ’

"“.—\rmrdmg to the Association of Oil Pipe Lines, Stiufts i Petroleum Transporiatunt 1999 (20014, prpelies account tor 73 percent of the
ton-mies of oit transported n the Umited States. (One ton of oil transported one mile equals one ton-mike )

Energy information Administration / Transition to Ultra-Low-Sutiur Diesel Fuel
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of Transportation for operations and safety and to the
Federal Energy Regulatory Commission for tariff rates,
if they provide interstate service. Interstate pipeline car-
riers transport the higher volume, by far. Accordingly,
the Federal Government is the major regulator of oil
pipelines. Some pipelines are private, serving private
(proprietary) transportation needs. These private oil
pipelines are not regulated with respect to tariff rates or
other economic issues. Today, transportation of refined
petroleum products by pipeline is essential to move
more than 19 million barrels per day of refined petro-
leum products to markets throughout the Nation.

The United States is divided into five Petroleura Admin-
istration for Defense Districts (PADDs), each with dis-
tinct population levels, indigenous oil production,
refinery and pipeline systems, and crude oil and refined

product flows. Imbalances that result from these differ-

ent characteristics are brought into equilibrium by trade
and hence transportation. The trade can consist of
imports from abroad and shipments from other regions.
Shipments from the Guif Coast (PADD III) dominate
(Figure 1), first to the East Coast (PADD I) and second to
the Midwest (PADD II). Shipments from the East Coast
to the Midwest are third. Thus, shipments between
PADDs east of the Rockies account for almost all the
interregional trade. Intraregional movements are also a
core element in the market logistics, but few data are
available on these movements. (See Appendix C for a
more detailed discussion of the U.S. regions and their
key pipelines.)

Overview of Key Pipeline Operations

Refined petroleum product pipelines in the United
States fall into two service categories. Trunk lines serve
high-volume, long-haul transportation requirements;
delivering pipelines transport smaller volumes over
shorter distances to final market areas. As the system
reaches its furthest capillaries, the inflexibilities
imposed by the smaller scale become more apparent. A
“Jockout” can occur when a terminal does not have
room to accept a scheduled shipment and there are no
other terminals at hand to accept the product. The pipe-
"line is thus stalled until the product can be delivered.

Petroleum product pipelines also differ by whether they
operate on a batch or fungible basis. In batch operations,
" a specific volume of refined petroleum products is
accepted for shipment. The identity of the material

shipped is maintained throughout the transportation.

process, and the same material that was accepted for
shipment at the origin is delivered at the destination. In
fungible operations, the carrier does not deliver the
same batch of material that is presented at the origin
location for shipment. Rather, the pipeline carrier

24 Energy Information Administration / Transition to Ultra-Low-Sulfur Diesel Fuel

they are in intrastate service, or to the U.S. Department’

-

delivers material that has the same product specifica-
tions but is not the original material.

In general, fungible product operation is more efficient;
however, customer requirements for segregation limit
fungible operation, and batch service is often the only
feasible choice. Like the difference between trunk and
delivering carriers, the difference between fungible and
batch service is one of scale for many operating parame-
ters. An oil pipeline in batch service has considerably
less flexibility to offset operating “hiccups” (such as
product contamination at a shipper’s terminal tank)
than does an oil pipeline operating in fungible service.

Product pipelines routinely transport various grades of
motor gasoline, diesel fuel, and aircraft turbine fuel in
the same physical pipeline. (For the most part, oil pipe-
lines do not transport both crude oil and refined petro-
leum products in the same pipeline.) To carry multiple
products or grades in the same pipeline, different petro-
leum products or grades are held in separate storage
facilities at the origin of a pipeline and are delivered into
separate storage facilities at the destination. The differ-
ent types or grades of petroleum product are trans-
ported sequentially through the pipeline. While
traversing the pipeline, a given refined product occupies
the pipeline as a single batch of material. At the end of a
given batch, another batch of material, a different petro-
leum product, follows. A 25,000-barrel batch of produc

occupies nearly 50 miles of a 10-inch diameter pipeline.

Generally, such batches are butted directly against each
other, without any means or devices to separate them.
At the interface of two batches in a pipeline, some (but
relatively little) mixing occurs. As a guide to under-
standing the volume of interface generated, it would be
typical for 150 barrels of mixed material (“transmix”) to
be generated in a 10-inch pipeline over a shipment dis-
tance of 100 miles. The hydraulic flow in a pipeline is
also a crucial determinant of the amount of mixing that
occurs. “Turbulent flow,” as occurs in most pipelines,
minimizes the generation of interface. Operations that
require the flow to stop and start generate the most inter-
face material.

The composition of the mixed (or interface) material
reflects the two materials from which it is derived. While
it does not conform to ‘any standard petroleum product
specification or composition, it is not lost or wasted. For
interface material resulting from adjacent batches of dif-
ferent grades of the same product, such as mid-grade
and regular gasoline, the mixture typically is blended
into the lower grade. This “downgrading” reduces the
volume of the higher quality product and increases the
volume of the lower quality product.

Typically, refined oil products are transported from

a source location, such as a refinery or bulk terminal,
to a distribution terminal near a market area. Large
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Figure 1. Pipeline Shipments of Distillate Fueis Between PADDs, 1999

: H Total Annual Shipments (Million Barrels)
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Note: includes tov-sulfur (highway) diesel fuel and high-sulfur distiltate fuel oil (non-road diesel fuel and heating oil).
Source: Energy Information Administration. Petroleurn-Supply Annual 1999, DOE/EIA-0304(99)/1 (Washington. DC. June 2000). Table 33.

aboveground storage tanks at an origin location accu-
mulate and hold a given petroleum product pending its
entry into the pipeline for transport. Petroleum products
are also stored temporarily in aboveground storage
tanks at destination terminals. Such tanks usually are
dedicated to holding a single petroleum product or
grade. Most storage tanks used in pipeline operation are
filled and drained up to four or more times per month.

In addition to the minor creation of interface material
that occurs in pipeline transit, creation of interface mate-
rial also occurs in the local piping facilities (station pip-
ing) that direct petroleum products from and to
respective origin and destination storage tanks and in
the tanks themselves. Essentially, station piping repre-
sents the connection between a main pipeline segment
and its requisite operating tanks. The concept is simple
in theory, but in practice the configuration of station pip-
ing is not. Station piping layouts become more complex
as the tanks at a pipeline terminal facility become more
nuUMerous. '

The interface generation in station piping and breakout
tanks may be even more important than during pipeline
ransit. The volume of interface material thus generated
«s due to the physical attributes of the system. It has
fewer variables but approaches a fixed value on a

Energy information Administration / Transition to Uitra-Low-Sutfur Diesel Fuel

barrel-per-batch, not a percentage, basis. For instance,
one pipeline operator creates 25,000 barrels of
high-sulfur/ low-sulfur distillate interface per batch
whether the batch is 250,000 barrels or 1,000,000 barrels.
In addition, a given batch of product might be trans-
ported in multiple pipelines between its origin and its
final destination and even within the same system might
require a stop in breakout tanks, as noted above. Each
segment of the journey generates additional interface.

Challenges of the ULSD Rule

Because pipeline operators do not have experience with
15 ppm product, there are significant uncertainties
related to its transport. This section discusses some of
the issues:- .

* The volume of downgraded product likely to be pro-
duced from deep pipeline cuts necessary to preserve
the integrity of ULSD

* Likely strategies for protecting the product integrity
of 15 ppm diesel and their impact on the generation
of interfaces and transmix

* Limitations on downgrading from 15 ppm to 500
ppm product within the diesel pool
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¢ The sulfur content of products reprocessed from
transmix

* The possibility that residual sulfur adhering to main-
line pipeline walls may contaminate ULSD as it tran-

sits the pipeline
« Product testing

* The challenges and costs of the phase-in period.

Estimation of interface Generation

" The U.S. Environmental Protection Agency (EPA) esti-

mates that the interface that will be generated under the
ULSD rule will be 4.4 percent of the highway diesel fuel
volume transported by pipeline. EPA arrived at this 4.4
percent figure by estimating the current level of inter-
face as a percentage of highway diesel fuel volume and
doubling the current level 7! There are significant uncer-
tainties in the EPA’s calculation.

At the EPA's request, the Association of Oil Pipelines
(AOPL) and the American Petroleum Institute’s pipeline
Committee surveyed their members on the impact of the
ULSD rule. The survey and its cover letter are comments
to the EPA’s Notice of Proposed Rulemaking.”2 AOPL
points out that pipeline companies do not now sepa-
rately account for interface volumes and indicated that
the estimates of downgraded interface from the survey
should not be used for economic analysis.” ~

Six respondents provided numerical estimates of the
current diesel fuel downgrade. These estimates ranged
from 0.2 percent to 10.2 percent of diesel shipped by the
pipeline on an annual basis. In making its calculation of
the total current downgrade of highway diesel, the EPA
used the range of downgrade percentages from the
AOPL survey and information from a database on the
pipeline distribution system published by PennWell.

The EPA assigned each pipeline diameter in the
PennWell database a value between 0.2 percent and 10.2

" percent (the range of response in the AOPL survey),

with the smallest diameter at the low end and the largest
at the high end. EPA then multiplied the assigned values
by the miles of a given diameter of pipe and divided the
result by the total number of pipeline miles in the data-
base to arrive at an average downgrade of 2.5 percent.

Pipeline diameter is only one of the factors in determin-

ing the amount of interface material. The velocity of the

flow and the topography of the land are also important
factors. A pipeline that can run in a turbulent flow wi}’
have a lower volume of interface for a given diameter
than one in which the flow slackens for any number of
operating reasons. Interface generation is also affected
by batch size. Moreover, station piping and breakout
tanks are additional and large generators of downgrade
volume. (The EPA accounted for the role of station pip-
ing and breakout tanks by assigning higher percentages
to the larger diameter pipe, as a proxy for the greater
complexity of the large systems.) In addition, the higher
product flow in the larger lines is not taken into account.
If a system like the Colonial Pipeline has a downgrade
rate of 10 percent, it would result in a much higher num-
ber of downgraded barrels than an 8-inch-diameter line.
In the AOPL’'s submission, the operator with the
10-percent downgrade accounted for 90 percent™of all
downgrade.

EPA then adjusted its initial estimate of downgrade vol-
umes downward by 15 percent. EPA made this adjust-
ment based on the following assumption:

Data from the Energy Information Administration
(EIA) indicates that 85 percent of all highway diesel fuel
supplied in the United States is sold for resale. There-
fore, we believe it is reasonable to assume that only this
85 percent is shipped by pipeline, with the remaining 15
percent being sold directly from the refiner rack or
through other means that does not necessitate the use of
the common fuel distribution system. By multiplying
2.5 percent by 0.85 we arrived at an estimate of the cur-
rent amount of highway diesel fuel that is doumgraded
today to a lower value product of 2.2 percent of the total
volume of highway diesel fuel supplied.”*

This downward adjustment of downgrade volumnes has
some limitations. EIA’s Form 782A collects data from
refiners. There is no way to determine whether the vol-
umes sold to end users transit a pipeline or not. They
may have, if they were sold in a refiner’s integrated sys-
tem. Form EIA-782A excludes sales to other refiners, and
some of the excluded volumes may also have been trans-
ported in a pipeline. Finally, the volume throughput in a
pipeline system is not necessarily equal to consumption,
because some volumes may travel in more than one
pipeline before reaching the consumer: Thus, “sales for
resale” as a share of total refiner sales is not an ideal
proxy for the share of highway diesel transported by
pipeline.

71U.S. Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel
Sulfur Requirements, EP A420-R-00-026 (Washington, DC, December 2000), Chapter IV, p. 1V-93.
72Cited in the EPA’s documents as “Comments of Association of Qil Pipelines (AOPL) on the NPRM, Docket Item [V-D325.” Cited here

5 “AOPL Comments.”
73 AOPL Comments, p. 2.

74U.S. Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel
Sulfur Requirements, EPA420-R-00-026 (Washington, DC, December 2000), Chapter IV, p. 1V-93.
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The EPA assumed the level ULSD downgrade volumes
at 44 percent of ULSD supplied, double their current
estimate of 2.2 percent of highway diesel supplied. The
EPA based this assumption in part on comments made
by respondents to the AOPL survey. In its Regulatory
Impact Analysis, the EPA stated a desire to ". . . yield a
conservativelv high estimate of our program'’s impact

“ and noted “. . . an appropriate level of confidence
that we are not underestimating the impact of our sulfur
program . .. will help account for various unknowns that
may cause downgrade volumes to increase.””*

Pipeline operators have several concerns about the
downgrade volume of ULSD. One concern is that the
simple use of specific gravity—the current method—
may not be a sufficiently sensitive indicator to make the
interface cut. One of the AOPL /APl survey respondents
noted, for instance: “Our initial studies of trailback from
[heating oil] to [low-sulfur diesel] indicates that trail-
back in interfaces to ULSD diesel mav be as much as 4
times that of the gravity change between products.”?¢
However, the EPA viewed increased trailback from
heating oil to ULSD as less of a concern.”’

The EPA assumed that pipeline operators would not
have to substantiallv change their current methods to
detect the interface between ULSD and adjacent prod-
ucts in the pipeline. In the EPA’s view it was highly
unlikelv that there would be anv difference in the phvsi-
cal properties of ULSD versus the current 500 ppm high-
wayv diesel that would cause a substantial change in the
trailback of sulfur from preceding batches into batches
of ULSD.™

Another concern is that a protective cut, when it can be
calibrated using real-world experience, mayv require a
large volume downgrade. The conventional approach is
to butter distillate products against other distillate prod-
ucts to facilitate blending, as noted in the previous dis-
cussion. A batch of 300 ppm diesel might be wrapped
berween a batch of 2,000 ppm jet fuel and a batch of dve
non-road distillate fuel oil (heating oil) at 3,000 to 5,000
ppm.Thus, the product with the sulfur restriction {500

ppm diesel) is wrapped by a product with four times the -

sulfur (2,000 ppm jet tuel), and by a product with six to
exght times the sulfur (3.000 to 5,000 ppm heating oil). In
practice, the current highwav diesel is usuallv consider-
ably less than the 500 ppm limitation (300 ppm would

not be uncommon). Under these circumstances, it is rela-
tivelv unlikelv that chance contamination could move
the diesel from 300 ppm to nonconforming status at
more than 500 ppm.

The current situation, however, contrasts significantly to
the ULSD situation. ULSD (15 ppm) may be adjacent to
jet fuel at 2,000 ppm, 133 times the ULSD sulfur concen-
tration, or to heating oil at 3,000 to 5,000 ppm, 200 to 300
times the ULSD concentration. In this case, a tiny con-
tamination will move the ULSD batch to nonconforming
status. According to one of the ACPL/API respondeais.

.a0.13 percent contaminai.un (13 bizis ir 70.000 bbls?
of [heating oil] in ULSD wiii raise the sultur level by 2
ppm....” According to another, . .. the [heating oil] at
2000 ppm can contaminate the ULSD at levels as low as
0.22 percent.”” In combination with the conceins raised
about the sulfur trailback, the issue of the volume neces-
sary for the protective cut is another significant uncer-
tainty in the handling of ULSD.

The assumption made about the size of the increase in
interface generated after a switch from the current stan-
dard for highwav diesel (500 ppm) to ULSD becomes
important when calculating the cost of the regulation.
EPA'’s estimate of additional costs of the ULSD rule that
can be attributed to increased product downgrades was
0.3 cents per gallon of 1JLSD supplied once the ULSD
rule was fully implemented and all highway diesel must
meet the 15 ppm standard. This 0.3 cents per gallon cost
was with the 4.4 percent downgrade assumpt:on.™’
Tumer Mason and Company conducted a study of dis-
tribution costs for the APl and came up with a cost
increase of 0.9 cents per gallon for product downgrade.
Tumer Mason assumed that 17.5 percent of ULSD
shipped would be downgraded.

Strategies for Buffering ULSD in a Pipeline

Because there is no experience with distributing ULSD
in a non-dedicated or common transportation svstem,
pipeline operators are unsure how thev will sequence
the new product in the pipeline. Those that now ship

highway diesel adjacent to jet fuel are unlikely to be able

to continue the practice unless the sulfur content of the
jet fuel is also lowered. At the current jet fuel sulfur con-
tent, ULSD cannot tolerate the contamination from the
protective cut necessary to protect the other properties

2L S. Environmental Protection Agency, Requlatory impact Analvsis: Heary-Duty Engine and Velicle Standards and Hichivay Diesel le
>ulmr Reqinremenits, EP A420-R-00-026 (Washington, DC, December 2000), Chapter IV, vp. 1V-93-1V-94

"AQPL Comments, Attachment, p. 2 .

"7U.S. Environmental Protection Agency, Regulatory impact Analysis: Heavy-Dutu Encine and Velucle Standards and Hichivaw Diese! Fuci
Sulfur Requirements. EPA420-R-00-026 (Washington, DC, December 2000). Chapter!\ p. IV-%

LS Environmental Protection Agency, Regudatory Impuct Analusis: Heavy-Duty Ensine and Vielncle standards and Hichicau Dicsed Fuel
sulfur Requirements, EPA420-R-00-026 (Washington, DC. December 2000), Chapter IV, p. 1V-94. '

 AOPL Comments, Attachment, p 2and p. 5.

RU S Environmental Protection Agency, Reguditons Impact Amalusis Heaiw-Dutu Envrne wind Velnele Stadards and Highizoaw Diesed £l
Sulfur Requarements, EPA420-R-00-026 (Washington, DC, December 2000), Chapter V. p V=124
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f'the jet fuel. According to the EPA, pipelines might
have to treat a mixture of jet fuel and 15 ppm diesel as
transmix in separate tanks, because it will not be accept-
able either as jet fuel or as 15 ppm diesel. The need for
new tanks to handle this new hybrid, however, would
be difficult to accommodate. In addition, it is not clear
how the hybrid would be reprocessed for reentry into
the petroleum products distribution system.

There is currently no regulatory requirement that the
sulfur content of jet fuel be lowered to 15 ppm. Even ker-
osene/jet fuel used for blending into 15 ppm diesel is
controlled by the specification of the finished product,
not the blending component. As a practical matter, how-
ever, any kerosene/jet fuel destined for blending must
have ultra-low sulfur content. Whether an uitra-low-
sulfur jet fuel will present additional lubricity problems
for jet engines is another unknown.

While there is a 500 ppm product in use, operators might
be able to buffer 15 ppm ULSD with the 500 ppm prod-
uct. Such buffering is limited by the volumes that can be
downgraded within the diesel pool, however, as dis-
cussed below.

Gasoline, at an average of 30 ppm and a maximum of 80
ppm, will represent the next lower sulfur content in the
overall product transportation slate. Some operators
have speculated that if the trailback is significant, gaso-
line buffers might be the best alternative. There are con-
siderable problems, however, with the -increased
generation of transmix. The availability of reprocessing
facilities is the first. In addition, some transmix is now
reprocessed in purpose-built facilities—a simple distil-
lation column—on station property. Such a simple facil-
ity, or even a more complex purpose-built facility, has
never needed to accommodate desulfurization. Thus,
the reprocessing of transmix will be routinely more diffi-
cult under the ULSD program, and it is unclear that the
facilities will exist to reprocess increased volumes of
transmix.

Pipeline operators will establish interface minimization

strategies on a case-by-case basis. Trunk line operators .

will seek to ship ULSD in as large a batch as possible.
Delivery pipeline operators will do the same, but with
more difficulty, because delivery pipelines ship smaller
volumes and face more operating permutations related
to time and location requirements. Operators of fungible,
pipeline systems will have an advantage in protecting
the integrity of ULSD in transit and minimizing the
expense of downgrading. It is worthwhile to note that
the use of large batches requires more careful inventory

-

management on the part of pipelines and shippers, to
assure that requisite tanks have room for the incoming
product. Given the inventory environment in oil mar-
kets, any new rigidity imposed by the logistics system
can reverberate through market prices.

The result of deeper cuts will be significantly more prod-
uct downgrading. The practical effect of creating a
greater volume of high-sulfur distillate is difficult to
estimate. Depending on market circumstances at vari-
ous locations, it will range from none to significant. The
worst case will be found where the creation of
high-sulfur distillate affects terminals that do not have
capacity to accept and store the material or in markets
that do not have enough demand to absoro it.

The 20-Percent Downgrade Ruie

The ULSD Rule prohibits any party downstream of the
refiner or importer from downgrading more than 20 per-
cent of its annual volume of 15 ppm highway diesel to
500 ppm highway diesel.8! (There is no limitation on
downgrading from 15 ppm diesel to the non-road pool.)
This provision is designed to discourage downgrading
within the diesel pool during the phase-in period .82 The
pipeline industry, however, is likely to be handling sig-
nificantly increased volumes of downgraded material
and to have substantial incentive to minimize the down-
grade, because of the economic penalty involved. Fur-
thermore, the downgrade limitation applies to normal
interfaces.

As noted previously, the generation of some interface is
irreducible, fixed by the physical attributes of the sys-
tern. An operator with a high-interface system may have
little room against the 20- percent limitation when all the
other increases in ULSD interface are factored in. The
20-percent limitation also applies to the accidental con-
tamination of a batch. If a batch were accidentally con-
taminated on a high-interface system, the operator
might be required to deny that product to the diesel
pool, even though it met all the specifications for 500
ppm material. Chances of localized diese! fuel supply
imbalances are increased, and with them, the possibility
that a system could get “frozen” by nonconforming
product.

Given the uncertainties surrounding the transport of
ULSD, the 20-percent downgrade rule will be particu-
larly difficult when the first batches of ULSD are trans-
ported. There may be multiple contaminated batches
before operating norms are established and equipment
is calibrated.

811/S. Environmenta! Protection Agency, “Control of Air Pollution from New Motor Vehicles: Heavy-Duty Engine and Vehicle Stan-
ards and Highway Diesel Fuel Sulfur Control Requirements: Final Rule,” Federal Register, 40 CFR Part 80.527 (January 18, 2001).
8y Environmental Protection Agency, “Control of Air Pollution from New Motor Vehicles: Heavy-Duty Engine and Vehicle Stan-
dards and.Highway Diesel Fuel Sulfur Control Requirements: Final Rule,” Federal Register, 40 CFR, Preamble (January 18, 20(1), p. 281.
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Residual Sulfur in a Pipeline

In comments on the proposed ULSD Rule, pipeline
operators raised a concern over whether residual sulfur
from high-sulfur material could contaminate subse-
quent pipeline material beyond the interface. The con-
cern was based on limited experience. Recently, in light
of the prospect of transporting ULSD, Buckeye Pipe Line
conducted a test of possible sulfur contamination from
one product batch to another. In the test on one segment
of its pipeline svstem, Buckeve made a careful measure-
ment of sulfur content in batches of highway diesel fuel
following a batch of high-sulfur diesel fuel. Buckeye
found that the sulfur content of the second batch of high-
way diesel fuel increased 8® However, the EPA stated:
“We believe there is no reason to surmise that contami-
nation from surface accumulation will represent a sig-
nificant concern under our sulfur program.”*¥ This issue
cannot be resolved without further testing. Until it is, it
will remain an uncertainty about the impact of the ULSD

Rule.

Product Testing

Product testing is another area of considerable concern
for those involved in the transport of highway diesel
fuel, for two reasons: (1) The designated test method was
developed for testing sulfur in aromatics and has not vet
been adapted or evaluated by industry as a test for sul-
fur in diesel fuel (2) There is no readily available and
appropriate test for sulfur that will permit the precise
intertace cuts between batches that will be required in
handling ULSD. The first of these issues is important for
all plavers in ULSD markets, and the second is specific to
the oil pipelines that will transport ULSD.

Currentiy: oil pipeline operators test the petroleum
products thev transport in a varietv of wavs, for a vari-
etv of parameters. Each product has its own relevant test
parameters, and grades of a particular product are
tested to confirm their defining characteristics within a
product group. In manv pipelines, product batches are
tested four times at various stages of their entry to or
transit through the pipeline:

* Rigorous testing is performed before products enter a
pipeline to assure that relevant specifications are
within the normal range.

* Many pipelines monitor materials af strategic pipeline
locations en route for contamination. .

e At or near a product s delivery point, pipelines perform
oversight testing covering a limited number of key
product parameters (but not sulfur content).

* Most pipelines test randon: pipeline batches using a full
battery of tests.

All tests except in-line testing, the second testing regime
outlined above, are performed on a batch basis. All but
the fourth testing regime outlined above are performed
on each batch of products. Pipeline operators are
equipped at their own pumping and delivery stations to
perform oversight testing on an expedient, on-site basis.
Other batch testing is typically performed at an off-site
laboratory. Some operators use test laboratories owned
and operated internally and some use third-party labo-
ratories. The large laboratories, whether operated.by a
pipeline operator or by a third party, will be able to meet
any testing requirements. However, the designated test
method presents uncertainties even to the most sophisti-
cated laboratories, as discussed more fully below. ULSD
regulations on testing apply directly onlv to refiners and
importers, leaving additional leeway for parties down-
stream to choose a test method. Thus, the concerns with
respect to test method apply even more strongly to refin-
ers and importers than to pipelines and other down-
stream parties.

The designated testing method will be ASTM 6428-99 %
not the widely-used ASTM 3453-99, which has been
approved bv the State of California and has been dem-
onstrated to be reliable in testing verv low sulfur con-
tent. The designated method, ASTM 6428-99, was
developed for testing sulfur in aromatics. There 1s no
currently available test methodologv to applyv the test to
sulfur in diesel fuel. Because the diesel methodology has
not vet been developed for the designated method, it has
not vet been tested by multiple laboratories. Bv industrv
convention, new test methods are subjected to “round
robin” testing under the oversight of the American Soci-

. ety of Testing and Materials (ASTM), in which multiple

laboratories appiy the test method to multiple batches to
develop an objective evaluation of the method's reliabil-
ity and accuracy. The correlation of the round robin’s
results becomes the industry standard and is used to
calibrate other test methods against the designated
method. The correlation is critical to the choice of test

_method and equipment for downstream plavers. -

While ASTM 3453-99 has been designated as an alterna-

- tive test method, its results must be correlated with the

®30peratars at Explorer Pipeline, which formerly carried crude oil and refined products as batches in the same pipehne, also observed
that refined products following gh sulfur crude oif in the pipeline experienced a material increase in suliur content (The phyvaical charac-
terisucs of crude oil are distinct from refined products. and its sulfur content can be considerabhy higher than the sultur content of retined

petroleurn products shipped in a pipehne.)

.8 Environmental Protection Agency. Requlatony Impact Analusis: Heavu-Duty Engure and Velucle stondards aind Hiclizvas Dioesed P!
sulfur Requirements, EP A420-R-00-020 (Wasnington, DC, December 2000), Chapter IV p 1\'-99
SIS, Environmental Protechion’ Agency. “Control of Air Pollution trom New Motor Vebacles Heavv-Dutv Engine and \ ehicle Stan-

dards and Highwayv Diesel Fuel Suliur Control Requirements Final Rule.” Federal Regester, 30 CFR Part B0 3800402 (hanuary Is. 20014

Energy Information Administration / Transition to Ultra-Low-$Sutfur Dieset Fue)

9269



— e
T

designated method. Hence, even those with experience
‘using ASTM 5453-99 cannot be confidént of the impact
of the designated method on their testing practices.
A downstream testing tolerance of 2 ppm will be
allowed 8 but whether this is the appropriate level,
given the designated method’s performance, also cannot
be determined until the method is adapted for use with
diesel fuel and correlated in the round robin.

Upon their entry to a pipeline, distillate fuels are given a
full battery of tests, typically examining approximately
18 separate parameters. In an oversight test for distillate
fuels, products are tested for flash point, specific gravity,
and appearance. With respect to highway diesel fuel,
sulfur content is also analyzed. Other tests relevant to
distillate fuels, such as cetane, cloud point, freeze point,
or corrosiveness, are performed at an off-site laboratory.

Figure 2. Monitoring Pipeline Product for Contamination

-

The same rigorous level of testing is performed that is
randomly applied to other products on a sampling basis

The sulfur content of existing highway diesel fuel is
often well under the 500 ppm specification. It is not
uncommon for highway diesel to contain only 200 ppm
sulfur. Thus, the statistical reproducibility of sulfur test-
ing can comfortably be more than 20 to 50 ppm, and is
Operators anticipate that sulfur testing of ULSD will
have to work within a 3 to 5 ppm reproducibility error.

With a 3 to 5 ppm reproducibility in the test, a product
could be tested at 10 ppm as it enters the system and at
15 ppm as it exits. Generally, pipeline operators do
not have a consensus on the sulfur content they will
require as the product enters the pipeline system. Some
have mentioned levels as low as 7 to 8 ppm in order to

> r—
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Note: Taken from an oil pipeline control center's SCADA (Supervisory Control and Data Acquisition) system, this screen illustrates gasoline con-
tamination (indicated by the drop in flashpeint) during a change from one kerosene batch to a second kerosene batch. The Net Meter stops climbing
and shows where the pipeline was shut down to investigate the source of the problem (likely a late cut ieaving gasofine/kerosene mix in the tank fine
Fhat became evident when the pipeline began to draw product from the tank). The time scale across the screen is in hours. There is no similar monitor
ing available for ULSD.

86.5. Environmental Protection Agency, “Control of Air Poliution from New Motor Vehicles: Heavy-Duty Engine and Vehicle Stan-
dards and Highway Diesel Fuel Sulfur Control Requirements: Final Rule,” Federal Register, 40 CFR Part 80.580(a)(4) (January 18, 2001).
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leave room for test reproducibility and unavoidable
contamination.

Currentlv, most oil pipeline operators use X-ray fluores-
cent sulfur analvzers such as those manufactured by
Oxford Instruments, Asoma Instruments, or Horiba,
Ltd., for oversight sulfur content testing of highway die-
sel fuel. These analyvzers, however, will be unable to
monitor ULSD. Some oil pipelines use Antek Instru-
ments, administering ASTM 5453-99 in a laboratory to
monitor sulfur content on a batch basis. However, this
equipment and test will help with the interface cut only
in some situations, because its application for in-line
testing presents a number of challenges {see below).

Some oil pipelines use in-line testing equipment to
detect contamination close to and downstream from
potential source locations where foreign or off-
specification material might be inadvertently intro-
duced into pure material (Figure 2). Zarlv detection of
contamination gives operators flexibility in correcting
problems before they become intractable. However,
there is no in-line test for sulfur content.

Product testing is different from instrumented detection
of specific gravity, which is used to identify and track
product batches in a pipeline system. Batch tracking
and identification are accomplished by in-line monitor-
ing of the pipeline stream’s specific gravity at strategic

Figure 3. Monitoring Pipeline Batch Change

s

pipeline locations. Such locations are typically station
entry points or other locations where batches need to be
“cut” and separatelv directed to subsequent pipeline
segments in a system or to storage tanks for segregation
(Figure 3). The cut, as noted previously, does not depend
on sulfur content.

Most oil pipeline operators will probably want or need
to perform in-line monitoring of sulfur content, because
degradation of ULSD will easily and, possibly, fre-
quently occur. The entry, for example, of only 35 barrels
of heating oil (3,000 ppm) into a 10,000-barrel batch of
ULSD will contaminate the batch.*” A 10-inch diameter
pipeline flowing at 4 miles per hour (a representative
rate for a delivering carrier) is flowing at some 34 barrels
per minute. Other carriers may be flowing faster, and on
larger diameter pipelines, are moving more. product.
Hence, flow rates can exceed 300 barrels per minute. The
35-barrel contamination, then, is quick to occur. A nor-
mal cut, illustrated above, might take some minutes.

In-line testing for sulfur will represent a difficult chal-
lenge for the oil pipeline industry and for test instru-
ment manufacturers. Current in-line instruments such
as flash point or dye /haze analvzers cost $40,000 each to
acquire, but there is no similar instrument available-to
meet ULSD test requirements. Current instruments for
testing sulfur do not have adequate sensitivity, accu-
racy, or speed.
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With respect to speed of analysis alone there is a signifi-
cant performance deficiency with current in-line analy-
sis techniques. Current machines require 5 to 10 minutes
to complete one analysis of a passing product stream.
Five minutes is far too long to permit a pipeline operator
to make a correctional response if off-specification mate-
rial is detected in a batch of ULSD. One suggested solu-
tion would move the testing equipment to an upstream
(earlier) location. The pipeline could construct a test
loop, fed by samples from the main line. Samples regu-
larly extracted from the product stream could flow
through the loop to the test equipment housed in a shed,
and readouts of the results could be returned to control-
lers to identify the interface as the product approaches.

Operators point to a number of difficulties with such an
upstream testing mechanism. According to industry
experts, many refiners test the sulfur content of outgoing
product using ASTM 5453-99 with such a test loop, and
at least one major pipeline system uses ASTM 5453-99
with an upstream test loop, so it is clearly an effective
alternative for some applications. Refineries may have
more success using the ASTM 5453-99 with a test loop,
because product flow is slower in refinery piping than in
oil pipelines, and the speed of the product flow dictates
the placement of the test loop. For example, such a loop
would have to be positioned far enough upstream to
allow the sample flow to reach the test equipment, per-
form the test, and return the readout in time to make the
batch cut. If the loop transit and testing took 5 minutes,
for instance, and the product flowed through the pipe-
line at 8 miles per hour, the equipment would have to be
positioned about two-thirds of a mile upstream of the
valve. This distance would commonly be outside of a
station property, on the night-of-way.

Although positioning certain equipment upstream is a
relatively common pipeline practice, restrictions on the
use of or availability of space on the right-of-way would
be among the factors that could be obstacles to position-
ing anything as substantial as a free-standing shed on
the pipeline right-of-way. Power and communications
availability on the right-of-way could also be impedi-

ments. The expense of the equipment is an additional

deterrent to placing equipment in an unstaffed remote
location. Finally, an oil pipeline with many delivery
points—a delivering carrier might have 100, for exam-
ple—would find it prohibitively expensive to install
such equipment at each delivery location. ‘

Special Issues Related to the Phase-In

The temporary compliance option as well as the provi-
sions related to small refiners provide flexibility for

-

refiners and importers to phase in ULSD, at the expense
of pipelines and other downstream distributors. The
phase-in provision assumes that some operators carry
an additional grade of diesel/distillate fuel oil during
the transition years, providing concomitant facilities for
segregating the product. As noted earlier, the East Coast
is the only region where operators consistently carry
both diesel, at 500 ppm, and heating oil, at 3,000 to 5,000
ppm. Many pipelines carry only 500 ppm product, serv-
ing both highway and non-road needs with the same
fungible grade (dye is added at the destination termi-
nal). Most also carry jet fuel. The ULSD phase-in will
push them to carry an additional grade of distillate fuel
oil—diesel at 15 ppm—in addition to diesel at 500 ppm
and, for some, heating oil at 3,000 to 5,000 ppm plus jet
fuel.

Tank size and utilization have been optimized at most
terminals to carry the existing product slate. Pipeline
executives are uruversal and adamant in their opinion
that sufficient storage tanks and other pipeline assets are
not available in most pipeline systems to segregate a
third grade of distillate. Many small terminals are
unable to add tanks because of space and permitting
concerns, and even at larger terminals such constraints
may be a factor. Permits can take years to obtain. For ter-
munals that are able add tanks, new tanks cost $1 million
or more each, an expenditure that is necessary only to
carry a discrete product for a limited period of time. Ir .
addition, because of the limited volumes involved, the
tanks may be used inefficiently during the ULSD transi-
tion period.

The EPA estimated that there are 853 terminals, exclud-
ing tanks at refineries, that carry highway diesel. The
EPA assumed that, of these 853 terminals, 40 percent
would build a new tank to distribute both 15 ppm and
500 ppm diesel fuel during the transition period. At a

cost of $1 million per new tank, the additional cost of

new terminal tankage was estimated to be approxi-
mately $340 million %8

Bevond the terminal level, the EPA estimated there are
9.200 “bulk plants” that carry highway diesel fuel,
excluding tanks at refineries. Again, the EPA assumed
that 40 percent of these bulk plants would build a new
tank to accommodate both 500 ppm and 15 ppm diesel
fuel. The EPA assumed a cost of $125,000 for each of
these smaller tanks, giving a total cost of new tankage at
the bulk plant level of $460 million # ’

Finally, at the truck stop level, the EPA assumed there
are 4,800 truck stops operating in the United States, of
which 50 percent would sell both 500 ppm and 15 ppm

88U 5. Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Dresel Fuel
Sulfur Requirements, EPA420-R-00-026 (Washington, DC, December 2000), Chapter V, p. V-134.

81S. Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel
Sulfur Reguirements, EP A420-R-00-026 (Washington, DC, December 2000), Chapter V, p. V-134. ’ ’
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diesel fuel. The EPA cited a survey on thé expected cost
of handling a second grade of diesel fuel by the National
Association of Truck Stop Operators of its members.
Based on this survey, the EPA estimated an average cost
of $100,000 per truck stop to handle the two diesel
grades, giving a total of $240 million. A Petroleum Mar-
keters Association of America estimate gave costs of
$50,000 per truck stop.*" The total costs of new tanks and
equipment to handle both 500 ppm and 15 ppm diesel
fuel were estimated by the EPA at $1.05 billion.?!

The EPA estimated the total cost per gallon of highway

diesel of additional storage tanks at 0.7 cents. This 0.7

cents per gallon additional cost was for the 2006 to 2010
phase-in period. The EPA assumed that the additional
storage tanks would be fully amortized during the
phase-in period, and that service stations supplying
light-duty vehicles with diesel fuel, centrally fueled fleet
facilities, and card locks (unattended filling stations)
would not install additional storage taiks to handle both
500 ppm diesel and ULSD. Therefore, no cost was esti-
mated for additional storage tanks during the phase-in
at service stations, centrally fueled fleet facilities, or card
locks.%?

Where an operator cannot add a tank, it may choose to
drop a grade of product. (Such a strategy is not a clear
winner, however, because a dropped grade of gasoline,
for instance, requires the shipment and storage of
greater volumes of another grade of gasoline to compen-
sate.) A carrier might be able to drop a grade of distillate
fuel oil, but not without requiring an additional, com-
pensating volume of low-sulfur product or ULSD to
meet the market need, exacerbating the draw on refiner
capabilities.

The gquestion of whether pipeline companies will be able
to recover the increased costs associated either with
moving ULSD or moving ULSD plus another temporary
grade is a matter of conjecture. The onlv process for
recovery will be tariff rates, and the path to structuring.
rates to allow that recovery is uncharted.

Overview of Tariff Rate Issues

The majority: of transportation for refined petroleum
products by volume or by barrel-miles is provided by
common-carrier oil pipelines operating in interstate
service, under rates regulated by the Federai Energy
Regulatory Commission (FERC). Most oil pipeline carri-
ers have approved tariff rates on file with the FERC .

covering the transportation of diesel fuel. If no other
application or action were taken by an oil pipeline com-
panv, the existing tariff rates covering diesel fuel would
apply to ULSD when that material is distributed to mar-
kets. As noted in other sections of this report, however,
oil pipelines will incur large, incremental capital and
operating costs in distributing the new diesel fuel.

For most regulated oil pipelines, the FERC uses an eco-
nomic index as the basis for approving tariff rate
increases. The index provides that tariff rates mav
increase without challenge bv a ' .zrcentrge amount no
more than the Producer Price Incrzave {:- Firushed
Goods, less 1 percent over an ap;»r-ived base tate. If an
oil pipeline carrier is operating under the FERC’s index
method and applies its existing tariff rate to ULSD. there
will be no basis for the carrier to recover its extraordi-
nary incremental costs in the approved rate.

Some oil pipeline companies operate under alternative

' programs with the FERC. The second most prominent

method is to administer some or all of a carrier’s tariff
rates under a market-based system."® Under this
method, if various markets served by an oil pipeline are
first found by the FERC to be workably competitive, the
FERC then stipulates the basis by which the pipeline car-
rier may raise rates more flexibly, without application of
the index. Many oil pipeline operators believe that mar-
ket conditions under which thev operate are far more
competitive than their status as regulated utilities sug-
gests. If they are correct (and the FERC's own findings of
workable competition in many oil transportation mar-
kets suggests that thev are), pipelines will be competi-
tively constrained from simply passing through their
higher ULSD costs to shippers.

A carrier might file a new tariff rate expresslyv covering
ULSD. If that rate is greater than the previous rate (or the
remaining tariff rate for other grades of diesel fuel). the
FERC or-a shipper might protest the newrate, acommon
occurrence. In such an event, it is possible that the new
tariff rate would not be permitted to take effect or that it
would be accepted subject to refund if it were later
found to be excessive. Furthermore, such administrative
proceedings to adjudicate tariff rates before the FERC
are costly and time-consuming.

As an alternative to attempting to recover incremental
costs through increasing an existing approved rate or fil-
ing new tariff rates, carriers could trv to impose special
charges to recover incremental capital or operating costs

#john Huber, Petroleumn Marketers Association of America, “Letter to LS. EPA, Re: AMS-FRL-6705-2." Subimutted ta the pubhbic docket

on August 11, 2000

! lohi Huber, Petroleun Marketers Association of America, “Letter to U.S. EPA, Re: AMS-FRL-6705-2  Subimitted to the pubiic docket

on August 11, 2000

Y2LU.S Environmental Protection Agency, Reguintory fmpact Analysis: Hmz‘y-Dnh/ Engme amd Velncle Stodards and Hichizoaw Diesel Frel
Sudfur Requerements, EPA420-R-00-026 iWashington, DC, December 2000), Chapter V, p V-133
*2Qther rate ad minustration methods are avaiiable {rom the Commussion, but thev are even less trequently used
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by filing such charges as a part of the “rates and regula-
tions” that normally cover the qualitative aspects of a
tariff rate. Under this method, tariff regulations might
support cost recovery in various forms, including a
mandatory provision for the shipper to provide pipeline
buffer material, a volume loss allowance, facility
charges, or access charges. While the imposition of such
special charges outside of the transportation tariff rate is
possible, it is unlikely that material charges could be
imposed without eliciting a shipper or FERC challenge,
making this, too, an uncertain avenue for recovery of the
unique costs.

Because of the difficulties presented by fitting ULSD into
tariff rates, innovative approaches may be required. For
instance, a pipeline carrier or an oil pipeline industry
association might file an advance request with the FERC
for a declaratory order either recognizing the validity of
special charges or specifying the basis under which spe-
cial charges would be applied to ULSI® shipments. The
purpose of seeking a declaratory order would be to clear
a path for cost recovery before new capital or higher
operating costs were actually incurred. Such an
approach, with its earlier recognition of the issue, would
allow the multi-year process to proceed well in advance
of the collection of the new tariff rate.

The foregoing discussion suggests that higher capital
and operating costs attributable to distributing ULSD
will be difficult to recover, and that carriers will need to
take proactive steps with the FERC and shippers in
order to do so. There is no assurance that such steps will
be successful, nor is there economic assurance that any
such recovery will even be possible. Therefore, resis-
tance among pipeline operators to incurring those costs
should be expected. :

Distribution Costs in the EIA Model

In its Regulation case analysis, EIA closely followed the
EPA’s assumptions about distribution costs, with the
exception that EIA calculated the downgrade revenue
loss within its NEMS model, using the prices of highway

and non-road diesel generated from the model. From -

June 2006 through June 2010, EIA assumed an increased
distribution cost markup of 1.2 cents per gallon on the
price of highway diesel: 0.7 cents per gallon reflected the
additional capital costs associated with handling two
grades of highway diesel fuel during the phase-in
period, 0.3 cents per gallon was the downgrade revenue
loss, and 0.2 cents per gallon reflected other distribution

—

costs, including operating and testing costs. The 1.2
cents per galion additional distribution cost is slighth
higher than the EPA’s estimate of 1.1 cents per gallon.
After June 1, 2010, the additional distribution cost asso-
ciated with ULSD was 0.4 cents per gallon, including 0.2
cents per gallon for the downgrade revenue loss.%

EIA conducted a sensitivity analysis of higher distribu-
tion costs in the 10% Downgrade case. In the Regulatior
case, EIA followed the EPA assumption that ULSD
product downgrade would be 4.4 percent of ULSD sup-
plied. In the 10% Downgrade case, EIA assumed that
10% of ULSD would be downgraded from the highway
diesel market. From June 2006 through June 2010, E1A
assumed an additional distribution costs of 1.6 cents per
gallon of highway diesel supplied. Of the 1.6 cents per
gallon, 0.7 cents per galion was for additional storage
tanks to handle two on-highway diesel grades during
the phase-in, 0.7 cents per gallon was for the revenue
loss from downgrading ULSD, and 0.2 cents per gallon
was for other distribution costs. After the end of the
phase-in, in June 2010, the additional distribution cost
was 0.9 cents per gallon: 0.7 cents per gallon for down-
grade revenue loss and 0.2 cents per gallon for other dis-
tribution costs (see Chapter 6 for more detail).?

Summary

TheNation’s refined petroleum product pipeline system
is not monolithic. Pipelines are distinguished by region,
type of service, mode of operation, size, how much inter-
face material they produce, and how they dispose of it.
In preparing this report, a varniety of pipeline companies
were consulted, representing a cross-section of size,
capacity, location, markets, corporate structures, and
operating modes.

It is likely that the pipeline industry can distribute ULSD
successfully, but major challenges arising from the
unique specifications of a new product prevent a clear
assertion that pipeline distribution of the material will
be successful. In successfully distributing ULSD, oil
pipelines will have to surmount numerous challenges:

* Coping with a product phase-in

* Demonstrating that untested pipeline batching tech-
niques work '

* Determining for the first time that sulfur content
from other refined products does not “trailback” in
pipelines and will not avoidably contaminate the
new fuel

94U S Environmental Protection Agency,'Regulatory impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel
sulfur Requirements, EP A420-R-00-026 (Washington, DC, December 2000), Chapter V, p. V-121.

%U S, Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel
Sulfur Requirements, EPA420-R-00-026 (Washington, DC, December 2000), Chapter V', p. V-121.
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* Installing product quality testing equipment (which
does not vet exist)

* Recovering operating costs that are not transpar-
ently recoverable under FERC regulations or market
conditions

* Collecting, transporting, reprocessing, and selling
up to twice the volume of existing pipeline transmix

* Reconfiguring an undetermined number of existing
stations with new piping, tanks, manifolds, or valves

* Installing new loading facilities at distribution
terminals.

Protecting the integrity of 15 ppm product will be more
difficult than protecting the product integrity of the cur-
rent 500 ppm product. The sulfur concentration of the
neighboring product will more easily lead to contamina-
tion of the ULSD. Not only is the specification lower,
with less room for error, but also the “potency” of the
sulfur in the nearby product is higher.

Energy Iinformation Administration / Transition to Ultra-Low-Sulfur Diesel Fuel

It appears that the overall proposition of transporting
ULSD is feasible. More problems can be expected to
arise in handling ULSD among delivering pipeline carri-
ers than among trunk carriers. In particular, those deliv-
ering carriers that cannot support fungible operations,

. are already short of working tankage, have complex

routing and schedules, or have small markets at their
end points will have the greatest difficulty in transport-
ing ULSD.

The market impact of a contaminated batch will be
stronger, however. With such a tight specification, there
is little opportunity for blending lower sulfur material
into an off-specification batch or tank. With the regula-
tion applied as a cap with no averaging aspect, an
off-specification tank in a terminal with only two tanks
will quickly lead to a localized shortage of highwav die-
sel, especiallv in areas where the market is thin and the
infrastructure sparse.

Finally, there are uncertainties about transporting ULSD
that cannot be resolved without hands-on experience
with this unigue product.
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5. Short-Term Impacts on ULSD Supply

Background

This chapter addresses the transition to ultra-low sulfur
diesel fuel (ULSD) when the ULSD Rule takes effect in
2006. Whether there will be adequate supplv was one of
the key questions raised by the House Committee on Sci-
ence in its request for analysis. The Charles Rivers Asso-
ciates/Baker and O’Brien (CRA/BOB) study done for
the American Petroleurmn Institute (API) estimated a
shorttall of 320,000 barrels per day when the regulation
is introduced in 2006. The issue of future supply of high-
way diesel fuel “received considerable attention during
the comment period” on the Notice of Proposed Rule-
making (NPRM) published by the U.S. Environmental
Protection Agency (EPA).”¢ The EPA noted that “numer-
ous commenters to the proposed rule indicated that they
believed that the 15 ppm sulfur cap would cause short-
ages in highwav diesel fuel supply” but that “a number
of commenters also thought otherwise (i.e., that future
supplies would be adequate).”?’

While it is possible that some refiners mav decide to shut
down altogether because of this regulation, others might
just abandon the highway diesel market. Few refineries
can operate without producing gasoline because gaso-
line is a high-margin, high-volume product that pro-
vides significant revenue to refiners. On the other hand,
it may be possible for some refineries to operate without
producing ULSD. Some refineries could sell higher sul-

tur distillate products into the non-road, rail, ship, or

heating oil markets. Some refiners could also decide to
export distillate products if thev are in the right location.

Because there are other markets for distillate products,

some refiners may opt to delay upgrading their facilities
to produce ULSD. Refiners’ recent experiences with
investing to meet new fuel standards have not been
encouraging. As the EPA pointed out in the Regulatory
Impact Analysis for this regulation, both the 300 ppm
diesel fuel and reformiulated gasoline standards resulted
in overinvestment and oversupply of the fuels, and “of

late, relatively poor refining margins have not allowed
refiners to recoup the full cost of environmental stan-
dards.”?® Overly aggressive expansion to produce
ULSD could result in similar oversupply of product and
reduced margins, and some refiners may therefore wait
to see whether adequate margins develop.

Another uncertainty is possible regulation of non-road
diesel fuel. In addition, some States are proposing their
own regulations for highway diesel fuel, which may add
to the EPA requirements. Some refiners may wait to see
whether additional requirements are established for
highway or non-road diesel before investing to upgrade
their refineries to produce ULSD.

The EPA has taken steps to monitor the ULSD supply
situation. Its Final Rulemaking requires refiners and
importers to submit a variety of informatior to ensure a
smooth transition, and to evaluate compliance once the
program begins. Refiners and importers expecting to
produce highway diesel in 2006 are required to register
with the EPA by December 31, 2001. Annual pre-
compliance reports are required from 2003 through
2005, containing estimates of ULSD and 500 ppm sulfur
fuel that will be produced at each refinerv and projec-
tions of the numbers of credits that will be generated or
needed by each refinerv. A time line for compliance is
also required, as well as other information.

The EPA will produce an annual report summarizing

information from the precompliance reports without
disclosing individual company plans. This information

‘will give refiners a better indication of the potential mar-

ket for credits and the availabilitv of credits in each
region. The EPA will also require annual reports after
the program takes effect, in order to monitor production
of ULSD and 500 ppm sulfur diesel fuel.” In addition, an
independent advisorv panel will be set up to look at
issues of diesel supplies and related technologies, and to
report to the EPA annually on the progress being made
by industry to comply with the ULSD Rule. 1"

LS. Environmenta! Protection Agency, Requlatory Impact Analysis: Heavy-DutyEngine and Velucle Standards and Higltieau Diesel Fuel
Suitur Requarements, EPA320-R-00-026 (Washington, DC, December 2000}, Chapter iV, p. IV-33.

77 S, Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Engme and Velncle Standards and Hichivay Diese! Fuel
sulfur Requirements, EPA420-R-00-026 (Washington, DC, December 2000), Chapter IV, p. IV-33.

INL S .Environmental Protection Agency, Regudatory Impact Analysiz: Heay-Dity Engiwe and Velicke Standards and Higlivay Dresel Fuel
Swltur Requirements, EPA420-R-00-026 (Washington, DC, December 2000), Chapter IV, p. 1V-34.

LS Environmental Protection Agency, “Control of Air Pollution from New Mator Vehicles Heavyv-Duty Engine and Vehule Stan-
dards and Highway Diesel Fuel Suliur Contro! Requirements: Final Rule.” Pre-publication Fmal Rulemaking [December 21, 2000). pp

136:160.
"Biesel Fuel News (Narch 3,2001), p. 3.
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Cost Analysis

To assess the supply situation during the transition to
ULSD in 2006, estimates of ULSD costs and supply were
developed based on refinery-specific analysis of invest-
ment requirements. The relative costs can provide
insights into whether refiners will make the investments
to produce ULSD and give an indication of possible sup-
ply. Four scenarios describing investment behavior
under different assurnptions were developed to provide
a range of possible responses to the ULSD Rule.

Using refinery-specific data collected by the Energy
Information Administration (EIA), the ULSD product
costs are estimated for each refinery based on its size, the
sulfur content of the feeds, the fraction of cracked stocks
in the feed, the boiling range of the feed, and the fraction
of highway diesel produced. Cost curves were then
developed in a three-step process. In the first step the
cost of producing ULSD for each refinery was estimated
for several strategies of ULSD production, based on
refinery operation data for 1999. The strategies start by
maintaining ULSD production at current highway

Table 6. Sample Results from the ULSD Cost Model

-

diesel production levels. Then they consider both reduc-
tions and increases from current production to find th
most economical level of production for individuai
refineries. In the second step the cost and volume infor-
mation for individual refineries is used to construct cost
curves for the U.S. refining industry using a variety of
scenario assumptions about how refiners may respond
with refinery investment in preparation for summer
2006, when ULSD requirements for highway diesel
begin. The third step consists of adjusting the cost curves
to reflect changes in refinery capacity from 1999 to 2006.

Appendix D describes in detail the refinery-by-refinery
analysis and development of the cost model used as the
basis for developing the cost curves. Table 6 provides
samples of the ULSD cost model results for cases repre-
senting various refinery configurations and situations.
The case descriptions in the table indicate whether the
refinery in that particular case falls within the higher or
lower part of the range in terms of hydrotreater unit
capacity, sulfur content of the hydrotreater feed, and the
fraction of cracked stock in the feed. The costs in this
analysis assume a 5.2-percent after-tax return on

Refinery Characteristics and Costs - l Case A J Case BJ Case CW Case

D Jjase E 1 Case G | Case H l Case ! ﬁase J l Case KLCase L

Hydrotreater Capacity Range® .. ... ... H H H H H L L H H H HR
Feed Suitur Content Range®. . ... ... ... H H L L H H H M M M M
Percent Cracked Stock Range® ... ... .. H H H H L H H H M M M
Revamp or New Unit® .. . . .. N R N R R N R N N R R
Current Highway Diese! Production

{Tnousand Barreisper Day) .. ......... 50.0 50.0 50.0 50.0 50.0 10.0 10.0 0.0 324 324 32.4
Hydrotreater Feeds

{Thousand Barreis per Day)

Straignht-Run Distitiate. . ... . ... ... 34.0 34.0 34.0 34.0 50.0 6.8 6.8 33.0 253 25.3 18.4

LigntCycle Ol . ... . ... 8.0 8.0 8.0 8.0 0.0 16 1€ 4.0 21 2.1 c.0

Coxer Distilate .. ...... ... ..... 8.0 8.0 8.0 8.0 0.0 16 1.6 230 5.1 5.1 23
Total ... ... 50.0 50.0 ‘ 50.0 50.0 SC.0 10.0 10.0 60.0 324 324 207

Hydrogen Consumption ‘
(Standard Cubic Feet per Barret) . ... ... 550 550 402 402 248 S50 550 580 305 385 305
Feed Sulfur Content

(Farts per Million)

Straight-Run Distillate .. .. ... ...... .. 8.000 9.000 1.100 1.100 9.000 9,000 9.000 6.000 6.000 6.000 6.000

LigntCycle Qil. .. .......... ... ... 25.000 25.000 3.800 3.800 A Q 25,000 25,000 15,000 13.000 13.000 13.00C

CokerDistilate .. .................. 22,000 22,000 5.700 5700 0 22000 22000 14000 14.000 14.000 14,000

ULSD Cost Components
(1999 Dollars per Barrel)

Hydrotreater .
Capacity Changes ............ ... 0.73 0.55 0.70 0.55 0.36 1.21 074 0.72 O.'81 0.55 ¢ 439
Other. .......................... 0.83 0.74 a.75 0.68 0.54 0.96 078 0.87 Q.78 0.67 0.62

Mydrogen Production . ’
Capacity Changes , ............... 0.20 020 022 g22 0.05 0.35 035 0.30 0.19 0.19 0.00
Other........................... 0.52 0.53 0.55 0.54 0.12 0.56 0.57 0.88 0.40 041 0.13

SulfurandOther ......... .. .. . ... . 027 0.06 0.07 0.06 .06 Q.41 Q.10 0.18 .18 0.07 c.oe
Total Cost (1999 Dollars per Barrel)... 254 208, 227 2.05 112 3.49 2.56 2.87 2.37 1.88 131
Total Cost (1999 Cents per Gatlon). ... 6.0 5.0 54 4.9 27 8.3 6.1 74 5.6 4.5 3.1

*H = refinery in the higher range: M & retinery in the middie range: L = refinery in the lower range.

°N = pew unit; R = revamped unit.

Note: Only refinenes in Petroleum Administration tor Defense Districts (PADDs) I-1V are included in the short-term analysts.
Source: Energy Information Administration. Officeof Integrated Analysis and Forecasting.
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investment, which is estimated to be equivalent to the
7-percent before-tax return on investment assumed in
the EPA’s analvsis.

The cases in Table 6 were designed to represent the types
of individual refinery situations that lie behind the cost
curve results. Cases A and B represent refiners produc-
ing highway diesel fuel as a high fraction of their distil-
late pool. These refineries run a higher sulfur crude oil,
do not have hydrocracking facilities, and have relatively
large-scale highway diesel production. Thirtyv-two per-
cent of the highway diesel they produce comes from
cracked stock, which is about the average for Petroleum
Administration for Detense District I (PADD II) (see
Appendix D, Table D1). The cost of producing highway
diese] at current production levels in the refineries of
Cases A and B is 6.0 cents per gallon if a new hvdro-
treater is required and 5.0 cents per gallon if the current
hvdrotreater can be revamped. The cost of the incremen-
tal hvdrogen to produce ULSD represents 28 percent of
the added cost for Case A and 35 percent for Case B.

Cases C and D have the same volumes as A and B but
use a lower sulfur crude oil. The cost of the added hydro-
gen is similar to the result for Cases A and B, because this
analvsis is estimating the cost to produce ULSD with 7
ppm sulfur rather than the current 500 ppm. Total costs,

"however, are just 0.1 cents per gallon lower for a
revamped unit (Case D compared to CaseB) and 0.6
cents per gallon lower for a new unit (Case C compared
to Case A).

Case E shows a refinerv producing ULSD only from
straight-run distillate derived from a high-sulfur crude.
The cost of production from a hydrotreater that has been
revamped 1s only 2.7 cents per gallon. This is slightly
more than half the cost of Case B, which has to handle 32
percent cracked stocks:

Cases G and H represent the same mix of hydrotreater

feed as'in Cases A and B, but the total feedstock volume
is only 10,000 barrels per day, compared to 50,000 bar-
rels per dav in Cases A and B. This is the tvpe of situation
represented by comparing ULSD production in PADD
IV with that in PADD Il and PADD III. For a new
hvdrotreater unit, the ULSD cost would be 8.3 cents per
gallon (2.3 cents per gallon higher than in Case A). If the
unit can be revamped, the cost is 6.1 cents per gallon (1.1
cents per gallon higher than in Case B).

Some refineries currently produce high volumes of dis-
tillate product but no highway diesel. These refineries
might consider entering the highway diesel market
when the ULSD Rule takes effect if they anticipate that
the price differential between ULSD and their other
distillate products can more than offset the added

investment and operating costs they would incur. Case I
illustrates a non-road diesel producer converting to the
production of highway diesel. The refinerv runs a
moderatelv high-sulfur crude oil and has substantial
volumes of cracked distillates from the fluid catalvtic
cracker (FCC) and coker units. Because of quality
requirements for non-road diesel products, cracked
stocks still make up 45 percent of the feed to the
hvdrotreater for highway diesel production. The large
percent of cracked stocks means a moderately high
per-barrel investment and operating cost for the
hydrotreater. Additionally, the per-barrel cost for
hvdrogen is quite high. Most of the refineries with
high-volume distillate production and no highway die-
sel production had costs of highway diesel production
in the higher portion of the cost range. -

Cases ], K, and L provide an illustration of refineries
achieving improved economics by reducing the volume
of ULSD diesel below current highwav production lev-
els. As shown in Table 6, the cost of added hydrogen is
generally a large component of the cost of producing
ULSD. The cost for hvdrogen grows as the fraction of
cracked stocks increases, eventually requiring the con- .
struction of new hvdrogen production capacity. How-
ever, if there is only a modest percent of cracked stock in
the hydrotreater feed and the refiner reduces the input
to the hvdrotreater, then the incremental hvdrogen
requirement for ULSD production can be provided by
existing refinerv production sources.

Cases ] and K show the costs for a new and revamped
hvdrotreater for a refinery running a medium-sulfur
crude and with 22 percent cracked stock in the highway
diesel production pool. Case L shows that if the input
level is reduced from 32,400 barrels per dav to 20.700
barrels per day when the unit is revamped, then the cost
of ULSD production is reduced from 4.5 cents per galion
to 3.1 cents per gallon. Given the costs for Cases K and L,
the preferred option for the refiner would be Case K if
the price differential between highwayv and non-road
‘diesel exceeds 6.9 cents per gallon and Case L if the dif-
ferential is less than 6.9 cents per gallon.!""

These sample cases highlight several situations that can
cause refineries to have potentially high ULSD produc-
tion costs and discourage them from investing to pro-
duce ULSD. Small refineries with less than 10,000 barrels
per dav of highway diesel production will have very
high relative costs unless thev can revamp an existing
unit. The fraction of cracked stocks in the ULSD hvdro-
treater feed is extremely important. The need for h:\‘dr(\-
gen increases with the fraction of cracked stocks and
may require new hvdrogen production capability, If a
refinerv's other distillate: products are primarily

M Caicutated bv takng the difference in total cost (1.88 x 32.4 - 1.31 x 20.7) divided by the change in volume (32 4 < 20 71 evpressed in

cents per gallon.
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non-road diesel fuels with cetane requirements that
limit the volume of cracked stocks, then it is often impos-
sible for the refinery to reduce the cracked stocks going
into highway diesel. Thus, refineries with moderate
cracked stocks and a smaller scale will have high ULSD
cost, and refineries with high cracked stocks and a mod-
erate to large scale may aiso have ULSD costs that they
view as uncompetitive.

Analysis of ULSD
Production Decisions

Economic Considerations

Scenarios are analyzed to estimate the volumes of ULSD
that refiners might produce at the beginning of the
ULSD requirement in the summer of 2006. Each scenario
defines a set of strategic principles that might character-
ize the economic rationale behind investment decisions
that may be commonly made by refiners in this situa-
tion. Refiners have a choice as to how much ULSD they
produce. Some refiners may decide to produce no high-
way diesel when the ULSD Rule comes into effect. While
most refiners who are currently producers of highway
diesel will likely continue to produce it, they could
increase or decrease production from current levels.
Because there is uncertainty associated with refiners’
behavior, four supply scenarios were constructed, any
one of which may turn out to be closest to the actual
behavior of the refining industry in this situation.

In making the ULSD decision a refiner will look at the
available options, analyze the costs to produce various
levels of ULSD, and determine the impact on other dis-
tillate products. Then the refiner will try to estimate his
relative competitive position for producing ULSD. The
. competitive assessment considers the cost of ULSD pro-
duction for other refiners and looks at the mid-term
competition for market share, including an analysis of
current market share, regional market competition, the
impact of new entrants that may have a significant cost
advantage, synergies with other refineries within the
same company, and potential changes in the price differ-
ential between ULSD and non-road fuels on a mid-term
Dasis.

In a number of past instances when refiners have been
required to meet new product specifications, they have
not only made facility changes that would enable them
to meet the demand for the product with new specifica-
tions, but have done so in such numbers and volumes
that their ability to supply the market has exceeded mar-
ket demand. In the case of ULSD, refiners have more
choice in deciding to participate in the highway market
or alternatively to produce products only for non-road
distillate markets. This choice becomes a particular issue
for refiners facing an expensive investment decision and

40 Energy Information Administration / Transition .o Ultra-Low-Suitur Diesel Fuel
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the likelihood that they would be at a significant com-
petitive cost disadvantage relative to other marke

competitors.

While most U.S. refiners look upon gasoline as an essen-
tial product, they could operate in the refinery business
without producing any highway diesel. Thus, it is possi-
ble that some refiners will cease or significantly decrease
highway diesel production when ULSD specifications
take effect in 2006. This would create a transition market
in which some refiners with higher costs would decrease
production and be replaced b :.iore cst-competitive
refiners.

The set of more cost-competitive refiners talls into two
categories—those increasing production of highway
diesel from current levels and those currently producing
little or no highway diesel. Will refiners in the second
group jump into the market because they recognize that
they would have a competitive position, or will they
wait to see how the supply and margin picture unfolds
before making a large-dollar commitment? Later
entrants into the market could also be the beneficiaries
of improved technologies that reduce the cost of
compliance.

Refiners who estimate that their costs to produce ULSD
are on the high end of the range will be far less likely to

‘invest to produce ULSD. No one wants to be the mar-

ginal supplier after making a large investment, espe-
cially when the product is a secondary fuel product. The
question is what differential cost will be perceived to be
too high—is it 1 or 2 cents per gallon above what the
refiner perceives is the average cost in the market? How
does the refiner assess the possible competitive threats
of a large-volume refiner who has previously not been a
highway diesel producer but may now enter the market
with better economics to produce highway diesel and
reduce market prices? Refiners will likely try to retain

- highway market share, even if their relative competitive

cost is modestly above the average cost in the region,
rather than shifting into new markets. Refining compa-
nies with multiple refineries will view strategies in the
context of their total system and could rebalance pro-
duction on a system basis.

One of the key decisions in preparing to produce ULSD
is whether to build a new hydrotreater or revamp an
existing unit. This analysis assumes that revamps are
more likely if a refinery installed new distillate
hydrotreating units in the 1990s, or if the proportion of
cracked stocks in the refinery’s hydrotreater feed is
small. New units are assumed at refineries where cur-
rent hydrotreating capacity is less than highway diesel
production. As shown in Table 7, the estimates indicate
that 46 percent of the refineries in PADDs I-IV, account-
ing for 63 percent of highway diesel production capac-
ity, would revamp existing units. PADD [V has the
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Table 7. Estimate of Revamps and New Hydrotreaters for ULSD Production

ULSD Production Volume

Number of Refineries Percent {Thousand Barrels per Day) | Percent

Region Revamp T New ] Total Revamp Revamp |  New ] Tota! ] Revamp
PADDI. ... L 4 7 11 36 13¢ 77 216 64
PADD N ... ... . 14 13 27 52 442 138 598 74
PADC L. ... 22 23 45 a9 603 423 1.026 5¢
PADDIV . ... ... 5 10 - 15 33 45 72 117 3¢
Total ................ 45 53 98 46 1.229 729 1.957 - B3

PADD = Petroleum Administration for Defense District.

Note: Although 98 refineries are considered in this analysis. 87 are current producers of low-sulfur dresel. Not all of these rzfineries arz 2xpected to

produce ULSD economically.

Source: Energy information Administration. Office of integrated Analysis and Forecasnng

lowest proportion of revamps because of the larger
amount of cracked stocks that refineries in that region
must process. PADD II has the highest percentage of
revamps because of the extensive upgrading that took
place in the early 1990s and the moderate levels of
cracked stocks in the feed. The EPA assumed that 80 per-
cent of ULSD production capacity would be revamped
units.

Supply Scenarios

The first of the four supply scenarios was developed
based on the rationale that there is a high probability
that refiners will produce at least a moderate level of
ULSD. In the other three scenarios there is decreasing
probabikity that the additional volumes would be pro-
duced The description of the specxfxc scenarios follows:

* Scenario I—Competitive Investment. The first sce-
~ nario includes only those refiners who are likely to
prepare to produce ULSD in 2006. Thev currently
hold market share and are estimated to be able to
produce ULSD at a competitive cost. Refiners with
highwayv diesel as a relatively low fraction of their
distillate production are assumed to abandon the
market unless their cost per unit of production is
competitive at current highwayv diesel production
levels. Some refiners are assumed to reduce highway
diesel production below current levels when they
have a more competitive ULSD productnon at a
reduced production rate.

« Scenario 2—Cautious Expansion by Competitive

Producers. In this scenario, refiners base ULSD pro-
duction decisions on the assumption that the price
differential between ULSD and non-road distillate
products will remain wide. Current producers with
competitive cost structures for ULSD production
and high fractions of highwayv diesel production
(greater than 70 percent of total distillate produc-
tion) are assumed to maintain current production
levels and mav even push production of ULSD
toward 100 percent of distillate production if only
minor increases in per unit production costs occur at
increased volume. Other refiners are also assumed to
increase their fraction of highwav production if the

Energy Information Administration / Transition to Ultra-Low-Sulfur Diesel Fue!

economics are only slightlv poorer at higher vol-
umes. Those whose current production is focused
primarily on non-road markets are assumed to stay.
with those markets.

Scenario 3—Moderate New Market Entry. While
refineries that are currently producing little or no
highway diesel may be hesitant to jump into the
ULSD market, this scenario assumes that a select few
will decide to take the risk. This is based on the belief
that a limited number of refineries think thev can
gain market share without depressing the price dif-
ferential between ULSD and non-road diesel to the
extent of ruining margins and return on investment.
These refiners are assumed to have favorable cost
structures for ULSD production (probably in the
lower third).

Scenario 4—Assertive Investment. The fourth sce-
nario assumes that a larger number of refiners will
compete to increase their shares of the ULSD market.
In this scenario, refiners believe that most of their
competitors are overly cautious, and that thev can
succeed by taking a contrary strategv (which in real-
itv is adopted bv far more refiners than anticipated).

Imports

Historically, imports have been a small part of low-
sulfur diesel supply. The only significant volumes of
low-sulfur diesel fuel have been imported into PADD I.
which totaled 123,000 barrels per dav in 1999 then
declined shghtiv in 2000 to 106,000 barrels per dav
(Figure 4). Imports made up 5 percent of low-sulfur die-
sel product supplied for the United States as a whole in
2000 and 14 percent of product supplied in PADD I. The
PADD 1 imports come from three main sources—
Canada, the Virgin Islands, and Venezuela. Low-sulfur
diesel imports from the Virgin Islands reached 62,000
barrels per dav in 1996 and have fallen to 47,000 barrels
per dav in 2000. Imports from Canada. which have been
fairly constant for the past few vears, totaled 33,000 bar-
rels per dayv in 2000. lmports from Venezuela grew
sharply in 1998 and 1999, to 22,000 barrels per dayv in
1999, before falling to 8.000 barrels per dav in 2000
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Figure 4. Imports of Low-Sulfur Diesel Fuel into PADD |, 1993-2000

Thousand Barrels per Day
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Source: Energy Information Administration, Form EIA-814, “Monthly imports Report.”

Other courntries are also planning to lower, the sulfur
content of diesel fuel. Canada has announced plans to
require a 15 ppm sulfur diesel fuel in mid-2006, mirror-
ing the US. regulation.'® A 50 ppm ULSD becomes
mandatory across Europe in 2005. The European Com-
mission is also discussing a gradual phase-in to 10 ppm
sulfur, starting with a 10-percent supply requirement in
January 2007.103

Given these changes, Canadian refiners currently
exporting to the United States may make the investment
to produce ULSD for the U.S. market. The East Coast has
been the main market for a large refinery in the Virgin
Islands that is jointly owned by Amerada Hess and
PdVSA, Venezuela’s national oil company. Both of the
plant’s owners see the United States as a strategic mar-
ket. Venezuela is planning to upgrade its domestic refin-
eries, but because it is also interested in expanding its
presence in Latin American markets,!™ it is not clear
whether it would supply ULSD to the U.S. market.

Refineries worldwide will be investing to produce lower
sulfur dieseél fuel. Even a refinery designed to produce

- diesel with 50 ppm sulfur could produce some amounts

at less than 15 ppm. Thus, it is conceivable that limited

amounts of ULSD could be imported from other sources.
In the early part of the transition to ULSD, imports
beyond historical levels probably are less likely and
quantities less than historical levels probably are more
likely 105

Dem.and Issues

The number of vehicles that actually need ULSD when
the regulation takes effect in 2006 will be small. The EPA
has mandated that 80 percent of the refinery output of
less than 500 ppm diesel fuel be ULSD in order to pro-
vide retail availability for the trucks that need ULSD. As
aresult, the supply of ULSD will be much larger than the
demand provided by vehicles that need ULSD. The con-
cern is whether enough fuel will be available to supply.
all highway diesel vehicles.

Current production of low-sulfur diesel fuel is greater
than what is required by the market. Highway diesel
fuel consumption accounted for 86 percent of transpor-
tation distillate demand in 1999. Yet low-sulfur diesel
product supplied (a surrogate for demand) has nearly
equaled transportation distillate demand in recent years
(Figure 5). Consequently, the amount of low-sulfur

W02 pyblic Works and Government Services Canada, Canada Gazette, Vol. 135, No. 7 (February 17, 2001}, p. 454.

103 Diesel Fuel News (March 5, 2001), p. 11.
194 Oif Daily (February 27,2001), p. 2.

105g1A’s Office of Oil and Gas is planning to issue a report in 2001 on the availability of product imports.
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Figure 5. Low-Sulfur Diesel Consumﬁtion and Product Supplied, 1993-1999

Thousand Barrels per Day
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diesel fuel currentlv being consumed in the market is
more than 15 percent higher than that required for high-
wav vehicles. There are several reasons for this. The
logistics of the distribution svstem dictate in some areas
that onlv one type of fuel can be distributed. Because the
price differential between low-sulfur diesel and other
distillate products has been onlv 2 to 3 cents per gallon
or less in recent vears, the incentive to maintain separate
product infrastructure has not been great. An important
question is the extent to which the demand for ULSD
will remain above that required for highwav vehicles
after the ULSD regulation takes effect in 2006. A larger
price differential between ULSD and higher sulfur dis-
tillate products may provide some incentive to avoid
consuming ULSD in markets where it is not required,
but in some areas it may continue to be impractical to
distribute more than one product.

It is also unclear how much 500 ppm sulfur diesel fuel
will be in the market after the regulation takes effect.
Refiners will be investing for the long term and not just
to produce 80 percent ULSD in the transition period, and
many refiners (if they invest to produce ULSD at all)
may be producing 100 percent ULSD in the transition
period. Some refiners could continue to supply 500 ppm

1996

1908 1938

1997 S
Scurces: Energy Information Administration. Petroleumn Supply Annua!. DOEEIA-G340. anc Fue! Orl and Kerosene Saies. DOT ZiA-0325 -V asr-

ingion. DC. 1883-19¢¢

diesel fuel by purchasing credits, and some small refin-
ers could continue to produce 500 ppm sulfur fuel until
2010 (see box on page 45).

For the above reasons, the amount of ULSD actuallv
needed to balance demand in 2006 is highly uncertain. A
range of demand estimates has been developed to
account for some of the uncertainty. In the mid-term
analvsis for this study, transportation distillate demand
in PADDs I-IV* in the 2/3 Revamp case {see Chapter 6)
amounts to about 2.7 million barrels per dav. At the U.S.
level, transportation distillate demand is projected to be
3.0 million barrels per day in 2006, increasing by 3.2 per-
cent per vear from the 1999 level of 2.4 million barrels
per day. This compares to an average rate of increase of
3.5 percent per year from 1982 to 1999. Transportation
distillate demand rose sharpiv from 1982 to 1989 ard
again from 1991 to 1999, at annual average growth rates
of 4.7 and 4.0 percent, respectively, but fell in 1990 and
1991, at the time of the Iragi invasion of Kuwait.

The probable downgrading of some ULSD to 500 ppm
sulfur diesel in the distribution svstem was not taken
Into account in this part of the analysis. The requirement
to produce 80 percent ULSD is at the refinenv gate, and

l4np A DD V was not included i this analysis because supply concerns are less at an ssue 1n the transition period and the requIrement 1or

CARB diesel makes the PADD V market different tfrom PADDs 1-1V.
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supplies that are downgraded to a higher sulfur level in
the distribution system can still be sold as highway die-
sel during the transition period.

Cost Curves and Demand Estimates
for 2006

Figure 6 shows the combined cost curves for PADDs I-IV
for each of the scenarios, together with four estimates of
demand.!?”” The EPA estimates that, under the small
refiner option, up to 5 percent of the market could delay
making the transition to ULSD until 2010.1% In addition,
the temporary compliance option mandates that ULSD
production must constitute 80 percent of low-sulfur
diesel production. Assuming the full extent of the small
refiner, temporary compliance, and credit trading provi-
sions of the Rule, ULSD demand is estimated at just over
2.0 million barrels per day (Demand A). As indicated
above, imports from the Virgin Islands and Canada are

likely to continue. At their recent historical level of
80,000 barrels per day, imports would reduce domestic
demand for ULSD to 1.95 million barrels per day
(Demand B, which matches the demand projection in the
mid-term analysis described in Chapter 6). Demand Cin
Figure 6 is based on the same assumptions as Demand B
and, in addition, assumes that ULSD will be used only
for highway consumption {86 percent of transportation
distillate demand), resulting in a demand estimate of 1.7
million barrels per day. Demand D assumes a higher
estimate for imports—116,000 barrels per day—which
was the level for PADDs -1V in 2000.

The cost curves in Figure 6 show the estimated volumes
of ULSD that could be produced at increasing cost lev-
els. The curves show the wide range of costs to produce
ULSD across the population of U.S. refiners that might
choose to become ULSD producers. There are some
refiners at the upper range of the cost curves that would

Figure 6. ULSD Cost Curve Scenarios with 2006 Demand Estimates
Marginal Cost of Production (1999 Dolltars per Galion ULSD)

0.09
0.08 — Scenario:
=mmm  Competitive Investment
0.07 — wmme Cautious Expansion - & v
Moderate New Market Entry s
0.06 — ~sea ASsertive Investment f'-"""
0.05 —
0.04 —
003 —
002 —
001 —
| Demand: D] |C B A
0.00 : T T T T
0 500 1,000 1,500 2,000 2.500

ULSD Production (Thousand Barrels per Day)

Demand A: Small Refiner and Temporary Compliance Options

Demand B: Small Refiner and Temporary Compliance Options with Imports

Demand C: Highway Use Only. Small Refiner and Temporary Compliance Options with Imports
Demand D: Highway Use Only, Small Refiner and Temporary Compliance Options with Higher imports

Sources: Cost curve scenarios: Appendix D. Demand estimates: National Energy Modeling Sytem, run DSU7INV.D043001A.

107 A range of demand estimates are shown in thure 6, but no feedback effects are represented. Feedback effects are included in the

mid-term analysis (Chapter 6).

10845 5 Environmental Protection Agency, Regulatory impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel
Sulfur Requirements, EPA420-R-00-026 (Washmgton DC, December 2000), Chapter V, p. V-134.
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have much higher costs and could have concerns that
margins in the marketplace would not be high enough to
provide a satisfactory rate of return.

The cost curves in Figure 6 were developed using capital
cost and return on investment assumptions consistent
with those used in the EPA’s analysis. Those assump-
tions were used in order to provide a comparison with
the EPA’s analysis results and should not be viewed as
the assumptions that EIA considers the most likely.
However, concerns about the adequacy of ULSD supply
are based on the possible reluctance of higher cost pro-
ducers to invest to produce ULSD in 2006. Because of the
uncertainty of these assumptions, two additional sets of
supply scenarios are provided, using higher capital cost
assumptions and a higher required return on invest-
ment, as discussed later in this chapter.

Total ULSD production on the Scenario 1 (Competitive
Investment) and Scenario 2 (Cautious Expansion) cost
curves extends beyond the lower demand estimates (C

-

and D) and would meet the highway demand estimates
even if no ULSD imports were available. In Scenario 3
(Moderate New Market Entry), production just reaches
the mid-term analysis demand estimate that includes
imports (Demand B). In Scenario 4 (Assertive Invest-
ment), ULSD production surpasses the mid-term analy-
sis demand estimate that does not include imports.
None'of the supply curves, however, provides enough
supply to reach the demand estimate that does not
include the temporary compliance option (see Table 8§

_below). Some refiners may be able to produce ULSD

with a cost of about 2.5 cents per : :llon; however, at the
volumes needed to meet demand, costs are ©-Zirnated at
5.4 to 6.8 cents per gallon.!® ULSD ;:rices could show an
even higher differential if supply falls short of demand.

The four factors that have the strongest influence on the
cost of producing ULSD are the production’ volume
of 500 ppm diesel, the fraction of cracked stocks in
the feedstock, the scale of the hydrotreater unit,
and whether a new or revamped unit is required.

500 ppm Diesel Supply Issues in 2006

In 2006, 500 ppm highway diesel could come from two
sources: either from refiners who produce both 500 ppm and
15 ppm highway diesel or from refiners who are now pro-
ducing highway diesel but who choose not to make invest-

diesel. Few refineries are assumed 1o fall into the first group.
Possible candidates would be refiners with large current pro-
rduction of highway diesel who have multiple distillate
hyvdrotreating units and decide to revamp or replace a large
unit to produce ULSD and maintain a second unit to produce
500 ppm highway diesel. This would also mean that the
refiner would anticipate selling the 500 ppm diesel as
non-road diesel in 2011, because building one large
hyvdrotreater in 2006 would be more economical than build-
ing a second hydrotreater for ULSD in 2010. If the decision is
made to invest to produce ULSD, a refiner is likely to invest
to produce the full volume of highway diesel as ULSD. Some
product that fails to meet the ULSD specifications could be
downgraded to 500 ppm diesel fuel and sold as highway die-
sel during the transition period, but few refiners are assumed
to produce both 15 ppm and 500 ppm diesel.

Production of 500 ppm highway diesel can clearly come from
refiners who are now producing low-sulfur highway diesel
and decide not to convert their refinery facilities in 2006. In
Scenario 2, the number of non-producers of ULSD in PADDs
1-1V totals 21. The characteristics of the 21 refineries that are

ments to produce ULSD and purchase credits to sell 500 ppm

the potential sources of 500 ppm highway diesel production
in 2006 in Scenario 2 differ across the various PADDs. P4 2D
I has 5 refineries and PADD II has 5 refineries that ire
assumed not to invest to produce ULSD. Nine of these ten
refineries currently produce less than 10,000 barrels per day
of highway diesel, and the other is under 20,000 barrels per
day.

The profile of the PADD Il refiners is quite different from
those in the other PADDs. While PADD Il has some smal!
refineries in this group, several moderately large refineries
are also included, which accounts for the fact that PADD 111
represents 56 percent of the total vojume of PADD I-IV pro-
duction that is estimated not to convert from low-sulfur die-°
sel to ULSD in 2006. Most of these refineries are on the high
end of the cost range and would have to build new units
and/or deal with relatively high fractions of cracked stocks
to produce ULSD. '

Six refineries in PADD IV are estimated to have relatively
high costs of ULSD production and are assumed not to invest
to produce ULSD. The PADD IV refiners are relatively small.
Most have some cracked stocks in the highway diesel feed
stream and would need to build new units. The refiners not
producing ULSD would need to obtain waivers or purchase
credits to continue to sell 500 ppm diese! fuel into the high-
way market.

10°These are marginal costs on the industry supply curve, based on average refinery costs for producing ULSD. These cost eshmates do
not include additional costs for distribution, estimated at 1.1 cents per gallon in the mid-term analysis. Costs were not adjusted to take sulfur
credit trading into account, because of the uncertainty about whether trading would occur and the value of the credits. If credst trading

occurred, costs could be reduced.
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Twenty-mne refineries in Scenario 1 are ifi the cost range
below 4 cents per gallon, and all are refineries for which
it is assumned that the existing unit could be revamped.
Most of these refineries have little or no cracked stocks in
the hydrotreater feed to produce ULSD. For the few that
do have cracked stocks, a revamped unit at a reduced
throughput was found to obtain better economics of
ULSD production and put them in the cost range under
4 cents per gallon. Twenty-five refineries are in the cost
range from 4 to 5 cents per gallon. Thirteen are assumed
to construct new units, and most of these refineries have
a low percentage of cracked stocks in the hydrotreater
feed. A couple of units in this cost range are assumed to
reduce throughput from current highway diesel pro-
duction levels. Above 5 cents per zallon, a couple of
refineries with a high percentage of cracked stocks are
assumed to revamp existing units. The rest, which have
moderate levels of cracked stocks, are assumed to build
new units. The refineries above 5 cents per gallon also
include a number of smaller refineries with ULSD pro-
duction under 10,000 barrels per day. -

Regionally, PADD IV has the highest estimated costs for
ULSD production. The refineries in PADD IV are
smaller on average, have more cracked stocks to process,
and have the lowest proportion of revamps. In PADD |,
a large heating oil market p. wides an outlet for some of
the more difficult streams to hydrotreat so it tends to
show lower costs for producing ULSD. PADD II refiner-
ies are also toward the lower end.of the cost curve. They
tend to be more moderate in size (which gives better
economies of scale), have moderate levels of cracked
stocks, and had extensive revamps in the early 1990s to
put them in a better position to upgrade to produce
ULSD. PADD II has a mixture of small and large refin-
eries with a variety of configurations and as a result
shows a wide range of lower and higher cost ULSD pro-
ducers. Some of the refineries in PADD Il are among the

-~

highest as far as the proportion of cracked stocks in the
‘fee 3stock going to the hydrotreater. Sixty-four percent
of the refineries in PADD IV that are assumed to pro-
duce ULSD in Scenario 4 have estimated costs greater
than 5 cents per gallon compared to 31 percent in PADD
III, 22 percent in PADD I, and 17 percent in PADD .

Scenario 1 has the lowest production volume of the four
scenarios but the highest probability that production
volumes of ULSD will at least reach these estimates in
2024 Of the 87 refineries in PADDs -1V that currently
produce highway diesel, only 66 are estimated to pro-
duce ULSD in Scenario 1. Of the 21 refineries that are
estimated to terminate ULSD production in Scenario 1,
the cost of ULSD production ranges from 6 to 13 cents
per gallon.!!! Two-thirds of these refineries currently
produce less than 10,000 barrels per day of highway die-
sel. PADD IV refineries are disproportionately in the
higher cost range.

Scenario 2 assumes that the number of refineries that
will produce ULSD is the same as in Scenario 1, but that
these refineries will increase production if their competi-
tive position is not greatly affected. Comparing Scenario
3 to Scenario 2, ULSD production is estimated to
increase at nine refineries, and one refinery that cur-
rently produces only non-road distillate product is
assumed to enter the ULSD market. All of these factors
raise the estimated production level in Scenario 3 by
129,000 barrels per day over that in Scenario 2.

The probability of reaching the total volume production
of Scenario 4 is the lowest. In this scenario, refineries
with higher costs of production are assumed to enter the
ULSD market in 2006. The added production volumes in
Scenario 4 come from three types of situations. First,
some refineries are assumed to expand production
beyond the Scenario 3 level if unit costs are only slightly

Table 8. Supply and Demand Estimates in the Reference Casc, 2006

(Thousand Barrels per Day)

] Demand | Scenario 1 J Scenario 2 IScenario 3IScenario 4

ot SUPDIY o e e e 1,763 1.823 1.852 2.143
Number ot Refineries Producing ULSD. ... .......... ..., 66 66 67 74
Differences Between Supply and Demand
Smalt Refiner Option. . . ... ... .t 2,533 -770 -708 -580 -389
Small Refiner and Temporary Compliance Options (Demand A). .. ... 2,026 -264 -203 -74 117
Small Refiner and Temporary Compliance Options with Imports
(Demand B) ......c.in it e 1,946 -184 -123 6 197
Highway Use Oniy. Small Refiner and Temporary Comphance Options .
with Imports (Demand C) . ..... ... ... ... .o i i, 1.662 100 161 290 481

Highway Use Only, Small Refiner and Temporary Compliance Options
with Higher Imponts (Demand D) .. ....... ... ... . o .. 1.626 136 187 326 517

Sources: Cost curve scenarios: Appendix D. Demand estimates: National Energy Modeling Sytem, run DSU7INV.D043C01A.

110The highest estimated costs by region are 9 cents per gallon for PADD 1, 13 cents per gallon for PADD 11, 7 cents per gallon for PADD
1, and 17 cents per gallon for PADD IV.
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higher. Second, five of the refineries entering the market
were viewed in Scenario 3 as having too high a cost. The
third- and largest portion of additional volume comes
from two refineries that currently are not producers of
highway diesel. All of the additional volume in Scenario
4 comes from refiners with costs of ULSD production
higher than 5 cents per gallon. -

Table 8 shows the differences between the demand and
supply estimates. The largest shortfall, which occurs
between Scenario 1 (assuming the most cautious invest-
ment strategy) and the highest demand estimate, is esti-
mated at 770,000 barrels per day. The widest surplus,
517,000 barrels per day, is under Scenario 4 (the most
aggressive investment strategy) and the lowest demand
estimate that also accounts for import availability.
Assuming the mid-term analysis demand estimate,
which is similar to the AEO2001 projection, Scenarios 3
and 4 project sufficient supply.

Some analysts contend that demand could exceed the
estimates in this analvsis that assume the temporary
compliance option of 80 percent ULSD production. Most
refiners that invest to produce ULSD will plan to pro-
duce 100 percent ULSD unless they have a market for

the higher sulfur product after 2010. Those producing
100 percent ULSD will generate credits which can then
be sold to those who decide to delay investing tc pro-
duce ULSD. Credit trading programs have been success-
ful in the utility industry, but how well credit trading
will work in a less-regulated industry remains unclear.
Refiners may be less than enthusiastic about selling
credits to their competitors that would allow them to sell
product produced at a lower cost in the same market as
ULSD, possibly at a price similar to the price of ULSD. 1!
Refiners who wait to invest can also take advantage of
improvements in technology that could help them com-
pete more effectivelv with those who invested early.
Credits could increase sharply in value if markets were
tight, but they would have less value if supplies were
ample. -

To provide a further range of demand estimates, Tables
9 and 10 show the projections for high and low macro-
econormic growth cases along with the supply estimates
from the cost curves. Transportation distillate demand is
projected to increase by 4.0 percent per vear from 1999 to
2006 in the high macroeconomic growth case and by 2.7
percent per year in the low macroeconomic growth case.

Table 8. Supply and Demand Estimates in the ngh Economic Growth Case, 2006

Thousand Barrels per Day)

g * Demand I Scenario 1 ¢ Scenario 2 ; Scenario 3 Scenario 4
e 1.763 1823 1,922 P
Saunsnes Oronueing UUSTL L 68 s € Ta
2r Suoors andé Demand
Rzfinz O:('cn ........................................ 2.66% -eQ6 -642 Tic s
v<)r'1ona'1c. Options . o 2.122 5372 23 1237 B
cmpnarce Options with Impor's . 2.033 -zZez -23 e c:
mall Rs :wrer ang Temporary Comphance Options
............................ 1.75€ T B¢ 13 Kt
—:ZUOA, '
et S e 1.72G 4z 104 ZIZ =2
S .tIz: Lo nurvg siznenos Azoenonx O, Demanc estmates: Natonal Snergy Mocehng Sytem. run =122 210780 A
Table 10. Supply and Demand Estimates in the Low Economic Growth Case. 2006
{Tnousand parrels per Day)
. Demand : Scemario 1 Scenario2 Scenario3 Scerario 4
.................................................... 1.723 1.E2 0 o3l LTIt
Brocusint VLS <15 2 i hs
=r S.cor, 3are Z2mang
e 2.44a7 822 AR Al i
zmporary Ccompiance Options . ... ... L 1.93¢& -125 3 4 a
2mpcran; Comenance Options with impons .~ . ... 1.878 1z £ e I
. Smal’ Ratiner and Temporary Compliance Octions
R 1,602 15¢ 2z s iz
Sma! Ra%nzran curary Comphance Options
,,,,,,,,,,,,, 1,508 el ks -

Costcurez stenanas Appanaix b Demana estmates: Nanonar Energy

Mogeung Svizn. run Lt

i Many anatvsts contend that the prices of ULSD and 300 ppm diesel will conv erge n the phase-n period, because moest irocks can oswe
300 ppin fuel but only 20 to 23 percent of production will be 300 ppim fuel The hipher demand than supplv sl tend o push the price 1o the
samne level as ULSD The need to purchase credits to sell 300 ppm product will also tend 1o push up us price
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-Two additional sets of the four supply scenarios are pro-
vided that vary the hydrotreater capital cost assump-
tions and the return on investment assumption. The
capital costs assumed in the initial set of four scenarios
in this chapter are similar to those used in the EPA anal-
ysis (see Chapter 7 for a comparison of capital cost
assumptions). Because of the uncertainty associated
with the cost of installing distillate hydrotreating capa-
ble of producing diesel fuel containing less than 10 ppm
sulfur, a second set of scenarios was developed assum-
ing capital costs for the hydrotreater units that are about
40 percent higher than the initial set (Figure 7). The
higher capital costs in this scenano reduce the projected
production of ULSD by 25,000 to 55,000 barrels per day
and increase the cost estimates from 0.4 cents per gallon
to 1.0 cents per galion.

A third set of supply scenarios was developed assuming
a 10-percent required return on ifivestment (Figure 8),
rather than 5.2 percent assumed in the initial set of sce-
narios. The higher assumed rate results in a reduction in
production of 40,000 to 66,000 barrels per day across the
four scenarios. The cost estimates increase by 0.8 to 1.2
cents per gallon from the first set of scenarios. Because of

-

the reduced volumes, estimated production levels in
Scenario 3 fall short of the demand level projected in the
mid-term analysis (Demand B) in both the higher capital
cost and higher required return on investment sensitivi-
ties (Tables 11 and 12).

Balancing Demand and Supply in 2006

These supply curves, along with the demand estimates
for 2006, indicate the possibility of a tight diesel market
when the ULSD Rule is implemented. Supply scenarios
that assume more cautious investment indicate inade-
quate supply compared with the demand levels pro-
jected in the Annual Energy Outlook 2001. Only more
aggressive investment scenarios or lower demand
cenarios show adequate supply to meet estimated
demand. This analysis compares supply and demand at
an aggregate level. Maintaining a balance of supply and
demand across regions and throughout the distribution
system would be more difficult.

Improvements in supply could result if more refiners
undertook investments to produce ULSD, if capacity
expansions by refiners were greater than anticipated in

Figure 7. ULSD Higher Capital Cost Sensitivity Case Cost Curve Scenarios with 2006 Demand Estimates
Marginal Cost of Production (1999 Dollars per Galion ULSD)

0.09
0.08 — Scenario:
_ = Competitive Investment :,,,.aa—‘
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ULSD Production (Thousand Barrels per Day)

Demand A: Smali Refiner and Temporary Compliance Options

Demand B: Small Refiner and Temporary Compliance Options with imports

Demand C: Highway Use Only, Small Refiner and Temporary Compliance Options with imports
Demand D: Highway Use Only. Small Refiner and Temporary Compliance Options with Higher imports

Sources: Cost curve scenarios: Appendix D. Demand estimates: National Energy Modeiing Sytem, run DSU7INV.D043001A.
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this analvsis, and/or if more imports were available. On
the demand side, slower growth in the highway diesel
market than these demand estimates and/or curtailing
of ULSD consumption for non-road uses would also
improve the situation.

If supplies fall short of demand, sharp price.increases
could occur to balance supply and demand. That type of
situation could result in a number of responses, some of
which could begin to occur as soon as the price differen-
tial between ULSD and other products started to
widen—possibly even before it became clear that a mar-
ket supply problem existed. Refiners would attempt to
maximize ULSD production. Some additional produc-
tion may be possible by, for example, shifting some
non-road distillate or jet fuel streams into ULSD. This
would be limited, however, because only the lower sul-
fur streams could be used and additional hydrotreating
may be necessary. Imports of jet fuel or other products
could then replace the lost production of those fuels.
Additional imports of ULSD couid be forthcoming if
there were large price differentials between markets.

Such responses would require higher costs, however,
because lower cost options would be exercised first.

Sharply higher prices would also curtail demand for die-
sel fuel. Truckers would reduce consumption to the
extent possible and trv to pass higher fuel costs to cus-
tomers, who would then look for alternative means to
transport goods.

In 2006, the quantity of fuel actually needed for vehicles
requiring ULSD will be much less than the required 80
percent of diesel production. If it becomes apparent that
the supply is inadeguate, or that markets are becoming
tight, additional low-sulfur diesel supplies could
become available if the required proportion of ULSD
production were reduced. Allowing more 500 ppm die-
sel into the highway market could alleviate some of the
stress on the market. If the requirement were 70 percent
instead of 80 percent, for example, the demand estimates
shown in Table 8 would be reduced by 217,000 to 253,000
barrels per day, enough to eliminate the shortfalls indi-
cated except for Demand A in Scenario 1 and the highest

Figure 8. ULSD 10% Return on Investment Sensitivity Case Cost Curve Scenarios with 2006 Demand

Estimates
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Table 1 1 Supply and Demand Estimates in the Higher Capital Cost Sensitivity Case, 2006
(Thousand Barreis per Day)

L Demand ] Scenario 1 J Scenario 2 l Scenario 37 Scenario 4

Ol SUPDIY - ettt e 1,721 1,782 1,897 2,118
Number of Refineries Producing ULSD. ... . ................. e 61 61 61 72
Differences Between Supply and Demand
Small Refiner OPlON. .. ... iv et e e e 2.533 -812 -751 -636 -415
Smatl Refiner and Temporary Compliance Options ... .. ........... 2,026 -305 -244 -130 92
Small Refiner and Temporary Compliance Options with imports. .. ... 1,946 -225 -164 -50 . 172
Highway Use Only, Small Refiner and Temporary Compliance Options
W IMDOMS . e i e i e 1.662 58 119 234 455
Highway Use Only, Small Refiner and Temporary Comphance Opﬂons
with Higher Imponts. . ... . . o i e 1,626 94 155 270 491

Sources: Cost curve scenarios: Appendix D. Demand estimates: National Energy Modeiing Sytem, run DSU7INV.DD43001A.

Table 12. Supply and Demand Estimates in the 10% Return on Investment Sensitivity Case, 2006

(Thousand Barrels per Day) -
[ Demand IScenario 1 ] Scenario 2 LScenario 31 Scenario 4

TOtal SUPDIY .« e 1.702 1,760 1,912 2.078
Number of Refineries Producing ULSD. . .. .. ... ... ... ... ..oii... .- 61 61 63 7
Differences Between Supply and Demand
Small RefinerOption. ..............co.o ... e e 2.533 -831 -773 -621 -455
Small Refiner and Temporary Compliance Options .. .............. 2.026 -325 -266 -114 51
Small Refiner and Temporary Compliance Options with imponts. . . . .. 1,946 -245 -186 -34 131
Highway Use Only. Small Refiner and Temporary Compliance Options
WIN IMPOMIS .« o it ittt e tieie e c e ia et 1.662 39 97 249 415
Highway Use Only. Small Rehner and Tempcrary Compliance QOptions
with Higher Impors. . .. ... 1,626 75 133 285 451

Sources: Cost curve scenarios: Appendix D. Demand estimate:;: Nanonal Energy Modeling Sytem, run DSU7INV.D043001A.

e

demand estimate across all scenarios. However, a lower
requirement for ULSD production would reduce retail
availability for the vehicles that require ULSD. Other
responses providing greater flexibility, increasing par-
ticipation, and encouraging technological improve-
ments would also help to alleviate supply concerns.112

Given the variety of responses, it is difficult to know the
magnitude or duration of a possible tight market situa-
tion. Supply shifts and demand responses would
require time before the effect would be felt. It would take
time for additional imports to enter the market, and
importers would have to believe that prices would
remain high enough for long enough to make it worth-
while to divert supplies from other markets.

Summary

Whether there will be adequate supply is one of the key
questions raised by the House- Committee on Science in
its request for analysis. To assess the supply situation
during the transition to ULSD in 2006, cost curves and
estimates of ULSD supply are developed based on

refinery-specific analysis of investment requirements.
Supply is estimated for four scenarios of investment
behavior, and a range of demand is projected for com-
parison with the supply curves. In addition, two other
sets of supply sensitivities are provided, assuming
higher capital costs and higher required return on
investment.

Supply scenarios that assurne more cautious investment
indicate inadequate supply compared with the demand
levels projected in the Annual Energy Outlook 2001. Only
more aggressive investment scenarios or lower demand
cenarios show adequate supply to meet estimated
demand. The two sets of supply sensitivities show even
lower production estimates than the initial set. This indi- -
cates the possibility of a tight market supply situation
when the ULSD Rule takes effect in 2006. While consid-
erable uncertainty exists in both the supply and demand
“estimates, this analysis indicates that even though the
market could see supply meet demand at a cost increase
for production between 5.4 and 7.6 cents per gallon,
there are a number of scenarios in which inadequate
supply of ULSD could result.

1128hort-term responses are possible, such as the regulatory response that took place when the 500 ppm diesel fuel requirements came
into effect on October 1, 1993. As a result of localized outages and price spikes, the EPA sent a letter to marketers and major consumers of
diesel fuel granting “enforcement discretion” in cases of extreme diffi ‘ulty in obtaining supplies, extending through October 22, 1993.
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6. Mid-Term Analysis of ULSD Regulations

Assumptions

The National Energy Modeling System (NEMS) was
used to perform petroleum market analysis of the
impact of new requirements for ultra-low-sulfur diesel
fuel (ULSD) from 2007 through 2015. The Petroleum
Market Module (PMM) of NEMS were modified to pro-
duce a ULSD Regulation case. Analysis of the Regula-
tion case focuses on changes relative to a reference case
using the oil price and macroeconomic assumptions of
the Annual Energy Outlook 2001 (AEO2001) reference
case but including some adjustments {o provide a more
accurate reflection of the diesel fuel market. The differ-
ences between the reference case for this study and the
AEQ2001 reference case are discussed in Appendix B.

The projected investment costs and average marginal
prices resulting from the NEMS analysis represent the
investment and price levels necessary to meet all
demand requirements under the new ULSD Rule. As
discussed in Chapter 3, some refiners may choose to
drop out of the highway diesel market or7even close
down instead of investing for compliance with the Rule.
ULSD supply could be inadequate in the short term if
" enough refineries chose to forgo investment. The NEMS
analysis does not capture this uncertaintv of supply,
because NEMS is a long-run equilibrium model. By defi-
nition, the NEMS analvsis projects the level of domestic
production and imports necessary to meet all demand
requirements. As a result, the NEMS analysis reflects
more aggressive investment behavior than that por-
traved torindividual refiners in the short-term analysis.

The NEMS analvsis reflects the “80/20” rule, which
requires the production of 80 percent ULSD and 20 per-
cent 300 ppm highway diese] between June 2006 and
June 2010, and a 100 percent requirement for ULSD after

June 2010. Because each maode] region acts as a single -

unit, the provision of the ULSD Rule allowing small
refiners, which account for about 5 percent of current
highwav diesel production, to delay investment until
Tune 2010 is not modeled explicitly. However, the pro-
duction requirements are adjusted downward bv 4 per-
cent to reflect an assumption that most small refiners
will choose to delav investment.!1? .

The requirement for 80 percent ULSD is not phased in
and begins on June 1, 2006. Therefore, the full market
impact of the requirement can be expected to occur at
that time. Because NEMS is an . inua! sverage model,

the full economic impact of the 80/20 ruie ¢~ ntbeseer.
until 2007. In the same manner, pro.2ctions for 2011 rep-
resent the first full year of 100 percent ULSD compliance.
The results for 2010 reflect a partial vear at the 80 percent
requirement and a partial year at the 100 percent
requirement. For the purpose of assessing the market
impacts of the new ULSD requirements, 2007 will be dis-
cussed as the first full year of the 80/20 requirement, and
2011 will be discussed as the 100 percent requirement.

The House Committee on Science requested that, if prac-
tical, the E1A analysis use the same assumptions as those
used by the US. Environmental Protection Agency
(EPA) in its Regulatory Impact Analysis (RIA). The
assumnptions are compared in Table 13. The Regulation
case for this study is based on the following
assumptions:

* Highway diesel at the refineryv gate will contuin a
maximum of 7 parts per million (ppm) sultur.
Although sulfur content is limited to 15 ppm at the
pump, there is a general consensus that refineries
will need to produce diesel somewhat below 1C ppm
in order to allow for contamination during the distri-
bution process. The EPA assumed in its RIA that
refineries would produce highway diesel at 7 ppm.

» The capital costs for the distillate hvdrotreaters
reflected in NEMS are §1,331 per barrel per dav for a
notional 25,000 barrel per day unit that processes
low-sulfur feed streams with incidental dearomati-
zation, and 51,849 per barrel per dav for a second,
10.000 barrel per day unit that processes higher sul-
fur feed streams with greater aromatics improve-
ment. A range of capital costs from a number of other
studies is provided in Chapter 7. Because of difter-
ences in methodologyv, the sets of capital costs are not
directly comparable. For instance, the EPA esti-
mated the capital cost for a new distillate hvdro-

* treater to range from 5$1.240 per barrel per dav to
$1.680 per barrel per dav, but those estimates

340 ats Regulatory hnpact Analysis, the U.S. EnvironmentalProtection Agency included mvestment by small refineries in ¢ost esti-
mates for tull comphance but not for the transition period See L.S. Environmental Protection Agency, Revulatory Impact Auabusis
Heaty-Duety Eargine andd Velucle Standard - and Highioay Diesel Fuel sulfur Requirements, EPA320-R-00-026 (W ashington, DC, December 2000
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Table 13. Comparison of EIA and EPA Assumptions

Parameter

EPA

EIA

Sensitivity Analyzed

Sulfur Content at Refinery

7 ppm

7 ppm

None

Capital Costs for New Diesel
Hydrotreaters

$1,240-81,680 per barrel per day®

$1,331-$1,849 per barrel per day°

$1,655-$2,493 per barrel per day®

Percent of Production from 80 percent 80 percent 66.7 percent
Revamped Equipment
Total Percentage of 4.4 percent total - 4.4 percent total 10 percent total

Downgraded ULSD

Revenue Loss Associated with

0.2 to 0.3 cents per gaiton for all

0.2 1o 0.3 cents per gallon ULSD
based on model resulls

0.7 cents per galion ULSD based
on mode! results for 10 percent

Downgrade highway diesel
downgrade
Capital Cost for Distributing 0.7 cents per gallon through 2010 | 0.7 cents per gallon through 2010 [ None
Two Highway Diesels ’
{Exclud'ng Above Revenue
Loss).
Lubricity Additives 0.2 cents per galion 0.2 cents per gallon None
Loss of Energy Content 0 percent 0.5 percent 1.8 percent -
Yield Loss 1.3 percent yield loss (weight) ata | Variable model resuft (about 1.5 Variable mode! result (about 1.5

cost of 0.1 to 0.2 cents per gation

percent by voiume)

percent by volume}

Loss of Fuel Efficiency None None 4 percent loss starting in 2010.
phased out by 2015

Change in Non-Road Diesel None None None

Standards

Change in Other Highway None None None

Diesel Properties

Import Availability Not studied Same as reference No imports

Return on investment

7% before tax
{estimated 5.2% after tax)

5.2% after tax

10% after tax

. *The low end of the range is for straight-run distillate; the high end is for light cycle oil.
BThe low end of the range is for units processing low-sulfur feed with incidental dearomatization; the high end is for higher sulfur feeds with greater

aromatics improvemenit.

Sources: U.S. Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel!
Fuel Sulfur Requirements. EPA420-R-00-026 (Washington, DC, December 2000), and Energy Information Administration, Office of Integrated Anal-

ySis and Forecasting.

are associated with units processing 100 percent
straight-run distillate and 100 percent light cycle oil,

respectively.114

¢ Revamping (retrofitting) existing units to produce
ULSD will be undertaken by refineries representing
80 percent of highway diesel production; the remain-
ing refineries will build new units. Other analyses
have assumed 60 percent revamps and 40 percent
new builds, but the assumption of 80 percent
revamps and 20 percent new units was used in the
EPA’s RIA. The capital cost of a revamp is assumed
to be 50 percent of the cost of new equipment, which
is consistent with the EPA analysis.

* The total amount of ULSD downgraded to a lower
value product because of sulfur contamination in the
distribution system is assumed to be 4.4 percent, an
increase of 2.2 percent from the reference case. This
assumption is based on the EPA’s assessment that
2.2 percent of diesel fuel is currently downgraded
and its assumption that the amount of downgrade

will double with the new Rule. This downgrade
assumption is associated with considerable uncer-
tainty, because EPA’s estimate of current down-
grade was not based on a scientific survey. The
EPA'’s estimation methodology was based on a sur-
vey by the Association of Oil Pipelines, in which six
respondents provided estimates of the current diesel
fuel downgrade, ranging from 0.2 percent to 10.2

percent.

* The costs associated with ULSD distribution are
based in part on EPA assumptions and in part on
NEMS results. This analysis uses the EPA’s capital
cost estimate of 0.7 cents per gallon for additional
storage tanks to handle ULSD during the transition
period. The capital expenditures are assumed to be
fully amortized during the transition period. The
ULSD Rule is assumed to increase the operating
costs for distribution by 0.2 cents per gallon over the
entire period. In addition, the EPA estimated a reve-
nue loss of 0.2 to 0.3 cents per gallon for all highway
diesel as a result of product downgrades. For this

1145 Environinental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel
Sulfur Reauirements, EP A420-R-00-026 (Washington, DC, December 2000), Table V.C-9.
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analyvsis, the revenue loss estimate is based on NEMS
model results, at 0.3 cents per gallon of ULSD during
the transition period and 0.2 cents per gallon after
2010.

* A cost of 0.2 cents per gallon is assumed for the addi-
tion of lubricity additives, consistent with-estimates
bv the EPA and with industry analyses. Lubricity
additives are needed to compensate for the reduc-
tion of aromatics and high-molecular-weight hydro-
carbons stripped away by the severe hydrotreating
used in the desulfurization process.

* The energy content of ULSD is assumed to decline by
0.5 percent, because undercutting and severe
desulfurization will result in a lighter stream compo-
sition than that for 500 ppm diesel. The EPA’s analy-
sis made no explicit adjustment to the energy content
of diese] fuel but estimated a cost associated with a
1.3-percent (by weight) loss of yield. In the NEMS
analvsis, the yield loss is a variable model result
{generallv around 1.5 percent by volume). The
National Petrochemical and Refining Association
(NPRA) quoted a range of 1 to 4 percent energy loss
in comments to the rulemaking docket. NPRA also
estimated a vield loss of 1 to 5 percent.

* In accordance with the EPA’s RIA, changes to engine
after-treatment devices are assumed to result in no
loss of fuel efficiencv. Discussions with some engine
and emission control technology manufacturers
indicated considerable uncertainty about this
assumption.

* No change in the sulfur level of non-road diesel is
assumed. The EPA analvsis of ULSD reflects no
change in non-road standards, although the EPA 1s
in the process of promulgating “Tier 3" non-road
engine emission limits around 2005 or 2006, which
are expected to be linked to sulfur reduction for
non-road diesel fuel.!'* The level of sulfur reduction
required for Tier 3 vehicles is highlv uncertain
because of the diversity of the non-road market.

* No changes to other highway diesel specifications,
such as aromatics or cetane, are assumed. Some
refiners anticipate changes to these parameters in the
future because of their relationship to emissions of
particulate matter (PM}. The State of California
alreadyv limits aromatics to 10 percent bv volume,
which is reflected in this analvsis. Proposals for simi-
lar requirements in other States are not included.

2000 p

* Imports of diesel meeting the new ULSD standard
are assumed to be available to U.S. markets, but the
level of imports relative to the level of product sup-
plied by refineries in the United States is a model
result. Refineries in Canada, Northen Europe, and
the Caribbean Basin (including Venezuela) are
assumed to make upgrades to produce diesel fuel
meeting the 15 ppm sulfur cap for 2006. Canada is
moving forward with plans to harmonize with diesel
regulations in the United States. European refiners
will reduce diesel sulfur to 50 ppm for a new Euro-
pean standard in 2005. Some isolated European pro-
duction of diesel meeting the ULSD standard is
assumed, due to tax incentives for 10 ppm diesel in
some markets.!1% In order to divert ULSD from Euro-
pean markets, prices in the United States would have
to exceed the tax incentives plus shipping costs. In
2000 less than 5 percent of U.S. imports of highway
diesel came from Europe.

In accordance with the EPA’s RIA, the before-tax
rate of return on investment is assumed to be 7 per-
cent. Between 1977 and 1999 the combined before-
tax return on investment for refiners and marketers
averaged 7 percent, which is equivalent to a 5.2-
percent after-tax rate.’” Because NEMS operates on
an after-tax basis, the 5.2-percent rate is used in the
model. Most of the studies compared in Chapter 7
assumed a 10-percent after-tax return on investment.

The Committee indicated that this analvsis was to be as
consistent as possible with the assumptions underiving
the EPA’s RIA, and that sensitivity analvsis should be
provided for assumptions that diverge significantiy
from those in other studies or from expectations of
industry experts.!!* In addition to the Regulation case,
this report provides sensitivity analvses for five assump-
tions associated with a greater uncertaintv. for a Severe
case that combines the assumptions of the five individ-
ual sensitivities, for a No Imports case, and for a 10"
Return on Investment case:

¢ In the Higher Capital Cost case, the capital cost of the
first notional hvdrotreater is 24 percent higher than
in the Regulation case, and the capital cost of the sec-
ond notional unit is 33 percent higher.'!

* In the 2/3 Revamp case, two-thirds of upgrades at
refineries are assumed to be accomplished by retro-
fitting existing equipment and one-third by con-

- struction of new units. With the exception of the

3L s Environmental Protection Agency, Reducing Arr Pollugion from Now-road Engues. EP A420-F-00-(48 {Washmgton, DC, Nov ember
3 .

: E"Germauy and the United Kingdom have proposed tax incentives for sales of 10 ppn diesel
i Based on financial information from Form EIA-28 (Financial Reporting Svstem)

YNEIA did not assess the validity of these asumptions.

‘The caputal costs used i this case are based on recent work by EnSvs, with revisions based on correspandence with Mr Martin Tatlers,

Apnil 23,2001
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EPA, all other cost analyses for ULSD have used an
assumption of 60 percent revamps and 40 percent
new units. The two-thirds revamp assumption was
developed from EIA’s individual refinery analysis
(see Chapter 5 and Appendix D).

In the 10% Downgrade case, a total of 10 percent of
the 15 ppm diesel is assumed to be downgraded to a
lower value product because of contamination with
higher sulfur products in the distribution system.
Before 2010 the contaminated product is assumed to
be downgraded to 500 ppm highway diesel and does
not result in additional production of 15 ppm high-
way diesel. After 2010, when all highway diesel must
meet the 15 ppm sulfur standard, refineries must
- produce an extra 7.8 percent of highway diesel above
the reference case level, which will be sold as
non-road diesel or heating oil. The EPA assumption
of 4.4 percent total downgrade after the ULSD Rule
takes effect in June 2006 (2.2 percent higher than in
the reference case) is on the low end of downgrade
estimates, which range up to 17.5 percent by Turner
Mason.

In the 4% Efficiency Loss case, manufacturers are
assumed to meet the emissions requirements by
installing after-treatment technology on new vehi-
cles beginning in 2010, resulting in a 4-percent loss of
fuel efficiency. The loss in new vehicle efficiency is
assumed to be fully phased out by 2015 as a result of
technological improvements.1%

In the 1.8% Energy Loss case, a greater loss of energy
- content is assumed than in the Regulation case,
which assumed a 0.5-percent loss. The loss of energy
content is associated with more severe undercutting
and desulfurization due to heavier crude oil
inputs.1?]

* The Severe case combines the assumptions of the
four sensitivity cases above. This scenario is more in
line with the assumptions used by alternative stud-
ies related to ULSD than with the EPA’s RIA.

The No Imports case assumes that no foreign
imports of ULSD will be available. This assumption
is not included in the Severe case because it is consid-
ered to be relatively unlikely. The greatest uncer-
tainty for import availability is likely to occur in the
early years of the program because foreign refiners
may delay investment until the market outlook for

.

-

ULSD is more certain. Thus far, only Canada has
announced its intent to align with the final U.S. leve’
and timing for reducing sulfur in highway diese.
fuel.12 Environment Canada expects to launch a
public consultation process in the next few months
to facilitate the rulemaking, which is similar to the
US. ULSD Rule while taking into account issues
unique to the Canadian market.!?3

* The 10% Return on Investment case uses the after-tax
rate of return assumed by most other studies (10 per-
cent), which is higher than the 5.2-percent after-tax
rate used in the Regulation and other sensitivities,
consistent with the EPA’s assumption.

Although the assumption of non-road diesel sulfur con-
tent is also highly uncertain, a sensitivity analysis would
have required significant changes to the model striicture
and was not within the scope of this study. Sensitivity
analysis of other diesel properties was also beyond the
scope of the study.

Results

Discussions of all results are framed in terms of changes
from the reference case. In the Regulation case and in all
the sensitivity cases, projections for 2007 reflect the first
full year of the program at 80 percent ULSD and 20 per-
cent 500 ppm highway diesel, and 2011 reflects the firsi
full year of 100 percent ULSD. During the years requir-
ing 80 percent ULSD, the reference case and sensitivity
cases project that the greatest price increase will occur in
2007, because all mvestment for compliance with the
“80/20” provision of the ULSD Rule must be met by that
time. Similarly, a second peak in marginal prices is pro-
jected in 2011, because all investment for full compliance
with the Rule must be in place by that time. Year-to-year
variations in marginal prices can reflect differences in
levels of demand for diesel and other products, oil price
projections, the economics of domestic production ver-
sus imports, and other factors.

In the reference case, demand for transportation distil-
late (highway diesel) is projected to increase by 2.5 per-
cent per year from 1999 to 2015. In the Regulation case,
highway diesel demand is projected to grow at a slightly
higher rate of 2.6 percent per year for the same period,
largely due to the 2.2 percent additional (4.4 percent
total) downgrades of highway diesel in the distribution

120This assumption is based on interviews with engine and technology manufacturers. Although this case reflects a scenario in which
losses in efficiency from emission contol are not overcome by new technology, the considerable time available for research and development
may provide government and industry ample time to resolve the fuel efficiency loss issues associated with advanced emission control tech-

nologies.

121The National Petrochemical and Refining Association provided data indicating that energy loss may be greater than assumed by the
ZPA. Letter from Terrence S. Higgins to James M. Kendel, February 8, 2001.

122pyblic Works and Government Services Canada, Canada Gazette, Vol. 135, No. 7 (February 17,2001), p. 454.

123Maureen Monaghan, Natural Resources Canada, “Canadian Sulfur Standards for Gasoline and Diesel Sulfur,” presentaticn to the

U.S. Department of Energy (March 12, 2001).
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svstem. In other words, the additional downgrades
must be offset by more ULSD production after 2010. The
effect of downgrades is more pronounced in the 10%
Downgrade case and the Severe case, where highway
diesel demand is projected to increase by 2.9 percent and
3.1 percent per vear, respectively, from 1999 to 2015.

Regulation Case

In the Regulation case, cumulative investment in distil-
late hydrotreating and hydrogen units is projected to be
$4.2 billion higher than projected in the reference case in
2007 and $6.3 billion higher in 2011, when upgrades for
meeting full compliance with the ULSD Rule will be
complete (Table 14). In the early part of the transition
period, upgrades for making ULSD may be constrained
by specialized workforce and manufacturing limitations
and access to capital, all of which will be in competition

with projects for meeting the requirements for low-

sulfur gasoline {(see Chapter 3). The projected $2.1 billion
in investment between 2007 and 2011 reflects expendi-
tures for meeting expectations of growing demand for
highway diesel, in addition to full compliance with the
Rule. After 2011, incremental upgrades to meet future
distillate demand are projected to continue, resulting in
another $0.5 billion of investment in desulfurization
equipment by 2015.

The Regulation case results in an increase in the mar-
ginal annual pump price for ULSD of 6.5 to 7.2 cents per
gallon between 2007 and 2011 (Table 15). The peak dif-
ferential is projected to occur in 2011, when all refiners
“inust produce 100 percent ULSD. The projected differen-
tial declines after 2011, reaching 3.1 cents per gallon in
2015. About 0.7 cents of this decline is the result of no
longer needing to include EPA’s estimate of additional
capital investments for distribution and storage of a sec-
ond highwav diesel fuel during the transition period. A
drop in capital expenses for distribution svstems occurs
after 2010 as a reflection of the EPA’s assumption that
these investments will be fully amortized during the
transition period. The remainder of the drop in the
post-2011 differential occurs because refineries are
expected to have completed the upgrades necessarv for
fuli compliance, and to be making incremental improve-
ments that will make ULSD production less challenging.
A similar decline in the price differential also occurs in
all the sensitivity cases.

Through 2010, the Regulation case projections for high-
way diesel consumption exceed the reference case levels
by up to 10.000 barrels per dav, which can be attributed
to the assumption of 0.5 percent loss in energy content.
In 2011, the differential in consumption increases to
83,000 barrels per dav, due mostly to the downgrade of
2.2 percent of ULSD to lower value non-road markets.

In a refinery, the impact of a change in the makeup or
production level of a product can filter through to other

Energy information Administration / Transition to Ultra-Low-Sutfur Diesel Fuel

Table 14. Variation from Reference Case
Projections of Cumulative Capital
Expenditures for Hydrogen and Distillate
Hydrotreating Units in EIA Sensitivity
Cases, 2007, 2010. and 2015
(Billion 1999 Dollars)

- Anatysis Case J 2007 L 2010 i 2015
Reguiation ... ......... a2 83 6.8
Hignher Capital Cost. . .. .. 5.4 . 7.8 8.8
23Revamp. ........... 4.8 6.2 7.6
100 Downgrade . ... .. .. 4.2 6.7 .
4%, Efficiency Loss . . .. .. 4.2 6.3 6.5

-1.8% Ene/gy Loss....... 4.2 6.3 6.9
Severe................ : 5.9 e3 - 105
Nolmpors ............ 4.4 6.5 7.G

Source: National Energy Moaehng Svstem. runs DSUREF DC430012
OSU7PPM.DO43001A. DSUTHT.DOI3001A CSUTINY.D043C0TA
DSUTCGI0.0043001A, DSUTTRN.C043001A  DSUTBTU DO43CC1A
DSU7ALL.DO50101A ang DSUTIMPC.DO43001A

products, because it changes the mix of total refinery
production. The ULSD Rule is projected to result in
slightly lower yields of higher sulfur distillate used for
non-road and heating purposes, because its production
is replaced by ULSD that is produced by refineries buit is
downgraded to higher sulfur products in the distribu-
tion svstem. The availability of the downgraded ULSD
reduces the projected prices for high-sulfur distillate by
about 1 cent per gallon relative to the reference case. The
analvsis revealed no ¢lear trends for other distillate
products as a result of the ULSD Rule.

Higher Capital Cost Case

Because of limited experience in producing diesel con-
taining less than 10 ppm sulfur, the capital costs for
hvdrotreaters able to mass produce ULSD are uncertain.
The Higher Capital Cost case results in refinery invest-
ment for hydrogen and distillate hvdrotreating units
totaling $5.4 billion in 2007, which is 51.2 billion above
the Regulation case level. Bv 2011 the Higher Capital
Cost case is projected to require 57.8 billion of invest-
ment, 51.5 billion more than in the Regulation case. The
higher investment costs translate to a higher projected
price path for ULSD. Relative to the reterence case, price
differentials are projected to range from 7.5 to 7.8 cents
per gallon between 2007 to 2010, peaking at 8.1 cents per
gallon in 2011, the first full vear of full compliance. These
prices are (.8 cents per gallon higher on average than
those in the Regulation case.

2/3 Revamp Case

The 2/3 Revamp case results in a higher projected price
path for ULSD, with price ditferentials ranging from 6.9
to 7.6 cents per gallon higher than 1n the reference case
from 2007 to 2011. Prices are generally higher than in the
Regulation case, with the differential between the two

-

cases atits widest in 2011 at 0.4 cents per gallon. The 2/3

9282



Revamp case reflects greater reliance on new equipment
than in the Regulation case, resulting in an additional
$600 million of investment for full compliance in 2011.

10% Downgrade Case

The 10% Downgrade case reflects a net downgrade
increase of 7.8 percent over the reference case and 5.6
percent over the Regulation case. Total highway diesel
consumption increases by up to 10,000 barrels per day in
the transition period in both the 10% Downgrade case
and the Regulation case. After 2010, the 10% Downgrade
case results in an additional 289,000 barrels per day of
highway diesel consumption, compared with an addi-
tional 83,000 barrels per day in the Regulation case. The
greatest impact from downgrade in either the 10%
Downgrade or Regulation case on refiners and consum-
ers occurs after 2011, because until that time the contam-
inated product can be downgraded to 500 ppm highway
diesel with no net increase in highway diesel produc-
tion. Because all highway diesel supplied must meet the
15 ppm sulfur cap in June 2010, ULSD exceeding 15 ppm
sulfur at some point in the distribution system must be
downgraded to non-road markets and must be offset by

S

additional ULSD production after 2010. This means that
refiners must produce 212,000 barrels per day morr
ULSD after 2010 than in the Regulation case, which
translates to an additional $500 million of investment by
2015.

Aside from the impacts on ULSD on demand and refin-
ery investment, the 10% Downgrade case has implica-
tions for the economics of pipelines and marketers,
because they incur a revenue loss when a portion of the
ULSD going into the system comes out of the system as a
lower value product. Table 16 shows the costs associated
with ULSD distribution in the Regulation and 10%
Downgrade cases. The capital costs, which are assumed
to be the same in both cases, reflect additional infrastruc-
ture required for carrying a second highway diesel
product during the transition period. The estimate for
capital expenditures was taken from the EPA’s RIA and
is fully amortized over the transition period. The addi-
tional annual diesel fuel distribution costs in the Regula-
tion case differ slightly from the EPA estimates (see
Table 26 in Chapter 7), because different revenue losses
associated with product downgrade are assumed.

Table 15. Variations from Reference Case Projections in the Regulation and Sensitivity Analysis Cases,

2007-2015
i . 2007-2010 | 2011-2015
Analysis Case - 2007 2008 - 2009 2010 | 2011 2015 Average Average
Difference Between End-Use Prices of ULSD and 500 ppm Diesel (1393 Cents per Gallon)?
Regulation . ........... 7.0 6.7 6.5 6.8 7.2 5.1 6.8 54
"Higher Capital Cost .. ... 7.8 7.6 75 7.6 8.1 5.8 7.6 6.2
2/3Revamp . .......... 7.3 6.9 6.9 74 7.6 5.4 7.1 57
10% Downgrade. . .. .. .. 7.4 71 > 6.8 7.2 9.1 57 7.2 6.4
4% Efficiency Loss. .. ... 7.0 6.7 6.5 6.9 7.3 5.3 6.8 5.7
1.8% Energy Loss ... ... 7.3 7.0 6.6 6.8 74 5.2 7.0 5.5
Severe ............... 8.8 8.4 8.4 8.6 10.7 6.8 8.6 7.4
Notmports . ........... 8.6 8.1 7.8 - 80 8.8 6.2 8.1 6.8°
Total Highway Diesel Fuel Consumption (Thousand Barrels per Day)
Regulation ............ 10 10 8 8 83 85 9 83
Higher Capital Cost . . ... 10 9 8 7 82 - 83 9 82
2/3Revamp .. .. ....... 10 10 8 8 82 T 84 9 82
10% Downgrade. .. ..... 10 10 8 8 289 303 9 295
4% Efficiency Loss. ... .. 10 10 8 19 103 108 12 107
1.8% Energy LOsS . ... .. 41 41 39 47 ’ 127 131 42 128
Severe ............... 41 40 39 57 355 374 44 366
Notmports ............ - 10 9 7 7 - 81 83 8 81
Total imports of Highway Diesel Fuel (Thousand Barrels per Day)
Regufation ............ -36 -1 -1 0 0 0 -10 0
Higher Capital Cost . . .. . -36 1 1 0 0 0 10 0
2/3Revamp ........... -36 -1 -1 0 0 0 -10 0
10% Downgrade. . ... ... -36 -1 -1 0 0 0 -10 0
4% Efficiency Loss. ... .. -36 -1 -1 0 0 0 -10 0
1.8% Energy Loss ... ... -36 -1 -1 ] 0 0 -10 0
Severe ............... -36 -1 -1 o . 0 0 -10 0
Nolmports ............ -120 -125 -125 -125 -125 - -125 -124 -125

®End-use prices include marginal refinery gate prices, distribution costs, and Federal and State taxes but.exciude county and local taxes.
Source: National Energy Modefing System, runs DSUREF.D0430(:1B. DSU7PPM.D043001A, DSU7HC.D0430014A, DSU7INV.DO43001A,
DSU7DG10.D043001A, DSU7TRN.D043001A, DSU7BTU.D043001A, [HSU7ALL.DO50101A, and DSU7IMP0.D043001A.
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4% Efiiciency Loss Case

The 4% Efficiency Loss case reflects an expectation, by
some engine and emission technologv manufacturers,
that emission requirements for new heavy-dutyv vehicles
in 2010 will be met by installing after-treatment technol-
ogy, which could result in a 4-percent loss of fuel effi-
ciency. Technological improvements are assumed to
fully offset the loss in fuel efficiency of new vehicles by
2015.124 The combined impact of the ULSD requirement
and less efficient new vehicles results in 19,000 barrels
per day of additional highway diesel consumption in
2010 and 107,000 barrels per day in 2011 through 2015.
The introduction of less fuel-efficient vehicles accounts
for 11,000 barrels per day of the additional demand in
2010 and 24.000 barrels per day of demand after 2010.
Refiners are projected to invest an additional $100 mil-
lion dollars through 2015 relative to the Regulation case
to provide for the slightly higher diesel demand.

The additional demand for highwav diesel results in
prices that are 5.7 cents per gallon above reference case
prices on average between 2011 and 2015. This differen-
tial is 0.3 cents higher than when no fuel efficiency loss is
assumed. Owners of vehicles purchased between 2010
and 2015 would see the greatest impact under this case,
because diesel vehicles of that vintage would consume
relativelv more diesel fuel.

8% Energy Loss Case

Due to changes in refinery processing, ULSD 1s expected
to have slightly less energyv content than 300 ppm diesel.
The 18" Energy Loss case reflects a greater loss of
energy content than the Regulation case, which assumes

-

a 0.5-percent loss per barrel. This case results in an aver-
age increase in ULSD consumption of 42,000 barrels per
dayv between 2007 and 2010. Due to the 100 percent
ULSD requirement, the impact of the lower energy con-
tent is greatest after 2010 when it widens to 128,000 bar-
rels per dav. Relative to the Regulation case, the 1.8%
Energy Loss case results in an average of 33,000 barreis
per day of additional demand through 2010 and 45,000
barrels per day after full compliance. This additional
demand does not change refinerv investment patterns
relative to the Regulation ca-~. vecau:: it can be pro-
vided through higher utilization rates.

The price differentials from the reterence case average
7.0 cents per gallon between 2007 and 2010 ard 5.5 cents
per gallon between 2011 and 2015. In anticipation of
higher demand, refineries are expected to build slightly
more capacity in the transition period than thev would
in the Regulation case. Because of the slightly different
investment pattern, prices in the 1.8% Energv Loss case
are 0.2 cents per gallon higher than in the Regulation
case on average through 2010 and comparable to Regu-
lation case prices after 2010.

Severe Case

In the Severe case, the ULSD requirement in combina-
tion with the five sensitivity assumptions results in an
average of 44,000 barrels per day of additional highwayv
diesel consumption between 2007 and 2010 and an aver-
age of 366,000 barrels per dav of additional demand
between 2011 and 2015. The ULSD regulation by itself
accounts for about 9,000 barrels per dav of the additional
consumption through 2010 and about 83,000 barrels
per day after 2010. The combined effect of the five

Tabie 16. Variations trom Reference Case Projections of Fuel Distribution Costs in the Regulation and

10% Downgrade Cases
11220 Cents per Gallon}
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assumptions raises demand beyond that in the Regula-
tion case by about 35,000 barrels-per day through 2010
and by about 283,000 barreis per day after 2010. The
higher downgrade assumption accounts for about
212,000 barrels of the additional demand after 2010. The
Severe case results in a projected increase in refinery
investments for hydrogen and distillate hydrotreating

- totaling $9.3 billion in 2011, $3.0 billion more than in the
Regulation case. Higher demand in the Severe case
results in marginal prices 1.7 to 3.5 cents per gallon
above those in the Regulation case.

No Imports Case

In 1999, 87 percent of all imports of highway diesel went
to PADD I (the East Coast), which is less self-sufficient
than other regions in terms of refinery production. The
East Coast is expected to continue to be the major market
for imported highway diesel; however, a slight reduc-
tion in imports is projected under the ULSD Rule,
because it is more economical for domestic refiners to
provide the last barrel supplied. The No Imports case
assumes that imports of highway diesel fuel are zero
and, therefore, 120,000 to 125,000 barrels per day lower
than projected in the reference case. The lack of imports
means that domestic refineries must produce that much
more ULSD. During the transition years, prices in the No
Imports case are only slightly lower than in the Severe
case, indicating the sensitivity of the. market to imports.
The requirement for more production results in mar-
ginal prices 1.1 to 1.6 cents per gallon higher than in the
Regulation case. The higher prices in the No Imports
case result in a slight dampening of demand, by up to
2,000 barrels on average when compared to the Regula-
tion case. When imports of ULSD are not available,
refineries are projected to meet the additional ULSD
requirement by investing an additional $200 million in
desulfurization equipment through 2015, and by reduc-
ing jet fuel production and importing more jet fuel. More
ULSD is also shipped from PADDs II-IV to PADD 1 to
compensate for the lack of imports.

10% Return On lnvestmeht Case

This case assumes that refiners will realize a higher rate
of return than is assumed in the Regulation case and in
all the other sensitivity cases for this analysis, which
assume a 5.2-percent after-tax return on investment.
Because the 10% Return on Investment case must be
compared with an alternative reference case that uses a
consistent rate of return, the projected price differentials
are presented separately from those for the cases that are
compared with the reference case (with a 5.2-percent
after-tax rate (Table 17). The resulting price differentials
-ange from 7.5 to 8.0 cents per gallon between 2007 and
2011 and are 0.9 cents per gallon higher on average than
when the 5.2-percent after-tax rate is assumed. The dif-
ferent return on investment affects the payback of
investment but does not affect the level of investment.

58 Energy Information Administration / Transition to Ultra-Low-Suifur Diesel Fuel

Regional Variations in Refining Costs

Differences between regional refinery gate prices in the
analysis cases relative to those in the reference case
reflect variations in the marginal costs of producing
ULSD between regions (Table 18). The cost curve analy-
sis described in Chapter 5 indicates that PADD 1V,
which contains relatively small refineries, can be
expected to be the highest cost region; however, these
costs are obscured by the aggregate model representa-
tion in NEMS. The Petroleum Market Module provides
refining costs for three separate regions: PADD I (the
East Coast), PADDs II-IV aggregated (mid-U.S.), and
PADD V (the West Coast). In the transition years of the
Regulation case, regional refining costs (excluding dis-
tribution costs) range from an average of 4.8 cents per
gallon in PADD V to 5.3 cents per gallon in the other
regions, with an average U.S. cost of 5.2 cents per gallon.

The relative patterns of regional costs during the transi-
tion period are similar in all the sensitivity cases, with
PADD I as the highest cost region of the three NEMS
regions, PADD V as the lowest cost region, and PADDs
II-IV (and the U.S. average) falling in between. The rela-
tively high ULSD production cost in PADD IV is masked
in the mid-term analysis, because PADD 1V is aggre-
gated both with PADD Il and with the largest and lowest
cost refining region, PADD III. Average marginal refin-
ing costs generally are expected to fall by about 0.5 to 0.§
cents per gallon after 2011, as refineries make incremen-
tal improvements to meet incremental increases in
demand more efficiently.

Conclusion

The ULSD Rule is projected to require total refinery
investments ranging from $6.3 billion in the Regulation
case to $9.3 billion in the Severe case, resulting in high-
way diesel fuel price increases that range from 6.5 t0 10.7

Table 17. Variations from Alternative Reference
Case Projections in the 10% Return on
investment Case, 2007-2015

Difference Between End-Use Prices
of ULSD and 500 ppm Diesel

Year (1999 Cents per Gallon)®"
12007 .79
2008.......... e 75
2009........... ... ’ 7.6
2000.. ... ... ..l 77
201 8.0
2015, ... 57
2007-2010 Average . . . . 7.7
2011-2015 Average . . . . 6.0

8End-use prices include marginal refinery gate prices, distribution
costs, and Federal and State taxes but exclude county and local taxes.

Source: NEMS runs DSUREF10.D043001A and DSU7PPM10.
D043001A.
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cents per gallon between 2007 and 2011. Because this
analysis is based on results from a long-run equilibrium
model, it does not capture the uncertainty of supply dis-
cussed in Chapter 5. The NEMS analvsis reflects more
‘aggressive investment than is portraved for individual
refiners in the short-term analvsis. In the Regulation
case, which uses many of the EPA’s assumptions, prices
are projected to increase by 6.5 to 7.2 cents per gallon
between 2007 and 2011. The widest price differen-
tial—10.7 cents per gallon in 2011—is projected in the
Severe case, which is based on assumptions more consis-
tent with industry views. This peak price differential is

associated with a requirement for additional ULSD sup-
plies of 272,000 barrels per day above demand levels in
the Regulation case, of which 206,000 barrels per dayv
results from the 10-percent downgrade assumption.

Because NEMS is a long-run equilibrium modei, it can-
not address short-term supply issues; however, the No
Imports case does provide some implications for short-
term supply. When no availability of ULSD grade
imports is assumed, the marginal price of ULSD is pro-
jected to exceed prices reflecting access to imports by
about 1.2 to 1.6 cents per gallon between 2007 and 2011.

Table 18. Variations from Reference Case Projections of ULSD Marginal Refinery Gate Prices by Region in

the Regulation and Sensitivity Analysis Cases. 2007-2015

(1999 Cents per Galion)

Analysis Case and 2007-2010 | 2011-2015 Analysis Case and 2007-2010 2011-2015
Producing Region Average 1 Average Producing Region Average Average

Regulation 4% Efficiency Loss . ..

U.S. Average ... ... .. 2 47 U.S Average .. ... .. 52 s
PADC . ... 33 18 PADD ... ... ... .. 5.3 3
PADDs -tV ... ... S.3 4.8 PADDs -V ... L 3. sz
PADD V. ............ 48 43 PADDV ... ........ 4.8 5.2
Higner Capital Cost 1.8% Energy Loss
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7. Comparison of Studies
on ULSD Production and Distribution

" This chapter compares the methodology and results of
the Energy Information Administration’s (E1A’s) analy-
sis with those from a number of other studies related to
ultra-low-sulfur diesel fuel (ULSD) supply and costs.
Refinerv costs and investments are compared with other
estimates from studies by the U.S. Environmental Pro-
tection Agency (EPA), Mathpro, the National Petroleum
Council (NPC), Charles River and Associates and Baker
and O'Brien (CRA/BOB), EnSys Energyv & Svstems, Inc.
(EnSvs), and Argonne National Laboratory (ANL).
EIA’s estimates of distribution costs are compared with
estimates from the EPA, ANL, and Turner, Mason and
Company (TMC). A review of an analysis of alternative
markets for diesel fuel components by Muse, Stancil and
Company (MSC) is also provided. All cost estimates in
this chapter have been converted to 1999 dollars.

Analyses of Refining Costs

The refining cost studies reviewed here represent a
range of methodologies and assumptions. An under-
standing of some kev terms is important to differentiat-
ing between the methodologies of the various studies.
The studies were based on two general tvpes of method-
ologies: a linear programming (LP) approach used bv
Mathpro, NPC. EnSvs, DOE, and EIA; and a refin-
erv-byv-refinery approach used by CRA, EPA, and EIA.
Within either approach, the studies used different meth-
odologies and made different assumptions that make
them difficult to compare. For instance, two different
tvpes of LP refinerv models were used. The Mathpro
analvsis used an LP model of a “notional refinerv” that
represented an average refinery in a given region. In
contrast, EnSvs and EIA used refinerv LP models that
represented an aggregate refinery, or all the refineries in
a region acting as one (Tables 19 and 20).

Costs estimated by the different studies are not easy to
compare, because differences in estimation methodolo-
gies make them conceptually different. Both “average”
and “marginal” costs can be based on LP models that

f

operate as a single firm, or estimated from analvsis of
individual refineries. In general, marginal cost estimates
that represent the cost of the last barrel of required sup-
ply can be seen as estimates of market prices. Much of
the variation in investment and cost estimates reflects
different assumptions about the cost of technologies;
return on investment; the extent to which refiners will
modify existing equipment or build entirelv new
hvdrotreaters; the cost and quantity of additional hvdro-
gen required; the extent to which some refineries may
reduce highway diesel production; and the amount of
highway diesel downgraded due to fuel contamination
during distribution.

In EIA’s refinery-by-refinerv analvsis (cost curves), the
increased cost of producing ULSD in 2006 is estimated.to
be between 5.4 and 6.8 cents per gallon. Using the
National Energy Modeling System (NEMS) Petroleum
Market Modulz (PMM), the increased cost of producing
ULSD is estimated to be between 4.7 and 7.3 cents per
gallon from 2007 to 2010 and between 6.5 and 9.2 cents
per gallon in 2011.1* The estimated additional produc-
tion costs are associated with expected increases in aver-
age marginal price increases at the pump ranging from
6.5 to 8.8 cents per gallon in the transition period and 7.2
to 10.7 cents per gallon in 2011. In the Regulation case,
which uses manv of the EPA’s assumnptions, prices are
projected to increase bv 6.5 to 7.2 cents per gallon
between 2007 and 2011. The widest price differential—
10.7 cents per gallon in 2011—is projected in the Severe
case, which is based on assumptions mare consistent
with industry views.

For consistencv with the EPA’s analvsis, EIA estimates
are based on a 7-percent before-tax return on invest-
ment, which is estimated to equate to a 3.2-percent
after-tax rate of return.’?® When a 10-percent after-tax
rate of return, which was used in all the other analvses, is
assumed; the refinerv-bv-refinerv costs are about 0.8 to
1.2 cents per gallon higher than in the Regulation case.
and the NEMS costs are about 0.8 to 1.1 cents per gallon

higher than in the Regulation case.

2500 the NEMS PMM projections, the LS. price 1s the average of the marginal prices i the three madel regions
127 According to financial nformation from Form EJA-28 (Financial Reporting System) retn ers and marketers a eraged a T-percent

betore-tax return on ms estment between 1977 and 19499
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Table 19. Methodologies Used To Estimate ULSD Refining Costs

Client

Date

Methodology

Author
Mathpro '

Engine Manutacturers Association

October 1999; updated August 2000

LP, notional refinery

Original study: PADDs I-1ll average
cost (aggregated)

Updated study: average cost U.S.
excluding California

EPA

December 2000

Refinery-by refinery analysis.
average cost after credit trading

NPC

U.S. Department of Energy

June 2000

Adjusted Mathpro's LP results tfrom
original study. average cost

CRABOB

American Petroleumn Institute

August 2000

Constructed cost curves using
industry interviews. refinery-by-

refinery analysis, marginal cost of
PADDs I-ll aggregated. PADD 1V,
PADD V. and U.S.

LP. aggregate PADD Hi refinery,
average cost by each quartile oL
production, marginal costs provided
for one scenario

Estimated weighted average costs
based on EnSys costs

(1) LP; aggregate regional refineries,
PADDs |, Hi-tV aggregate, and V:
marginal cost

{2) Cost curves based on individual
refinery data

Sources: EPA: U.S. Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Die-
sel Fuel Sulfur Requirements, EPA420-R-00-026 (Washington, DC, December 2000), Chapter V, web site www.epa.gov/otag/regs/hd2007/frm/
ria-v.pdf. Mathpro: Mathpro, Inc., Refining Economics of Diesel Fuel Sulfur Standards: Supplemental Analysis of 15ppm Sulfur Cap (Bethesda. MD.
August 2000), Exhibit 8. Case 11. NPC: National Petroleum Council, U.S. Petroleum Refining: Assuring the Adequacy ana Afforgability of Cleaner
Fuels (June 2000). Chapter 3. CRA/BOB: Charles River Associates, Inc., and Baker and Q'Brien. Inc., An assessment of the Potenual impacts of
Proposed Enwvironmental Regulations on U.S. Refinery Supply of Diesel Fuel, CRA No. D02316-00 (August 2000). EnSys: EnSys Energy & Sys-
tems. Inc, Modeling impacts of Reformulated Diese! Fuef {Flemington, NJ, August 2000). ANL: M.K. Singh, Analysis of the Cost of a Phase-in of 1L
ppm Sulfur Cap on Diesel Fuel, Revised (Argonne, IL: Center for Transporiation Research, Argonne National Laboratory, November 2000). ElA:
Energy Information Administration, Office of integrated Analysis and Forecasting (Chapters 5 and 6 of this report).

EnSys U.S. Department of Energy August 2000

ANL U.S. Department of Energy November 2000

U.S. House of Representatives, Aprit 2001

Commitiee on Science

EtA

Table 20. Characteristics of ULSD Cost Studies

Based on | Refinery- Year- ’ Muiti- Market Supply /
LP by- by- Single Region Average End-Use | Equilibrium | Demand
Study LP Model Results Refinery Year Period Results Cost Prices Prices Analysis
Mathore ... . .. X X X X
EPA S o X 2006, 2010 X X X
NPT A, X X X
CRABOE... ... .. X X X X Shont-run X
EnSys ... X X X
ANL . . .o X" 2006-2015 . X X
EIANEMS .. ... ... ... X 2007-2015 X X Long-run X
£iA Refinery by Refinery . . . X X X X X

2Uses Mathpro resutts.

"Uses EnSys results.

“Phase-in of 8 percent ULSD to 100 percent.

Sources: EPA: U.S. Environmenta! Protection Agency, Regulatory impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel Sullur
Reguirernents. EPA420-R-00-026 (Washington, DC, December 2000), Chapter V, web site www.epa gov/otaq/regshd2007/irmvria-v.pdf. Mathpro: Mathpro. tnc..
Refining Economics of Diesel Fuel Sulfur Standards: Supplemental Analysis of 15ppm Sulfur Cap (Bethesda, MD. August 2000). Exhibit 8, Case 11. NPC: Nationa! Petro-
leum Council. U.S. Petroleum Refining: Assunng the Adequacy and Aftordability of Cleaner Fuels (June 2000). Chapter 3. CRA/BOB: Charles River Associales. Inc.. and
Baker and O'Brien, Inc.. An assessment ol the Potential Impacts of Proposed Environmental Regulations on U.S. Refinery Supply of Diese! Fuel, CRA No. DD2316-00
(August 2000). EnSys: EnSys Energy & Systems. Inc. Mogeling Impacts of Reformulated Diesel Fuel (Fiemington, NJ, August 2000). ANL: M K. Singh. Analysis of the
Cost of a Phase-in of 15 ppm Suifur Cap on Diesel Fuel, Revised (Argonne, IL: Center tor Transportation Research, Argonne National Laboratory. Novermnper 2000). EIA
Refinery by Refinery: Energy Information Administration. Office ot Integrated Anaiysis and Forecasting (Chapter 5 of this report). EIA NEMS: National Energy Modehno
Systern, runs DSUREF.DD430018. DSU7PPM.DO43001A, DSUTHC . DO43001A, DSU7INV.D043001A, DSUTDG10.D0043001A. DSU7TRN . DO43001A. DSU7ETU.
DO43001A. DSU7ALL.DOSO101A, DSU7IMPQ.DO43001A. DSUREF 10.D0043001A. and DSU7PPM10.D043001A.
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EPA Analysis

The EPA analysis was conducted in support of the final
rulemaking published in December 2000.}?” The EPA
analysis used a refining cost spreadsheet that inciuded
refinery-specific estimates for meeting the new highway
diesel standards and aggregated them to estimate fuel
cost increases at the Petroleum Administration for
Defense District (PADD) and national levels. The costs
of meeting the final ULSD Rule were analvzed without
including possible reductions in non-road diesel sulfur.
The EPA estimated that the ULSD Rule would increase
average national production and distribution costs by
5.4 cents per gallon of 15 ppm diz2sel (4.5 cents per gallon
for all highway diesel) during the temporary compli-
ance period (2006 to 2010).}2® The total cost after full
compliance in June 2010 was estimated at 5.0 cents per
gallon (Table 21).

The largest component of the costs estimated by the EPA
was increased refining costs (4.1 cents per gallon for 15
ppm diesel and 3.3 cents per gallon for all highway die-
sel berween 2006 and 2010; 4.3 cents per galion after June
1, 2010). The cost estimate for the compliance period was
adjusted downward to reflect credit trading, assuming
that low-cost refineries trade with high-cost refineries at
the cost of production. Cost estimates for PADD IV were
30 to 40 percent higher than costs in other PADDs. The
refining costs discussed above were based on a 7-percent
before-tax return on investment, but the EPA also pro-
vided costs based on a 6-percent and 10-percent after-tax
rate of return. The cost estimates for a 6-percent after-tax
rate of return were 0.1 cents per gallon higher than the
full compliance cost calculated with the 7-percent
before-tax rate, and the estimates for a 10-percent after-
tax rate were 0.4 cents per gallon higher.’™

In addition to increased refining costs, the EPA esti-
mated that the addition of lubricity additives would cost
approximately 0.2 cents per gallon, and distribution
costs were estimated to add another 1.1 cents per gallon
during the temporary compliance period and 0.5 cents
per gallon after full compliance.!™ The analysis behind
the distribution cost estimates is discussed below.

Increased refining costs were expected to result from
capital investment of $3.9 billion to meet the 2006
requirements and another $1.4 billion to reach full com-
pliance in 2010, for a total investment of $5.3 billion !
The EPA estimated that the average refinery would
spend $43 million dollars in capital expenditures and an
additional $7 million per year in operating costs.

The EPA assumed that, in order to meet the 15 ppm
highway diese! requirement, refiners would need to
produce 7 ppm diesel fuel on average. It was assumed
that 80 percent of diesel refining capacity would meet
the new standards by modifications to existing
hydrotreaters and the other 20 percent by building new
hvdrotreaters. The analvsis included cost estimates
under two scenarios. The first scenario assumed that all
refiners currently producing highway diese! fuel would
continue to do so. The second scenario assumed that
some refiners would increase their production of high-
way diesel while making up for lost production from
refiners that would drop out of the market. The EPA did
not provide analysis assuming a net loss of producticn,
but indicated that, with the inclusion of the 80/20 and
small refiner provisions, no supp!v problems were antic-
ipated. The EPA also performed an analvsis of engineer-
ing and construction requirements and concluded that
these factors should not be a problem due to the tempo-
rarv compliance provisions (see Chapter 3 for more
discussion).

Table 21. EPA Estimates of Increased Costs To Meet the 15 ppm Hughway Diesel Standard
11922 Cents per Gailon)
f i Additional
i Additional Lubricity ! Distribution
Period : Refining l Additive | Distribunion® Tanks Total Increase
: 1 | : 0 iz 54
<z C.2 ! C.2 Tl S0
uncn 121Ks
or Agency. Aegula:ony impaci Analvsis Aeavv-Cuiv Sngrs ans Vemis 2 Siansgers 2t - e, TEss Tz
-JC-£22 «Wasningon. OC. Decemper 2000.. . V335

127U 5. Environmental Protection Agency, “Control of Air Pollution from New Motor Vehicles: Heavy-Duty Engine and Vehicle Stan-
dards and Highway Diesel Fue! Sulfur Control Requirements: Final Rule.” Federal Regaster, 30 CFR Parts 09, 80, and &n tlanuary 18,2001
X Total cost per gallon of 13 ppm diesel is the sumn of 4.1 cents per gallon refining cost and 1.1 cent per gallon distnibution cost
-1291° 5. Environmental Protection Agency, Regulatory Impact Analysis: Heavw-Duty Engine and Velncle Staadards aid Higiieay Diesel Fue!
:iul(m Requurements, EPA420-R-00-026 (Washington, DC, December 2000), Chapter V, p. V-100 :
M D)stribution costs include the capital cost of additional storage tanks, addonal operating costs, vield losses, produdt downgrades,

and tesnng costs.

38 Environmental Protection Agency, Requlatory tmpact Analusis: Heavu-Duty Enre and Velndde staadards aind Hislioas Di<el P!
sulfur Regrirements, EP A420-R-00-026 (Washington, DC, December 2000}, Chapiev Vop V-103, web sie wwiw epa pov . ot regs Thd 2007

trm/rna-v. pdl
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Mathpro Analysis

In its original study for the Engine Manufacturers Asso-
ciation, Mathpro provided 5 sets of scenarios for 10 dif-
ferent combinations of heavy-duty, non-road, and
light-duty diesel fuel standards. The scenarios were
developed using a linear programming (LP) representa-
tion of a notional refinery in PADDs I through 111.132 The
study was completed in October 1999 and reflected a
range of uncertainty with regard to the eventual sulfur
standard. The target sulfur level for highway diesel in
the scenarios ranged from 150 ppm to 2 ppm. The sce-
narios also reflected varying assumptions about the ulti-
mate sulfur level of non-road diesel, and about
investment in upgrade (revamp) projects versus new
(grassroots) projects. The scenarios resulted in an aver-
age increase in refining costs ranging from 2.5 to 9.0
cents per gallon for the 150 ppm and 2 ppm sulfur levels,
respectively. The associated investment costs ranged
between $0.8 billion and $3.9 billion for PADDs 1
through III.

In August 2000, Mathpro updated its analysis using the
15 ppm sulfur standard indicated in the june 2000
Notice of Proposed Rulemaking, assuming that the
requirement would be met by producing diesel fuel with
a pool average of 8 ppm or less.!33 The updated analysis
provided estimates given three different assumptions
about non-road diesel: .

* Non-road diesel at current levels (3,500 ppm). This
assumption most closely resembles the E1A and EPA
~ cost analyses.

* Non-road diesel reduced to 350 ppm

¢ Non-road diesel reduced to 15 ppm.
For each of the non-road sulfur assumptions, the
updated analysis provided five scenarios based on dif-

ferent investment and operating approaches by
refineries: :

¢ No Retrofitting-Inflexible, which requires only new
unit investment

* No Retrofitting-Flexible, which requires only new
unit investment but allows some flexibility in
hydrocracking and jet fuel production

* Retrofitting-De-rate/Parallel, which allows modifi-
cation of the existing desulfurization unit and build-

ing a parallel unit

e Retrofitting-Series, which allows expansion of the
existing desulfurization unit b+ debcttlenecking and
adds a new unit in series

* Economies of Scale, which i~ simiar to Retro-
fitting-Series but allows further economies of scale
through inter-refinery processing arrangernents.

The estimated increase in national average refining costs
(excluding California) ranged between 4.0 and 7.6 cents
per gallon and was associated with total investment
costs between $1.8 billion and $3.3 billion (1999 dollars)
over all of the non-road sulfur assumptions. Costs
ranged from 4.5 to 7.1 cents per gallon and investments
from $3.0 to $6.0 billion for the scenarios assuming cur- |
rent sulfur levels for non-road diesel (Table 22). The
analysis assumed a 10-percent after-tax rate of return on
investment. The scenarios with non-road diesel at 3,500
ppm were most similar to the EIA, EPA, and DOE analv-
ses, and the scenario with non-road diesel at 350 ppm
was more consistent with the CRA /BOB analysis. When
non-road diesel was held at 3,500 ppm, the average cost

-of producing highway diesel increased by 7.1 cents per

gallon in the No Retrofitting-Flexible case and by 4.5
cents per gallon in the Economies of Scale case.

Although the investment costs estimated by Mathpro
were at least $195 million dollars higher when the sulfur
limit for non-road diesel was assumed to decline to
350 ppm, the average costs were between 0.2 and 1.2
cents per gallon lower than in the scenarios assuming

Table 22. Mathpro Estimates of the Costs of Producmg 15 ppm nghway Diesel, with Non-Road Diese! at

3.500 ppm ‘Sulfur

No Retrofit: No Retrofit: Retrofit: Retrofit: Economies of
Flexible Inflexible Flexible De-rate Series Scale
Total Average U.S. Cost? ' . )
(1999 Cents per Gallon). . .......... 6.8 6.7 4.6 4.5
investment -
(Million 1898 Dollars). . ............ 5.950 5.900 5.370 3,330 3.040

3¢ xcludes Califamia.

Note: Costs have been converted to 1999 dollars from the 2000 dollars reported by Mathpro.
Source: Mathpro. Inc., Refining Economics of Diese! Fuel Sulfur Stangards: Supplemental Analysis of 15ppm Sulfur Cap (Bethesda. MD. August

2000). Exhibit 8.

132 Mathpro, Inc., Refining Economics of Diesel Fuel Sulfur Standards: Supplemental Analysis of 15ppm Sulfur Cap (Bethesda, MD, August

2000).

133Mathpro Inc., Refining Economics of Diesel Fuel Sulfur Standards: Supplemental Analysis of 15ppm Sulfur Cap (Bethesda, MD, August
2000).
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3,500 ppm non-road diesel. The lower average costs
were the result of spreading the investments over a
larger volume of product. The scenarios with non-road
diesel sulfur capped at 15 ppm required the most invest-
ment and led to the highest costs. Relative to the 3,500
ppm non-road scenarios, the 15 ppm non-road scenarios
required at least $1 billion more investment and resulted
in average costs between 0.1 and 0.8 cents per gallon
higher.

NPC Analysis

In its report, U.S. Petroleum Refining: Assuring the Ade-
quacy and Affordability of Cleaner Fuels, the NPC included
estimates of meeting a 30 ppm sulfur standard.!34 The
estimates were based on the 30 ppm scenarios included
in Mathpro’s original report for the Engine Manufac-
turers Association in October 1999. The NPC combined
the cost estimates from the “no retrofi‘ting-inflexibility”
and the “retrofitting-series” cases assuming that at 30
ppm, most refiners would retrofit. The NPC also made
adjustments to the Mathpro estimates to reflect alterna-
tive assumptions of refinerv economics. NPC adjusted
the vendor-supplied estimates used in the Mathpro
model upward by a factor.of 1.2 for investments and a
factor of 1.15 for hvdrogen consumption and other oper-
ating expenses. The vendor data were adjusted to
account for a perceived tendencv of vendors to quote
overlvy optimistic cost and performance information.
The NPC analvsis estimated industry investment costs
at 54.1 billion at a cost of 5.9 cents per gallon (1999 dol-
tars) and assumed 30 percent revamped and 30 percent
new units. The studyv indicated that a sulfur standard
below 30 ppm would require greater reliance on new
units, as opposed to retrofits, resulting in considerably
higher investments.

The NPC analvsis included a discussion of limitations
on engineering and construction resources and, in con-
trast with the EPA analvsis, concluded that the overlap
with gasoline sulfur projects would result in delays in
meeting the diesel standards. The studv suggested that
highway diesel supplv shortfalls might occur if the stan-
dard were required before 2007 and that even more time
would be required to meet a standard below 30 ppm.

(See Chapter 3 of this report for more detail on engineer-
ing and construction.)

CRA/BOB Analysis

In a study for the American Petroleum Institute,
CRA/BOB developed refinerv-specific cost estimates
for every U.S. refinery, using the Prism refinery
model.!3" The estimates and a survey of refiners inten-
tions were used to construct a marginal cost curve that
was used in an equilibrium supply and demand analy-
sis. The Initial supply and demand assumptions were
from ElA’s Amnual Energqy Outlook 2000. The supply
curve was shifted according to the marginal cost analy-
sis, and the demand curve was shifted based on an elas-
ticity assumption. In contrast to all but the EIA offline
analysis, the CRA /BOB study provided an analysis of
short-term supply and cost outlook.

The analysis projected a reduction in highwayv diesel
production of 320,000 barrels per day, resulting in a sup-
ply shortfall. The EPA has estimated that 75 percent of
the shortfall estimated bv CRA/BOB resulted from the
underlying assumption that an additional 10 percent of
the highway diesel produced would be downgraded
because of product degradation from distribution and
storage.13® In contrast, EIA and the EPA assumed an
additional 2.2 percent of downgraded product, and
TMC estimated that a total of 17.5 percent of ULSD
would be downgraded.!3” The estimated increase in
average refining cost was 6.7 cents per gallon to produce
ULSD from 500 ppm diesel. The estimated increase in
the marginal price of ULSD needed to balance supply
and demand was between 14.7 and 48.9 cents per gallon,
depending on the availability of imports.

The CRA/BOB analvsis assumed that, in order to meet
the 15 ppm standard, refiners would produce highway
diesel at an average of 7 ppm.'* The analyvsis also

.assumed that non-road diesel would be reduced to 350

ppm and jet fuel and heating oil sulfur would remain at
1999 levels. The cost estimates reflected an assumption
that 40 percent of ULSD would be produced from new
desulfurization units and 60 percent trom revamped
units, and that the return on investment would be 10
percent,

NV . : . -

M National Petroieun Council, U.S.foffoh'll?.ff Refiming: Assuring the Adequacy and Affordabihity of Cleaner Fuels (June 2000), Chapter 3
Investiment and cost estimates have been conve rted to 1999 dollars trrom 1998 dollars reported by NPC.

IRE . R ., I ’

"~ Charles River Associates, Inc. and Baker and O’Brien, Inc.. Au assessment of the Patentwl Impacts of Propased Enstroumentai Regulainns

a U5 Refineny Supmly of Diesel Fuel, CRA No. D02316-00 (August 2000),

Bn{" S Environmental Protéction Agency. Regulatory-Impact Analysis: Heavy-Dutv Engine and Velucle Standurds aad Heelicay Diesel Fuel
Stdfur Requirements, EPA420-R-00-026 (Washington, DC, DeLember 2000), Chapter V. web site www epa.goy s otaqg s regs -hd2007

. rrm/rla v.pdf

Tumer Mason & Company. Costs/Impacts of D/~mhuun\ Potental Ultra Loie sulfur Diesel (Dallas, TX, February 2000,. Retnsed Stpmle-

ment {August 2000).

”"Telephone conversation with Ray Orv of Baker and O Brien, lanuary 25, 2001,
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EnSys Analysis

EnSys provided a set of cost estimates to the U.S. Depart-
ment of Energy’s Office of Policy, using an LP model
that represents PADD III refiners in the aggregate !V
The estimates reflected a 10-percent return on invest-
ment. Unlike the previously discussed studies, EnSys
did not make an assumption of how many refiners
would revamp units and how many would build new
desulfurization units, but instead provided cost esti-
mates for a refinery using revamps and cost estimates
for a refinery building new units. The scenarios were
also based on two sets of technologies: a conservative
technology set and an optimistic technology set. In order
to model a phase-in of the highway diesel standard, a
series of cases were run assuming different percentages
of highway diesel required to meet the new standard.

EnSys developed the scenarios discussed above for the
production of highway diesel at various sulfur levels,
ranging from 8 ppm to 30 ppm. The results of the 10 ppm
scenarios are the focus of this discussion, because they
were highlighted in the EnSys report and were provided
in a more uniform manner. In general, the scenarios with
diesel sulfur at § ppm were about 0.5 cent above the 10
ppm estimates. The average incremental cost estimates
for producing 10 ppm diesel ranged from 4.4 to 6.0 cents
per gallon for the first 50 percent of highway diesel pro-
duced at 10 ppm, 6.0 to 7.9 cents for the next 25 percent,
and 7.6 to 10.1 cents per gallon for the final 25 percent
of production. The lower estimate assumed that the
product was produced by 100 percent revamped units;
the higher estimate assumed 100 percent new units.

The cases assumed that 25, 50, 75, and 100 percent of
highway diesel would be required to meet the 10 ppm
standard, while non-road diesel was capped at 360 ppm.
The 360 ppm assumption was negated by the fact that
the cases were compared with a reference case that also
assumed 360 ppm non-road diesel. Sensitivities of
reaching 360 ppm for non-road diesel were performed
with other assumptions vaned. Cases that assumed 100
percent highway diesel at 10 ppm and non-road and
heating oil at 360 ppm resulted in average costs that
were between 1.6 cents per gallon and 2.1 cents per gal-
lon higher than in the cases assuming non-road diesel
and heating oil at current sulfur levels.

The EnSys analysis also included marginal cost esti-
mates for producing 10 ppm diesel with base technology
and no revamp (all new units). The marginal cost of pro-
duction was 6.6 cents per gallon for the first 25 percent of

production, 7.2 cents per gallon for the first 50 percent,
7.7 cents per gallon for the first 75 percent, 9.2 cents pe

gallon for the full phase-in, and 10.7 cents per gallon fo:
an all-at-once approach. The highway diesel volumes
produced did not reflect additional production for
downgraded product.

ANL Analysis

ANL provided an analysis of total incremental refining
and distribution costs for seven different phase-in sce-
narios to the US. Department of Energy (DOE) in
August 2000 and updated the estimates in November
2000 based on EPA comments.'¥’ The most recent ANL
estimates were based on average incremental produc-
tion cost estimates from the EnSys 10 ppm production
scenarios and distribution cost estimates for 15 pprn die-
sel extrapolated from TMC estimates for 5 ppm and 30
ppm diesel.

The ANL analysis used average per-galion production
cost estimates taken as the weighted average of the
incremental cost for each quartile of highway diesel pro-
duction, provided by EnSys. The scenarios had three
parameters: the type of technology, the mix of new units
versus modified units, and the percent of diesel produc-
tion required to be 10 ppm. EnSys estimated costs for
production under two different investment scenarios:
all revamped equipment and all new units. For each
investment scenario, EnSys provided cost estimates for
both a base technology and an optimistic technology
assumption.

The ANL analysis also provided cost estimates for 60
percent revamp/40 percent no revamp given both base
and optimistic technology assumptions, by blending the
EnSys “all revamp” and “all new” scenarios.'¥! The
average estimated cost (undiscounted) of producing the
first 25 percent ranged from 4.2 to 6.0 cents per gallon;
the first 50 percent, 4.0 to 6.0 cents per gallon; the first 75
percent, 4.2 to 6.6 cents per gallon; for 100 percent after
phase-in, 4.7 to 7.5 cents per gallon; and for 100 percent
all-at-once, 6.0 to 8.1 cents per gallon.’¥? Marginal costs
were provided by an additional scenario resulting in a
marginal cost of 6.6 cents per gallon for the first 25 per-
cent of production, 9.2 cents per gallon for a full
phase-in, and 10.7 cents per gallon if the production is
required all at once. ANL developed phase-in cost series
for the seven scenarios by interpolating between the cost
estimates for the different levels of production men-
tioned above. '

139EnSys Energy & Systems, Inc, Modeling Impacts of Reformulated Diesel Fuel {Flernington, NJ, August 2000).
HOM K. Singh, Analysis of the Cost of a Phase-in of 15 ppm Sulfur Cap on Diesel Fuel, Revised (Argonne, IL: Center for Transportation

Research, Argonne National Laboratory, November 2000).

1IMK. Singh, Anaiysis of the Cost of a Phase-int of 15 ppm Sulfur Cap on Diesel Fuel, Revised (Argonne, IL: Center for Transportation

Research, Argonne National Laboratory, November 2000), Appendix A.

M2M K. Singh, Analysis of the Cost of a Phase-in of 15 ppm Sulfur Cap on Diesel Fuel, Revised (Argonne, IL: Center for Transportation

Research,-Argonne National Laboratory, November 2000), Table 1.
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Each of the phase-in cost series provided by ANL
was associated with a set of distribution costs, which
varied slightly in the seven scenarios. The distribution
cost analvsis for 15 ppm highway diesel fuel was extrap-
olated from TMC (early) estimates for distributing
5 ppm and 30 ppm diesel.!43 The costs included capital
investment for the distribution and refueling system and
for product downgrade. Distribution costs were pro-
vided for various levels of phase-in between 5 and 100
percent of the highway diesel market. The level of
phase-in most consistent with the 80 percent required by
the ULSD Rule for the initial years of the program was a
supply of 83 percent of highway diesel, which was asso-
ciated with undiscounted distribution costs between 1.5
and 2.2 cents per gallon. The costs associated with 100
percent of highway diesel at 15 ppm ranged between 1.2
and 2.1 cents per gallon.!#

The ANL analysis concluded that, depending on the
case and the stage of phase-in, the total incremental costs
of a phase-in would range from 6.1 to 11.2 cents per gal-
lon, compared to a range of 7.1 to 12.7 cents per galion
for an all-at-once strategy. Estimates of total (un-
discounted) costs to consumers for the various phase-in
scenarios ranged from $15.2 to $25.4 billion (510.1 to
§17.3 billion net present value). Higher expenditures
were estimated for an all-at-once strategy, with expected
costs totaling $30.4 to $52.8 billion ($22.3 to $38.6 billion
net present value). The relativelv lower distribution
costs under a phase-in approach were translated into an
estimated savings of $14.2 to $27 4 billion.

Summary of Investment Estimates

EPA estimated that, in order to meet the requirements of
the ULSD Rule, the industry would invest a total of 55.3
billion. In comparison, DOE (bv ANL) estimated
between $8.1 and $13.2 billion of investment for ULSD,
Mathpro estimated a range of 3.0 to $6.0 billion, CRA
estimated $7.7 billion, and NPC estimated $4.1 billion to
meet a 30 ppm standard and substantially higher but
undefined amount to provide 15 ppm diesel (Tables 23
and 24). Because production of diesel in the appropriate
sulfur range has been very limited, analysis of costs of
the ULSD Rule depend heavily on vendor estimates and
several critical assumptions, including refinery configu-
ration, size, and crude oil inputs; the ratio of retrofitted
units to new units; and the relative cost of retrofits ver-
sus new units.

The studies discussed above used different methodolo-
gies, economic approaches, levels of regional and
annual detail, and assumptions (see Table 20). Manyv
were completed before the Final Rule was issued and do
not reflect the provisions for small refineries or the
80/20 rule. In addition, the studies were based on
different assumptions about investment behavior and
costs and the level of diesel demand. The capital invest-
ment estimates are difficult to compare not onlv because
of their different methodologies and assumptions but
also because their investment estimates reflect slightiv
different things. For instance, the EFPA estimated the
capital cost for a new distillate hvdrotreater to range

Table 23. Comparison of ULSD Production Cost Estimates: Individual Refinery Representation

| CostChange | Refinery Capiias

1
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HT‘Tumer‘ Mason & Company, Cusl&/lnfpu(li of Distributuag Potental Ultra Lose Swdfur Diesel (Dallas, T, Februan: 2000

9 MK. Singh, Aualusis of the Cost of @ Phase-ui of 15 ppm Sulfur Cap onn Diesel Fuel, Revised (Argonne, 1L Center tor Transpartation
Research, Argonne National Laboratory, November 2000). Appendin C
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from $1,240 per barrel per day to $1,680 per barrel per unit processing entirely coker distillate. The capital costs
day, whereas those in EIA’s refinery-by-refinery analy- for individual refineries in the EPA analysis vary acros
sis ranged from $1,043 to $1,807, and in EIA’s NEMS this range, depending on the assumptions about propor-
Regulation case they were $1,331 to $1,849 per barrel per tions of straight-run distillate, coker distillate, and light
day (Table 25). cycle oil processed at each refinery and the size of the
, hydrotreater unit. The capital cost range for EIA’s refin-
The sets of capital costs used in the EIA and EPA analy- ery-by-refinery analysis also varies for the quality of the
ses are not directly comparable. The lower-bound of feedstock and size of each unit. EIA’s short-term analy-
EPA's capital costs represents a 25,000 barrel per day sis reflects actual data about the quality of crude oil and
hydrotreater processing 100 percent straight-run feed streams at individual refinenies. In contrast, EIA’s

feedstock, and the upper-bound reflects the same unit mid-term NEMS analysis does not use refinery-specific
processing 100 percent light cycle oil. The EPA’s upper information about feed steams but aggragates feed and
and lower bound costs encompass a third estimate for a crude quality information at a regional level.

Table 24. Comparison of ULSD Production Cost Estimates: LP Model or Based on LP Results

Refinery Capital
Sutfur Percent of Cost Change Investment
Leve! Highway Diesel | (1999 Cents per {Billion 1999
Study {ppm) That is ULSD Gallon of ULSD) Cost Basis Dollars)
Mathpro (August 2000) 8 100 45718 Average U.S. 3.0-6.0°
NPC {June 2000) 30 100 59 Average PADDs I-ilf 4.1
EnSys (August 2000}, 10° 50 4.4-6.0° Average PADD
first 50 percent of production at 10 ppm
EnSys (August 2000). 10° 75 6.0-7.9° Average incremental
next 25 percent of production at 10 ppm cost of next 25%
PADD il
EnSys (August 2000}, 10° 100 7.6-10.1 Average incremental
final 25 percent of production at 10 ppm cost of final 25%
PADD I
EnSys (August 2000); 10° -~ 25-100 6.5-10.7% Marginal PADD 1)
25% 10 100%
ANL (November 2000). 10 50 4.0-6.0° Average PADD il
up 1o 50% of production at 10 pum
ANL {November 2000). 10 75 4.2-6.6° Average PADD ifi
75% of production at 10 ppm
ANL (November 2000). 10 100 47-75° Average PADD Ili 8.1-13.2 (August
100% of production at 10 ppm 2000 estimate}®
ANL (November 2000), 10 100 6.0-8.1¢ Average PADD 1)
100% of production at 10 ppm,
all-at-once
ANL (Novemnber 2000), 10 25-100 6.6-9.29 Marginal PADD 1l
25% to 100%
EiA (NEMS. 2007-2010) 7. 76! 4.7-7.39 Marginal, 4.2-59
' U.S. average through 2007
EIA (NEMS, 2011) 7 100 6.5-9.29 Marginal, 6.3-9.3
- U.S. average through 2011

ENon-road 3500 ppm.
‘Reflects assumption of 360 ppm non-road diesel but the cost impact is negated because it is compared with a reference case with non-road dieset
at the same sulfur level.
he higher end of the cost range reflects base technoiogy while the lower end reflects more optimistic technology.
Margmal costs at 25 percent and 100 percent 10 ppm production with base technology and all new units.
€U.S. Department of Energy, “Comments of the Department of Energy on the Environmental Protection Agency's May 16, 2000 Notice of Pro-
posed Rulemaking on Heavy-Duty Engine and Vehicle Emission Standards and Highway Diese! Fuel Sultur Control” (Washington, DC. September
2000). Enclosure 1.
Small refiners accounting for 5 percem of production are ehglble for the small refinery provision, but only 4 percent of production is assumed to be
delayed.
gAverage refinery gate price for individual years.
Sources: Mathpro: Mathpro, inc., Refining Economics of Diesel Fue/ Sulfur Standards: Supplernental Analysis of 15ppm Sultur Cap (Bethesda.
MD: August 2000). NPC: National Petroleurn Council, U.S. Petroleumn Refiming: Assuring the Adequacy and Affordability of Cleaner Fuels (June
2000). EnSys: EnSys Energy & Systems, Inc, Modeling Impacts of Reformuilated Diesel Fuel (Flemington, NJ, August 2000). ANL: M.K. Singh, Anal-
ysis of the Cost of a Phase-in of 15 ppm Sulfur Cap on Diesel Fuel, Revised (Argonne. IL: Center for Transportation Research, Argonne Nationa! Lab-
oratory. November 2000}. E!A: National Energy Modeling System, runs DSUREF.D0430018., DSU7PPM.D043001A, DSU7HC.D0O43001A,
DSU7INV.D043001A, DSU7DG10.0043001A, DSUTTRN.D043001A, DSU7BTU.D043001A, DSUTALL.DOS0101A. DSU7IMPD.DO43001A.

DSUREF10.0043001A, and DSU7PPM10.D043001A.
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The lower end cost in E1IA’s NEMS analvsis reflects a
notional unit that processes low-sulfur feed with inci-
dental dearomatization, while the higher end cost
reflects a different notional unit that processes higher
sulfur feed with greater aromatics improvement. E1A
also provided sensitivity analysis using higher capital
cost assumptions for both the refinery-by-refinery and
NEMS analvses. The Higher Capital Cost sensitivity
case for EIA’s refinery-bv-refinery analysis is based on
capital costs that are about 40 percent higher than those
in the initial analysis. Both sets of capital costs were
developed by the National Energy Technology Labora-
tory, in conjunction with Mr. John Hackworth, energy
consultant. The capital costs used in the NEMS Higher
Capital Cost case were provided by recent work from
EnSys and are 24 percent higher for the first notional
unit and 33 percent higher for the second notional unit,
relative to the Regulation case.

The EPA analysis was based on estimates from two tech-
nologyv vendors, providing costs based on retrofits and
new units.'** EPA assumed that 80 percent of ULSD will
be produced from diesel hvdrotreaters that are
revamped at a cost of $40 million each. These estimates
reflected an assumption that new units would cost twice
as much as revamps. The net result was an estimated
average cost of $50 million per refinery, which equates

Table 25. Comparison of Key Hydrotreator investment Assumptions for Various Refinery Models

to a little more than 4 cents per gallon of highwav diese)
on average.

The NPC analysis did not estimate costs for producing
diese] with less than 10 ppm sulfur but indicated that
even a 30 ppm sulfur standard would require reactor
pressures in the range of 1,100 to 1,200 psi, which is well
above the vendor estimates used by the EPA.14 The
NPC characterized vendor estimates as inherently
over-optimistic;'¥’ however, several new technologies
are under development that mav reduce costs (see

Chapter 3).

The ANL estimates blended the EnSys 100 percent new
and 100 percent revamp refinery analysis, based on the
assumption that 60 percent of ULSD would be produced
from revamped units that cost an average of $30 million
per unit, and the other 40 percent would come from new
units at an average cost of $80 million per unit. Instead
of making an assumption about the split between
revamped and new units, Mathpro developed scenarios
for different tvpes of choices. Assuming no change in the
non-road diesel standards, Mathpro estimated that the
total investment cost would range from $6.0 billion if
refineries required all new units with minimum operat-
ing flexibility to $3.0 billion if all refineries were retrofit-
ted and economies of scale from trading were realized.
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‘”"E"’—\ corroborated the vendors’ cost estimates 1n discussions with two other vendors E-matl from Lester Wyborny. U S Environmen-

tal Protection Agency, March 30, 2001.

Wi K Singh, Aualysis of the Cost of a Phase-un of b rpm 9:11/1" Cap on Diesel Fuel, Revised (Argonne, 1L Center ror Transportation

Research, Argonne Natonal Laboratory, November 2000), p. 13

W\ anonal Petraleum Council, U.S. Petroleum Refunng Assurm_\- the Adequucy and Affordabadity of Cleaner Tuels (hune 2000, pT

Energy Information Administration / Transition to Ultra-Low-Sultur Diesel Fuei

§259



’.

et

1)

from downgraded product. The EPA estimated that dis-
tribution costs would increase by 1.1 cents per gallor
during the temporary compliance period, with 0.4 cents
of the cost associated with the distribution and energy
loss of the ULSD relative to 500 ppm diesel and 0.7 cents
associated with capital expenses for handling two
grades of highway diesel. EPA assumed that the capital
costs would be fully amortized during the transition
period (by 2010), and that revenue losses from product
downgrade and other operating costs would increase
distribution costs by 0.5 cents per gallon.

The EIA NEMS analysis produced estimates for the
refinerv capital investment required to comply with the
ULSD Rule for 2007 and 2010. The cumulative refinery
capital investment estimated through 2007 ranged
between $4.2 billion and $5.9 billion. The NEMS analysis
produced an estimate of refinery capital investment
between $6.3 billion and $9.3 billion through 2011.

Distribution Cost Analyses

EPA, ANL, and TMC have published estimates of distri-
bution costs given different assumptions about the
phase-in requirements for highway diesel. In general,
the cost estimates for distributing a smaller percentage
of 15 ppm fuel were higher than estimates assuming that
100 percent of the highway diesel market would be at 15
ppm, because a phase-in approach requires the distribu-
tion system to handle an extra product (Table 26).

ElA’s NEMS analysis assumea e EPA's est'innted cap-
ital costs of 0.7 cents per gallon an:i portions uf EPA’s
other distribution costs, including operatir:g, transmix,
and testing costs, which totaled 0.2 cents per gallon. EIA
estimated the cost associated with the revenue lossof the
downgraded product at 0.3 cents per gallon through
2010 and 0.2 cents per gallon after 2010 (see Chapter 6).
The EIA revenue loss estimates were based on model
results. A higher revenue loss estimate of 0.7 cents per
gallon for all years was associated with EIA’s 10%
Downgrade sensitivity case, because more of the ULSD

Distribution cost estimates from the EPA, ANL, and
TMC analyses included the capital incurred in the distri-
bution and refueling system, as well as costs resulting

Table 26. Comparison of ULSD Distribution Cost Estimates and Assumptions

Sulfur Level Distribution Cost Change Investment Downgrade
Study (ppm) Year (1999 Cents per Gailon) (Billion 1999 Dollars) Estimates
™C 5 7 al 5% 0.215 10.0%
.- 4.1 at 20% 1.05 12.0%
1.5 at 100% 1.08 19.5%
TMC 15 | 6.9 al 5% 0215 9.5%
~ 4.1at20% 1.05 11.0%
1.4 at 100% 1.08 17.5%
T™C 50 Costs 15% to 35% less than 8.0%
5 ppm costs 10.0%
13.5%
ANL 15 6.2 at 5% 50% of terminals Same as TMC 5 ppm
1.6-2.2 at 74%-100% reconfigure split between {and 50 ppm
1.2-2.1 all-at-once new tankage at $1 million
Costs are undiscounted and |per terminal and modified
include refueling costs tankage at $100.000 per
terminal
EPA (temporary compliance} 15 2006-2010 1.1 0.5 4.4%
EPA {full compliance) 15 Post-2010 0.5 0.3 4.4%
CRA/BOB 15 10.0% above current
EI1A Reguiation Case 15 2007-2010 12 4.4%
(temporary compliance) '
ElA Fegulation Case 15 Post- 2010 0.4 4.4%
(100% ULSD) : )
ElA 10% Downgrade Case 15 2007-2010 16 10%
{temporary compliance) '
EIA 10% Downgrade Case 15 Post- 2010 - 0.9 o
(100% ULSD) ] 10%

Sources: Sources: EPA: U.S. Environmental Protection Agency. Regulatory Impact Analysis: Heavy-Duly Engine and Vehicle Standards and
Highway Diesel Fuel Sulfur Requirements, EPA420-R-00-026 (Washington. DC. December 2000), Chapter V, web site www.epa.gov/otag/regs/
hd2007/frm/ria-v.pdl. CRA/BOB: Charles River Associates, Inc.. and Baker and O'Brien, Inc., An assessment of the Potential Impacts of Proposed
Environmental Regulations on U.S. Refinery Supply of Diesel Fuel, CRA No. D02316-00 (August 2000). ANL: M.K. Singh, Analysis of the Cost of a
Phase-in of 15 ppm Sulfur Cap on Diesel Fuel, Revised (Argonne. IL: Center for Transportation Research, Argonne National Laboratory. November

* 2000). TMC: Turner, Mason & Company, Costs/Impacts of Distributing Potential Ultra Low Sutfur Diesel {Dailas, TX. February 2000). ElA: Nationa!
Energy Modeling System, runs DSUREF.D0430018, DSU7PPM.D043001A, DSU7HC.D043001A, DSU7INV.D043091A, DSUTDG10.D043001A.
DSU7TRN.D043001A, DSU7BTU.DO4300_1A, DSU7ALL.D050101A. DSU7IMP0.D043001A. DSUREF10.D043001A, and DSU7PPM10.
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produced was projected to be downgraded to a lower.

value product.

The ANL estimates, which were extrapolated from pre-
vious TMC estimates for delivering 5 ppm and 50 ppm
diesel,'* ranged from 6.2 cents to 1.2 cents per gallon for
deliverv of 5 percent and 100 percent, respectively.!# In
August 2000, TMC provided supplemental estimates
reflecting downgrade costs associated with distributing
15 ppm diesel fuel.’™ Presumably, the capital costs
would remain the same as for the 5 ppm case in the pre-
vious TMC analysis. When the original TMC 5 ppm esti-
mates are adjusted to reflect 15 ppm diesel, the total
distribution cost estimates are 6.9 cents per gallon to
supply 5 percent of the market; 4.1 cents per gallon to
supply 20 percent of the market; and 1.4 cents per gallon
to supply the entire highway diesel market.!5!

The extent to which product contamination will occur in
the distribution system (and how much product must be
downgraded as a result) is very uncertain. The analyses
included strikingly different estimates of how much
of the 15 ppm product would be downgraded in the dis-
tribution system. E1A’s NEMS analysis assumed 4.4 per-
cent downgrade for consistencv with the EPA
assumptions but also provided a sensitivity case assum-
ing 10 percent downgrade. Downgrade estimates
ranged from 4.4 percent of production (EPA) to 17.5 per-
cent (TMC). Part of the uncertainty stems from not
knowing the present level of downgrade occurring in
the distribution svstem, because there is no current
reporting requirement. The EPA assumed a doubling of
product downgrade from current downgrade levels,
which were estimated at 2.2 percent. The methodology
used by the EPA to estimate current downgrade levels
was highly speculative and was not based on a scientific
survev. The EPA’s estimation methodology was loosely
based on a survey of the Association of Oil Pipelines, in
which six respondents provided estimates of the current
diesel fuel downgrade ranging from 0.2 percent to 10.2

percent (see Chapter 4). In the same survey some °

respondents expressed an expectation that the down-
grade amount might be expected to double under the
ULSD Rule. - -

" The TMC analvsis was based on a survev of 14 refin-
ers (representing 38 percent of U.S. petroleum
refining capacity), 3 pipeline operators (representing

approximately 40 percent of U.S. highway diesel ship-
ping capacity), and 11 terminal operators {representing
25 percent of U.S. petroleurn product storage capacity).
A wide range of responses was noted in the responses of
pipeline operators. In the survey, some terminal opera-
tors indicated that they would not handle ULSD. Termi-
nal operators generally anticipated a higher rate of
downgrade than did pipeline operators. Terminal oper-
ators indicated that, to handle ULSD, dedicated trans-
port trucks or compartments in transport trucks would
be required to avoid sulfur contamination 2

The TMC analysis projected 17.5 percent downgrade
when 100 percent of the highway diesel market was
assumed to require the 15 ppm diesel, and slightly lower
levels of downgrade were expected when smaller seg-
ments of the market were required. Although the ANL
analysis did not provide the downgrade assumptions
used, it was based on the TMC assumptions for down-
grade of 5 ppm and 50 ppm diesel and tracked closely
with the TMC assumptions. Different downgrade
assumptions resulted in different cost estimates associ-
ated with downgrade. The EPA estimated a total down-
grade cost of 0.2 cents per gallon for all highwav diesel in
the initial vears and 0.3 cents per gallon after full imple-
mentation.!33 In contrast, the ANL analvsis (based on
the TMC assumptions of higher downgrade volumes)
estimated a total downgrade cost of about 1 cent per gal-
lon when more than half of the market was required to
meet the 15 ppm standard.

The TMC, EPA, and ANL analyses also used different
sets of assumptions about capital investment require-
ments. During the initial vears of the program, when the
distribution svstem must handle two highway diesel
fuels, the EPA estimated tankage costs at refineries, ter-
minals. pipelines, and bulk plants at S$0.81 billion. In
addition, investments at truck stops to handle the extra
product were estimated at 0.2+ billion. These costs were
amortized over total highway diesel volumes (both 500
ppm and 15 ppm) during the initial 4 vears at 7 percent
per vear, resulting in a cost of 0.7 cents per gallon. E1A
used EPA’s capital cost estimate of 0.7 cents per gallon in
all NEMS analvsis scenarios.

The ANL analvsis assumed that, given a phase-in, 50
percent of terminals would add tanks or reconfigure. Of
those terminals that were modified, it was assumed that

3% Tumer, Mason & Company, Costs/Impacts of Distributing Potential Ultra Low Sulfur Diesel {Dallas, TX. Februan 2000)
HINLK. Singh, Analysis of the Cost of a Phase-in of 15 ppm Sulfur Cap on Diesel Fuel, Revised (Argonne. 1L: Center for Trangportation

Research, Argonne Nanonal Laboratory, November 2000), Appendix C.

13T yrner. Mason & Compam Costs/Impacts of Distributing Potentul Ulrru Loz Sulfur Diesel (Dallas, TX. February 2000, Rerised suppic-

ment (August 2000).

0l distribution and retail cost estimates for 3 ppm from Costs/impacts of Distributing Patential Ultra Loie suffur Dicsel were adusted
basen on update o1 dow ngrade costs for 15 ppm diesel prov |ded in the Remsed Supplement

BT, Hephone conversation with Bob Cuimningham of Turner Mason, March 21, 2001

R30S Environmental Protection Agency, Regulntory Impact Analysts "Heas-Duty Evgrne anid Velucle Standards and Hidhiony Dicsed Trect
sulfur Requrrements, EPA420-R-00-026 (Washington, DC, December 2000). Charter V', p Vo124,
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half would add tankage at $1 million pér terminal and
the other half would reconfigure at a cost of $100,000 per
terminal. Bulk terminals were not assumed to make con-
versions for a second highway diesel fuel, because they
were assumed to enter into exchange agreements with
marketers during a phase-in period, rather than invest-
ing in tankage. In addition, all truck stops were assumed
to be modified to provide two fuels during the phase-in,
at a cost of $75,000 per truck stop.

The original TMC report provided investment estimates
for distributing 5 ppm fuel to supply, 5, 20, and 100 per-
cent of the highway diesel market. Investments at termi-
nals and pipelines were estimated at $295 million when
supplving 20 percent of the highway market and $325
million for 100 percent of the market. Retail investments
were estimated at $755 million for both 20 percent and
100 percent of supply. Unlike the other two analyses,
which reflected the cost of conversion to truck stops
only, TMC assumed that some gasoline stations would
invest to carry a second diesel fuel.'>*

Downgrade Analysis

The MSC study, Alternative Markets for Highway Diesel
Fuel Components, conducted at the request of the EPA,
provided an analysis of the potential for diverting
sub-specification highway diesel to non-road or foreign
markets.!>® The study compared 2007 projéctions for
supply and demand of distillate products to assess the
outlook for non-road distillate market growth and used
relative relationships of highway diesel to non-road dis-
tillate prices to estimate the economic consequences of
.diverting to other products.

—_-

The analysis used historical industry-leve! distillate
demands for each PADD from EIA’s Fuel Oil and Kero
sene Sales as a starting point.!5 These industry leve.
demands were projected out to 2007, using national
annual growth rates from the Annual Energy Outlook
2000.57 PADD-level supply balances for distillate fuel
were projected for 2007, starting with historical data
from the Petroleum Supply Annual 1999'>8 and applving
growth rates from the Annual Energy Outlook 2000.
Import and export levels were held constant in PADDs 11
and IV. In PADD V, inter-PADD transfers were held to
historical levels and imports and exports were used as a
balancing item. The study concluded that there was little
potential to divert highway diesel to non-road distillate
markets, and that the potential for severe market dislo-
cations and /or price depression in the non-road markets
was greatest in PADD IV and least in PADD 1. -~

The price consequences of diverting product from the
highway diesel market to non-road markets were
assessed using estimated price relationships for these
products derived from historical price data from various
industry pricing agencies (e.g., Platts), combined with
relevant transportation costs.!>® The price implications
of downgrading 5 percent, 10 percent, and 15 percent of
the current highway diesel supply were estimated for
each PADD (Table 27). The price impact of diverting 5
percent of the highway diesel supply to other uses
ranged from -3.0 cents per gallon in PADD I'to-6.0 cents
per gallon in PADD IV. The range widened to -3.5 to
-20.0 cents per gallon in PADDs I and 1V, respectively,
for 10 percent of diverted product and to -3.5 to -22.0
cents per gallon for 15 percent of diverted product. The
study concluded that except in PADD IV, a 5-percent
diversion of product would have modest market impact.
In addition, a 10- to 15-percent diversion would have a
significant market impact in all areas except PADD .

Table 27. Projected Relative Price Decrease by PADD and Percentage of Diverted Diesel

(1989 Cents per Gallon)

Diversion Level

PADD V

(Percent) PADD I PADD It PADD Il! PADDIV |
B 3.0 2.5 T 40 - 6.0 5.0
0. 35 140 45 . 20.0 5.0
15 3.5 16.0 45 22.0 6.0

Source: Muse. Stancil & Co., Alternave Markets for Highway Diesel Fuel Components (September 2000), p. 4.

134 Tumer, Mason & Company, Costs/Impacts of Distributing Potential Ultra Low Sulfur Diesel (Dallas, TX, February 2000), p. 6.
*>Muse, Stancil & Co., Alternative Markets for Highway Diesel Fuel Components (September 2000).

156Energy Information Administration, Fuel Oil and Kerosene Sales, DOE/EIA-0535 (Washington, DC, 1995-1998).

1= 'Energy Information Administration, Annual Energy Outlook 2000, DOE/EIA-0383(2000) (Washinton, DC, December 1999).

"*Energy Information Administration, Petrolewm Supply Aniual 1999, Volume 1, DOE/EIA-0340(99 /1) (Washington, DC, June 2000)

159Muse, Stancil & Co., Alternative Markets for 1lighway Diese! Fuel Componenis (September 2000), pp. 19-32.
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July 26, 2000

REUITN

Energy intormation Admmistration

U.S. Department of knergy

1000 [ntependence Avenue, SW

Washingion, DC 20383 )

Dear Wi Perus:

Tha U.S. Environmsntal Protechon Agenocy (EPA) bas proposed a 1S pars pes miilico (TPM)
augnway diesel elfur cap effectrve af the relinery of import level begintuog April 1, 2006. The same
stundard would bc cffective & the tarminal level on May |, 2006 end &t the rewil ieve! on June |,
2006 Thew dccp salfur seductroms will require significant mvestments that not all refiners awy
shoose (o make As » result, duesc{ fuel supplies could be affected. [0 addition, these extremely lovw
saliur leveis raise serroux questions abou the ability of the indugtry 1o adeguately distibnae the fuci
in & lungrble prpcline sysitem that supports an arrey of differesnt fueds snd sulfur levels.

W= aclicwe that the EF A bas not adequetely studred he poumtial mpacts of its proposed sulfur ieves
on diewe: fual supply or the distribation sysicm  EPA has aiso ant fully assessed the svmitabiirty ol
cotleefFecive desulfurizanion technoiogies st would se available in tiroe o aliow compiance with
e aew Stanaard  As @ resnil, an mdepengsnt and atmective study 5 noeded tha: addresses, #t s
muumumn. tbe tollowsng questions.

»  Assuming that the suic s fingl:zed e propased (without s phase~a of the low sulfur fuel). what
are the potential impazts an highway disae! fuci suppiy that could result? What moacts o+
opxsibiz on ofhet middie disnilste products such as jet fuzl, home noating oil ans off-road diess!”
1 Rignway diesci fuel suppiy b advenseiy Jnpasiod, what are the potentisl IMDACLs o0 the Zost of
‘giese! fuel 10 *he end-users® To what extent would gopons be able to Gl any shortfall in supply
and & wnar SosT? How ugnificant an effect would e 5% fuel efficiency loss associared with
engine after-Uroatmen: devices have m tbe zontext of expectcd dicsel demand under EPAt ¢
PPM stanaandt’ .

» EPA has proposed inpliementing he now diese! sandard wn Apri. 2006 How would potential
supply change :f the effective iste was later (ic., refinery changes for dwesel did not aave w0
overlap those tor gasoline s}x’!ﬁ.l 1
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»  What are the effects of EPA’s propusal on the dissel fuel distribution system? e particular, to

wha! extent migh! fuesi contamination occur whet Shipping low sutfur diesl in coenmon
‘pipelines with other, higber sulfur prodacts” What is the capability of current wsting methods 1
sccurately messure sulfur level wn the content of a |5 PPM sulfur cap? Whal operstionai
changes, such 31 barch size and product sequenoe changes, would be necossary and how woyld
they contribute to likely consumer coxts?

Although no! proposeo in the rule. EPA has asked for commenrs rolated to the feasibility of
phasunig-in low sulfur highway diesei over the course of several vears. Such a phase—n wouid
require the infroduction >f & yecond grade of highwey diesel fuel into the supply aad dismibutions
syssms.  What woald be the impacts on the distribution system of a phase-in of wow sulfus
highway dieses” What additronal investnents would be nseded (o ensure the integrny of both the
low sulfur and high suifur product at the rotail evel? Woald ¢ scparatz infrastructurs be requircd
to adequately deliver product  market? How would these invesrments be recouped by the

indutry?

Whst effect would EPA's proposed sandwd have on refinery operations? Would sdditional
‘proceasing be required and would that affect refinery product yield and fusl cansumption within
the rcfinery”

Do adwquare, coss-effactive tochnologies wxist to allow refincrics 1o adjust to the new 15 PPM
stapdard? Arc wchpologisd i development that could redmce the costs m the future, and is there
a high likelivood of their doployment min the market io & tmety manner?

We are requasting that the EPA kecp the proposed rule on the 15 PPM diesel sulfur cap public
comment period open pending receipt of your findings. Theuk you for your atteation to rhis marter.

=W n

RALPH M HALL
Ranking Minority Membaer
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M: Lawrence A, Pemus

Znergy Imtarmalah AdTiRIStaton
. 5. Dezartment af Encg

100U Indepenacnce Avenue, SW
Wasnineron, 0 INIKS

Dear M- Peormuse

The Eacryy tnformation Administralior is 46011 10 begrm 2 SWAY seguesied v s ©omunies -
A- h . - ——

Surienee on juiv 26, 2000 szgarding the ¢fizct of the Envirummental Svotection Apency’, (TFa

5opare acr milion diesel e siarZad | am encoosiag 4 copy sfthe Juiv 250 2000 lemer (or

vour informauen

e

The E7'4 msued the fina, £lz 52 December 21 2730, which &iFere 1 tevenai wavs Sor che
moucst e Comminee mades .nJuly  As tuck. pizase mooiA the rzquest 1o 1ake T assunrplioT
undeshviae EPA’s fina. rue intu sccount. Waers S7 4 s assumznions diverse mearinpsl v ram
ACURIN assumpunns please perfnrm 1 sensitivin andlves 28 dnruTiizie Thess s wonme

signiluznt 2ifYerences betweer EPA and industry assumpeions in scvema. areas -achising

s e By toetent of ire-low-suitur siexel (LULST
*  ¢Ticiency lox fmm enzine after treatment devivsy: and
s aiSihoma, disTibutior costy

A nma

Thank vou ‘07 your atterten 12 1 metter Pizase zonaz Tam Vanes ol my s
4778 1t var, have any ausstions

Smcerely.
S Se T

Hastan Watson

Sua™ Dv.l-,-'_",u-

Energy & Znviconmen: Subcomninee
1A 'lj\

Enclosure
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Appendix B

Differences From the AEC20601 Reference Case

The reference case for this study was established to pro-
vide a baseline scenario representing the nominal fore-
cast for petroleum refining and marketing without the
new requirement for ultra-low-sulfur diesel fuel
(ULSD). The reference case reflects the mid-term refer-
ence case forecast published by the Energy Information
Administration (EIA) in its Annual Energy Outlook 2001
(AEO2001).% Both the reference case for this study and
the AEO2001 reference case were prepared using EIA’s
National Energy Modeling System (NEMS).1! Both
cases reflect the “Tier 2“ Motor Vehicle Emission Stan-
dards and Gasoline Sulfur Control Requirements final-
ized by the US. Environmental Protection Agency
(EPA)in February 2000. Both cases also incorporate bans
or reductions for the gasoline additive methyl tertiary
butyl ether (MTBE) in the States where such legislation
has been passed. Thev do not include a waiver of the
Federal oxygen requirement for reformulated gasoline.

Updates in databases and assumptions that were incor- '

porated into NEMS after the publication of AE02001,

however, resulted in minor differences in the reference

case forecasts. Differences between the two forecasts rel-
~ evant to the ULSD study are discussed in this appendix.

Return on Investment

The AEO2001 forecast assumed a 13-percent hurdle rate
in the decision to invest and a 15-percent return on
investment (ROI) over the 15-vear life of a refinery pro-
cessing unit. To be consistent with the EPA analysis, the
reference case for this studv used a 10-percent hurdle
rate and a 5.2-percent ROI over a 15-year financial life-
span. The revised rates do not have a significant impact
on the marginal costs for producing current 500 ppm
highway diesel fuel in the reference case forecast.

IMesel Fuel Consumption

The AEO2001 reference case assumed that 85 percent of
the demand for diesel fuel in the transportation sector
was for highwayv use. More recently, however, EIA has
determined that refinery production of highway diesel
approximates the total demand for diesel fuel in the
transportation sector. Therefore, the reference case for
this study assumes that the production of 500 ppm high-
way diesel fuel is equal to the total demand in the trans-
portation sector.

Two major factors account for the revised assumption.
First, some of the highway diesel produced at refinenes

is downgraded in the distribution system. The EPA esti-

_mates that currently about 2.2 percent of highway diesel

is downgraded. Second, some highway-grade diesel has
been used for non-road or other uses, because the price
differential between low-sulfur and high-sulfur diesel
has not been large enough to make separate distribution
infrastructures economical. As a result, it has been noted
that some customers purchase low-sulfur diesel for
non-road uses. In California, the State requires the same
low sulfur standard for both highway and non-road die-
sel (except for railroad and maritime uses).

Import Suppiv Curves

The NEMS Petroleum Market Module (PMM) uses
import supply curves developed from an international
refinery model external to NEMS to represent the sup-
ply of available imports. In preparation for this study,
new sets of crude and product import supply curves
were estimated, adding supply curves for ULSD. The
new import curves were used in the reference case for
this study, but ULSD imports were not allowed.

Refining Technology Database

The PMM represents petroleum refining and marketing.
The refining portion is a linear programuming represen-
tation incorporating a detailed refining technologv data-
base that includes process options, product blending to
specification, and investmnent costs. This database is
updated annually to produce the AEQ forecasts. There
have been some minor changes since AEQ2001, mostly
associated with product biending. Although four new
distillate desulfurization units were added as part of the
refining technology database update, those four units
were not allowed in the reference case. Therefore, the
updates had minimal impact on the reference case for
this study as compared with the AEO200] reference
case.

NEMS Operation Mode

For the AEO2001 reference case, all modules of the
NEMS were executed to solve for supply and demand
balance in the US. domestic energv market through
2020: For this study onlv the relevant modules were
executed, including the International Energy Module,
Transportation Demand Module, Industrial Demand
Module, and the Petroleum Market Module. This mode
of NEMS operation greatlv reduced the model run time
without significantly affecting the results.

“”"Energy Information Administration, Annual Energy Qutiook 2001, DOE /EJA-0383(2001) (Washington, DC, December 2000}, web site
www.eia.doe.gov/oiaf/aeo/. See also web sites www.eia.doe.gov/maf/assumption/ pd{/0554(2001).pdf and www eia doo.gov/oat)

supplement/index.html.

101 Model documentation reports for NEMS and its modules as well as a summary report, NEMS: An Overmicir, are availabie at web site

www.eia.doe.gov/bookshelf/docs.html.
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‘Appendix C

Pipeline Regions and Operations

U.S. Regions for Distribution of Petroleum
and Their Key Pipelines

The supply and demand characteristics for refmed
petroleum products across the United States vary across
regions (Petroleum Administration for Defense Dis-
tricts, or PADDs). The reasons are historical, demo-
graphic, geological, and topographical.

The East Coast (PADD I), the most heavily populated
PADD, has the highest petroleum consumption. It has
virtually no indigenous crude oil production and only
limited refining capacity. The Northeast is unique in its
dependence on heating oil: 70 percent of all sin-
gle-family homes in the Northeast are heated with oil.

Hence, the Northeast has the largest market for the -

transportation of high-sulfur distillate, as opposed to
low-sulfur diesel oil. The region covers its deficit in
refined product supply with shipments from the Gulf
Coast by pipeline and with imports of refined products
by tanker. Colonial Pipeline (Gulf Coast to the New York
area) and Plantation Pipe Line (Gulf Coast to the Wash-
ington, DC, area) are trunk lines that transport a wide
product slate to the area, including distillate fuel oils.
Delivering lines, such as Buckeve Pipe Line Company,
distribute products within the New York Harbor and
from the New York Harbor area to Pennsylvania and
upstate New York. Buckeye also serves Connecticut and
Massachusetts from an origin in New Haven.
ExxonMobil and Sun also operate delivering product
pipelines in the region.

The Miduwest (PADD 1I) is less heavily populated than
PADD [ and has a greater balance of supply and demand
for both crude oil and refined products. It receives pipe-
line supplies of distillate fuel oil from both the Gulf
Coast and the East Coast. The main trunk carriers of
refined petroleum products in the Midwest are TE Prod-
uct Pipeline and Explorer Pipeline. The role of deliver-
ing carriers in the Midwest is a key to product
distribution. The region’s refining hubs depend on pipe-
lines to deliver their output. As logistics hubs, as well as
refining hubs, areas such as Chicago ship product out-
put from refineries and also re-ship product received
from refineries on the Gulf Coast or in Oklahoma. Pipe-
lines serving the Chicago hub include - Williams,
Equilon, and Phillips (in addition to Explorer and TE
Products), Citgo, Marathon Ashland, Buckeve, and Wol-
verine. Other refining centers or single refineries also
depend on pipeline transport of their products. Kaneb
and Conoco are two of the pipelines serving the western
part of PADD II, the plains States, where distances are
long and consumption volumes low.

Energy Information Administratior / Transition to Ultra-Low-Sultur Diesel Fuel

The Gulf Coast (PADD Il) is the Nation’s main oil supply
region. It is the largest refining area, with facility design
and sophistication unrivaled in the world. It is a major
crude oil producing area, with output greater than al}
but two members of the Organization of Petroleum
Exporting Countries. It also has a low regional demand
for finished petroleurn products. Thus, its shipments of
products to other regions are a central facet of supply
east of the Rocky Mountains. The Gulf Coast is the origin
of trunk carriers such as Explorer, TEPPCO (to the Mid-
west), Colonial, and Plantation (to the Southeast and
East Coast). These pipelines also deliver to points within
PADD III.

The Rocky Mountain States (PADD 1V) are thinly popu-

- lated, with a low volume of oil shipped across long

transport distances. Its consumption of diesel fuel for
transportation on a per capita basis is about 60 percent
greater than the average in the lower 48 States, but its
consumption per square mile is less than 30 percent of
the lower 48 average. The region’s highwayv consump-
tion of diesel—a proxy for the low-sulfur diesel
required—is about 60 percent of its total distillate mar-
ket, but low-sulfur diesel accounts for more than 80 per-
cent of the total distillate supplied in the region. The
market is so thin that many companies have opted to
market {and hence require transport and storage for)
only low-sulfur diesel fuel instead of both low- and
high-sulfur fuel. The pipelines serving the region dis-
tribute products from refineries in the Denver area and
from refineries in Billings, MT; and Casper, WY, as well
as product received from terminals in PADD II. Pipe-
lines such as Yellowstone and Cenex distribute across
the Northern Tier States. Chevron moves products out
of Salt Lake City through ldaho and to western Wash-
ington, and a variety of pipelines go into and out of the
Denver area (Phillips from PADD I1II; Chase from PADD
II; and Conoco, WYCO, Sinclair, and others within the
Rockies).

~ The West Coast (PADD V) is a singular oil market, sepa-

rated from the rest of the country. From the earliest davs,
the Rockies prevented the easy transfer of oil in and cut
of the region. More recently, California's adoption of
uniquely stringent oil product specifications has exacer-
bated the region's supply isolation. The region is popu-
lous as a whole because California is populous;
consumption-is high, but not on a per capita basis. In
California, the Kinder Morgan pipeline svstem (for-
merly Santa Fe Pacific Pipeline) is the most important_ It
redistributes product from area refineries and, in south-
ern California, receives product from its svstem in
Arizona. The system in Arizona, in turn, connects with
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PADD III and receives supplies from E! Paso, TX The
Calnev Pipeline connects southern California with Las
Vegas, NV. There are also pipelines transporting prod-
uct in western Washington and Oregon from refineries
in the northwest corner of Washington (Kinder Morgan
and Olympic). As noted previously, Chevron supplies
the eastemn part of those States via pipeline -from Salt
Lake City, and Yellowstone delivers across Montana
and Idaho into eastern Washington as well. '

The East Coast is the only region where all pipelines con-
sistently carry both diesel fuel (currently 500 ppm) and

high-sulfur distillate fuel oil (heating oil). In other -

regions, some demand for non-road fuel is met by

500 ppm product. This is important to the demands of a .

phase-in.

Key Pipeline Operations

Oil pipelines operate under a range of corporate struc-
tures and face a range of operational and finanaal chal-
lenges. Some are independent and face capital markets
on their own. Others are subsidiaries of integrated oil
companies. Oil pipelines also serve their markets in dif-
ferent ways, and their divergent operations patterns dic-
tate that the impact of the rule will vary across pipelines
and thus across regions. The options for minimizing
contamination may be d:fferent for a trunk line than for
a delivering pipeline carrier, or for a pipelifie in batch
service versus one in fungible service. In addition, the
opportunities for offsetting a supply interruption
caused by a quality problem are fewer for the delivering
carrier in batch service. The sequencing of product flow
is central to maintaining product integrity and, possibly,
reducing system flexibility by requiring changes in
batch sizes or product scheduling.

Trunk Line and Delivering Pipeline Carriers

Refined petroleurn products pipelines in the United
States fall into two fundamental service categories.
Trunk lines serve high-volume, long-haul transporta-
tion requirements; delivering pipelines transport
smaller volumes over shorter distances to final market
areas. Trunk pipelines provide transportation between
major source points, such as the Gulf Coast, and major
consumption locations, such as the East Coast. An exam-
ple of a trunk pipeline is Colorual Pipeline Company,
which operates from Houston to New York City.
Delivering pipelines provide transportation from source
points to multiple, but relatively nearby, market areas.
An example of a delivering pipeline is Buckeye Pipe
Line Company, which operates in the middie Atlantic

and upper Midwest regions of the country from various -

source points, such as New York and Chicago, to mar-
kets such as Pittsburgh and Detroit. While the average
haul length on Colonial Pipelirie is over 1,000 miles, the
average haul length on Buckee is 125 miles.

90 Eneryy Infomaﬁon Administration / Transition to Ultra-Low-Sulfur Diesel Fuel

Both trunk line and delivering pipeline carriers are nec-
essary for meeting the Nation’s demand for refined
petroleum products, and each type of pipeline carrier is
economically sound in performing its type of service.
Many pipeline companies provide both types of service.
It is clear, however, that trunk and delivering pipeline
carriers encounter different operating environments
and different economics. Trunk lines tend to have lower
costs and revenues per barrel mile than delivering carri-
ers. Trunk line carriers also tend to be more capital inten-
sive than delivering carriers. Costs and revenues per
unit of throughput are higher for delivering carriers
than for trunk lines, and delivering carriers tend to be
more labor intensive than trunk carriers. Delivering car-
riers also tend to operate physically smaller pipelines
and to use more and smaller storage tanks than de trunk
carriers.

The fundamental difference between trunk line and
delivering pipeline carriers is scale. For pipelines closer
to ultimate demand locations, the magnitude of opera-
tions tends to be smaller and the number of operating
tasks performed tends to be larger. The trunk carriers
that serve as the central arteries have flexibility to redi-
rect product, for instance. As the system reaches its fur-
thest capillaries, the inflexibilities imposed by the
smaller scale become more apparent. The chances for

. “operating lockouts” increase. A lockout might occurifa

terminal does not have room to accept a scheduled ship-
ment and there are no other terminals at hand to accept
the product. The pipeline is thus stalled until the prod-
uct can be delivered.

Batch and Fungible Pipeline Service

Petroleum products pipelines also differ by whether
they operate on a batch or fungible basis. In batch opera-
tions, a specific volume of refined petroleum products is
accepted for shipment. The identity of the material
shipped is maintained throughout the transportation
process, and the same material that was accepted for
shipment at the origin is delivered at the destination. In
fungible operations, the carrier does not deliver the
same batch of material that is presented at the origin
location for shipment. Rather, the pipeline carrier deliv-
ers material that has the same product specifications but
is not the original material.

- A pipeline carrier operates in a batch or fungible mode

based on its circumstances. Unless there is a more com-
pelling reason, a pipeline operator's selection of its

- mode of service is based on maximizing operating and

economic efficiency. In general, fungible product opera-
tion is the more efficient mode of operation. Fungible
operation tends to minimize the generation of interface
material (see below). Another efficiency of fungible
operation is that it permits split-stream operations. In a
split-streamn operation, material originating at Point A
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and destined for Points B and C can be delivered at both
distant points simultaneously; part of the stream can
continue on to Point C while delivery is still underway at
Point B. In a batch mode, a delivery operation to Point B
means that all pipeline movements bevond Point B cease
while the delivery to Point B is completed.

Fungible operations also support more efficient utiliza-
tion of storage tanks. In fungible operations, large stor-
age tanks are used to accumulate or deliver multiple
consignments of identical refined products. In batch
operations, only one consignment of material is typi-
callv held in each tank. Accordingly, storage tanks used
in batch pipeline operations tend to be smaller {and, pos-
sibly, more numerous) and are not utilized as inten-
sively as storage tanks used in fungible service.

Among the pipeline characteristics that determine
whether a refined petroleum products pipeline operates
in a batch or fungible mode, customer requirements for
segregation are an important factor. (Many pipelines
operating on a fungible product basis can make provi-
sion to accept a distinct batch from a shipper. In doing so
the carrier might impose a higher minimum volume
requirement or charge a higher tariff rate to cover the
higher operating cost of providing the special service.)
Nonetheless, manyv pipelines or pipeline segments serve
areas where the structure of the market does not support
"the “one size fits all” character of fungible service.

Another important factor in determining a pipeline’s
tvpe .of service offering is the possible availability of
multiple pipelines in the same service corridor. If exist-
ing practice and customer service arrangements initially
mandate batch pipeline service, it is difficult for a
refined petroleumn products pipeline carrier to change to
fungible service subsequently. On the other hand, if a
pipeline carrier serves a transportation corridor using
multiple pipelines, it has more flexibility to adopt fungi-
bie service.

Thus, while an oil pipeline is likely to prefer fungible
service, batch service is often the only feasible choice.

Like the difference between trunk and delivering carri- -

ers, the difference between fungible and batchservice is
one of scale for many operating parameters. An oil pipe-
line in batch service has considerably less flexibility to
offset operating “hiccups” (such as product contamina-

tion at a shipper’s terminal tank) than does an oil pipe-

line operating in fungible service.

Seauencfng Product Flow

Refined products pipelines carry more than 60 percent
of all petroleumn products transported in the United
States.!™” Products pipelines are routinely capable of
transporting various types of products or grades of the

same petroleum products in the same pipeline. For
example, it is common for a single refined products
pipeline to transport various grades of motor gasoline,
diesel fuel, and aircraft turbine fuel in the same phyvsical
pipeline. (For the most part, oil pipelines do not trans-
port both crude oil and refined petroleum products in

the same pipeline.)

To carrv multiple products or-grades in the same pipe--
line, different petroleum products or grades are held in
separate storage facilities at the onigin of a pipeline and
are delivered into separate storage facilities at the desti-
nation. The different types or grades of petroleum prod-
ucts are transported sequentially through the pipeline.
While traversing the pipeline, a given refined product
occupies the pipeline as a single batch of material At the
end of a given batch, another batch of material, a differ-
ent petroleumn product, follows. A 25,000-barrel batch of
products occupies nearly 50 miles of a 10-inch-diameter
pipeline.

Generally, product batches are butted directly against
each other, without any means or devices to separate

“themn. At the interface of two batches in a pipeline, some,

but relatively little, mixing occurs. The actual volume of
mixed material generated depends on a number of phvs-
ical parameters, including pipeline diameter, distance,
topography, and type of material. As a guide to under-
standing the volume of interface generated, it would be
typical for 150 barrels of mixed material to be generated
in a 10-inch pipeline over a shipment distance of 100
miles. The hydraulic flow in a pipeline is also a crucial
determinant of the amount of mixing that occurs. “Tur-
bulent flow,” as occurs in most pipelines, minimizes the
generation of interface, while operations that require the
flow to stop and start will generate the most interface
material.

Monthlv Batch Scheduling

As a part of their strategyv to minimize the generation of
interface material, pipeline operators sequence batches
on the basis of the total number of products routinely

- shipped and the number and capacity of storage tanks

available .at the origin, destination, and intermediate
breakout locations. Most often, pipeline operators use a
recurring monthly schedule of “cvcles,” shipping all the
available petroleum products of the same tvpe in
sequence. For example, only gasoline grades would be
shipped during the days that constitute the gasoline

-. cycle, and only distillates would be shipped during the

days that constitute the distillate cvcle. The actual dura-
tion of the cycles might vary from 6 to 10 davs, depend-
ing on the volume of each material to be shipped durning
a particular month. Operators accommodate increased
seasonal demand and stock builds. for instance, bv
adjusting the cvcle schedule. The schedule is publishea

162 Based on ton-miles. See Association of Oil Pipe Lines, Shifts m Petroleum T ransportation—1999 (2001)
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far in advance, however, leaving little opportunity for
last-minute flexibility.

Batch sizes are determined by the availability of storage
tankage (not only to pipeline operator directly, but also
to originating shippers and receiving terminal opera-
tors), the batch sizes consigned by shippers,-shippers’
time requirements, and whether the pipeline is operated
on a batch or fungible basis.

Interfaces and Transmix

The composition of the mixed (or interface) material
reflects the two materials from which it is derived. While
it does not conform to any standard petroleum product
specification or composition, it is not lost or wasted. For
interface material resulting from adjacent batches of dif-
ferent grades of the same product, such as mid-grade
and regular gasoline, the mixture is typically blended
into the lower grade. This “downgrading” reduces the
volume of the higher quality product and increases the
volume of the lower quality product.

The interface between two different products—gasoline
and a distillate, for instance—produces a hybrid called
“transmix.” Transmix cannot be blended back into
either of its components, as gasoline’s flash point will
contaminate the distillate, and distillate’s higher boiling
point will contaminate the gasoline. Transmix, there-
fore, is segregated and then reprocessed in a full-scale
refinery or a purpose-built facility. When it has been sep-
arated again into its component products (gasoline and
distillate, for instance), the distinct products are reintro-
duced into the appropriate segregated transportation
and storage system. (If an operator utilizes two physical
pipelines in the same corridor, it may minimize the gen-
eration of transmix by carrying only gasoline in one line
and only distillates in the other. The problem of down-
grade within a family of products, however, still exists.)

As shown in Figure C1, a refined products pipeline typi-
cally “wraps” the current highway diesel {at 500 ppm)
with kerosene and/or jet fuel (2,000 ppm or so), and
non-road diesel (up to 5,000 ppm). The chance that the
500 ppm material will be forced off-specification by sul-
fur contamination is low. The product tendered is

around 300 ppm, leaving leeway for any minor contami-

nation from the neighboring product.

Typically, refined oil products are transported from a
source location, such as a refinery or bulk terminal, to a
distribution terminal near a market area. Large above-
ground storage tanks at an origin location accumulate
and hold a given petroleum product pending its entry
into the pipeline for transport. Petroleum products are
also stored temporarily in aboveground storage tanks at
destination terminals.

Storage tanks usually are dedicated to holding a single
petroleurn product or grade. Most storage tanks used in
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Making the Cut: The Mechanics of the interface

Each petroleum product—in fact, each batch of prod-
ucts—has a distinct and identifiable specific gravity.
Different products have widely different specific
gravities. Different grades or batches of the same
product have slight but measurable differences in
specific gravity. :

Pipeline operators monitor the specific gravity of a
pipeline stream as it approaches a station or terminal.
A change from one specific gravity to another indi-
cates the end of the leading batch and the beginning
of the following batch. Based on this signal of the
interface location, the pipeline operator “swings”
batches from one pipeline to another or from main-
line transit into segregated tanks. The shift in specific
gravity may be too gross an indicator, however, when
dealing with ULSD. By the time the shift in specific
gravity is discernible, the ULSD may have been con-
taminated by the sulfur in its neighboring product.

pipeline operation are filled and drained up to four or
more times per month. Operators usually are able to
place the same type of petroleum fuel in a given tank on
each drain and fill cycle, and the tank is not purged and
cleaned between the routine drain and fill cycles. When
a tank is filled and drained with a given material, small
to substantial quantities of the former material remain in
the tank. To the extent that the previous material was
different from new material being placed in the tank,
contamination can occur. Generally, such contamination
is inconsequential because the new material is substan-
tially the same as the old material or its volume is small.

In addition to tanks at the origin and destination termi-
nals, “working” or “breakout” tanks are used in the nor-
mal course of pipeline operation. Over a pipeline route,
there may be various needs to interrupt the flow of pipe-
line material in transit, including branching of the pipe-
line, change in size or capacity, mainline pumping
operations, change from fungible to batch operation,
and others. In each case, breakout tanks provide the flex-
ibility to temporarily stop or buffer different flow rates
of pipeline segments.

The maintenance of material in continuous pipeline
transit without need for diversion into breakout tankage
is known as “tightlining.” A pipeline operator’s ability
to tightline material will prove to be a slight advantage
in protecting the integrity of ULSD. Overall, however,
tightlining is notan easy option to engage if facilities and
operating requirements do not already permit it.

- In addition to the minor creation of interface materia’

that occurs in pipeline transit, creation of interface mate-
rial also occurs in the local piping facilities (station pip-
ing) that direct petroleum products from and to
respective origin and destination storage tanks and in
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Figure C1. Typical Product Sequence and Interfaces in a Refined Products Pipeline
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the tanks themselves. Essentially, station piping repre-
sents the connection between a main pipeline segment
and its requisite operating tanks. The concept is simple
in theory, but in practice the configuration of station pip-
ing is not. Station piping lavouts become more complex
as the tanks at a pipeline terminal facility become more
numerous.

Configurations of station piping necessary to accommo-
date a given number of tanks and to provide flexibility in
routing multiple products in and out of those tanks pro-
vide many possibilities for the creation of pipeline inter-
face material. Each pipeline facility is different, not only
among pipeline companies but within pipeline compa-
nies. There is no wayv to predict how easy or hard it will
be to minimize possible sulfur contamination of ULSD
In station piping, except to examine the risks on a
case-by-case basis.

Energy information Administration / Transition to Ultra-Low-’ ulfur Diesel Fyel

In fact, the interface generation in station piping and
breakout tanks may be even more important than dur-
ing pipeline transit. The volume of interface material
thus generated is due to the physical attributes of the
system. It has fewer variables but approaches being a
fixed value on a barrel-per-batch, not a percentage,
basis. For instance, one pipeline operator mayv create
25,000 barrels of high-sulfur/low-sulfur distillate inter-
face per batch whether the batch is 250,000 barrels or
1,000,000 barrels. In addition, a given batch of product
might be transported in multiple pipelines between its
origin and its final destination and even within the same
systemn might require a stop in breakout tanks, as noted
above. Each segment of the journey generates additional
interface.
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