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Study Request

In his address to the National Petroleum Council
(NPC) at its June 22, 2004 meeting, Secretary of
Energy Spencer Abraham expressed concern about
the adequacy of U.S. refining capacity and petrole-
um inventory levels, stated that he would request a
study on these subjects, and noted that he would
like the Council’s advice by September 30, 2004.1

By letter dated July 16, 2004, Secretary Abraham
formally requested the National Petroleum Council
to undertake a new study on refining and inventory
issues that would provide advice on the challenges
related to petroleum refining and product supply in
the United States.  Specifically, the Secretary’s letter
states:

Accordingly, I request that the National
Petroleum Council identify the factors that will
impact the refining and distribution industry’s
ability to meet future product demand, and
report on potential near-term options to meet
demand for transportation fuels and heating oil
over the next year.  Additionally, I ask that the
Council reexamine its 1998 advice on lower
operational inventory levels for crude oil and
petroleum products. 

Items to consider include the current and
future demand for refined products, domestic
capacity to meet this demand, potential barri-
ers to efficient markets, the influence of petro-
leum product supply on price, industry actions

to meet environmental requirements, and the
capital investment and other factors that will
drive supply growth.  Additionally, I would
appreciate the Council’s insights on how refin-
ing capacity, inventories, and demand patterns
outside the United States may impact meeting
the consumer demand for refined petroleum
domestically.

(Appendix A contains the complete text of the
Secretary’s request letter and a description of the
NPC.)

As noted in the Secretary’s request, inventory
issues were most recently addressed by the Council
in its 1998 report, U.S. Petroleum Product Supply—
Inventory Dynamics.  That report provided advice
on the interrelationships between inventories and
prices and estimated lower operational inventory
(LOI) levels for crude oil and light petroleum prod-
ucts.  Similarly, refining issues were last addressed
by the Council in its 2000 report, U.S. Petroleum
Refining—Assuring the Adequacy and Affordability
of Cleaner Fuels.  That report provided insights to
help ensure a reliable supply of light petroleum
products to consumers.  Those reports had notional
time frames of 2002 and 2005, respectively.  

Study Organization

In response to the Secretary’s request, the
Council established a Committee on Refining and
Inventory Issues to undertake a new study on these
topics and to supervise the preparation of a draft
report for the Council’s consideration.  The Council
also established a Refining Subcommittee and an
Inventory Subcommittee to assist the Committee in
conducting the study.

PREFACE 1

PREFACE

1 The Council’s study was conducted during August and September,
but due to unavoidable conflicts this report was not presented to the
Secretary until December 1, 2004.



Lee R. Raymond, Chairman and Chief Executive
Officer, Exxon Mobil Corporation, served as the
Committee’s Cochair for Refining; James J. Mulva,
Chairman of the Board and Chief Executive Officer,
ConocoPhillips, served as the Committee’s Cochair
for Inventory; and David K. Garman, Acting 
Under Secretary of Energy, served as the
Committee’s Government Cochair.  Donald H.
Daigle, Vice President, Refining, ExxonMobil
Refining and Supply Company, chaired the Refining
Subcommittee; Philip L. Frederickson, Executive
Vice President, Commercial, ConocoPhillips,
chaired the Inventory Subcommittee; and Mark R.
Maddox, Acting Assistant Secretary, Fossil Energy,
U.S. Department of Energy, served as Government
Cochair of both Subcommittees.  

The members of the Committee and its Sub-
committees were drawn from the NPC member-
ship, NPC member and other organizations, and
government.  These study participants represented
broad and diverse interests including large and
small petroleum refiners, transporters, marketers,
and consumers as well as providers of financial and
consultant services.  They brought their substan-
tial individual experiences to the collective effort
of producing this report.  (Appendix B contains
rosters of the study’s Committee and Subcommit-
tees.)

Study Approach

Given the interrelated nature of refining and
inventory issues, the Council determined that a
single study would be the most efficient way to pre-
pare a response to the Secretary’s request for
advice.  Also given the study’s limited time frame,
the Council determined that the scope of the study
would be to review and supplement the most recent
NPC reports on these issues and would be qualita-
tive rather than quantitative in its approach.  In
spite of this qualitative nature, the study results are
soundly based in the depth of experience of the
individual study participants.  Broadly, the new
study:
• Performed qualitative reviews of the NPC’s 1998

inventory study and the 2000 refining study, and
reaffirmed or modified recommendations as
appropriate:

– Reviewed and validated major assumptions

– Assessed the government’s response to recom-
mendations

– Focused on the remainder of this decade.

• Developed consensus on additional observations/
recommendations based on industry experience
since the 1998 and 2000 studies.

Specifically, the refining issues analysis:

• Assessed the 2000 refining study, as described
above

• Evaluated refinery capacity growth versus
demand since 2000

• Considered the most recent EIA demand forecast

• Identified factors affecting domestic refinery
capacity expansions for the remainder of this
decade, including notional grassroots refinery
economics

• Identified factors affecting availability of imports
to augment domestic supplies for the remainder
of this decade

• Identified potential near-term government
actions that could affect refinery capacity and
import availability over the next year

• Identified how refining capacity outside the
United States might affect industry’s ability to
meet domestic demand.

Specifically, the inventory issues analysis:

• Assessed the 1998 inventory study, as described
above

• Identified the role of inventories in the supply 
system

• Identified inventory trends and evaluated LOI lev-
els for crude oil and major petroleum products

• Assessed product price volatility

• Evaluated the 1998 study’s conclusion regarding
inventories’ relationship to price.

Issues Not Analyzed

Given the limited time frame in which to com-
plete the study effort, the Council and the
Department of Energy agreed on a targeted scope of
issues to be addressed.  The Council recognized that
this approach might preclude some issues, which
could be important in public policy formation, from
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being adequately addressed and analyzed.  That this
study does not include quantitative analyses of these
issues is a reflection of time and data constraints,
and inferences should not be drawn on indications
of their importance.

Specifically, the refining and inventory issues
analyses used publicly available forecasts and did not:

• Provide a quantitative analysis or forecast of
demand for crude oil and refined petroleum prod-
ucts, domestic or worldwide

• Provide a quantitative analysis or forecast of
domestic or worldwide refining capacity and
capability to meet changing product specifica-
tions

• Provide a quantitative analysis or forecast of the
availability of imports into the United States

• Assess any additional infrastructure requirements
(ports, tanks, pipelines, etc.) necessary to handle
increased petroleum imports

• Assess any national security implications of the
potential for increased reliance on imports

• Assess the potential for public policy actions to
reduce fuel demand to worsen the investment cli-
mate for expansion of domestic refining

• Reassess 2000 refining study production cost esti-
mates

• Forecast prices or the potential price effects of
actions, but did make qualitative assessments of
factors that impact price volatility.

Study Report

Results of the 2004 NPC review of refining and
inventory issues are intended as an update and sup-
plement to the 1998 and 2000 NPC reports on these

subjects and are presented in this report volume as
follows:

• Executive Summary of Findings and
Recommendations presents observations on
petroleum product supply and an integrated
response to the Secretary’s request for advice on
both refining and inventory issues.  It provides
insights on petroleum market dynamics as well as
advice on actions that can be taken by industry
and government to ensure adequate and reliable
supplies of petroleum products to meet the ener-
gy and environmental requirements of American
consumers.  It includes an overview of the study’s
interrelated refining and inventory analyses and
recommendations.

• Part I, Refining Capacity and Product Import
Availability, contains the results of the Refining
Subcommittee’s review and update of the 2000
NPC refining report.  This part of the report pro-
vides support for the findings and recommenda-
tions presented in the Executive Summary.  It
includes discussions of the items outlined in the
refining issues analysis part of the Study
Approach section above. 

• Part II, Observations on U.S. Petroleum
Inventories, contains the results of the Inventory
Subcommittee’s review and update of the 1998
NPC inventory report.  This part of the report pro-
vides support for the findings and recommenda-
tions presented in the Executive Summary.  It
includes discussions of the items outlined in the
inventory issues analysis part of the Study
Approach section above. 

• Appendices contain the Secretary’s study request
letter, a description of the NPC, rosters of the
study’s Committee and Subcommittees, and sup-
porting materials for the report.
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This supplemental report focuses on major
light petroleum product (gasoline, jet fuel,
heating oil, and diesel) supply and petroleum

inventories in the United States.  It is important to
understand this market in the context of the larger
flexible and responsive global petroleum market.
Delivery of petroleum products to the consumer
involves multiple separate activities, including
refining, transportation, and storage of petroleum.
Many different competitors participate in this sup-
ply chain.  Some are integrated throughout the
chain while others specialize only in certain seg-
ments.  Competition in the global marketplace
drives adoption of efficient strategies, including
those related to inventory management and refining
optimization.

In the near term, the NPC does not foresee signif-
icant hurdles to the availability of gasoline and heat-
ing oil supplies to meet consumer demand.
However, there are concerns about meeting Ultra
Low Sulfur Diesel (ULSD) demand during the tran-
sition to the 15 ppm maximum sulfur specification
beginning in mid-2006.

The demand for light products in the United
States is expected to continue to grow.  Demand will
be met with a combination of domestic production
and imports.  Imports have been growing for the
last several years, and imports are expected to con-
tinue to be an economic component of U.S. supply.
The amount of future demand growth supplied from
domestic refineries will be dependent on several fac-
tors, including domestic investment decisions by
individual companies.  This report includes recom-
mendations for government actions that would
avoid impeding domestic refining capacity growth

and improve the investment climate for domestic
refining.

Companies continually strive to economically
optimize their operations while reliably meeting
consumer demand.  Inventories are an integral part
of the supply system and act as an interface between
the various segments of the supply chain.  The com-
petitive nature of the industry drives companies to
minimize working capital, of which inventory is a
component, while ensuring reliable supply systems.
Ultimately, consumers benefit from efforts to
reduce petroleum supply costs.

The petroleum markets respond to supply/
demand changes with price movements that provide
the incentive to increase or decrease supply to cor-
rect any imbalance.  This is an integral part of nor-
mal and effective market operation.  Through the
individual responses of various companies to these
price movements, the petroleum industry as a
whole reacts quickly and effectively to maintain the
supply and demand balance in response to changes
in local, regional, or global market conditions.
Although the U.S. supply system is very complex, it
is robust and has the flexibility to adjust to supply
disturbances.  Even major supply disturbances are
typically rebalanced within a short period of time.
Market mechanisms provide the fastest and most
efficient response to supply disturbances. 

Refining Capacity and 
Import Availability Findings
Capacity Growth

U.S. refining capacity has grown since the 2000
NPC refining study, but the rate of U.S. refining
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capacity growth has slowed in recent years.
Domestic light product production has not kept
pace with demand growth.  Some of the factors that
impede domestic capacity growth include: 

• Investment economics, reflecting historical refin-
ing and marketing returns that are lower than
other segments of the oil business and lower than
the average of the S&P 500 companies 

• An uncertain regulatory environment, resulting
from issues such as New Source Review (NSR)
enforcement, National Ambient Air Quality
Standards (NAAQS) implementation schedules,
and lack of a defined mechanism for the granting
of waivers

• Resources used for regulatory-driven refinery
projects.

The NPC expects that increases in domestic pro-
duction will come from continued expansion of
existing refineries, because expansion at existing
sites is generally more economic than new refinery
construction.  Even the very recent improvement in
refinery profitability does not appear to be sufficient
to create an economic environment conducive to
building new grassroots refineries.  Recent increases
in gasoline imports suggest that the economic and
regulatory climate for investment in domestic refin-
ing capacity has not supported capacity expansion
and utilization equal to the growth in gasoline
demand.  

Product imports are expected to continue to be an
economic component of U.S. supply.  The volume of
imports in the future will depend upon a number of
factors, including domestic demand growth and
domestic refining capacity growth, as well as sup-
ply/demand factors outside the United States that
affect the economics of imports versus domestic
refining.

Emissions reductions and an improved environ-
ment benefit society in many ways.  As they have in
the past, U.S. refining industry participants expect
to continue to devote significant resources to envi-
ronmental improvement, including cleaner fuels
production and reduction of emissions from sta-
tionary sources.  However, the magnitude and
uncertainty of environmental requirements and
their enforcement increases cost and adversely
affects domestic refinery investment.  Foreign com-

petitors that are not subject to these additional
costs and uncertainties may have a competitive
advantage, resulting in reduced domestic capacity
growth.

Ultra Low Sulfur Diesel

The NPC believes that the transition period for
ULSD is likely to be more difficult and longer than
historically associated with major product specifi-
cation changes.  This is due to the difficulty antic-
ipated in maintaining and assuring the specified
sulfur level and needed volumes during distribu-
tion from refineries to the ultimate consumer.
Enforcement of the 15 ppm maximum sulfur
retail cap without an adequate tolerance for test
reproducibility could result in large quantities of
diesel being disqualified as ULSD for supply to
consumers.  In addition, pipeline companies could
set a very low sulfur requirement at the refinery
gate because of contamination concerns in the
distribution system, which would reduce refinery
production capability.  It is uncertain whether
domestic refinery production will be of sufficient
volume and low enough sulfur content to over-
come anticipated distribution issues.  The NPC
does not expect that imports of ULSD will be wide-
ly available to make up for the downgrade during
distribution or reduced refinery production.
Consequently, there is the potential for significant
supply disruptions.  

Inventory Findings
Inventory Trends

Crude oil inventory has continued the slow down-
ward trend noted in the 1998 study.  This trend,
which is likely to continue, is attributed to delivery
system efficiency improvements and declining
domestic crude oil production.  With declining
domestic production, imports have increased.
However, imports in transit are not counted in U.S.
inventory data. 

The long, slow decline of gasoline inventory pri-
marily associated with finished gasoline inventory
at terminals that was observed in the 1998 invento-
ry study is no longer apparent.  Distillate (heating
oil and diesel) inventory has remained essentially
flat through both the previous and current study
periods.  The NPC believes further efficiencies have
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taken place allowing for lower inventory levels, but
these efficiencies have been offset by increases in
product demand and the number of different fuel
specifications, which have increased the need for
inventories.  

Lower Operational Inventory

As discussed in the 1998 NPC inventory study,
U.S. petroleum inventories respond to both market
and infrastructure changes in the supply system.  A
significant part of petroleum inventory is required
to operate the product and crude supply systems
and is not readily available to meet demand.  In the
1998 study, the NPC redefined these inventories as
“lower operational inventory” (LOI).  The NPC
defined LOI as the lower end of the demonstrated
operating inventory range updated for known and
definable changes in the petroleum delivery system.
The LOI was introduced in the 1998 study in order
to move away from the concept that there is some
definable inventory level where supply system relia-
bility becomes of greater concern.  While generally
not used by industry, the NPC recognizes LOI as a
gauge to help the government assess current inven-
tory levels.

Based on the observed crude oil inventory trends,
the NPC concludes that the crude oil LOI should be
a range of 260 to 270 million barrels, compared to
the 1998 study conclusion of 270 million barrels.
Since the 1998 study, crude oil inventory has been
as low as 260 million barrels with no impact on
crude oil supply to U.S. refineries.  However, in
September 2004, Hurricane Ivan had a significant
impact on offshore oil platforms, pipeline move-
ments, and oil imports.  This created localized sup-
ply disruptions at a few refineries even though
crude oil inventories were slightly above 270 mil-
lion barrels.  This reinforces the concept that the
LOI is only one indicator of adequacy of supply and
therefore a crude oil LOI range is recommended,
rather than a single value, to better represent the
degree of accuracy associated with the LOI method-
ology.   

No change is appropriate at this time in the LOIs
for gasoline or distillate fuel oil. Given the short
time frame of this study, the potential impact of reg-
ulatory changes in diesel sulfur content on distillate
inventory was not studied.

Price Volatility

Global crude oil prices continue to be the primary
driver of product price levels.  Even though the
number and magnitude of product price up-ticks
(increases of greater than 10% or more versus prior
year period) has increased since 1997, most of these
events were driven by events in the global crude oil
market.  Retail price changes continue to lag behind
spot price changes, which has the effect of dampen-
ing and delaying price swings at the retail level.

Product and crude oil price levels and volatility
have increased since the previous study, which
focused on a time period of relative calm in oil mar-
kets (1992-1997).  In the 1998 to 2004 time period,
crude oil price volatility peaked in 1998, while gaso-
line price volatility peaked in early 2002.  What has
occurred since 2002 is an upward movement in
product prices in line with an upward movement in
global crude oil prices.  Retail gasoline prices, how-
ever, have been observed to be less volatile than
crude oil prices. 

These conclusions are based on analysis of U.S.
national data.  Consumers at a local level may be
subject to more or less volatility than the national
average as a result of local factors that are not cap-
tured by this analysis.

Relationship of Inventories to Price

As addressed in the 1998 NPC inventory study, the
expectation that inventories influence prices is
based on the economic assumption that prices
reflect the current supply/demand balance and that
inventories provide a measure – however imperfect
– of the changing balance between supply and
demand.  Inventories are a result of supply and
demand fundamentals.  Any factor that serves as a
measure of the short-term supply/demand balance
would be expected to influence prices.

Statistical analysis of the simple relationship
between inventories and prices finds only a modest
correlation.  This conclusion is indicative of the fact
that the interaction of inventories and prices is
complex.  Inventories are an imperfect measure of
the supply/demand balance, and prices for crude oil
and petroleum products are influenced by many
other factors in addition to inventories.  When
petroleum inventory data are made public, it can
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potentially have a short-lived effect on petroleum
prices, including futures prices.  This appears par-
ticularly true when the inventory data deviate from
market expectations.  

Strategic Petroleum Reserve

The United States’ Strategic Petroleum Reserve is
the largest government crude oil stockpile in the
world.  The NPC remains strongly supportive of
holding these inventories, but they should only be
used during significant crude oil supply disruptions
that threaten the system’s ability to meet domestic
demand.

While it is recognized that there is a strategic
heating oil reserve in the Northeast, the concept of
a products strategic reserve was discussed as part of
this supplemental report and the NPC does not
believe such reserves are appropriate for the United
States. 

Recommendations

The NPC provides the following recommenda-
tions to help ensure a reliable supply of light petro-
leum products to the U.S. consumer.  These recom-
mendations are aimed at avoiding hindrance of
refining capacity expansion, improving the envi-
ronment for investment in domestic refining and
logistics capability, and allowing the current supply
system to continue to operate efficiently.  Allowing
the market to work efficiently will benefit the cus-
tomer as the market provides the fastest and most
efficient response to supply disturbances.

The recommendations of the 2000 NPC refining
study remain applicable and should be implement-
ed.  A summary of those recommendations and the
current status are included in Appendix C.

New Source Review

Immediate implementation of comprehensive
NSR reform is a very important policy step needed
to improve the climate for investment in domestic
refinery expansion.  The NSR reforms promulgated
by the Administration, including the Equipment
Replacement Rule currently under judicial review,
should be implemented as soon as possible.
Attempts to delay or overturn the reforms should be
vigorously opposed.  Additional NSR reform propos-

als regarding de-bottlenecking and project aggrega-
tion should be issued and finalized.

National Ambient Air Quality Standards

The U.S. Environmental Protection Agency
(EPA) should revise the NAAQS compliance dead-
lines and procedures to take full advantage of
emissions reduction benefits from current regula-
tory programs such as cleaner fuels/engines and
reduction of regional emissions transport.  As cur-
rently structured, attainment deadlines precede
the benefits that will be achieved from emissions
reductions already planned.  Thus, even though
programs are already being implemented to pro-
vide emissions benefits, states with non-attain-
ment areas will be required to pursue additional
costly controls that might otherwise not be needed
and might not be deliverable in the time frame
currently required.

The current deadlines could result in:

• Requirements for additional emissions offsets for
any refinery modifications, reducing the econom-
ic attractiveness of investment in refinery capaci-
ty expansion

• Additional investment in stationary source con-
trols at refineries, reducing the overall profitabil-
ity and viability of domestic refining versus
imports

• Additional requirements for boutique fuels,
reducing the efficiency of the distribution system
and increasing the potential for supply disrup-
tions.

These requirements would be disincentives to
expansion of domestic refining capacity.  If the
states were given sufficient time to allow emissions
benefits of clean fuels/engine programs and region-
al transport regulations to be considered in attain-
ment demonstrations, the adverse impact of these
regulations on domestic refining capacity would be
greatly reduced. 

Implementation of Ultra Low Sulfur Diesel
Regulations

Although the timing and specification level of the
ULSD regulations do not follow the NPC’s 2000 rec-
ommendations, the timing requirement has been
finalized and should not be changed this close to the
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implementation date, since refiners are already
making investments to comply.

To reduce the potential for supply disruptions,
EPA should work with the Department of Energy
(DOE) and the various fuel supply industries to con-
sider emerging information about the behavior of
ULSD moving through the entire distribution sys-
tem and to consider how to achieve the goals of the
program while recognizing distribution system
realities.

EPA’s current testing tolerance for ULSD should
be adjusted to reflect the reproducibility of the tests
that will be available for regulatory compliance;
otherwise, enforcement actions based on testing
inaccuracy may result in disruption to the supply
system.

National Energy Legislation

The NPC recommends passage of national energy
legislation as embodied in the 108th Congress con-
ference report on HR.6 as the vehicle with the high-
est probability of obtaining prompt action on the
reformulated gasoline (RFG) oxygenate, oxygenate
liability, and boutique fuel issues.  While clearly a
compromise, the package will help remove some of
the uncertainty around the future of the domestic
refining industry.

• Oxygenate Liability. Congress should enact lim-
ited liability protections against defective product
claims involving methyl tertiary butyl ether
(MTBE) and other federally required additives.
This action would eliminate only defective prod-
uct claims that penalize fuel manufacturers for
meeting the Clean Air Act requirements.
Negligence and other traditional causes of action
for MTBE cleanup would be unaffected.  

• Boutique Fuels. Requests for specialty fuels for-
mulations, whether driven by NAAQS or other-
wise, should be approved only where such pro-
grams are necessary and cost-effective relative to
other emissions reduction options. Proliferation
of boutique fuels has fragmented the market,
increasing the potential for supply disruptions
and price volatility.  While the industry has been
able to adapt to the current slate of boutique fuels
without significant supply disruptions, continued
proliferation would substantially increase the risk
of supply disruption and price volatility.  Imple-

mentation of state and local fuels programs,
including any actions on MTBE, should be coor-
dinated to avoid hindering operation of the distri-
bution system and should provide sufficient lead
time to implement any necessary refining and
distribution changes.  Repeal of the 2% oxygena-
tion requirement for RFG could eliminate much
of the incentive for boutique fuel proliferation.

DOE and EPA should conduct a joint study of the
boutique fuel issue, with participation by the
stakeholders.  This study should provide impor-
tant information on the impact of boutique fuels
on fuel production and distribution.

Sound Science, Cost Effectiveness,
and Energy Analysis

The 2000 NPC refining report recommended that:
“Regulations should be based on sound science and
thorough analysis of cost effectiveness.”

Executive Order 13211, signed by President Bush
in 2001, requires agencies to prepare a “Statement
of Energy Effects” including impacts on energy sup-
ply, distribution, and use, when undertaking regula-
tory actions.  The NPC recommends that Executive
Order 13211 be made law and strictly enforced.

The NPC is not suggesting elimination or roll-
back of environmental requirements, but rather
that the cost analysis of proposed regulations
should include a thorough analysis of energy supply
effects from production to end-use.  Examples of
regulations that the NPC does not believe reflect a
thorough analysis of the energy supply effects
include ULSD and NAAQS regulations.  As a result,
implementation of these regulations may impose
unintended costs without commensurate benefit.

Regulatory cost/benefit analysis should be per-
formed on an incremental basis, to ensure that the
cost of each required increment is justified.  Using a
total and average analysis may result in adopting
emissions reduction increments that are not cost
effective.

Permitting

Streamlining the permitting process would help
improve the environment for domestic refining
capacity investment.  Some activities are current-
ly underway to review processes and identify
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streamlining opportunities; these activities
should include industry and other stakeholders.
Streamlining should provide for expeditious over-
all review and a clearly defined process for obtain-
ing a permit, with agency roles and responsibili-
ties well-defined and specific deadlines for making
permit decisions. 

Depreciation Schedule Adjustment

Adjusting the depreciation schedule for all refin-
ing equipment to five years from the current ten
years, consistent with the treatment of similar
process equipment in other manufacturing indus-
tries, would have a positive impact on expansion
investment economics.  This action would reduce
the capital recovery period for investment in refin-
ing equipment, helping to offset the historically low
returns in the refining/marketing business that
have hindered investment in capacity expansion.  

The depreciation adjustment should be applied to
all new domestic refining investment.  Attempts to
apply revised treatment to some small sub-segment
of investment may have the perverse effect of reduc-
ing the incentive for more significant additions in
base capacity.  The depreciation schedules for petro-
leum pipelines and storage facilities should be sim-
ilarly reduced.

Fuel Waivers and Enforcement Discretion

Use of exemptions, exceptions, and waivers should
be limited to serious supply disruptions that affect
end users’ ability to obtain petroleum products.
States have sought and EPA has repeatedly consid-
ered and/or granted enforcement discretion, and this
has increased uncertainty in the marketplace.  EPA
should issue a definitive variance procedure for
allowing non-complying fuel to be sold in the mar-
ketplace.  Proposed guidance on waivers has been
recently released by EPA as a first step in this process.

Alternative Fuels

Mandates or subsidies for alternative fuels
increase uncertainty and reduce the incentive for
investment in additional domestic petroleum refin-
ing capacity.  Therefore, these mandates and subsi-
dies may not reduce petroleum product imports as
intended and could increase the cost to consumers.

Distillation and Driveability Index

The 2000 NPC refining report recommended that
the Driveability Index not be changed without thor-
ough additional analysis.  To date, EPA has resisted
automakers’ calls for a reduction in Driveability
Index, or a change to Distillation Index (Driveability
Index plus an ethanol adjustment).  EPA should
continue this position.  A reduction in Driveability
or a change to Distillation Index could result in a
significant reduction in domestic refinery gasoline
producibility.

Site Security

Site security enhancement should remain an
industry responsibility with ongoing risk assess-
ment coordinated with the Department of
Homeland Security, which should retain the lead
federal coordination role.  Refining industry 
participants are committed to keeping their 
facilities secure from threats of violence and ter-
rorism.  Refiners have expended substantial
resources to enhance security and expect to con-
tinue to do so.  There are proposals being dis-
cussed that include provisions for refining tech-
nology changes and criminal liability.  In the
opinion of the NPC, these provisions do not pro-
vide an additional security benefit but have the
potential to negatively impact light product pro-
duction capability. 

2005 Domestic Capacity

These recommendations are aimed at avoiding
hindrance of capacity expansion, improving the
environment for investment in domestic refining
and logistics capability, and allowing the current
supply system to continue to operate efficiently.
These recommendations should be implemented as
soon as practical.  

Major refinery modifications can take four or
more years lead time for all the activities necessary
for implementation.  Due to this long lead time, the
capacity that will be available in 2005 is the result of
regulatory actions and investment decisions over
the last several years.  The NPC has not identified
any government actions that could significantly
increase the domestic refining capacity available 
for 2005.
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The downstream oil business is very competi-
tive in the United States, and both refiners
and marketers continuously look for the low-

est cost means of supplying their customers.  The
demand for light products in the United States is
expected to continue to grow.  Demand will be met
with a combination of domestic production and
imports.  For the last several years, imports have
been growing.  Likewise, domestic refining capacity
has been growing and is expected to continue to
grow.  Product imports are expected to continue to
be an economic component of domestic supply,
because the United States is part of a flexible and
responsive worldwide petroleum market.  The
amount of future demand growth supplied from
domestic refineries will be dependent on domestic
investment decisions by individual companies, as
well as the economics of domestic production ver-
sus imports.1

One of the factors considered in evaluating
potential distillation or conversion capacity expan-
sion projects is the economic return under expect-
ed future market conditions.  Since imported prod-
uct has been and is expected to be an ongoing
component of domestic supply, the relative eco-
nomics of domestic production versus imports
affects investment decisions by individual compa-
nies for domestic refining.  Recent increases in
gasoline imports suggest that the economic and

regulatory climate for investment in domestic
capacity has been such that individual domestic
refiners have been unable to justify sufficient
amounts of distillation and conversion expansions
to satisfy all the growth in light product demand.
This report includes recommendations for govern-
ment actions that would avoid impeding domestic
refining capacity growth and improve the invest-
ment climate.

This section discusses U.S. light product petrole-
um supply (gasoline, jet fuel, and distillates – both
diesel and heating oil) in six segments:

• Observations on supply and demand since the
2000 NPC refining study, including domestic
capacity and import trends

• Factors that can potentially impact the growth in
domestic refining capacity

• A generic assessment of the economics of con-
structing a new grassroots refinery

• The outlook for the near term, covering observa-
tions on low sulfur gasoline and ultra low sulfur
diesel implementation

• Recommendations that could reduce hindrances
and improve the climate for investment in domes-
tic capacity 

• Brief comments on potential issues for the longer
term.

Most of the data presented in this section include
annual data through 2003.  While partial year data
for 2004 are available in some cases, the effort nec-
essary to adequately annualize the information for
valid comparison was beyond the scope of this
study.
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1 The NPC did not develop a quantitative forecast for imports in the
limited time frame of this study.  The Energy Information
Administration’s 2004 Annual Energy Outlook forecasts that net
petroleum product imports into the United States will increase by
about 500 thousand barrels per day from 2003 to 2010.  This
increase represents about 20% of the 2.5 million barrels per day
increase in domestic gasoline, jet fuel, and distillate demand fore-
cast over that same period.

                   



Observations on Light Product 
Supply and Demand Since the 
2000 NPC Refining Study

U.S. light product supply is driven by demand and
is provided from both domestic refinery production
and imports.  Since the 2000 NPC refining study,
domestic supply and demand for light products has
been slowly increasing.  Figure I-1 shows domestic
production of gasoline, jet fuel, and distillates as
well as the total net imports of all these products.2
A slowly growing overall trend is apparent for
domestic production.  While imports remain a small
portion of domestic supply overall, the percentage
growth in imports has been significant over the last
few years.  As discussed later in this section, the net
import increase is primarily a result of increased
gasoline imports from Europe.

Domestic Light Product Production

Increases in domestic light product production
result from a combination of changes in both distil-

lation and conversion capacity, the yields of prod-
ucts from crude oil, and refinery capacity utiliza-
tion.  The increase in domestic production of light
products since the 2000 NPC refining study shown
in Figure I-1 has resulted from capacity expansions
and improvements in yield, which more than offset
a slight decline in average utilization.  Trends in
capacity, yield, and capacity utilization are discussed
in more detail in the following sections.

Refinery Distillation and Conversion Capacity Changes

Domestic atmospheric crude oil distillation
capacity has been steadily increasing since 1996, as
shown in Figure I-2.  However, the rate of capacity
addition has slowed since the 2000 NPC refining
study.  Factors that have affected the rate of capaci-
ty increase are discussed later in this report.

U.S. refinery capability is commonly assessed
using atmospheric distillation capacity.  This is a
somewhat simplistic approach since, depending on
the characteristics of the specific crude oil used,
only 30 to 50% of an atmospheric distillation facili-
ty’s output can be made directly into light products.
U.S. demand is mostly light products and therefore
the heavier materials produced from atmospheric
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distillation must be processed further in a variety of
conversion units to produce additional light prod-
ucts for the market.

Conversion units manufacture light petroleum
products from heavier boiling material present in
crude oil.  Conversion capacity increases are illus-
trated in Figure I-3 as a ratio to 1996 capacity.  Fluid
catalytic cracking (FCC) capacity, which mainly adds
to gasoline yield, has grown at about the same per-
cent as distillation capacity.  Both hydrocracking and
coking have grown more than distillation capacity
on a percentage basis, with coking capacity growing
the most.  Hydrocracking provides the most flexibil-
ity to vary the product slate but is the highest cost
conversion capacity.  Coking capacity allows refiners
to reduce the yield of heavy fuel and/or process heav-
ier crude oils.  However, the coking process produces
low quality products that require a significant
amount of further processing before their quality is
suitable for use as light petroleum product.3

Light Product Yield Changes

The relative amount of light products produced
per barrel of atmospheric distillation input is
referred to as yield and has been slowly increasing
over time as shown in Figure I-4.  This increase
indicates that the industry’s overall capability to
convert crude oil to light products has more than
kept pace with distillation capacity increases.  This
results because expansions of conversion facilities
have been faster than the increased production of
heavier materials from atmospheric distillation
capacity additions.  

Overall yields of distillate and lighter products
were about 86% at the time of the last study.  Since
then they have risen to an average of 87% over the
last three years.  Data for 2002 and 2003 both appear
inconsistent with the general trend.  Given the time
available for this study, a detailed analysis of the
recent data could not be performed.

While overall yield has been improving, there are
some factors that can offset potential yield improve-
ment.  Individual refiners have been and continue
to process lower quality (heavier and higher sulfur)
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Figure I-3.  U.S.  Refinery Capacity Relative to 1996 (Barrels per Stream Day)
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Figure I-4.  U.S. Refinery Light Product Yield
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crude oil in response to economic drivers.  When
refiners add heavy oil processing capacity such as
cokers and reduce the production of residual fuel,
light product production will increase per barrel of
crude oil input.  However, if heavy oil processing is
added primarily to process lower quality crude oil
and results in no net residual fuel destruction, light
product production per barrel of crude oil input will
not increase.  In the past, refiners have been adding
heavy oil processing both to reduce heavy fuel oil
production and to increase their ability to run heav-
ier crude oils.  Current U.S. domestic refinery fuel
oil yield is less than 5%, therefore there is limited
opportunity to further increase yield by converting
heavy fuel oil.

Utilization rates and seasonal factors also affect
yield.  When refineries are run at very high through-
put, such as during the high-demand summer
months, on average they can suffer some light prod-
uct yield decline.  In the summer, the yield of gaso-
line goes down as shown in Figure I-5 even though
total gasoline production may be higher.  This results
primarily because some lighter refinery streams can-
not be blended into the summertime finished gaso-
line pool due to vapor pressure restrictions. 

Switching from methyl tertiary butyl ether
(MTBE) to ethanol as an oxygenate in gasoline
increases emissions of volatile organic compounds
(VOCs) unless the hydrocarbon portion of the gaso-
line blend is modified.  During summer gasoline
production, refiners must remove approximately
5% of other light gasoline components to compen-
sate for the Reid Vapor Pressure (RVP) increase
from ethanol blending as opposed to MTBE.  Some
of the materials removed from gasoline during the
summer are stored and used during the winter and
some are used in other ways and lost to the gasoline
pool.  In either case, they are not usable to produce
gasoline in the summer.

Capacity Utilization Changes

At the time of the 2000 NPC refining study, U.S.
refineries had operated at record high atmospheric
distillation capacity utilization for the previous two
years, averaging between 88 and 89% on an annual
basis and rising to above 91% on average during the
summer months (Figure I-6).  Distillation capacity
utilization has declined somewhat since that peak to
more historical levels.  The record low refining and
marketing financial return in 2002 was likely a factor
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Figure I-5.  U.S. Refinery Monthly Light Product Yield
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behind reduced utilization that year.  Utilization
increased in 2003 and domestic gasoline production
was at record levels for the first six months of 2004.
Domestic crude oil runs for May and June of 2004 set
new monthly records.

Due to the limited time available, a quantitative
analysis of the reasons for capacity utilization
changes was not performed as part of this study.
Capacity utilization can vary for a number of rea-
sons:

• Refining facilities periodically need to be shut
down for planned and unplanned maintenance.
When a crude oil distillation unit is shut down, no
crude oil is processed.  When other refinery facil-
ities are shut down for maintenance, distillation
utilization may also have to be reduced to contain
the unfinished products from distillation. 

• Regulatory requirements for industry-wide
investment in a narrow time frame, such as for
low sulfur gasoline, can tend to group refinery
shutdowns for maintenance and modification
together and result in lower capacity utilization
for that period than the historical trend.

• Economics of incremental operation of domestic
refining compared with the cost of imported
product supplies will affect utilization.  If incre-
mental crude oil runs do not recover their cost in
the market, domestic refinery capacity will not be
fully utilized.

• Limitations on capacity use can be imposed by
environmental permit requirements.

Even though utilization in the years since the
2000 NPC refinery study was lower than the record
years in 1997 and 1998, light product production
has increased as the result of capacity additions and
the higher yields achieved.  

Recent Import Trends

Imports are not new to the U.S. supply system, as
the U.S. has been importing products routinely
since World War II.  The U.S. is a net importer
(imports minus exports) of all three light products
– gasoline, distillates, and jet fuel.  Imports have
provided an economic balance between domestic
refinery production and U.S. consumer demand and
have increased over the last decade.  The U.S. is part
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Figure I-6.  U.S. Atmospheric Distillation Stream Day Capacity Factors 
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of a global petroleum products market.  If it is more
economical to produce a product outside the U.S.
and import it into the U.S., lower prices result than
if the product were produced in less economic oper-
ation of domestic facilities.

The economic flow of oil products into a country
can be impeded by government policy.  Commonly
used programs designed for this purpose have taken
the form of restrictive import tariffs or import quota
systems.  During the 1950s and 1960s, the United
States employed a quota system to limit the flow of
internationally produced products into the U.S.
Currently the U.S. does not have a program in place
that restricts the flow of oil products to U.S. mar-
kets.  Consequently, the U.S. is part of the interna-
tional oil market, and oil product imports that sup-
ply U.S. markets are provided on an economic basis,
resulting in lower cost products to U.S. consumers.

Jet Fuel Domestic Production and Imports 
Respond to Demand Changes

Figure I-7 shows domestic production, demand
and, by difference, net imports of jet fuel.  Imported
jet fuel increased slowly between 1995 and 2000.
The events surrounding September 11, 2001 result-

ed in a sharp reduction in U.S. jet fuel demand and
decreases in both U.S. production and imports.
These jet fuel data illustrate the economic selection
of supply sources into the marketplace.  Domestic
production of jet fuel in 2000 essentially equaled
U.S. demand for jet fuel in 2002 and exceeded 2003
demand.  Both domestic production and imports
declined in response to lower domestic demand in
2003, but some imports remained even though
domestic refining had demonstrated capacity to
produce the entire domestic demand volume.  This
response indicates that the U.S. supply system
rebalanced in an economic fashion. 

Increased Distillate Imports 
Tied to Canadian Refinery Expansion

Figure I-8 shows that between 1996 and 2000, net
imports of distillate increased from relatively small
volumes to more than 100 thousand barrels per day.
Since 2001, distillate imports have remained at
about 200 thousand barrels per day, varying season-
ally with the demand for heating oil.

Distillate net imports by quality are shown in
Figure I-9.  Lower sulfur distillate imports (500
ppm sulfur maximum) have been in the range of
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Figure I-8.  U.S. Distillate Production, Demand, and Net Imports
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Figure I-9.  U.S. Net Imports of Low Sulfur Diesel and High Sulfur Distillate
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80 to 100 thousand barrels per day since 1998.  In
general, distillates in this sulfur range appear in
the marketplace as highway diesel fuel.  Imports of
higher sulfur distillates, which are normally sold
as heating oil or non-road diesel, have increased
since 2000.  This increase has been primarily from
Canada into PADD I.  This observation is consis-
tent with a major expansion to a Maritime
Provinces Canadian refinery and appears to result
from a logistics advantage of this supply source to
Northeast markets. 

Gasoline Imports from Europe Increasing

Net gasoline imports including blendstocks have
steadily increased, reaching 730 thousand barrels
per day in 2003, as shown in Figure I-10.  Gasoline
imports, the largest product import volume into the
U.S., have grown steadily.  In 2002 and 2003, domes-
tic production of gasoline leveled off at about 
8.2 million barrels per day while gasoline demand
continued to grow.

The majority of the U.S. gasoline imports, about
87% in 2003, are received into PADD I (Figure I-11).
Overall they account for about 25% of the gasoline
supply into this area (Figure I-12). 

Between 1999 and 2003, net gasoline imports
grew from about 6% to about 8% of domestic prod-
uct demand.  As shown in Figure I-13, the majority
of gasoline imports are from the Atlantic Basin,
with Canada, the Virgin Islands, and Western
Europe accounting for about two-thirds of the vol-
ume.  The remaining imports come primarily from
Latin America and Eastern Europe, with some gaso-
line being imported to the West Coast from the Asia
Pacific area.  Since 2000, imports from Venezuela
have declined.  Venezuela reported a major mainte-
nance period in 2002 and a strike in 2003.  Imports
from other Latin American countries such as Brazil
and Argentina increased.  There was also a signifi-
cant increase in gasoline imports from Canada
beginning in 2000 as a result of the Eastern
Canadian refinery expansion mentioned earlier. 

A major growing supply source for gasoline
imports into the United States is Western Europe.
The Western European highway fuels market has
been impacted by the dieselization of the region’s
vehicle fleet resulting from preferential taxation
favoring diesel-fueled vehicles.  Highway diesel
demand has been steadily displacing gasoline
demand in Western Europe, as shown in Figure I-14.
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Figure I-10.  U.S. Gasoline Production, Demand, and Net Imports
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Figure I-10. U.S. Gasoline Production, Demand, and Net Imports
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Figure I-11.  U.S. Gasoline Import Distribution
Year Average 2003 
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Figure I-12. PADD I Gasoline Supply

Figure I-13.  U.S. Gasoline Imports by Country
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The diesel demand increase is being offset to some
extent by a decrease in heating oil (gasoil) demand
resulting from fuel switching, as indicated in Figure
I-15. 

Although diesel demand has been increasing,
gasoline values in western Europe are still above
diesel.  Hence, there have been few gasoline-to-
distillate refinery conversion projects in European
refineries.  As gasoline demand in local markets
declines, Western European refiners have the poten-
tial to produce more gasoline than needed locally.

Figure I-16 indicates that market behavior in the
Mediterranean is consistent with the demand trends
in Western Europe.  Between 1996 and 1999,
Mediterranean gasoline value versus distillate
increased as specifications for gasoline were tight-
ened significantly (lower vapor pressure, sulfur,
benzene, and aromatics).  Following 1999, the rela-
tive value of gasoline to diesel has declined as
expected from the increase in diesel demand.  

Contrary to Europe, in the United States both
gasoline and distillate consumption have been

increasing.  Since 2000, the result of these differing
market conditions has been a steady increase in the
relative price of gasoline in New York Harbor versus
Rotterdam, as indicated in Figure I-17. 

As shown in Figure I-18, the Rotterdam gasoline-
distillate price differentials behaved similarly to
the Mediterranean market until 2001.  Since then,
the differential has been increasing.  This suggests
that gasoline in Rotterdam is now being valued
into New York Harbor as opposed to being valued
into the local market.  Historically, the
Mediterranean market has been less impacted by
conditions in U.S. markets than the Rotterdam
market as a result of the difference in transporta-
tion costs to the U.S. East Coast from the two
areas.  This price trend in Rotterdam is consistent
with the increase in Western European gasoline
exports to the U.S.

The recent increase in gasoline imports from
Europe reflects the changing economics of Atlantic
Basin supply as refiners seek to move material to
the highest value markets.  Given the expected
demand trends in Europe, European refiners are
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Figure I-14.  Western European Gasoline and Diesel Demand
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Figure I-14. Western European Gasoline and Diesel Demand
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Figure I-15.  Western European Distillate Demand
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Figure I-15. Western European Distillate Demand

Figure I-16.  Mediterranean Gasoline to Gasoil Spreads
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Figure I-16. Mediterranean Gasoline to Gasoil Spreads

  



PART I – REFINING CAPACITY AND PRODUCT IMPORT AVAILABILITY I-13

-0.50

0.00

0.50

1.00

1.50

2.00

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Source:  International Energy Agency.

N
O

M
IN

A
L 

D
O

LL
A

R
S

 P
E

R
 B

A
R

R
E

L

YEAR
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Figure I-17. Gasoline Differential – New York Harbor versus Rotterdam

Figure I-18.  Rotterdam Gasoline to Gasoil Spread
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likely to be able to produce additional quantities of
gasoline surplus to the local markets for several
years.  The U.S. East Coast is a logical outlet for
these suppliers.  The ultimate quantity that moves
will be dependent on the relative cost of the
imports compared with incremental domestic pro-
duction, as well as the gasoline value in other
potential markets.

New York and Connecticut MTBE Bans 
Illustrate the Market at Work

As of January 2004, the states of New York and
Connecticut banned MTBE.  MTBE is blended at
refineries to meet the government-mandated oxy-
gen content requirements of reformulated motor
gasoline (RFG).  The primary alternative to MTBE
for meeting these requirements is ethanol.  Unlike
MTBE, ethanol must be blended in terminals
because its affinity for water makes it impractical to
move ethanol-blended gasoline in the petroleum
product pipeline network.  The hydrocarbon mix-
ture that can be blended with ethanol to produce
RFG is called “reformulated blendstock for oxy-
genate blending,” or RBOB.

Venezuela has been a historical supplier of RFG
to the East Coast.  Initially in 2004, they reported-
ly experienced difficulty in producing RBOB, and
their supplies to the U.S. declined.  However, other
supply sources such as Western Europe responded
and there was no supply disruption observable to
the consumer.  Recently, imports from Venezuela
have begun to increase, suggesting that their
issues limiting RBOB production have been
resolved and Venezuela is able to compete in the
market.  This observation indicates that Atlantic
Basin suppliers of gasoline have the flexibility to
respond to changing U.S. market requirements.  It
is also illustrative of market interactions and sup-
ply adjustments during periods of fuel specification
transitions.

However, it is important to recognize that the
MTBE bans in New York and Connecticut created a
boutique fuel in that area, necessitating a new seg-
regation in the distribution system and new sources
of supply.  While industry adapted and the new fuel
has been delivered without disruption of supply, the
potential for supply disruption and resulting price
volatility has increased.

Factors That Potentially Impact 
the Growth in Domestic Product
Producibility

Refining Industry Financial Performance

The petroleum industry is very competitive and
the domestic downstream (refining and marketing)
business has on average had financial results below
both other segments of the oil business and other
industries.  The U.S. Energy Information Adminis-
tration (EIA) collects financial and operating data
from a sample of U.S. energy companies representa-
tive of the U.S. energy industry as a whole.  The most
recent report titled Performance Profiles of Major
Energy Producers 2002 was published in February
2004 and covered data through 2002.  In 2002, the
EIA’s Financial Reporting System (FRS) data sample
covered companies that accounted for over 80% of
the refinery product output of all U.S. refining facil-
ities. The data sample ranged over the entire spec-
trum of downstream companies.  The FRS data are
generally accepted as representative of results that
would be expected from both the U.S. total and
downstream petroleum industry.

Figure I-19 shows FRS petroleum industry return
on equity compared with the average return on
equity of the S&P 500 companies through 2002, the
most recent data available from EIA.4 While the
data vary considerably from year to year, over the
entire 1981-2002 period, the average for the FRS
companies was slightly below the S&P 500 compa-
nies’ average, at 11.3% and 12.2% respectively.
Contrary to many perceptions, returns in the U.S.
petroleum business are, on average, lower than
those of other U.S. industries.

A historical perspective on U.S. downstream petro-
leum profitability can be seen on Figure I-20.
Returns in this segment of the business are lower
than the other segments of the oil business.  Total
petroleum industry return on capital employed aver-
aged 7.7% across the entire period, with return on
capital employed in the refining and marketing seg-
ment averaging only 5.3%.  The same trend is evi-
dent in the more recent period (since 1990) as
shown on the graph.  The low returns in the refining
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4 More recent data on refinery gasoline margins are presented in
Figure I-25 later in this section.
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and marketing segment result from the highly com-
petitive nature of the business as well as the signifi-
cant amount of regulatory driven investments that
tend to capture little to no return in the market.5

For FRS companies, operating costs have been
generally declining since 1981, as seen in Figure 
I-21.  Prior to 1981, the petroleum industry operat-
ed under federal price control regulation.  Since the
price regulation era, U.S. downstream operating
costs have declined in response to competitive fac-
tors.  Gross margins (product selling price minus
crude oil price) closely followed the operating cost
pattern over the time period.  Net margins (gross
margin minus operating cost) have exhibited a flat
trend.

These data illustrate that the cost efficiencies
(lower operating costs) captured as a result of compe-
tition within the industry have essentially all been

passed to the market, as evidenced by the flat net
margin trend.  The significant savings realized over
the past 20 years have been reflected in lower prices
in the market rather than increased returns in the
industry.

Decisions by individual refiners to invest in
domestic refining capacity are complex and depend
on expectations of return on investment.  Refinery
assets are long-lived as evidenced by the fact that all
operating U.S. refineries are several decades old.
For investment to occur, an individual refiner must
reasonably expect investment in capacity to provide
at least the same rate of return as other investment
options over the life of the asset.  While each com-
pany has its own perspective for future market con-
ditions and will make its own independent decisions
on investment and operation, the long-term history
of below-average rates of returns remains a factor to
be considered.

Capital and Other Resource Constraints

As they have done in the past, U.S. refining indus-
try participants expect to continue to devote signif-
icant resources to environmental improvement,
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5 In its estimates of low sulfur gasoline and ultra low sulfur diesel
costs, EPA estimated a 7% before-tax capital amortization for
investment costs, which provides an after-tax discounted cash flow
return of 1-4% depending on the useful life assumption – below
even the below-average return for petroleum refining and market-
ing assets per EIA’s FRS (see 66 FR 5093 and 69 FR 39107).

      



including cleaner fuels production and reduction of
stationary emissions.  Figure I-22 shows U.S. refin-
ing and marketing investments in total and for envi-
ronmental compliance through 2002 in constant
2004 dollars.  Data for total expenditures are report-
ed by the Oil & Gas Journal, and environmental
data by API.6 Since 1999, overall expenditures have
been slowly growing, reaching over $8 billion in
2003, the highest level since 1995.  Expenditures in
the “base,” however, have been fairly flat over this
time period, with environmental investments
accounting for most of the increase.

Figure 1-22 indicates that the refining and mar-
keting industry has continued to invest in the base
business in spite of the relatively low overall return
data discussed previously.  However, the figure also
shows that investment in the base business can be
reduced when expenditures for environmental facil-
ities increase significantly.  This is particularly evi-
dent during the early 1990s and in 2002 when 
significant expenditures for gasoline quality
improvements occurred.  This observation is likely

a result of a combination of practical constraints on
the ability to maintain base business investments
when faced with a significant increase in invest-
ments to meet environmental standards.  The
domestic refining industry is comprised of many
diverse companies and resource constraints are
likely to vary widely among individual companies.

Capital needs in refining compete with capital
needs in other petroleum segments as well as capi-
tal needs of other industries.  Uncertainty around
the current and future climate for the industry can
not only impact internal capital allocation deci-
sions, but can also affect external evaluations such
as bond ratings.  These external evaluations can sig-
nificantly affect an individual company’s access to
capital.  While no two industry participants are like-
ly to access capital funding in exactly the same way,
no participant has unlimited access to resources.7
Thus, it should be expected that spending on
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Figure I-22.  U.S. Refining and Marketing Investments
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6 American Petroleum Institute, U.S. Oil and Natural Gas Industry’s
Environmental Expenditures, 1993-2002, January 28, 2004.

7 For additional discussion of the range of considerations for capital
acquisition and allocation among companies, see the report
Refining Capacity – Challenges and Opportunities Facing the U.S.
Industry by Kummins, Yaccobucci, and Parker of the CRS, August
2004, pages 6-9 in particular.  The NPC does not endorse the entire
contents of this report.

           



mandatory environmental projects can detract from
investments in the base business that provide capac-
ity growth, yield flexibility and reliability improve-
ments.

Large capital projects are typically designed and
engineered by a combination of internal company
resources and third-party companies.  There are a
number of these engineering companies, ranging in
size from very small to those capable of handling
projects of several billion dollars.  This segment of
the project business has in the past demonstrated
the capability to expand with workload and has not
been a constraint to domestic refining capital proj-
ect implementation.  However, before these entities
are engaged, a development effort is required to
determine what facilities should be built.  While
there are many different approaches to this phase of
a capital project, the evaluation of the multitude of
options with respect to costs, risks, impact on refin-
ery operations, etc., is a very complex task.  This
phase of a project usually requires a significant
amount of effort from highly skilled internal com-
pany individuals with detailed knowledge of the spe-
cific facility.  These resources are not easily lever-
aged with additional resources when project
workload is high.  Thus, when environmental
investment is high, the ability to develop projects
that might lead to throughput or yield improve-
ments can be limited by the availability of these
internal company human resources.  

Ever More Restrictive Product Quality
Requirements

Each refinery is unique, with a collection of facil-
ities that have evolved over the years in response to
both market and regulatory changes.  The operation
of these facilities is routinely optimized in response
to the market.  As product specifications become
more restrictive, the ability to utilize all the flexibil-
ity and volume capacity inherent in the refining sys-
tem can be diminished.  For example, regulations
such as the gasoline vapor pressure restrictions in
the summer mentioned previously reduce the abili-
ty of the industry to maximize volumetric output in
response to market demands.  While individually
many of these impacts are small, collectively they
can be significant, particularly during periods of
high utilization.  Although additional capital may be
spent to recapture this lost capacity, it can be diffi-

cult to generate a return on an investment that only
provides short-term or seasonal capacity since the
time frame for capital recovery is limited.

Increasing Project Costs and Uncertainty 
from Environmental Regulations  

Compliance with increasingly restrictive environ-
mental regulations has been a way of life in the
refining business for decades, and emissions reduc-
tions and an improved environment benefit society
in many ways.8 However, the magnitude of environ-
mental requirements and the uncertainty around
their enforcement can have a significant impact on
refinery investment.  If these costs and uncertain-
ties are not faced to the same extent by foreign com-
petitors, the domestic industry can become less
competitive and capacity growth could be reduced.

A multitude of issues around environmental com-
pliance, such as the history of reinterpretation of
past environmental permit rulings led by EPA’s NSR
enforcement initiative, environmental justice litiga-
tion, the uncertainty of NSR reform, and NAAQs
implementation schedules with questionable feasi-
bility, has resulted in a very uncertain climate for
the implementation of new refinery projects.  A sig-
nificant factor affecting investment decisions is the
level of uncertainty about the future.  While this
uncertainty cannot be eliminated, it can be affected
by government action or, in some cases, inaction.

For decisions requiring large amounts of capital,
increased uncertainty tends to stop, minimize, or
delay investment in order to reduce risk.  The long-
lived nature and high capital cost of refining assets
result in a long payout period.  Awaiting resolution
of uncertainty by delaying investment and even tak-
ing a short-term economic loss may be a more
attractive alternative than early investment in
equipment that may prove not to be optimum for
the long term.  Uncertainty is increased when regu-
latory requirements are not based on sound science
or thorough analysis of cost effectiveness.  Such
regulations face a higher likelihood of later chal-
lenge and change, increasing the uncertainty of the
outcome and therefore increasing the risks associat-
ed with investment decisions.  The recent confusion
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8 Refer to Appendix D for a summary of recent and pending regula-
tory challenges facing the domestic refining industry.

        



about the status of RFG requirements for the Baton
Rouge and Atlanta areas highlights the increased
uncertainty of environmental requirements with
questionable benefits.

Waivers Can Have a Negative Impact 
on the Investment for Clean Fuels 

Another uncertainty in the market is the poten-
tial for waivers or enforcement relaxation of fuel
specifications in response to political pressure dur-
ing price events.  As the risk of waivers increases,
the potential incentive to invest to produce clean
fuels will be reduced.  States have sought and EPA
has repeatedly considered and sometimes granted
enforcement discretion, and this has increased mar-
ket uncertainty.  Use of exemptions, exceptions, and
waivers should be limited to serious supply disrup-
tion situations that affect end-users’ ability to
obtain petroleum products, and the circumstances
of their potential use should be clearly established
in advance.

Environmental Operating Restrictions

Refineries today are subject to increasingly more
stringent permit and public relations constraints.
For example, it is no longer acceptable to flare for
any significant length of time.  New requirements
continue to be imposed such as continuous emis-
sions monitoring and the NOx ppm cap for FCC
regenerators.  In some areas, State Implementation
Plans are more restrictive than federal require-
ments, further limiting operational flexibility.
While industry participants will comply with these
new requirements, as operations become more con-
strained both the effective capacity and the flexibil-
ity of existing facilities to respond to unexpected
events can be reduced. 

Facility Security Environment Could Potentially
Impact Operations

Refining industry participants are committed to
keeping their facilities secure from threats of vio-
lence or terrorism.  Companies have been heavily
engaged since before September 11, 2001 in main-
taining and enhancing facility security.  Through a
public/private partnership approach, industry is
working with many federal, state, and local agencies
to address security issues.  These agencies include
the Department of Homeland Security (including

U.S. Secret Service, Transportation Security
Administration, and U.S. Coast Guard), the CIA, the
FBI, the Department of Transportation, the
Department of Energy, and the Department of
Defense.  Individual refineries also work closely
with various state and local emergency response
and law enforcement officers to ensure understand-
ing and coordination of security plans.

Refiners have expended substantial resources,
both human and financial, to enhance physical and
cyber security.  Expectations are that investments in
facility security will continue to be necessary as
potential threats are identified and assessed and as
security regulations such as the U.S. Coast Guard
regulations implementing the Maritime Transpor-
tation Security Act are promulgated.  In addition,
industry expects to continue to work with the
Department of Homeland Security and the other
agencies listed above in the public/private partner-
ship to address security issues in the future.  While
resources have been consumed in implementing
these changes, to-date security issues have had lit-
tle, if any, detrimental impact on operations.
However, there are proposals being discussed that
include provisions for refining technology changes
and criminal liability.  In the opinion of the NPC,
these proposals do not provide additional security
benefits but could significantly reduce refinery pro-
duction.

Grassroots Construction 
vs. Refinery Expansions

As discussed previously, domestic refinery capaci-
ty has continued to grow over time.  However, as
shown on Figure I-23, the number of refineries has
continued to decline.  No refinery capacity has been
built on a new site (grassroots) in the U.S. since the
mid-1970s.

The absence of grassroots domestic refinery con-
struction indicates the relative attractiveness of
expanding or acquiring existing refineries com-
pared with building a new refinery.  Refinery con-
struction at a new site would require very long plan-
ning, site selection, permitting, financing, and
construction lead times.  Expansion, acquisition,
and increased utilization of existing refineries are
typically more feasible, quicker, and less costly
options to increase light product production,
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although the lead times for modification of existing
refineries can also be substantial.

The economics of constructing a grassroots
refinery would be dependent on numerous factors
including the location, size, crude oil source, and
the product slate produced.  For illustrative pur-
poses, the following analysis provides a high level
generic comparison derived from public data of
the cost of grassroots construction compared with
the cost of capacity additions through acquisi-
tions.

Information published in the Oil & Gas Journal
(March 19, 2001) by the consulting firm Turner,
Mason & Company estimates the grassroots con-
struction costs for a hypothetical large-scale, high-
conversion refinery, designed to manufacture low
sulfur fuels for the U.S. market.  The refinery would
be situated on the U.S. Gulf Coast, a location that
has generally favorable construction costs relative
to other domestic markets.  The estimated con-
struction cost for such a refinery is between 
$2.5 and $3.0 billion.  Considering the additional
hurdles beyond construction costs that a U.S. grass-

roots refinery project would face, such as obtaining
site and environmental permits, the estimate
appears to be somewhat low.  

Equivalent Distillation Capacity (EDC) is a con-
cept that is widely applied in the refining industry to
perform comparisons between refineries of different
scale and sophistication.  Based on analysis of the
Turner Mason estimate, the cost of the hypothetical
Gulf Coast refinery would be within the range of
$1,050/EDC to $1,275/EDC in 2004 dollars.  

Refinery acquisition values can provide a measure
of the value of domestic refining assets from both
the buyer’s and seller’s perspective.  The following
data summarize refinery acquisition prices from all
domestic refinery sales since 1998 that satisfied
three conditions:

• Transaction price is public record

• Refining assets were primarily in the fuels busi-
ness as opposed to asphalt or lubricants

• The primary assets included in the transaction
were individual refineries, as opposed to company-
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Figure I-23.  U.S. Refining Capacity and Number of Refineries
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wide transactions or portfolios comprised of both
refining and non-refining assets.

There were 25 transactions that met these condi-
tions.  In 2004 dollars on an EDC weighted basis,
the average sales price was $320/EDC.  A compari-
son of grassroots construction costs with refinery
acquisition price is shown in Figure I-24. 

This analysis suggests that current industry par-
ticipants have valued U.S. refining assets at about
one-fourth to one-third the cost of grassroots con-
struction.  This would appear to explain why some
companies seeking to add domestic capacity have
pursued acquisition rather than grassroots con-
struction.  The number of transactions in recent
history indicates that a viable market for refining
assets does exist.

As shown in Figure I-25, refinery gasoline mar-
gins have varied considerably over time.  Margins
for 2003 and 2004 to-date average about 25% above
the average for the years 1998-2003.  Assuming that
the refinery sales history presented above has gen-
erally reflected margin expectations based on the
longer-term averages, even the recent increase in

margins would not appear to be sufficient to justify
new grassroots refinery construction if translated
into long-term future expectations.

The continuing expansion of existing refineries
in this environment indicates that there have been
refinery expansion opportunities available at lower
cost than grassroots refinery construction.
Capacity expansion projects can have more favor-
able economics than grassroots projects, because
they can often use the existing refinery site, utili-
ty, and support units and can generally be imple-
mented in a shorter time frame.  Often, expansion
projects can also be implemented with limited
additional fixed operating costs in contrast with
grassroots projects that bear a full fixed cost over-
head. 

The analysis above is a very generalized assess-
ment.  In reality, actual decisions about investing
in a grassroots refinery, acquiring assets through
acquisition, or expanding capacity at an existing
site would be based on an individual company’s
assessment of the market and economics includ-
ing the particulars of the investment being con-
sidered. 
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Near-Term Outlook

No Serious Supply Issues Anticipated 
with Low Sulfur Gasoline Implementation

The National Petroleum Council does not expect
serious supply issues to arise associated with imple-
mentation of low sulfur gasoline through 2006.
Individual companies have made independent deci-
sions regarding investment in lower sulfur gasoline
production, including timing, location, capacity,
technology, and design assumptions for invest-
ments.  No independent public source is available to
provide aggregate data on these gasoline desulfur-
ization investments, nor has EPA tracked the
progress of refiners in achieving compliance with
the new rules as it has done with the ULSD imple-
mentation.  Therefore, the NPC must rely on gener-
al industry knowledge and limited public data to
assess the likelihood that the demand for low sulfur
gasoline will be met through implementation in
2006.  Based on the information available, the NPC
believes that current capacity for gasoline desulfur-
ization along with announced additions of gasoline
desulfurization capacity and the expected availabili-

ty of imports will provide for continued domestic
supply in the near term. 

The NPC did not develop a demand forecast as
part of this update activity.  The NPC did review the
most recent EIA demand forecast as part of this
activity.  The EIA forecast has domestic gasoline
demand increasing about 2% per year in the near
term.

Recent performance in meeting the early phase-
in of the low sulfur gasoline rule can be used as a
guide to expected future performance.  In the 2000
NPC refining study, the average gasoline content
was estimated at 340 ppm in the U.S.  Beginning in
January 2004, the cap on gasoline sulfur content
was lowered to 300 ppm, with a corporate average of
120 ppm.  Industry participants produced gasoline
meeting these more stringent requirements at
record total volumes for the first six months of
2004.  

Further evidence of the ability to meet gasoline
sulfur regulations in the near term is provided by
reviewing imports and the availability of gasoline
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sulfur allotments, which allow for the production or
importation of gasoline with higher sulfur than the
corporate average but less than the 300 ppm cap.
Allotments are generated by reducing the average
sulfur content of gasoline below the prescribed cor-
porate average of 120 ppm.  In early 2004, EPA con-
templated a relaxation of the average sulfur require-
ments for importers to allow additional imports
after a small number of importers claimed they
could not meet the average 120 ppm sulfur standard
for 2004 because sulfur allotments were not avail-
able.  Following a review, EPA determined that allot-
ments were available to allow compliance and deter-
mined that such a relaxation was not warranted.
Through the first six months of 2004, imports of
gasoline were at record levels, and gasoline sulfur
allotments remained available for purchase.   While
this does not provide definitive information on the
flow of allotments or the absolute sulfur levels of
domestic production or imports, it does indicate
that current domestic production in combination
with imports is capable of achieving market demand
volumes while meeting specifications, and that
some capacity exists to reduce sulfur below 2004
levels. 

Gasoline imports are expected to continue to be
an economic supply source for the U.S. in the near-
term future.  Primary sources of gasoline imports to
the U.S. should be able to meet U.S. Tier 2 gasoline
specifications.  Canada and Western Europe both
have mandated reductions in sulfur similar to those
being mandated in the U.S. in approximately the
same time frame.  The Virgin Islands depends on the
U.S. for the placement of its production and
Venezuela has publicly stated it is investing in its
refineries in order to continue to be a supplier of
gasoline to the U.S. market.  This being said, the
U.S. may well lose some of its historical sources of
supply including Eastern Europe and parts of Latin
America.  These supply sources will likely not be
able to meet U.S. specifications without significant
investment in the near term, and may choose not to
invest to comply with U.S. specifications if other
markets with growing demand are available as an
economic outlet for their oil products.  

The European Union has implemented regula-
tions that are aimed at a reduction in emissions of
global warming gases.  Processing changes that may
be required in European refineries to enable com-

pliance with the global warming gas emissions reg-
ulations may cause an increase in the cost of pro-
ducing oil products in European refineries relative
to today.  Depending upon market forces, this may
result in upward pressure on the cost of imported
gasoline from Europe to the United States.

The NPC is optimistic that gasoline supplies will
be sustained through the implementation of the low
sulfur gasoline rules in 2006.  Some localized sup-
ply disruptions may occur due to operational diffi-
culties, but these are not expected to be of signifi-
cant duration.9 There are a number of pending
regulatory and legislative issues discussed in the
Recommendations section of this report that if
resolved would remove some uncertainty from the
market and improve the climate for domestic refin-
ery investment, further assuring this optimism.

Boutique Fuels Fragment Markets 
and Reduce Supply Efficiency

As boutique fuels proliferate, the marketplace
becomes even more fragmented, increasing the
potential for supply disruptions and price volatility.
This occurs because boutique fuel requirements
hinder the supply flexibility inherent in the complex
petroleum product distribution system.  Highly
balkanized fuel requirements restrict potential
alternative supply sources that can be used to bal-
ance demand.  For example, when New York and
Connecticut implemented MTBE bans effective
January 1, 2004, they could no longer be supplied
with MTBE-based RFG used throughout the rest of
the Northeast.  This required additional segrega-
tions and realignment of supplies.  While industry
responded successfully, preventing disruption of
supplies to consumers, the system overall was and
continues to be exposed to a higher probability of
breakdown.

The NPC is not prepared to recommend changes
in existing boutique fuel requirements; however,
requests for additional specialty formulations, for
example those under consideration in Detroit,
should be approved only where necessary and cost
effective relative to other emissions reduction
options.  The uncertainty generated by situations
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such as RFG implementation issues in Baton Rouge
and Atlanta further complicate supply planning and
hinder efficient delivery of fuels to the market.

In addition to being a driver for boutique fuels,
the proliferation of MTBE bans results in a net loss
of domestic gasoline producibility.  With the RFG
oxygenate requirement in place, removing MTBE
requires substitution of ethanol.  Base gasoline
volatility must be reduced to accommodate
ethanol’s higher blending volatility.  This reduction
is accomplished by removing light material from
gasoline.  As recommended in the 2000 NPC refin-
ing report, adequate lead time should be provided to
allow all the activities necessary to enable refinery
and distribution system modifications to respond to
significant product quality changes such as MTBE
bans.

Significant Supply Concerns Exist for Ultra Low
Sulfur Highway Diesel Implementation

The NPC has significant concerns that the cur-
rent Ultra Low Sulfur Highway Diesel (ULSD) regu-
lations have the potential to result in serious and
prolonged supply problems.  The current regula-
tions require earlier implementation and lower sul-
fur levels than those evaluated in the 2000 NPC
refining study, raising additional supply concerns
beyond those posed in that study.  EPA regulations
require ULSD in mid-2006, whereas the 2000 NPC
refining study recommended implementation of
ULSD in mid-2007 to avoid overlap with the Tier 2
sulfur gasoline investments.  The ULSD rule also
requires a 15 ppm sulfur cap for ULSD, rather than
the 30 ppm sulfur refinery average evaluated in the
2000 NPC refining study.  Further, EPA is requiring
sulfur enforcement at retail, versus the refinery-
gate enforcement strategy that was recommended
in the 2000 NPC refining study and has been used
successfully for the RFG and Tier 2 gasoline sulfur
programs. 

The EPA Highway Diesel Fuel 2003 Pre-
Compliance Reports survey suggested that refin-
ers’ plans should provide sufficient production
capacity of diesel at or under 15 ppm sulfur to
meet demand, provided the 80/20 phase-in option
works and downgrade of ULSD in the distribution
system is minimal.  The results of the 2004 EPA
pre-compliance reports were released just at the

time this report was drafted, and they indicated a
very slight reduction in the anticipated production
of 15 ppm maximum sulfur highway diesel versus
the 2003 report.  In the 2004 report, EPA summa-
rizes: “Hence, it appears that the refining industry
as a whole is adequately planning for projected
highway diesel demand through 2010.”10

The NPC has serious concerns about the feasibil-
ity of ULSD movement through the distribution sys-
tem of pipelines, vessels, terminals, and trucks that
will still move substantial volumes of higher sulfur
jet fuel, non-road diesel, and heating oil.
Significant losses and downgrades during delivery
from refineries to the final consumer could result in
apparently adequate supplies at refineries being
unable to meet demand at retail.  Trial pipeline ship-
ments of ULSD suggest the potential for significant
volume loss of on-specification ULSD, potentially in
excess of 10% in each transportation segment, dur-
ing distribution even allowing for a significant sul-
fur increase.  Quantitative data were just becoming
available at the time of this update. 

The ULSD regulation provides for sale of limited
volumes of ULSD with sulfur greater than 15 ppm at
retail (but less than 500 ppm), provided it is segre-
gated separately from sales of under-15 ppm sulfur
ULSD.  EPA is relying on this provision (“80/20
phase-in”) to conclude that refineries will produce
adequate ULSD to meet demand in 2006.  However,
there are no public evidence or announcements of
distribution system preparation for segregation of
an additional diesel product required to utilize the
80/20 phase-in option and to sell volumes of ULSD
with sulfur slightly above 15 ppm.  The combination
of a short four-year window for the 80/20 phase-in
and the small 20% volume offers little or no oppor-
tunity to payout any new facilities to segregate an
additional diesel product.  Without advance prepa-
ration in the distribution and retail system, down-
graded ULSD cannot be sold to highway diesel cus-
tomers.  Further challenging ULSD distribution is
the fact that EPA’s testing tolerance is inconsistent
with the sulfur test precision.  EPA regulations
allow only a 2 ppm tolerance for testing variability
at retail whereas the best current sulfur test meth-
ods exhibit reproducibility in the 4 to 8 ppm range.
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Enforcement of the retail cap without an adequate
tolerance for test reproducibility could result in
large quantities of diesel being disqualified as ULSD
for supply to consumers.  Alternatively, distribution
companies could use the current sulfur test statisti-
cal reproducibility and the potential for downstream
contamination to establish a refinery gate sulfur
specification below 10 ppm.  This is particularly
true for long and complex distribution movements,
such as those from the Gulf Coast to the East Coast
and Midwest.  Some pipelines are reportedly consid-
ering very stringent refinery gate requirements;
numbers as low as 5 ppm sulfur have been men-
tioned.  Design should have been completed and
construction should be underway for most refinery
projects to produce ULSD to meet the 2006 imple-
mentation date.  While no public information exists
on design targets for desulfurization projects, the
NPC has concerns that actual release specifications
may be significantly more restrictive than refinery
project design.  If this is the case and desulfuriza-
tion projects are forced to operate at lower sulfur
levels than design, then actual ULSD production
could be substantially below design rates.

The NPC believes that it is unlikely that imports
will be available to balance any significant domestic
production and delivery shortfall that could occur
when ULSD is implemented.  As discussed earlier,
the U.S. has not historically imported significant
volumes of low sulfur highway diesel (less than 100
thousand barrels per day).  While Canada and the
Virgin Islands will likely maintain their historical
volumes of highway diesel imports to the U.S. for
the same reasons driving gasoline imports, it is
unlikely that there will be any other reliable source
of ULSD imports to the U.S.  As mentioned previ-
ously, Western Europe diesel demand continues to
increase and acquiring diesel from Europe could be
problematic.  In fact, Europe might compete with
domestic markets for ULSD, though higher
European cetane requirements could be a barrier.
In addition, ultra low sulfur specifications are not
scheduled to be fully implemented in Western
Europe until 2009.

Although the timing and specification level of the
ULSD regulations do not follow the NPC’s 2000
refining study recommendations, the timing
requirement has been finalized and should not be
changed this close to the implementation date,

because refiners are already making investments to
comply.

However, EPA’s current testing tolerance for
ULSD should be adjusted to reflect the reproducibil-
ity of the tests that will be available for regulatory
compliance.  Otherwise, some on-specification
batches of ULSD may be ruled non-compliant sole-
ly as a result of testing inaccuracy.  This has the
potential to significantly reduce ULSD supplies, par-
ticularly in the transition period.

EPA should work with DOE and the various fuel
supply industries to consider emerging information
about the behavior of ULSD moving through the
entire distribution system and to consider how to
achieve the goals of the program while recognizing
distribution system behavior.  A phased-in distribu-
tion tolerance could ease the transition supply con-
cern.

In addition to the concerns with the implementa-
tion of ULSD, other potential diesel supply issues
exist.  Reducing sulfur to very low levels reduces
diesel lubricity, and ASTM has adopted a diesel
lubricity specification for highway diesel as of
January 1, 2005.  However, recently concerns have
arisen with lubricity additive trailback into subse-
quent products in pipelines, particularly jet fuel, if
the additive is injected at the refinery.  Various
pipelines have proposed conflicting refinery gate
lubricity additive requirements, and provision for
terminal addition of lubricity additive may be prob-
lematic for the January 1 timing.  Industry partici-
pants are actively working this problem, but if suc-
cessful resolution is not promptly achieved,
localized supply issues with jet fuel or highway
diesel may occur in early 2005.  Another issue is the
availability of additized 15 ppm sulfur No. 1 diesel to
blend into the diesel pool to meet cold flow proper-
ties in the winter.  This issue is unresolved and war-
rants further study.

Recommendations

The NPC provides the following recommenda-
tions to help ensure a reliable supply of light petro-
leum products to the U.S. consumer.  These rec-
ommendations are aimed at avoiding hindrance of
capacity expansion, improving the environment
for investment in domestic refining and logistics
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capability, and allowing the current supply system
to continue to operate efficiently.  Allowing the
market to work efficiently will benefit the cus-
tomer as the market provides the fastest and most
efficient response to supply disturbances.

The recommendations of the 2000 NPC refining
study remain applicable and should be implement-
ed.  A summary of those recommendations and the
current status is included in Appendix C.

New Source Review

Immediate implementation of comprehensive
NSR reform is a very important policy step needed
to improve the climate for investment in domestic
refinery expansion.  The reforms promulgated by
the Bush Administration, including the Equipment
Replacement Rule currently under judicial review,
should be implemented as soon as possible.
Attempts to delay or overturn the reforms should be
vigorously opposed.  Additional reform proposals
regarding de-bottlenecking and project aggregation
should be issued and finalized.  Additional back-
ground on NSR is included in Appendix E.

National Ambient Air Quality Standards

EPA should revise the NAAQS compliance dead-
lines and procedures to take full advantage of emis-
sions reduction benefits from current regulatory
programs such as cleaner fuels/engines and reduc-
tion of regional emissions transport.  As currently
structured, attainment deadlines precede the bene-
fits that will be achieved from emissions reductions
already planned.  Thus even though programs are
already being implemented to provide emissions
benefits, states with non-attainment areas will be
required to pursue additional costly controls that
might otherwise not be needed and might not be
deliverable in the time frame currently required.

The current deadlines could result in:

• Requirements for additional emissions offsets for
any refinery modifications, reducing the econom-
ic attractiveness of investment in refinery capaci-
ty expansion

• Additional investment in stationary source con-
trols at refineries, reducing the overall profitabil-
ity and viability of domestic refining versus
imports

• Additional requirements for boutique fuels,
reducing the efficiency of the distribution system
and increasing the potential for supply disrup-
tions.

These requirements would be disincentives to
expansion of domestic refining capacity.  If the
states were given sufficient time to allow emissions
benefits of clean fuels/engine programs and region-
al transport regulations to be considered in attain-
ment demonstrations, the adverse impact of these
regulations on domestic refining capacity would be
greatly reduced. 

Implementation of Ultra Low Sulfur Diesel
Regulations

Although the timing and specification level of the
ULSD regulations do not follow NPC’s 2000 recom-
mendations, the timing requirement has been final-
ized and should not be changed this close to the
implementation date, because refiners are already
making investments to comply.

To reduce the potential for supply disruptions,
EPA should work with DOE and the various fuel
supply industries to consider emerging information
about the behavior of ULSD moving through the
entire distribution system and to consider how to
achieve the goals of the program while recognizing
distribution system realities.  EPA sponsored a
workshop on this subject in November 2004.

EPA’s current testing tolerance for ULSD should
be adjusted to reflect the reproducibility of the tests
that will be available for regulatory compliance;
otherwise, enforcement actions based on testing
inaccuracy may result in disruption to the supply
system.

National Energy Legislation

The NPC recommends passage of national energy
legislation as embodied in the 108th Congress con-
ference report on HR.6 as the vehicle with the high-
est probability of obtaining prompt action on the
RFG oxygenate, oxygenate liability, and boutique
fuel issues.  While clearly a compromise, the pack-
age will help remove some of the uncertainty
around the future of the domestic refining industry.

• Oxygenate Liability. Congress should approve
limited liability protections for defective product
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claims involving MTBE and other federally
required additives.  This action would eliminate
only defective product claims that penalize fuel
manufacturers for meeting the Clean Air Act
requirements.  Negligence and other traditional
causes of action for MTBE cleanup would be unaf-
fected.  

• Boutique Fuels. Requests for specialty fuels for-
mulations, whether driven by NAAQS or other-
wise, should be approved only where such pro-
grams are necessary and cost-effective relative to
other emissions reduction options.  Proliferation
of boutique fuels has fragmented the market,
increasing the potential for supply disruptions
and price volatility.  While the industry has been
able to adapt to the current slate of boutique fuels
without significant supply disruptions, continued
proliferation will substantially increase the risk 
of supply disruption and price volatility.
Implementation of state and local fuels programs,
including any actions on MTBE, should be coor-
dinated to avoid hindering operation of the distri-
bution system, and should provide sufficient lead
time to implement any necessary refining and
distribution changes.  

DOE and EPA should conduct a joint study of the
boutique fuel issue, with participation by all
stakeholders.  This study should provide impor-
tant information on the impact of boutique fuels
on fuel production and distribution.

Sound Science, Cost Effectiveness,
and Energy Analysis

The 2000 NPC refining report recommended that:
“Regulations should be based on sound science and
thorough analysis of cost effectiveness.”

Executive Order 13211, signed by President Bush
in 2001, requires agencies to prepare a “Statement
of Energy Effects” including impacts on energy sup-
ply, distribution, and use, when undertaking regula-
tory actions.  The NPC recommends that Executive
Order 13211 be made law and strictly enforced.

The NPC is not suggesting elimination or roll-
back of environmental requirements, but rather
that the cost analysis of proposed regulations
should include a thorough analysis of energy supply
effects from production to end-use.  Examples of
regulations that the NPC does not believe reflect a

thorough analysis of the energy supply effects
include off-road ULSD and NAAQS regulations.  As
a result, implementation of these regulations may
impose unintended costs without commensurate
benefit.

Regulatory cost/benefit analysis should also be
performed on an incremental basis, to ensure that
each required increment is cost justified.  Using a
total and average analysis may result in adopting
emissions reduction increments that are not cost
effective.

Permitting

Streamlining the permitting process would help
improve the environment for domestic refining
capacity investment.  Some activities are currently
underway to review processes and identify stream-
lining opportunities; these activities should include
industry and other stakeholders.  Streamlining
should provide for expeditious overall review and
have a clearly defined process for obtaining a per-
mit, with agency roles and responsibilities well-
defined and specific deadlines for making permit
decisions. 

While the permitting process can be time con-
suming and burdensome, it is not the only hin-
drance to additional domestic refining capacity
expansion.  Streamlining the permitting process
alone may not result in a significant increase in the
rate of domestic capacity expansion. 

The 2000 NPC refining report identified environ-
mental justice challenges to permit requests as a
potential issue and recommended that EPA define a
clear process for dealing with these challenges.
While environmental justice challenges have not
been widespread since the 2000 report, there have
been a few instances where environmental justice
challenges resulted in abandoning projects.  The
potential for more widespread challenges remain,
and the NPC reaffirms its 2000 recommendation
that EPA define a clear procedure for dealing with
environmental justice challenges.

Depreciation Schedule Adjustment

Adjusting the depreciation schedule for all refin-
ing equipment to five years from the current ten
years, consistent with the treatment of similar
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process equipment in other manufacturing indus-
tries, would have a positive impact on expansion
investment economics.  This action would reduce
the capital recovery period for investment in refin-
ing equipment, helping to offset the historically low
returns in the refining/marketing business that
have hindered investment in capacity expansion.
Depending on the specifics of the project, this
depreciation change should increase the return on
investment by about one percentage point.

The depreciation adjustment should be applied to
all new domestic refining investment.  Attempts to
apply revised treatment to some small sub-segment
of investment may have the perverse effect of reduc-
ing the incentive for more significant additions in
base capacity.  The depreciation schedules for petro-
leum pipelines and for storage facilities should be
similarly reduced.

Fuel Waivers and Enforcement Discretion

Use of exemptions, exceptions, and waivers
should be limited to serious supply disruption situ-
ations that affect end-users’ ability to obtain petro-
leum products.  States have sought and EPA has
repeatedly considered and/or granted enforcement
discretion, and this has increased market uncertain-
ty.  EPA should issue a definitive variance procedure
for allowing non-complying fuel to be sold in the
marketplace.  Proposed guidance on waivers has
been recently released by EPA as a first step in this
process.

Alternative Fuels

Mandates or subsidies for alternative fuels
increase the uncertainty and reduce the incentive
for investment in additional domestic petroleum
refining capacity.  Therefore, these subsidies may
not reduce petroleum product imports as intended
and could increase the cost to consumers.

Distillation and Driveability Index

The 2000 NPC refining report recommended that
the Driveability Index not be changed without thor-
ough additional analysis.  To date, EPA has resisted
automakers’ calls for a reduction in Driveability
Index, or a change to Distillation Index (Driveability
Index plus an ethanol adjustment).  EPA should
continue this position.  A reduction in Driveability

or a change to Distillation Index could result in a
significant reduction in domestic refinery gasoline
producibility.

Site Security

Site security enhancement should remain an
industry responsibility with ongoing risk assess-
ment coordinated with the Department of
Homeland Security, which should retain the lead
federal coordination role.  Refining industry partic-
ipants are committed to keeping their facilities
secure from threats of violence and terrorism.
Refiners have expended substantial resources to
enhance security and expect to continue to do so.
There are proposals being discussed that include
provisions for refining technology changes and
criminal liability.  In the opinion of the NPC, these
provisions do not provide an additional security
benefit but have the potential to negatively impact
light product production capability. 

Reducing Distribution Incidents Would Improve
Supply Reliability

The “one call” system to avoid digging incidents
should be made national and aggressively promoted
and enforced.  Damage to underground pipelines by
third-party digging has been a source of distribution
disruption.  Broadening the one-call system to
include government entities and strictly enforcing its
use will help reduce the potential for these incidents.

Access to Ports

Efficient access to ports is necessary for receipt of
both imported crude oil and petroleum products.
Sufficient funding should be provided to increase or
maintain existing depth in waterways serving key
crude oil and light product import facilities.  The
dredging permit process for individual terminal
sites should be streamlined and adequate designat-
ed disposal sites should be provided for the dredging
materials that are removed during the dredging
process.

During periods of significant supply issues,
increased waterborne movements of petroleum may
be desirable.  The current process for obtaining a
waiver of the Jones Act should be evaluated and
clarified so that definitive rules are in place should
this need occur. 
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2005 Domestic Capacity

These recommendations are aimed at avoiding
hindrance of capacity expansion, improving the
environment for investment in domestic refining
and logistics capability, and allowing the current
supply system to continue to operate efficiently.
These recommendations should be implemented as
soon as practical to begin taking effect.  

Major refinery modifications can take four or
more years lead time for all the activities necessary
for implementation.  Due to this lead time, the
capacity that will be available in 2005 is the result of
regulatory actions and investment decisions over
the last several years.  The NPC has not identified
any government actions that could significantly
increase domestic refining capacity available for
2005.

Longer-Term (to 2010) Observations

Historically, large petroleum markets have been
primarily served by refineries with a logistical
advantage to the market.  This occurs as a result of
the relative cost advantage of transporting crude
oil long distances as opposed to transporting a
multitude of products.  While worldwide refining
capacity has historically been available to meet
product demand, products flow to and from differ-
ent demand areas as the market and refining capa-
bility changes in response to economic realities.
Worldwide product demand growth is expected to
be greatest in the developing countries of the Far
East such as China and India.  It is possible that
refining capacity growth in those areas may not
keep pace with demand and that some of the

sources of current U.S. oil product imports will
find it more attractive to serve markets other than
the United States.  Potentially this could alter U.S.
refinery expansion economics such that domestic
refining capability will grow to economically
replace imports.  Conversely, there might be over-
expansion of refining capacity in growth markets
in other parts of the world that could provide eco-
nomic oil import supplies for the U.S. market-
place.  Barring any artificial barriers to world trade
in oil products, market economics and local con-
struction and operating costs will dictate the eco-
nomic location for new refinery capability.

It is still too early to determine how the reduction
in non-road diesel sulfur in 2007 and 2010 will pro-
ceed.  Any problems that do arise related to the
implementation of 15 ppm non-road diesel sulfur
would likely overlap into the highway ULSD supply.
Each individual refiner will continue to independ-
ently evaluate when to upgrade/invest for addition-
al diesel desulfurization capacity to meet the 500
ppm non-road diesel rule in 2007 and the total
diesel sulfur pool at 15 ppm in 2010.  Incremental
15 ppm diesel production costs are likely to rise as
desulfurization of increasingly more difficult
streams is required.

While there is uncertainty surrounding the
impacts of implementation of the various diesel sul-
fur rules, heating oil supplies should not be nega-
tively impacted.  However, a potential wildcard con-
tributing to the uncertainty in the heating oil
supply outlook is whether individual states will
impose lower heating oil sulfur requirements in this
time frame.
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Role of Inventory

This supplemental report focuses on major light
petroleum products and crude oil inventories in the
United States, but it is important to understand these
inventories and their relationship to the light petro-
leum product market in the context of the larger
global petroleum market.  Production and delivery of
petroleum products involves at least 14 separate
activities, as shown in Figure II-1.  This figure illus-
trates the various components of the global petrole-
um supply chain, and the points at which inventories
occur.  Many unique competitors participate in this
supply chain.  Some are integrated throughout the
chain while others only specialize in certain seg-
ments.  Competition in the global marketplace drives
adoption of the most efficient strategies, including
those related to inventory management.

Inventory is held at many points in the global
supply chain and plays several roles.  The focal point
of this study is based on data collected from the EIA
– major light petroleum products and crude oil in
the primary system in the United States.  The pri-
mary system is one component of global inventories
and contains about half of the total U.S. inventory of
major light petroleum products.  Although move-
ment and processing of a specific crude oil can take
months due to the geography and complexity of the
supply chain, in reality products are continuously
being shipped from over 140 U.S. refineries and
arriving at more than 1,500 points of terminal dis-
tribution.  This continuous process allows prompt
reallocation of products to meet fluctuations in
local or regional needs.

Products move from primary storage into second-
ary storage, which includes distributor, retail sta-

tion, and industrial and commercial inventories.
Product from secondary storage is transferred to the
consumer or end-user, making up the third inven-
tory category called tertiary storage.

In facilitating the operation of this supply chain,
inventory plays several roles: operational necessity,
component of supply, financial opportunity, and
protection against a worldwide emergency.  While
inventories are a requirement for reliable supply,
they also represent a cost of doing business.

Inventory as an Operational Necessity

The flow of crude oil and products around the
world is not always constant, homogenous, or unin-
terrupted, due in part to the batch nature of move-
ments in ships, barges, pipelines, railcars, and
trucks, as well as the real world variability associat-
ed with these transportation modes.

Delivery of crude oil and products to the cus-
tomer is a complex process.  The movement of
crude oil from its reservoir through the supply
chain to become a finished product can take
months due to the vast distances in which crude
oil and products normally travel.  Crude oil
reserves are generally not located near refineries,
and refineries can be far removed from consumers.
Significant quantities of crude oil and petroleum
products are moved in large ships (some of which
hold the equivalent of one-quarter of the U.S. daily
gasoline consumption) at speeds around 15 miles
per hour.  Pipelines flow at the pace of a fast walk,
3 to 6 miles per hour.  Even inside the United
States, crude oil produced in Texas requires over
two months before arriving as product on the U.S.
East Coast.  In addition to the relatively slow
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movement of oil, the batched nature of oil move-
ments (crude oils from the well to the refinery and
the myriad of products from the refinery to termi-
nals and ultimately to the consumer) creates addi-
tional logistical complexity.

Inventory used as an operational necessity
includes tank bottoms, pipeline fill, in-transit
inventory, and working inventory.  Pipelines must
be full in order to push crude oil and products to
their delivery points.  Many tanks must have a cer-
tain amount of crude oil or products always in
their bottom in order to receive or deliver.  This
inventory is normally not available to meet
demand because it is required to maintain a steady
operation and it provides an interface between
each segment of the industry’s supply chain – pro-
duction, transportation, refining, product distri-
bution, and marketing.  This allows the different
rates of flow in different parts of the supply system
to be balanced.  

As the industry has achieved higher throughput
rates while adding limited new inventory capacity,
the improved operational efficiency is reflected in
the reduction in the “days of supply of inventory.”
While a reduction in this number is reflective of
improvements in efficiency, it does not reflect a
lower level of supply reliability.

Inventory as a Component of Supply

Another role of inventory is that of a component
of supply.  This inventory is produced and stored in
order to meet expected future demand.  Product
demand has seasonal and regionally specific char-
acteristics.  Off-season storage of inventory may
serve as an economic method of supplying future
demand versus a more timely purchase or produc-
tion increase.  In the United States, heating oil is
the product that has historically seen the largest
seasonal inventory builds to supply periods of peak
demand.  Even though U.S. refinery capacity is
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more than adequate to meet peak demand for
heating oil and other distillate products, differing
seasonal production economics have encouraged
seasonal inventory builds.  These seasonal builds
have been diminishing in recent years, while
demand has been met by higher and more flexible
refinery output, and increased imports. Compa-
nies also build inventories in preparation for
planned maintenance in the production, refining,
and logistical systems.  To ensure that customer
needs are met, additional inventories are normally
held as protection against variability in the ele-
ments of the supply chain as well as in customer
demand.  The quantity and use of these inventories
vary and are subject to individual company operat-
ing philosophies.

Inventory as a Financial Opportunity

Changes in industry aggregate inventories can-
not be interpreted as changes in the adequacy of
supply.  Physical inventories can also be used to
improve economic performance.  Inventory held
for this purpose is referred to as “discretionary”
because it is in excess of the level necessary for
operational efficiency.  This capability is, to varying
degrees, available in all segments of the supply
chain: production, refining, terminaling, commer-
cial end-use, and consumers.  In the primary sec-
tor, these inventories appear predominantly in ter-
minals.  Most companies actively manage their
physical product inventory in response to econom-
ic incentives.  Companies may manage their indi-
vidual level of discretionary inventories based on
their assessment of future market conditions.
There may also be incentives based on the futures
market that influence the level of discretionary
inventories.  For example, if futures prices for
delivery in coming months are higher than the
price today, an incentive may exist to build inven-
tory because it may be worth sufficiently more later
to cover the carrying cost and financial risks.
Under this scenario, the market is said to be in con-
tango.  Conversely, if the futures prices for delivery
in coming months are lower than the price today,
companies may have an incentive to draw discre-
tionary stocks and keep them low while maximiz-
ing sales.  Under this scenario, the market is said to
be backwardated.  Regardless of these financial
drivers, companies strive to hold sufficient invento-
ries to operate reliably and meet customer demand.

Inventory as a Cost of Doing Business

The industry is very competitive, which drives
each company to continually strive to financially
optimize operations while providing adequate supply
to meet expected customer demand.  Achieving both
these aims continually and successfully is a complex
planning task for an operating company, requiring
continuous coordination between the various seg-
ments of the supply chain – crude oil supply, refin-
ing, transportation, and final product delivery.
Crude oil has to be supplied in adequate volumes and
in a reliable and timely manner for refineries to
process it into finished products.  Refineries then
have to run reliably to process the crude oil to meet
local or regional product demand and the distribu-
tion systems need to have the capability to deliver
product to market.  Failure to plan for adequate
inventories to meet an individual company’s require-
ments results in a competitive disadvantage through
the eventual loss of product sales and margins that
could have been gained from those sales.

Inventory is considered working capital and, as
such, is a cost of doing business.  Carrying more
inventory than required to operate the system may
increase costs unnecessarily, unless there is a finan-
cial incentive to do so.  Conversely, carrying too lit-
tle inventory increases the risk that the system may
not be able to meet customers’ demand, resulting in
a lost competitive advantage.  The competitive
nature of the industry is such that companies try to
minimize working capital (or costs) consistent with
operating reliable supply systems.  Ultimately, cus-
tomers benefit from efforts to reduce petroleum
supply costs, as evidenced in Figure I-21.

Inventory as Protection Against 
a Worldwide Emergency

The United States’ Strategic Petroleum Reserve is
the largest government crude oil stockpile in the
world.  It was started in 1975 as part of the Energy
Policy and Conservation Act.  The Strategic Petro-
leum Reserve currently contains around 670 mil-
lion barrels of crude oil (August 2004), accounting
for about 40 percent of the primary U.S. petroleum
inventory.  The NPC remains strongly supportive of
holding these inventories for use only during signif-
icant crude oil supply disruptions that threaten the
system’s ability to meet domestic demand.
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Although there is a strategic heating oil reserve in
the Northeast, the concept of a products strategic
reserve was discussed as part of this update and the
NPC does not believe such reserves are appropriate
for the United States.  There isn’t the same necessi-
ty of a products reserve as there is for the crude oil
reserve given that light product imports represent
only 7% of light product demand, while crude oil
imports represent about 60% of U.S. crude oil sup-
plies.  There are a number of factors that make the
holding and management of a strategic products
reserve complex and impractical.  For example, the
very large number of boutique gasoline formula-
tions would likely require strategic storage at mul-
tiple regional, state, and/or local locations.  This
concept is further complicated by the requirement
of seasonal inventory turnovers to meet gasoline
specifications and product degradation experienced
when held in storage for a lengthy period.  It is also
unlikely that there would be sufficient product of
the right specification in the right location to be
helpful during a supply disruption.  Additionally, in
the face of a supply/demand disruption, the pres-
ence of a products reserve could create uncertainty
about when or whether it would be drawn down.
These uncertainties would dampen the market
response to correct the supply/demand imbalance. 

Supply/Demand Imbalances

Imbalances Sometimes Coincide 
with Industry Maintenance

As part of good operating practices, companies
periodically shut down facilities for planned mainte-
nance.  Planning for major maintenance activities is
a lengthy (typically in excess of 12 months) and
complex task, which requires significant planning
and lead time to establish required activities,
acquire resources and equipment to carry out those
activities, and secure alternate product supply to
cover customer demand, including adequate inven-
tory.  Planned maintenance is necessary for a vari-
ety of reasons, such as equipment inspection, repair,
and improvements, equipment replacement when
required, and ultimately safe operation.  As shut-
down activities are typically high cost and result in
lost production, the industry has a strong financial
incentive to extend periods between maintenance
and expedite shutdown activities as quickly as possi-
ble, consistent with safe operating practice.
However, planned maintenance almost always has

lower costs than emergency maintenance, so refin-
ers have a practical limit on how long they can oper-
ate between planned maintenance periods.

Maintenance activities on large assets, such as
refineries, is typically planned for either early spring
or late fall.  There are primarily two reasons why the
industry selects these periods.  Firstly, typical
weather patterns during these periods are less like-
ly to interrupt (and hence extend) maintenance
activities and secondly, historical demand and mar-
gins are typically lower outside of the summer driv-
ing season (minimizing the operating and financial
impact of the maintenance activities).  

The nature of planned maintenance is such that it
is extremely costly to make anything but a minor
change in the start date.  This is because commit-
ments for manpower and materials have been made
well in advance.  As a result of committing to shut-
down dates, industry maintenance activities some-
times coincide with periods when there are signifi-
cant unplanned supply and demand disturbances.

Unanticipated Events

Even with the best planning around maintenance
activities, factors outside the control of operating
companies may lead to disturbances in the
supply/demand balance.  Market dynamics and cus-
tomer demand are unknown.  If local or regional
product demand increases unexpectedly when an
operating company is committed to perform main-
tenance activities, there may be a resultant tempo-
rary imbalance in supply and demand.  Similarly,
there are times when unplanned events occur that
cause a temporary disturbance to supply.  While the
public may be aware of a few major unplanned
events each year, such as refinery fires, pipeline
breaks, etc., there are in fact many events that the
industry successfully responds to.  Most of these dis-
turbances are minor or moderate in nature but if
multiple events occur simultaneously, a larger sup-
ply disturbance can result.

Petroleum markets respond to supply/demand
changes with price movements that provide the
incentive to increase or decrease supply to correct
any imbalance.  This is an integral part of normal
and effective market operation.  Through the indi-
vidual response of various companies to these price
movements, the petroleum industry as a whole
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reacts quickly and effectively to maintain the sup-
ply/demand balance in response to changes in local,
regional, or global market conditions.  Although the
U.S. supply system is very complex, it is robust and
has demonstrated flexibility to adjust to significant
supply disturbances.  Even during major supply dis-
turbances, the supply/demand balance is typically
restored within a short period of time.  Given this
capability, the fastest and most efficient response to
supply disturbances is via market mechanisms
described above. 

Changes in Fuels Quality Specifications 
Can Impact Inventories

The promulgation of federal and state mandated
changes to fuel specifications is having an impact
on inventories.  Examples are:

• Lower inventory levels during spring gasoline
vapor pressure transition. Federal fuels regula-
tions require that gasoline have reduced vapor
pressure in summer.  The industry strives to
make the seasonal (winter to summer) transition,
from high to low vapor pressure gasoline produc-
tion, at as low a cost as possible.  High Reid Vapor
Pressure (RVP) gasoline inventories are reduced,
to remove as much of the winter season gasoline
stocks as possible, and then re-built with product
that meets the lower summer vapor pressure
requirements.  During the period of reduced
inventory, the system is at increased risk of not
being able to respond as quickly if there is any
event that causes a supply and demand imbal-
ance.

• Boutique fuels. Fuels specifications established
independently by states and municipalities result
in the need to produce, transport, store, and deliv-
er to consumers an increasing number of “bou-
tique” fuels.  In addition, the new gasoline formu-
lation can disrupt normal supply processes because
of reduced product fungibility.  One example of this
is the MTBE ban imposed by the states of New
York, Connecticut, and California in 2004. 

• Ultra Low Sulfur Diesel. Beginning in June
2006, highway diesel sulfur specifications are
required to be lowered from 500 ppm to 15 ppm.
The inventory-related impact of this specification
change is not well understood at this time.   The
reduced diesel sulfur specification will result in
more complex handling issues in the product dis-

tribution system to deal with the potential for
more off-specification product.

Inventory Trends and 
Lower Operational Inventory

As discussed in the 1998 NPC Inventory
Dynamics study, U.S. petroleum inventories
respond to both market and infrastructure
changes in the supply system.  This section reviews
crude oil and petroleum product inventory data
since the 1998 study and evaluates the lower oper-
ational inventory (LOI) levels defined by the NPC
in the 1998 study.  The LOI, as defined in the 1998
study, is the lower end of the demonstrated operat-
ing inventory range updated for known and defin-
able changes in the petroleum delivery system.
While generally not used by industry, the NPC rec-
ognizes the LOI as a gauge to help the government
assess current inventory levels.  Several factors
impact the LOI level of crude oil and petroleum
products.  Factors that act to decrease LOI are
improved efficiency of the delivery systems and
reduced domestic production.  Increased demand
and product specification changes may act to
increase the LOI.

Based on the observed crude oil inventory trends,
the NPC concludes that crude oil LOI should be a
range of 260 to 270 million barrels, compared to
the 1998 study conclusion of 270 million barrels.
Since the 1998 study, crude oil inventory has been
as low as 260 million barrels a few times with no
impact on crude oil supply to U.S. refiners.
However, in September 2004, Hurricane Ivan had a
significant impact on offshore oil platforms and
pipeline movements.  This created localized supply
disruptions at a few refineries even though crude
oil inventories were slightly above 270 million bar-
rels.  There were no supply issues prior to
Hurricane Ivan.  Hurricane Ivan substantially
reduced crude oil imports and shut in Gulf of
Mexico production simultaneously.  Peak disrup-
tion resulted in a reduction of about 60% of the
Gulf Region crude oil supply, and as of early
October, around 30% of Gulf Coast crude oil pro-
duction remained shut in.  As a result, a few refin-
ers requested crude oil loans from the Strategic
Petroleum Reserve to support crude oil runs at
their Gulf Coast refineries.  All of these refineries
needed low sulfur crude oil, which has been in tight
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supply globally.  The supply disruption is a reflection
of a few refineries in the region being impacted by an
extreme disruption to local low sulfur crude oil sup-
plies and their lack of ability to substitute lower
quality, higher sulfur crude oils.  A crude oil LOI
range is recommended, rather than a single value, to
better represent the degree of accuracy associated
with the LOI methodology.  Delivery system efficien-
cy improvements and declining domestic crude oil
production have resulted in reduced crude oil inven-
tory levels.  Continued improvements to pipeline
and other infrastructure, and technological
improvements are likely to continue the trend
towards lower operating inventory in the future.  

The situation brought about by Hurricane Ivan is
only one example of many different situations that
could impact the LOI for crude oil.  Using a single
number or even a range for LOI is not likely to cover
all situations where apparent shortages of crude oil
may result.  Since crude oil quality varies signifi-
cantly from one supply point to another and refiner-
ies are designed to operate using crude oil of given
qualities, sudden changes in crude oil supply could
cause a reduction in refinery throughput even
though there appears to be ample volumes of crude
oil available.  The same situation could occur with
products because broad product categories like
gasoline and distillate include a number of specific
product types, all of which are not produced at every
refinery.  It is possible to have a product inventory
above its LOI and experience an apparent shortage
in a given location because product of a specific
quality is not available.

Review of petroleum product inventory data since
the 1998 study suggests that no appreciable change
has occurred in the overall gasoline and distillate
(heating oil and diesel) inventory levels.  The NPC
believes that inventory changes from improvements
in system efficiency have been offset by increases in
product demand and the number of different fuel
specifications.  Therefore, product LOIs were not stud-
ied in detail and no change is recommended at this
time in the LOIs for those products.  It may be appro-
priate to have an LOI range for both gasoline and dis-
tillate.  However, this was not analyzed as part of this
update given that there is no recommended change to
the LOIs.  Similar to crude oil, it would be expected
that lower operational inventories would continue to
decline as the product supply system evolves.  Given

the short time frame of this study, the potential
impact of impending regulatory changes in diesel sul-
fur content on distillate inventory was not studied. 

Crude Oil

Figure II-2 shows the monthly closing inventory
levels of crude oil from 1973 to July 2004.  Data
available for the 1998 study ended at mid-year 1998.
New data and the LOI inventory level developed dur-
ing that study are shown on the right hand side of
the figure.  Crude oil inventory has continued its
slow downward trend and has reached new lows
since the 1998 study.  The prior lowest observed
crude oil level was 284 million barrels in December
1996.  Since then, month-end crude oil inventory
has been around the 270 million barrel range sev-
eral times, with the lowest observed value of 268
million barrels in December 2003.  In addition,
weekly data (which are based on surveys and are not
as accurate as monthly data) approached the 260
million barrel level several times in early 2004.  No
crude oil shortfalls or supply issues were observed
with inventory in this range.

The crude oil delivery system and its inventory
requirement is fundamentally different than for fin-
ished products as a result of the difference in the
nature of the end-users.  The product delivery sys-
tem has been built up over a number of years to pro-
vide relatively small amounts of product to millions
of customers in thousands of locations.  Over time,
the evolution of the product delivery system has
largely been focused on efficient delivery of increas-
ing amounts of product to an expanding customer
base.  Crude oil, however, flows to relatively few
refiners that have been decreasing in number over
time.  In addition, as domestic production declines
and imports grow, an increasing amount of crude
oil inventory is in transit, which is not captured in
the inventory data.  The very competitive nature of
the petroleum business coupled with continued effi-
ciency improvements and crude oil increasingly
supplied from offshore sources will likely drive
domestic crude oil inventories lower over time.  

Motor Gasoline

Figure II-3 shows the monthly closing inventory
of total U.S. motor gasoline over the same period as
for crude oil.  The long, slow decline of gasoline
inventory primarily associated with finished gasoline
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Figure II-2.  U.S. Commercial Crude Oil Inventory Profile
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inventory at terminals that was observed in the 1998
inventory study is no longer apparent.  The NPC
believes that while additional system efficiencies
have occurred, including those related to mergers
and acquisitions, they have been offset by increases
in product demand and the number of different fuel
specifications. 

While inventories continue to fluctuate seasonal-
ly, the average level has remained flat since the last
study.  In addition, the low inventory level reached
during the mid-1998 to 2004 time period was no
lower than the minimum reached during the previ-
ous study’s time period (1992 to mid-1998).  Since
the last study, inventories approached the LOI only
once, reaching 188 million barrels at the end of
October 2000.  This was essentially the same as the
prior minimum level observed in August 1997. 

As discussed in the 1998 study, oxygenates are an
important part of the U.S. motor gasoline supply
system and should be considered when evaluating
the capability of the supply system to respond to
market forces.  Since the 1998 study, the role of oxy-
genates has become more complex with MTBE bans
in several states and the continued oxygenate

requirement in reformulated gasoline.  As a result,
ethanol markets have expanded beyond the Midwest
and ethanol is now used for gasoline production in
both the Northeast and California.  The transporta-
tion and inventory management systems for ethanol
are largely out of the control of petroleum industry
companies and the ethanol industry’s capability to
meet demand is beyond the scope of this study.

Distillate

Figure II-4 shows the monthly closing invento-
ries of distillate since 1973.  Distilllate inventory has
remained essentially flat, albeit with seasonal fluc-
tuations, through both the previous and current
study periods.  The lowest observed monthly closing
inventory of about 90 million barrels occurred in
March 1996.  Since that time, distillate inventories
have been in the 95 to 100 million barrels range a
few times but have not approached the prior low.   

The distillate market is approaching a period of
significant change as new highway and off-highway
diesel sulfur regulations begin to impact the mar-
ket.  The industry is addressing issues around the
transportation and delivery, such as quality control
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and product batch interface containment, of these
lower sulfur products.  At this time it is not clear
what impact, if any, these regulations will have on
distillate inventories.

Lower Operational Inventory

Prior Studies Have Been Unable to Define an
Inventory Level Where Supply Problems Begin

It is widely understood that a significant part of
reported petroleum inventories are required to
operate the product and crude oil supply systems
and are not readily available to meet demand.  These
inventories were identified as “operational” invento-
ries in the 1998 study.  The NPC has performed sev-
eral studies since the early 1970s to define these
inventory levels, originally defined as “minimum
operating inventory” and subsequently modified as
“lower operational inventory” in the 1998 inventory
study.  The redefinition was developed to move away
from the concept that there is some definable inven-
tory level where supply system reliability becomes
of greater concern.  While these levels have been
reviewed several times, in retrospect, the “mini-
mum” operating inventory levels identified have
been broached several times with no visible impact
on available supplies.

LOI – One of Many Measures for Assessing 
Inventory Adequacy

LOI is a measure defined to indicate there may be
diminished inventory-related supply flexibility, and
it is developed from observed inventory levels.
However, the LOI definition specifically highlights
that the supply system is not necessarily approach-
ing problems when inventories are at low levels and
that many other considerations need to be taken
into account.

Although the NPC has studied and defined lower
operational inventories a number of times, in prac-
tice these data are not used by individual compa-
nies when making supply decisions.  Reliable prod-
uct supply to U.S. consumers requires delivery of
about 20 million barrels per day of a variety of
petroleum products to thousands of locations.
Over time, the system has evolved to a complex,
interrelated delivery system comprised of ships,
barges, rail, refineries, pipelines, terminals, and
local outlets.  This delivery system, from crude oil
to end-user, has proven numerous times that it has

the inherent flexibility to respond to day-to-day
market fluctuations as well as significant one time
events.  While there is some apparent comfort
when inventories are perceived to be high, in reali-
ty these inventories are seldom in the right place,
at the right time, or of the right quality, when prob-
lems occur.  Similarly, when inventories approach
low levels relative to an historical perspective, the
supply system is not approaching some failure
point.  Rather, the inventory level is reflective of an
overall supply/demand balance where supply has
been lagging demand.

Crude Oil LOI Recommended to be a Range 
of 260-270 Million Barrels

As previously mentioned, crude oil inventory has
been below the LOI of 270 million barrels defined
in the 1998 NPC study a few times with no impact
on crude oil supply to U.S. refineries.  A brief
analysis of the minimum observed inventory in
each of the reported crude oil inventory categories
along with the observed simultaneous minimums
suggests that PADD V in-transit inventory is about
5 million barrels below the level used in determin-
ing the prior crude oil LOI.  This reduction is a
direct result of the decline in Alaskan crude oil
production.  The data also indicate that the
observed lower inventory level in pipelines and ter-
minals in PADDs I - IV is about 10 million barrels
below the data used in the 1998 study offset by
about a 5 million barrel increase in the minimum
observed level at PADD I - IV refineries.  No
attempt was made to analyze the apparent causes
of these changes given the study’s time constraints
but they are consistent with the trend towards
increased offshore crude oil supply coupled with
continued efficiency improvements in the crude oil
logistics system.  

The NPC recommends that the LOI for crude oil
be reduced to a range of 260 to 270 million bar-
rels, supported by the following factors: the
observed crude oil inventory has been as low as
260 million barrels, apparent regional structural
change has reduced inventory by 10 million bar-
rels, and the expectation that there will be contin-
ued cost pressure to reduce operational invento-
ries.  A crude oil LOI range is recommended,
rather than a single value, to better represent the
degree of accuracy associated with the LOI meth-
odology.   
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Data Suggest the 1998 Analysis of Product LOI 
is Still Valid

Given the short time available for this supple-
mental report, a detailed assessment of all the vari-
ous segments of reported product inventory data
was not possible.  For gasoline, the overall data sug-
gest that no significant changes have occurred since
1998 and the NPC recommends no change to the
185 million barrels LOI.  For distillate, given the
lack of apparent trend since the last study, the NPC
recommends no change to the 85 million barrels
LOI.  As with crude oil, it may be appropriate to
have an LOI range for both gasoline and distillates.
However, this was not analyzed as part of this
update.  Market pressures for continued efficiency
will likely continue to drive operating inventories to
lower levels.  It should be expected that lower oper-
ational inventories may continue to decline as the
product supply system evolves, unless offset by
other structural changes.  Also, given the short time
frame of this study, the potential impact of impend-
ing regulatory changes in diesel sulfur content on
distillate inventory was not studied.

The Importance of High Quality Inventory Data

The U.S. government maintains a system within
the Energy Information Administration for gather-
ing and disseminating information on U.S. petrole-
um industry statistics.  Petroleum data and informa-
tion are also available from the American Petroleum
Institute and other private organizations.  These
data and information are important for industry in
making business decisions and for government in
making informed policy decisions affecting the U.S.
petroleum industry.  U.S. petroleum information is
generally considered to be among the best in the
world.  In order to be useful, petroleum data must be
timely, accurate, and relevant. 

Every effort should be made by the EIA, working
with industry, to ensure that the data are accurate,
timely, relevant, and meet the highest quality stan-
dards.  Therefore, from time to time, the EIA and
its U.S. petroleum industry counterparts should
review the data that are collected and subsequently
reported to be certain the data meet the current
needs.  The NPC recommends that appropriate
resources be made available to the EIA to support
continued efforts to work with industry to improve
data quality.

Assessment of Product Price Volatility

The 1998 study on U.S. Petroleum Product
Supply—Inventory Dynamics concluded that over
the time period of 1998-2002, the petroleum supply
system balancing mechanisms available to respond
to market events would not appreciably change.
Thus, the frequency or magnitude of significant
(non-crude oil related) upwards retail price moves
would not likely increase in the 1998-2002 time
period.  Additionally, the 1998 study concluded that
significant price excursions of major light petrole-
um products in the United States would continue to
be driven primarily by movements in the global
price of crude oil. 

Data analysis for this update, covering the 1998-
2004 time period, supports most but not all of the
conclusions of the 1998 study and also offers addi-
tional insights.  Many of the primary conclusions of
the 1998 study remain valid:

• Global crude oil prices continue to be the primary
driver of product price levels.  Even though the
number and magnitude of product price up-ticks
(increases of greater than 10% or more versus
prior year period) has increased since 1997, most
of these events are driven by events in the global
crude oil market.  

• Retail price changes continue to lag behind spot
price changes, which has the effect of dampening
and delaying price swings at the retail level.

However, product and crude oil price levels and
volatility have increased since the previous study,
which focused on a time period of relative calm in oil
markets (1992-1997).  In the 1998-2004 time period,
crude oil price volatility peaked in 1998, while gaso-
line price volatility peaked in early 2002.  Market
prices since 2002 reflect an upward movement in
product prices in line with an upward movement in
global crude oil prices.  Retail gasoline prices, how-
ever, have been observed to be less volatile than
crude oil prices, as identified in the last study. 

These conclusions are based on analysis of
national data.  Consumers at a local level may be
subject to more or less volatility than the national
average as a result of local factors that are not cap-
tured by this analysis.  This study primarily focused
on gasoline price volatility because it is the product
with the largest domestic demand and it is of the
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greatest national concern.  The study also focused
on the U.S. market, while crude oil markets, and to
some extent product markets, are global, and as
such are influenced by global fundamentals.  

Increase in Global Crude Oil Price Level 

Since the previous study was completed in 1998,
there has been a significant increase in global crude
oil price levels, which has impacted prices across the
value chain.  As shown in Figure II-5, the global
crude oil price collapsed (as evidenced by West Texas
Intermediate) from an average price of over $20 per
barrel to a low of $12 per barrel in February 1999,
and over the course of the following five years rose
to the level of about $45 per barrel in August 2004.  

In 2004, crude oil prices were driven by robust
global oil demand growth, resulting from the
global and U.S. economic recovery and strong
growth in China.  Global oil demand growth this
year was high relative to the weak growth rates
experienced in three of the last four years.  This
strong demand growth is occurring at a time when
OPEC has little spare oil production capacity.  The
resulting very tight supply/demand balance has
been exacerbated by market concerns about

increased geopolitical risk in a number of oil-pro-
ducing countries.  

Increase in Overall Retail Gasoline Price Level

As shown in Figure II-6, U.S. retail average gaso-
line prices have also increased since 1998, following
crude oil prices.  Retail gasoline prices were partic-
ularly strong in the first half of 2004 due to an ele-
vated spot gasoline-to-crude oil price spread, which
added to the crude oil price increase.  Figure II-7
shows that the spot gasoline-to-crude oil price
spread was elevated earlier this year, but by August
2004 it had retreated to significantly lower levels.

There were some exceptional factors in the first
half of 2004 that were responsible for the tempo-
rary up-tick in the gasoline-to-crude oil price
spread.  After several years of weak growth, U.S. oil
demand in the first half of 2004 grew at a rate of
2.3% versus the first half of 2003 due to strong
economic growth, as shown in Figure II-8.
Temporary supply constraints associated with
product specification changes also contributed to
the up-tick in the gasoline-to-crude oil spread in
the first half of 2004.   Required and extended
refinery turnarounds in 2004 in preparation for
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the next phase of tighter gasoline sulfur specifica-
tions may also have contributed to tightness in
gasoline supplies.  

Occasionally there are instances when product
supply/demand fundamentals influence the global
crude oil market.  There may have been such an
instance in the first half of 2004, when it appeared
that the tighter U.S. gasoline balance was con-
tributing to the strength in the global crude oil
price.  However, other factors were primarily
responsible for higher crude oil prices during this
time period, such as strong global oil demand and
geopolitical supply risk.  Strong U.S. gasoline
prices in the first half of 2004, and the need for
additional gasoline supplies, may have con-
tributed to the widening of the differential in the
price of light, low sulfur crude oils that maximize
gasoline yield, like West Texas Intermediate, and
the price of heavier, higher sulfur crude oils that
have a lower gasoline yield.  This type of incident
tends to equilibrate over time as the
supply/demand balance in product markets is
restored.

Crude Oil Prices are Still the Main Driver 
of Product Prices

Crude oil prices continue to be the main driver
of product prices, as was concluded in the previ-
ous study.  A recent report by the Federal Trade
Commission indicated that changes in crude oil
prices have accounted for approximately 85% of
the increases and decreases in U.S. motor gaso-
line prices over the past two decades.1 A major
reason for this is that the cost of crude oil repre-
sents a substantial portion of retail product
prices.  In July 2004, the U.S. Department of
Energy estimated that crude oil price represented
nearly 60% of U.S. retail gasoline prices, exclud-
ing taxes.

This sub-section examines the relationships of
crude oil and spot product prices, and of spot and
retail prices.  
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Relationship of Crude Oil to Spot Product Prices

Figure II-9 demonstrates that gasoline and distil-
late spot product prices tend to track crude oil
prices.  There are a number of publicly available
price quotes for the various crude oil and product
prices that provide a framework for all transactions.
Spot prices are wholesale prices for physical delivery
of the crude or product set at a limited number of
industry transfer points, such as a location on a
pipeline or at a harbor.

Spot product prices tend to follow crude oil prices
since the cost of crude oil is a large part of the cost
of products, and both crude oil and products are
driven by the same global market fundamentals.
There is little to no lag in the response of spot prod-
uct prices to crude oil price movements, as product
markets have become more global and commodi-
tized and more responsive to national and global
fundamentals.  

There are still a number of factors that may result
in periodic dislocations between crude oil and prod-
uct prices, such as seasonal demand, a tight product
supply/demand balance, and product specification
changes.  As previously described, there were a

number of exceptional factors (e.g., strong demand
growth, product specification changes, etc.) in the
first half of 2004 that resulted in an up-tick in the
gasoline-to-crude oil price spread.  However, the
spread had fallen off substantially by the latter half
of the year.

Relationship of Spot to Retail Product Prices

Retail prices typically lag spot prices in part
because some product goes through a succession of
resales by any combination of traders, jobbers, les-
see dealers, or independent marketers.  Figure II-10
shows that retail prices lag spot gasoline prices on
the East Coast of the United States.  

A U.S. Department of Energy study2 on gasoline
price pass-through from the spot to retail level
last year determined that significant changes in
spot prices appear to show up in retail prices with
some time delay, and somewhat dampened.  The
study estimated that 50% of the price pass-
through from the spot to the retail market on a
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U.S. average basis occurs within two weeks and
80% within four weeks.

Product Price Volatility

Price Events

As a means to evaluate retail price movement,
the previous study focused on upside price events
of significant magnitude to have generated public
concern in the past.  The study identified monthly
price increases in crude oil, retail gasoline, and
retail distillate prices in excess of 10% above the
prior year. 

Figure II-11 shows the instances of price increases
in excess of 10% above the prior year for crude oil,
retail gasoline, and retail distillate.  Non-crude oil
related upward retail price movements tend to be
driven by an infrequent large event or a confluence of
smaller events in the same direction.  This figure
shows that the number and magnitude of product
price up-ticks has increased since 1997, and that they
are mostly driven by events in the global crude oil
market. 

Volatility

Price changes play an important role in markets,
providing incentives to producers and consumers to
adjust supply and demand and keep the market in
balance.  However, when prices rise rapidly, whatev-
er the starting point, it is recognized that con-
sumers of gasoline and home heating oil can be
concerned.  This update is focused on the petroleum
supply system and does not address the implications
of price volatility to consumers.

The standard statistical definition of volatility is
deviation around a mean.  This study analyzed
volatility based on a 52-week moving average.
Using a 52-week moving average reduces the impact
of seasonality and is more indicative of a longer-
term trend.  Comparing daily percentage changes to
the average percentage change over the period
attempts to isolate true volatility from the underly-
ing upwards trend in price.

Figure II-12 shows that both crude oil and gaso-
line price volatilities increased in the period from
1998 to 2004 relative to the period of focus for the
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previous study (1992-1997), which was one of 
relative market calm.  Crude oil price volatility
peaked in 1998, while gasoline price volatility
peaked in early 2002.  What has probably occurred
since 2002 is an upward movement in product
prices in line with an upward movement in global
crude oil prices.  Retail gasoline prices are also
shown to be less volatile than crude oil prices.

Future Product Price Volatility

It was beyond the scope of this report to devel-
op a new supply/demand forecast or provide a
forecast of future product price volatility.
Furthermore, future product price volatility is
inherently unknown since it is dependent upon
future events that impact the global crude oil
market.  Some of the factors that could increase
or decrease product price volatility in the future
are identified below.

Factors That Potentially Increase Volatility

• Political events causing disruptions in oil-produc-
ing countries.

• Greater proportion of global demand coming
from developing countries with more volatile
economies than OECD countries.

• Oil demand becoming more inelastic as oil is
backed out of the power and industrial sectors
(elastic sectors), and income levels support
greater use of oil in the transportation sector
(inelastic sector).

• Lengthening and greater complexity of supply
chains, including the possible diversion of
imports to other countries if they are short prod-
uct and have higher prices than the U.S.

• Refining investments have long lead times.
Uncertainty over regulations can delay invest-
ment decisions and permitting processes can add
to investment lead times.  Both of these factors
will slow the industry’s response to bringing addi-
tional supplies to the market.

• Continued specification changes, with higher
volatility during transition periods.3

• Boutique fuels within the U.S. reduce the fungi-
bility of products.4 This phenomenon is compli-
cated by international fuel specifications not
keeping pace with changes in the U.S.

Factors That Potentially Decrease Volatility

• Common fuel specifications, increasing fungibili-
ty of products

– Regions and states within the U.S. standardiz-
ing specifications

– Non-OECD countries increasing stringency of
specifications to be closer to OECD country
specifications

• Removal of government barriers to industry
responsiveness

– Removal of barriers to permitting refinery
expansions, pipelines, and storage facilities

– Adjusting the depreciation schedule for equip-
ment so that it is consistent with the treatment
in other manufacturing industries

– Allowing for adequate lead times in regulatory
changes

– Providing certainty about regulations, without
rule changes midstream

• Improvements in industry response time

– Greater percentage of inventory on the water
allows greater mobility and flexibility for the
product to go where it is most needed, although
product on the water could be diverted to other
countries as previously specified.

Assessment of Inventories and Price

As addressed in the previous NPC inventory study,
the expectation that inventories influence prices is
based on the economic assumption that prices
reflect the current supply/demand balance and that
inventories provide a measure, however imperfect,
of the changing balance between supply and
demand.  Inventories are a result of supply and
demand fundamentals.  Any factor that serves as a
measure of the short-term supply/demand balance
would be expected to influence prices.
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However, statistical analysis of the simple relation-
ship between inventories and prices or inventory
changes and price changes finds only a modest cor-
relation.  This conclusion is indicative of the fact
that the interaction of inventories and prices is com-
plex.  Inventories are an imperfect measure of the
supply/demand balance, and prices for crude oil and
petroleum products are influenced by many factors
in addition to inventories.  

When petroleum inventory data are made public,
they can potentially have a short-lived effect on
petroleum prices, including futures prices.  This
appears particularly true when the inventory data
deviate from market expectations, in which case the
market reacts by bidding prices up or down on the
basis of the new information.  

The previous NPC study also discussed the role of
forward markets and time spreads in inventory deci-
sions.  Inventory levels may influence the shape of
the forward price curve.  As inventory levels rise, the
spot price tends to fall relative to futures prices due
to perceptions of an oversupply.  Conversely, as
inventory levels fall, the spot price tends to rise rela-
tive to the futures prices due to perceptions of cur-
rent market tightness.  In addition, the forward price
curve can provide economic incentive or disincen-
tive to companies to hold discretionary inventory, as
the forward price curve represents future price
expectations.  However, regardless of these factors,
individual companies strive to hold sufficient opera-
tional inventory to meet customer demand.   

These conclusions are based on national indica-
tors.  The NPC recognizes that consumers at a local
level may be subject to different forces and volatili-
ty as a result of local conditions that are not cap-
tured by this analysis.

Inventories, Prices, and Rational Market
Behavior

The policy community’s interest in inventory lev-
els may stem from the expectation that when petro-
leum inventory data is made public, it can potential-
ly have a short-lived effect on petroleum prices,
including futures prices.  If inventory reports devi-
ate significantly from market expectations, the mar-
ket typically responds as expected by bidding prices
up or down on the basis of the new information con-
veyed in the inventory data.  Market participants

react to inventory signals because they are per-
ceived as a measure of the short-term balance
between supply and demand.  

If product inventories are significantly below
expectations, this signal of tightness in the balance
may lead participants to bid spot prices higher.  An
increase in prices should spur incremental produc-
tion by progressively exceeding the economic
thresholds required to deliver incremental supplies.
These new supplies may come from incremental
product imports or increased output from domestic
refineries, as progressively higher-cost marginal
production steps are implemented.  These new sup-
plies serve to restore the supply/demand balance
and ultimately cause prices to decline.

In a similar fashion, a report of higher-than-
expected inventory levels would typically be inter-
preted as a signal of looseness, which may cause
prices to decline.  As prices decline, marginal supply
sources become increasingly uneconomic, and mar-
ginal production increases are eventually reversed.
With supply reduced, excess inventories decline, and
supply and demand are brought back into balance.

Relationship between Inventories and Prices

The NPC found only a modest correlation in the
simple relationship between current inventory lev-
els and prices.  It must also be understood that cor-
relations do not necessarily imply causality.  In
addition, this correlation was not sufficient by itself
to use as a predictive tool.  This modest relationship
indicates that current inventories are only an
imperfect measure of the supply/demand balance,
and that many other factors impact prices.  The U.S.
Department of Energy found a slightly stronger
relationship between inventories and crude oil price
when they included total crude oil and product
OECD inventories (not just U.S.), used relative
inventories as measured by actual inventories ver-
sus “normal” inventories defined by historical sea-
sonal movements and general trends, and included
recent inventory trends (not just the current level).5

As shown in Figure II-13, prices and inventories
only loosely track each other, reflecting the weak
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correlation.  However, as indicated by the
Department of Energy’s work, the relationship
between inventories and prices is complex.  

Gasoline Inventories and Gasoline Price Spreads

Gasoline inventories are weakly related, if at all,
to gasoline-to-crude oil price spreads (spot gasoline
price minus crude oil price).  Various analysts have
compared gasoline inventory levels versus a “nor-
mal” level (defined as previous five-year average) to
the gasoline-to-crude oil price spread.  The theory is
that when gasoline inventories are in surplus, the
gasoline-to-crude oil price spread will be low, and
when gasoline inventories are lower than normal or
in deficit, the gasoline-to-crude oil price spread will
be high.  That is because inventories are a yardstick
for the short-term gasoline supply/demand balance.
However, as shown in Figure II-14, the correlation
between inventories and the price spread is weak.  

This is not intended to imply that gasoline inven-
tory levels relative to “normal” levels (previous five-
year average) have no influence on gasoline-to-
crude oil price spreads, but rather that there are

other factors that overwhelm the influence of inven-
tories – whether inventories are measured in
absolute terms or relative to “normal levels.”  Prices
ultimately reflect the combined influences of all
available market information, including inventory
levels, but also many other market factors, such as
expectations of future supply and demand.

Inventory Levels and Future Price Spreads 

While inventories are weakly correlated to cur-
rent prices, they may influence the shape of the
futures price curve or the spread between futures
prices and current prices.  Futures markets, like the
New York Mercantile Exchange, allow buyers and
sellers to conduct transactions for a limited number
of crude oil and petroleum products for delivery at a
specified time in the future at a specific location and
price.  At any given time, prices are established by
this open and continuous auction for current and
future trading months.  This “strip” of future prices
is referred to as the forward price curve.  The shape
of the forward price curve refers to the relationship
between outer month futures prices and the current
month price. 

PART II – OBSERVATIONS ON U.S. PETROLEUM INVENTORIES II-19

Sources: Energy Information Administration.  Monthly data for inventories; Prices are monthly averages of daily data.
June, July, and August estimated from weekly data for inventories.
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Figure II-15 shows the nature of the relationship
between inventories and the forward price spread,
defined as a futures price minus the current price.
Inventory, as it reflects the supply/ demand balance,

is one of the factors that can influence the forward
price spread.  In addition, the forward price spread,
which represents future price expectations, may
also influence company inventory-holding behavior.  
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Inventory Levels Influence the Forward Price
Spread

The relationship between commodity inventories
and commodity price spreads has often been
described in the economic literature.6 The empiri-
cal work demonstrates that there is a relationship
between inventories and the shape of the forward
price curve.  Inventories are positively correlated
with the forward price spread.

When futures prices are higher than current spot
prices, the market is said to be in contango.
Conversely, when prices for future delivery are
lower than spot prices for current delivery, the mar-
ket is said to be in backwardation.  Figures II-16 and
II-17 clarify the features of a contango and backwar-
dated market. 

As shown in Figure II-18, low crude oil invento-
ries tend to be associated with a backwardated for-
ward price (futures price below current price) and
high inventories tend to be associated with con-

tango in forward markets (futures price above cur-
rent price).  

Low inventories tend to be associated with back-
wardated futures prices because they may be indi-
cating present market tightness, which causes cur-
rent spot prices to rise relative to future prices.
Conversely, high inventories may be indicating an
oversupplied market, causing current spot prices to
fall relative to future prices. 

Price Expectations Influence Inventories

As explained in the previous NPC study, future price
expectations can affect company decisions regarding
inventories.  If the contango in the forward curve
(futures price above current spot price) is sufficient to
cover the storage costs and financial risk associated
with holding inventory, there is an economic incen-
tive to build stocks.  Conversely, backwardated prices
(futures prices below current spot price) may provide
an economic disincentive to hold inventories greater
than those needed to meet supply requirements.
Backwardation in the forward price curve indicates
that prices are expected to fall and that the inventories
will be worth less in the future.  Regardless of these
factors, individual companies strive to hold sufficient
operational inventory to meet customer demand.  
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6 Jeffrey C. Williams, “The Economic Function of Futures Markets,”
Cambridge, England: Cambridge University Press, 1986.  Michael J.
Brennan, “The Supply of Storage,” American Economic Review 57,
No. 1 (1958), pp. 50-72.  Holbert Working, “The Theory of the Price
of Storage,” American Economic Review 48 (1949), pp. 1254-1262.
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BACKGROUND INFORMATION ON THE NATIONAL PETROLEUM COUNCIL

In May 1946, the President stated in a letter to the Secretary of the Interior that he had been impressed by the contribu-
tion made through government/industry cooperation to the success of the World War II petroleum program.  He felt that
it would be beneficial if this close relationship were to be continued and suggested that the Secretary of the Interior estab-
lish an industry organization to advise the Secretary on oil and natural gas matters.

Pursuant to this request, Interior Secretary J. A. Krug established the National Petroleum Council (NPC) on June 18,
1946.  In October 1977, the Department of Energy was established and the Council was transferred to the new department.

The purpose of the NPC is solely to advise, inform, and make recommendations to the Secretary of Energy on any mat-
ter requested by the Secretary, relating to oil and natural gas or the oil and gas industries.  Matters that the Secretary would
like to have considered by the Council are submitted in the form of a letter outlining the nature and scope of the study.
The Council reserves the right to decide whether it will consider any matter referred to it.

Examples of studies undertaken by the NPC at the request of the Secretary include:

• U.S. Arctic Oil & Gas (198l)

• Environmental Conservation – The Oil & Gas Industries  (1982)

• Third World Petroleum Development: A Statement of Principles (1982)

• Petroleum Inventories and Storage Capacity (1983, 1984)

• Enhanced Oil Recovery (1984)

• The Strategic Petroleum Reserve (1984)

• U.S. Petroleum Refining (1986)

• Factors Affecting U.S. Oil & Gas Outlook (1987)

• Integrating R&D Efforts (1988)

• Petroleum Storage & Transportation (1989)

• Industry Assistance to Government – Methods for Providing Petroleum Industry Expertise During Emergencies
(1991)

• Short-Term Petroleum Outlook – An Examination of Issues and Projections (1991)

• Petroleum Refining in the 1990s – Meeting the Challenges of the Clean Air Act (1991)

• The Potential for Natural Gas in the United States (1992)

• U.S. Petroleum Refining – Meeting Requirements for Cleaner Fuels and Refineries (1993)

• The Oil Pollution Act of 1990:  Issues and Solutions (1994)

• Marginal Wells (1994)

• Research, Development, and Demonstration Needs of the Oil and Gas Industry (1995)

• Future Issues – A View of U.S. Oil & Natural Gas to 2020 (1995)

• Issues for Interagency Consideration – A Supplement to the NPC's Report:  Future Issues –
A View of U.S. Oil & Natural Gas to 2020 (1996)

• U.S. Petroleum Product Supply – Inventory Dynamics (1998)

• Meeting the Challenges of the Nation's Growing Natural Gas Demand (1999)

• U.S. Petroleum Refining – Assuring the Adequacy and Affordability of Cleaner Fuels (2000)

• Securing Oil and Natural Gas Infrastructures in the New Economy (2001)

• Balancing Natural Gas Policy – Fueling the Demands of a Growing Economy (2003).

The NPC does not concern itself with trade practices, nor does it engage in any of the usual trade association activities.
The Council is subject to the provisions of the Federal Advisory Committee Act of 1972.

Members of the National Petroleum Council are appointed by the Secretary of Energy and represent all segments of the
oil and gas industries and related interests.  The NPC is headed by a Chair and a Vice Chair, who are elected by the Council.
The Council is supported entirely by voluntary contributions from its members.
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Report Recommendation

• Regulations should be based on sound science,
thorough analysis of cost effectiveness, and com-
mercially proven technology.

• The NPC proposed that fuel quality changes have
minimum overlap to prevent resource constraints
(financial and human); ULSD was recommended
no sooner than 2007.  EPA should finalize timing
and specifications for off-highway diesel sulfur
reduction and national MTBE use in a timely
manner. 

• Regulations should be defined with certainty in
scope, timing, and requirements to allow the
refining industry to make effective investments
decisions.  Allow at least four years time from
adoption to implementation.  

• Policy makers should recognize that policies or
regulations favoring or promoting renewable or
alternative fueling tends to discourage refinery
investment.

Subsequent Action

• The ULSD regulation of a 15 ppm cap at retail was
implemented as a technology forcing regulation.
While some technology development has
occurred, enforcement tolerances and down-
grades in the distribution system raise serious
questions about the ability to comply with the
rule.  Commercially proven light duty engine and
after treatment technology did not and does not
exist to use 15 ppm diesel to comply with NOx
emissions specifications.   

The NPC questions the adequacy of the non-road
diesel cost-effectiveness analysis. 

• The timing for ULSD was set in mid-2006, earlier
than the 2007 recommendation.  The non-road
diesel rules were finalized in 2004 for a mid-2007
implementation.  Regulations for MTBE continue
to be a patchwork by individual states.

• EPA has not provided clarity to state fuel require-
ments including oxygen waivers and NAAQS.  The
lead time of four years has only been partially rec-
ognized.  NSR reforms necessary to improve reg-
ulatory certainty have been promulgated but are
under litigation.

• Considerable uncertainty exists surrounding a
possible Renewable Fuels Standard.  National
energy legislation continues to be debated but
legislation has yet to be passed.
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Report Recommendation

• Reducing gasoline or on-highway diesel below 30
ppm average should not be imposed until a basis
for sound conclusions about the cost, benefit,
producibility, and deliverability of products is
established.

• Changing the DI specification should not occur
until further analysis of the cost effectiveness and
potential supply impacts is identified.

• Provide a streamlined permitting process and
allocate necessary resources to support state and
local agencies.

• Allow a portion of the emissions reduction result-
ing from the use of lower sulfur fuels to offset the
stationary source emissions resulting from new
facilities required in their manufacture.  

• Requirements for the new source review should
not be retroactively reinterpreted.

• States and localities considering localized re-
strictive fuel requirements should recognize
associated increased costs and reduced reliability
of supply.  

• Enforcement requirements for compliance
should maintain the flexibility and capability of
distribution system, i.e. primary enforcement at
the refinery gate, point of production, or import.

Subsequent Action

• EPA established a 30 ppm standard for gasoline at
the refinery gate.  EPA did not follow this recom-
mendation for diesel, imposing a 15 ppm standard
at retail.  Light duty engine technology remains
unproven and deliverability remains in question.

• As recommended, no DI specification has been
imposed by EPA.  However, states (California and
Michigan) are beginning to discuss including a DI
specification as part of state fuel requirements.

• A limited amount of streamlining has occurred.  

• No low sulfur fuel offsets have been allowed in the
permitting of new facilities to produce low sulfur
fuels. 

• NSR reform is under litigation.  However, no
enforcement relief of reinterpretation of past NSR
actions has been implemented.

• States and localities continue to impose restric-
tive fuel requirements resulting in boutique fuels.
Connecticut did revise the timing of their MTBE
ban to align with New York when advised of
potential supply impacts.  

• Enforcement of Tier 2 gasoline sulfur does main-
tain distribution flexibility with primary refinery
gate enforcement.  Enforcement of ULSD at retail
introduces substantial issues for the supply and
distribution of ULSD starting in mid-2006.
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APPENDIX D

CUMULATIVE REGULATORY IMPACTS
ON REFINERIES, 2000-2008

2000 2001 2002 2003 2004 2005 2006 2007 2008

CALIFORNIA MTBE PHASE OUT
REGIONAL HAZE3 

NEW YORK MTBE PHASE OUT

GASOLINE TOXICS CONTROL

SECTION 126 PETITIONS

NEW SOURCE REVIEW ENFORCEMENT

RESIDUAL RISK

EXT.

TIER II GASOLINE SULFUR1

RENEWABLE FUELS MANDATE2

YEAR

Source:  National Petrochemical & Refiners Association, March 2002.

ON-ROAD DIESEL4

ACTUAL TIME FRAME KNOWN OR BASED ON 36-48 MONTH 
COMPLIANCE SCHEDULE AFTER FINAL RULE ISSUED

COMPLIANCE REQUIREMENTS UNKNOWN AND TIME FRAME ESTIMATED

OFF-ROAD DIESEL5

REFINERY MACT II6

URBAN AIR TOXICS (AREA SOURCES)7

1.  Longer compliance time for refineries in Alaska and Rocky Mountain 
states and small refineries covered by Small Business Regulatory 
Enforcement and Flexibility Act (SBREFA).  Additional compliance time 
is available for these refineries if they produce ultra low sulfur highway 
diesel beginning in 2006.

2.  Senate Energy bill (S. 517) proposes an ethanol mandate of 2.3 
billion gallons in 2004 whichincreases to 5 billion gallons in 2012.

3.  Regional Haze State Implementation Plans (SIPs) due 2005-2007.  

Earliest compliance date. Schedule may be impacted by National 
Ambient Air Quality Standard (NAAQS) litigation.

4.  Longer compliance time for small refiners covered by SBREFA.

5.  Estimated effective date based on proposed heavy duty vehicle 
standards.  

6.  Compliance date may be harmonized with Tier II schedule.

7.  Urban Air Toxics Strategy includes potential controls of gasoline 
loading facilities at refineries.  Estimated compliance schedule.



The NPC recommends:  “Immediate imple-
mentation of comprehensive NSR reform is a
very important policy step needed to improve

the climate for investment in domestic refinery
expansion.  The NSR reforms promulgated by the
Administration, including the Equipment
Replacement Rule currently under judicial review,
should be implemented as soon as possible.
Attempts to delay or overturn the reforms should be
vigorously opposed.  Additional NSR reform propos-
als regarding de-bottlenecking and project aggre-
gation should be issued and finalized.”  

This recommendation flows from several key
observations and conclusions of the study group, as
follows:

Lack of grassroots domestic refinery construc-
tion since the mid 70s reflects the historical
profitability of the industry, more attractive
opportunities for expansion of existing refiner-
ies and the economic availability of alternative
supplies.

Expansion and increased utilization of existing
refineries is typically more feasible, quicker,
and less costly than grassroots refinery con-
struction.

One of the significant factors affecting invest-
ment decisions is the amount of future
uncertainty. While uncertainty cannot be
eliminated, it can be exacerbated by certain
government actions. Where decisions re-
garding large amounts of capital investment
are involved, increasing uncertainty tends to
result in minimization or delay of investment
to reduce risk. This results from the long-

lived nature of refining assets, where taking a
short term economic loss to await resolution
of uncertainty may be more attractive than
investing earlier in equipment that is not
optimum for the long term.

The NPC’s strong support for NSR reform reflects
the fact that the national interest requires that
unnecessary, policy-based impediments to addition-
al investment in domestic refinery capacity expan-
sions be eliminated.  No other federal policy has fos-
tered as much uncertainty and discouragement of
domestic refining investment as has EPA’s past
application and enforcement of the New Source
Review program.

By the end of the last decade, NSR requirements
were subject to a welter of conflicting interpreta-
tions and court decisions.  A sweeping reinterpreta-
tion of the program at that time exacerbated this
situation, and finally brought NSR-related problems
to a head.

The Administration’s 2001 National Energy Policy
recommended that EPA review the potential impact
of the NSR program on investment in new utility
and refinery capacity, energy efficiency and environ-
mental protection.  As part of the public review
process, the refining industry submitted evidence to
EPA that the existing NSR program resulted in fore-
gone opportunities for additional capacity incre-
ments, prevented increased production of cleaner
fuels, and discouraged energy efficiency projects.

On June 13, 2002, EPA presented a report on NSR
and recommendations for reform to the President.
EPA found that the NSR program had impeded or
resulted in the cancellation of projects that would
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maintain or improve reliability, efficiency or safety
of existing power plants and refineries.  EPA con-
cluded that reforms to the NSR program would
remove barriers to pollution prevention projects,
energy efficiency improvements, and investments in
new technologies and modernization of facilities. 

EPA has taken three significant actions on NSR
reform in the past two years, as follows:

• December 31, 2002:  EPA issued the final rule on
NSR commonly referred to as the NSR
Improvement Rule

• December 31, 2002:  EPA issued a proposed rule
on NSR Routine Maintenance, Repair and
Replacement (RMRR)

• October 27, 2003:  EPA issued a final rule, known
as the Equipment Replacement Provision, which
addresses a part of the Routine Maintenance,
Repair and Replacement exclusion.

New Source Review Improvement Rule

The December 31, 2002 NSR Improvement Rule
was issued after more than a decade of rulemaking,
including two proposed rules, one supplemental
proposal, numerous public hearings, and considera-
tion of over 130,000 comments.  The rule made four
important changes to the NSR program:

• Calculating Emissions Increases and Establish-
ing Emissions Baseline. The new NSR improve-
ment rule provides for an actual-to-projected
actual test to calculate any projected actual
increases in emissions due to a physical or opera-
tional change.  Under the actual-to-potential test,
EPA estimated post-change emissions based upon
what a plant would theoretically emit if it operat-
ed at maximum rates 24 hours a day, year-round.
This made it impossible to make certain modest
changes in a facility without triggering NSR, even
if those changes did not actually increase emis-
sions.  In the NSR improvement rule, a facility is
to use, in its permitting analysis, the amount of
emissions actually projected to occur after the
proposed change instead.  

Also, to more accurately measure actual emis-
sions, account for variations in business cycles,
and clarify what may be a “more representative”
period, the improvement rule allows facilities to
use any consecutive 24-month period in the pre-

vious decade as a baseline for pre-change actual
emissions, as long as all current control require-
ments are taken into account.  The same 24-
month period must be used for all pollutants.  

• Plantwide Applicability Limits. A plantwide
applicability limit (PAL) is an option that facilities
may choose which allows greater operational flex-
ibility to manage emissions on a plantwide basis.
Under a PAL, a plant owner may decide to estab-
lish a plantwide emissions cap based on actual
emissions (any 24-month period in the last 10
years).  The plant owner may then make changes
to the facility or individual units without trigger-
ing the NSR permitting process, as long as the
facility’s overall emissions remain below the
plantwide cap. 

The PAL creates an emissions “bubble” in which
emissions from the facility are treated as a whole,
rather than on a unit-by-unit basis.  A facility
selecting this option is required to monitor emis-
sions from all of its units.

• Clean Unit Provision. Under the improvement
rule, plants that install “clean units” are allowed
operational flexibility if they continue to operate
within permitted limits.  This is meant to encour-
age installation of state-of-the-art air emissions
controls.  Clean units must have an NSR permit
or other regulatory limit that requires use of the
best air pollution control technologies. 

• Pollution Control and Prevention Projects. This
new applicability test governs facilities that have
gone through NSR review and have installed the
required best available control technology (BACT)
(in attainment areas) or met the lowest achiev-
able emissions rate (LAER) (in non-attainment
areas).  Under the improvement rule, these facili-
ties may make changes to the Clean Unit without
triggering further NSR requirements, if the
change does not require alterations to the emis-
sions limitations or work practices requirements
of their permit and the changes would not alter
any physical or operational characteristics.  Clean
Unit status will last for up to 10 years.  EPA
intends this new applicability test to protect air
quality, create incentives for sources to install
state-of-the-art controls, provide flexibility, and
promote administrative efficiency.

EPA has listed environmentally beneficial tech-
nologies that qualify as pollution control projects.
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An owner or operator installing a Pollution
Control and Prevention Project (PCPP) listed by
EPA automatically qualifies for the NSR exclusion
if there are no adverse air quality impacts.  A
PCPP not listed may also qualify for the exclusion
if the reviewing authority determines, on a case-
specific basis, that the PCPP is environmentally
beneficial when used in a particular application.
In the future, EPA may add specific PCPPs to the
list through rulemaking.  EPA intends this exclu-
sion to encourage the use of environmentally
beneficial emissions controls and to offer opera-
tional flexibility.

The NSR reform rule has been challenged in
court by environmental groups and others.  The
case is pending in the U.S. Court of Appeals for the
D.C. Circuit, and is expected to be resolved some-
time in 2005.  In the meantime, the court has twice
refused to stay implementation of the rule, and its
provisions are currently in force in EPA direct
implementation states and in states with EPA-
approved programs that have incorporated the rule
into their state programs.  States have until January
2006 to incorporate the rule into their state pro-
grams.  The current legal challenge to this rule has
at least temporarily limited its anticipated positive
impacts on domestic refining investment and oper-
ations.

Routine Maintenance, Repair and
Replacement 

When EPA published the NSR Improvement Rule
on December 31, 2002, it simultaneously proposed
reforms to the routine maintenance, repair and
replacement (RMRR) exclusion.  Conflicting inter-
pretations of the RMRR exclusion from NSR have
led to confusion as to whether basic repairs and
other traditional operations at a facility might trig-
ger NSR and lead to significantly higher expendi-
tures than contemplated for the repairs or other
routine actions.  The refining industry has urged
EPA to consider clarifications to RMRR as well as
the broader reforms included in the NSR
Improvement Rule.  To date, however, EPA has final-
ized only the equipment replacement portion of its
proposal to reform RMRR.

EPA clarified the RMRR exclusion rule “to
increase environmental protection and promote the

implementation of necessary repair and replace-
ment projects.”  The agency explained that although
NSR excludes repairs and maintenance activities
that are “routine,” a complex analysis had to be used
to determine what repairs meet that standard.

The RMRR rule is intended to remove disincen-
tives for owners and operators of refineries and
other manufacturing facilities from undertaking
RMRR activities that would improve the safety, reli-
ability, and efficiency of their plants.  It is especially
important that refinery owners and operators have
clarity on RMRR because these facilities run at very
high rates of utilization (compared to other manu-
facturing plants) in order to provide sufficient sup-
plies of petroleum products to meet consumer
demand.  Therefore, uncertainty in the application
of the RMRR exclusion has the potential to interfere
with the efficient operation of refineries and their
ability to provide reliable supplies of petroleum
products. 

Equipment Replacement Provision

EPA published its Equipment Replacement
Provision (ERP) rule on October 27, 2003.  The rule
is intended to provide greater regulatory certainty
without sacrificing environmental protection and
the benefits derived from the NSR program.  The
ERP provides an automatic exclusion from NSR
requirements for equipment replacement meeting
the following conditions:

• they involve replacement of any existing compo-
nent(s) of a process unit with component(s) that
are identical to or serve the same purpose as the
replaced component(s); 

• the fixed capital cost of the replaced compo-
nent(s) plus the costs of any activities that are
part of the replacement activity (e.g., labor, con-
tract services, major equipment rental, and asso-
ciated repair and maintenance activities) do not
exceed 20% of the current replacement value of
the process unit; and 

• the replacements do not alter the basic design
parameters of the process unit or cause the
process unit to exceed any emission limitation or
operational limitation that applies to any compo-
nent of the process unit and is legally enforce-
able.  
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Like the NSR Improvement Rule, the equipment
replacement provision was challenged by some
environmental groups and others in the U.S. Court
of Appeals for the District of Columbia.  The rule has
been stayed pending litigation and the lawsuit is
expected to be decided in 2005.  Pending resolution
of the litigation, the positive impacts of this regula-
tion on domestic refining investment and opera-
tions have been severely limited.   In the meantime,
EPA has allowed additional opportunity for public
comment on certain issues raised in administrative
petitions for reconsideration.

Additional NSR Reforms

EPA also made informal proposals addressing
debottlenecking activities and clarifying project
aggregation requirements.  Both proposals would
further the efficient operation of refineries and
improve the prospect for increased production and
capacity expansion through debottlenecking and
similar projects.  

Debottlenecking occurs when one part of a facili-
ty is modified in such a way that throughput in
other parts of the facility increases.  Under current
rules, determining whether NSR applies to such
complex projects is difficult and can be time con-
suming.  EPA has proposed that sources should gen-
erally look only at the unit undergoing the change
when calculating actual emissions associated with a
project.  Unless their permitted emissions limit is
exceeded or increased, emissions from units
upstream or downstream of the unit undergoing the
change should not be considered. 

Aggregation refers to the situation in the facility
in which multiple projects are implemented in a
short period of time.  In such a case, a difficult and
complex analysis must be performed to determine if
the projects should be treated separately or togeth-
er (i.e., aggregated) under NSR.  EPA’s proposal

establishes two criteria that would guide this deter-
mination.

EPA has yet to finalize its debottlenecking and
aggregation proposals, leaving significant uncer-
tainty involving NSR application to multiple project
undertakings and debottlenecking.  The study
group strongly recommends that EPA finalize these
important proposals. 

Response to Criticisms of the 
NSR Reform Proposals

There is much confusion about the purpose of the
NSR program and the impact of the reform regula-
tions.  The program, initiated in 1974, requires pre-
construction review of new and modified major sta-
tionary sources of air pollution that cause emissions
increases.  EPA’s NSR webpage notes that “When
Congress established the New Source Review
Program, it did so with a goal of providing for eco-
nomic growth while maintaining or improving air
quality,” and “Over time, the NSR program has
become more complex and complicated, due to the
evolving nature of industrial practices and changes
in the regulations and EPA’s interpretation of them.
In response to concerns about this, EPA has worked
for nearly 10 years to simplify the NSR program.”
[http://www.epa.gov/nsr/]

To quote EPA’s Fact Sheet [http://www.epa.gov/
nsr/facts.html], “NSR is one of the many tools to
ensure the air quality goals are met.  The key provi-
sions of the Clean Air Act (CAA) include programs
designed to protect human health and the environ-
ment from the harmful effects of air pollution.  The
final rule does not alter these protections.  CAA pro-
grams such as the National Ambient Air Quality
Standards (NAAQS), the Acid Rain program, and the
NOx SIP Call will ensure that the nation’s air quality
will continue to improve.” In short, EPA believes that
NSR reform will not have a negative impact on air
quality or lead to a significant increase in emissions.
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