them. A French military officer noted in 1750 that Indians living near Fort
Duquesne (now the site of Pittsburgh) set fire 1o an oil-slicked creek as
part of a religious ceremony. As settiement by Europeans proceeded, oil'
was discovered in many places in northwestern Pennsylvania and western

New York—to the frequent dismay of the well-owners, who were drilling
for sall brine.

In the mid-1800s expanding uses for oil extracted from coal and shale began
" to hint at the value of rock oil and encouraged the search for readily accessible
supplies. This impetus launched the modem petrpleum age, which began on a
Sunday afternoon in August 1859 at Oil Creek, near Titusville in nonthwestern
Pennsylvania. The credit has traditionally gone to “Colonel” Edwin L. Drake,
a railroad conductor on sick leave employed by the Pennsylvania Rock Oil
Company. After months of effort and many setbacks, Drake’s homemade drill-
ing rig drove down to 70 feet, and the bit came up coated with oil. lronically,
Drake wasn't there that day to witness the historic event. And except for the
slow and uncertain mails of the time, which delayed a letter from his financial

backers ordering him to cease operations, it might not have happened in Otl
Creek at all.

"“Great excitement ensued” following Drake's discovery, according to the
account in the 1883 edition of Mineral Resources of the United States. The
succeeding oil boom was driven by strong demand for lighting fuel and lu-
bricants. Over the next four decades the boom spread to Texas and Califor-
nia in the United States and to Romania, Baku (in Azerbaijan), Sumatra,
Mexico, Trinidad, Iran, and Venezuela. Overproduction tempaorarily drove
prices down, but the rapid adoption and spread of intemal combustion en-
gines in the late 19" century helped create vast new markets, With only tem-
porary interruptions, world petroleum consumption has expanded ever since.

Until the 1950s the United States produced nearly all the petroleum it
needed. But by the end of the decade the gap between production and
consumption began to widen and imported petroleum became a major
companent of the U.S. petroleum supply (Figure 11). After 1992, imports
exceeded production, '

-

Production of petroleum (crude oil and natural gas plant liquids) in the
U.S. lower 48 States reached its highest level in 1970 at 9.4 million bar-
rels per day (Figure 12). A surge in Alaskan oil output at Prudhoe Bay
beginning in the late 1970s helped postpone the decline in overall U.S.
production, but Alaska's production peaked in 1988 at 2.0 million bar-
.rels per day and fell to 1.0 million barrels per day in 1999. By theq u.s.

Figure 11. Petroleum Production and Consumption
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Anolher index of the Nation's petroleuns outpul is

oil well productivity, ;

which fell from a high of 18.4 barrels per day pcrm0y7 Flgure 14. Petroleum Consumption by Sector
barrels per day per well in 1999 (Figure 137, T ' ' -

U.S. petroleum consumption rose an~nally uriil 1973, when the Arab
OPEC embargo stalled the annual increases for two years. The increases
then resumed, raising consumption iv 18.8 million barrels per day in
1978, before rising prices drove it down v a post-embargo low of 15.2
million barrels per day in 1983. Consuniption began (o rebound the fol-
lowing year and was boosted by p:!: mmeun; crude oil prices in 1986,
By 1999 it had reached 19.4 million varrels per day, an all-time high.

Transpontation

indusirial

of every 10 barrels of petroleum consumed in the Unitgd Stales in 1999,
more than 4 barrels “were consumcd m (nc T_rm olmnm.u;asolmc The

Million Barrels per Day

tranamjrlanon sector alone aecounted tor lwo thurds of d” petroleum used

. Rasidential
1. T __..and Commarcial
nited Statestm099 (Figure ' " Electic Ulliies_ .. e T
e . —~ .
To meet demand, crude oil and petroleum producls were imported at the 1950 1960 1970 1980 1990
rate of 10. S_m_]J_LIOII bamu‘.p*ci]ﬁv 01996, while exports measured 0.9 , i
mi1ion barrels per day, Hetween 1985 (when net imports fell to a " ’

post-embargo low) and 1999, net imports of crude oil and petroleum
products more than doubled lrom 4.3 million batrels per day to 9.6 mil-
lion barrels per daw.» The share ¢f US| net nmporls “that came fram

OPEC nautions reached 72 percent in 1977, subsided 1o 42 percent in
1985, and cliinbed back to 50 percent in 1999. Total nel imports as a
share of petroleum consumption reached a record high of 52 percent in
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Figure 16. Inflation-Adjusted Cost of Crude Oil
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1998 before declining to 50 percent the following year. The five leading
suppliers of petroleum to the United States in 1999 were Saudi Arabia,
Venezuela, Canada, Mexico, and Nigeria.

To prolect against supply discuptions, the United States began to build a
Strategic Petroleum Reserve in the late 1970s. By 1985 the reserve's hold-
ings reached 493 million barrels, which would have provided enough crude
oil to replace about 115 days' worth of net petroleum imports that year
(Figure 15). In 1999, ifi¢ reserve held 567 million barrels of crude oil.

Natural Gas

Natural gas is mostly a mixture of methane, cthane, and propane, with
methane making up 73 to 95 percent of the total. Ofien encountered when
drilling for oil, nutural gas was once considered mainly a nuisance. When
either uses or-—miore likely today—accessible inarkets were facking, it was
simply Mared (burned off) at the welthead. ‘Major flaring sites were soine-
limes the brightest arcas visible in nighttime satellite images. Today, how-

ever, the gas is mostly reinjected for later use and to encourage greater oil
production.

The first practical use of natural gas dates to 200 B.C. and is attributed,
like so many technical developments, to the Chinese. They used il to
make salt from brine in gas-fired evaporalors, boring shallow wells with
crude percussion rigs and conveying the gas to the evaporators via bam-
boo pipes. Natural gas was used exiensively in Europe and North. Amer-
ica in the 19" century as a lighting fuel, uatil the rapid development of
electricity beginning in the 1890s ended that era. The development of
steel pipelines and related equipment, which allowed large volumes of
gas to be easily and safely transporied over many miles, launched the
modern natural gas industry. The (irst all-welded pipelinc over 200
miles in length was built in 1925, from Lduisiana te Texas. U.S. demand
for natural gas grew rapidly thereafter, especialty following World War
1. Residential demand grew fifty-fold between 1906 and 1970,

Figure 17. Natural Gas Overview
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Due to the increased rate of imports, however, that amount would replace E’, Production
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Despite recent price increases, petroleum remains relatively cheap in the g
United States. Refiners® acquisition costs for crude oil in 1999 averaged ;
$17.46 per barrel. When adjusted for inflation, the cost was §16.69  ~ .
(chained 1996 dollars), 37 percent above the previous year's cost but 70 .._____\,l.!!.\,gmi.--'-//
percent below 1981’s record inflation-adjusted cost of $56.50 per barrel - LM MRS A S LA
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Figure 18. Natural Gas Net Imports as Share of Consumption
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Figure 13. Natural Gas Well Productivity
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electric power producers other than utilities) accounted for neérly: half of
all natural gas consumption, followed by'the residential sector, which used
another fifth of the total. In recent years, very small amounts of natural gas
(about 5 billion cubic feet in 1998) have been reported {or use in vehicles.

Figure 20. Natural Gas Consumption by Sector
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U.S. natural gas production in 1999 was 18.7 trillion cubic feet, well below
the record-high 21.7 trillion cubic feet produced in 1973. Gas well produc-
livity peaked at 435 thousand cubic feet per well per day in 1971, then fell - Industal
steeply through the mid-1980s before stabilizing. Productivity in 1999 was é g -
157 thousand cubic feet per well per day (Figure 19), o
el
Three States (Texas, Louisiana, and Q([’hom cc : ! o -
. c
‘nafural pas nrod;;redwnlled Atatee xas alone produced 6.9 tril- IS} ,
“lioncudTc feet in 1999, Advancmg\dmkﬁg technology has made offshore E 4- /" "\, Elactic Uiies,
sites more important, and over the last lwo decades about one-fifth of all o T TN s
U.S. production has come from offshore sites. // o “Commarcial
g o FipSlin8 Fugl
jest o - s
user of naturaleas (Figure 20). In 1999 industrial entities (including most 1950 1960 1970 1980 1990
xxvi Energy Information Administration/Annual Energy Review 1999 1

.-8978



The price of natural gas at the wellhead (i.e., where the gas is produced)
was $1.98 per thousand cubic feet in 1999, in real terms (chained 1996,
dollars), well below the historical high of $3.76 per thousand cubic feel

in 1983. In nominal dollars, the 1999 wellhead price was $2.07 per thou-
sand cubic feel.

Coal

Scatlered records of the use of coal as a fuelsdate from at least 1100 B.C.
However, coal was not used extensively until the Middle Ages, when small
mining operations in Europe began to supply it for forges, smithies, lime-
burners, and breweries., The invention of firebricks in the late 1400s,
which made chimneys cheap to build, helped create a home heating market
for coal. Despite its drawbacks (smoke and fumes), coal was [irmly estab-
Jished as a domestic fuel by the 1570s. By that time, production in Eng-
land was high.enough that exports were thriving. Eventually, some of that
coal went to the American colonies.

The total amount of coal consumed in the United Siates in all the years be-
fore 1800 was an estimated 108,000 tons, much of it imported. The U.S.
market for coal expanded slowly and it was not until 1885 that the young
and heavily forested nation bumed more coal than wood. However, the ar-
rival of the industrial revolution and the development of the railroads in
the mid-nineteenth century inaugurated a period of generally growing pro-
duction and consumption of coal that continues to the present time. Today,
the United States extracts coal in enormous quantities. In 1998 U.S. pro-
duction of coal reached a record 1.12 billion short'tons and was second
worldwide after China. U.S. 1999 production was 1.10 billion short tons.

From 1885 through 1951, coal was the leading source,of energy produced in
the United States. Crude oil and natural gas then vied for that role until
1982. Coal regained the position of the top resource that year and again in
1984, and has retained it since. At 23 quadrillion Btu in 1999, coal
accounted for a third of all energy neoTT@d in the country.

Over the past several decades, coal production shifted from primarily yn-
derground mines to surface mines (Figure 21). In addition, the_coal re-

M__ﬁ_ TEes ol Wyoming and other areas west of the Mississippi River
nderwent tremendous development (Figure 22),

Figure 21. Coal Production by Mining Method
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Technological improvements in mining!'and the shift toward more sur-

face-mined coal, especially west of the Mississippi, have led to greal im-
provements in coal mining productivily. In 1949 U.S. miners produced 0.7
short tons of coal per miner hour; by 1998 that rate had increased to 6.2
short lons per miner hour.

Figure 22. Coal Production by Location
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Since 1950, the United States has produced more coal thun it has con- i ici ;

sumed. The excess production allowed the United States to become a sig- Figure 24. Elactricity Nat Generauvon by Source, 1399
nificant exporter of coal to other nations. 1n 1999 U.S. coal exports totaled f
58 million short tons, which, measured in Btu, accounted for 40 percent of
all U S. energy exports. About 38 percent of the year's coal exports went to
Europe, while the individual nations buying the most American coal were
Canada, Japan, Brazil, Italy, and the Netherlands. While the quantities of
coal leaving the counlry are huge, in 1999 they represented only 7 percent
of the Btu content of the petroleum coming info the United States.

Natural Gas

(:,j
_. D
, and Petroleun \)O
: N
o)

The uses of coal in the United States have c'har'\gcd dramatically over the Nuclear Electric

years. In the}‘)_S_Os, most coal was consumed in the industrial sector, but Power
many homes were still heated by coal and the transportation sector still con-
“Sumed sIphiTicant amounts in steam-driven teains angd ships (Bagure 23). in
(999 the industrial sector used less than half as much coal as in_1949. Today
or@ﬂe‘m ol all coal consumed in the United States goes (o the industrial i :
sector. Ninety percent ig used in the electric power sector; coal-{ired units ac- » Hydroslectric
counted for 51 percentof U.S. electricity generation in 1999 (Figure 24). Power and Other
\
Coal-fired electric generating units emit gases that are of environmental Except for a post-oil-embargo price spike that peaked in 1975, real (infla-
concern. In 1998 U.S. carbon dioxide emissions from the combustion of tion adjusted) WMMMW.
coal for electric utility generation were nearly half a billion metric tons of The average pric€n 1999 was 44 percent lower than it was in 1949. Coal is
carbon, 32 percent of total carbon dioxide emitted from all U.S. fuel the least expensive of the major fossil fuels in this country: in nominal dol-
sources. Jars, 1999 production prices for coal were 84 cents per million Blu com-
i pared with $1.86 per million Btu for natural gas and $2.68 per million Blu
Figure 23, Coal Consumption by Sector for crude oil.
1000 - Vs Electricity
S Electric power arrived barely a hundred years ago, but it has radically trans-
9 750 - Electric /’ : formed and expanded our energy use. To a Jarge extent, electricity defines
’_S_ Power Sector modern technological civilization.
§ 500 - The reasons may nol be easy to appreciate for those who have never known
(2 / the filth, toil, danger, scarcity and/or inconvenience historically associated
2 Transportation /J wilh obtaining and dcploying such fucls as wood, coal, and whale oil. By
b / contrast, at the point of use electricity is clean, flexible, controllable, safe,
20~ industrial cffortless, and instantly available. In homes, it runs everything from tooth-
s bl brushes and televisions to heating and cooling systems. Outdoors, electric-
“::'“:‘. Residential and Commercial ity guides traffic, aircraft, and ships, and lights up the night. In businc.ss a'nd
PR S -2 SRR SO A A ARasaan! induslry, clectricity enables virtually instantancous global communication

1950 1960 1970 1980 1990 and powers everything from trains, auto plant assembly lines, and
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restourant refrigerators (o the computers that run the New York Stock Ex-
change and the automatic pin-selting machines at the local bowling alliey.

Electric power developed slowly, however. Humphrey Davy built a
battery-powered arc lamp in 1808 and Michael Faraday an induction dy-
namo in 1831, but it was another half-century before Thomas Edison's
primitive cotton-thread filament burned long enough to prove that a work-
able electric light could be made. Once past that hurdle, progress acccler-
ated. Edison opened the first electricity generating plant (in London) less
than 3 years later, in January 1882, and followed with the firsl American
plant (in New York) in September. Within a rhonth, electric current from
New York's Pearl Street station was feeding 1,300 lightbulbs, and within a
year, 11,000—each a hundred times brighter than a candle.” Edison's re-

ported goal was to “make electric light so cheap that only the rich will be
able to burn candles.”

Though he fathered the electric utility industry, Edison failed in his at-
templts to dominate its business and technical sides. Other companies sur-

passed his efforts to build central power stations, and Edison’s dogged
faith in direct current (DCJ a i Cc Id only be transmitted 2
miles, € a rival alternating-cumrent (AC) system developed by Geor

estingouse an tkola Tesla (whom Edison had fired) epabled lonp-

fistance Yransmission of Righ-voltage current and stepdowns to lower voll-
dges at the poinl of use—essentially the system in uday. Edison
evén subsidized construction of an AC-powered electric chair to convince
the public that AC was dangerous, but to no avail.

The process of electrification proceeded in fits and starts. Industries like
mining, textiles, steel, and printing electrified rapidly during the years be-
tween 1890 and 1910. Electricity's penetration of the residential sector
was slowed by competition from gas companies, which had a large stake in
the lighting market. Nevertheless, by 1900 there were 25 million electric
incandescent lamps in use and homeowners had been introduccd 1o electric
staves, sewing machines, curling irons, and vacuum cleaners. In parallel,
generating equipment and distribution systems developed to meet the de-
mand. By 1903 utility executive Samuel Insull had commissioned a 5
megawatl steam-driven turbine generator—the first of its type and the larg-
est of any generator then built—and launched a revolution in generating
hardware.

The cities received electric service first, because it has always been
cheaper, easier, and more profitable to supply large numbers of customers

when they are close together. High costs and the Great Depression, which
dricd up most investment capital, delayed clectric service to rural Ameri-
caus until President Franklin Roosevelt signed into law the Rural Elecinfi-
cation Administration (REA)Y in 1935. The REA loancd money al low
interest and helped to set up electricity cooperatives. Though interrupted
by World War U, rural electrification procecded rapidly thereafier. By
1967 more than 98 percent of American farms were using electricity from
central station power plants.

The depth of electricity’s penctration into our cconomy and way of life is
reflected in the fact that, over the last half century, annual increases in total
electricity sales by clectric utilities faltered only twice, in 1974 and 1982;
in every other year, sales grew. From 1949 to 1999, while the population
of the United States expanded 83 percent, the amount of electricity sold by
utilities grew 1,180 percent. Per-capita average consumption of electricity
in 1999 was seven times as high as in 1949. Electricity’s broad usage in the
economy can be seen in the sector totals, which were led in 1999 by the
residential sector, followed closely: by the industrial sector, and then the
commercial sector (Figure 25). }

Where does all this electricity come from? In the United States, coal,has
been and continues to be the source’of most electricily accuunting for over
hWalT of all electricity generated by utilities in 1999. (Figure 26).

Figure 25. Electric Utility Retail Sales of Electricity, 1999
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Figure 26. Electricity Net Ganeration at Utilities

Figure 27. Electricity Net Generation, 1999
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for almost a third of all utility generation in 1949—and remains a depend- of delivering it. In 1999 consumers paid an average of $23.94 per million
able contributor (ov of the total in 1999). Natursl-gas-andpemTo- Btu for the electricily delivered 1o their residences (Figure 28). In contrast,
leum grew steadil sources of electricity in the late 1960s. Their consumers paid an average of only $6.39 per million Biu for the natural gas

combined usage peaked al 37 percent of the total in 1972 and stood at 18
percent in 1999. Meanwhile, a new source entered the picture: WC-
—tricpower. Atrickle of nuclear electricity began flowing in 1957, and the
stream widened steadily except for downturns in 1979 and 1980, following 30 -
the accident at Three Mile island, and again in 1993. Nuclear generation de-
clined 7 percentin 1997 but rebounded 16 percent between 1997 and 1999.

Figure 28, Consumer Prices, 1999

25 -

Just as electricity’s applications and sources change over time, so is the
structure of the electric power sector itself evolving. The sector is now
moving away from the traditional, highly regulated organizations known
for many decades as electric utilities and toward an environment marked

by lighter regulation and greater competition from tlity
power produc€ n 1999, T3 percent of the total net generation of elec-
lncnﬁ:game from nonutility power producers, such as independent power

producers and nonutility cogenerators (Figure 27).

Doliars per Million Btu

Electricity's great assels as a form of energy are reflected in its cost to the

H i H 3 1 Residential Motor Residantial
end user. The price paid by the consumer includes the cost of converting .  Blecuricity Gasoline Naluoal Gas
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purchased for their homes and an average of $9.83 per million Btu for the
motor gasoline to {uel their vehicles.

The unit cost of electricity is high because most of the energy thal must be
purchased to generate it does not actually reach the end user but is ex-
pended in creating the electricity and moving it 1o the point of use. In
1999, for example, approximately 35 quadrillion Btu of encrgy were con-
sumed lo generale electricity at utilities in the United States, but only 11
quadrillion Btu worth of electricity were actually used directly by con-
sumers. Where did the other 24 quadrillion Btu go? Energy is never de-
stroyed but it does change form. The chemical energy contained in fossil
fuels, for example, is converted at the generator to the desired electrical
energy. Because of theoretical and practical limits on the efficiency of
conversion equipment, much of the energy in the fossil fuels is “lost,”
mostly as waste heat. The overall energy efficiency of a system can be in-
creased through the tandem production of electricity and some forin of
useful thermal energy. This process, known as cogeneration, reduces
waste energy by utilizing otherwise unwanted heat in the form of steam,
hot water, or hot air for other purposes, such as operating pumps or for
space heating or cooling.

In addition to the conversion losses, line losses occur during the transimis-
sion and distribution of electricily as it is transferred via connecting wires
from the generating plant to substations (transmission), where its voltage is
lowered, and from the substations to end users (distribution), such as
homes, hospitals, stores, schools, and businesses. The generating plant it-
self uses some of the electricity. In the end, for every three units of energy
that are converted to create electricity, only about one unit actually reaches
the end user.

Nuclear Energy

Among all the major forms of energy now in use, only nuclear power is na-
tive to the 20" century. The central insight—that the controlled fission of
heavy elements could release enormous energies~——came (o British physi-
cist Ernest Rutherford in 1904, and research during the 1930s convinced
scientists that a controlled chain reaction was possible. Enrico Fermi's
group achieved such a reaction for the first time in December 1942 at the
University of Chicago in a primitive graphite-moderated reactor built on a
vacanl squash court.

World War I postponed further progress toward commercial nucicar
clectric power, but the theoretical fuundation had been established and

_several fuctors encouraged nuclear power's development when peace
“returned. 1t was believed that fuel costs would be negligible and there-

fore that auclear power would be relatively inexpensive. ln addition,
both the United States and Western Europe became net importers of
crude oil in the carly 19505 and nuclear power was scen as critical Lo
avoiding energy dependence. Geopolilics appear to have played a role
as well, President Dwight Eisenhower's Atoms for Peace program was

intended in part to divert fissionable matecials from bombs to peaceful
usessuchasciviliannuclear power.

In 1951 an experimental reactor sponsored by the U.S. Atomic Energy
Commission generated the first electricity from nuclear power. The Brit-
ish completed the first operable conunercial reactor, at Calder Hall, in
1956. The U.S. Shippingport unit, a design based on power plants used in
nuclear submarines, followed a year later. 1n cooperation with the U.S.
electric utility industry, reactor manufacturers then built several demon-
stration plants and made commilmcnlsz\(o build additional plants at fixed
prices. This commitment helped launch commercial nuclear power in the
United States. '

)
The success of the demonstration plants and the growing awareness of
U.S. dependency on imported crude oil led to a wave of enthusiasm for

Figure 29. Cumulative Orders for Nuclear Generating Units
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nuclear electric power that sent orders for reactor units soaring between
1966 and 1974 (Figure 29). The number of opcrable units.increased in
turn, as ordered units were constructed, tested, licensed for full power
operation, and connected to the electricity grid (Figure 30). However,
the curve of operable units lagged behind the curve of ordered units
somewhat because of the long construction times required for the large,

complex plants. The total number of U.S. operable reactor units peaked
in 1990 at 112.

Orders for new units.fell off sharply after 1974. Of the total of 259 units or-
dered 1o date, none was ordered after 1978. Although safety concerus, espe-
cially after the accident at Three Mile Island in 1979, reinforced a growing
wariness of nuclear power, the chief reason for its declining momentum in
the United States was economic. The promise of nuclear electric power had
been that it would, in the now-famous phrase, make energy “too cheap to me-
ter.” In reality, nuclear power plants have always been costly to build and,
for several reasons, became radically more costly between the mid-1960s
and the mid-1970s. Utilities began building iarge plants before much experi-
ence had been gained with small ones. Expected economies of scale did not
malerialize. Many units were forced to undertake costly design changes and
equipment retrofits, partially as a result of the Three Mile lsland accident.
Meanwhile, nuclear power plants have also had to compete with conven-
tional coal- ornatural gas-fired plants with declining operating costs.

Figure 30. Operable Nuclear Generating Units
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Figure 31. Nuclear Generating Units Cancelled or Shut Down
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These trends disillusioned many utilities and investors. Interest in further
orders subsided and many ordered units were cancelled before they were
built. By the end of 1999, 124 units had been cancelled, 48 percent of all
ordered units (Figure 31).

The average capacily factor of U.S. nuclear units—the ratio of the
electricity they actually produced in a given year 1o the electricity they
could have produced if run at continucus full power—has improved
steadily over the years, and reached 86 percent in 1999. However, as oper-
able nuclear power plants have aged, some have become uneconomic (o
operate or have otherwise reached the end of their useful lives. By the end
of 1999, 28 once-operable units had been shut down permanently. The
joint effect of shutdowns and lack of new units coming on line is that the
number of U.S. operable units has fallen off since 1990 to 104. In its An-
nual Energy Outluak 2000, ELA projects that 41 percent of the nuclear gen-
erating capacity that existed at the end of 1998 will be retired by 2020. No
new plants are expected to be built during the period.

Renewable Energy

For all bul the most recent fraction of humanity's time on Earth, virtually all
encrgy was rencwable energy. Frior (o the widespread use of fossil fuels
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anc nuciear power, which arrived only an eyeblink ago in relative terms,
there was essentially nothing else. Our ancestors warmed themselves di-
rectly in the sun, burned dbrush and fuelwood fashioned by photosynthesis
{rom sunlight and nutrients, harnessed the power of wind and water created

mainly by sun-driven atmospheric and hydrologic cycles, and of course
used their own musclepower and that of animals. :

We still depend heavily on renewable energy in these primeval forms. But

“various cultures have also found more inventive means of harnessing re-
newable resources, from mounting sails on wheelbarrows, as did ancient
Chinese laborers, to gathering and burning buffalo dung, as did American
settlers making their way west. The story of renewable energy is one of
the invention and refinement of technologies for extracting both more en-
ergy and more useful forms of it from a wider variety of renewable
sources. Many energy experts believe that the age of fossil fuels is only an
interlude between pre- and post-industrial eras dominated by the use of re-
newable energy.

Some renewable energy technologies, such as water- and wind-driven
mills, have been in use for centuries. Grain mills powered by waterwheels
have existed since at least the first century B.C. and became commonplace
long ago. In England, for example, the Domesday Book survey of 1086
counted 5,624 mills in the south and east alone. They were to be found
throughout Europe and elsewhere and were used for a wide variety of me-
chanical tasks in addition to milling, from pressing oil to making wire.
Some installations were surprisingly large. The Romans built a mill with
16 wheels and an output of over 40 horsepower near Arles in France. A gi-
ant 72-foot waterwheel with an output of 572 horsepower, dubbed Lady
Isabella, was erected at a mine site on the Isle of Man in 1854. Further de-
velopment of waterwheels ended with the invention of water turbines.
Both types of machines were supplanted by large steam engines, which
could be sited nearly anywhere. Turbines, however, found an important
niche with the development of hydroelectric power.

Windmills are a younger but still ancient technology, daling at least to the
J0™ century in the Middle East, a bit later in Europe. In one form or an-
other, windmills have remained in use ever since, for milling grain, pump-
ing water, working metal, sawing, and crushing chalk or sugar cane. As
mentioned in the introduction, American farms of the 19" century erected
millions of small windmills to pump water for livestock or household use.
In the modern era, technologically advanced windmills have been devel-
oped for generating electricity.

Energy Information Adminlstration/Annual Energy Revlew 1999
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Modern renewable sources in the United States contribute aboul as
much (roughly vne-tenth) to total energy production as does nuclear
power (Figure 32). Just as water power was relatively more important
than wind cnergy in pre-industrial times, rencwable energy today is
dominated by hydroclectric power. About 45 percent of the U.S. rencw-
g_mmu\ in 1999 came from hydroelectric power gencration, which
uses dam-impouTTdedWaler (o drive Turbine gencralors thal make elec-
tricity. The American hydropower infrastruclure is extensive ang in-
cludes the preat dams of the intermountain West, the Colutnbia basin,

and the Tennessee River valley, as well as hundreds of other smaller
—_—

installations nalionwide.

('-\————-\—;‘

Most of the rest of the U.S. rencwable encrgy total came frou@r‘m
’:@_a diverse category that includes not only the obvious candidates
such as wood, mecthanol, and ethanol) but also peat, wood liquors, wood
studge, railroad ties, pitch, municipal solid waste, agricultural waste,
straw, tires, landfill gas, fish oil, and other things. Wood and wood by-
products are the most heavily used form of biomass and figure promi-
nently in the energy consumpti jn of such industries as paper
manufaciuring and lumber, which hejve ready access lo lhcm.
mal was third in 1999, accounting for about § percent of U.S"Tenew-

able energy production. )

Figure 32. Renewable Energy in Total Energy Production, 1999
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voltaic and thermal) apd wind
e€nergy contribute refative y _;f&gﬂﬂglmmr.
cent and one-half percent respdclively peak year for U.S. many-

Yacturers’ shipments ol solar lh-tu:m(f collectors was 1981, when 21
million square feet were shipped. From 199] through 1998, an average
of 7.4 million square feel were shipped each year. Over 90 percent of
the solar thermal collectors went to the residential sector in 1998,
Ninety-three percent of the newly shipped collectors were used to heat
swimming pools, while 6 percent were used for water heating and less
than | percent for space heating. Prices for photovoltaic cells have
fluctuated in recent years, while the volume’of shipments in 1998 was
nearly nine times the 1985 volume. U S. wind energy production rose
58 percent between 1989 and 1999 byt remains a very small factor in re-
newable energy here.

Environmental Indicators

The use of energy brings undisputed benefits, but it also incurs costs.
Some of these costs show up on consumers’ utility bills. The charges lev-
ied on consumers by an energy producer (an electric utility with a
coal-fired generating plant, for instance) are designed to cover the pro-
ducer’s costs of building the power plant, extracting coal from the ground,
transporting it to the power plant, crushing it to the proper size for combus-
tion, maintaining the gencrating turbines, paying workers and managers,
and so on. :

One important category of costs that often is not reflected in consumers’
bills is energy-related environmental effects. These unwanted effects can
be thought of as the tail end of the energy cycle, which begins with extrac-
tion and processing of fuels (or gathering of wind or solar energy), pro-
ceeds with conversion to useful forms by means of petroleum refining,
electricity generation, and other processes, and then moves on to distribu-
tion to, and consumption by, end-users. Once the energy has rendered the
services for which it is consumed, all that is left are the byproducts of en-
ergy use, i.e., waste heat, mine tailings, sulfur dioxide and carbon dioxide
gases, spent nuclear fuel, and many others.

All energy use has unwanted effects of one kind or another; even a simple
campfire produces eye-stinging smoke as well as warmth. The effects can
be local or widespread, and neither type is only a concern of modern times.

King Edward | of England, for instance, so ubjected to the noxious simoke
and fumes from London's many coal-burning fires that in 1306 he tried
(unsuccessfully) to ban its usc by anyone except blacksmiths. But the
cnormous scale of modern energy use has sharply increased concerns
about unwanted environmental effects. No form of energy production is
entirely free of them, including renewable energy. Danuning rivers and
streams for hydropower facilities radically alters natural stream fows in
ways thal can threaten or endanger aquatic species. Wind-turbine genera-
lors can make noise and kill birds. Biomass generating plants that rely on

plantation forestry for fuel can displace natural forest habitat and reduce
biological diversity,

Among the most significant environmental effects of energy production
and consumption is the emission of greenhouse gases. Such gases—car-
bon dioxide, methane, nitrous oxide, and others—-block infrared radiation
from the Earth to space and retain the captured heat in the atmosphere.
This greenhouse effect keeps the Earth's climate hospitable to life. But the
possibility ofcarbon-dioxide-forced"warming of the climale has been pos-
tulated since 1861, and in recent ydars many scientists have come to be-
lieve that anthropogenic (human-caused) additions to greenhouse gascs are
raising global average temperatures;and may produce harmful changes in

the global climate. Energy-related greenhouse gas emissions make up a

significant fraction of all such emissions, and the United States, as one of
the world’s lurgest producers and consumers of fossil fuels, is responsible
for a major portion of global energy-related emissions.

Carbon dioxide (CO;) accounis for the largest share of combined
anthropogenic greenhouse gas emissions. In 1998 U.S. anthropogenic CO,
emissions totaled about 5.5 billion metric tons (of gas; 1 ton of carbon
equals 3.667 tons of carbon dioxide gas), 0.2 percent higher than the year
before and 20 percent higher than in 1985 (Figure 33). Nearly 99 percent
of this total was energy-related emissions, especially from petroleum con-
sumed by the transportation sector, coal burned by electric utilities, and
natural gas used by industry, homes, and businesses.

Energy-related emissions of methane, another important greenhouse gas,
remained at 10 million metric tons in 1998. While about 35 pereent of U.S,
mcthane emissions stemmed from cnergy use, most came from landfills and
such agricultural sources as ruminant animals (cattle and sheep) and their
wastes. Emissions of a third potent greenhousc gas, nitrous oxide, re-
maincd about the same in 1998, at 1.2 million metric tons. :
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Figure 33. Carbon Dioxide Emissions

Billion Metric Tons of Gas

1985 1987 1989 1981 1893 1995 1997

All sectors of the U.S. economy contribute to energy-related greenhouse
gas emissions, especially CO;. Of 1998 energy-related CO, emissions of
1.5 billion metric tons of carbon (5.4 billion tons of gas), the industrial and
transportation sectors each accounted for about one-third, the residential
sector for about one-fifth, and the commercial sector for the remainder. In-
dustry's emissions derive from a broad mix of fossil-origin energy, includ-
ing electricity, petroleum, natural gas, and coal. Not surprisingly, the
transportation sector emits carbon dioxide mostly via the consumption of
petroleum (especially motor gasoline, distillate fuels such as diesel, and jet
fuel). Residential- and commercial-sector emissions are owed mosily to the
use of electricity and natural gas.

The U.S. Energy Outlook

Future patterns of energy production, use, and consequences in the United
States are, of course, purely speculative. But educaled guesses can be made
by means of sophisticated computer models, such as the Energy Informa-
tion Administration’s National Energy Modeling Systemn (NEMS). ElA’s
current projections are published in its Annual Energy Outlook 2000 (AEQ
2000) and extend through 2020. Although emphaticaily not to be taken as
predictions—no existing or imaginable model pretends to be able to

Energy Informatlon Administration/Annual Energy Review 1999

foresee critical but unexpected events, such as the 1973 ojl embargo---the
projections cun sketch a plausible general picture of future developments
given known trends in technology and demographics and current laws und
regulations,

The projections in AEO 2000 suggest our near-term energy future will be
one of more: consumption, production, imports, and cmissions. Real en-
ergy prices are expected either to increase slowly (petroleum and natural
gas) or to decline (coal and electricity). These circumstances will encour-
age greater consumption (Figure 34), und AEQ 2000 projects U.S. total
consumption to reach 121 quadritlion Btu in 2020, 27 percent higher than
in 1998. Consumplion rises in all sectors, but growth is especially strong in
transportation because of more travel and greater freight requirements.

Despite the general increase in energy consumplion, efficiency gains and
rising population keep per-capita use of energy roughly stable through
2020, according fo the projections. Energy intensity, expressed as energy
use per dollar of gross domestic product, has declined since 1970 and is ¢x-
pected to continue falling. '

More energy consumption, of course, means more energy produc-
lion—somewhere. Because the output of aging U.S. oil fields will continue
to drop, rising demand for petroleum will have 1o be'met by imporis. The
share of U.S. petroleun consumption met by net imports is projected to

Figure 34. Energy Consumption by Fuel, 1949-2020
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rise from 52 percent in 1998 to 64 percent in 2020. Domestic natural gas
production, on the other hand, increases 1.5 percent per year on average, an
increase sufficient to meet most of the higher demand. Qutput from the Na-
tion's vast coalfields likewise incres=2s to meet rising domestic demand.
Growth in production of energy fror:. renewaole sources is less than | per-

cent per year, while output from auclear power facilities declines
significantly.

Unless policies to reduce emissi. 1s of carbon dioxide (such as those pro-
posed under the 1997 Kyolo Proto: ol) are adopted greater use of fossil fu-
els, slow market penetration by renewable energy sources, and less use of
nuclear power will inevitably lead to higher emissions. AEO 2000 projects
U.S. energy-related carbon dioxide emissions to reach nearly 2 billion met-

ric tons of carbon (7.3 billion tons of gas) in 2020, 33 percent more than in
1998.

What of our long-term energy future? That is even more speculalive. Many
would argue that the world is destined to move beyand fossil fuels eventu-
ally; if the threat of global climate change does not compel it, then ex-
hausted supplies and rising prices may. The far future seems likely to
belong to renewable sources of energy. Although the form they take may be
radically different than in the past—solar hydrogen and advanced
photovoltaics, perhaps, rather than fuelwood and dung—humankind’s
sources of energy thus will have come full circle.

Figure Source Notes
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Kelliher, Joseph

From:
Sent:
Yo:

Cc:
Subject:

Sensitivity:

Vemet, Jean
Saturday, June 09, 2001 11:47 AM
Otis, Lee; Kelliher, Joseph

Anderson, Margot; Conti, John; Carter, Douglas; Breed, William; McNutt, Barry
Update: NEP NSR Review ‘

Confidential

From the road, Bill Hamett answered my 6/8 inquiry on status in a voice mail:

DOE015-2333
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Kelliher, Joseph

From: Vemet, Jean
Sent: Thursday, June 07, 2001 7:27 AM
To: Otis, Lee
Cc: Kelliher. Joseph: Anderson, Margot; Conti, John
Subject:
Sensitivity: Conndential
Ms. Otis,
Per Joe's request.
Jean
Jean E. Vernet -
Office of Policy, PO-21
U.S. Department of Energy
202.586.4755
fax 202.586.5391
——Original Message--—
From: Kelliher, Joseph
Sent: Wednesday, June 06, 2001 6:02 PM
To: vernet, Jean
Subject: RE: Update on NEP NSR review
Sensltivity: Confidential

Jean, please provide this information to Lee Otis. the new General Counsel. She is our lead on NSR.

" ——-Original Message—-~

From: Vernet, Jean

Sent: Tuesday, June 05, 2001 10:13 AM

To: Anderson, Margot; Cont, John; Kefliher, Joseph

Ce: Carter, Douglas; McNutt, Barry; Breed, Wilkam; Moses, David
Subject: Update on NEP NSR review

Sensitivity: Confidential

To all,

Please do not forward this message.

Work with EIA.

8991
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Kelliher, Joseph

From: Vemet, Jean

Sent: Tuesday, June 05, 2001 10:13 AM

To: Anderson, Margot; Conti, John; Kelliher, Joseph

Cc: Carter, Douglas; McNutt, Barry; Breed, William; Moses, David
Subject: Update on NEP NSR review

Sensitivity: Confidential

To all,

Please do not forward this message.

Work with EIA.

o B ” 8993
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Kelliher, Joseph

From:
Sent:
To:

Cc:
Subject:

Margot, Joe,

Vernet, Jean

Tuesday, May 29, 2001 7:47 AM
Anderson, Margot; Kelliher, Joseph
Breed, William; Conti, John

Bill Harnett called this am to update me on progress.

Jean

~—----0riginal Message-~-

From: vemet, Jean

Sent: wednesday, May 23, 2001 7:30 AM
To: Anderson, Margot; Conti, John

Cc: Kelliher, Joseph; Breed, William

Subject: EPA Process for NSR Review under the NEP

Message from Bill Hamett, EPA OAQPS, indicating that

8997
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Kelliher, Joseph

From:
Sent:
To:

Ce:
Subject:

Vernet, Jean

Wednesday, May 23, 2001 7:30 AM

Anderson, Margot; Conti, John
_Kaelliher, Joseph; Breed, William

Message from Bill Hamett, EPA OAQPS, indicating that

8998
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Kelliher, Joseph

From:
Sent:
To:

Cc:
Subject:

importance:

Joe,

Vemet, Jean

Friday, May 18, 2001 3:10 PM

Kelliher, Joseph

Anderson, Margot; Conti, John .

RE: new source review/national coal council report

High

If there is anymore to add after Council staff return my call, I'll ship it off quickly.

Jean
-—--0nginal Message--—
From: Kelliher, Joseph
Sent: Friday, May 18, 2001 1:40 PM
To: Anderson, Margot; Conti, John; Vernet, Jean
Subject: new source review/national coad! council report

Imnortance: High

8999
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Kelliher, Joseph

From:
Sent:

Joe,

Koch, Matthew

Tuesday, June 05, 2001 5:34 PM
Kelliher, Joseph

Tripodi, Cathy

Policy Talking Points

As per bur conversation, | have highlighted spacific programs and proposals from the National Energy Policy that would be
of interast to State and Local govemments.

I would appreciate your taking a moment to review the attached material and provide me with your thoughts or comments.

1 mey play with the format a bit - but expect to leave the contant alone except for your input or recommendations.

Thank you in advance for your help,

Matt Koch
57
Paolicy

statepoints.doc

9000
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Kelliher, Joseph

From:
Sent:
To:

Ce:
Subject:

About 56 pages long

NEP chapter by
chapter.dc:

Kolevar, Kevin . L
Tuesday, June 05, 2001 1:22 PM T

Hutto, Chase; Faulkner, Doug Kelhher Joseph Reed Craig
McSlarrow, Kyle

First draft of Chapter by Chapter

9005
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Kelliher, Joseph

From: Kolevar, Kevin

Sent: Monday, June 04, 2001 7:19 PM
To: Hutto, Chase; Kelliher, Joseph
Subject: NEP Action Plan

This is the version for Chase'’s. input.

r
* Kyle's email address isl.

9063
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Kelliher, Joseph

From:
Sent:
To:
Subject:

Kolevar, Kevin

Monday, June 04, 2001 10:04 AM
Hutto, Chase; Kelliher, Joseph
draft of new NEP action plan

9075
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e Zelliher, Joseph

From:
Sent:
To:
Subject:

NEP Action Plan.doc

Kolevar, Kevin

Thursday, May 31, 2001 10:40 AM
Kelliher, Joseph; Hutto, Chase
NEP action plan
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Kelliher, Joseph ' Vs -
From: Koch, Matthew

Sent: Wednesday, May 23, 2001 4:20 PM

To: Keliiher, Joseph

Cc: Tripodi, Cathy

Subject: Transfer of funds into LIHEAP

Joe,

Thank you in advance for your assistance.

Matt Koch
Office of Congressional and intergovernmental

- 9089
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Kelliher, Joseph

- fom:
Sent:
To:

Cc:
Subject:

j
DA011420027.doc

See

JWeisgali, sinternet | (D ( Q)

Wednesday, May 23, 2001 11:21 Am
_Kelliher, Joseph _

tdbonner@midamerican.com%internet

Geothermal recommendations

attached. Please feel free to call with any questlions or cImmen.

9090



I

3
)

CONCEPTS FOR AN EXECUTIVE ORDER

FOR GEOTHERMAL DEVELOPMENT ON FEDERAL PUBLIC LANDS

POLICY - Consistent with the National Energy Policy relating to all energy sources, and
specifically to renewable sources, all federal agencies, under the lead of the Departments of
Energy and Interior are directed, consistent with applicable law, to undertake appropriate
actions to expedite the development and production of geothermal resources from federal

lands and to facilitate the sale of electricity from geothermal sources into the energy market.

SPECIFIC DIRECTIVES

¢ lti1s a nanonal prionty, consistent with other laws, to develop and expand the use
of geothermal energy resources on federal lands. Federal agencies including. but
not hmited to the Bureau of Land Management (BLM) and the U.S. Forest
Service (USES), involved in geothermal leasing, permitting or other reviews are
directed to give geothermal energy projects expeditious and priority consideration
and minimize impedimen-ts and unnecessary requirements upon geothermal

operations;

e The Department of the Interior (DOI) 1s directed to review its regulations and
existing legal authority to enhance BLM's authority under the Geothermal Steam
Act 1o ensure umely decisions or actions involving geothermal leases and

subsequent permituing or review, including actions taken by other agencies. and 10

['DA0} 1420627 doc)
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establish specific goals and timeframes for completion of Jeasing, permitting and
other actions;

The DOI 1s directed to expeditiously review all moratoria and withdrawals of land
preventing exploration and development in Known Geothermal Resource Areas,

and where considerations of additional energy supply outweigh the original

purposes of the moratoria or withdrawal, to modify any such order to permit

consideration of development under applicable law;

The DOI 1s directed that all active pending admuinistrative appeals concerning

geothermal energy development should be expedited, including the consideration

of assumption of jurisdiction of such appeals by the Secretary in order to reach
final decisions on such.appeals;

The BLM 1s directed 1o decide whether or not to 1ssue leases or hold a compeuuve

lease sale within 90 days for all pending lease applications;
L J

DOl 1s directed to examine whether a portion of the federal share from geothermal

royalties should be set aside for Native American Tribes that demonstrate

necessary;

historical ties to the land or operate as local units of government and to take
appropriate regulatory action or propose legislative amendments as 1t determines

e BLM is directed to work with the U.S. Geological Survey, DOE. and USFS 10

fund geophysical studies, including the drilling of temperature gradient core holes.
I DAOI1420027 doc]
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to help characterize new potenuial geothermal resources in order to define high

potential areas that can be offered for bompetitive bidding;:

BLM is directed to review its geothermal lease management rule, guidelines and

practices to ensure that they promote and facilitate development;

Federal agencies, especially the power marketing administrations, are directed to
consider purchasing geothermal energy as part of their “green” power promotion

efforts, and DOD is directed to consider long-termn geothermal contracts in order

to promote new development; and

DOl 1s directed to review geothermal leasing and regulations by other agencies
(including DOD) and to report on actions that could be taken to promote

geothermal development and ensure uniform lease terms, administration and

royalty policies;

The Department of Energy is directed to establish a National Geothermal
Coordinating Commuittee (as recommended by the February 28, 2001 NREL
Repon) to facilitate agency actions supporting and expediting the expanded

production or energy from geothermal resources; and

The Department of the Treasury 1s directed., in cooperation with the Department of
Energy. to consider expanding the production tax credit to geothermal energy as

part of its deliberations implementing the tax recommendatons of the NEPDG.

[ 'DAOIT1320027 . doc) so- Shaz
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Kelliher, Joseph —
From: Magwood, William
Sent: Tuesday, May 22, 2001 5:55 PM
To: Kelliher, Joseph: Cook, Trevor
Subject: RE: reprocessing paper
Joe,

Let me know if you need further information.

WDM
~—Qriginal Message-—
From: Keiliher, Joseph
Sent: Tuesday, May 22, 2001 1:50 PM
Yo: Cook, Trevor
Cec: Magwood, William
Subject: RE: reprocessing paper

Importance: High

—---Origina! Message—--

From: Cook, Trevor

Sent:  Tuesday, May 22, 2001 9:21 AM
TJo: Keliiher, Joseph

Ce: Magwood, Wiliam

Subject: reprocessing paper
Importance: High

Joe,

Here is the paper, its just over a page.

Trevor.

<< File: ONE PAGER ON REPROCESSING .doc >>

---—-Original Message-—-

from: Keliiher, Joseph

Sent: Monday, May 21, 2001 3:15 PM
To: Magwood, William; Cook, Trevor

Subject: heanng prep: reprocessing

DOEO015-2437
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Kelliher, Joseph T bl

From: Cook, Trevor
Sent: Tuesday, May 22, 2001 3:04 PM
To: Kelliher, Joseph
Subjact: RE: reprocessing paper
tmportance: High
3-7046
~—-Original Message-—--—

From: Ketliher, Joseph

Sent: Tuesday, May 22, 2001 1:50 PM

Yo: Cook, Trevor

Cc: Magwood, William

Subject: RE: reprocessing paper

Importance: High

—-0riginal Message-—-—

From: Cook, Trevor

Sent: Tuesday, May 22, 2001 9:21 AM
To: Kelliher, Joseph

Cc: Magwood, William

Subject: reprocessing paper

Importance: High

Joe.

Here is the paper, its just over 2 page.

Trevor.

<< File: ONE PAGER ON REPROCESSING .doc >>

-—0ngmnal Message——

From: Kelliher, Joseph

Sent: Monday, May 21, 2001 3:15 PM
To: Magwood, William; Cook, Trevor

Subject: heanng prep: reprocessing

DOE015-2438
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Kelliher, Joseph

From:
Sent:
To:
Subject:

importance:

Kripowicz, Robert

Tuesday, May 22, 2001 1:53 PM
Kelliher, Joseph

RE: CCT successes

High

<

Sec-Clean Coal.wpd

Attached is what | just sent to Chase and Kevin.

~——Original Message-—-

From: Kelliher, Joseph -
Sent Tuesday, May 22, 2001 1:48 PM
To: Kripowicz, Robert

Subject: CCT successes

Importance: High

DOE015-2439
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Kelliher, Joseph

From: Kripowicz, Robert
Sent: Tuesday, May 22, 2001 1:18 PM
To: Kelliher, Joseph
Subject: FW: Kelliher request: NCC report
importance: High
——-Origina! Message-———
From: Carter, Douglas
Sent: Tuesday, May 22, 2001 1:10 PM
To: Kripowicz, Robert
Cc: Rudins, George
Subject: Kelliner request:  NCC report

" Doug Carter (FE-26)

DOEO1 5—244{
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Kelliher, Joseph ' b

From: Anderson, Margot

Sent: Tuesday, May 22, 2001 11:11 AM
To: Kolevar, Kevin; Keliiher, Joseph
Subject NEP implementation

Kevin and Joe,

R&D Reviews,

Margot

) B

National Academy R&D Councit
of Sciences R... Overview.doc

9106
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Kelliher, Joseph

From:
Sent:
To:
Subject:

importance:

=)

NEP.Chapter? JOE.
doc

McMonigle, Joe

Friday, May 18, 2001 8:30 PM

Kelliher, Joseph

chapter 7 summary and recommendations

High

9110
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Kelliher, Joseph

From: . Kolevar, Kevin
Sent: : Friday, May 18, 2001 5:56 PM
TJo: Kelliher, Joseph
Subject: Chapter 4 synopsis and recommendations
N
Chapter Four-Using
Energy Wise...

9116
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Martin, Adrienne

From: KYDES, ANDY
Sent: Friday, May 04, 2001 3:03 PM
To: Anderson, Margot

Subject: RE: need information

You are always welcome.

-—-0Original Message—--

From: Margot Anderson_at_HQ-EXCH at X400PO
Sent: Friday, May 04, 2001 11:46 AM

To: Kydes, Andy

Subject: RE: need information

Thank you Professor Kydes!

--—Original Message—

From: KYDES, ANDY

Sent: Friday, May 04, 2001 1::7 PM
To: Anderson, Margot

Cc: HUTZLER, MARY

Subject: RE: need information

9119
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1 hope this helps.
Andy

——-Original Message—-—

From: Margot Anderson_at_HQ-EXCH at X400P0
Sent: Thursday, May 03, 2001 5:59 PM

To: Kydes, Andy

Subject: need infor

Andy,

Muchas

Margot

9120
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_ Martiﬁ, Adrienne B( S 3

From: Tom Kimbis . L
Sent: Friday, May 04, 2001 12:04 PM
To: Anderson, Margot o
Subject: RE: Revisions to Renewablds Chapter
?a]
OpredOly

I'm temporarily at 586-9264 (squatting in a window office while people get shuffled).

My usual number (where my voicemail is) is 586-7055.

Tom

\;-....-b T ’:\.—"-':
Iiargo Anderson@HQMAILL on 05/04/2001 11:57:51 AM

Tom Kimbrs/EE/DOE@DOE@HQMAIL

RE: Revisions to Renewables Chapter

wnat's your phone number?

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

rroa: Tom Kimbis

Sent: Friday, May 04, 2001 9:50 AM
To: Anderson. Margot

Subject: RE: Revisions to Renewables Chapter

“L2et Ancerson@HQMZIL on 05/03.°2001 04:59:45 PM
- Tom Kimbis/EE/DOE@DOE@HQMAIL

..~ =12 RE: Rewisions to Renewables Chapter

From: Tom Kimbas
Sent: Thursday. May 03. 2001 2:31 PM

9121
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To: Anderson. Margot
Ccs mansueti, Lawrence; York, Michael; Zimmerman, MaryBeth; Tseng. Phillip
Subject: RE: Revisions to Renewables Chapter

No problem. This was a team effort by everyone cc:d on the email...

Margo: Andersor @HQMAIL on 05/03/2001 01:53:18 PM

To: Tom Kimbis/EE/DOE@DOE@HQMAIL
ce: Lawrence Mansueti/EE/DOE@DOE@HQMAIL, Michae! York/EE/DOE@DOE@HQMAIL, MaryBeth
Zimmerman/EE/DOE@DOE@HQMAIL, Phillip Tseng/EE/DOE@QDOE@HQMAIL

Suz-ect RE: Revisions to Renewables Chapter

Thanks, Tom. Much appreciate your hard work.

Prom: Tom Xiabis

Sant: Thursday. May 03, 2001 1:50 PM

T0: Anderson, Margot

Cc: Maneueti, Lawrence: York, Michael:; Zimmerman, MaryBeti: Tseng. Phillip

Subject: Revisions to Renewables Chapter
lmportance: Righ . ~
Margot:

2

9122
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Let me know if you have any further questions.
Tom

5869264
586-7055 - vm

<< File: CHP schematic.ppt >>

<< File: bpxvd660 >>
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Martin, Adrienne

From: KYDES, ANDY

Sent: Friday, May 04, 2001 1:17 PM
To: Anderson, Margot

Cc: HUTZLER, MARY

Subject: RE: need information

o

I nope this helps.

9124
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Andy

——0Qriginal Messa

From: Margot Anderson_at HQ-EXCH at X400PO
Sent: Thursday, May 03, 2001 5:59 PM

To: Kydes. Andy

Subject: need infor

Andy,

Muchas

Margot

DOE015-2468
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Martin, Adrienne

From: Tom Kimbis

Sent: Friday, May 04, 2001 9:50 AM

To: Anderson, Margot

Subject: RE: Revisions to Renewables Chapter
bpavabbo

Margo. Anderson@HQMAIL on 0£/03/2001 04:59:45 PM

7z Tom Kimbis/EE/DOE@DOE@HQMAIL

*..0.=7. RE: Rewvisions to Renewables Chapter

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

From: Tom Kimbis

Sent: Thursday, May 03, 2001 2:11 PM

To: Anderson, Margo:

Ce: Mansueti. Lawrence; York, Michael; Zimmerwan, MaryBeth: Tseng. Phillip
Subject: RE: Revisions to Renewables Chapter

No problem. This was a team effort by everyone cc:d on the emait...

agerson 6 HQMZIL on 05 03 2001 01:53.18 PL:
- Tom Kirnbis/EE /DOE@DOEG@HOMAIL

: Lawrence Mansueti/EE/DOEQDOE@HQMAIL, Michael York/EE/DOE@DOE@HQMALL. MarySetn

Zimmerman/EE/DOE@DOE@HQMAILL. Phillip Tseng/EE/DOE@DOE@HQMAlL
Z..0 227 RE: Revisions to Renewables Chapter

Tnanrs. Tom. Much appreciate your hard wcrk.

rrom: Tom Kimbis

Sent: Thuraday. May 03, 2001 1:50 PM

To: Anderson. Margot

Ce: Mansuet:. Llawrence; York. Michael: limmerman. Mar-Be::r. Tsenc. Phill:;

DOE015-2469



Subject: Revi:sions to Réneua.blis Chapter
Importance: High

Margot:

Let me know If you have any further questions,
Tom

586-9264
586-7055 - vm

<< File: CHP schematic.ppt >>
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Martin, Adrienne sl Ly

7

From: Tom Kimbis

Sent: : Thursday, May 03, 2001 2:11 PM

Jo: Anderson, Margot

Cc: Mansueti, Lawrence; York, Michael, Zimmerman, MaryBeth; Tseng, Phillip
Subject: RE: Revisions to Renewables Chapter

No problem. This was a team effort by everyone cc:d on the email...

Kurgo Anderson@HQMAIL on 0£/03/2001 01:53:18 PM
“2. Tom Kimbis/EE/DOE@DOE@HQMAIL

zc Lawrence Mansueti/EE/DOE@DOE@HQMAIL. Michae! York/EE/DOE@DOE@HQMAIL, MaryBeth
Zimmerman/EE/DOE@DOE@HQMAIL, Phillip Tseng/EE/DOE@DOE@HQMAIL

I .z -z RE: Revisions to Renewables Chapter

Thanks, Tom. Much appreciate your hard work.

From: Tom Kimbis

Sent: Thursday, May 03, 2001 1:50 PM

To: Anderson, Margot

Ce: Mansueti, Lawrence: York. Michael; Zimmerman, MaryBeth: Tseng. Phillip

Subject: Revigions to Renewables Chapter
lmportance: High

Margot:

9128
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Let me know if you have any further questions.

Tom

586-9264
586-7055 . vm

<< File: CHP schematic.ppt >>

129
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o ST )
Martin, Adrienne

From: - Tom Kimbis

Sent: Thursday, May 03, 2001 1:50 PM .

To: Anderson, Margot

Cc: Mansueti, Lawrence; York, Michael; Zimmerman, MaryBeth; Tseng, Phillip
Subject: Revisions {o Renewables Chapter

importance: - High

CHP scnematic.op!

Margot:

~€7 me know if you have any turther Quéstions_

Tom

580 9264
566 7055 vm

9130
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Martin, Adrienne

A (‘3’)

From: Carter, Douglas
Sent: Wednesday, May 02, 2001 9:54 AM
To: Anderson, Margot
Subject: FW: high cost of oil production
Margot -
Doug
--—-Origina! Message—--
From: Allison, Edith
Sent: Tuesday, May 0i, 2001 1141 AM
To: Anderson, Margot
Cc: Carter, Douglas; Rraitsch, )ay; DeHoratiis, Guido
Subject: high cost of oil production -
Edith Allison

Exploration Program Manager

Department of Energy

Office of Natural Gas and Petroleumn Technology
Telephone: 202-586-1023 :
Fax: 202-586-6221

email edith.allison@hq.doe gov

DOE015-2475
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Martin, Adrienne

From: 'KYDES, ANDY
Sent: Tuesday, May 01, 2001 8:26 PM
To: Anderson, Margot
Subject: Fina! suggestions/checks on Infrastructure Chapter
v
CTH1.E1A.DOC

These are the final comments we have on the Infrastructure Chapter

They are on pages B-10 on the attached and are highlighted in yellow.

Andy

Andy S. Kydes, EI-80

U.S. DOE/EIA

1000 Independence Ave. SW
Washington, D.C. 20585
email: akydes@eia.doe.gov
Tel: (202) 586-2222

fax: (202) 586-3045

Please see our website hitp://www eia.doe.gov for acce;ss to EIA's energ
information and publications. Please call NEIC at (202) 586-8800 or email
them

at infoctr@eia.doe.gov if you have general questions regarding such
information

or how to locate it.

DOE015-2476
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Martin, Adrienne 2

From: KYDES, ANDY

Sent: Tuesday. May 01, 2001 7:05 PM
To: Anderson, Margot

Subject: FW: <NULL>

1t appears that our particular problems with the intemational write-up is -

fine
to go forward with. See the note below.

Andy

-—Original Message—-

From: Calo, Derriel

Sent: Tuesday, May 01, 2001 2:31 PM

To: Kydes, Andy; Butier, George; Holte, Susan; Sitzer, Scot:; MCAidle,
Paul; Earley, Ronald

Cc: Kilgore, Cal; Hutzler, Mary; Pettis, Larry

Subject: RE: <NULL>

Andy

Derriel

--—-Original Message-——-
From: Kydes, Andy
Sent: Tuesday. May 01, 2001 9:22 AM

To: Cato. Derriel; Butler, George; Holle. Susan; Sitzer, Scott; McArdie,
Paul; Earley, Ronald

Cc: Kilgore, Cal; Hutzler, Mary; Pettis, Larry
Subject: FW: <NULL>

Thanks for your help.

Andy

9152
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-—-Original Message—--

From: Margot Anderson_at_HQ-EXCH at X400PO

Sent: Tuesday, May 01,2001 9:03 AM

To: Kydes, Andy; MaryBeth Zimmerman_at_HQ-NOTES at X400PO

Cc: Dggell Beschen_at_HQ-NOTES at X400PO; Michael York_at_HQ-NOTES at
X400

Subject: <NULL>

_ _ 9153
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Martin, Adrienne g -

From: Vemet, Jean

Sent: Tuesday, May 01, 2001 3:12 PM
To: Kelliher, Joseph; Anderson, Margot
Cc: Conti, John; Carter, Douglas
Subject: RE: NSR

importance: - High

Joe,

Just got to look at this. | was out of the office yesterday and this moming at a conferenca. Please let me know your
reaction, and where this stands.

Jean

----- Original Message—---

From. Kelliher, Joseph

Sent: Sunday, April 29, 2001 5:05 PM
To Vernet, Jean; Anderson, Margot
Subject: NSR

9154
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-----Original Message-—---- .

From: Schmidt.Lorie@epamail.epa.gov%internet
[mailto:Schmidt.Lorie@epamail.epa.gov)

Sent: Tuesday, April 24, 2001 12:08 PM

To: Kelliher, Joseph

Cc: Stevenson, Beverley

Subject: NEPD Recommendations

Joe

! believe that Tom and Rob will want to talk to you about this again - |
think we are trying to set up something for Wednesday or Thursday.

1 didn't catch Jean's last name, so could you please forward this to her?
Thanks,

Lorie Schmidt
564-1681

(See attached file: nsr rec 4-24.wpd)

9155
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Martin, Adrienne J k > 5

From:
Sent:
To:
Subject:

Freitas, Christopher

Tuesday, May 01, 2001 2:16 PM
Anderson, Margot

RE: infrastructure

Margot. Thanks for all your support on this.

Sincerely,

Christopher J. Freitas

Program Manager, Natural Gas Infrastructure
(202) 586-1657

-—--Original Message-—

From:
Sent:
To:

Cc:
Subject:

Joe.

Margot

Anderson, Margot

Tuesday, May 01, 2001 1:25 PM
Kelliber, Joseph

Freitas, Ohnstopher; Kripowicz, Robert
FW: infrastructure

----- Orignal Message-----

From:
Sent:
To:

Cc:
Subject:

Charlie.

Margot ~

Angerson, Margot

Tuesday, May 01, 2001 9:55 AM
Charies Smith (E-maif)

Freitas, Chnstopher
infrastruCture

<< File: chapter @ DOE comments april 23.00C >>
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Martin, Adrienne

From: Kelliher, Joseph
Sent: Tuesday, May 01, 2001 1:27 PM
To: Anderson, Margot
Subject: RE: infrastructure

~=-0riginal Message--—

From: Anderson, Margot

Sent: Tuesday, May 01, 2001 1:25 PM

TJo: Kefliher, Joseph

Cc: Freitas, Christopher; Kripowicz, Robert

Sub FW: infrastructure

Joe,

Margot

-—-0riginal Message-----
from: Ancerson, Margot

Sent: Tuesday, May 01, 2001 9:55 AM
Yo: Chares Smith (E-mail)

e Freitas, Christopher

Subject: infrastructure

Charlie,

Margot

<< File: chapter 9 DOE comments april 23.DOC >>
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o
Martin, Adrienne o
From: KYDES, ANDY
Sent: Tuesday, May 01, 2001 3:17 PM
To: Anderson, Margot
Cc: BEAMON, JOSEPH; HUTZLER, MARY; PETTIS, LARRY
Subjact: RE: Going to Press: Clean up of Chapter 1.

—--Original Message--—-

From: Margot Anderson_at_HQ-EXCH at X400P0O

Sent: Tuesday, May 01, 2001 8:40 AM

To: Kydes, Andy; Douglas Carter_at_HQ-EXCH at X400PO; Joseph
Kelliher_at_HQ-EXCH at X400PO

Subject: Going to Press: Clean up of Chapter 1

Margot

-—-Qriginal Message—~-—

From: Charles_M._Smith@ovp.eop.govikintemet
[mailto:Chares_M._Smith@ovp.eop.gov])

Sent: Monday, April 30, 2001 4:42 PM

To: Kelliher, Joseph; Anderson, Margot:
Roberi_C._McNally@oa.eop.gov%internet

Cc: Angrew_D._Lundquist@ovp.eop.govinternet;
Karen_Y._Knutson@ovp.eop.goviiniemnet;
Kiersten_S._Drager@ovp.eop.gov%intemet
Subject: Ciean up of Chapter 1

9158
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Please get us responses to the open items by noon, Tuesday, May 1, 2001.

9159
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Martin, Adrienne

Lis>

From:
Sent:
To:

Cc:
Subject:

Margot -

Doug

—-Original Message—
From: Anderson, Margot

Carter, Douglas

Tuesday, May 01, 2001 11:50 AM

Anderson, Margot

Kripowicz, Rabert; Rudins, George; Braitsch, Jay
Chap 3 - Coal gasification intro

Sent: Tuesday, May 01, 2001 8:49 AM
To: Cook, Trevor; Carter, Douglas

Cc: Magwood, William

Subject: Going to Press: chapter 3

Doug and Trevor,

By 10:00 if pos?iBie. Thanks.

Margot

-----Origina! Message—-—

From. Charles_M._Smith@ovp.eop.gov%internet

[mailto:Charles_M._Smith@

ovp.eop.gov]

Sent. Monday, Aprit 30, 2001 10:25 PM '

To: Kelliher. Joseph; Anderson, Margot;
Moss.Jacob@epamail.epa.gov%internet;

William_bettenberg@ios .doi.gov%internet; Tom_fulton@ios.doi.gov%intermnet
Cc: Kjersten_drager@ovp.eop.gov%intemet:

Andrew_D. -Lundquist@ovp.eop.gov%intemnet;
Karen_Y._Knutson@ovp.eop.gov%internet

Subject: chaoter 3

9160
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I need this literally first thing in the am. Chapter 3 is to be laid out
starting about noon.

Charlie

9161
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L(S

Martin, Adrienne

From: Carter, Douglas
Sent: Tuesday, May 01, 2001 11:23 AM
To: Kelliher, Joseph
Cc:
Subject: RE: clean coal
Joe -
Doug
-—-0Original Message—--

From: Keiliher, Joseph

Sent: Tuesday, May 01, 2001 10:37 AM

To: Carter, ODouglas; Anderson, Margot

Ce: Rudins, George; Kripowicz, Robert

Subject: RE: dean coal

--—--0Ongmnal Message——

Rudins, George; Kripowicz, Robert; Anderson, Margot; Braitsch, Jay

From: (arter. Douglas
Sent:  Tuesday, May 01, 2001 10:35 AM

To:
cc.

If this doesn’t work, please email or call me at x69684.

Anderson, Margot; Keliher, Joseph
Ruains, George; Knpowicz, Robert

Subject: RE: clean coal

Doug
----- Onginal Message--—-
From: Anderson, Margot
Sent: Tuesday, May 01, 2001 8:28 AM
Yo: Canter, Douglas
Subject: FW: ciean coal
Doug.

Can you fill this is for Joe Kelliher?

margot
----- Onginal Message-~—- R
From: Kelliher, Joseph
Sent: Monday, April 30, 2001 6:49 PM

9162
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To: Anderson, Margot
Subject: RE: dean coa

Yes. in addition. They want something like this (I guess):

~—Qriginal Message—

From: Anderson, Margot
Sent: Monday, Apri! 30, 2001 6:15 PM
To: Keifiher, Joseph; Kripowicz, Robert
Cc Carter, Dougias; DeHoratiis, Guido
Subject: RE: clean coal

Joe.

Is this beyond what we already sent them (from FE) a few hours ago? If so, we should ask Doug Carter
and/or Guido DeHoratiis to answer (i note that Bob K. is out today). By when?

Margot
—~---Original Message—-—
From: Kelliber, Joseph
Sent: Monday, April 30, 2001 6:16 PM
To: Kripowicz, Robert
[ Anderson, Margot
Subject: dean coal

9163 _
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Martin, Adrienne o ‘

From: Kelliher, Joseph
Sent Tuesday, May 01, 2001 10:37 AM
To: Carter, Douglas; Anderson, Margot
Cc: Rudins, George; Kripowicz, Robert
Subject: RE: clean coal

—~—Original Message--—-

From: Carter, Douglas

Sent: Tuesday, May 01, 2001 10:35 AM

To: Anderson, Margot; Kelliher, Joseph

Ce: Rudins, George; Kripowicz, Robert

Subject: RE: dean coa!

If this doesn’t work, please email or call me at x69684.

Doug

----- Onginal Message-—---
From: Anderson, Margot
Sent: Tuesday, May 01, 2001 8:28 AM
Yo: Carter, Douglas
Subject: FW: clean coal

Doug.
Can you filt this s for Joe Keliiher?

margot
----- Original Message-----
From:  Kelliner, Joseph
Sent:  Monday, April 30, 2001 6:45 PM
Yo: Anderson, Margot
Subject: RE: dean coat

Yes. in addition. They want something like this (I guess):

----- Onginal Message——

From: Angerson, Margot R
Sent: monday, Aprit 30, 2001 6:19 PM
To: Kelhher, Joseph; Knipowicz, Robert

Cc: Carter, Douglas; DeHoratus, Gudo

Subject: RE: clean coa!

Joe.

9164
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Is this beyond what we aiready sent them (from FE) a few hours ago? If so. we should ask Doug Carter and/or
Guido DeHoratiis 1o answer (I note that Bob K. is out today). By when?

Margot
---—0Oniginal Message--—
From: Kelliher, Joseph
Sent: Monday, April 30, 2001 6:16 PM
To: Kripowicz, Robert
Cc: Anderson, Margot
Subject: dean coal
\

9165
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Martin

, Adrienne

From:
Sent:
To:

Cc:
Subject

" Carter, Douglas
Tuesday, May 01, 2001 10:35 AM
Anderson, Margot; Kelliher, Joseph
Rudins, George; Kripowicz, Robert
: RE: clean coal

If this dzesn’ work, please email or call me at x69684.

Doug
~ =-Origindl Message-——
From. Anderson, Margot
Sent: Tuesday, May 01, 2001 8:28 AM
Yo: “arter, Douglas
Subject: VW: dean coal
Doug.
Can you fill this is for Joe Kelliher?
margot
----- Onginal Message-----
From: Kelliher, Joseph
Sent: Monday, April 30, 2001 6:49 PM
To: Anderson, Margot
Subject: RE: dean coal
Yes. in addition. They want something like this (I guess):

----- Ongina! Message--—-

From:  Anderson, Margot
Sent:  Monday, April 30, 2001 6:15 PM
Yo: Kelliher, Joseph; Kripowicz, Robert
Cc: Carter,-Douglas; DetHoratss, Guido
Subject: RE: dean coal :

Joe.

Is this beyond what we already sent them (from FE) a few hours ago? li so, we should ask Doug Carter anc.or

Guido DeHoratiis to answer (I note that Bob K. is out today). By when?

- Margot
-—--Onginal Message-----
fFrom: Kettiher, Joseph
Sent: Monday, April 30, 2001 6:16 PM

To: Knpowz, Robert
Cc: Anderson, Margot
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Subject: clean coal
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Martin, Adrienne

From: Carter, Douglas

Sent: Tuesday, May 01, 2001 10:26 AM :
To: Anderson, Margot; Ketliher, Joseph; Kripowicz, Robert
Cc: Rudins, George

Subject: RE: clean coal

Aftached is des.cript'rve info on the CCTP.
Doug

‘.j
Ciean Cost Technology

Program....

—0Original Message-—-—

From: Anderson, Margot

Sent Monday, April 30, 2008 6:19 PM
To: Kelliher, Joseph; Kripowic2, Robert
Cc: Carter, Douglas; DeHoratie, Guido

Subject: RE: dean coal

Joe,

Is this beyond what we already sent them (from FE) a few hours ago? i so, we should ask Doug Carter and/or Guido
DeHoratiss to answer (I note that Bob K. is out today). By when?

Margot

----- Onginal Message---—-

From:  Keltiher, Joseph

Sent: Monday, April 30, 2001 6:16 PM
To: Knpowicz, Robert

Cc: Angerson, Mamot

Subject: dean coal
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Martin, Adrienne AN

From: Cook, Trevor
Sent: Tuesday, May 01, 2001 10.04 AM

To: Kelliher, Joseph; Anderson, Margot

Cc: Magwood, William
Subject: : nuclear safety words

attached is a MS word file with the requested text.

7

nuciesr satety doc
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Martin, Adrienne

From: Carter, Douglas

Sent: Tuesday. May 01, 2001 9:10 AM
To: Anderson, Margot

Subject: RE: chapter 5 fact check

Sure, we've been waiting for something to do.

Doug
~—-Original Message——
From: Anderson, Margot
Sent: Monday, April 30, 2001 5:54 PM
To: Carter, Douglas; DeHoratiis, Guido
Subject: chapter S fact check
All,
Margot
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A
. . L
, Adrienne J

Martin
From: Kelliher, Joseph
Sent: Tuesday, May 01, 2001 8:52 AM
To: Anderson, Margot
Subject: RE: nuclear safety
Yes

From: Anderson, Margot

Sent: Tuesday, May 01, 2001 6:51 AM

To: Ketlliher, Joseph

Subject: RE: nuciear safety

Joe,

Margot

Original Message——-

From: Kelliber, Joseph

Sent:  Tuesday, May 01, 2001 8:10 AM
To: Magwood, William; Cook, Trevor
Cc: Angerson, Margot

Subject: nudear safety

-

DOE015-2516
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Martin, Adrienne

L)

From:
Sent:
To:

Cc: .
Subject:

Keliiher, Joseph .
Tuesday. May 01, 2001 8:10 AM
Magwood, William; Cook, Trevor
Anderson, Margot

nuclear safety

01714
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Martin, Adrienne ' d

From: Kelliher, Joseph

Sent: Monday, April 30, 2001 6:49 PM
To: Anderson, Margot

Subject: RE: clean coal

Yes, in addition.- They want somethir g like this (I guess):

——0riginal Message—-

From: Anderson, Margot

Sent: Monday, April 30, 2001 6:19 PM
To: Keltiher, Joseph; Kripowicz, Robert
Ce: Carter, Douglas; DeHoratiis, Guido

Subject: RE: dean coal

Joe.

Is this beyond what we already si:nt them (from FE) a few hours ago? If so. we should ask Doug Carler and/or Guido

DeHoratiis to answer (1 note that Bob K. is out today). By when?
Margot

-+—~-Origina! Message----

From: Kelliher, Joseph

Sent:  Monday, April 30, 2001 6:16 PM
To: Kripowicz, Robert

Cc Anderson, Margot

Subject: clean coal
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Martin, Adrienne

From:
Sent:
Yo:

Cc:
Subject:

Kelliher, Joseph

Monday, April 30, 2001 6:16 PM
Kripowicz, Rabert

Anderson, Margot

clean coal

DOEO015-2519
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Martin, Adrienne

From: KYDES, ANDY

Sent: Monday, April 30, 2001 8:32 PM

To. Anderson, Margot

Cc: HUTZLER, MARY

Subject: FW: Info. Needed for Chapter 5 by 3:00 TODAY...

More data checking on 5.

Andy -

—-—-Original Message-—-

From: Benneche, Joseph

Sent: Monday, April 30, 2001 5:31 PM

To: Kydes, Andy

Subject: RE: Info. Needed for Chapter 5 by 3:00 TODAY...

L
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-—-Original Message-—

From: Kydes, Andy :

Sent:  Monday, April 30, 2001 1:58 PM

To: Schnapp. Robert; Benneche, Joseph

Cc:  Pettis, Larry; Hulzler, Mary

Subject:  FW: Info. Needed for Chapter 5 by 3:00 TODAY...

Boh-

Thanks for your help.
Andy

-—--Original Message--—
From: Margot Anderson_at_HQ-EXCH at X400PO
Sent: Monday. April 30, 2001 11:15 AM

To: Kydes. Andy. Dougtas Carter_at_HQ-EXCH at X400PO; William
Breed_at_HQ-EXCH at X400PO

Cc: Joseph Ketliher_at_HQ-EXCH at X400PO
Subject: FW: info. Needed for Chapter 5 by 3:00 TODAY...

Doug and Andy.

Andy Wnat's reasonable goal for fact checking this chapter?

Bill. PO shoutd be on cali to help if asked.

Margot -

-----Original Message-—-
From: Kjersten_S._Drager@ovp.eop.gov%intemel

DOE015-2521
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[mailto:Kjersten_S._Drager@ovp.eop.gov)

Sent: Monday, April 30, 2001 10:56 AM

To: McSlarow, Kyle: Anderson, Margot; Kelliher, Joseph
Cc: Karen_Y._Knutson@ovp.eop.gov%intemet;
Andrew_D__Lundquist@ovp.eop.gov%intemet;
Charles_M._Smith@ovp.eop.gov%hintemnet

Subject: Info. Needed for Chapter 5 by 3:00 TODAY...

(See attached file: Chapter Five Assignments.doc)
{See attached file: CHAPTER 5 - original.doc)

Also attached is a copy of the Chapter Five draft that we've been working
from so you <an refer to that it if you don't already have a copy.

Margot - we still need EIA to fact check Chapters 3, 5,6, 7 and 8.

Thanks 30 mu:h! -Kjersten << File: CHAPTERF.DOC >> <« File: CHAPTER5.DOC
>>
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Kelliher, Joseph

From: Kelliher, Joseph

Sent: Monday. June 25, 2001 6:29 PM
To: Anderson, Margot ‘
Subject: NEP meetings

Thanks.
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Kelliher, Joseph ' —

From: Anderson, Margot
. Sent: Tuesday, June 26, 2001 8:01 AM
To: Kelliher, Joseph
Subject: more meetings
Joe,

2/26 - White House NEP meeting at 3:30Ean't tel from my calendar topic or who attended)

3/23 - NEP meeting at Jackson Place. Topic not clear. | did attend a meeting (with you and Kevin) at Jackson Place that
discussed options (the meeting where work groups were set up). Can't tell if this is that meeting but #t might well be. {

Margot
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Kelliher, Joseph

From: Kelliher, Joseph

Sent: Tuesday, June 28, 2001 9:27 AM
To: Anderson, Margot

Subject: RE: more meetings

Actually, the 2/26 meeting was car;celled at the last minute and rescheduled for 2/28 at 4. | came across an email from
Charlie from 10:41 am on 2/26 to that effect. -

~——0riginal Message—--

From: Anderson, Margot
Sent: Tuesday, June 26, 2001 8:01 AM
To: Kelliher, Joseph

Subject: more meetings
Joe,
2/26 - White House NEP meeting at 3:30Rcan‘t 121 from My calendar topic or who attended)

3/23 - NEP meeting at Jackson Place. Topic not clear. | did attend a meeting (with you and Kevin) at Jackson Place
that discussed options (the meeting where work groups wrre set up). Can't tell if this is that meeting but it might well

be. Ry |

Margot
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Kellther, Joseph

From: Anderson, Margot

Sent: Tuesday, June 26, 2001 10:23 AM
To: Kelliher, Joseph

Subject: : RE: meetings

| have on my calendar on 3/6 NEP meeting at WH. That's itrNothing from Fenzel on the 3/6 meeting (he tended to weigh
in on only on principals’ meetings). This was probably a staff meeting A

| .
|

Did you see Energy Daity today? Looks like WH is not willingly wanting to engage on the GAO request. |

P
~—Qrigina! Message——-
From: Keiliher, Joseph
Sent: Tuesday, June 26, 2001 9:52 AM
To: Anderson, Margot

Subject: meetings

Hopefully, my last question. Was there a working group meetin(i 2n 3/67 | have a email from John Fenzel to that
effect, but nothing on my calender.
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Williams, Ronald L s

From: Poche, Michelle [Michelle.Poche@ost.dot.gov]
Sent: Monday, March 26, 2001 7:18 AM
To: Anderson, Margot

Subject: RE: DOT Comments

Have asked staff to provide source(s).
Thanks!
~MP

——0Original Message—-
From: Anderson, Margot {mailto: Margot Anderson@hq.doe.gov]

Sent: Sunday, March 25, 2001 1:29 PM
To: 'Poche, Michelle'; Kelliher, Joseph
- Ce ‘Symons Jeremy(a)EPA_gov’
Subject: RE: DOT Comnments
Michelle,
Margot .

——Original Message—

From: Poche, Michelle {malito:Michelle. Poche@ost.dot.gov)
Sent:  Saturday, March 24, 2001 4:18 PM
Yo: Ketiher, Joseph

Cc: Anderson, Margot; ‘Symons Jeremy(a)YePA.gov'
Subject: DOT Comments

Joe and Margot, .

Here are some comments from DOT policy staff on your chapters. Since our systems don't always talk to each
other, I'll paste them below into this email as well as attaching a document. Please iet me know if you have
Questions, and Tl run them down with the folks who have offered these suggestions.

Jeremy, Joe and Margot,

55

Thanks,
Michelle
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<< File: DOT comments.doc >>
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Willlams, Ronald L

From: Poche, Michelle [Michelle.Poche@ost.dot.gov)
Sent: Monday, March 26, 2001 7:57 AM .

To: Anderson, Margot; Kelliher, Joseph

Subject: FW: New Chapter 9 from DOT

MargotJoe,

Here's the new draft of Chapter 9. Wanted to get it to you ahead of the rest of the crew, since I'm requesting energy info
from DOE.

Look for brackets to identify places where I've identified needs for info.
Thanks a million.

—Michelle
——Origina! Message——
From: Poche, Micheite
Sent: Monday, March 26, 2001 7:55 AM
To: ‘Karen_Y._Knutson@ovp.eop.gov’; ‘Chares_M._Smith@ovp.eop.gov'; John qu-movpew-wv

Subject:  New Chapter 9 from DOT

Charlie, since | diont nave a'second peer review meating, would it be possible to distribute this to the full group as
soon as possible to solicit edits/comments?

Thanks very much.

~Michelle

Ch9.03.26.doc
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Willlams, Ronald L ' -

From: Kelliher, Joseph

Sent: Monday, March 26, 2001 9:05 AM _
To: Garrish, Ted; Kolevar, Kevin; Anderson, Margot
Subject: national energy policy options

importance: High

Here is the list where it now stands. | want to finalize a list that we could give 1o the Secretary this afternoon. Plaase

identify the proposals that raise serious problems so we can discuss, and also indicate if there are glaring omissions from
the list. Thanks. '

fedactist3.doc
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Kelliher, Joseph . S

From: Dave Nevius [Dave.Nevius@nerc.net}

Sent: Tuesday, July 17, 2001 10:18 AM

To: Glotfelty, Jimmy

Cc: Kelliher, Joseph; Linda Stuntz (E-mail); DNC (E-mail)

" Subject: RE: Reliability Legislation and National Grid Study
2eliabllity legislation IndustrySRRO.pdf

and FE...
Jimmy
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I suspect we'll talk more about this in the days and weeks ahead,
especially as the Administration prepares to release its proposed
legislation.

dave

~--~-0Or.ginal Message~----

Frum: Glotfelty, Jimmy [mailto:Jimmy.Glotfelty@hg.doe.gov)
Ser.t:. Tuasday, July 17, 2001 9:02 AM

To: Dave Nevius .

Cc: Kelliher, Joseph; 'Linda Stuntz (E-mail)'; °'DNC (E-mail)’
Sub’ect: PE: Reliability Legislation and National Grid Study

Linda Sturnt: {E-mail):; ONZ (E-mail}
v _ezlslation and Natiornal Grid S:tucy

----- Srizinel MNessage-----

Trom: Zeve lisvius [mailtc:Dave.Nevius@nerc.ne:)
Zsmt: T Yy, Colv 1T, 2321 7:47 AM

E Ye <

z ., Js

:
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Sorry you asked?

dave

--=--0riginal Message~----

From: Glotfelty, Jimmy {mailto:Jimmy.Glotfelty@hq.doe.gov]
Sent: Monday, July 16, 2001 5:52 PM
To: Dave Neviug

Subject: FW: Reliabi:ity Legislation and National Grid Study.

Dave: Joe forwarded me your email - since I am in charge of the Grid
Study.

Thanks for your comments on outside experts to run the grid study.

Jimmy Glozfel:y

Senior Pclicy Rgviscr

Cifice 0 the Secretary of Energy
23l{ Independence hvenue, SW
fashing 0C 20383

ZCl-3z¢

it z fzltyehc.doe.gov

o oat oy

N
MAN] SN
th [

and National Grid Study

i.tc:Dave.Nevius@Enerc.netj
, 20CY 12:47 AM
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Thanks.

dave
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Preface

In December 2000 the U.S. Environmental Protection

Agency (EPA) issued a final rulemaking on Heavy-Duty
Engine and Vehicle Standards and Highway Diesel Fuel
Sulfur Control Requirements. The purpose of the rule-
making is to reduce emissions of nitrogen oxides and
particulate matter from heavy-duty highway engines
and vehicles that use diesel fuel. The rulemaking
requires new emissions standards for heavy-duty high-
way vehicles that will take effect in model vear 2007.
“The pollution emitted by diesel engines contributes
greatly to our nation’s continuing air quality problems,”
the EPA noted in its regulatory announcement. “Even
with more stringent heavy-duty highway engine stan-
dards set to take effect in 2004, these engines will con-
tinue to emit large amounts of oxides of nitrogen (NO,)
and particulate matter (PM), both of which contribute to
serious public health problems in the United States.”

While the review of this rule was underway, the Com-
mittee on Science of the US. House of Representatives
asked the Energv Information Administration (EIA) to
provide an analvsis of the proposal (Appendix A). The
Committee noted that the proposed rule would reduce
the level of sulfur in highway diesel by 97 percent.
“These deep sulfur reductions will require significant
investment s that not ali refiners mayv choose to make. As
aresult, diesel fuel supplies could be affected,” the Com-
mittee’s letter stated.

In response to the Committee’s request, EIA undertook
an analysis incorporating two different analytical
approaches. Mid-term issues and trends are addressed
through scenario analvsis using EIA’s National Energy
Modeling Svstem. In addition, refinerv cost analvsis
addresses the uncertainty of supply in the short term.
Discussion of the kev issues and uncertainties related
to the distribution of ultra-low-sulfur diesel is based
on interviews with a number of pipeline carriers. As

Energy information Administration ! Transition to Ultra-Low-Sulfur Diesel Fuel

suggested by the Committee, most of the major assump-
tions in this report are consistent with those used by the
EPA in its Regulatory Impact Analysis (RIA) of the Rule.

Within its Independent Expert Review Program, ElA
arranged for leading experts in the fields of energy and
economic analysis to review earlier versions of this anal-
ysis and provide comment. The reviewers provided
comments on two draft versions of the report and dis-
cussed their comments in a joint meeting. All comments
from the reviewers either have been incorporated or
were thoroughly considered for incorporation. As is
always the case when peer reviews are undertaken, not
all the reviewers may be in agreement with all the meth-
odology, inputs, and conclusions of the final report. The
contents of the report are solelv the responsibilitv of EIA.
The assistance of the following reviewers in preparing
the report is gratefullv acknowledged: .

Raymond E. Ory
Baker and O’Brien, Inc.

Norman Duncan
Energy Institute, Universitv of Houston

Kevin Waguespack
PricewaterhouseCoopers

The legislation that established EIA in 1977 vested the
organization with an element of statutorv independ-
ence. EIA does not take positions on policy questions. [t
is the responsibility of EIA to provide timelv, high-
quality information and to perform objective, credible
analyses in support of the deliberations of both public
and private decisionmakers. The information contained
herein should be attributed to the Energv information
Administration and should not be construed as advocat-
ing or reflecting any policy position of the U.S. Depart-
ment of Energy or any other organization.
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Executive Summary

This study was undertaken at the request of the Com-

mittee on Science, U.S. House of Representatives. The
Committee asked the Energy Information Administra-
tion (EIA) to provide an analysis of the Final
Rulemaking on Heavy-Duty Engine and Vehicle Stan-
dards and Highway Diesel Fuel Sulfur Control Require-
ments, which was signed by President Clinton in
December 2000.!

The purpose of the rulemaking is to reduce emissions of
nitrogen oxides (NO,) and particulate matter (PM) from
heavy-duty highway engines and vehicles that use die-
sel fuel. The new rule requires refiners and importers to
produce highway diesel meeting a 15 parts per million
(ppm) maximum requirement, starting June 1, 2006;
however, pipelines are expected to require refiners to
provide diesel fuel with an even lower sulfur content,
somewhat below 10 ppm, in order to compensate for
contamination from higher sulfur products in the sys-
tem, and to provide a tolerance for testing. Diesel meet-
ing the new specification will be required at terminals by
July 15, 2006, and at retail stations and wholesalers by
September 1, 2006. Under a “temporary Compliance
“option” (phase-in), up to 20 percent of highway diesel
fuel produced may continue to meet the current 500
ppm sulfur limit through May 2010; the remaining 80
percent of the highwayv diesel fuel produced must meet
the new 15 ppm maximum.

The purpose of this study is to assess the possible impact
of the new sulfur requirement on the diesel fuel market.
The study discusses the implications of the new regula-
tions for vehicle fuel efficiency and examines the tech-
nology, production, distribution, and cost implications
of supplying diesel fuel to meet the new standards. In
order to address both the short-term and mid-term
supply issues identified by the Committee on Science,
this analysis incorporates two different analytical
approaches. Refinery cost analysis addresses the uncer-
tainty of supply in the short term, during the transition
to ultra-low-sulfur diesel fuel (ULSD) in 2006. Mid-term
issues and trends (2007 through 2015) are addressed

through scenario analysis using EIA’s National Energy
Modeling System (NEMS). The Committee on Science
requested that these analyses use assumptions consis-
tent with the Regulatory Impact Analvsis publisi.cd by
the U.S. Environmental Protection Agency (EPA). Dis-
cussion of the key issues and uncertainties related to the
distribution of ULSD is based on interviews with a num-
ber of pipeline carriers.

Although highway-grade diesel is the second most con-
sumed petroleum product, gasoline is the most impor-
tant product by far. In 1999 highwav diesel accounted
for 12 percent of total petroleum consumption and gaso-
fine 43 percent. Consumption of highway-grade diesel
(500 ppm) accounted for 68 percent of the distillate fuel
market in 1999, although 9 percent went to non-road
(rail, farming, industry) and home heating uses.3 Higher
sulfur distillate (more than 500 ppm sulfur), used exclu-
sively for nor -road and home heating needs, accounted
for the other 2 percent of the distillate market.

Assessment of Short-Term Effects
of the Rule

Whether there will be adequate supplv of diesel fuel as
the new standard becomes effective in June 2006 is one

gwgnmmmﬂwwee on
ience in the request for analvsis. To assess this possi-
bility, cost increases for individual refineries to produce
ULSD were estimated, the cost increases were arraved
from smallest to largest, and the resuliting. cost curves
were matched against projected demand and imports.
The cost curves reflect investment requirements and
operating costs for refineries in Petroleum Administra-
tion for Defense Districts (FADDs) I through IV.? ULSD
production costs were estimated for different groups of
refineries based on size, sulfur content of feeds, fraction
of cracked stocks in the feed.” boiling range of the feed,
and fraction of highwayv diesel produced. Unlike ULSD
analyses conducted by the EPA and others, the cost
curves relied on proprietary stream data collected by

LS. Environmental Protection Agency, “Control of Air Pollution from New Motor Vehicles: Heavv-Duty Engine and Vehicle Stan-
dards and Highway Diesel Fuel Sulfur Control Requirements: Final Rule,” Federal Register, 40 CFR Parts 69, 80, and 86 {January 18, 2001).

ZEnergy Information Adminustration, Petroleum Supply Aunual 1999, DOE/EIA-0340(99)/1 (Washington. DC, June 2000}, T.able 3

:"Energy Information Administration, Fuel Oil and Kerosene Sales 1999, DOE/E]A-OSZS(W) (Washington, DC. September 2000). Tables

19-23.

PADD V was not included in this analysis, because supply concems are less of an issue in the transition period. and the requirement tor
- California Air Resources Board diesel makes the PADD V market different from those in PADDs I-1V.
SCracked stocks are previously processed streams -hat are more difficult to treat.
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ELAS The capital and operating costs for the different
groups were developed fo. EIA by the staff of the

- National Energy Technology Laboratory (NETL), con-

sistent with the EPA analysis. Return on investment was
assumed to be 5.2 percent after taxes, consistent with the
EPA’s assumption of a 7-percent before-tax retun on
investment. Costs were not adjusted to take sulfur credit
trading into account, because of the uncertainty about
whether trading would occur and the value of the cred-
its. If credit trading occurred, costs could be reduced.

Cost representations of desulfurization units were used
to develop four sets of cost curves, based on four differ-
ent investment rationales (Table ES1). Within a given
supply curve, the relative costs of different groups of
refineries provide an indicator of possible supply short-
falls at the beginning of the ULSD requirement in the
‘summer of 2006. Some refiners may be able to produce
ULSD at a cost of about 2.5 cents per gallon; however, at
the volumes needed to meet demand, costs are esti-
mated at 5.4 to 6.8 cents per gallon,” and they could be
higher if supply falls short of demand and consumers
bid up the price. The behavior of refiners will be influ-
enced by their expectation of what others will do and is
therefore subject to considerable uncertainty.

The four refinery investment scenarios have progres-
sively more volume and are defined as follows:

* The Competitjve Investment scenario includes only
those refiners that are very likely to prepare to pro-
duce ULSD in 2006. They currently hold market

_share and are estimated to be able to produce ULSD

" at a competitive cost. Refiners with highway diesel
as a relatively low fraction of their distillate produc-
tion are assumed to abandon the market unless their
cost per unit of production is competitive at current
highway diesel production levels.

Table ES1. Short-Term Scenarios

—_

* In the Cautious Expansion scenario, current produc-
ers with competitive cost structures for ULSD pro-
duction and high fractions of highway diesel
production (greater than 70 percent) are assumed to
maintain current production levels and, possibly, to
push production of ULSD toward 100 percent of
their distillate production if only minor increases in
per-unit production costs occur for the increased
volume.

* The Moderate New Market Entry scenario assumes
that a selective number of refineries currently pro-
ducing little or no highway diesel will enter the
ULSD market. The underlying premise is that a lim-
ited number of companies would think that they
would be able to gain market share without depress-
ing margins to the extent of undercutting profits.

‘The Assertive Investment scenario assumes that a
larger number of refiners would make the requisite
investments to either maintain or gain share in the
highway diesel market. In this scenario, refiners
would believe that most of their competitors were
overly cautious, and that they could succeed by tak-
ing a contrary strategy (which in reality would be
adopted by far more refiners than anticipated).

As aresult of distribution limitations and non-road uses,
the amount of ULSD actually needed to balance demand
in 2006 is highly uncertain. Accordingly, a range of
demand estimates was developed to account for some of
the uncertainty (Table ES2 and Figure ES1). The Small
Refiner and Temporary Compliance Options demand
estimate was calculated as 80 percent of the estimated
demand for transportation distillate for both highway
and non-road uses in PADDs I-IV in 2006 (excluding
production by small refineries, which are allowed to
request waivers to delay production until 2010), repre-
senting the EPA’s requirement to produce 80 percent
ULSD after the regulation takes effect. The Small Refiner
and Temporary Compliance Options with Imports

Number of Refineries

Characteristics

Scenario Producing ULSD
(1) Competitive investment 66 Current low-sulfur diesel producers maintain market share. Low-fraction
producers drop out.
{2) Cautious Expansion ) 66 Some low-sulfur diesel producers in Scenario 1 expand production.
{3) Moderate New Market Entry 67 One refinery not currently producing low-sulfur diesel enters the ULSD market.
Nine other producers in Scenario 2 expand production.
(4) Assertive Investment 74 A larger number of refineries not currently producing low-sulfur diesel enter the

ULSD market. Some others expand production.

Notes: Current low-sultur diesel contains 500 ppm suttur. ULSD contains 7 ppm sutfur to compensate for contamination and to provide a tolerance

for testing.

Source: Energy Information Administration, Office of Integrated Analysis and Forecasting.

®The EPA used EIA data on refinery capacity and diesel production in its refinery-by-refiney analysis.
7 These are marginal costs on the industry supply curve, based on average refinery costs for producing ULSD. These cost estimates do not

include additional costs for distribution, estimated at 1.1 cents per gallon in the mid-term analysis.

X
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estimate assumes that imports from Canada and the
Virgin Islands will continue at historical levels (Demand
B, which matches the demand projection in the
mid-term analysis described in Chapter 6). The High-
way Use Only, Small Refiner and Temporary Compli-
ance Options with Imports estimate (Demand C)
assumes that ULSD will be used only to meet highway

Table ES2. Short-Term Demand Estimates. 2006

transportation demand, that the temporary compliance
option will further reduce this demand bv 20 percent,
and that imports will remain at historical levels. Finallv,
the Highwayv Use Onlyv, Small Refiner and Temporary
Compliance Options with Higher Imports estimate
(Demand D) assumes a higher level of ULSD imports.®

Demand Level
{Thousand Barrels

Estimate per Day) Characteristics
Demand A: Small Refiner and Temporary Compliance 2.02¢6 76 percent of tfransportation demand.
Options )
Demand B: Smat Refiner and Temporary Compliance 1.246 Demand estimale A. fess projecied imports from Canada and
Options with imports the U.S. Virgin islands.
Demand C: Highway Use Only. Small Refiner and 1.862 65 percert of transportation demand. less projected imports from
Temporary Compliance Options with imports Canada andg the U.S Virgin isiands.
Demand D: Highway Usz Only. Small Retiner and 1.625 Demand estimate C. less nigher projected imports

Temporary Comoliance Options with Higher Imports

Source: National Energy Modeiing System. run DSU7INV.CO43001A.

Figure ES1. ULSD Cost Curve Scenarios with 2006 Demand Estimates
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" Fhe combined cost curves for PADDs I-IV show that the
total volume of ULSD production on the cost curves for
the Competitive Investment and Cautious Expansion
scenarios, production reaches the two lowest demand
estimates, although at different costs (Figure ES1). In the
Moderate New Market Entry scenario, production just
reaches the Small Refiner and Temporary Compliance
Options with Imports estimate. In the Assertive Invest-
ment scenario, production just reaches the Small Refiner
and Temporary Compliance Options estimate.

The largest shortfall—estimated at 264,000 barrels per
day relative to the Small Refiner and Temporary Com-
pliance Options demand estimate (Demand A, the high-
est demand estimate in Table ES2}—occurs in the
Competitive Investment scenario (which assumes the
most cautious investment strategy and has the lowest
production estimate). The largest surplus—517,000 bar-
rels per day relative to the Highway Use Only, Small
Refiner and Temporary Compliance Options with
Higher Imports estimate (the lowest demand esti-
mate)—occurs in the Assertive Investment scenario
(which assumes the most aggressive investment strat-
egy and has the highest production estimate).

With the Highway Use Only, Small Refiner and Tempo-
rary Compliance Options with Imports demand esti-
mate (Demand C), all the production scenarios project
sufficient supply (at least in the aggregate). For the Small
Refiner and Temporary Compliance Options with
Imports demand estimate (Demand B), the"Moderate
New Market Entry and Assertive Investment produc-
tion scenarios provide supplies that are higher than
démand by 197,000 barrels per day and 6,000 barrels per
day, respectively. Supplies in the Competitive Invest-
ment and Cautious Expansion scenarios fall short of
Demand B by 184,000 and 123,000 barrels per day,
respectively. For the Small Refiner and Temporary Com-
pliance Options demand estimate (Demand A), only the
Assertive Investment production scenario provides suf-
ficient supply.

Two sensitivity cases were used to examine the effects of
assumptions about hydrotreater capital costs and about
return on investment. The capital costs assumed in the
initial set of four scenarios are similar to those used in
the EPA analysis. When the capital costs for hydro-
- treater units are assumed to be about 40 percent higher
than assumed in the initial set of scenarios, production
of ULSD is projected to be 25,000 to 55,000 barrels per
day lower, and the production costs are projected to be
from 0.5 to 1.1 cents per gallon higher. When a 10-
percent return on investment is assumed, as compared
with 5.2 percent assumed in the initial set of scenartos,
production is projected to be 40,000 to 66,000 barrels per
day lower and costs 0.8 to 1.2 cents per gallon higher.
3ecause of the reduced volumes, estimated production
levels in the Moderate New Market Entry Scenario fall

Xii

—

short of the demand level projected in the Small Refiner
and Temporary Compliance Options with Imports esti-
mate in both the higher capital cost and higher required
return on investment sensitivity cases.

The scenarios indicate the possibility of a tight diesel
market when the ULSD Rule is implemented.
Supply scenarios that assume more cautious investment
indicate inadequate supply compared with the demand
levels projected in the Annual Energy Outlook 2001. Only
more aggressive investment scenarios or lower demand
scenanos show adequate supply to meet estimated
demand. Furthermore, this anal- -is compares supply
and demand at a very aggregate levei Mzintoining a
balance of supply and demard -cross regiuns and
throughout the distribution system could te even more
difficult.

If supplies fell short of demand, sharp price increases
would likely occur to balance supply and demand.
Sharply higher prices would curtail demand for diesel
fuel. Truckers would reduce consumption to the extent
possible and try to pass higher fuel costs on to custom-
ers, who would then look for alternative means to trans-
port goods. In this situation refiners would attempt to
maximize ULSD production. Some additional produc-
tion may be possible by, for example, shifting some
non-road distillate or jet fuel streams into ULSD. Addi-
tional imports of ULSD or jet fuel could be forthcoming
if there were large price differentials between markets.

In 2006, little ULSD will actually be needed, because few
new vehicles requiring ULSD will be on the road by
then. If it becomes apparent that there will be inadequate
supply, or if distillate markets are tight, the EPA could
temporarily reduce the required proportion of ULSD
production, which could make additional diesel sup-
plies available. However, a temporary reduction would
reduce the availability of ULSD supplies for new vehi-
cles. In its final rulemaking the EPA required refiners
and importers to submit a variety of reports to ensure a
smooth transition, and the agency plans to establish an
advisory panel to look at issues of diesel supply and
monitor the progress of related technologies.

Assessment of Mid-Term Effects
of the Rule

The mid-term analysis for this study was performed
using the NEMS Petroleum Market Module (PMM) to
assess the impact of new requirements for ULSD in the .
years 2007 through 2015. The PMM represents domestic
refinery operations and the marketing of petroleum
products to consumption regions. Refining operations
are represented by a three-region linear programming
formulation of the five PADDs. PADDs 1 (East Coast)
and V (West Coast) are treated as single regions, and

9251A
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PADDs II (Midwest), III {(Gulf Coast), and IV (Rocky
Mountains) are aggregated into one region. Each region
is considered as a single firm, for which more than 80
distinct refinery processes are modeled. Refining capac-
ity is allowed to expand in each region.

Unlike previous ULSD analyses, the PMM provides
. multi-year scenarios. These scenarios reflect market
_prices rather than average costs and implicitly include
investment and import decisions. In contrast to the cost
curves used in the short-term analysis, the NEMS projec-
tions reflect equilibriumm market prices. That is, the
results of the PMM scenarios assume that, in the long
run, refiners will increase supply to meet demand. As a
result, the NEMS analysis reflects more aggressive
investment behavior than that portrayed for individual
refiners in the short-term analysis.

The PMM was used to develop a ULSD Regulation case
based on the provisions of the EPA’s final ULSD Rule. A
Severe case was developed to combine five sensitivity
cases associated with greater uncertainty in industry
operations and costs.” Finallv, a No Imports case and a
10% Return on Investment case were developed.

In the Regulation case, highway diesel at the refinery
gate is assumed to contain a maximum of 7 ppm sulfur.
Although sulfur content is limited to 15 ppm at the
pump, there is a general consensus that refineries will
need to produce diesel somewhat below 10 ppm in order
to allow for contamination during the distribution pro-
cess. Revamping existing units to produce ULSD is
assumed to be undertaken by 80 percent of refineries,
while 20 percent build new units. The amount of ULSD
that 1s to be downgraded to a lower value product
because of sulfur contamination in the distribution svs-
tem is assumed to total 4.4 percent. The energy content

of the ULSD is assumed to decline by 0.5 percent,,

because undercutting and severe desulfurization will
result in a lighter stream composition than 500 ppm die-
sel. The Rule is assumed to result in no loss in vehicle
tuel efficiencv. The actual after-tax return on investment
is assumed to be 5.2 percent, which is equivalent to a
7-percent before-tax return on investment. As suggested
bv the Committee. the major assumptions in this case are
consistent with those used by the EPA in its Regulatory
Impact Analvsis (RIA) of the Rule.!”

The Severe case combines five sensitivities at variance
with the above assumptions. In the “2/3 Revamp” sensi-
tivitv case, two-thirds of upgrades at refineries are
assumed to be accomplished by retrofitting existing
equipment and one-third by construction of all new

units, consistent with the results of the individual refin-
ery analvsis. In the “10% Downgrade” case, 10 percent of
the 15 ppm diesel produced is assumed to be down-
graded to a lower value product because of contamina-
tion with higher sulfur products in the distribution
system. In the “4% Efficiency Loss"” case it is assumed
that -manufacturers will meet the emissions require-
ments of the ULSD Rule by installing after-treatment
technology on new vehicles beginning in 2010, which
would result in a 4-percent loss of fuel efficiency that 1s
phased out as new technology emerges. In the “1.8%
Energy Loss” case, a greater loss of energy content is
assum~d than in the Regulation case. In the “Higher
Capital Cost” case, the capital costs of the hydrotreaters
are 24 percent higher and 33 percent higher than in the
Regulation case, based on a review of the most Tecent
industry cost data.

The No Imports case assumes that foreign imports of
ULSD will not be available. This assumption was not
included in the Severe case because it was deemed to be
less likely. Foreign supplies should be available from
Canadian refiners, who likely will move to the U.S. stan-
dard at the same time as the United States, and from .a
large refinery in the US. Virgin Islands that is jointly
owned by Armada Hess and Venezuela’s national oil
company, PAVSA. Both owners of the Virgin Islands
plant see the United States as a strategic market. The
greatest uncertainty for import availability is likely to
occur in the early vears of the program, because foreign
refiners may delay investment until the market outlook
for ULSD is more certain.

The 10% Return on Investment case uses the atter-tax
rate of return assumed in most other studies, which is
higher than the 5.2-percent after-tax rate used in the Reg-
ulation case and in the other sensitivity cases in this
study, consistent with the EPA’s assumption. Atarate ot
retumn less than 10 percent, investors mav hesitate to put
money into the refinery industrv, especially for equip-
ment.designed for a new product.

In the Regulation case, the marginal annual pump price
for ULSD is projected to range from 65 to 7.2 cents per
gallon between 2007 and 2011 (Table ES3 and Figure
ES2).)! The peak differential is projected to occur in 2011,
when oil refiners must produce 100 percent ULSD. In
absolute terms, real marginal prices range from 51.29 to
$1.35 per gallon in the Regulation and Severe cases from
2007 to 2011.'" Refiners are projected to invest $6.3 to
$9 .3 billion to meet full compliance with the ULSD Ruie
through 2011.

YResults for the five sensitivity cases are provided in Chapter 6 and Appendix E

W S, Environmental Protection Agency, Regulatory impact Analusis: Heaiy-Duty Engine and Velucle Standards and Higlioay Dicsel ¢ ue
Stdfur Controf Requirements, EP A420-R-00-026 (Washington, DC, Decemnber 2000).

" Anatvsis of 2006 is discussed abave. As a parual vear, 2006 is not mcluded it ¢ equiliborum analvas

DThese" cases are based on varnations from a reference case similar to that iy EL3 s Amnaal Cner u Outleok 20501
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After 2011, the first full year of 100 percent ULSD, the
projected differential of marginal prices is generally
expected to decline, because of lower distribution and
capital investment costs. About 0.7 cents of the projected
decline results from using the EPA’s assumption that the
additional capital investments for distribution and stor-
age of a second highway diesel fuel will be fully amor-
tized during the transition period. The remainder of the
drop in the post-2011 differential occurs because refiner-
ies are assumed to have completed the upgrades

—

necessary for full compliance, to be making additional
investment only to meet incrementa} demand, to be
replacing and upgrading existing equipment, and to be
making incremental operating improvements that make
ULSD production less challenging. A similar decline in
the price differential also occurs in all the sensitivity
cases.

Through 2010, the Regulation case projections for high-
way diesel consumption exceed the reference case levels

Table ES3. Variations from Reference Case Projections in the Regulation and Sensitivity Analysis Cases,

2007-2015
2007-2010 | 2011-2015
Analysis Case 2007 2008 2009 2010 2011 2015 Average Average
Difference Between End-Use Prices of ULSD and 500 ppm Diesel (1999 Cents per Gallon)
Regufation . ........... 7.0 6.7 6.5 6.8 72 51 6.8 54.
Severe . ........... ... 8.8 8.4 8.4 8.6 10.7 6.8 8.6 7.4
Nolmports ............ 8.6 8.1 7.8 8.0 8.8 62 8.1 6.8
Total Highway Diesel Fuel Consumption (Thousand Barrels per Day)
Regulation ... ......... 10 10 8 8 83 85 9 83
Severe ............... 41 40 39 57 355 374 44 366
Notmports ............ 10 9 7 7 81 83 8 81
Total Imports of Highway Diesel Fuel (Thousand Barreis per Day)
Regulation . ........... -36 -1 -1 0 0 0 -10 0
Severe ............... -36 -1 -1 0 0 0 -10 0
Nolmports .. .......... -120 -125 -125 -125 -125 -125 -124 -125

Source: National Energy Modeling System, runs DSUREF.D043001B. DSU?PPM.DO43001A, DSU7ALL.DO50101A. and DSUIMP0.D043001A.

i -

Figure ES2. Difference Between End-Use Prices of ULSD and 500 ppm Diesel in the Reference Case,

2007-2015
T 1999 Cents per Gallon

Analysis Case:
@ Regulation @ Severe [INo imports

10

2007 2008 2009

Source:_National Energy Modeling System, runs DSHREF.D0430018, DSU7PPM.D043001A, DSU7ALL.DO50101A, and DSUIMPODO433M A
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by up to 10,000 barrels per day, which can be attributed
to the assumption of 0.53-percent loss in energy content.
In 2011 the differential in consumption increases to
83,000 barrels per day, because ULSD contaminated in
the distribution system can no longer be downgraded to
500 ppm highway diesel, and refiners must therefore
make more ULSD.

In the Severe case, up to 57,000 barrels per day of addi-
tional highway diesel is projected to be consumed
between 2007 and 2010, and an average of 366,000 bar-
rels per day of additional consumption is projected
between 2011 and 2015. The ULSD Rule by itself
accounts for an aerage of 9,000 barrels per dav of the
additional consumption through 2010 and an average of
83,000 barrels per day atter 2010. The combined effects of
the 2/3 Revamp, 10% Downgrade, 4% Efficiency Loss,
1.8% Energy Loss, and Higher Capital Cost cases raise
consumption beyond that in the Regulation case by at
least 30,000 barreis per day through 2010, primarily
because of energy losses and higher capital cost, and by
an average of 283,000 barrels per day after 2010 because
of energy losses, downgrading, and efficiency losses.
The higher downgrade assumption accounts for about
210,000 barrels of the additional demand after 2010.
ULSD-related investments in the Severe case are pro-
jected to total 59.3 billion through 2011, $3 billion more
than in the Regulation case. Higher demand in the
Severe case generallv results in marginal prices 1.7 to 1.9
cents per gallon above those in the Regulation case,
although costs range up to 3.5 cents per gallon higher in
2011

The No Imports case explores the impact of the ULSD
Rule by assuming that foreign imports will not be avail-
able to meet the new sulfur standard. In the Regulation
case, projected imports of highwav diesel are lower than
in the reference case in the first few vears, because for-
eign retiners are expected to be more hesitant to invest to
meet a US. regulation. The No Imports case assumes
that no imports of ULSD are available, and that imports
of highway diesel are reduced by 120,000 to 125.000 bar-
rels per dav between 2007 and 2013, relative to the refer-
ence case. The lack of imports means that domestic
refineries must produce more ULSD. The requirement
for more production results in marginal prices 1.1 to 1.6
cents per gallon higher than in the Regulation case. The
higher prices in the No Imports case result in a shight
dampening of demand compared with the Regulation
case.

Because the Regulation case assumes a 5.2-percent
after-tax returmn on investment, the 10% Retum on
Investment case must be compared with an alternative
base case that assumes the same return on investment.
The resulting price ditferentials range from 7.5 to 8.0
cents per gallon between 2007 and 2011 and are 0.9 cents
per gallon higher or average than when the 5.2-percent

after-tax rate is asst.med

Energy Information Administration / Transition 1o Uthira-Low-Suliur Diesel Fuel

Differences between regional end-use prices in the anal-
vsis cases relative to those in the reference case reflect
variations in the marginal costs of producing ULSD
between regions. The cost curve analysis described in
Chapter 5 indicates that PADD IV, which is made up of
relatively small refineries, can be expected to be the
highest cost region. The relatively high cost in PADD IV
is obscured in the mid-term analysis (Chapter 6),
because PADD IV is aggregated with both PADD Il and
the largest and lowest cost refining region, PADD 111 In
the transition years of the Regulation case, regional
refining costs range from an average of 4.8 to 3.3 cents
per gallon. PADD I s the highest cost region, PADD V is
the lowest cost region, and PADDs 11-1V (and average
U.S.) costs fall in between. Average marginal refining
costs generally narrow by about 0.5 cents per gallon in
the post-2010 period, as refineries make incremental
improvements that allow them to produce ULSD more
efficiently.

Additional Uncertainties

Uncertainties about the pace of engine, refinery, and
pipeline testing technology development; the availabil-
ity of personnel, thick-walled reactors, and reciprocat-
ing compressors; the behavior of ULSD in the ol
pipeline svstem; and cost recoverv by oil pipelines fur-
ther cloud the outlook for the transition to very low lev-
els of sulfur in diesel fuel. The new ULSD Rule requires
not only that the sulfur content of transportation diesel
fuel oil produced by domestic refineries be drastically
reduced by 2007, but also that emission controls on
heavv-dutv diesel engines be imposed to reduce emis-
sions of NO,, PM, and hvdrocarbons (HC).

Historically, engine manufactures have met new emus-

sions standards through modifications to engine design.
To meet the 2007 standard, manufacturers will have to

" rely heavily on component and svstem development by

émission control equipment manufacturers. In particu-
lar, engine manufacturers must implement an exhaust
after-treatrment catalvst technology to control NO, emis-
sions. Currently, the EPA expects NO, adsorbers to be
the most likely emission control technologv applied by
the industry. Using current catalyst technology, the
fuel-rich cvcle could reduce fuel efficiency by 4 percent.
To date, no NO, adsorber svstem has proven feasible.
Although NO, adsorbers have demonstrated compli-
ance using ULSD (7 ppm). the svstems show losses in
conversion efficiency after 2.000 miles of operation. In
order to meet the 2007 emission standards for
heavy-dutv diesel engines, conversion efficiencies must
be improved, and exhaust gas recirculation equipment
must be optimized. The considerable time available for
rescarch and development, however. mav provide gov-
ernment and industrv ample time to resolve the tuel effi-
ciency loss issues associated with advanced emission
control technologies
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Beyond traditional hydrotreating to remove sulfur from
diesel streams, new technologies are under develop-
ment that could reduce the cost of desulfurization. They
include sulfur adsorption, biodesulfurization, sulfur
oxidation, gas-to-liquids, and biodiesel. Each of these
technologies is in the first stages of commercialization.
Although they are being spurred by the EPA Rule, it is
uncertain whether any of the new technologies will
make a significant contribution to meeting the require-
ments of the ULSD Rule in 2006, although they may
have some impact later in the decade.

Before the ULSD Rule takes effect in 2006, sulfur testing
methods must also be improved. The designated
method, ASTM 6428-99, was developed for testing sul-
fur in aromatics and has not yet been adapted or evalu-
ated by industry as a test for sulfur in diesel fuel.
Because the diesel methodology has not yet been devel-
oped for the designated method, it has not yet been
tested by multiple laboratories. There is also no readily
available and appropriate test for sulfur that will permit
the precise cuts between batches that will be required in
handling ULSD. Most oil pipeline operators will proba-
bly want or need to perform in-line monitoring of sulfur
content, because degradation of ULSD will easily and,
possibly, frequently occur in as little as a minute’s time.
However, current instruments for testing sulfur do not
have adequate sensitivity, accuracy, or speed for the job.
Current machines require 5 to 10 minutes to complete
one analysis of a passing product stream—far too long to
permit a pipeline operator to make a correctional
response if off-specification material is detected in a
batch of ULSD.

The deployment of diesel desulfurization technologies
will hinge not only on the ability and willingness of
refiners to invest and the timing of investment and per-
mitting but also on the ability of manufacturers to pro-
vide units for all US. refineries at once, and the
availability of engineering and construction resources.
In addition to providing diesel hydrotreaters, the same
contractors will be designing and building gasoline
desulfurization units for the Tier 2 gasoline sulfur reduc-
tion requirements that will be phased in between 2004
and 2007. The EPA’s breakout of the expected startup of
gasoline and diesel desulfurization units reflects an
overlap of 26 gasoline units and 63 diesel units in 2006,
more than any other year except 2004. The EPA esti-
mates that 30 percent more workers will be required for
the gasoline and diesel programs together than for the
" gasoline program alone. If thick-walled reactors are
- required for deep hydrotreating, delivery lead times will

be longer, because only one or two U.S. companies

produce thick-walled reactors. Another type of

critical equipment is reciprocating compressors. Two

‘eciprocating compressors will be required for each die-

sel desulfurization project. Reciprocating compressors

will also be required for gasoline desulfurization

xvi
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projects. Excluding the former Soviet Union, there are
only five manufacturers of reciprocating compressors in
the world.

The exact sulfur level at which refineries will be required
to produce ULSD is not certain, because there is no expe-
rience with distributing ULSD in a non-dedicated or
common transportation system. Residual sulfur from
high-sulfur material could contaminate subsequent
pipeline material beyond the interface between the two -
products. Recently, Buckeye Pipe Line conducted a test
of possible sulfur contamination from one product batch
to another. Buckeye carefully measured the sulfur con-
tent in batches of highway diesel fuel following a batch
of high-sulfur diesel fuel and found that the sulfur con-
tent of the second batch of highway diesel fuel
increased. Exact sulfur levels have implications for the
amount of material downgraded during pipeline and
terminal operations.

If no other application or action were taken by an oil
pipeline company, the existing tariff rates covering die-
sel fuel would apply to ULSD when that material is dis-
tributed to markets; however, oil pipelines will incur
large incremental capital and operating costs in distrib-
uting the new diesel fuel. If an oil pipeline carrier 15
operating under the Federal Energy Regulatory Com-
mission’s commonly approved index method and
applies its existing tariff rate to ULSD, there will be no
basis for the carner to recover its incremental costs inithe
approved rate. A carrier might file a new tanff rate
expressly covering ULSD.

Comparison with Other Studies

Earlier studies related to ULSD supply and costs
included analyses by the U.S. Environmental Protection
Agency (EPA), Mathpro, the National Petroleum Coun-
cil (NPC), Charles River and Associates with Baker and
OBrien, EnSys Energy & Systems, Inc., and Argonne
National Laboratory {ANL). The studies were based on
two general types of methodologies: a linear program-
ming (LP) approach used by Mathpro, NPC, EnSys,
ANL, and EIA; and a refinery-by-refinery approach
used by Charles River, EPA, and EIA.

Cost estimates from the different studies are not easy to
compare, because differences in estimation methodolo-
gies make them conceptually different. Both average
and marginal costs can be based on LP models that oper-
ate as a single firm, or estimated from analysis of indi-
vidual refineries. In general, marginal cost estimates that
represent the cost of the last barrel of required supply
can be seen as estimates of market prices. Average cost
estimates usually reflect refinery investment, but they
are not good estimates of market prices. Much of the
variation in investment and cost estimates reflects
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different assumptions about the cost of technologies;
unit size; contingency factors; the extent to which refin-
ers will modify existing equipment or build entirely new
hvdrotreaters; the cost and quantity of additional hvdro-
gen required; the extent to which some refineries may
reduce highway diesel production; and the amount of
highway diesel downgraded due to fuel contamination
during distribution. Nevertheless, the studies using LP
models reported cost increases ranging from 4.0 to 10.7
cents per gallon, excluding distribution costs and taxes.
The marginal refinery gate prices reported in this study
for the post-2006 period, which exclude distribution
costs and taxes, range from 4.7 to 9.2 cents per gallon.

Likewise, the costs derived from refinery-bv-refinery
analysis included average costs for the industry and

Energy Information Administration / Transition to Ultra-Low-Sultur Diesel Fuel
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average costs for the marginal firm, different estimates
of the penetration of ULSD, different consumption esti-
mates, different assumptions about the cost of technolo-
gies, different assumptions about the extent to which
refiners will modify existing equipment or build entirely
new hydrotreaters, different assumptions about the cost
and quantity of additional hydrogen required, and dif-
ferent regions. The range of estimated cost increases
reported in the studies using refinerv-by-refinery analv-
sis was 4.1 to 6.8 cents per gallon. This study’s range for
the 2006 analysis 1s at the higher end, because it leaves
out the lower cost PADD V, is based on marginal indus-
try costs rather than average refinery costs, and has 63
percent of refineries revamping their hydrotreaters, as
compared with 80 percent in the studies with lower cost
estirnates.
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1. Background and Methodology

Introduction

This study was undertaken at the request of the Com-
mittee on Science, U.S. House of Representatives. The
Committee asked the Energy Information Administra-
tion (ElA) to provide an analysis of the Final
Rulemaking on Heavy-Duty Engine and Vehicle Stan-
dards and Highway Diesel Fuel Sulfur Control Require-
ments, which was signed by President Clinton in
December 2000.} Along with all other regulations final-
ized at the end of the Clinton Administration, the Rule
underwent a 60-day review by the Bush Administration.
On February 28, 2001, the Administrator of the U.S.
Environmental Protection Agency (EPA), Christine
Todd Whitman, gave her approval to move forward
with the new rule, citing the great benefits to public
health and the environment.?

The purpose of the rulemaking is to reduce emissions of
nitrogen oxides (NO,) and particulate matter (PM) from
heavy-duty highwav engines and vehicles that use die-
sel fuel. The rulemaking requires new emissions stan-
dards for heavv-duty highway vehicles that will take
effect in model vear 2007 Because the advanced emis-
sion control devices that will be required to meet the
2007 emissions standards are damaged by sulfur, and
because the 2007 model vear begins September 1, 2006,
the rulemaking also requires the sulfur content of high-
way diesel to be substantiallv reduced by mid-2006.

The purpose of this study is to assess the possible impact
‘of the new sulfur requirement on the diesel fuel market.
The studv does not address the impact of the
rulemaking on vehicle emissions or public health.? This
study discusses the implications of the new regulations
tor vehicle fuel efficiency-and examines the technology,
production. distribution. and cost implications of sup-
piving diesel fuel to meet the new standards.

A summary of the new sulfur requirement, the analysis
issues identified by the Committee on Science, and
the methodology of the report are provided in the
remainder of this chapter. Chapter 2 describes emission
control technologies for heavy-duty diesel engines, their
effects on fuel efficiencv, and expected costs. Chapter 3

discusses technologies for producing ultra-low-sulfur
diesel fuel (ULSD) and the analysis approaches used in

this study to assess their future costs. Chapter 4 dis-

cusses the impact of the ULSD Ru'e on oil pipeline oper-

ations. Chapter 5 addresses th. ..sue ¢f iuture supply of
ULSD, particularly during the transition ve .1l in 2009,

and the potential responses of refinzry operators. Chap-

ter 6 summarizes mid-term projections (2007 through

2015} for diesel fuel prices, based on a range or assump-

tions in cases analyzed using EIA’s National Energy

Modeling System (NEMS). A comparison of the

assumptions and estimates from this study with those

from other analyses is provided in Chapter 7.

Summary of the Final ULSD Rule

The new ULSD Rule requires refiners and importers to
produce highway diesel meeting a 15 parts per mllion
(ppm) maximum requirement starting June 1, 2006.7
Pipeline operators are expected to require refiners to
provide diesel fuel with even lower sulfur content
(somewhat below 10 ppm) in order to compensate for
possible contamination from higher sulfur products in
the system and to provide a tolerance for testing. Diesel
meeting the new specification will be required at term:-
nals by July 15, 2006, and at retail stations and wholesal-
ersbv September 1, 2006. This time schedule isdriven by
the need to provide fuel for the 2007 model vear diesel
vehicles that will become available in September 2006.
Under a “temporary compliance option” (phase-in}, up
to 20 percent of highway diesel fuel produced mayv con-
tinue to meet the current 500 ppm sulfur timut through
May 2010. The remaining 80 percent of the highway die-
sel fuel produced must meet the new 15 ppm maximum.

The ULSD Rule provides for an averaging, banking. and
trading (ABT) program. Refineries that produce more
than 80 percent of their highwayv diesel to meet the 13
ppm limit can receive credits, which mav be traded with
other refineries within the same Petroleum Adminstra-
tion Defense District (PADD) that do not meet the
80-percent production requirement. Starting June 1.
2005. refineries can accrue credits for producing anv

‘U5 Environmental Protection Agency, “"Control of Air Pollution from New Motor Vehicles Heavy-Duny Engine and Vehicle Sian.
dards and Highwav Diesel Fuel Sulfur Control Requirements: Final Rule.” Federal Regrster, 40 CFR Parts o4, 80, and So tanuary 15, 2001

“L.S Environmental Protection Agency, “EPA Gives the Green Light on Diesel-Sultur Rule,” Press Release tFebroary s, 2001
3Sources addressing the impact of the ULSD Rule on vehicle emssions and pubt:he health are mcluded o the bibliography
The State of Alaska and the U.S. Territories have been exempted trom the pro iram
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volume of highway diesel that meets the 15 ppm limit.5
The trading program will end on May 31, 2010, ‘after
which time all refineries must produce 100 percent of
their highway diesel at a low enough sulfur level to
ensure 15 ppm at retail. The ABT program will not
include refineries in States that have State-approved die-
sel fuel programs, such as California, Hawaii, and

Alaska.

The Rule includes provisions for refiners in a Geograph-
ical Phase-In Area (GPA) that includes Colorado, Idaho,
Montana, New Mexico, North Dakota, Utah, Wyoming,
and parts of Alaska. The highway diesel provisions in
the GPA are linked to the Tier 2 gasoline program. While
the rest of the country is required to average 30 ppm gas-
oline sulfur requirements by January 2006, refineries in
the GPA are granted an additional year to meet this
requfrement. Under the highway diesel provisions,
refineries in the GPA that meet the ULSD standard by
June 1, 2006, for all their highway diesel may receive a
2-year extension on gasoline compliance to December
31, 2008. To receive the extension, the refinery must
maintain production of 15 ppm highway diesel fuel that
is at least 85 percent of its average 1998 and 1999 high-
way diesel production.

Hardship provisions are allowed for small refiners with
up to 1,500 employees corporate-wide and that had a
corporate crude oil capacity of 155,000 barrels or less per
calendar day in 1999. The small refiner provisions
include: (1) production of 500 ppm diesel fuel until May
31, 2010; (2) the ability to acquire credits for producing
15 ppm highway diesel prior to June 1, 2010; and (3) a
2-year extension of the refiner’s applicable interim gaso-
line standards if all its highway diesel fuel is 15 ppm sul-
fur beginning June 1, 2006.

Summary of the
Request for Analysis

In its July 2000 letter (see Appendix A), the Committee
on Science requested that EIA undertake a study
addressing the possible supply and cost implications of
the diesel fuel regulations. The Committee specifically
asked EIA to address the following production and sup-
ply issues related to the ULSD Rule:

 The potential impacts of the Rule on highway diesel
fuel supply and on costs to end users of diesel fuelé

* The potential impacts of the diesel fuel regulation on
other middle distillate products such as home heat-
ing oil, non-road diesel, and jet fuel

« The cost and availability of ULSD imports
* The impact of the Rule on refinery operations

*» The impact of the Rule on fuel efficiency (related to
engine after-treatment devices) and on diesel fuel
demand

* The cost of current and future technologies that-are
expected to allow refineries to meet the new sulfur
standard, and their costs

* The likelihood that the necessary technologies will
be adequately deployed to meet the new standards.

The memorandum also identified a number of issues
related to the distribution of ULSD that are addressed in

the study, including:

» The effects of the ULSD Rule on the U.S. oil distribu-
tion system both during and after the phase-in
period

* How the distribution system would handle the sec-
ond highway diesel product during the phase-in
period, the infrastructure and investments required,
and how the investments might be recouped

* The extent to which fuel contamination might occur
when ULSD is shipped in common pipelines with
other, higher sulfur products

* The capability of current testing methods to measure
sulfur at the 15 ppm level

* The operational changes required in the distribution
systermn, and how they will affect consumer costs.

In a followup letter dated January 24, 2001, the Commit-
tee on Science modified its initial request to reflect provi-
sions included in the EPA’s final rule. The Committee
directed EIA to reflect the assumptions used by the EPA,
to. the extent possible. Where EPA’s assumptions
diverge meaningfully from industry expectations, EIA
was asked to provide a sensitivity analysis. The Com-
mittee noted several issues that might require sensitivity
analysis, including;

* The difference in production of 7 ppm versus 10 ppm
diesel fuel

* The energy content of ULSD

* Fuel efficiency losses associated with engine after-
treatment devices

e Additional distribution costs.

SCredits for 15 ppm diesel fuel can be accrued before this date if the refiner can certify that the fuel is to be used in vehicles certified to

meet the 2007 model year heavy-duty engine standards.

6The Committee also asked about several issues relevant to the proposed rule but not to the Final Rule: how potential supply might
change if the effective date of the diesel regulation were later and did not overlap those for gasoline sulfur requiraments, and how potential

supply would change if the ULSD requirement were phased in.

2 Energy Information Administration / Transition to Ultra-Low-Sulfur Diesel Fuel
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Background

The ULSD Rule represents a unique financial and logis-
tical challenge to refiners and distributors, because it
places an unprecedented low sulfur limit on a secondary
product. Although highway-grade diesel, which is
currently limited to 500 ppm sulfur, is the second most
consumed petroleum product, gasoline is the most
important ‘product by far. In 1999, 500 ppm diesel
accounted for 12 percent of total petroleum consump-
tion while gasoline accounted for 43 percent.” The ULSD
Rule comes less than a vear after a new nationwide sul-
fur standard for gasoline was finalized by the EPA at
an average 30 ppm.® Some concerns have been raised
that resources may be both financially and physically
challenged to meet both the gasoline and diesel sulfur
standards.”

In February 2000, the EPA finalized a rule on Tier 2 vehi-
cle emnissions and gasoline sulfur standards. The sulfur
content of gasoline across the country is to be phased
down to 30 ppm on average between 2004 and 2007. Like
the diesel sulfur standard, reduced sulfur gasoline is
required in order to accommodate new ernissions con-
trol technologies required for meeting tighter vehicle
emissions standards. Gasoline produced by most refin-
ers will be required to meet a corporate average sulfur
content of 120 ppm in 2004 and 90 ppm in 2005, com-
pared with a national average of around 340 ppm in
1998.%" Bv 2006, most refiners must meet a refinery level
annual average of 30 ppm with a maximum of 80 ppm in
anv gallon.

Refiners producing most of their gasoline for the Geo-
graphical Phase-In Area (GPA), generallv encompassing
the Rocky Mountain region, will also be aliowed a more
gradual phase-in because of less severe ozone pollution
in the area. These refiners will be required to meet a
refinerv average of 130 ppm in 2006 and must meet the
30 ppm requirement in 2007. Smali refiners will not be

required to meet the 30 ppm standard until 2007. The
date for GPA and small refiner gasoline sulfur compli-
ance has been extended an additional 2 vears for those
refineries that produce 15 ppm diesel at 85 percent of
baseline highway diesel production levels.!!

Consumption of highway-grade diesel (500 ppm sulfur)
accounted for 68 percent of the distillate fuel market in
1999,12 although 9 percent of that fuel went to non-road
(rail, farming, and industry) and home heating uses.!*
Higher sulfur distillate {more than 500 ppm) used exclu-
sively for non-road and home heating needs accounted
for the other 32 percent of the distillate market. These
other distillate markets will also be affected by the new
highway diesel standard and may play a role in how
some refineries respond to the rule. For instance, instead
of investing in ULSD production, some refineries mav
opt to switch production to non-road or heating
markets.

The EPA is in the process of promulgating “Tier 3”
non-road engine emission limits around 2005 or 2006,
which are expected to be hnked to sulfufreduction for
non-road diesel fuel.' The level of sulfur reduction
required for Tier 3 vehicles is highlv uncertain because
of the diversity of the non-road market. Diesel engines
used for farming, construction, rail, and other industrial
markets have different performance requirements that
need to be reconciled.!> Both the American Petroleum
Institute (AP]) and National Petrochemical and Refiners
Association (NPRA) have expressed concerns about
complying with potential non-road standards before full
implementation of the 15 ppm highwayv diesel stan-
dards.}®

In addition to refinerv issues, there are concerns about
the abilitv of the distribution svstem to handle the
requirements of the ULSD Rule. Between June 2006 and
June 2010, the 80/20 rule will allow up to 20 percent of
highway diesel production to continue at the current 300

'-Energ_\‘ Informationt’ Administration, Petroleum Supply Amnal 1999, DOE/EIA-0340(99)/ 1 (Washington, DC, Tune 2000), Table 3

“US Environmental Protection Agency, “Control of Air Pollution from New Motor Vehicles: Tier 2 Motor Vehicle Emissions Standards
and Gesoline Control Requirements,” Federal Register, 40 CFR Parts 80, 85, and 86 (February 10, 2000).

“Nauonal Petroleum Council, U.S. Petroleum Refining: Assuring the Adequacy and Affordabiiity of Cleaner Frefs (June 20000, Chapter 2.
US.A

19§ Environmental Protection Agency, EPA Staff Paper on Gasoline Sulfur Issues, EPA420-R-96-003 (Washington, DC. May 1998y The
average sultur content has declined since the sulfur content of reformulated gasoline was reduced substantiatly 1o meet Phase 2 retormu-
lated gasolme etmissions requirements, which became effective in 2000.

*The EPA announced on May 4, 2001, that National Cooperative Refining Association and W'vomm;i Retmung would be given add-
tional tume to meet the sulfur standard tor gasoline. Both refiners are pianning to comply with the 2006 highwayv diesel requirements on
AASERIER

SEE Ehergy information Administration, Petrolenm Supply Annual 1999, DOE/EFA-0340099) /1 (Washimgton. DC. June 2000}, Tahle 3

“FEnergy Information Adminsstration, Fuel Oif and Kerosene Sules 1999, DOE/ E1A0325(99) (W ashington, DC. Seprember 2000). Tabies
1925 -

LS Eavironinental Protection Agency. Reductug Arr Pollition fram Nou-roud Engines, EP A420-F-00-048 (W ashuingtan, DC. N es eimnber

X0 p. 3.
>\ onroad Workgroup, Minutes of the Workgroup’'s Meeting {Alexandria, VA lanuan 1o, 2000
" Diesel Fuet News, Vol 3, No. 3 (February 5. 2001) '
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Ppm limit. That fuel must be segregated in the distribu-

tion system from the remaining 80 percent of highway
diesel meeting the 15 ppm limit. As a result, some
pipelines, terminals, and retail outlets may temporarily
need to carry an extra diesel product, requiring capital
investment for the additional infrastructure require-
ments and additional operating costs for distributing the
extra product. Both pipeline operators and fuel market-
ers are concerned that contamination from higher sulfur
petroleum products might require some ULSD to be
downgraded to a higher sulfur product that would have
a lower market value. Moreover, a second new distillate
product may be required if Tier 3 requirements also
become effective before 2010.

A number of groups representing refiners and retailers
are taking legal action against the ULSD Rule, including

"the National! Petrochemical and Refiners Association

(NPRA), the American Petroleum Institute (API), the
Society of Independent Gasoline Marketers of America
(SIGMA), and the National Association of Convenience

Stores (NACS). The four groups have cited concerns

about the possibility of inadequate ULSD supply under
the Rule. The retailer groups also oppose the phase-in
provision of the ULSD Rule (“the 80/20 rule”), because
it will temporarily require costly storage of an additional
product. SIGMA’s lawsuit also questions the feasibility
of the 15 ppm sulfur limit on ULSD.'? On the other hand,
the Rule has been strongly supported by a diverse coali-
tion of environmental, manufacturing, reguatory, and
trucking groups.'® State and local regulators are sup-
portive of the ULSD Rule because it is an integral part of
their State Implementation Plans for meeting air quality
standards.

Some State and local areas have begun to set their own
requirements for. ULSD. Texas and Southern California
have already finalized ULSD regulations, and the State
of California is in the process of doing s0.1° During the
Bush Administration’s review of the Federal ULSD rule,

17 Diesel Fuel News (March 19, 2001).

—

a group of State and local air pollution regulators
wamed that more States would follow suit with their
own regulations if the ULSD rule were delayed or
changed in any way.2

Methodology

In order to address both the short-term and mid-term
supply issues identified by the Committee on Science,
this analysis incorporates two different analytical
approaches.

Refinery cost analysis addresses the uncertainty of sup-
ply in the short term. In addition, mid-term 1ssues and
trends are addressed through NEMS scenario analysis 2!
Discussion of the key issues and uncertainties related to
the distribution of ULSD is based on interviews with a
number of pipeline carriers.

As suggested by the Committee, most of the major
assumptions in this report are consistent with those used
by the EPA in its Regulatory Impact Analysis (RIA) of
the Rule. Before conducting this study, EIA consulted
with representatives from diesel engine and emissions
control manufacturers, the refining industry, and
Government?? to discuss the methodology and assump-
tions. E1A also received input through EIA’s Independ-
ent Expert Review program.2> On the basis of the
information received and a review of other analyses,
EIA identified the analysis assumptions that contained
the most significant uncertainties. Where possible, sensi-
tivity analyses were developed to provide a measure of
uncertainty in the projections.

Assessment of Short-Term Effects
of the Rule

For the purpose of assessing the short-term supply situa-

tion as the new standard becomes effective in June
2006 (see Chapter 3), industry-level cost curves were

18The coalition includes the Alliance of Automobile Manufacturers, the American Lung Association, the Association of International
Automobile Manufacturers, the Association of Local Air Pollution Control Officials, the California Trucking Association, the Clean Air Net-
work, the International, Truck and Engine Corporation, Manufacturers of Emission Control Association, the Natural Resources Defense
Council, Northeast States for Coordinated Air Use Management, the Sierra Club, the State and Territorial Air Pollution Program Adminis-
trators, U.S. Public Interest Research Group, and the Union of Concemed Scientists.

9Discussions with Mr. Bill Jordan, Texas Natural Resource Conservation Commission, and Mr. Tim Dunn, California Air Resources
Board.

20Digsel Fuel News, Vol. 5, No. 4 (February 19, 2001).

21Energy Information Administration, National Energy Modeling System: An Overview 2000, DOE/EIA-0581(2000) {Washington, DC
March 2000), www .eia.doe.gov / oiaf /aeo/overview /index.html.

ZContact with diesel engine manufacturers included Cummins, inc., Mack Truck, Inc., and Caterpillar, Inc. Contact with emission con-
trol manufacturers included Johnson Matthey and Engelhard Corporation. Refining industry contacts included the American Petroleum
Institute (AP1), the Cenex Harvest States Cooperatives, UniPure Corporation, Equilon Enterprises, LLC, Lyondell Citgo Refining Company.
Ltd., ExxonMobil Refining and Supply Company, Marathon Ashland Petroleum, LLC, and the National Petrochemical and Refining Associ-
ation (NPRA). Government contacts included the U.S. Department of Energy’s Office of Policy and Office of Transportation Technologies
and the U.S. Environmental Protection Agency.

Zindependent expert reviewers were Mr. Raymond E. Ory, Vice President, Baker and O’Brien, Inc.; Mr. Norman Duncan, Energy Insti-

tute, University of Houston; and Mr. Kevin Wag uespack, PricewaterhouseCoopers.
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constructed based on refinery-specific analvsis of
investment requirements and operating costs.”* Unlike
the NEMS projections discussed below, the cost curves
do not reflect an equilibriurn market price.

The cost curves developed for this study are the result of
a refinery-by-refinery analysis. Because of the propri-
etary nature of the data, this analvsis does not disclose
information about individual refineries. The ULSD pro-
duction costs were estimated for different groups of
refineries based on their size, the sulfur content of the
feeds, the fraction of cracked stocks in the feed, the boil-
ing range of the feed, and the fraction of highway diesel
produced. The capital and operating costs for the differ-
ent groups were developed for EIA by the staff of the
National Energy Technology Laboratory (NETL).2

The technology cost representations were used to
develop four sets of cost curves based on four different
investment rationales. Within a given supply curve; the
relative costs of different groups of refineries provide an
indicator of possible supply problems. A large range of
compliance costs in which investment costs are much
higher for some refiners than for others may be an indi-
cation that some refiners may forgo investment. The
behavior of refiners will be influenced by their expecta-
tion of what others will do and is therefore subject to
great uncertainty. In order to explore the uncertainty of
refinery behavior and the possible implications for sup-
plv, cost curves were developed based on the four differ-
ent scenarios of investment behavior discussed below:

_* Competitive Investment Scenario. This scenario

- assumes that some refineries will produce ULSD in
2006. while others may find it more economical to
abandon the market. Refiners that have competitive
costs of production are assumed to maintain market
shares similar to current highwav diesel market
shares. Refinenes currentlv producing a relatively
low fraction of diesel fuel may abandon the market
unless their cost per unit is competitive at current
highway diesel production levels.

* Cautious Expansion Scenario. Current producers
with competitive cost structures for ULSD produc-
tion and a high vield of diesel production (greater
than 70 percent of middle distillates) are assumed to
increase production if the unit cost of the increased
production 1s not substantial. Other refineries may
also increase their fraction of highway production if
economical and if the non-road market will allow.
For instance, the Northeast has a strong heating oil
market, potentiallv himiting a shift toward highway
diesel production.

* Moderate New Market Entry Scenario. This cost
curve assumes that a selective number of refinernies
that are currentlv producing little or no highway die-
sel will enter the ULSD market. The underlving
premise is that there would be a limited number of
companies that think they will be able to gain market
share without depressing margins to the extent of
undercutting profits. Onlv a few will make this
move, while the rest wait for a clear indication of
ULSD margins.

* Assertive Investment Scenario. Refineries were
assumed to make the requisite investrnents to either
maintain or gain highway diesel market share.

The scenarios discussed above are based on capital cost
and return on investment assumptions that are consis-
tent with EPA’s analysis. Due to the uncertainty of these
assumptions, two sets of sensitivity analvsis are also
provided. To address the uncertaintv associated with
the cost of installing or modifving distillate hvdro-
treaters for producing ULSD, a set of scenarios was
developed assuming capital costs for hvdrotreater units
that are about 40 percent higher than the initial set. An
additional set of scenarios explores the impact of assum-
ing a 10-percent after-tax rate of return on investment,
used in most of the studies compared in Chapter 7,
instead of the 5.2-percent after-tax rate (equivalent to 7
percent before tax) assumed in the initial set.

Assessment of Mid-Term Effects
of the Rule

The mid-term analvsis for this studv was performed
using the NEMS Petroleum Market Module (PMM). The
PMM represents domestic refinery operations and the
marketing of petroleum products to consumption
regions. PMM solves for petroleum product prices,
crude ojl and product import activity (in conjunction
with the NEMS International Energy Module and Indus-
tnal Demand Module), and domestic refinerv capacity
expansion and fuel consumption. PMM is a regional, lin-
ear programming representation of the U.S. petroleum
market. Refining operations are represented bv a
three-region linear programming formulation of the
five Petroleum Administration for Defense Districts
(PADDs). PADDs I (East Coast) and V' (West Coast) are
treated as single regions, and PADDs II (Midwest). 1]
(Gulf Coast), and IV (Rocky Mountains) are aggregated
into one region. Each region is considered as a single
firm where more than 80 distinct refinerv processes are
modeled. Refining capacity is allowed to expand in each
region over each 3-vear period. As a result, cumulative

k) . N (i ’

“IThe EPA and Baker and O Brien also developed refinerv-specific cost analyvses. but their estunates did not rerlect data retated 10 the
quality of crude oit inputs and the quality ot diesel fuel components input to downstream unas, collecied by E1A

The technology costs were developed in consultation with Mr lohn Hackworth and were reviewed by Me Rav Oryv_one ot £1A < indye-

pendent expert reiewers, and by members af Al
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investment for any given year may include investment
to meet future product expectations.

Unlike previous ULSD analysis sponsored by the EPA
or industry groups, the PMM provides multi-year sce-
narios. These scenarios reflect market prices rather than
average costs and implicitly include investment and
import decisions. Because each model region operates as
a single firm, the impact of the ABT refinery credit pro-
gram is also implicitly represented. The PMM cannot
differentiate between the costs of different types of refin-
eries, but the impact of the temporary compliance option
for small refiners is partially accounted for in this analy-
sis by reducing the refinery production of ULSD by 4
percent prior to 2010.

The PMM was used to develop a ULSD Regulation case
based on the provisions of the EPA’s final ULSD Rule.
Five sensitivity cases were developed for assumptions
associated with greater uncertainty, as well as a Severe
case, which combines the five sensitivity case assump-
tions in a single scenario, a No Imports case, and a 10%
Return on Investment case. The eight alternative cases
explore the impacts of the following assumptions:

» The capital costs associated with distillate hydro-
treaters (the Higher Capital Cost case).

*» The reliance of refineries on revamped equipment
versus new equipment (the 2/3 Revamp case)

* The percentage of ULSD that is downgraded to a
lower value product because of contamination from
higher sulfur products in the distribution system
{the 10% Downgrade case) :

* The fuel efficiency loss associated with meeting new
diesel emissions standards (the 4% Efficiency Loss
case)

* The loss in ULSD energy content resulting from
more severe desulfurization processes (the 1.8%
Energy Loss case) :

* The combined effects of the alternative assumptions
in the previous five sensitivity cases (the Severe case)

* The impact of the ULSD Rule assuming that foreign
imports meeting the new sulfur standards will not
be available (the No Imports case).

¢ The rate of return on investment (the 10% Return on
Investment case).

The PMM provides average annual marginal prices.
Because of its aggregate regional and annual nature, the
PMM cannot be used to address short-term supply
issues. The results of the PMM scenarios assume that, in
the long run, refiners will increase supply to meet
demand.

Assessment of Distribution and Marketing
Effects of the Rule

The temporary compliance and small refinery provi-
sions were incorporated into the Final Rule as a “safety
valve” to minirnize potential supply problems by allow-
ing up to 20 percent of a refinery’s highway diesel fuel
production to remain at the current 500 ppm sulfur stan-
dard between june 1, 2006, and May 31, 2010, and by
allowing small refineries (representing about 5 percent
of total diesel fuel production) to delay compliance with
the new standard until June 1, 2010. These provisions
provide flexibility to refiners during the. transition
period but will effectively require the distribution sys-
tem to temporanly handle an additional product. Aside
from carrying an additional product, the distribution
system will face new challenges related to transporting a
very-low-sulfur fuel in the same system with other,
high-sulfur products. The discussion of the implications
of the ULSD Rule for the pipeline distribution system
(Chapter 4) is based on interviews with a number of
pipeline companies representing a cross-section of size,
capacity, location, markets, corporate structures, and
operating modes.?

The mid-term scenarios generated by the PMM include
additional distribution costs associated with getting the
ULSD to market during the transition period and after
2010. The incremental distribution costs reflect both the
cost of capital for pipelines, terminals, and retail outlets
and the costs associated with downgrading highway
diesel that is contaminated during distribution. The cap-
ital component of the distribution costs used in this anal-
ysis is the same as that used in the EPA’s Regulatory
Impact Analysis (RIA) and is similar to those estimated
by two other studies (Chapter 7). The cost of down-
graded product is estimated by EIA using EPA’s total

26The companies that participated in the interviews included Buckeye Pipe Line Company, Colonial Pipeline, Conoco Pipe Line Com-
pany, Kaneb Pipeline Partners, L.P., Kinder Morgan Energy Parmers L.P., Marathon Ashland Petroleum, LLC, TE Products Pipelin: Com-

pany, L.P., and Williams Energy Services.
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downgrade assumption of 4.4 percent and the price dif- Mason and Associates.?® Due to the uncertainty about
ferential between ULSD and other diesel.?” Estimates for the extent of downgrade that will occur in the pipeline
the percent of downgraded product range between svstem, EIA has also projected the costs associated with
EPA’s 44 percent estimate to 17.5 percent by Turner larger downgrade assumptions (see Chapter 6).

= L.S. Environmental Protection Agency, Rq\'ulamr_u Impact Aualyss: H('u:'_u‘Dury Engine wond Velucle Standards and Higlizeau Diese! Ful
wlfur Requurements, EPA320-R-00-020 (Washingion, DC, December 2000), Chapter \', web cite W WLePAZ OV S Oldgs reps Shd 2007 trm
ra-v.pdf

XTurner, Mason & Company., Revrsed supplement to Report: Costsfimpucts of Distributing Poteutial Ultra Loz Sulfur Diese! (Dalla-, T\
August 8, 2000)
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2. Efficiency and Cost Impacts
of Emission Control Technologies

Background

The new ultra-low-sulfur diesel (ULSD) Rule issued by
the US. Environmental Protection Agency (EPA)
requires not only that the sulfur content of transporta-
tion diesel fuel oil produced by domestic refineries be
drastically reduced by 2007, but also that emission con-
trols on heavy-duty diesel engines be imposed to dra-
matically reduce emissions of nitrogen oxides (NO,),
particulate matter (PM), and hydrocarbons (HC). This
chapter summarizes the new heavy-duty engine emis-
sion standards, discusses the feasibility of meeting the
standards based on a review of the EP A-identified emis-
sion control technology options that might be available,
and assesses cost implications of the technology options.

The new ULSD standards finalized by the EPA are cru-
cial to the successful development of emission contro!

equipment for heavyv-duty diesel engines. The catalysts’

to be used in meeting the emission standards can be
severelv damaged by sulfur contamination. For exam-
ple. catalyst-based particulate filters for diesel engines
have shown significant losses of conversion efficiency
with fuel containing 30 ppm sulfur, particularly in
colder chimates. With respect to NO, adsorbers,
researchers have found that at fuel sulfur levels above 10
ppm, the heavy truck emission standard may not be
attainable.

The EPA’s final emussion standards will affect new
heavv-duty vehicles in model vears 2004, 2007, and 2010.
Although this study focuses on the impact of the 2007
standard, discussion of the 2004 standards and the asso-
ciated impacts on technology, cost, and efficiency are
relevant to the analvsis. In 1997, the EPA proposed new
emussion standards for 2004 and later model vear
heavv-duty diesel engines that required a combined
standard for NO, and HC of 2.4 grams per brake horse-
power-hour {g/bhp-hr).2? The current standard for NO,
is 4 g/bhp-hr, and the standard for HC is 1.3 g/bhp-hr.
The proposed standard was reviewed by industry, and
in 1998 the EPA signed consent decrees with several

heavy-duty engine manufacturers, stating that the 2004
emission standards would be met bv October 2002.%'
The standards for new heavy-duty highway vehicles in
model years 2004 and later were finalized July 2000.

In December 2000, EPA published additional stardards
for on-road heavy-duty diesel engines that would take
effect beginning in 2007. These standards will require
stricter control of PM (0.01 g/bhp-hr), NO, (0.20
g/bhp-hr), and HC (0.14 g /bhp-hr) emissions. The new
standards apply to diesel-powered vehicles with gross
vehicle weight (GVW) of 14,000 pounds or more.
The PM standard applies to all on-road heavy- and
medium-dutv diesel engines. The NO, and HC stan-
dards are to be phased in at 50 percent of new vehicle
sales in model years 2007 through 2009. In 2010, all new
on-road vehicles will be required to meet the NO, and
HC standards.

For vears 2007 through 2009, the EPA allows diesel
engine manufacturers flexibility in meeting the NO, and
HC standards.3! Engine manufacturers are provided the
option of producing all diesel engines to meet an aver-
age of 2004 and 2007 NO, and HC emission standards
(1.1 g/bhp-hr). Engine manufacturers and EPA have
confirmed that-the industry intends to design and pro-
duce engines that meet the average NO, /HC emission
standard, providing engine manufacturers the abilify to
comply with the standards by using less.stringent emis-
sion control svstems3? If manufacturers produce
low-emission engines in 2006, the number produced can
be deducted from 2007 production requirements.

Emission Control Technologies

Historically, engine manufaciures have met -new
emissions standards through modifications to engine
design. The continuation of this trend is seen in the
projection of technologies used to meet the EPA’s 2004
emission standards for heavv-duty diesel engines. An
EPA-commissioned technology studv that addressed

R . . - . .

=“The brake horsepower of an engine is the effective power output, sometimes measured as the resistance the engine provides 1o 4 brake
itached to the output shati. A bhp-bris that unit of work or energy equal to the work donie at the rate of 1 horsepower for 1 hour

.S Environmental Protection Agency, Final Emission Standards for 2004 and Later Model Year Hixhioaw Heaiv-Duta Velncles and Enines.,

EPAJ20-F-00-026 (Washington, DC, july 2000), p. 4.

ML S Environmental Protection Agency, Heary-Duty Enguie and Velicle stundards aud Heglieay Diesel Fuel sulfur Congrol Reguirements,

EPAL20-FOU-057 (Washmgpton, DC, Decemnber 2000), p. 2.

- Based on telephone interviews with engme manufacturers and the US Environmental Protection Agency,
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technology, availability, cost, and efficiency concerns
concluded that engine manufacturers could meet the

" 2004 emission standards with engine control strate-

gies—primarily, exhaust gas recirculation (EGR) and
high-pressure fuel injection systems with retarded fuel
injection strategies.3> The EPA also stated that other
advanced diesel engine technologies—such as waste-
gated turbochargers, air-to-air after-coolers, advanced
combustion chamber design, and electronic controls—
could be used to help meet the 2004 emission standards.

Although the EPA states that implementation of cooled
EGR will achieve most of the necessary emission reduc-
tions and that increases in fuel consumption are
expected due to pumping losses, they believe that
advanced turbochargers, advanced combustion cham-
ber design, and electronic controls will also be used to
overcome losses in efficiency. The EPA also mentions
various catalyst technologies that might be used to meet
the NO, and PM standards but concedes that engine
manufacturers will opt for engine control strategies to
meet the NO, standard, due to both economic and
technological concerns regarding the catalyst technolo-
gies for NO, reduction. The EPA concludes that particu-
late traps or oxidation catalysts will be used to control
PM.3 The assumptions reflected in the EPA study
were recently confirmed when several engine manu-
facturers reported that they would implement the
above-mentioned engine technologies to meet the 2004
standards. 333637

Whereas engine manufacturers have been able in the
past to meet new emission standards by using advanced
engine controls and technologies, they will have to rely
heavily on component and system development by
emission control equipment manufacturers to meet the
2007 standard. In particular, engine manufacturers must
implement an exhaust after-treatment catalyst technol-
ogy to control NO, emissions.

Several NO, control after-treatment devices are
currently being investigated, including lean-NO, cata-
lysts, NO, adsorber catalysts, and urea-based selective

catalytic reduction (SCR) devices. Lean-NO, catalysts
have not seen significant improvement in NO, reduc-
tion efficiency during the past 3 years and are not con-
sidered a viable option, but NO, adsorber and SCR
systems have shown potential for significant reduction
of NO, emissions.3® The NO, absorber catalyst works by
temporarily storing NO, during normai engine opera-
tion on the adsorbent. When the adsorbent becomes sat-
urated, engine operating conditions and fuel delivery

tates are adjusted to produce a fuel-rich exhaust, which
- 1s used to release the NO, as N,. The SCR process

involves injecting a liquid urea solution into the exhaust
stream before it reaches a catalyst. The urea then breaks
down and reacts with NO, to produce nitrogen and
water. Using the SCR system, it might be possible to
meet the NO, emission standard without -ultra-low-
sulfur diesel fuel. -

Industry experts have indicated that the SCR system
shows more promise than the NO, adsorber system for
reduction of NO, emissions in truck applications.
There is currently no infrastructure in place for the dis-
tribution of urea, however, and other issues remain to be
addressed, including freezing of the urea solution in
extreme weather conditions as well as operator complhi-
ance. Several engine manufacturers are working on
infrastructure development plans for liquid urea.
Although the EPA agrees that the technology is promis-
ing, it has serious concerns about compliance issues,
because truck drivers may forgo refilling the urea tanks
in an effort to save on operating costs. Engine manufac-
turers are working with the EPA to develop engine con-
trol systems to address this and other engineering
issues. The SCR technology will not be viable until infra-
structure plans are established and engine manufactur-
ers can demonstrate to the EPA that compliance can be
assured through reasonable engine control strategies.

" Currently, the EPA expects NO, adsorbers to be-the

most likely emission control technology applied by the
industry.®* Using current catalyst technology, the
fuel-rich cycle reduces fuel efficiency by 4 percent.4! The
majority of the reduction in fuel efficiency comes from

By s. Environmental Protection Agency, Regulatory Impact Analysis: Control of Emissions of Air Pollution From Highway Heavy-Duty

Engines, EPA420-R-00-010 (Washington, DC, July 2000), p. 21.

34U.S. Environmental Protection Agency, Regulatory impact Analysis: Control of Emissions of Air Pollution From Highway Heavy-Duty

Engines, EP A420-R-00-010 (Washington, DC, July 2000), p. 46.

B DieselNet, “Caterpillar Announces New Emission Technology,” web site www dieselnet.com/news/0103cat.html (March 2001).
36 Newport’s Truckinginfo.com, “Mack To Use EGR To Meet ‘02 Emissions Standasds,” web site http:/ / www trcukinginfo.com/news/

news_print.asp?news_id=42839 (March 20, 2001).

3 DieselNet, “Cummins in Support of Cooled EGR Technology,” web site www.dieselnet.com/news/0103cummins html (March 2001).
38U S. Department of Energy, Office of Transportation Technologies, “Impact of Diesel Fuel Sulfur on CIDI Emission Control Technol-

ogy” (August 21, 2000), p. 2.

¥ Based on telephone interviews with manufacturers of heavy-duty diesel engines.

40y 8. Environmental Protection Agency, Techuical Support Document for the Heavy-Duty Engine and Vehicle Staudards and Highway Diesel
ruel Sulfur Control Requirements: Air Quality Modeling Analyses, EP A420-R-00-028 (Washington, DC, December 2000), p. V-3.

41U S. Department of Energy, Office of Transportation Technologies, “Diesel Emission Control: Sulfur Effects (DECSE) Program Phase I

Summary Report: NO_ Adsorber Catalysts”  October 2000), p. 21.
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the reduction of sulfur in the exhaust stream. The sultur
accumnulates on the NO, adsorber catalyst, and eventu-
ally adsorber storage capability is completely lost. Even
at ultra-low-sulfur levels, further desulfurization must
occur to ensure that the NO, adsorber is not “poisoned.”

To date, no NO, adsorber system has proven feasible.
Although NO, adsorbers have demonstrated compli-
ance using ULSD (7 ppm), the systems show losses in
conversion efficiency after 2,000 miles of operation.*?
Concerns have also been raised about the ability of the
technology to perform over a range of operating temper-
atures and loads. Industry and government research
efforts are seeking ways to overcome the obstacles fac-
ing the NO, adsorber technology.

In order to meet the 2007 emission standards for heavy-
duty diesel engines, the EPA makes the following
assumptions regarding the performance of NO,
adsorber emission control technology:

» Conversion efficiencies will improve so that the
overall loss of fuel economy will be onlv 2 percent: 1
percent far the fuel-rich cycle and 1 percent for
pumping losses.

* EGR equipment will be optimized as a result of the
improved efficiency of NO, adsorber emission con-
trol equipment. The optimized EGR air-to-fuel mix-
ture will provide a 1-percent increase in fuel
etficiency, which will offset the 1-percent loss in effi-
ciencv from the fuel-rich exhaust cvcle.

“  The application of the new emission control technol-
ogyv will provide a 3-percent or greater increase in
eificiency by offsetting the fuel efficiencv reductions
that were incurred to meet the 2004 standard when
diesel engine manufacturers manipulated fuel injec-
tion timing to optimize for low NO, emisstions.

Based on these assumptions, EPA predicts that there
will be no loss in tuel efficiency associated with the NO,
adsarber catalvst designed to meet the 2007 emission
standard.’" Although experts agree that this is possible,
it has vet to be proven.# Current field tests reveal a 4- to
3-percent fuel efficiency loss with current state-of-the-
art technology, "which still requires EGR and timing
control. Zxperts agree, however, that NO, adsorber

catalvsts are expected to improve and that the associaied
optimization of EGR and timing control will eventually
be achieved.

Technology Costs

The EPA’s cost analysis of the technologies required to
meet the 2004 standard assumed that fuel injection and
turbocharger improvements would occur without the
new emission standards Therefore, when estimating
increases in engine costs, the EPA excluded 50 percent ot
the technology costs in the total cost estimation. The
incremental costs for medium-duty engines were esti-
mated to be $657 in 2004, decreasing to $275 in 2009.
Heavy-duty engine costs were estimated at $803 in 2004,
decreasing to $368 in 2009.4°

The EPA also estimated increases in annual operating
costs of $49 for medium-duty engines and $104 for
heavy-duty engines for the maintenance of the EGR svs-
tem. The cost of the NO, adsorber emission control svs-
tem for medium-duty engines was estimated at $2,564 in
2007, decreasing to $1,412 in 2012. For heavv-dutv
trucks, the cost of control technology was estimated at
$3.227 in 2007, decreasing to $1.866 in 2012.3® Although
engine manufacturers state that these costs are optimis-
tic, no studies have been completed to dispute the EPA
estimates.

Efficiency Losses

EPA assumptions for the impacts of the ULSD Rule on
diesel engine fuel efficiency are used for the Regulation
case in this analvsis. Because the emission control tech-
nologyv development needed to meet the 2007 standards
remains to be developed, however, a sensitivity case
was analyzed to evaluate the possible impacts of fuel
efficiency reductions ¥ [n the 4% Efficiency Loss case for
this study, it is assumed that meeting the emission stan-
dards in 2010 will reduce the average tuel efficiencv of
highwav heavv-duty diesel engines bv 4 percent,
improving to no efficiency loss in 2015. It is assumed in
this scenario that engine manufacturers will not be able
to overcome fuel efficiencv losses in order to meet the
standards in 2010, but with continued improvements in
NO, adsorber efficiency and desulfurization catalvsts,
they will be overcome by 2015,

= Manuiacturers of Emission Controls Association, Catalyst-Based Diesel Particudate Filters and NO Adsorbers: A Summari of the Techipoi-

ovwsand the Effects of Fuel Sulfur (August 14, 2000). p. 19.

I*LS. Environmental Protection Agency, Techutical Suppart Document for the Heavu-Duty Engune amd Veincle stardards and Hichivay Diesel
Fuc! Sulfur Comtrol Requiarements: Air Quality Modeling Analyses, EPA420-R-00-028 (Washington, DC, December 2000), p \'-34

Based on phone interviews with emission control equipment manufacturers

i5L.5. Envirommental Protection Agency, Regudatory Impact Analysis: Control of Ennssions of Air Pollution Fron: Highizvay Heazu-Dit

Envines, EP A420-R-00-010 (Washington, DC, julv 2000), p. 88.

1°U S Environmental Pratection Agency. Teclircat Support Docment for the Heazu-Duty Ensine and Velucle Stadards and Hichicay Dic<el
Fuel Sulfur Control Requurements: Arr Quality Madeling Analuses, EPA420-R-00-028 (Washungton, DC. Decesnber 20004, PARE

‘T.A!\ho.l;;h this case reflects a scenario in which losses in elficiency from emescion contol are not overcome by new technologs . the con-
siderable t:me available for research and development mav provide government and industay ample time o resolve the tuel cn.wu'n\'\ loss

1ssues associated with advanced etission control technologies
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The reference case for this analysis includes assump-
tions for the market penetration of advanced engine and
vehicle technologies and resulting improvements in fuel
efficiency. Included in the slate of technologies are low
rolling resistance tires, improved aerodynamics, light-
weight materials, advanced electronic engine controls,
advanced turbochargers, and advanced fuel injection
systems. Market penetration is estimated using a pay-
back function in which the incremental capital cost for
each technology is compared to a stream of fuel savings
over a specified technology payback period (1 to 4
vears), discounted at 10 percent. In the reference case it is
projected that average new truck fuel efficiency will
increase from 6.4 miles per gallon in 2000 to 7.4 miles per

gallon in 2020.

New vehicle fuel efficiency is reduced slightly in the 4%
Efficiency Loss case, but the impact on stock efficiency is

e

marginal because the number of new vehicles expected
to enter the market is small relative to the total numbe
of vehicles on the road. Fuel expenditures for heavy
trucks are projected to be $1.9 billion higher in 2007 in
the 4% Efficiency Loss case than in the reference case,
and the difference grows to $2.9 billion in 2011 {Table 1),
an increase of $410 in average fuel expenditures per
truck. Cumulative fuel expenditures from 2007 to 2015
are projected to be $17.6 billion higher in the Regulation
case than in the reference case and an additional $3.0 bil-
lion higher in the 4% Efficiency Loss case. The projected
cumulative increase in energy use in the 4% Efficiency
Loss case is approximately 80 trillion British thermal
units (Btu). Energy consumption projections are dis-
cussed in Chapter 6.

Table 1. Projected Fuel Expenditures for Heavy-Duty Diesel Vehicles, 2006-2020

(Biltion 1999 Dollars)

T
Analysis Case 2007 2008 2009 2010 2011 2015 200;‘;31 5
Total Fuel Expenditures
Reterence . .. ............. 39.45 40.46 41.46 42.19 42.98 45.96 385.63
Regulation. .. ............. 41.37 42.31 43.08 44,40 45.55 47 .95 403.24
4% Efficiency Loss .. ... .. .. 41.37 42.31 43.09 44.58 45.92 48.44 406.21
Ancremental Fuel Expenditures

Regulation. .. ............. 1.92 1.85 1.63 2.21 2.57 1.99 17.62
4% Efficiency Loss ......... 1.92 1.85 1.63 2.38 2.94 2.49 20.58

_Source: National Energy Modeling System, runs DSUREF .D0430018, DSU7PPM.D043001A. and DSU7TRN.D043001A.
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3. Desulfurization Technology

Introduction

The availability of technologies for producing ultra-
low-sulfur diesel fuel (ULSD) was one of the issues
raised by the House Committee on Science. First, do ade-
quate and cost-effective technologies exist to meet the
ULSD standard? Second, are technologies being devel-
oped that could reduce the costs in the future? Last, is it
likely that the needed technologies can be deploved into
the market in time to meet the ULSD requirements of the
rule?

A review of the technologies reveals that current tech-
nologies can be modified to produce diesel with less
. than 10 parts per million {(ppm}) sulfur. A small number
of refineries currently produce diesel with sulfur in the
10 ppm range on a limited basis. The existence of the reg-
uisite technologv does not ensure, however, that all
refineries will have that technology in place in time to
meet the new ULSD standards. Widespread production
of ULSD will require manv refineries to invest in major
revamps or construction of new units. In addition to the
status of desulfurization technologies. this chapter dis-
cusses possible impediments to their deplovment.

Refineries in the United States are characterized by a
wide range of size, complexity, and quality of crude oil
inputs. Upgrades at a given refinery depend on individ-
ual circumstances, including the refinerv’s existing con-
figuration, its inputs, its access to capital. and its
perception of the market. The sulfur in petroleum prod-
ucts comes from the crude oil processed by the refinery.
Refiners can reduce the sulfur content of their diesel fuel
to a limited extent bv switching to crude oil containing
less sulfur; however, sulfur reduction from a switch in
crude oil would fall well short of the new ULSD stan-
dard. Refineries will require substantial equipment
upgrades to produce diesel with such limited sulfur.

In order to allow for'some margin of error and product
contamination in the distribution svstem, refineries will
be required to produce highwav diesel with sulfur
somewhat below 15 ppm. Due to limited experience
with such low-sulfur products, the exact sulfur level that
will be required by refineries is not certain. In the Regu-
latorv Impact Analvsis for the ULSD Rule, the EPA
assumed highway diesel production with an average of

7 ppm. Whether production is at 10 ppm or 7 ppm, the
same technology would be used. In general, a relatively
lower sulfur content would be achieved with more
severe operating conditions at a higher cost.

Considerable development in reactor design and cata-
lyst improvement has already been made to achieve
ULSD levels near or below 10 ppm. In some cases low
sulfur levels are the consequence of refiners’ efforts to
meet other specifications, such as low aromatre levels
required in Sweden and California. In other cases refin-
ers have decided to produce a “premium” low-sulfur
diesel product, as in the United Kingdom, Germany, and
California. These experiences, though limited, provide
evidence for both the feasibility of and potential difficul-
ties in producing ULSD on a widespread basis.

Refineries currently producing ULSD in hmited quanti-
ties rely on enhanced hvdrotreating technology. Tech-
nology vendors expect that this will also be the case for
widespread production of ULSD. The following section
focuses on hvdrotreating as the primary means to
achieve ULSD levels. A few emerging and unconven-
tional desulfurization technologies are also discussed,
which if proven cost-effective eventually mayv expand
refiners’ options for producing ULSD.

ULSD Production Technologies

Verv-low-sulfur diesel products have been available
commercially in some European countries and in Cali-
fornia on a limited basis. Sweden was the tirst to impose
very strict quality specifications for diesel fuel, requiring
a minimum 30 cetane, a maximum of 10 ppm on sultur
content. and a maximum 5 percent on aromatics content.
To 'meet these specifications the refinerv at Scanraff,
Sweden, installed a hvdrotreating facilitv based on
SvnTechnology.*® The Scanraff hvdrotreating unit con-
sists of an integrated two-stage reactor svstem with an
interstage high-pressure gas stripper. The unit processes
a light gas oil (LGO) to produce a diesel product with
less than 1 ppm sulfur and 2 4 percent aromatics by vol-
ume. It 15 important to note that the Scanraff plant is
highly selective of its feedstock to achieve the ultra-low
sulfur content which may not be generalized to most
U.S. refineries.

B vander Linde (Shell), R Menon (ABB Lumimust. D Dave & S Gusias (Criterion), “Svn cehnology An Attractive Solution for VMeet-
ing Future Diesel Specitivations,” presentation to the 19949 Asian Refuung, Technology Canterer-ce. ARTC-94
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In addition to Sweden, other European countries are
encouraging the early introduction of very-low-sulfur
diesel fuel ahead of the shift to a European requirement
for 50 ppm diesel in 2005. The United Kingdom and Ger-
many have structured tax incentives for the early intro-
duction of 50 ppm diesel fuel and have discussed
incentives for introduction of a 10 ppm diesel fuel. An
example of a European refinery capable of producing
diesel fuel for these markets, is BP’'s refinery at
Grangemouth, United Kingdom, which has a 35,000-
barrel-per-stream-day unit originally designed for 500
ppm sulfur in 1995.4° The hydrotreater at Grangemouth
has a two-bed reactor, no quench, and operates at about
950 pounds per square inch gauge (psig). Operating at a
space velocity of 1.5 and using a new higher activity
AK30 Nobel catalyst (KF757), the unit is producing 10 to
20 ppm sulfur diesel product. The feed is primary LGO
with a sulfur content of about 1,800 ppm, derived from a
low-sulfur crude. BP reported that on several occasions
the feed had included a small fraction of cycle oil, which
resulted in a noticeable increase in catalyst deactivation
rate.

In 1999 Arco announced that it would produce a pre-
mium diesel fuel— which Arco termed “EC Diesel”—at
its Carson, California, refinery.¥ EC Diesel is a “super
clean” diese! designed to meet the needs of fleets and
buses in urban areas. The reported quahty attnibutes
include less than 10 ppm sulfur, less than 10 percent
aromatics, and 60 cetane, among others.>! Arco indi-
cated that the crude slates of the Carson refinery would
remain unchanged, with only the operating conditions
modified. The refinery had to selectively take out a sul-
furous, aromatic cycle oil feed stream to the diesel unit
and repeat this every few days for batches. If continuous
production were required, a major capital investment

* would have to be made. In April 2000, Equilon also

announced that its Martinez refinery in Northern Cabi-
fornia could provide ULSD for fleet use in that region of
the State.>?

The challenge of producing ULSD from feedstocks that

are difficult to desulfurize is well represented by the
experience of Lyondell-Citgo Refining (LCR) at its refin-
ery in Houston, Texas. In 1997 the refinery moved to a
diet of 100 percent Venezuelan crude.>® The gravity of
the crude oil was less than 20 °API, and it was highly
aromatic. To produce suitable quality low-sulfur diesel
product the refinery had revamped a hydrotreater to

s

SynSat operation in 1996 and then converted to SynShift
in 1998. The revamped hydrotreater has a capacity o

50,000 barrels per day and consists of a first-stage reacto:
operating at 675 psig pressure, a high-pressure stripper,

and a second-stage reactor that uses a noble metal cata-

lyst. The feed to the unit is a blend of light cycle oil
(LCO), coker distillate, and straight-run distillate
(approximately equal volumes) with 1.4 percent sulfur
by weight, 70 percent aromatics, and a cetane number of
30. The product has about 40 percent aromatics, a cetane
number of 38.5, and sulfur content less than 140 ppm.

Citgo reported that the LCR hydrotreating unit was the
largest reactor of its type when installed in 1996 and that
the volurne of catalyst in the unit, which had been 40,000
pounds in the old unit, had increased to 1.7 million
pounds in the revamped unit. The diesel sulfur_leve]
produced in the unit reportedly met the 15 ppm sulfur
cap at initial conditions at start of run, but as the
desulfurization catalyst aged, the reactor temperature
had to be revised to achieve target sulfur levels. If the
revamped unit had to consistently meet a 15 ppm diesel
sulfur limit, the cycle life could be greatly reduced from
current operation, causing frequent catalyst replace-
ment and more frequent shutdowns. Under the current
mode of operation, the frequency of catalyst changeout
is managed by reducing the cracked stocks in the feed to
the unit. More frequent catalyst changeouts to meet a 17
ppm sulfur cap reportedly could raise the cost of diesei
production >

Hydrotreating-

Conventional hydrotreating is a commercially proven
refining process that passes a mixture of heated feed-
stock and hydrogen through a catalyst-laden reactor to
remove sulfur and other undesirable impurities. Hydro-
treating separates sulfur from hydrocarbon molecules;
some developing technologies remove the moiecules
that contain sulfur (see box on page 16). Refinenes can
desulfurize distillate streams at many places in a refin-
ery by hydrotreating “straight-run” streams directly fol-
lowing crude distillation, hydrotreating streams coming
out of the fluid catalytic cracking (FCC) unit, and/or
hydrotreating the heavier streams that go through a
hydrocracker. Over half of the streams currently going
into highway-grade diesel (500 ppm) are made up from
straight-run distillate streams, which are the easiest and
least expensive to treat.

491 A. Gerritson, F. Stoop (Akzo Nobel Catalyst), P. Low, J. Townsend, D. Waterfield, and K. Holdes (BP Amoco), “Production of Green
Diesel in the BP Amoco Refineries,” presented at the WEFA Conference (Berlin, Germany, June 2000).

MNow part of BP Amoco.

31 Arco’s EC Diesel Dominates CARB Advisory Discussion,” Diesel Fuel News (April 26,1999), p. 5.
52"Equilon Offers 15 PPM Sulfur Diesel for N. California,” Diesel Fuel News { April 10, 2000), p. 10.
3L Allen (Criterion Catalyst Co.), “Economic Environmental Fuels with SynTechnologies,” presented at the World Fuels Meeting,

EAA-World Fuels-98 (Washington, DC, Fall 1998).
>4 Diesel Fuel News (April 11,2000), p- 17.
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Refineries with hydrotreaters are likely to achieve pro-
duction of ULSD on straight runs by modifving catalysts
and operating conditions. Desulfurizing the remainder
of the distillate streams is expected to pose the greatest
challenge, requiring either substantial revamps to
equipment or construction of new units. In some refiner-
ies the heavier and less valuable streams, such as LCOs,
are run through a hydrocracker. The distillates from the
cracked stocks contain a larger concentration of com-
pounds with aromatic rings, making sulfur removal
more difficult. The need for some refineries to desulfur-
ize the cracked stocks in addition to the straight-run
streams may play a key role in the choice of technology.

When the 15 ppm ULSD specification takes effect in June
2006, refiners will have to desulfurize essentially all die-
sel blending components, especially cracked stocks, to
provide for highway uses. It is generally believed that a
two-stage deep desulfurization process will be required
bv most, if not all refiners, to achieve a diesel product
with less than 10 ppm sulfur. The following discussion
reviews a composite of the technological approaches
of UOP, Criterion Catalyst, Haldor Topsoe, and
MAKFining (a consortium effort of Mobil, Akzo Nobel,
Kellogg Brown & Root, and TotalFinaElf Research).

A design consistent with recent technology papers
would include a first stage that reduces the sulfur con-
tent to around 230 ppm or lower and a second.stage that
completes the reduction to less than 10 ppm. In some
cases the first stage could be a conventional hyvdro-
treating unit with moderate adjustments to the opera-
tion parameters. Recent advances in higher activity
catalvsts also help in achieving a higher sulfur removal
rate.** The second stage would require substantial modi-
fication of the desulfurization process. primarily
through using higher pressure, increasing hvdrogen
rate and purity, reducing space velocity, and choice of
catalvst. To deep desulfurize cracked stocks, a higher
reactor pressure 1S necessarv. Pressure requirements
would depend on the qualitv of the crude oil and the
setup of the individual refinery.

The level of pressure required for deep desulfurization
1s a kev uncertainty in assessing the cost and availability
of the technology. In its 2000 study, U.S. Petroleum

Refining: Assuring the Adequacy and Affordability of Cleaner
Fuels, the National Petroleum Council (NPC) suggested
that in order to produce diesel at less than 30 ppm sulfur,
new high-pressure hvdrotreaters would be required,
operating at pressures between 1,100 and 1,200 psig.™
Pressures over 1,000 psig are expected to require
thick-walled reactors, which are produced by only a tew
suppliers (see discussion later in this chapter) and take
longer to produce than reactors with thinner walls. In
contrast to NPC’'s expectations, EPA’s cost analysis
reflected vendor information for revamps of 630 psig
and 900 psig units that would .. requ:ive thick-walled
reactors. The vendors indicated thai 2xisting
hydrotreating unit could be retrofiir:d with a number of
different vessels, including: a reactor, a hydrogen com-
pressor, a recycle scrubber, an interstage stripper, and
other associated process hardware.>”

The amount of hvdrogen required for desulfurization is
also uncertain, because the industry has no experience
with widespread desulfurization at ultra-low levels.
One of the primary determinants of cost is hvdrogen
consumption and the related investment in hvdro-
gen-producing equipment. Hydrogen consumption is
the largest operating cost in hvdrotreating diesel, and
minimizing hvdrogen use is a key objective in hvdro-
treating for sulfur removal In general, 10 ppm sulfur
diesel would require 25 to 45 percent more hvdrogen
consumption than would 500 ppm diesel, in addition to
improved catalvsts.”™® Hvdrogen requirements at lower
sulfur levels rise in a nonlinear fashion.

In addition to improvements in design and catalvsts,
other modifications to refinerv operations can contrib-
ute to the production of ULSD. For example, high-sulfur
compounds in both straight runs and cracked stocks lie
predominantly in the higher boiling range of the matern:-
als. Thus, reducing the final boiling point for the streams
and cutting off the heaviest boiling segment can reduce
the difficulty of the desulfurization task. If a refiner has
hvdrocracking capability, the hvdrocracker would be an
ideal disposition for these streams. Some refiners mak-
ing both high- and low-sulfur distillate products mav be
able to allocate the more difficult distillate biend streams
to the high-sulfur product; however, the EPA is in
the process of promulgating “Tier 3" non-road engine

“"The type of improvement in catalyst activity is illustrated by Akzo Nobel new KF757 cobalt-melybdenum (CoMo) catalvet Comparing
KF 757 with 1its predecessor catalyst Akzo states, “A diesel unit designed to achieve 300 wppm product sulfur with KF 732 can easihv achieve
less than 250 ppm product sulfur with KF 757 while maintaining the same operating cvcle.” Source: C.P. Simit, “MAKFung Premiutn Distid-
Iate_s Technology- The Future of Distillate Upgrading,” presentation to Petrobras (Ric de Janeiro, Brazil, August 24, 20001, p 4.

" National Petroleum Council, U.5. Petroleum Refining: Assurig the Adequacy and Affordabiity of Clemier Fuels (une 20009 Chapter 7. pp

132-133.

57 LS. Environmental Protection Agency, Regulatory Impuct Analusis: Heavy-Dutu Luguie and Velucle Stadand< and Highzoau Diesel Fuc!
sulfur Requarements, EPA420-R-00-026 {(Washington, DC, December 2000), Chapter \'. p V.09

M Charles River Associates, Inc., and Baker and O Brien, Inc., Anassessment of the Polential Tmpacts of Proposed Duseonmental Recylation< on

U s Refinery supply of Diesel Fuel, CRA No. DO2316-00 tAugust 20000, p 20
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Sulfur Adsorption

One new technology on the horizon is the “S Zorb”
processing under development by Phillips Petroleum.
S Zorb has been promoted for gasoline desulfurization
to meet EPA’s Tier 2 requirements. The major distinc-
tion of this process from conventional hydrotreating is
that the sulfur in the sulfur-containing compounds
adsorbs to the catalyst after the feedstock-hydrogen
mixture interacts with the catalyst. Thus the catalyst
needs to be regenerated constantly. Phillips is promot-
ing the S Zorb process for highway diesel as potentially
having lower capital cost than conventional hydro-
treating options and reportedly is on the fast track to
demonstrate the process in a pilot plant in 2001.2 Phil-
lips estimates on-site capital costs at $1,000 to $1,400

per barrel per day.

Biodesulfurization

Biodesulfurization is another innovative technology,
which uses bacteria as the catalyst to remove sulfur
from the feedstock. In the biodesulfurization process,
organosulfur compounds, such as dibenzothiophene
and its alkylated homologs, are oxidized with geneti-
cally engineered microbes, and sulfur 1s removed as
a water-soluble sulfate salt. Several factors may limit
the application of this technology, however. Many
ancillary processes novel to petroleurn refining would
be needed, including a biocatalyst fermentor to
regenerate the bacteria. The process is also sensitive to
environmental conditions such as sterilization, tem-
‘perature, and residence time of the biocatalyst. Finally,
the process requires the existing hydrotreater to con-
tinue in operation to provide a lower sulfur feedstock
to the unit and is more costly than conventional
hydrotreating.? Biodesulfurization has been tested in
the laboratory, but detailed engineering designs and
cost estimates have not been developed.

Sulfur Oxidation

The latest entry in unconventional desulfurization
involves sulfur oxidization. This process creates a
petroleum and water emulsion in which hydrogen per-
oxide or another oxidizer is used to convert the sulfur
in sulfur-containing compounds to sulfone.© The oxi-
dized sulfone is then separated from the hydrocarbons
for post-processing. Most of the peroxide can be

| Developing Technologies and Ultra-Low-Sulfur Alternatives

recovered and recycled. The major advantages of this
new technology include low cost, lower reactor tem-
peratures and pressures, short residence time, no enus-
sions, and no hydrogen requirement.

Advocates for the sulfur oxidation technology estimate
capital costs at $1,000 per barrel of daily installed
capacity—less than half the cost of a new high-pressure
hydrotreater.d The technology preferentially treats
dibenzothiophenes, one of streams that is most diffi-
cult to desulfurize, but it does not work as well on
straight-run distillate. Because the process removes
molecules containing sulfur, some volume losses also
occur. One company working on the technology has
proposed installation of 1,000 to 5,000 barrel per day
units at distribution terminals to “polish” material'that
might otherwise be downgraded. Construction of a
pilot plant is planned, but to date there has been no
real-world demonstration of the process.

Fischer-Tropsch Diesel and Biodiesel

One way to add to ULSD supply without desulfuriza-
tion is to rely on a non-oil-based diesel. The Fischer-
Tropsch process, for example, can be used to convert
natural gas to a synthetic, sulfur-free diesel fuel. Two
gas-to-liguids (GTL) facilities have operated commer-
aially: the Mossgas plant in South Africa with output
capacity of 23,000 barrels per day and the Shell Bintulu
plant in Malaysia at 12,500 barrels per day Other
plants are in the planning stages.

Commercial viability of GTL projects depends on capi-
tal costs, the market for petroleum products and possi-
ble price premiums for GTL fuels, the value of
byproducts such as heat and water, the cost of feed-
stock gas, the availability of infrastructure, the quality
of the local workforce, and potential government sub-
sidies. Capital costs for GTL projects are currently less
than $25,000 per daily barrel of capacity. An EIA analy-
sis of a hypothetical GTL project estimated the cost of
GTL fuel at almost $25 per barrel in 1999 dollars. Thus,
a GTL project with present technology could be cost-
competitive only if investors were confident that crude
oil prices would stay in the range of $25 to $30 per bar-
rel and natural gas feedstock prices would remain at 50
cents per thousand cubic feet.® :
(Continued on page 17)

U S. Environmental Protection Agency, Regulatory Inmact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel
Sulfur Requirements, EP A420-R-00-026 (Washington, DC, December 2000), Chapter [V, pp. [V-31-1V-32.

®National Petroleum Council, LS. Petroleum Refining: Assuring the Adequacy and Affordability of Cleaner Fuels (June 2000), p.75.

‘Sulfone is any of various sulfur-containing organic compounds having a bivalent radical SO, attached to two carbon atomns.

9R.E. Levy et al,, “UniPure’s ASR-2 Diesel Desulfurization Process: A Novel, Cost-effective Process for Ultra-Low Sulfur Diesel,”

presented at the National Petrochemical and Refining Association 2001 Annual Meeting (New Orleans, LA, March 18-20, 2001).
: *“Gas-to-Liquids Technology: The Current Picture,” International Energy Outlook 2000, DOE/EIA-0494(2000) (Washington, DC,
March 2000), pp. 59-60; and S. Weeden, “Financiat Commitments Brighten 2001 GTL Prospects,” Oil & Gas Journal (March 12, 2001).

-
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A second way to avoid desulfurization is with
biodiesel made from vegetable oil or animal fats.
Although other processes are available, most biodiesel
is made with a base-catalyzed reaction. A fat or oil is
reacted with an aicohol, such as methanol, in the pres-
ence of a catalyst to produce glvcerine and methyl
esters or biodiesel. The methanol is charged in excess to
assist in quick conversion and recovered for reuse. The
catalyst, usually sodium or potassium hvdroxide, is
mixed with the methanol. Increased production of
biodiesel could create more surfactants than the

fweb site www.biodiesel.org/marketers.htm.

Developing Technologies and Ultra-Low-Suifur Alternatives (Continued)

market would be able to absorb. Biodiesel is a strong
solvent and can dissolve paint as well as deposits left in
fuel lines by petroleum-based diesel, sometimes lead-
ing to engine problems. Biodiesel also freezes at a
higher temperature than petroleum-based diesel.
Biodiesel advocates claim that a 1-percent blend of
biodiesel can improve lubricitv bv as much as €5 per-
cent. At least eight companies are marketing biodiesel
in all parts of the United States, according to the
National Biodiesel Board.f

emisston limits around 2005 or 2006, which are expected
to be linked to sulfur reduction for non-road diesel
fuel.?¥

A processing scheme that has been promoted primarily
in Asia and Europe emplovs a combination of partial
hydrocracking and FCC to produce very-low-sulfur
fuels. In this scheme a partial conversion hydrocracking
unit is placed in front of the FCC unit to convert the vac-

uum gas oil to light products (distillate, kerosene, naph-

tha, and lighter) and FCC feed. The distillate product is
low in sulfur (less than 200 ppm) and has a cetane num-
ber of about 50. The cracked stocks produced in the FCC
unit are also lower in sulfur and higher in cetane. The
relatively greater demand for distillate relative to gaso-
line demand in Europe and Asia and the higher diesel
cetane requirement are more in keeping with the
strengths of this process option than is the case for most
U.S. refineries.

A few new technologies that may reduce the cost of
diesel desulfurization—sulfur adsorption, biodesulfuri-
zation, and sulfur oxidation——are in the experimental
stages of development (see box above). Although they
are being spurred by the EPA rule, they are unlikely to
have significant effects on ULSD production in 2006;
however, they may affect the market by 2010. In addi-
tion, methods have been developed to produce diesel
fuel from natural gas and organic fats, but thev still are
costhy.

NEMS Approach to Diesel
Desuifurization Technology

The Petroleum Market Module (PMM) in the National
Energy Modeling System (NEMS)® projects petroleum
product prices, refining activities, and movements of
petroleum into the United States and among domestic
regions. In addition, the PMM estimates capacity expan-
sion and fuel consumption in the refining industryv. The
PMM is also revised on a regular basis to incorporate
current regulations that mav affect the domestic petro-
leum market.

The PMM optimizes the operation of petroleum refiner-
ies in the United States, including the supply and trans-
portation of crude oil to refineries, the regional
processing of these raw materials into petroleum prod-
ucts, and the distribution of petroleum products to meet
regional demands. The production of natural gas liquids
from gas processing plants is also represented. The
essential outputs of the model are product prices, a
petroleum supply/demand balance, demands for rétin-
erv fuel use, and capacity expansion.

The PMM emplovs'a modified two-stage distillate deep
desulfurization process based on proven technologies ™

The first stage consists of a choice of two distinct units,

which accept feedstocks of various sulfur contents
and desulfurize to a range of 20 to 30 ppm (Table 2). The

" LS. Environmental Protection Agency, Reducug Arr Pollution from Non-road Eqrgines, EP A420-F-00-048 (W ashington, DC. November

2000, p. 3

"™'NEMS was developed by EIA for mid-term forecasts of U.S. energy markets (currently through 20201 NEMS doacumentation can be
found at web site www .eia.doe.gov/bockshelfl/docs.html PMM documentation can be found at web aite wiww eia doc.gon - pub - pdi -

model.docs/mo39(2001).pdi.

“'The PMM incorporates the technology database from EnSvs Energy & Svstems. Inc. a consultant to E{ A tor refinen processmg mod-

eling.
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‘second stage also includes a choice of two processing
units, which further deep desulfurize the first-stage
streams to a level below 10 ppm. The purpose of reduc-
ing the sulfur level to 20 to 30 ppm in the first stage,
rather than the common goal of 250 ppm or less, is to
enable a more accurate representation of costs for pro-

cessing streams.

The PMM retains the option of conventional distillate
desulfurization when 500 ppm sulfur diesel can still be
produced (before June 2010). Because the PMM models
an aggregation of refinery capacities in each of the
- refinery regions,®? the above representation of multi-
ple processing options is possible, although in reality
individual refineries may choose one process over the
other on the basis of strategic and economic evaluations.

Individual Refinery Analysis
Approach to Diesel Desulfurization
- Technology

To assess the supply situation during the transition to
ULSD in 2006, industry-level cost curves were con-
structed for this study and matched against assurmed
demand and imports. The cost curves are the result of a
refinery-by-refinery analysis of investment require-
ments and operating costs for refineries in Petroleum
Administration for Defense Districts (PADDs) I through

Table 2. Desulfurization Units Represented in the NEMS Petroleum Market Module

.

IV. The ULSD production costs were estimated for dif-
ferent groups of refineries based on their size, the sulfu-
content of the feeds, the fraction of cracked stocks in the
feed, the boiling range of the feed, and the fraction of
highway diesel produced. The capital and operating
costs for the different groups were developed for EIA by
the staff of the National Energy Technology Laboratory
(NETL).

- For the study, a semi-empirical model was developed to

size and cost new and retrofitted distillate hydrotreating
plants for production of ULSD. Sulfur removal was pre-
dicted using a kinetic model tuned to match the limited
literature data available on deep distillate desulfuriza-
tion. Correlations were used in the model to relate
hydrogen consumption, utility usage, etc., to the three
major constituents of the distillate pool: straight-run dis-
tillate, cat-cracker light cycle oil, and coker gas oil. (See
Appendix D for a discussion of the assumptions used to
construct the model.)

Capital costs ranged from $592 to $1,807 per barrel per
day, depending on the size of the unit, whether it was
new or retrofitted, and the percentage of straight run
feedstock (Table 3). A large hydrotreater using only
straight-run distillate derived from high-sulfur crude
had the least cost for both new and retrofitted units. The
most expensive units were small hydrotreaters running
32 percent cracked stocked, about the average propor:
tion of cracked feedstocks in PADD II.

Capital Cost® Total Capital Cost
. Capacity {1999 Dollars per Unit?
Unit {Barrels per Day) Feedstock per Barrel per Day) {Million 19993 Dollars)
HLIMHS2. . ., 25,000 All except coker gas oil and high-sulfur light cycle oil 1,331 333
HD1/HD2 . .. 10.000 All 3 1.849 18.5

20nly on-site costs for hydrotreaters are included in this table. See NEMS documentation for hydrogen and sulfur plant costs. Revamped unit costs

are estimated to be 50 percent of new unit costs.

Source: Energy Information Administration, Office of integrated Analysis and Forecasting.

Table 3. Range of Hydrotreater Units Represented in the Individual Refinery Analysis

Capital Cost? Total Capital Cost
Throughput Straight-Run Feedstock (1999 Dollars per Unit* |
Type {Barreis per Day) {Percentage) per Daily Barrel) (Mitlion 1999 Dollars)
New ... ........... ... 50.000 100 995 49.8
New .. ............... 10.000 68 1.807 18.1
Revamp ... ... ....... 50.000 100 592 28.6
Revamp.............. 10.000 68 1.210 121

2Includes only on-site cosls.
Source: National Energy Technology Laboratory.

62within the PMM, the refinery sector is modeled by a linear programming representation for three refining regions. The first region
consists of Petroleum Administration for Defense District (PADD) I; the second of PADD's I, [1l, and IV; and the third of PADD V. Each
model region represents an aggregation of the individual refineries in the region, rather than a rotional refinery.

[£3
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Expected Developments
and Cost Improvements

Recent experience indicates that consistent, high-
volume production of ULSD is a technologically feasible
goal, although many refineries could face major retrofits
or new unit construction. The variation in feedstock con-
cerning both sulfur content and the amount of cracked
stock may be influential in the choice of process option
and the cost of desulfurization, which may also entail a
different allocation of streams to products. Although
unconventional desulfurization technologies have been
promoted recently by various vendors, none has mada
sufficient progress toward the commercial stage to war-
rant consideration by most refiners who must start pro-
ducing ULSD by june 2006.53

The two-stage desulfurization process can be accom-
plished through revamping existing units, building new
units, or a combination of both. Several aspects of unit
design are important. Properly designed distribution
trays can greatly improve desulfurization efficiency, in
that catalyst bypassing can make it virtually impossible
to produce ULSD. Because hvdrogen sulfide (H,S)
inhibits hvdrodesulfurization reactions, scrubbing of
recvcle gas to remove H,5 will improve desulfurization.
New design or revamps will also include gas quench to
help control temperature through the reactor. In, the
design of a two-stage system, there will be a hot stripper
berween the two reactors where ammonia and H,S are
stripped from the first-stage product.

As more comrmnercial evidence and cost information
become available for diesel desulfurization in the next
feww vears. it will be possible to better assess the technol-
ogy choices—including equipment requirements, oper-
ating conditions, and production logistics—that most
refiners will have to make in order to meet the new
ULSD standards. However, the EPA’s tight compliance
timetable for producing ULSD might short-circuit the
learning process for refiners to acquire necessary experi-
ence to make cost-effective decisions.*® The many cave-
ats within current vendors’ statements must be carefully
scrutinized, to avoid overestimating the capability or
underestimating the costs for new or revamped distil-
late hvdrotreafing facilities. Most vendors state that
their goal is to use or revamp a client refiner’s current
process units whenever possible. In trying to reach a 10
ppm or lower sulfur target, however, many units may be

unsuitable or require major capital outlavs. Uncertainty
about the level of revamp is a major source of uncer-
tainty in estimating the cost of the ULSD Rule.

Further consolidation of the refinery industry mav
achieve better economies of scale, although some indus-
try analysts have expressed concern that a shortage of
diesel supply could materialize in the short term if some
economically challenged refineries exit the diesel mar-
ket. Catalyst improvements are expected to be one of the
main factors in reducing operating costs, both in terms
of recvcle rate and efficient use of hydrogen. Other fac-
tors, such as the dependence of the refinery on distil-
lates, access to lower-sulfur crude, level of competition,
and ability to upgrade infrastructure, must also be taken
into account. The European experience could also pro-
vide valuable insights for U.S. refineries. T

Deployment of
Desulfurization Technologies

The deplovment of diesel desuifurization technologies
will hinge on several factors, such as the ability and will-
ingness of refiners to invest, the timing of investment
and permitting, the abilitv of manufacturers to provide
units for all U.S. refineries at once, and the availabilitv of
engineering and construction resources.

One impediment to acquiring desulfurization upgrades
mav be the willingness and abuility of individual refiners
to obtain capital. The EPA estimates that average invest-
ment for diesel desulfurization will cost 550 million per
refinery, slightly more than the estimated S44 million
per refinerv required to meet the Tier 2 gasoline sulfur
requirement. Most refiners will invest in the gasoline
sulfur upgrade because gasoline is their major product.
Because U.S. refineries typically produce three to four
times as much gasoline as highwav diesel fuel, the per
gallon investment cost of ULSD will be three to four
tirmes as high &%

In its Regulatory Impact Analysis, the EPA provided an

analysis of capital requirements indicating that the com-
bined annual capital investment for gasoline and diesel
desulfurization would be §2.15 billion in 2004 and S2.49
billion in 2005 The EPA analvsis spread the diesel
investments over a 2-vear period (to reflect “a somewhat
more sophisticated schedule for the expenditure of capi-
tal throughout a project”) and assumed that the gasoline

Ay, . . - . . .
"Itis believed that, to comply with the new ULSD cap of 15 ppn, a refiner would require about 4 vears lead time to secure a peninit and
to design, build, and optimize a new desulfurization process before commercial production is readv
~Small refiners, which mav delay ULSD production under special provisions of the Ride, could adopt emerging technolomies later i the

tecade when any of those technologies becomes cost-competitive.

'.";LIS; Environmental Protection Agency. Regulutory Impact Analysis: Heavu-Duty Engine and Velucle Standards aud Hugltivaw Diesed Freel
sulfur Requirements, EPA420-R-00-026 (Washington, DC, Decetnber 2000), Chapter IV
LS Environmental Protection Agency, Regulatory Impact Anstlisis Heaow-Dutu Engone and Aelncle Standands aond Hogiveas Dieset L

Sulfur Requrements, EPA420-R-00-026 (Washington, DC, Decembe - 2000). Chapter IV, pp I\ -03- 1\-64
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investments would be incurred in the year before a unit
came on line. The EPA concluded that this level of
investment should be sustainable by the industry
because it is roughly two-thirds of the estimated envi-
ronmental investments incurred during 1992-1994,
when the industry was responding to the 500 ppm high-
way diesel and oxygenated and reformulated gasoline
requirements. Other estimates of ULSD investment
costs range from $3 billion to $13 billion (see Chapter 7).

Although not discussed in the EPA’s investment analy-
sis, the 1990s was a period of rationalization for the refin-
ing industry, marked by refinery sales, mergers, and
closures. Between January 1990 and January 1999, 50 of
205 refineries were closed (4 of which were merged wth
adjacent refineries).®” The NPC attributes the refinery
closures to heightened competitiveness. Although the
environmental requirements of the 1990s cannot be
pointed to as the cause of the closures, they contributed
to the inability of some refineries to compete economi-
cally. Refiners who chose not to invest in the 500 ppm
sulfur limit (required for highway diesel since 1993)
found it more economical to shift their existing
high-sulfur diesel production to non-road markets.

Some refiners will be more able than others to obtain
capital for Tier 2 gasoline and ULSD projects. Assuming
that capital is accessible, a refiner’s willingness to invest
in ULSD projects will depend on its assessment of the
economics of the market. For instance, a refiner would
be less likely to invest if it believed it could not compete
favorably with others because the investments would

result in a higher cost per gallon. History may lead some

refiners to be cautious about investment. In the 1990s
refinery upgrades for meeting reformulated gasoline
requirements resulted in excess gasoline production
capacity. As a result, gasoline margins were depressed,
making it difficult for refiners to recoup investments.

Profit margins for ULSD could be depressed if refiners
build too much capacity, and the fear of overinvestment
could lead some refiners to delay investment until more
highway diesel production is required. On the other
hand, refiners anticipating inadequate supply of ULSD
may choose to invest as early as possible to benefit tem-
porarily from higher margins and sell credits to those
that do not invest early. The EPA believes that any lack
of investment will be compensated for by the temporary
compliance options and credit trading provisions of the
ULSD Rule.

Another possible hurdle to the timely adoption of
desulfurization technologies is the ability of the engi-
neering and construction industries to design and build
'iesel hydrotreaters in a timely manner. In addition to
roviding diesel hydrotreaters, the same contractors

will be providing gasoline desulfurization units for the
Tier 2 gasoline sulfur reduction requirements that wil’
be phased in between 2004 and 2007. Moreover, engi-
neering and construction requirements will also be
expanding outside the United States. The Canadian gov-
ernment has committed to harmonizing gasoline and
diesel requirements with the United States. In Europe,
refiners will be making upgrades to meet tighter gaso-
line and diesel requirements in 2005 and have may
incentives to produce even cleaner fuels for markets in
Germany and the United Kingdom (see discussion in
Chapter 6).

In its 2000 study, the NPC provided an analysis of the
number of construction projects required for U.S. refin-
ers to provide both gasoline and diesel fuel meeting a 30
ppm sulfur cap. The analysis concluded that “if a-diesel
sulfur reduction is required for 2006, implementation
would overlap significantly with the Tier 2 Rule gasoline
sulfur reduction, and engineering and construction
resources will likely be inadequate, resulting in higher
costs, implementation delays, and failure to meet the
regulatory timelines.” The study also concluded that if a
15 ppm diesel standard is required, further investments
in new units will be required and there will be a signifi-
cant risk of inadequate diesel supplies. )

The NPC estimated that 89 refineries will require gaso-
line hydrodesulfurization units by 2004 and that 85
refineries (presumably the same ones) would make
upgrades for new highway diesel standards and con-
cluded that if the diesel standard were required within
12 months of completion of Tier 2 gasoline projects, con-
struction labor shortages could occur. The analysis pro-
vided peak monthly engineering and construction
personnel requirements for five scenarios with different
assumptions about the timing and overlap of Tier 2 gas-
oline and ULSD requirements (Table 4). The scenarios
ranged from a “balanced implementation” case, in
which one-fourth of the required projects would begin
in each quarter of the first year (Scenario A), to highly
front-end loaded cases (Scenarios D and E), in which
three-fourths of the projects would begin in the first
quarter of the first year. Scenarios B and C assumed that
refiners would start projects as late as possible.

In the Regulatory Impact Analysis for the ULSD Rule,
the EPA conducted its own analysis of the personnel
requirements for design and construction services
related to the overlapping requirements of the Tier 2
gasoline and ULSD requirements. The analysis pro-
vided monthly estimates for each personnel category,
assuming that in a given year 25 percent of the projects
would be completed per quarter. The monthly estimates
were used to develop estimates of the maximum num-
ber of personnel required in any given month for the

%7 National Petroleum Council, U S. Petroleum Refining: Assuring the Adequacy and Affordability of Cleaner Fuels (June 2000), p. 23.
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Tier 2 gasoline program alone and for the gasoline and different estimates for personnel. The range of personnel

ULSD programs together, both with and without a estimates shown in Table 4 highlights the uncertainty of

temporary compliance option. The estimates of the two - the estimates.

programs taken together without the temporary compli-
ance option were about double the emplovment esti-
mates for the Tier 2 gasoline program only, in all three
job categories. When the temporary compliance option
is taken into account, personnel requirements for the
two programs are only about 30 percent higher than for
the Tier 2 gasoline program alone.

The EPA’s analvsis assumed that a total of 97 units
would be added to make Tier 2 gasoline and that 121 die-
sel desulfurization units would be added for ULSD
(Table 3). The expected startup dates for the gasoline
and diesel desulfurization units indicate an overlap of 26
gasoline units and 63 diesel units in 2006. The 2006 over-
lap in gasoline and diesel startups is noteworthy

Because the largest impact is expected to occur in front- because it 1s significantiv greatc than “t would have
end design, where 30 percent of available U.S. personnel been with ULSD implementation in anv .:er vear
are required, the EPA believes that the engineering and except 2004.

construction workforce can provide the equipment nec-
essary for compliance. It appears that the EPA’s criterion
for the adequacy of engineering and construction per-
sonnel lies somewhere between 30 percent and 50 per-
cent over the personnel requirements of the Tier 2
requirements alone.

Another possible hurdle to implementing technology
for the ULSD Rule raised by the NPC is the abulity of
manufacturers to provide critical equipment. As men-
tioned earlier, the NPC analysis assumed that a sulfur
requirement below 30 ppm would require new deep
hvdrotreaters with reactor pressures in the range of

The EPA’s estimates without a temporary compliance 1,100 to 1,200 psig, requiring thick-walled reactors. As
option are most consistent with the timing assumptions compared with other reactors, the delivery time for
of NPC’s Scenario A. EPA’s analysis indicates that engi- thick-walled reactors is longer and the number of sup-
neering and construction requirements will be lower pliers 1s more limited. Only one or two U.S. companies
given the temporarv compliance option of the ULSD produce thick-walled reactors, whereas four to six can
Rule; however, NPC Scenarios D and E demonstrate that supply reactors with more typical wall widths. Outside
different assumptions about project timing lead to verv the United States, 10 to 12 companies are able to supply

e

Table 4. Estimated Peak Engineering and Construction Labor Requirements for Gasoline and Diesel
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reactors regardless of wall width. This view is at odds
with the EPA analysis, which was based on vendor esti-
mates, with reactor pressures in the range of 650 to 900

psig-

Another type of critical equipment identified by the
NPC is reciprocating compressors. The NPC indicated
that two reciprocating compressors will be required for
each diesel desulfurization project. Reciprocating com-
pressors will also be required for gasoline desulfur-
ization projects, and the NPC listed them as the principal
constraining factor for the gasoline projects. Excluding
the former Soviet Union, there are only five manufactur-
ers of reciprocating compressors in the world. Two are
in Europe and were assumed to be occupied with orders
for European gasoline sulfur reduction projects through
2003. The NPC analysis did not account for additional
orders from Canadian desulfurization projects.

22 Energy Information Administration / Transition to Ultra-Low-Sutfur Diesel Fuel

Conclusion

Technology for reduction of sulfur in diesel fuel to 15
ppm is currently available and new technologies are
under development that could reduce the cost of
desulfurization. Variations in feedstock sulfur content
and the amount of cracked stock may be very influential
in the choice of process option and cost of desulfur-
ization. Estirmnates of investment costs related to ULSD
production range from $3 billion to $13 billion. The abil-
ity and willingness of refiners to invest depends on an
assessment of market economics. Experience with
upgrades to meet reformulated gasoline requirements in
the early 1990s may lead some refinets to be cautious.
The availability of personnel, thick-walled reactors,
and reciprocating compressors may delay some
construction. o
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4. Impact of the ULSD Rule on Qil Pipelines

Introduction

The petroleum products pipeline distribution system is
the primary means of transporting diesel fuel and other
liquid petroleum products within the United States. The
Nation’s refined petroleum products pipeline system is
not monolithic. Pipelines are distinguished by the region
they serve, the type of service they offer, their mode of
operation, their size, the size of the interfaces between
batches, and how theyv dispose of them. In preparing this
report, several pipeline companies were contacted
These companies represent a cross-section of size, capac-
itv, location, markets, corporate structures, and operat-
ing modes. The assessment of the impact of the
ultra-low-sulfur diesel (ULSD) Rule is complex, both
because the pipeline system is complex and because
there are uncertainties that cannot be resolved without
operating experience with ULSD.

The first question appears to be: “Can the Nation’s oil
pipeline svstem successfully distribute ULSD without
degrading its sulfur concentration?” While the answer
seems to be ves, lingering uncertainties that come with
the unique specifications of this new and untested prod-
uct prevent a clear assertion. Among the uncertainties
are the following:

» Protecting the product integritv of 15 parts per mil-
lion (ppm) product will be more difficult than pro-
tecting the product integrityv of the current 500 ppm
highway diesel. Not onlv is the sulfur specification
lower, with less room for error, but also the relative
“potency” of the sulfur in products further upstream
i= higher.

* The behavior of sulfur molecules in ULSD has not
been field-tested to allow conclusions about whether
pipeline wall contamination is a real problem or sim-
plv a tear, and whether the migration of sulfur will
require a significant increase in the volume down-
graded at the interface.

* There are few pieces of the approved test equipment
now in use, but its reliability and accuracy are
unproven.

Although the overall costs of the program may be lower
if the rule is phased in, the incremental costs associated
with temporarily transporting ULSD, in addition to
low-sulfur diesel and heating oil fall on pipelines and
other players in downstream distribution. During the
transition phase, some 20 percent of the highway diesel
volume wiil be 500 ppm. The increased cost of tankage
for handling this small volume of 500 ppm material 1s
borne solely by the affected regions. On a cost-per-
gallon basis for the small volume in the limited region,
the increased cost more than doubles the current pipe-
line tariff for the largest carniers. Whether such an
increase can be passed through in tanff rates is a matter
of significant concern for pipeline operators.

Finally, there is a concern that further limitations on dis-
tribution flexibility will contribute to price spikes or spot
outages. The distribution of ULSD will reduce the sys-
tem’s flexibility by imposing testing requirements that
will increase transit times by increasing the product lost
to downgrade and by “freezing” storage capacity in the
event of product contamination. These adverse impacts
inject new supply risks into the svstem, making an
alreadv burdened oil distribution svstern more vulnera-
ble to product supply imbalances in local and regional
markets. Supply imbalances, if thev occur, coulc cause
increased product price volatihty, price spikes, and
product outages. This concern is not just theoretical.
Durning 2000, logistics problems contributed to large and
sudden price spikes in the Midwest gasoline market.™
To the extent that the svstem is overburdened, stresses
and unforeseen circumstances will cause imbalances
more often, and with greater impact.

The Role of Refined Petroleum
Product Pipelines

Qil pipelines transport more crude oil and refined
petroleum products in the United States than anv other
means of transportation.”" Tvpicallv, as common carri-
ers(which transport for anv shipper on a nondiscrimina-
torv basis), oil pipelines are subject to State authority if

"*Buckeve Pipe Line Company, Colomal Pipeline, Conoco Pipe Line Company. Kaneb Pipeline Parmers. L.P.. Kinder Morgan Energs
Parmers L.P . Marathon Ashland Petroleumn LLC, TE Products Pipeline Company., L.P., and Williains Energy Services '
*oanne Share, Energv Information Admmistration, “Supply of Chicago/Milwaukee Gasolme Spring 20007 web site wan
. docgoy / pub/ oil_gas/ petroleum/ presentations/ 2000/ supply_of_chicago_mihvaukee_gasolue_spring 2000 cmsuppiy 2000 hun

TtAugust 9. 20001

"”According to the Association of Qil Pipe Lines. Shiftz in Petroleunt Transportationr 1999 (20015, pipelines account 1or 75 percent ot the
ton-miles of o1l transported i the United States. {One ton of oil transported one imile equals one ton-mile )
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‘they are in intrastate service, or to the U.S. Department
of Transportation for operations and safety and to the
Federal Energy Regulatory Commission for tariff rates,
if they provide interstate service. Interstate pipeline car-
riers transport the higher volume, by far. Accordingly,
the Federal Government is the major regulator of oil
pipelines. Some pipelines are private, serving private
(proprietary) transportation needs. These private oil
pipelines are not regulated with respect to tariff rates or
other economic issues. Today, transportation of refined
petroleum products by pipeline is essential to move
more than 19 million barrels per day of refined petro-
leum products to markets throughout the Nation.

The United States is divided into five Petroleura Admin-
istration for Defense Districts (PADDs), each with dis-
tinct population levels, indigenous oil production,
refinery and pipeline systems, and crude oil and refined
product flows. Imbalances that result from these differ-
ent characteristics are brought into equilibrium by trade
and hence transportation. The trade can consist of
imports from abroad and shipments from other regions.
Shipments from the Gulf Coast (PADD III) dominate
(Figure 1), first to the East Coast (PADD I) and second to

the Midwest (PADD II). Shipments from the East Coast

to the Midwest are third. Thus, shipments between
PADDs east of the Rockies account for almost all the
interregional trade. Intraregional movements are also a
core element in the market logistics, but few data are
available on these movements. (See Appendix C for a
more detailed discussion of the US. regions and their
key pipelines )

Overview of Key Pipeline Operations

Refined petroleum product pipelines in the United
States fall into two service categories. Trunk lines serve
high-volume, long-haul transportation requirements;
delivering pipelines transport smaller volumes over
shorter distances to final market areas. As the system
reaches its furthest capillaries, the inflexibilities
imposed by the smaller scale become more apparent. A
“lockout” can occur when a terminal does not have
room to accept a scheduled shipment and there are no
other terminals at hand to accept the product. The pipe-
line is thus stalled until the product can be delivered.

Petroleum product pipelines also differ by whether they
operate on a batch or fungible basis. In batch operations,
a specific volume of refined petroleum products is
accepted for shipment. The identity of the material
shipped is maintained throughout the transportation
process, and the same material that was accepted for
shipment at the origin is delivered at the destination. In
ungible operations, the carrier does not deliver the
same batch of material that is presented at the origin
location for shipment. Rather, the pipeline carrier

24 Energy Information Administration / Transition to Ultra-L ow-Sulfur Diese! Fuel
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delivers material that has the same product specifica-
tions but is not the original maternial.

In general, fungible product operation is more efficient;
however, customer requirements for segregation limit
fungible operation, and batch service is often the only
feasible choice. Like the difference between trunk and
delivering carriers, the difference between fungible and
batch service is one of scale for many operating parame-
ters. An oil pipeline in batch service has considerabiy
less flexibility to offset operating “hiccups” (such as
product contamination at a shipper’s terminal tank)
than does an oil pipeline operating in fungible service.

Product pipelines routinely transport various grades of
motor gasoline, diesel fuel, and aircraft turbine fuel in
the same physical pipeline. (For the most part, oil pipe-
lines do not transport both crude oil and refined petro-
leun products in the same pipeline ) To carry multiple
products or grades in the same pipeline, different petro-
leum products or grades are held in separate storage
facilities at the onigin of a pipeline and are delivered into
separate storage facilities at the destination. The differ-
ent types or grades of petroleum product are trans-
ported sequentially through the pipeline. While
traversing the pipeline, a given refined product occupies
the pipeline as a single batch of material. Attheend of a
given batch, another batch of material, a different petro-
leum product, follows. A 25,000-barrel batch of produc
occupies nearly 50 miles of a 10-inch diameter pipeline.

Generally, such batches are butted directly against each
other, without any means or devices to separate them.
At the interface of two batches in a pipeline, some (but
relatively little} mixing occurs. As a guide to under-
standing the volume of interface generated, it would be
typical for 150 barrels of mixed material (“transmix”) to
be generated in a 10-inch pipeline over a shipment dis-
tance of 100 miles. The hydraulic flow in a pipeline is
also a crucial determinant of the amount of mixing that
occurs. “Turbulent flow,” as occurs in most pipelines,
minimizes the generation of interface. Operations that
require the flow to stop and start generate the most inter-
face material.

The composition of the mixed (or interface) material
reflects the two materials from which it is derived. While
it does not conform to any standard petroleum product
specification or composition, it is not lost or wasted. For
interface material resulting from adjacent batches of dif-
ferent grades of the same product, such as mid-grade
and regular gasoline, the mixture typically is blended
into the lower grade. This “downgrading” reduces the
volume of the higher quality product and increases the
volume of the lower quality product.

Typically, refined oil products are transported from
a source location, such as a refinery or bulk terminal,
to a distribution terminal near a market area. Large
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?-"igure 1. Pipeline Shipments of Distillate Fueis Between PADDs, 1999

| e Total Annual Shipments (Million Barrels)
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: 44 PA-'DD W : PADD l \_,_,41 <_WI B &
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Note: includes tow-sulfur (highway) diese! fuel and high-sulfur distillate fuel oil (non-road diesel fuel and heating oif).
Source: Energy Information Administration. PetroleurrSupply Annual 1999, DOE/EIA-0304(99)/1 (Washington. DC. June 2000). Table 33.

aboveground storage tanks at an origin location accu-
mulate and hold a given petroleum product pending its
entry into the pipeline for transport. Petroleurn products
are also stored temporarily in aboveground storage
tanks at destination terminals. Such tanks usually are
dedicated to holding a single petroleum product or
grade. Most storage tanks used in pipeline operation are
filled and drained up to four or more times per month.

In addition to the minor creation of interface material
that occurs in pipeline transit, creation of interface mate-
rial also occurs in the local piping facilities (station pip-
ing) that direct petroleum products from and to
respective origin and destination storage tanks and in
the tanks themselves. Essentially, station piping repre-
sents the connection between a main pipeline segment
and its requisite operating tanks. The concept is simple
in theory, but in practice the configuration of station pip-
ing is not. Station piping layouts become more complex
as the tanks at a pipeline terminal facility become more
numerous.

The interface generation in station piping and breakout
tanks may be even more important than during pipeline

insit. The volume of interface material thus generated
> due to the physical attributes of the system. It has
fewer variables but approaches a fixed value on a

Energy Information Administration / Transition to Ultra-Low-Sulfur Diesel Fuel

barrel-per-batch, not a percentage, basis. For instance,
one pipeline operator creates 25000 barrels of
high-sulfur/ low-sulfur distillate interface per batch
whether the batch is 250,000 barrels or 1,000,000 barrels.
In addition, a given batch of product might be trans-
ported in multiple pipelines between its origin and its

final destination and even within the same system might
require a stop in breakout tanks, as noted above. Each
segment of the journey generates additional interface.

Challenges of the ULSD Rule

Because pipeline operators do not have experience with
15 ppm product, there are significant uncertainties
related to its transport. This section discusses some of
the 1ssues: -

» The volume of downgraded product likely to be pro-
duced from deep pipeline cuts necessary to preserve
the integrity of ULSD

* Likely strategies for protecting the product integrity
of 15 ppm diesel and their impact on the generation
of interfaces and transmix

* Limitations on downgrading from 15 ppm to 500
ppm product within the diesel pool
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« The sulfur content of products reprocessed from
transmix

* The possibility that residual sulfur adhering to main-
line pipeline walls may contaminate ULSD as it tran-
sits the pipeline

* Product testing

* The challenges and costs of the phase-in penod.

Estimation of Interface Generation

The US. Environmental Protection Agency (EPA) esti-
mates that the interface that will be generated under the
ULSD rule will be 4.4 percent of the highway diesel fuel
volume transported by pipeline. EPA arrived at this 4.4
percent figure by estimating the current level of inter-
face as a percentage of highway diesel fuel volume and
doubling the current level.”! There are significant uncer-
tainties in the EPA’s calculation.

At the EPA’s request, the Association of Oil Pipelines
(AOPL) and the Amencan Petroleum Institute’s pipeline
Committee surveyed their members on the impact of the
ULSD rule. The survey and its cover letter are comments
to the EPA’s Notice of Proposed Rulemaking.”2 AOPL
points out that pipeline companies do not now sepa-
rately account for interface volumes and indicated that
the estimates of downgraded interface from the survey
should not be used for economic analysis.”? ~

Six respondents provided numerical estimates of the
carrent diesel fuel downgrade. These estimates ranged
from 0.2 percent to 10.2 percent of diesel shipped by the
pipeline on an annual basis. In making its calculation of
the total current downgrade of highway diesel, the EPA
used the range of downgrade percentages from the
AOPL survey and information from a database on the
pipeline distribution system published by PennWell.

- The EPA assigned each pipeline diameter in the
PennWell database a value between 0.2 percent and 10.2
percent (the range of response in the AOPL survey),
with the smallest diameter at the low end and the largest
at the high end. EPA then multiplied the assigned values
by the miles of a given diameter of pipe and divided the
result by the total number of pipeline miles in the data-
base to arrive at an average downgrade of 2.5 percent.

Pipeline diameter is only one of the factors in determin-
ing the amount of interface material. The velocity of the

flow and the topography of the land are also important
factors. A pipeline that can run in a turbulent flow wil’
have a lower volume of interface for a given diameter
than one in which the flow slackens for any number of
operating reasons. Interface generation is also affected
by batch size. Moreover, station piping and breakout
tanks are additional and large generators of downgrade
volume. (The EPA accounted for the role of station pip-
ing and breakout tanks by assigning higher percentages
to the larger diameter pipe, as a proxy for the greater
complexity of the large systems.) In addition, the higher
product flow in the larger lines is not taken into account.
If a system like the Colonial Pipeline has a downgrade
rate of 10 percent, it would result in a much higher num-
ber of downgraded barrels than an 8-inch-diameter line.
In the AOPL’s submission, the operator with the
10-percent downgrade accounted for 90 percent™of all
downgrade.

EPA then adjusted its initial estimate of downgrade vol-
umes downward by 15 percent. EPA made this adjust-
ment based on the following assumption:

Data from the Energy Information Administration
(EIA) indicates that 85 percent of all highway diesel fuel
supplied in the United States is sold for resale. There-
fore, we believe it is reasonable to assume that only this
85 percent is shipped by pipeline, with the remaining 15
percent being sold directly from the refiner rack or
through other means that does not necessitate the use of
the common fuel distribution system. By multiplying
2.5 percent by 0.85 we arrived at an estimate of the cur-
rent amount of highway diesel fuel that is doumgraded
today to a lower value product of 2.2 percent of the total
volume of highway diesel fuel supplied

This downward adjustment of downgrade volumes has
some limitations. EIA’s Form 782A collects data from
refiners. There is no way to determine whether the vol-

. umes sold to end users transit a pipeline or not. They

may have, if they were sold in a refiner’s integrated sys-
tem. Form EIA-782A excludes sales to other refiners, and
some of the excluded volumes may also have been trans-
ported in a pipeline. Finally, the volume throughputina
pipeline system is not necessarily equal to consumption,
because some volumes may travel in more than one
pipeline before reaching the consumer. Thus, “sales for
resale” as a share of total refiner sales is not an ideal
proxy for the share of highway diesel transported by
pipeline.

71U.S. Environmental Protection Agency, Regulatory Impact Aualysis: Heavy-Duty Engine and Vehicle Standards and Highway Diese! Fuel
Sulfur Requirements, EPA420-R-00-026 (Washington, DC, December 2000), Chapter [V, p. IV-93.
72Cited in the EPA’s documents as “Comments of Association of Oil Pipelines (AQPL) on the NPRM, Docket Item IV-D325.” Cited here

“"AQPL Comments.”
73 AOPL Comments, p. 2.

74U.5. Environmental Protection Agency, Regulatory Impact Azzalysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel
Sulfur Requirements, EP A420-R-00-026 (Washington, DC, December 2000), Chapter IV, p. IV-93.
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The EPA assumed the level ULSD downgrade volumes
at 4.4 percent of ULSD supplied, double their current
estimate of 2.2 percent of highwav diesel supplied. The
EPA based this assumption in part on comments made
by respondents to the AOPL survey. In its Regulatory
Impact Analysis, the EPA stated a desire to . . . yield a
conservativelv high estimate of our program’s impact
” and noted “. . . an appropriate level of confidence
that we are not underestimating the impact of our sulfur
program . .. will help account for various unknowns that
may cause downgrade volumes to increase ”’*

" Pipeline operators have several concemns about the
downgrade volume of ULSD. One concem is that the
simple use of specific gravity—the current method—
may not be a sufficiently sensitive indicator to make the
interface cut. One of the AOPL /APl survey respondents
noted, for instance: “Our initial studies of trailback from
[heating oil] to [low-sulfur diesel] indicates that trail-
back in interfaces to ULSD diesel may be as much as 4
times that of the gravity change between products.”7¢
However, the EPA viewed increased trailback- from
heating oil to ULSD as less of a concern.”

The EPA assumed that pipeline operators would not
have to substantially change their current methods to
detect the interface between ULSD and adjacent prod-
ucts in the pipeline. In the EPA’s view it was highly
unlikelv that there would be anv difference in the phvsi-
cal properties of ULSD versus the current 500 ppm high-
wav diesel that would cause a substantial change in the
trailback of sulfur from preceding batches into batches
of ULSD."*

Another concemn is that a protective cut, when it can be
calibrated using real-world experience, mav require a
large volume downgrade. The conventional approach is
to buffer distillate products against other distillate prod-
ucts to facilitate blending, as noted in the previous dis-
cussion. A batch of 500 ppm diesel might be wrapped
between a batch of 2,000 ppm jet fuel and a batch of dve
non-road distillate tuel oil (heating oil) at 3,000 to 5,000
ppm. Thus, the product with the sulfur restriction (500

ppmdiesel) is wrapped by a product with four times the -

sulfur (2,000 ppm jet fuel), and bv a product with six to
eight times the sulfur (3.000 to 5,000 ppm heating oil). In
practice, the current highwav diesel is usually consider-
ablyv less than the 500 ppm limitation (300 ppm would

not be uncommon). Under these circumstances, it 1s rela-
tivelv unlikelv that chance contamination could move
the diesel from 300 ppm to nonconforming status at
more than 500 ppm.

The current situation, however, contrasts significantly to
the ULSD situation. ULSD (15 ppm) may be adjacent to
jet fuel at 2,000 ppm, 133 times the ULSD sulfur concen-
tration, or to heating oil at 3,000 to 5,000 ppm, 200 to 300
times the ULSD concentration. In this case, a tiny con-
tamination will move the ULSD batch to nonconforming
status. According to one of the AOPL/API responaenis.

.a 0.15 percent contamina::on (15 bizis in 10000 bbls}
of [heating oil] in ULSD wii raise the sultar level by 3
ppm . ...” According to another, . .. the fheating oil] at
2000 ppm can contaminate the ULSD at levels as low as
0.22 percent.””? In combination with the conceims raised
about the sulfur trailback, the issue of the volume neces-
sary for the protective cut is another significant uncer-
tainty in the handling of ULSD.

The assumption made about the size of the increase in
interface generated after a switch from the current stan-
dard for highway diesel (300 ppm) to ULSD becomes
important when calculating the cost of the regulation.
EPA’s estimate of additional costs of the ULSD rule that
can be attributed to increased product downgrades was
0.3 cents per gallon of 1JLSD supplied once the ULSD
rule was fully implemented and all highwav diesel must
meet the 15 ppm standard. This 0.3 cents per gallon cost
was with the 4.4 percent downgrade assumpt:on™
Tumer Mason and Company conducted a study of dis-
tribution costs for the APl and came up with a cost
increase of 0.9 cents per gallon for product downgrade.
Tumer Mason assumed that 175 percent of ULSD
shipped would be downgraded.

Strategies for Buffering ULSD in a Pipeline

Because there is no experience with distributing ULSD
in a non-dedicated or common transportation svstem.
pipeline operators are unsure how thev will sequence
the new product in the pipeline. Those that now ship

highway diesel adjacent to jet fuel are unlikelv to be able

to continue the practice unless the sulfur content of the
jet fuel is also lowered. At the current jet fuel sultur con-
tent, ULSD cannot tolerate the contamination from the
protective cut necessary to protect the other properties

“3L.S. Environmental Protection Agency, Regulatory impact Analysis: Heaty-Duty Engine and Velucle Standards aud Highivay Diescl Fuel
.>u/tur Requurremenits, EPA420-R-00-026 (Washington, DC, December 2000). Chapterl\’ pp. IV-93-1V-94.

7 AOPL Comments, Attachment, p.2 !
LS. Environmental Protection Agency, Regulatory Impact Analysts: Heary-Dutu Engine and Velncle Standards and Hichieau Diese! Fudi
\ulfur Requirements. EPA420-R-00-026 (Washington, DC. December 20001, Chapter IV, p 1V-90
LS Environmental Proke(uon Agency, Resulatory Impact Analysis: Heaty-Dutv Encine and Vielncle standards and Fihica Dicsed Fuaet

>'ul/ur Requarenments, EPA420-R-00-026 (Washington, DC. December 2000), Chapter IV, p.Iv-94.

™ AOPL Comments, Attachment, p 2and p. 3.

KU G Environmental Protection Agency, Regulatary Impact Analusts, Heavw-Duty Ensoe and Velich Stinadards and Hichiieau Dicsed Fuct
Sulfur Requirements. EPA320-R-00-026 (Washington, DC. December 2000), Chapter V. p V124
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oFthe jet fuel. According to the EPA, pipelines might
have to treat a mixture of jet fuel and 15 ppm diesel as
transmix in separate tanks, because it will not be accept-
able either as jet fuel or as 15 ppm diesel. The need for
new tanks to handle this new hybrid, however, would
be difficult to accommodate. In addition, it is not clear
how the hybrid would be reprocessed for reentry into
the petroleum products distribution system.

There is currently no regulatory requirement that the
sulfur content of jet fuel be lowered to 15 ppm. Even ker-
osene/jet fuel used for blending into 15 ppm diesel is
controlled by the specification of the finished product,
not the blending component. As a practical matter, how-
ever, any kerosene/jet fuel destined for blending must
have ultra-low sulfur content. Whether an ultra-low-
sulfur jet fuel will present additional lubricity problems
for jet engines is another unknown.

While there is a 500 ppm product in use, operators might
be able to buffer 15 ppm ULSD with the 500 ppm prod-
uct. Such buffering is limited by the volumes that can be
downgraded within the diesel pool, however, as dis-
cussed below.

Gasoline, at an average of 30 ppm and a maximum of 80
ppm, will represent the next lower sulfur content in the
overall product transportation slate. Some operators
have speculated that if the trailback is significant, gaso-
line buffers might be the best alternative. There are con-
siderable problems, however, with the .increased
generation of transmix. The availability of reprocessing
facilities 1s the first. In addition, some transmix is now
reprocessed in purpose-built facilities—a simple distil-
lation column—on station property. Such a simple facil-
ity, or even a more complex purpose-built facility, has
never needed to accommodate desulfurization. Thus,
the reprocessing of transmix will be routinely more diffi-
cult under the ULSD program, and it is unclear that the
facilities will exist to reprocess increased volumes of
transmix.

Pipeline operators will establish interface minimization
strategies on a case-by-case basis. Trunk line operators
will seek to ship ULSD in as large a batch as possible.
Delivery pipeline operators will do the same, but with
more difficulty, because delivery pipelines ship smaller
volumes and face more operating permutations related
to time and location requirements. Operators of fungible
pipeline systems will have an advantage in protecting
the integrity of ULSD in transit and minimizing the
expense of downgrading. It is worthwhile to note that
the use of large batches requires more careful inventory

-

management on the part of pipelines and shippers, to
assure that requisite tanks have room for the incoming
product. Given the inventory environment in oil mar-
kets, any new rigidity imposed by the logistics system
can reverberate through market prices.

The result of deeper cuts will be significantly more prod-
uct downgrading. The practical effect of creating a
greater volume of high-sulfur distillate is difficult to
estimate. Depending on market circumstances at vari-
ous locations, it will range from none to significant. The
worst case will be found where the creation of
high-sulfur distillate affects terminals that do not have
capacity to accept and store the material or in markets
that do not have enough demand to absorb it.

The 20-Percent Downgrade Rule

The ULSD Rule prohibits any party downstream of the
refiner orimporter from downgrading more than 20 per-
cent of its annual volume of 15 ppm highway diesel to
500 ppm highway diesel.8! (There is no limitation on
downgrading from 15 ppm diesel to the non-road pool.)
This provision is designed to discourage downgrading
within the diesel pool during the phase-in period.8> The
pipeline industry, however, is likely to be handling sig-
nificantly increased volumes of downgraded material
and to have substantial incentive to minimize the down-
grade, because of the economic penalty involved. Fur
thermore, the downgrade limitation applies to normal
interfaces.

As noted previously, the generation of some interface is
irreducible, fixed by the physical attributes of the sys-
tem. An operator with a high-interface system may have
little room against the 20- percent limitation when all the
other increases in ULSD interface are factored in. The
20-percent limitation also applies to the accidental con-
tamination of a batch. If a batch were accidentally con-
taminated on a high-interface system, the operator
might be required to deny that product to the diesel
pool, even though it met all the specifications for 500
ppm material. Chances of localized diesel fuel supply
imbalances are increased, and with them, the possibility
that a system could get “frozen” by nonconforming
product.

Given the uncertainties surrounding the transport of
ULSD, the 20-percent downgrade rule will be particu-
larly difficult when the first batches of ULSD are trans-
ported. There- may be multiple contaminated batches
before operating norms are established and equipment
is calibrated. ‘

81 S Environmental Protection Agency, “Control of Air Pollution from New Motor Vehicles: Heavy-Duty Engine and Vehicle Stan-
rds and Highway Diesel Fue! Sulfur Control Requirements: Final Rule,” Federal Register, 40 CFR Part 80.527 (January 18, 2001).
" 85 Environmental Protection Agency, “Control of Air Pollution from New Motor Vehicles: Heavy-Duty Engine and Vehicle Stan-
dards and Highway Diesel Fuel Sulfur Control Requirements: Final Rule,” Federal Register, 40 CFR, Preamble {January 18, 20¢1), p. 281.

28 Energy information Administration / Transition to Ultra-Low-Sulfur Diesel Fuel

9268A



N

Residual Sulfur in a Pipeline

In comments on the proposed ULSD Rule, pipeline
operators raised a concern over whether residual sulfur
from high-sulfur matenal could contaminate subse-
quent pipeline material beyond the interface. The con-
cern was based on limited experience. Recently, in light
of the prospect of transporting ULSD, Buckeye Pipe Line

_conducted a test of possible sulfur contamination from
one product batch to another. In the test on one segment
of its pipeline system, Buckeve made a careful measure-
ment of sulfur content in batches of highway diesel fuel
following a batch of high-sulfur diesel fuel. Buckeye
found that the sulfur content of the second batch of high-
way diesel fuel increased.8* However, the EPA stated:
“We believe there is no reason to surmise that contami-
nation from surface accumulation will represent a sig-
nificant concern under our sulfur program.”® This issue
cannot be resolved without further testing. Until it is, it
will remain an uncertainty about the impact of the ULSD
Rule.

Product Testing

Product testing is another area of considerable concern
for those involved in the transport of highway diesel
fuel, for two reasons: (1) The designated test method was
developed for testing sulfur in aromatics and has not yet
been adapted or evaluated by industry as a test for sul-
fur in diesel fuel (2) There is no readily available and
appropriate test for sulfur that will permit the precise
interface cuts between batches that will be required in
handling ULSD. The first of these issues is important for
all plavers in ULSD markets, and the second is specific to
the oil pipelines that will transport ULSD.

Currently, oil pipeline operators test the petroleum
products thev transport in a variety of ways, for a vari-
etv of parameters. Each product has its own relevant test
parameters, and grades of a particular product are
tested to confirm their defining characteristics within a
product group. In manv pipelines, product batches are
tested four times at various stages of their entry to or
transit through the pipeline:

* Rigorous testing is performed before products enter a
pipeline to assure that relevant specifications are
within the normal range.

* Manyv pipelines monitor materials af strategic pipeline
locations en route for contamination.

s At or near a product’s delivery poinl. pipelines perform
oversight testing covering a limited number of key
product parameters (but not sulfur content).

» Most pipelines test random pipeline batches using a full
battery of tests.

All tests except in-line testing, the second testing regime
outlined above, are performed on a batch basis. All but
the fourth testing regime outlined above are performed
on each batch of products. Pipeline operators are
equipped at their own pumping and delivery stations to
perform oversight testing on an expedient, on-site basis.
Other batch testing is typically performed at an off-site
laboratory. Some operators use test laboratories owned
and operated internally and some use third-party labo-
ratories. The large laboratories, whether operated by a
pipeline operator or by a third party, will be able to meet
any testing requirements. However, the designated test
method presents uncertainties even to the most sophisti-
cated laboratories, as discussed more fully below. ULSD
regulations on testing apply directly only to refiners and
importers, leaving additional leeway for parties down-
stream to choose a test method. Thus, the concerns with
respect to test method apply even more strongly to refin-
ers and importers than to pipelines and other down-
stream parties.

The designated testing method will be ASTM 6428-99 %2
not the widely-used ASTM 3453-99, which has been
approved bv the State of California and has been dem-
onstrated to be reliable in testing very low sulfur con-
tent. The designated method, ASTM 6428-99, was
developed for testing sulfur in aromatics. There is no
currently available test methodologv to apply the test to
sulfur in diesel fuel. Because the diesel methodologyv has
not vet been developed for the designated method, it has
not yet been tested bv multiple laboratories. Bv industry
convention, new test methods are subjected to “round
robin” testing under the oversight of the American Soci-
ety of Testing and Materials (ASTM), in which multiple
laboratories apply the test method to multiple batches to
develop an objective evaluation of the method’s reliabil-

ity and accuracy. The correlation of the round robin’s

results becomes the industrv standard and is used to

calibrate other test methods against the designated

method. The correlation is critical to the choice of test

method and equipment for downstream plavers. -

While ASTM 5453-99 has been designated as an alterna-
tive test method, its results must be correlated with the

""‘Operamrs at Explorer Pipeline, which forimerly carried crude oil and refined products as batches i the saine pipeline. also observed
that retined products following high sulfur crude il in the pipeline experienced a material increase in sulfur content (The phyical charac-
tenstics of crude oil are distinct from refined products. and its sulfur content can be considerably higher than the sultur content of retined

setroleun products shipped in a pipeline.)

N6 Environmental Protection Agency. Resulatory Impact Aualuses: Heavu-Duty Engrne and Velucle Standards aind Hichzean Diese! Fuc?
Sulfur Repuarements, EPA420-R-00-0260 (Washington, DC, Decemnber 2000, Chapter IV, p 1V.99

N5US. Envirammental Protechion Agency. “Control of Air Pollution trom New Motor Vehucles Heavv-Daty Engine and \ chicle Stan-
dards and Highway Diesel Fuel Sulfur Control Requsrenents Final Rule,” Federal Regter, JOCER Part 80 SR80t 2y Hanuary 15, 2001
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designated method. Hence, even those with experience The same rigorous level of testing is performed that is
using ASTM 5453-99 cannot be confident of the impact randomly applied to other products on a sampling basis
of the designated method on their testing practices. '

A downstream testing tolerance of 2 ppm will be
allowed,8¢ but whether this is the appropriate level,
given the designated method’s performance, also cannot
be determined until the method is adapted for use with
diesel fuel and correlated in the round robin.

-

The sulfur content of existing highway diesel fuel is
often well under the 500 ppm specification. It is not
uncommon for highway diesel to contain only 200 ppm
sulfur. Thus, the statistical reproducibility of sulfur test-
ing can comfortably be more than 20 to 50 ppm, and 1s
Operators anticipate that sulfur testing of ULSD will

Upon their entry to a pipeline, distillate fuels are given a have to work within a 3 to 5 ppm reproducibility error.
full battery of tests, typically examining approximately

18 separate parameters. In an oversight test for distillate With a 3 to 5 ppm reproducibility in the test, a product
fuels, products are tested for flash point, specific gravity, could be tested at 10 ppm as it enters the system and at
and appearance. With respect to highway diesel fuel, 15 ppm as it exits. Generally, pipeline operators do
sulfur content is also analyzed. Other tests relevant to not have a consensus on the sulfur content they will
distillate fuels, such as cetane, cloud point, freeze point, require as the product enters the pipeline system. Some
or corrosiveness, are performed at an off-site laboratory. have mentioned levels as low as 7 to 8§ ppm in order to

Figure 2. Monitoring Pipeline Product for Contamination

3

. A ot e

: , iiweiidSlng 1 T el E LG LI g TTgh NN _ ,

N_ole: Taken from an oil pipeline control center's SCADA (Supervisory Control and Data Acquisition) system, this screen illustrates gasoline con-
tamination (indicated by the drop in flashpoint) during a change from one kerosene batch to a second kerosene batch. The Net Meter stops climbing
and shows where the pipeline was shut down to investigate the source of the problem (likely 3 late cut leaving gasoline/kerasene mix in the tank iine
that became evidentwhen the pipeline began to draw product from the tank). The time scale across the screen s in hours. There is no similar monitor

" g available for ULSD.

86U 5. Environmental Protection Agency, “Control of Air Pnllution from New Motor Vehicles: Heavy-Duty Engine and Vehicle Stan-
dards and Highway Diesel Fuel Sulfur Control Requirements: Final Rule,” Federal Register, 40 CFR Part 80.580(a)(4) (January 18, 2001).
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leave room for test reproducibility and unavoidable
contamination.

Currentlv, most oil pipeline operators use X-ray fluores-
cent sulfur analvzers such as those manufactured by
Oxford Instruments, Asoma Instruments, or Homnba,
Ltd., for oversight sulfur content testing of highway die-
se! fuel. These analyzers, however, will be unable to
monitor ULSD. Some oil pipelines use Antek Instru-
ments, administering ASTM 5453-99 in a laboratory to
monitor sulfur content on a batch basis. However, this
equipment and test will help with the interface cut only
in some situations, because its application for in-line
testing presents a number of challenges (see below).

Some oil pipelines use in-line testing equipment to
detect contamination close to and downstream from
potential source locations where foreign or off-
specification material might be inadvertently intro-

duced into pure material (Figure 2). Early detection of .

contamination gives operators flexibility in correcting
problems before they become intractable. However,
there is no in-line test for sulfur content.

Product testing is different from instrumented detection
of specific gravity, which is used to identify and track
product batches in a pipeline system. Batch tracking
and identification are accomplished by in-line monitor-
ing of the pipeline stream’s specific gravity at strategic

Figure 3. Monitoring Pipeline Batch Change

~

pipeline locations. Such locations are typically station
entry points or other locations where batches need to be
“cut” and separatelv directed to subsequent pipeline
segments in a system or to storage tanks for segregation
(Figure 3). The cut, as noted previously, does not depend
on sulfur content.

Most oil pipeline operators will probably want or need
to perform in-line monitoring of sulfur content, because
degradation of ULSD will easily and, possibly, fre-
quently occur. The entry, for example, of only 35 barrels
of heating oil (3,000 ppm) into a 10,000-barrel batch of
ULSD will contaminate the batch # A 10-inch diameter
pipeline flowing at 4 miles per hour (a representative
rate for a delivering carrier) is flowing at some 34 barrels
per minute. Other carriers may be flowing faster, and on
larger diameter pipelines, are moving more. product.
Hence, flow rates can exceed 300 barrels per minute. The
35-barrel contamination, then, is quick to occur. A nor-
mal cut, illustrated above, might take some minutes.

In-line testing for sulfur will represent a difficult chal-
lenge for the oil pipeline industry and for test instru-
ment manufacturers. Current in-line instruments such
as flash point or dye/haze analvzers cost $40,000 each to
acquire, but there is no similar instrument available-to
meet ULSD test requirements. Current instruments for
testing sulfur do not have adequate sensitivity, accu-
racy, or speed.
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Wlth respect to speed of analysis alone there is a signifi-
cant performance deficiency with current in-line analy-
sis techniques. Current machines require 5 to 10 minutes
to complete one analysis of a passing product stream.
Five minutes is far too long to permit a pipeline operator
to make a correctional response if off-specification mate-
rial is detected in a batch of ULSD. One suggested solu-
tion would move the testing equipment to an upstream

(earlier) location. The pipeline could construct a test -

loop, fed by samples from the main line. Samples regu-
larly extracted from the product stream could flow
through the loop to the test equipment housed in a shed,
and readouts of the results could be returned to control-
lers to identify the interface as the product approaches.

Operators point to a number of difficulties with such an
upstream testing mechanism. According to industry
experts, many refiners test the sulfur content of outgoing
product using ASTM 5453-99 with such a test loop, and
at least one major pipeline system uses ASTM 5453-99
with an upstream test loop, so it is clearly an effective
alternative for some applications. Refineries may have
more success using the ASTM 5453-99 with a test loop,
because product flow is slower in refinery piping than in
oil pipelines, and the speed of the product flow dictates
the placement of the test loop. For example, such a loop
would have to be positioned far enough upstream to
allow the sample flow to reach the test equipment, per-
form the test, and return the readout in time to make the
batch cut. If the loop transit and testing took 5 minutes,
for instance, and the product flowed through the pipe-
line at 8 miles per hour, the equipment would have to be
positioned about two-thirds of a mile upstream of the
valve. This distance would commonly be outside of a
station property, on the right-of-way.

Although positioning certain equipment upstream is a
relatwely common pipeline practice, restrictions on the
use of or availability of space on the night-of-way would
be among the factors that could be obstacles to position-
ing anything as substantial as a free-standing shed on
the pipeline right-of-way. Power and communications
availability on the right-of-way could also be impedi-
ments. The expense of the equipment is an additional
deterrent to placing equipment in an unstaffed remote
location. Finally, an oil pipeline with many delivery
points—a delivering carrier might have 100, for exam-
ple—would find it prohibitively expensive to install
such equipment at each delivery location. '

Special Issues Related to the Phase-In

The temporar}; compliance option as well as the provi-
sions related to small refiners provide flexibility for

refiners and importers to phase in ULSD, at the expense
of pipelines and other downstream distributors. The
phase-in provision assumes that some operators carry
an additional grade of diesel/distillate fuel oil during
the transition years, providing concomitant facilities for
segregating the product. As noted earlier, the East Coast
is the only region where operators consistently carry
both diesel, at 500 ppin, and heating oil, at 3,000 to 5,000
ppm. Many pipelines carry only 500 ppm product, serv-
ing both highway and non-road needs with the same
fungible grade (dye is added at the destination termi-
nal). Most also carry jet fuel. The ULSD phase-in wili
push them to carry an additional grade of distillate fuel
oil—diesel at 15 ppm—in addition to diesel at 500 ppm
and, for some, heating oil at 3,000 to 5,000 ppm plus jet
fuel.

Tank size and utilization have been optimized at most
terminals to carry the existing product slate. Pipeline
executives are universal and adamant in their opinion
that sufficient storage tanks and other pipeline assets are
not available in most pipeline systems to segregate a
third grade of distillate. Many small terminals are
unable to add tanks because of space and permitting
concerns, and even at larger terminals such constraints
may be a factor. Permits can take years to obtain. For ter-
minals that are able add tanks, new tanks cost $1 million
or more each, an expenditure that is necessary only to
carry a discrete product for a limited period of time. Ir ..
addition, because of the limited volumes involved, the
tanks may be used inefficiently during the ULSD transi-
tion period.

The EPA estimated that there are 853 terminals, exclud-
ing tanks at refineries, that carry highway diesel. The
EPA assumed that, of these 853 terminals, 40 percent
would build a new tank to distribute both 15 ppm and
500 ppm diesel fuel during the transition period. At a
cost of $1 million per new tank, the additional cost of
new terminal tankage was estimated to be approxi-

mately $340 million .58

Beyond the terminal level, the EPA estimated there are
9,200 “bulk plants” that carry highway diesel fuel,
excluding tanks at refineries. Again, the EPA assumed
that 40 percent of these bulk plants would build a new
tank to accommodate both 500 ppm and 15 ppm diesel
fuel. The EPA assumed a cost of $125,000 for each of
these smaller tanks, giving a total cost of new tankage at
the bulk plant level of $460 million &

Finally, at the truck stop level, the EPA assumed there
are 4,800 truck stops operating in the United States, of
which 50 percent would sell both 500 ppm and 15 ppm

88115, Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel
sulfur Requirements, EP A420-R-00-026 (Washington, DC, December 2000), Chapter V, p. V-134.

8L.S. Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel
Sulfur Requirements, EP A420-R-00-026 (Washington, DC, December 2000), Chapter V, p. V-134.
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diesel fuel. The EPA cited a survey on the expected cost
of handling a second grade of diesel fuel by the National
Association of Truck Stop Operators of its members.
Based on this survey, the EPA estimated an average cost
of $100,000 per truck stop to handle the two diesel
grades, giving a total of $240 million. A Petroleum Mar-
keters Association of America estimate gave costs of
$50,000 per truck stop.”' The total costs of new tanks and
equipment to handle both 500 ppm and 15 ppm diesel
fuel were estimated by the EPA at $1.05 billion.?!

The EPA estimated the total cost per gallon of highway
diesel of additional storage tanks at 0.7 cents. This 0.7
cents per gallon additional cost was for the 2006 to 2010
phase-in period. The EPA assumed that the additional
storage tanks would be fully amortized during the
phase-in period, and that service stations supplying
light-duty vehicles with diesel fuel, centrally fueled fleet
facilities, and card locks (unattended filling stations)
would not install additional storage tanks to handle both
500 ppm diesel and ULSD. Therefore, no cost was esti-
mated for additional storage tanks during the phase-in
at service stations, centrally fueled fleet facilities, or card
locks.”?

Where an operator cannot add a tank, it may choose to
drop a grade of product. (Such a strategy is not a clear
winner, however, because a dropped grade of gasoline,
for instance, requires the shipment and storage of
greater volumes of another grade of gasoline fo compen-
sate.) A carrier might be able to drop a grade of distillate
fuel oil, but not without requiring an additional, com-
pensating volume of low-sulfur product or ULSD to
meet the market need, exacerbating the draw on refiner
capabilities.

The question of whether pipeline companies will be able
to recover the increased costs associated either with
moving ULSD or moving ULSD plus another temporary
grade is a matter of conjecture. The onlv process for
recovery will be tariff rates. and the path to structuring
rates to allow that recovery is uncharted.

Qverview of Tariff Rate Issues

The majoritv of transportation for refined petroleum
products bv volume or by barrel-miles is provided by
common-carrier oil pipelines operating in interstate

* service, under rates regulated by the Federal Energy

Regulatory Commission (FERC). Most oil pipeline carri-
ers have approved tariff rates on file with the FERC

covering the transportation of diesel fuel. If no other
application or action were taken by an oil pipeline com-
pany, the existing tariff rates covering diesel fuel would
apply to ULSD when that material is distributed to mar-
kets. As noted in other sections of this report, however,
oil pipelines will incur large, incremental capital and
operating costs in distributing the new diesel fuel.

For most regulated oil pipelines, the FERC uses an eco-
nomic index as the basis for approving tariff rate
increases. The index provides that tariff rates mayv
increase without challenge by a ' ercentage amount no
more than the Producer Price Incrzase {or Finished
Goods, less 1 percent over an apprived base rate. If an
oil pipeline carrier is operating under the FERC’s index
method and applies its existing tariff rate to ULSD, there
will be no basis for the carrier to recover its extraordi-
nary incremental costs in the approved rate.

Some oil pipeline companies operate under alternative
programs with the FERC. The second most prominent
method is to administer some or all of a carrier’s tanff
rates under a market-based svstem.”* Under this
method, if various markets served by an oil pipeline are
first found by the FERC to be workably competitive, the
FERC then stipulates the basis by which the pipeline car-
rier may raise rates more flexibly, without application of
the index. Many o1l pipeline operators believe that mar-
ket conditions under which thev operate are far more
competitive than their status as regulated utilities sug-
gests. If they are correct (and the FERC’s own findings of
workable competition in many oil transportation mar-
kets suggests that theyv are), pipelines will be competi-
tively constrained from simply passing through their
higher ULSD costs to shippers.

A carrier might file a new tariff rate expresslv covering
ULSD. if that rate is greater than the previous rate (or the
remaining tariff rate for other grades of diesel fuel). the
FERC or a shipper might protest the new rate, acommon
occurrence. In such an event, it is possible that the new
tariff rate would not be permitted to take effect or that 1t
would be accepted subject to refund if it were later
found to be excessive. Furthermore, such administrative
proceedings to adjudicate tariff rates before the FERC
are costly and time-consuming. '

As an alternative to attempting to recover incremental
costs through increasing an existing approved rate or fil-
ing new tariff rates, carriers could trv to impose special
charges to recover incremental capital or operating costs

“ohn Huber, Petroleum Marketers Association of America, “Letter to U.S, EPA, Re: AMS-FRL-6703-2." Subinitted 10 the public docket

on August 11,2000

*Yohn Huber, Petrolewin Marketers Association of America, “Letter to U.S. EPA, Re: AMS-FRL-6703-2 * Submutied to the pubhic dochet

n August 11, 2000.

Y215, Environmental Protection Agency, Regwlatory Impact Analysis: Heaw-Duty Engine and Vielucle Standards and Hichiear Dicsel Fuel
sulfur Requirements, EPA420-R-00-026 (Washington, DC. December 2000), Chapter V, p V-133
Y30ther rate admuustration methods are available irom the Comnmission, but thev are even less frequentiv used
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by filing such charges as a part of the “rates and regula-
tions” that normally cover the qualitative aspects of a
tariff rate. Under this method, tanff regulations might
support cost recovery in various forms, including a
mandatory provision for the shipper to provide pipeline
buffer material, a volume loss allowance, faality
charges, or access charges. While the imposition of such
special charges outside of the transportation tariff rate is
possible, it is unlikely that material charges could be
imposed without eliciting a shipper or FERC challenge,
mabking this, too, an uncertain avenue for recovery of the
unique costs.

Because of the difficulties presented by fitting ULSD into
tariff rates, innovative approaches may be required. For
instance, a pipeline carrier or an oil pipeline industry
association might file an advance request with the FERC
for a declaratory order either recognizing the validity of
special charges or specifying the basis under which spe-
cial charges would be applied to ULSD shipments. The
purpose of seeking a declaratory order would be to clear
a path for cost recovery before new capital or higher
operating costs were actually incurred. Such an
approach, with its earlier recognition of the issue, would
. allow the multi-year process to proceed well in advance
of the collection of the new tariff rate.

The foregoing discussion suggests that higher capital
and operating costs attributable to distributing ULSD
will be difficult to recover, and that carriers will need to
take proactive steps with the FERC and shippers in
order to do so. There is no assurance that such steps will
be successful, nor is there economic assurance that any
such recovery will even be possible. Therefore, resis-
tance among pipeline operators to incurring those costs
should be expected.

Distribution Costs in the EIA Model

In its Regulation case analysis, EIA closely followed the
EPA’s assumptions about distribution costs, with the
exception that EIA calculated the downgrade revenue
loss within its NEMS model, using the prices of highway
and non-road diesel generated from the model. From
June 2006 through June 2010, EIA assumed an increased
distribution cost markup of 1.2 cents per gallon on the
price of highway diesel: 0.7 cents per gallon reflected the
additional capital costs associated with handling two
grades of highway diesel fuel during the phase-in

period, 0.3 cents per gallon was the downgrade revenue

loss, and 0.2 cents per gallon reflected other distribution

—

costs, including operating and testing costs. The 12
cents per gallon additional distribution cost is slightls
higher than the EPA’s estimate of 1.1 cents per gallon.
After june 1, 2010, the additional distribution cost asso-
ciated with ULSD was 0.4 cents per galion, including 0.2
cents per gallon for the downgrade revenue loss. %

EIA conducted a sensitivity analysis of higher distribu-
tion costs in the 10% Downgrade case. In the Regulatior:
case, EIA followed the EPA assumption that ULSD
product downgrade would be 4.4 percent of ULSD sup-
plied. In the 10% Downgrade case, EIA assumed that
10% of ULSD would be downgraded from the highway
diesel market. From June 2006 through June 2010, EIA
assumed an additional distribution costs of 1.6 cents per
gallon of highway diesel supplied. Of the 1.6 cents per
gallon, 0.7 cents per gallon was for additional storage
tanks to handle two on-highway diesel grades during
the phase-in, 0.7 cents per gallon was for the revenue
loss from downgrading ULSD, and 0.2 cents per gallon
was for other distribution costs. After the end of the
phase-in, in June 2010, the additional distribution cost
was 0.9 cents per gallon: 0.7 cents per gallon for down-
grade revenue loss and 0.2 cents per gallon for other dis-
tribution costs (see Chapter 6 for more detail).?

Summary

The Nation’s refined petroleum product pipeline system
is not monolithic. Pipelines are distinguished by region,
type of service, mode of operation, size, how much inter-
face material they produce, and how they dispose of it.
In preparing this report, a variety of pipeline companies
were consulted, representing a cross-section of size,
capacity, location, markets, corporate structures, and
operating modes.

It is likely that the pipeline industry can distribute ULSD
successfully, but major challenges arising from the
unique specifications of a new product. prevent a clear
assertion that pipeline distribution of the material will
be successful. In successfully distributing ULSD, oil
pipelines will have to surmount numerous challenges:

¢ Coping with a product phase-in
* Demonstrating that untested pipeline batching tech-
niques work '

¢ Determining for the first time that sulfur content
from other refined products does not “trailback” in
pipelines and will not avoidably contaminate the
new fuel

94U.S. Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel
—ulfur Requirements, EP A420-R-00-026 (Washington, DC, December 2000), Chapter V, p. V-121.

9U.S. Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel
Sulfur Requirements, EP A420-R-00-026 {Washington, DC, December 2000), Chapter V', p. V-121.
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« Installing product quality testing equipment (which
does not vet exist)

* Recovering operating costs that are not transpar-
ently recoverable under FERC regulations or market
conditions

* Collecting, transporting, reprocessing, and selling
up to twice the volume of existing pipeline transmix

* Reconfiguring an undetermined number of existing
stations with new piping, tanks, manifolds, or valves

* Installing new loading facilities at distribution
terminals.

Protecting the integrity of 15 ppm product will be more
difficult than protecting the product integritv of the cur-
rent 500 ppm product. The sulfur concentration of the
neighboring product will more easily lead to contamina-
tion of the ULSD. Not only is the specification lower,
with less room for error, but also the “potency” of the
sulfur in the nearby product is higher.

Energy information Administration / Transition to Ultra-Low-Sulfur Diesel Fue!

It appears that the overall proposition of transporting
ULSD is feasible. More problems can be expected to
arise in handling ULSD among delivering pipeline carri-
ers than among trunk carriers. In particular, those deliv-
ering carriers that cannot support fungible operations,

-are already short of working tankage, have complex

routing and schedules, or have small markets at their
end points will have the greatest difficulty in transport-
ing ULSD.

The market impact of a contaminated batch will be
stronger, however. With such a tight specification, there
is little opportunity for blending lower sulfur material
into an off-specification batch or tank. With the regula-
tion applied as a cap with no averaging aspect, an
off-specification tank in a terminal with only two tanks
will quickly lead to a localized shortage of highwayv die-
sel, especially in areas where the market is thin and the
infrastructure sparse.

Finally, there are uncertainties about transporting ULSD

that cannot be resolved without hands-on experience
with this unique product.
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5. Short-Term Impacts on ULSD Supply

Background

This chapter addresses the transition to ultra-low sulfur
diesel fue!l (ULSD) when the ULSD Rule takes effect in
2006. Whether there will be adequate supplv was one of
the key questions raised by the House Committee on Sci-
ence in its request for analysis. The Charles Rivers Asso-
ciates/Baker and O'Brien (CRA/BOB) study done for
the American Petroleum Institute (API) estimated a
shortfall of 320,000 barrels per day when the regulation
1s introduced in 2006. The issue of future supply of high-
way diesel fuel “received considerable attention during
the comment period” on the Notice of Proposed Rule-
making (NPRM) published by the U.S. Environmental
Protection Agency (EPA).% The EPA noted that “numer-
ous commenters to the proposed rule indicated that they
believed that the 15 ppm sulfur cap would cause short-
ages in highway diesel fuel supply” but that “a number
of commenters also thought otherwise (i.e., that future
supplies would be adequate).”¥”

While it is possible that some refiners mayv decide to shut
down altogether because of this regulation, others might
just abandon the highwav diesel market. Few refineries
can operate without producing gasoline because gaso-
line is a high-margin, high-volume product that pro-
-vides significant revenue to refiners. On the other hand,
_ it may be possible for some refineries to operate without
producing ULSD. Some refineries could sell higher sul-

fur distillate products into the non-road. rail, ship, or

heating oil markets. Some refiners could also decide to
export distillate products if thev are in the right location.

Because there are other markets for distillate products,
some refiners mayv opt to delav upgrading their facilities
to produce ULSD. Refiners’ recent experiences with
investing to meet new fuel standards have not been
encouraging. As the EPA pointed out in the Regulatory
Impact Analvsis for this regulation, both the 500 ppm
diesel fuel and reformaulated gasoline standards resulted
in overinvestment and aversupply of the fuels, and “of

late, relatively poor refining margins have not allowed
refiners to recoup the full cost of environmental stan-
dards.”#® Overly aggressive expansion to produce
ULSD could result in similar oversupply of product and
reduced margins, and some refiners may therefore wait
to see whether adequate margins develop.

Another uncertainty is possible regulation of non-road
diesel fuel. In addition, some States are proposing their
own regulations for highway diesel fuel, which mav add
to the EPA requirements. Some refiners may wait to see
whether additional requirements are established for
highway or non-road diesel before investing to upgrade
their refineries to produce ULSD.

The EPA has taken steps to monitor the ULSD supply
situation. Its Final Rulemaking requires refiners and
importers to submit a variety of informatiorn to ensure a
smooth transition, and to evaluate compliance once the
program begins. Refiners and importers expecting to
produce highway diesel in 2006 are required to register
with the EPA by December 31, 2001. Annual pre-
comphiance reports are required from 2003 through
2005, containing estimates of ULSD and 500 ppm sulfur
fuel that will be produced at each refinerv and projec-
tions of the numbers of credits that will be generated or
needed bv each refinerv. A time line for comphance is
also required. as well as other information.

The EPA will produce an annual report summanzing
information from the precompliance reports without
disclosing individual company plans. This information
will give refiners a better indication of the potential mar-
ket for credits and the availability of credits in each
region. The EPA" will also require annual reports after
the program takes effect, in order to monitor production
of ULSD and 500 ppm sulfur diesel fuel.* In addition. an
independent advisory panel will be set up to look at
issues of diesel supplies and related technologies, and to
report to the EPA annuallv on the progress being made
by industry to compl\ with the ULSD Rule.!"

YAL.S. Environmental Protection Agency, Regulatory Impact Analysis: Heavy:Duty Engue and Velucle Standards and Highioay Diesed Fuel
5mf'ur Requirements, EPA420-R-00-026 (Washington. DC, December 2000). Chapter iV, p.1V-33..
7S, Environmemial Protection Agency, Regulatory Impact Analysis: Heavy-Duty Engine and Velucle Standaris amd Highiva Diese! Fuei
»ulfm Requarements, EP A420-R-00-026 (Washington. DC, December 2000). Chaplerl\’ p. IV-33
YRS, Environmental Protection Agency, Regudatory Impact Analusis: Hewoy-Duty Engine umi Velnele stanidards aind Hivhioaw Dicsed Frel
Sultur Requirements, EPA420-R-00-026 (Washington, DC, December 2000). Chapter IV, p 1V-34
.S Environmenial Pratection Agency. “Contral of Air Pollution from New Motor Vehicles Heavv-Duty Engine and Vehucie Stan-
© dards and Highway Diesel Fuel Sultur Control Requirements: Final Rule.” Pre-publication Final Rulemakmyg (December 21, 2000), pp

136-160.
W¥uesel Fuel News (N.arch 3.2001), p. 3.
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Cost Analysis

To assess the supply situation dunng the transition to
ULSD in 2006, estimates of ULSD costs and supply were
developed based on refinery-specific analysis of invest-
ment requirements. The relative costs can provide
insights into whether refiners will make the investments
to produce ULSD and give an indication of possible sup-
ply. Four scenarios describing investment behavior
under different assumptions were developed to provide
a range of possible responses to the ULSD Rule.

Using refinery-specific data collected by the Energy
Information Administration (EIA), the ULSD product
costs are estimated for each refinery based on its size, the
sulfur content of the feeds, the fraction of cracked stocks
in the feed, the boiling range of the feed, and the fraction
of highway diesel produced. Cost curves were then
developed in a three-step process. In the first step the
cost of producing ULSD for each refinery was estimated
for several strategies of ULSD production, based on
refinery operation data for 1999. The strategies start by
maintaining ULSD production at current highway

Table 6. Sample Results from the ULSD Cost Model

-

diesel production levels. Then they consider both reduc-
tions and increases from current production to find ths
most economical level of production for individuai
refineries. In the second step the cost and volume infor-
mation for individual refinenes is used to construct cost
curves for the U.S. refining industry using a variety of
scenario assumptions about how refiners may respond
with refinery investment in preparation for summer
2006, when ULSD requirements for highway diesel
begin. The third step consists of adjusting the cost curves
to reflect changes in refinery capacity from 1999 to 2006.

Appendix D describes in detail the refinery-by-refinery
analysis and development of the cost model used as the
basis for developing the cost curves. Table 6 provides
samples of the ULSD cost model results for cases repre-
senting various refinery configurations and situations.
The case descriptions in the table indicate whether the
refinery in that particular case falls within the higher or
lower part of the range in terms of hydrotreater unit
capacity, sulfur content of the hydrotreater feed, and the
fraction of cracked stock in the feed. The costs in this
analysis assume a 5.2-percent after-tax return on

Refinery Characteristics and Costs J Case A I Case B [ Case C7 Case

D LCase E J Case G l Case H r Case lT Case JlCase K LCase L

Hydrotreater Capacity Range® .. ... ... H H H H H L L H H H HR
Feed Sulfur Content Range®. ... .. .. ... H H L L H H H M M Y .M
Percent Cracked Stock Range® ... .. ... H H 7 H H L H H H M M M
Revampor New Unit®. . . . . .. . N ] N R R N R N N R R
Current Highway Diesel Production
LThousand BarrelsperDay) .. ......... 50.0 50.0 5G.0 50.0 50.0 10.0 10.0 0.0 32.4 32.4 32.4
Hydrotreater Feeds
(Thousand Barreis per Day)
Straight-Run Distiflate. . .. ... .. .. .. 34.0 34.0 340 34.0 50.0 6.8 6.8 33.0 253 253 18.4
LightCycle Qil. ... ... .. .. ... ... 8.0 8.0 890 8.0 0.0 16 1.6 4.0 2.1 2.1 00
Coker Distitate . . ............... ... 8.0 8.0 8.0 8.0 0.0 1.6 1.6 23.0 5.1 S 2.3
Total ... ......... ... ... . 50.0 50.0 50.0 50.0 50.0 10.0 10.¢ 60.0 324 324 20.7
Hydrogen Consumption
248 550 S50 590 395 395 305

{Standard Cubic Feet per Barrel) . ... .. 550 550 402 402

Feed Sultur Content
(Parts per Million)

1.100 9.000 9.000 9.000 6.000 6.000 6.000 6.000

Straight-Run Distiftate. . ... ... ... .. 9.000 $.000 1,100
LightCycte Ol .. .. ... ... .. ... ... 25.000  25.000 3.800 3.800 0 25,000 25000 15000 13.000 13.000 13.00C
CokerDistiftate . ... ................ 22,000 22,000 5.700 5700 0 22000 22.000. 14,000 14.000 14,000 14,000

ULSD Cost Components
(1999 Dollars per Barrel)

Hydrotreater

0.36 1.21 0.74 072 0.81 0.55 G.49

Capacity Changes .......... ... .. 073 055 0.70 0.55
Other....... ... .. ... ... ..... 0.83 074 075 0.68 0.54 0.96 0.79 0.87 0.78 0.67 0.62
Hydrogen Production '

Capacity Changes ... ........ ... .. 0.20 0.20 0.22 0.22 0.05 0.35 0.35 0.30 0.19 0.19 0.00

Other. ... ... ... ... ... 0.52 0.53 0.55 0.54 0.12 0.56 0.57 0.88 0.40 0.41 013
SulfurandOther .. ... .. ... ... .... 0.27 0.06 0.07 0.06 0.06 [oX:3] 0.10 0.19 0.19 0.07 0.08
Total Cost (1999 Dollars per Barrel) . . . 2.54 2.08 2.27 2.05 112 3.49 2.56 297 2.37 1.88 1.31
Total Cost (1999 Cents per Galion). . .. 6.0 5.0 54 4.9 27 8.3 6.1 71 56 4.5 3.1

2H = refinery in the higher range: M = refinery in the middie range: L = refinery in the lower range.

°N = new unit; R = revamped unit.

Note: Only refinecies in Petroleum Administration for Defense Qistricts (PADDs) -V are included in the short-term analysis.

Source: Energy Information Administration. Ofticeot integrated Analysis and Foreca
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investment, which is estimated to be equivalent to the
7-percent before-tax return on investment assumed in
the EPA’s analysis.

The cases in Table 6 were designed to represent the tvpes
of individual refinery situations that lie behind the cost
curve results. Cases A and B represent refiners produc-
ing highway diesel fuel as a high fraction of their distil-
late pool. These refineries run a higher sulfur crude oil,
do not have hydrocracking facilities, and have relatively~
large-scale highway diesel production. Thirty-two per-
cent of the highway diesel they produce comes from
cracked stock, which is about the average for Petroleum
Administration for Defense District 11 (PADD I} (see
Appendix D, Table D1). The cost of producing highway
diesel at current production levels in the refineries of
Cases A and B is 6.0 cents per galion if a new hvdro-
treater is required and 5.0 cents per gallon if the current
hvdrotreater can be revamped. The cost of the incremen-
tal hvdrogen to produce ULSD represents 28 percent of
the added cost for Case A and 35 percent for Case B.

Cases C and D have the same volumes as A and B but
use a lower sulfur crude oil. The cost of the added hydro-
gen is similar to the result for Cases A and B, because this
analvsis is estimating the cost to produce ULSD with 7
ppm sulfur rather than the current 500 ppm. Total costs,
however, are just 0.1 cents per gallon lower for a
revamped unit (Case D compared to CaseéB) and 0.6
cents per gallon lower for a new unit (Case C compared
to Case A). '

Case E shows a refinery producing ULSD onlv from
straight-run distillate derived from a high-sulfur crude.
The cost of production from a hydrotreater that has been
revamped 15 onlv 2.7 cents per gallon. This is slightly
more than half the cost of Case B, which has to handle 32
percent cracked stocks.

Cases G and H represent the same mix of hydrotreater
feed as in Cases A and B, but the total feedstock volume
is only 10,000 barrels per day. compared to 50.000 bar-
rels per dav in Cases A and B. This is the type of situation
represented by comparing ULSD production in PADD
IV with that in PADD II and PADD IIL. For a new
hvdrotreater unit, the ULSD cost would be 8.3 cents per
gallon (2.3 cents per gallon higher than in Case A)_If the
unit can be revamped, the cost is 6.1 cents per gallon (1.1
cents per gallon higher than in Case B). '

Some refineries currently produce high volumes of dis-
tillate product but no highway diesel. These refineries
might consider entering the highwav diesel market
when the ULSD Rule takes effect if they anticipate that
the price differential between ULSD and their other
distillate products can more than offset the added

investment and operating costs they would incur. Case |
illustrates a non-road diesel producer converting to the
production of highway diesel. The refinery runs a
moderately high-sulfur crude oil and has substantial
volumes of cracked distillates from the fluid catalvtic
cracker (FCC) and coker units. Because of quality
requirements for non-road diesel products, cracked
stocks still make up 45 percent of the feed to the
hydrotreater for highway diesel production. The large
percent of cracked stocks means a moderately high
per-barrel investment and operating cost for the
hydrotreater. Additionally, the per-barrel cost for
hydrogen is quite high. Most of the refineries with
high-volume distillate production and no highway die-
sel production had costs of highway diesel production
in the higher portion of the cost range. -

Cases ], K, and L provide an illustration of refineries
achieving improved economics by reducing the volume
of ULSD diesel below current highwav production lev-
els. As shown in Table 6, the cost of added hydrogen is
generally a large component of the cost of producing
ULSD. The cost for hydrogen grows as the fraction of
cracked stocks increases, eventually requiring the con-
struction of new hvdrogen production capacity. How-
ever, if there is onlv a modest percent of cracked stock in
the hvdrotreater feed and the refiner reduces the input
to the hvdrotreater. then the incremental hvdrogen
requirement for ULSD production can be provided by
existing refinerv production sources. -

Cases } and K show the costs for a new and revamped
hyvdrotreater for a refinery running a medium-sulfur
crude and with 22 percent cracked stock in the highwav
diesel production pool. Case L shows that if the input
level is reduced from 32,400 barrels per dav to 20.700
barrels per day when the unit is revamped, then the cost
of ULSD production is reduced from 4.5 cents per gallon
to 3.1 cents per gallon. Given the costs for Cases K and L,
the preferred option for the refiner would be Case K if
the price differential between highwav and non-road
diesel exceeds 6.9 cents per gallon and Case L if the dif-
ferential is less than 6.9 cents per gallon.""

These sample cases highlight several situations that can
cause refineries to have potentially high ULSD produc-
tion costs and discourage them from investing to pro-
duce ULSD. Small refineries with less than 10.000 barrels

* per day of highway diesel production will have veérv

high relative costs unless thev can revamp an existing
unit. The fraction of cracked stocks in the ULSD hvdro-
treater feed 1s extremelv important. The need for hvdro-
gen increases with the fraction of cracked stocks and
may require new hvdrogen production capabihty. 1t a

refinery’s other distillate  products are  primanlv

M Calculated bv taking the difference in total cost (1.88 x 324 - 1.31 x 20.7) drvided bv the change in volane (32 4 - 20 7), evpressed

cents per gallon.

Energy Information Administration / Transition to Ultra-Low-Sutfur Diesel Fiaj
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non-road diesel fuels with cetane requirements that
limit the volume of cracked stocks, then it is often impos-
sible for the refinery to reduce the cracked stocks going
into highway diesel. Thus, refineries with moderate
cracked stocks and a smaller scale will have high ULSD
cost, and refineries with high cracked stocks and a mod-
erate to large scale may also have ULSD costs that they
view as uncompetitive.

Analysis of ULSD
Production Decisions

Economic Considerations

Scenarios are analyzed to estimate the volumes of ULSD
that refiners might produce at the beginning of the
ULSD requirement in the summer of 2006. Each scenario
defines a set of strategic principles that might character-
ize the economic rationale behind investment decisions
that may be commonly made by refiners in this situa-
tion. Refiners have a choice as to how much ULSD they
produce. Some refiners may decide to produce no high-
way diesel when the ULSD Rule comes into effect. While
most refiners who are currently producers of highway
diesel will likely continue to produce it, they could
increase or decrease production from current levels.
Because there is uncertainty associated with refiners’
behavior, four supply scenarios were constructed, any
one of which may turn out to be closest to the actual
behavior of the refining industry in this situation.

In making the ULSD decision a refiner will look at the
available options, analyze the costs to produce various
levels of ULSD, and determine the impact on other dis-
tillate products. Then the refiner will try to estimate his
relative competitive position for producing ULSD. The
. competitive assessment considers the cost of ULSD pro-
duction for other refiners and looks at the mid-term
competition for market share, including an analysis of
current market share, regional market competition, the
impact of new entrants that may have a significant cost

advantage, synergies with other refineries within the

same company, and potential changes in the price differ-
ential between ULSD and non-road fuels on a mid-term
basis.

In a number of past instances when refiners have been
required to meet new product specifications, they have
not only made facility changes that would enable them

to meet the demand for the product with new specifica-

tions, but have done so in such numbers and volumes
that their ability to supply the market has exceeded mar-
ket demand. In the case of ULSD, refiners have more

hoice in deciding to participate in the highway market

: alternatively to produce products only for non-road
distillate markets. This choice becomes a particular issue
for refiners facing an expensive investment decision and

40 Energy information Administration / Transition .2 Ultra-Low-Sulfur Diesel Fuel

the likelihood that they would be at a significant com-
petitive cost disadvantage relative to other marke
competitors.

While most U.S. refiners look upon gasoline as an essen-
tial product, they could operate in the refinery business
without producing any highway diesel. Thus, it is possi-
ble that some refiners will cease or significantly decrease
highway diesel production when ULSD specifications
take effect in 2006. This would create a transition market
in which some refiners with higher costs would decrease
production and be replaced b :.i0re ¢ st-competitive
refiners.

The set of more cost-competitive refiners talls into two
categories—those increasing production of highway
diesel from current levels and those currently producing
little or no highway diesel. Will refiners in the second
group jump into the market because they recognize that
they would have a competitive position, or will they
wait to see how the supply and margin picture unfolds
before making a large-dollar commitment? Later
entrants into the market could also be the beneficiaries
of improved technologies that reduce the cost of
compliance.

Refiners who estimate that their costs to produce ULSD
are on the high end of the range will be far less likely to

1nvest to produce ULSD. No one wants to be the mar

ginal supplier after making a large investment, espe-
cially when the product is a secondary fuel product. The
question is what differential cost will be perceived to be
too high—is it 1 or 2 cents per gallon above what the
refiner perceives is the average cost in the market? How
does the refiner assess the possible competitive threats
of a large-volume refiner who has previously notbeen a
highway diesel producer but may now enter the market
with better economics to produce highway diesel and
reduce market prices? Refiners will likely try to retain
highway market share, even if their relative competitive
cost is modestly above the average cost in the region,
rather than shifting into new markets. Refining compa-
nies with multiple refineries will view strategies in the
context of their total system and could rebalance pro-
duction on a system basis.

One of the key decisions in preparing to produce ULSD
is whether to build a new hydrotreater or revamp an
existing unit. This analysis assumes that revamps are
more likely if a refinery installed new distillate
hydrotreating units in the 1990s, or if the proportion of
cracked stocks in the refinery’s hydrotreater feed is
small. New units are assumed at refineries where cur-
rent hydrotreating capacity is less than highway diesel
production. As shown in Table 7, the estimates indicate
that 46 percent of the refineries in PADDs I-IV, account-
ing for 63 percent of highway diesel production capac-
ity, would revamp existing units. PADD IV has the
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Table 7. Estimate of Revamps and New Hydrotreaters for ULSD Production

ULSD Production Volume

Number of Refineries Percent {Thousand Barrels per Day) Percent

Region Revamp [r New . [ Total Revamp Revamp J New , Total Revamp
PADDI. ... ... .. 4 7 11 36 13¢ 77 216 64
PADD W .............. 14 13 27 52 442 138 599 74
PADC L. ... oo ... 22 23 45 49 6C3 423 1.026 5¢
PADCIV ... ... ... 5 10 15 33 45 72 117 3¢
TJotal ................ 45 53 98 46 1.229 729 1.957 63

PADD = Petroleumn Agmunistration for Defense Distnct.

Note: Although 98 retineries are considered in this analysis. 87 are-current producers of low-sulfur diesel. Not ali of these rzfinenes are axpected to

produce ULSD aconomically.

Source: Energy Information Administration. Office of integraled Analysis and Fovecasnng

lowest proportion of revamps because of the larger
amount of cracked stocks that refinenies in that region
must process. PADD II has the highest percentage of
revamps because of the extensive upgrading that took
place in the early 1990s and the moderate levels of
cracked stocks in the feed. The EPA assumed that 80 per-
cent of ULSD production capacity would be revamped
units.

Supply Scenarios

The first of the four supply scenarios was developed
based. on the rationale that there is a high probability
that refiners will produce at least a moderate level of
ULSD. In the other three scenarios there is decreasing
probability that the additional volumes would be pro-
duced. The description of the specxhc scenarios follows:

* Scenario 1—Competitive Investment. The first sce-
T nario includes only those refiners who are likely to
prepare to produce ULSD in 2006. Thev currently
hold market share and are estimated to be able to
produce ULSD at a competitive cost. Refiners with
highwayv diesel as a relatively low fraction of their
distillate production are assumed to abandon the
market unless their cost per unit of production is
competitive at current highway diesel production
levels. Some refiners are assumed to reduce highway
diesel production below current levels when they
have a more competitive ULSD production at a
reduced production rate.

Scenario 2—Cautious Expansion by Competitive

Producers. In this scenario, refiners base ULSD pro- -

duction decisions on the assumption that the price
ditterential between ULSD and non-road distillate
products will remain wide. Current producers with
competitive cost structures for ULSD production
and high fractions of highway diesel production
(greater than 70 percent of total distillate produc-
tion) are assumed to maintain current production
levels and may even push production of ULSD
toward 100 percent of distillate production if only
minor increases in per unit production costs occur at
increased volume. Other refiners are also assumed to
increase their fraction of highwav production if the

Energy Information Administration / Transition to Ultra-Low-Suttur Diesel Fue!l

economics are only slightly poorer at higher vol-
umes. Those whose current production is focused
primarily on non-road markets are assumed tostay.

with those markets.

Scenario 3—Moderate New Market Entry. While
refineries that are currentlv producing little or no
highway diesel may be hesitant to jump into the
ULSD market, this scenario assumes that a select few
will decide to take the risk. This is based on the belief
that a limited number of refineries think thev can
gain market share without depressing the price dif-
ferential between ULSD and non-road diesel to the
extent of ruining margins and return on investment.
These refiners are assumed to have favorable cost
structures for ULSD production (probably in the
lower third).

Scenario 4—Assertive Investment. The fourth sce-
nario assumes that a larger number of refiners wll
compete to increase their shares of the ULSD market.
In this scenario, refiners believe that most of their
competitors are overlv cautious, and that thev can
succeed by taking a contrarv strategv {which in real-
itv is adopted bv far more refiners than anticipated).

Imports

Historically, imports have been a small part of low-
sulfur diesel supply. The onlv significant volumes of
low-sulfur diesel fuel have been imported into PADD I,
which totaled 123,000 barrels per dav in 1999 then
dechined shighthv in 2000 to 106,000 barrels per dav
(Figure 4). Imports made up 5 percent of low-sulfur die-
sel product supplied for the United States as a whole in
2000'and 14 percent of product supplied in PADD 1. The
PADD 1 imports come from three main sources—
Canada, the Virgin Islands. and Venezuela. Low-sulfur
diesel imports from the Virgin lIslands reached 62.000
barrels per dav in 1996 and have fallen to 47.000 barrels
per dav in 2000. Imports from Canada. which have been
fairlv constant for the past few vears, totaled 33,000 bar-
rels per dav in 2000. Imports from Venezuela grew
sharply in 1995 and 1999, to 22,000 barrels per dav in
1999, betore talling to 8,000 barrels sperdavin 2000
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Figure 4. Imports of Low-Sulfur Diesel Fue! into PADD 1, 1993-2000

Thousand Barrels per Day
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Source: Energy information Administration. Form EIA-814, “"Monthly Imports Report.”

Other courgries are also planning. to lower_the sulfur
content of diesel fuel. Canada has announced plans to
require a 15 ppm sulfur diesel fuel in mid-2006, mirror-
ing the US. regulation.!® A 50 ppm ULSD becomes
mandatory across Europe in 2005. The European Com-
mission is also discussing a gradual phase-in to 10 ppm
sulfur, starting with a 10-percent supply requirement in
January 2007.103

Given these changes, Canadian refiners currently
exporting to the United States may make the investment
to produce ULSD for the U.S. market. The East Coast has
been the main market for a large refinery in the Virgin
Islands that is jointly owned by Amerada Hess and
PdVSA, Venezuela’s national oil company. Both of the
plant’s owners see the United States as a strategic mar-
ket. Venezuela is planning to upgrade its domestic refin-
eries, but because it is also interested in expanding its
presence in Latin American markets,!™ it is not clear
whether it would supply ULSD to the U.S. market.

Refineries worldwide will be investing to produce lower
sulfur diesel fuel. Even a refinery designed to produce
diesel with 50 ppm sulfur could produce some amounts
at less than 15 ppm. Thus, it is conceivable that limited

amounts of ULSD could be imported from other sources.
In the early part of the transition to ULSD, imports
beyond historical levels probably are less likely and
quantities less than historical levels probably are more
likely 1%

Demand Issues

The number of vehicles that actually need ULSD when
the regulation takes effect in 2006 will be small. The EPA
has mandated that 80 percent of the refinery output of
less than 500 ppm diesel fuel be ULSD in order to pro-
vide retail availability for the trucks that need ULSD. As
aresult, the supply of ULSD will be much larger than the
demand provided by vehicles that need ULSD. The con-
cemn is whether enough fuel will be available to supply
all highway diesel vehicles.

Current production of low-sulfur diesel fuel is greater
than what is required by the market. Highway diesel
fuel consumption accounted for 86 percent of transpor-
tation distillate demand in 1999. Yet low-sulfur diesel
product supplied (a surrogate for demand) has nearly
equaled transportation distillate demand in recent years
(Figure 5). Consequently, the amount of low-sulfur

102pyblic Works and Government Services Canada, Canadn Gazette, Vol. 135, No. 7 (February 17, 2001), p. 454.

W3 Digcel Fuel News (March 5, 2001), p. 11
14 041 Daily (February 27, 2001), p.-2

105E1A%5 Office of Oil and Gas is planning to issue a report in 2001 on the availabifity of product imports.
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Figure 5. Low-Sulfur Diesel Consumption and Product Supplied, 1993-1999

Thousand Barrels per Day
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diesel fuel currently being consumed in the market is
more than 15 percent higher than that required for high-
wav vehicles. There are several reasons for this. The
logistics of the distribution svstem dictate in some areas
that onlv one type of fuel can be distributed. Because the
price differential between low-sulfur diesel and other
distillate products has been only 2 to 3 cents per gallon
or less in recent vears, the incentive to maintain separate
product infrastructure has not been great. An important
question 1s the extent to which the demand for ULSD
will remain above that required for highway vehicles
after the ULSD regulation takes effect in 2006. A larger
price differential between ULSD and higher sulfur dis-
tillate products may provide some incentive to avoid
consuming ULSD in markets where it is not required,
but in some areas it may continue to be impractical to
distribute more than one product.

It is also unclear how much 300 ppm sulfur diesel fuel
will be in the’market after the regulation takes effect.
Refiners will be investing for the long term and not just
to produce 80 percent ULSD in the transition period, and
many refiners (if they invest to produce ULSD at all)
mav be producing 100 percent ULSD in the transition
period. Some refiners could continue to supply 500 ppm

diesel fuel by purchasing credits, and some small refin-
ers could continue to produce 500 ppm sulfur fuel until
2010 {see box on page 45).

For the above reasons, the amount of ULSD actuallv
needed to balance demand in 2006 is highlv uncertain. A
range of demand estimates has been developed to
account for some of the uncertainty. In the mid-term
analysis for this study, transportation distillate demand
in PADDs I-IV1"% in the 2/3 Revamp case (see Chapter 6)
amounts to about 2.7 million barrels per dav. At the U'S.
level, transportation distillate demand is projected to be
3.0 million barrels per dav in 2006, increasing by 3.2 per-
cent per vear from the 1999 level of 2.4 million barrels
per day. This compares to an average rate of increase of
3.5 percent per year from 1982 to 1999. Transportation
distillate demand rose sharplv from 1982 to 1989 ard
again from 1991 to 1999, at annual average growth rates
ot 4.7 and 4.0 percent, respectively, but fell in 1990 and
1991, at the time of the Iragi invasion of Kuwait.

The probable downgrading of some ULSD to 300 ppm
sulfur diesel in the distribution svstem was not taken
into account in this part of the analysis. The requirement
to produce 80 percent ULSD is at the refinery gate, and

180 b A DD V was not included w this analvsis because supply concerns are less ot anassue i the transihon penod and the requITEINCNt 11

CARB diesel inakes the PADD V market different irom PADDs 1-1V.
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supplies that are downgraded to a higher sulfur level in
the distribution system can still be sold as highway die-
sel during the transition period.

Cost Curves and Demand Estimates
for 2006 ‘

Figure 6 shows the combined cost curves for PADDs -1V
for each of the scenarios, together with four estimates of
demand.!"” The EPA estimates that, under the small
refiner option, up to 5 percent of the market could delay
making the transition to ULSD until 2010.7% In addition,
the temporary compliance option mandates that ULSD
production must constitute 80 percent of low-sulfur
diesel production. Assuming the full extent of the small
refiner, temporary compliance, and credit trading provi-
sions of the Rule, ULSD demand is estimated at just over
2.0 million barrels per day (Demand A). As indicated
above, imports from the Virgin Islands and Canada are

likely to continue. At their recent historical level of
80,000 barrels per day, imports would reduce domestic
demand for ULSD to 1.95 million barrels per day
{Demand B, which matches the demand projection in the
mid-term analysis described in Chapter 6). Demand C in
Figure 6 is based on the same assumptions as Demand B
and, in addition, assumes that ULSD will be used only
for highway consumption (86 percent of transportation
distillate demand), resulting in a demand estimate of 1.7
million barrels per day. Demand D assumes a higher
estimate for imports—116,000 barrels per day—which
was the level for PADDs -1V in 2000.

The cost curves in Figure 6 show the estimated volumes
of ULSD that could be produced at increasing cost lev-
els. The curves show the wide range of costs to produce
ULSD across the population of U.S. refiners that might
choose to become ULSD producers. There are some
refiners at the upper range of the cost curves that would

Figure 6. ULSD Cost Curve Scenarios with 2006 Demand Estimates
Marginai Cost of Production {1999 Dollars per Galion ULSD)

0.09
0.08 — Scenario:
m— Competitive Investment
1307 - m—— Cautious Expansion P o i
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0.06 — ~aens ASsertive Investment ;L
0.05 = - e e T e
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ULSD Production {Thousand Barrels per Day)

Demand A: Small Refiner and Temporary Compliance Options

Demand B: Small Refiner and Temporary Compliance Options with Imports

Demand C: Highway Use Only, Small Refiner and Temporary Compliance Options with Imports
Demand D: Highway Use Only, Small Refiner and Temporary Compliance Options with Higher Imports

Sources: Cost curve scenarios: Appendix D. Demand estimates: National Energy Modeling Sytemn, run DSU7INV.D043001A.

107 range of demand estimates are shown in Figure 6, but no feedback effects are represented. Feedback effects are included in the

mid-term analysis (Chapter 6).

108y 5. Environmental Protection Agency, Regulatory impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel
Sulfur Requirements, EPA420-R-00-026 (Washington, DC, December 2000), Chapter V, p. V-134.
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have much higher costs and could have concerns that
margins in the marketplace would not be high enough to
provide a satisfactory rate of return.

and D) and would meet the highway demand estimates
even if no ULSD imports were available. In Scenario 3
{(Moderate New Market Entry), production just reaches
the mid-term analysis demand estimate that includes
imports (Demand B). In Scenario 4 (Assertive Invest-
ment), ULSD production surpasses the mid-term analy-
sis demand estimate that does not include imports.

The cost curves in Figure 6 were developed using capital
cost and return on investment assumptions consistent
with those used in the EPA’s analysis. Those assump-

tions were used in order to provide a comparison with
the EPA’s analysis results and should not be viewed as
the assumptions that EIA considers the most likely.
However, concerns about the adequacy of ULSD supply
are based on the possible reluctance of higher cost pro-
ducers to invest to produce ULSD in 2006. Because of the
uncertainty of these assumptions, two additional sets of
supply scenarios are provided, using higher capital cost
assumptions and a higher required retumn on invest-
ment, as discussed later in this chapter.

Total ULSD production on the Scenario 1 (Competitive
Investment) and Scenario 2 (Cautious Expansion) cost
curves extends beyond the lower demand estimates (C

. None of the supply curves, however, provides enough

supply to reach the demand estimate that does not
include the temporary compliance option (see Table 8
below). Some refiners may be able to produce ULSD
with a cost of about 2.5 cents per ¢ :lion; however, at the
volumes needed to meet demand, cosis are - “irnated at
5.4 to 6.8 cents per gallon.’® ULSD prices could show an
even higher differential if supply falls short of demand.

The four factors that have the strongest influence on the
cost of producing ULSD are the production volume
of 500 ppm diesel, the fraction of cracked stocks in
the feedstock, the scale of the hydrotreater unit,
and whether a new or revamped unit is required.

500 ppm Diesel Supply Issues in 2006

In 2006, 500 ppm highway diesel could come from two
sources: either from refiners who produce both 500 ppm and
15 ppm highway diese! or from refiners who are now pro-
ducing highway diesel but who choose not to make invest-

diesel. Few refineries are assumed to fall into the first group.
Possible candidates would be refiners with large current pro-
-duction of highway diesel who have multiple distillate
hvdrotreating units and decide to revamp or replace a large
unit to produce ULSD and maintain a second unit to produce
500 ppm highway diesel. This would also mean that the
refiner would anticipate selling the 500 ppm diesel as
non-road diesel in 2011, because building one large
hydrotreater in 2006 would be more economical than build-
ing a second hydrotreater for ULSD in 2010. If the decision is
made to invest to produce ULSD, a refiner is likely to invest
to produce the full volume of highway diesel as ULSD. Some
product that fails to meet the ULSD specifications could be
downgraded 1o 500 ppm diesel fuel and sold as highway die-
sel during the transition period, but few refiners are assumed
to produce both 15 ppm and 500 ppm diesel.

Production of 500 ppm highway diesel can clearly come from
refiners who are now producing low-sulfur highway diesel
and decide not to convert their refinery facilities in 2006. In
Scenario 2, the number of non-producers of ULSD in PADDs
I-1V totals 21. The characteristics of the 21 refineries that are

~ assumed not to invest to produce ULSD. Nine of these ten
ments to produce ULSD and purchase credits to sell 500 ppm**

- Most have some cracked stocks in the highway diesel feed

the potential sources of 500 ppm highway diesel! production
in 2006 in Scenario 2 differ across the various PADDs. P4 2D
I has 5 refineries and PADD Il has 5 refineries that ire

refineries currently produce less than 10,000 barrels per day
of highway diesel, and the other is under 20,000 barrels ner
day.

The profile of the PADD III refiners is quite different from
those in the other PADDs. While PADD Il has some small
refineries in this group, several moderately large refineries
are also included, which accounts for the fact that PADD 111
represents 56 percent of the total volume of PADD I-TV pro-
duction that is estimated not to convert from low-sulfur die-’
sel to ULSD in 2006. Most of these refineries are on the high
end of the cost range and would have to build new units
and /or deal with relatively high fractions of cracked stocks
to-prod uce ULSD. ’

Six refineries in PADD IV are estimated to have relatively
high costs of ULSD production and are assumed not to invest
to produce ULSD. The PADD IV refiners are relatively small.

stream and would need to build new units. The refiners not
producing ULSD would need to obtain waivers or purchase
credits to continue to sell 500 ppm diesel fuel into the high-
way market.

109 These are marginal costs on the industry supply curve, based on average refinery costs for producing ULSD. These cost estmates do
not include additional costs for distributior, estimated at 1.1 cents per gallon in the mid-term analysis. Costs were not adusted to take sulfur
credit trading into account, because of the uncertainty about whether trading would occur and the value of the credits. If credit trading

occurred, costs could be reduced.

Energy Information Administration / Transition to Ultra-Low-Sullur Diesel Fuel
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Twenty-mne refineries in Scenario 1 are in the cost range
below 4 cents per gallon, and all are refineries for which
it is assumed that the existing unit could be revamped.
Most of these refineries have little or no cracked stocks in
the hydrotreater feed to produce ULSD. For the few that
do have cracked stocks, a revamped unit at a reduced
throughput was found to obtain better economics of
ULSD production and put them in the cost range under
4 cents per gallon. Twenty-five refineries are in the cost
range from 4 to 5 cents per gallon. Thirteen are assumed
to construct new units, and most of these refinenies have
a low percentage of cracked stocks in the hydrotreater
feed. A couple of units in this cost range are assumed to
reduce throughput from current highway diesel pro-
duction levels. Above 5 cents per zallon, a couple of
refineries with a high percentage of cracked stocks are
assumed to revamp existing units. The rest, which have
moderate levels of cracked stocks, are assumed to build
new units. The refineries above 5 cents per gallon also
include a number of smaller refinenies with ULSD pro-
duction under 10,000 barrels per day.

Regionally, PADD 1V has the highest estimated costs for
ULSD production. The refineries in PADD IV are
smaller on average, have more cracked stocks to process,
and have the lowest proportion of revamps. In PADD I,
a large heating oil market p. wides an outlet for some of
the more difficult streams to hydrotreat so it tends to
show lower costs for producing ULSD. PADD Il refiner-
.es are also toward the lower end.of the cost curve. They
tend to be more moderate in size (which gives better
economies of scale), have moderate levels of cracked
stocks, and had extensive revamps in the early 1990s to
put them in a better position to upgrade to produce
ULSD. PADD Il has a mixture of small and large refin-
eries with a variety of configurations and as a result
shows a wide range of lower and higher cost ULSD pro-
ducers. Some of the refinenies in PADD [II are among the

—

highest as far as the proportion of cracked stocks in the
Tee dstock going to the hydrotreater. Sixty-four percent
of the refineries in PADD IV that are assumed to pro-
duce ULSD in Scenario 4 have estimated costs greater
than 5 cents per gallon compared to 31 percent in PADD
111, 22 percent in PADD II, and 17 percent in PADD 1.

Scenario 1 has the lowest production volume of the four
scenarios but the highest probability that production
volumes of ULSD will at least reach these estimates in
224 Of the 87 refineries in PADDs I-1V that currently
produce highway diesel, only 66 are estimated to pro-
duce ULSD in Scenario 1. Of the 21 refineries that are
estimated to terminate ULSD production in Scenario 1,
the cost of ULSD production ranges from 6 to 13 cents
per gallon.!’’ Two-thirds of these refineries currently
produce less than 10,000 barrels per day of highway die-
sel. PADD IV refineries are disproportionately in the
higher cost range.

Scenario 2 assumes that the number of refineries that
will produce ULSD is the same as in Scenario 1, but that
these refineries will increase production if their competi-
tive position is not greatly affected. Comparing Scenario
3 to Scenario 2, ULSD production is estimated to
increase at nine refineries, and one refinery that cur-
rently produces only non-road distillate product is
assumed to enter the ULSD market. All of these factors
raise the estimated production level in Scenario 3 by
129,000 barrels per day over that in Scenario 2.

The probability of reaching the total volume production
of Scenario 4 is the lowest. In this scenario, refineries
with higher costs of production are assumed to enter the
ULSD market in 2006. The added production volumes in
Scenario 4 come from three types of situations. First,
some refineries are assumed to expand production
beyond the Scenario 3 level if unit costs are only slightly

Table 8. Supply and Demand Estimates in the Reference Casr 2006

(Thousand Barrels per Day)

[ Demand ] Scenario 1 TScenario 2 bcenario 3 l Scenario 4

TotalSupply ... .. ... ... e e e 1.763 1.823 1.952 2.143
Number of Refineries Producing ULSD. . .. ... ... .. ... .. .. .. . ... 66 66 67 74
Differences Between Supply and Demand i

Smatt Refiner Oplion. . . ... ... .. i 2,533 -770 -709 -580 -38¢

Small Refiner and Temporary Compliance Options (Demand A). .. ... 2,026 -264 -203 -74 117

Smatl Refiner and Temporary Comphance Options with imports

(Demand B) ... e 1.946 -184 -123 6 197 .

Highway Use Only, Small Reimer and Temporary Comphance Options -

with Imports (Demand C) .......... O 1.662 100 161 290 481

Highway Use Only, Smal! Refiner and Temporary Compliance Options

1.626 136 197 326 517

with-Higher Imports (Demand D) ........ ... ... ... ...........

Sources: Cosl curve scenarios: Appendix D. Demand estimates: National Energy Modeling Sytem. run DSU7INV.D043C01A.

~ 110The highest estimated costs by region are 9 cents per gallon for PADD 1, 13 cents per gallon for PADD 11, 7 cents per gallon for PADD

1,
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and 12 cents per gallon for PADD IV.
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higher. Second, five of the refineries entering the market
were viewed in Scenario 3 as having too high a cost. The
third and largest portion of additional volume comes
from two refineries that currently are not producers of
highway diesel. All of the additional volume in Scenario
4 comes from refiners with costs of ULSD production
higher than 5 cents per gallon.

Table 8 shows the differences between the demand and
supply estimates. The largest shortfall, which occurs
between Scenario 1 (assuming the most cautious invest-
ment strategy) and the highest demand estimate, is esti-
mated at 770,000 barrels per day. The widest surplus,
517,000 barrels per day, is under Scenario 4 (the most
aggressive investment strategy) and the lowest demand
estimate that also accounts for import availability.
Assuming the mid-term analysis demand estimate,
which is similar to the AEO2001 projection, Scenanos 3
and 4 project sufficient supply.

Some analysts contend that demand could exceed the
estimates in this analysis that assume the temporary
compliance option of 80 percent ULSD production. Most
refiners that invest to produce ULSD will plan to pro-
duce 100 percent ULSD unless they have a market for

the higher sulfur product after 2010. Those producing
100 percent ULSD will generate credits which can then
be sold to those who decide to delay investing to pro-
duce ULSD. Credit trading programs have been success-
ful in the utility industry, but how well credit trading
will work in a less-regulated industry remains unclear.
Refiners may be less than enthusiastic about selling
credits to their competitors that would allow them to sell
product produced at a lower cost in the same market as
ULSD, possibly at a price similar to the price of ULSD.!!
Refiners who wait to invest can also take advantage of
improvements in technology that could help them com-
pete more effectively with those who invested early.
Credits could increase sharply in value if markets were
tight, but they would have less value if supplies were
ample. -

To provide a further range of demand estimates, Tables
9 and 10 show the projections for high and low macro-
economic growth cases along with the supply estimates
from the cost curves. Transportation distillate demand is
projected to increase by 4.0 percent per vear from 1999 to
2006 in the high macroeconomic growth case and by 2.7
percent per year in the low macroeconomic growth case.

Table 9. Supply and Demand Estimates in the High Economic Growth Case, 2006

{Thousand Barrels per Day)

) g Demand | Scenario 1 ! Scenario 2 | Scenario 3 ' Scenario 4
..................... 1.763 823 1oz Z2 2z
.................................... [$1S) e1a € L
2.66% -206 -B4Z -T12 2
2.122 572 37 12T B
2.033 -292 -23 Pt it
................................... 1.73€ 7 a¢ ;14 327
S 1.726 a3 L
- z.rve szzranos: Azpenaix 5. Demanc estimates: Nanonal Snergy Mogehng Sytem. run ~k3221
. Su ply and Demand Estimates in the Low Economic Growth Case. 2006
{Tnousand Barrzals per Day)
i Demand : Scenaric1 Scenario2 Scenaro 3 Scenario 2
1723 - Trli R
44 a7 <7 Tz
2: andt Temporary Compuance Oprans ... ... .. 1.938 35 - 2
22 and Tamporany, Jomeuance Gotons with impons. ... .. 1.878 2z TL z
Oy, Smali Rafing: and Temporary Comphanca Qetions
1802 132 zi: (% 2ot
1.568 1wl Zic 30z ITd

S.oursEs Josicurves scenancs Agparcan O Demand esnmaies: Natonar Energy Mogsing Svisa. un LIS 10 roos

i Many anaiysts contend that the prices of ULSD and 300 ppm diesel will converge m the phase-in period, because most iruchs can e
500 ppimn fuel but only 20 10 23 percent of production will be 300 ppim fuel The higher demand than supphaill tend o push che prce to the
camne level as CLSD The need to purchase credits to sell 300 ppm product will also tend to push up i prce
9278

Energy Intormation Administration / Transition to Ultra-Low-Sulfur Diesel Fue!



s

o~

4

Two additional sets of the four supply scenarios are pro-
vided that vary the hydrotreater capital cost assump-
tions and the return on investment assumption. The
capital costs assumed in the initial set of four scenarios
in this chapter are similar to those used in the EPA anal-
ysis (see Chapter 7 for a comparison of capital cost
assumptions). Because of the uncertainty associated
with the cost of installing distillate hydrotreating capa-
ble of producing diesel fuel containing less than 10 ppm
sulfur, a second set of scenarios was developed assum-

ing capital costs for the hydrotreater units that are about

40 percent higher than the initial set (Figure 7). The
higher capital costs in this scenano reduce the projected
production of ULSD by 25,000 to 55,000 barrels per day
and increase the cost estimates from 0.4 cents per gallon
to 1.0 cents per gallon.

A third set of supply scenarios was developed assuming
a 10-percent required return on iivestment (Figure 8),
rather than 5.2 percent assumed in the initial set of sce-
narios. The higher assumed rate results in a reduction in
production of 40,000 to 66,000 barrels per day across the
four scenarios. The cost estimates increase by 0.8 to 1.2
cents per gallon from the first set of scenarios. Because of

the reduced volumes, estimated production levels in
Scenario 3 fall short of the demand level projected in the
mid-term analysis (Demand B) in both the higher capital
cost and higher required return on investment sensitivi-
ties (Tables 11 and 12).

Balancing Demand and Supply in 2006

These supply curves, along with the demand estimates
for 2006, indicate the possibility of a tight diesel market
when the ULSD Rule is implemented. Supply scenarios
that assume more cautious investrnent indicate mnade-
quate supply compared with the demand levels pro-
jected in the Annual Energy Outlook 2001. Only more
aggressive investment scenantos or lower demand
cenarios show adequate supply to meet estimated
demand. This analysis compares supply and demand at
an aggregate level. Maintaining a balance of supply and
demand across regions and throughout the distnbution
system would be more difficult.

Improvements in supply could result if more refiners
undertook investments to produce ULSD, if capacity
expansions by refiners were greater than anticipated in

Figure 7. ULSD Higher Capital Cost Sensitivity Case Cost Curve Scenarios with 2006 Demand Estimates
Marginal Cost of Production (1999 Dollars per Gallon ULSD)
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ULSD Production (Thousand Barrels per Day)

Demand A: Small Refiner and Temporary Compliance Options

Demand B: Small Refiner and Temporary Compliance Options with Imports

Demand C: Highway Use Only, Small Refiner and Temporary Compliance Options with imports
Demand D: Highway Use Only, Small Refiner and Temporary Compliance Options with Higher Imports

Sources: Cost curve scenarios: Appendix D. Demand estimates: National Energy Modeling Sytem, run DSU7iNV.D043001A.
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this analysis, and/or if more imports were available. On
the demand side, slower growth in the highwav diesel
market than these demand estimates and/or curtailing
of ULSD consumption for non-road uses would also
improve the situation.

If supplies fall short of demand, sharp price increases
could occur to balance supply and demand. That type of
situation could result in a number of responses, some of
which could begin to occur as soon as the price differen-
tial between ULSD and other products started to
widen—possibly even before it became clear that a mar-
ket supply problem existed. Refiners would attempt to
maximize ULSD production. Some additional produc-
tion may be possible by, for example, shifting some
non-road distillate or jet fuel streams into ULSD. This
would be limited, however, because only the lower sul-
fur streams could be used and additional hydrotreating
may be necessary. Imports of jet fuel or other products
could then replace the lost production of those fuels.
Additional imports of ULSD could be forthcoming if
there were large price differentials between markets.

Such responses would require higher costs, however,
because lower cost options would be exercised first.

Sharply higher prices would also curtail demand for die-
sel fuel. Truckers would reduce consumption to the
extent possible and try to pass higher fue! costs to cus-
tomers, who would then look for alternative means to
transport goods.

In 2006, the quantity of fuel actuallv needed for vehicles
requiring ULSD will be much less than the required 80
percent of diesel production. If it becomes apparent that
the supply is inadequate, or that markets are becoming
tight, additional low-sulfur diesel supplies could
become available if the required proportion of ULSD
production were reduced. Allowing more 500 ppm die-
sel into the highway market could alleviate some of the
stress on the market. If the requirement were 70 percent
instead of 80 percent, for example, the demand estimates
shown in Table 8 would be reduced by 217,000 to 253,000
barrels per day, enough to eliminate the shortfalls ind)-
cated except for Demand A in Scenario 1 and the highest

Figure 8. ULSD 10% Return on investment Sensitivity Case Cost Curve Scenarios with 2006 Demand
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Table 11. Supply and Demand Estimates in the Higher Capital Cost Sensitivity Case, 2006

(Thousand Barrels per Day)

l Demandq Scenario 1 ] Scenario ZLScenario 3 LScenario 4

Total Supply ........ e e e e e e e e 1,721 1,782 1,897 2,118
Number of Refineries Producing ULSD. . ...... ... ... ... . ... 61 61 61 72
Differences Between Suppty and Demand
Small Refiner Option. . ... ... ... .. . 2,533 -812 -751 -636 -415
Small Refiner and Temporary Compliance Options . . .............. 2,026 -305 -244 -130 92
Smalt Refiner and Temporary Compliance Options with Imports. . . ... 1,946 -225 -164 -50 172
Highway Use Only, Small Refiner and Temporary Compliance Options
WIth IMPOMS . . . e 1.662 58 119 234 455
Highway Use Only, Small Refiner and Temporary Compliance Options
with Higher Imports. . .. .. ... . ... ... ... . .. .. ... 1,626 94 155 270 491

Sources: Cost curve scenarios: Appendix D. Demand estimates: National Energy Modeiing Sytem, run DSU7INV.D043001A.

Table 12. Supply and Demand Estimates in the 10% Return on Investment Sensitivity Case, 2006

(Thousand Barrels per Day)

I Demand ] Scenario 1 l Scenario ZT Scenario STScenario 4

TOtal SUPPIY - e 1,702 1,760 1,912 2.078
Number of Refineries Producing ULSD. . .. ... ... ... il 61 61 63 71
Differences Between Supply and Demand
SmallRefinerOption. ... .. ... ... . . 2.533 -831 -773 -621 -455
Smail Refiner and Temporary Compliance Options . . ... ........... 2.026 -325 -266 -114 51
Small Refiner and Temporary Compliance Options with Imports. . . . .. 1.946 -245 -186 -34 131
Highway Use Only, Small Refiner and Temporary Compliance Options
WIth IMPOMS . . L 1.662 39 97 249 415
Highway Use Only. Small Refiner and Temporary Compliance Options
with Higherlmports. . ... ... .. .. .. ... .. . ... . ... ... ..... 1.626 75 133 285 451

Sources: Cosl curve scenarios: Appendix D. Demand estimate:s: National Energy Modeling Sytem, run DSU7INV.D043001A.

re

demand estimate across all scenarios. However, a lower
requirement for ULSD production would reduce retail
availability for the vehicles that require ULSD. Other
responses providing greater flexibility, increasing par-
ticipation, and encouraging technological improve-
ments would also help to alleviate supply concerns.!12

Given the variety of responses, it is difficult to know the
magnitude or duration of a possible tight market situa-

_tion. Supply shifts and demand responses would
require time before the effect would be felt. It would take
time for additional imports to enter the market, and
importers would have to believe that prices would
remain high enough for long enough to make it worth-
while to divert supplies from other markets.

Sumfnary '

Whether there will be adequate supply is one of the key
questions raised by the House Committee on Science in
its request for analysis. To assess the supply situation
during the transition to ULSD in 2006, cost curves and
estimates of ULSD supply are developed based on

refinery-specific analysis of investment requirements.
Supply is estimated for four scenarios of investment
behavior, and a range of demand is projected for com-
parison with the supply curves. In addition, two other
sets of supply sensitivities are provided, assuming
higher capital costs and higher required returm on
investment.

Supply scenartos that assume more cautious investment
indicate inadequate supply compared with the demand
levels projected in the Annual Energy Outlook 2001. Only
more aggressive investment scenarios or lower demand
cenarios show adequate supply to meet estimated
demand. The two sets of supply sensitivities show even
lower production estimates than the initial set. This indi-
cates the possibility of a tight market supply situation
when the ULSD Rule takes effect in 2006. While cansid-
erable uncertainty exists in both the supply and demand
estimates, this analysis indicates that even though the
market could see supply meet demand at a cost increase
for production between 5.4 and 7.6 cents per gallon,
there are a number of scenarios in which inadequate
supply of ULSD could result.

H2Ghort-term responses are possible, such as the regulatory response that took place when the 500 ppm diesel fuel requirements came
into effect on October 1, 1993. As a result of localized outages and price spikes, the EPA sent a letter to marketers and major consumers of
diesel fuel granting “enforcement discretion” in cases of extreme diffi :ulty in obtaining supplies, extending through October 22,1993

9279A
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6. Mid-Term Analysis of ULSD Regulations

Assumptions

The National Energy Modeling System (NEMS) was
used to perform petroleum market analysis of the
impact of new requirements for ultra-low-sulfur diesel
fuel (ULSD) from 2007 through 2015. The Petroleum
Market Module (PMM) of NEMS were modified to pro-
duce a ULSD Regulation case. Analysis of the Regula-
tion case focuses on changes relative to a reference case
using the oil price and macroeconomic assumptions of
the Annual Energy Outlook 2001 (AEO2001) reference
case but including some adjustments to provide a more
accurate reflection of the diesel fuel market. The differ-
ences between the reference case for this study and the
AEQ2001 reference case are discussed in Appendix B.

The projected investment costs and average marginal
prices resulting from the NEMS analysis represent the
investment and price levels necessary to meet all
demand requirements under the new ULSD Rule. As
discussed in Chapter 3, some refiners may choose to
. drop out of the highwav diesel market or7even close
down instead of investing for compliance with the Rule.
ULSD supply could be inadequate in the short term if
" enough refineries chose to forgo investment. The NEMS
analvsis does not capture this uncertainty of supply,
because NEMS is a long-run equilibrium model. By defi-
nition, the NEMS analysis projects the level of domestic
production and imports necessarv to meet all demand
requirements. As a result, the NEMS analysis reflects
more aggressive investment behavior than that por-
traved for individual refiners in the short-term analysis.

The NEMS analvsis reflects the “80/20” rule, which
requires the production of 80 percent ULSD and 20 per-
cent 500 ppm highway diesel between June 2006 and
June 2010. and a 100 percent requirement for ULSD after
June 2010. Because each model region acts as a single
unit, the provision of the ULSD Rule allowing small
refiners, which account for about 5 percent of current
highwav diesel production, to delav investment until
fune 2010 is not modeled exphicitly. However, the pro-
duction requirements are adjusted downward by 4 per-
cent to reflect an assumption that most small refiners
will choose to delav investment.!1? .

The requirement for 80 percent ULSD is not phased in
and begins on June 1, 2006. Therefore, the full market
impact of the requirement can be expected to occur at
that time. Because NEMS is an . inual average model,
the full economic impact of the 80/20 riie cz- vt be seer
until 2007. In the same manner, pru;2ctions for 2011 rep-
resent the first full year of 100 percent ULSD compliance.
The results for 2010 reflect a partial year at the 80 percent
requirement and a partial year at the 100 percent
requirement. For the purpose of assessing the market
impacts of the new ULSD requirements, 2007 will be dis-
cussed as the first full year of the 80/20 requirement, and
2011 will be discussed as the 100 percent requirement.

The House Committee on Science requested that, if prac-
tical, the EIA analysis use the same assumptions as those
used by the US. Environmental Protection Agencv
(EPA) in its Regulatory Impact Analysis (RIA). The
assumptions are compared 1n Table 13. The Regulation
case for this studvy 1s based on the following
assumptions:

* Highwayv diesel at the refinerv gate will contuin a
maximum of 7 parts per million (ppm) sultur.
Although sulfur content is limited to 15 ppm at the
pump, there is a general consensus that refineries
will need to produce diesel somewhat below 1C ppm
in order to allow for contamination during the distri-
bution process. The EPA assumed in its RIA that
refineries would produce highway diesel at 7 ppm.

The capital costs for the distillate hvdrotreaters
reflected in NEMS are 51,331 per barrel per day- for a
notional 25,000 barrel per dav unit that processes
low:sulfur feed streams with incidental dearomati-
zation, and $1,849 per barrel per day for a second,
10,000 barrel per day unit that processes higher sul-
fur feed streams with greater aromatics improve-
ment. A range of capital costs from a number of other
studies is provided in Chapter 7. Because of differ-
ences in methodology, the sets of capital costs are not
directly comparable. For instance, the EPA esti-
mated the capital cost for a new distillate hvdro-
treater to range from 51.240 per barrel per dav to
$1.680 per barrel per dav. but those estimates

3, s Regulatory inpact Analvsis, the US. Envir 1 rotection Agency inclu myvestiment by small retineries 10 cost estr-

3y Regulatory | Analvsic. the LS. EnvironmentalProtection Agency included 1 b ]
mates for full comphance but not for the transition period See U.S Environmental Protection Agency. Revtdatoru Dpact Analisis
Heai-Duty Engine and Veluele Standard - and Hichivay Oiesel Fuel sulfur Requarements, EP A420-R-00-0260 (Wastungton. DC. December 206k
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Table 13. Comparison of EIA and EPA Assumptions

Parameter

EPA

EIA

Sensitivity Analyzed

Sulfur Content at Refinery

7 ppm

7 ppm

None

Capital Costs for New Diesel
Hydrotreaters

$1,240-$1,680 per barrel per day®

$1,331-$1,849 per barrel per day®

$1.655-$2,493 per barrel per dayD

Percent of Production from
Revamped Equipment

80 percent

80 percent

66.7 percent

Total Percentage of
Downgraded ULSD

4.4 percent total

4.4 percent total

10 percent total

Revenue Loss Associated with
Downgrade

0.2 to 0.3 cents per gallon for all
highway diesel

0.2 10 0.3 cents per gallon ULSD
based on model results

0.7 cents per gallon ULSD based
on model! results for 10 percent
downgrade

Capital Cost for Distributing 0.7 cents per gallon through 2010 | 0.7 cents per gallon through 2010 | None
Two Highway Diesels
{Excludng Above Revenue
Loss)
Lubricity Additives 0.2 cents per gallon 0.2 cents per galion None
0 percent 0.5 percent 1.8 percent -

Loss of Energy Content

Yieid Loss

1.3 percent yield loss (weight) at a
cost of 0.1 to 0.2 cents per gatlon

Variable model result {about 1.5
percent by volume)

Variable modei result (about 1.5
percent by volume)

Loss of Fuel Efticiency None None 4 percent loss starting in 2010.
phased out by 2015

Change in Non-Road Diesel None None None

Standards

Change in Other Highway None None None

Diesel Properties

Import Availability Not studied Same as reference No imporis

Relurn on Investment

7% before tax

5.2% after tax

10% after tax

(estimated 5.2% after tax)

- The low end of the range is for straight-run distiflate; the high end is for fight cycle oit.
®The tow end of the range is tar units processing low-sutfur feed with incidental dearomatization; the high end is for higher sulfur feeds with greater

aromatics improvement.
Sources: U.S. Environmental Protection Agency. Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel

Fuel Sulfur Requirements. EP A420-8-00-026 (Washington, DC, December 2000). and Energy Information Administration, Office of Integrated Anal-
ySis and Forecasting.

52

are associated with units processing 100 percent
straight-run distillate and 100 percent light cycle oil,
respectively.1'

* Revamping (retrofitting) existing units to produce

ULSD wili be undertaken by refineries representing
80 percent of highway diesel production; the remain-
ing refineries will build new units. Other analyses
have assumed 60 percent revamps and 40 percent
new builds, but the assumption of 80 percent
revamps and 20 percent new units was used in the
EPA’s RIA. The capital cost of a revamp is assumed

to be 50 percent of the cost of new equipment, which

is consistent with the EPA analysis.

The total amount of ULSD downgraded to a lower
value product because of sulfur contamination in the
distribution system is assumed to be 4.4 percent, an
increase of 2.2 percent from the reference case. This
assumption is based on the EPA’s assessment that
2.2 percent of diesel fuel is currently downgraded
and its assumption that the amount of downgrade

will double with the new Rule. This downgrade
assumption is associated with considerable uncer-
tainty, because EPA’s estimate of current down-
grade was not based on a scientific survey. The
EPA’s estimation methodology was based on a sur-
vey by the Association of Oil Pipelines, in which six
respondents provided estimates of the current diesel
fuel downgrade, ranging from 0.2 percent to 10.2
percent.

* The costs associated with ULSD distribution are
based in part on EPA assumptions and in part on
NEMS results. This analysis uses the EPA’s capital
cost estimate of 0.7 cents per gallon for additional
storage tanks to handle ULSD during the transition
period. The capital expenditures are assumed to be
fully amortized during the transition period. The
ULSD Rule is assumed to increase the operating
costs for distribution by 0.2 cents per gallon over the
entire period. In addition, the EPA estimated a reve-
nue loss of 0.2 to 0.3 cents per gallon for all highway
diesel as a result of product downgrades. For this

1144 S Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel
Sulfur Reauirements, EP A420-R-00-026 (Washington, DC, December 2000), Table V.C-9.
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analvsis, the revenue loss estimate is based on NEMS
model results, at 0.3 cents per gallon of ULSD during
the transition period and 0.2 cents per gallon after
2010.

* A cost of 0.2 cents per gallon is assumed for the addi-
tion of lubricity additives, consistent with estimates
by the EPA and with industry analyses. Lubricity
additives are needed to compensate for the reduc-
tion of aromatics and high-molecular-weight hydro-
carbons stripped away by the severe hydrotreating
used in the desuifurization process.

* The energy content of ULSD 1s assumed to declineby
0.5 percent, because undercutting and severe
desulfurization will result in a lighter stream compo-
sition than that for 500 ppm diesel. The EPA’s analy-
sis made no explicit adjustment to the energy content
of diese] fuel but estimated a cost associated with a
1.3-percent (by weight) loss of yield. In the NEMS
analvsis, the yield loss is a variable model result
(generally around 1.5 percent by volume). The
National Petrochemical and Refining Association
(NPRA) quoted a range of 1 to 4 percent energy loss
in comments to the rulemaking docket. NPRA also
estimated a vield loss of 1 to 5 percent.

* In accordance with the EPA’s RIA, changes to engine
after-treatment devices are assumed to result in no
loss of tuel efficiency. Discussions with some engine
and emission control technologv manufacturers
indicated considerable uncertainty about this
assumption.

» No change in the sulfur level of non-road diesel is
assumed. The EPA analvsis of ULSD reflects no
change in non-road standards, although the EPA is
in the process of promulgating “Tier 3” non-road
engine emission limits around 2005 or 2006, which
are expected to be linked to sulfur reduction for
non-road diesel fuel.)'” The level of sulfur reduction
required for Tier 3 vehicles is highly uncertain
because of the diversitv of the non-road market.

* No changes to other highwav diesel specifications,
such as aromatics or cetane, are assumed. Some
refiners anticipate changes to these parameters in the
future because of their relationship to emissions of
particulate matter (PM). The State of California
alreadv limits aromatics to 10 percent by volume,
which is reflected in this analvsis. Proposals for simi-
lar requirements in other States are not included.

» Imports of diesel meeting the new ULSD standard
are assumed to be available to U.S. markets. but the
level of imports relative to the level of product sup-
plied by refineries in the United States is a model
result. Refineries in Canada, Northern Europe, and
the Caribbean Basin (including Venezuela) are
assumed to make upgrades to produce diesel fuel
meeting the 15 ppm sulfur cap for 2006. Canada is
moving forward with plans to harmonize with diesel
regulations in the United States. European refiners
will reduce diesel sulfur to 50 ppm for a new Euro-
pean standard in 2005. Some isolated European pro-
duction of diesel meeting the ULSD standard is
assumed, due to tax incentives for 10 ppm diesel in
some markets.!1® In order to divert ULSD from Euro-
pean markets, prices in the United States would have
to exceed the tax incentives plus shipping costs. In
2000 less than 5 percent of U.S. imports of highway
diesel came from Europe.

In accordance with the EPA’s RIA, the before-tax
rate of return on investment is assumed to be 7 per-
cent. Between 1977 and 1999 the combined before-
tax return on investment for refiners and marketers
averaged 7 percent, which is equivalent to a 5.2
percent after-tax rate.'’” Because NEMS operates on
an after-tax basis, the 3.2-percent rate is used in the
model. Most of the studies compared in Chapter 7
assumed a 10-percent after-tax return on investment.

The Committee indicated that this analysis was to be as
consistent as possible with the assumptions underlving
the EPA's RIA, and that sensitivity analvsis should be
provided for assumptions that diverge significantly
from those in other studies or from expectations of
industry experts.!'® In addition to the Regulation case,
this report provides sensitivity analvses for five assump-
tions associated with a greater uncertaintv, for a Severe
case that combines the assumptions of the five individ-
ual sensitivities, for a No Imports case, and for a 10"
Return on Investment case:

» In the Higher Capital Cost case, the capital cost of the
first notional hvdrotreater is 24 percent higher than
in the Regulation case, and the capital cost of the sec-
ond notional unit is 33 percent higher.}!? '

* In the 2/3 Revamp case, two-thirds of upgrades at
refineries are assumed to be accomplished bv retro-
fitting existing equipment and one-third by con-
struction of new units. With the exception of the

12 S Environmental Protection Agency, Reducing Air Pollition from Nov-road Enines, EP A320-F-00-HS (Washmcton, DC. November

20000 p 3

"!"Germany and the United Kingdom have proposed tax incentives for sales of 10 ppin dresel
17 Based on financial infarmation from Form ELA-28 (Financial Reporting Svsterm)

"IEIA did not assess the validity of these asumptions.

H9The capital costs used in this case are based onrevent work by EnSvs, with revisions based on correspondence with Mr Martin Tallett.

Aprilb 25, 200
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EPA, all other cost analyses for ULSD have used an
assumption of 60 percent revamps and 40 percent
new units. The two-thirds revamp assumption was
developed from EIA’s individual refinery analysis
(see Chapter 5 and Appendix D).

In the 10% Downgrade case, a total of 10 percent of
the 15 ppm diesel is assumed to be downgraded to a
lower value product because of contamination with
higher sulfur products in the distribution system.
Before 2010 the contaminated product is assumed to
be downgraded to 500 ppm highway diesel and does
not result in additional production of 15 ppm high-
way diesel. After 2010, when all highway diesel must
meet the 15 ppm sulfur standard, refineries must

. produce an extra 7.8 percent of highway diesel above
the reference case level, which will be sold as
non-road diesel or heating oil. The EPA assumption
of 4.4 percent total downgrade after the ULSD Rule
takes effect in June 2006 (2.2 percent higher than in
the reference case) is on the low end of downgrade
estiates, which range up to 17.5 percent by Turner
Mason.

In the 4% Efficiency Loss case, manufacturers are
assumed to meet the emissions requirements by
installing after-treatment technology on new vehi-
cles beginning in 2010, resulting in a 4-percent loss of
fuel efficiency. The loss in new vehicle efficiency is
assumed to be fully phased out by 2015 as a result of
technological improvements.!2

In the 1.8% Energy Loss case, a greater loss of energy
- content 1s assumed than in the Regulation case,
which assumed a 0.5-percent loss. The loss of energy
content is associated with more severe undercutting
and desulfurization due to heavier crude oil
inputs.1?!

* The Severe case combines the assumptions of the
four sensitivity cases above. This scenario is more in
line with the assumptions used by alternative stud-
ies related to ULSD than with the EPA’s RIA.

* The No Imports case assumes that no foreign
umports of ULSD will be available. This assumption
is not included in the Severe case because it is consid-
ered to be relatively unlikely. The greatest uncer-
tainty for import availability is likely to occur in the
early years of the program because foreign refiners
may delay investment until the market outlook for

ULSD is more certain. Thus far, only Canada has
announced its intent to align with the final U.S. leve’
and timing for reducing sulfur in highway diese.
fuel.’Z Environment Canada expects to launch a
public consultation process in the next few months
to facilitate the rulemaking, which is similar to the
U.S. ULSD Rule while taking into account issues
unique to the Canadian market.!?3

* The 10% Return on Investment case uses the after-tax
rate of return assumed by most other studies (10 per-
cent), which is higher than the 5.2-percent after-tax
rate used in the Regulation and other sensitivities,
consistent with the EPA’s assumption.

Although the assumption of non-road diesel sulfur con-
tent is also highly uncertain, a sensitivity analysis would
have required significant changes to the model structure
and was not within the scope of this study. Sensitivity
analysis of other diesel properties was also beyond the
scope of the study.

Results

Discussions of all results are framed in terms of changes
from the reference case. In the Regulation case and in all
the sensitivity cases, projections for 2007 reflect the first
full year of the program at 80 percent ULSD and 20 per-
cent 500 ppm highway diesel, and 2011 reflects the firs:
full year of 100 percent ULSD. During the years requir-
ing 80 percent ULSD, the reference case and sensitivity
cases project that the greatest price increase will occur in
2007, because all investment for compliance with the
“80/20" provision of the ULSD Rule must be met by that
time. Similarly, a second peak in marginal prices ts pro-
jected in 2011, because all investment for full compliance
with the Rule must be in place by that time. Year-to-year.
variations in marginal prices can reflect differerices in
levels of demand for diesel and other products, oil price
projections, the economics of domestic production ver-

- sus imports, and other factors.

In the reference case, demand for transportation distil-
late (highway diesel) is projected to increase by 2.5 per-
cent per year from 1999 to 2015. In the Regulation case,
highway diesel demand is projected to grow at a slightly
higher rate of 2.6 percent per year for the same period,
largely due to the 2.2 percent additional (4.4 percent
total) downgrades of highway diesel in the distribution

120This assumption is based on interviews with engine and technology manufacturers. Although this case reflects a scenario in which
losses in efficiency from emission contol are not overcome by new technology, the considerable time available for research and development
may provide government and industry ample time to resolve the fuel efficiency loss issues associated with advanced emission control tech-

nologies.

2iThe National Petrochemical and Refining Association provided data indicating that energy loss may be greater than assumed by the
’A. Letter from Terrence S. Higgins to James M. Kendeli, February 8, 2001.

122pyblic Works and Governinent Services Canada, Canada Gazette, Vol. 135, No. 7 (February 17, 2001), p. 454.

123Maureen Monaghan, Natural Resources Canada, “Canadian Sulfur Standards for Gasoline and Diesel Sulfur,” presentaticn to the

U.S. Department of Energy (March 12, 2001).
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svstem. In other words, the additional downgrades
must be offset by more ULSD production after 2010. The
etfect of downgrades is more pronounced in the 10%
Downgrade case and the Severe case, where highwav
diesel demand is projected to increase by 2.9 percent and

3.1 percent per vear, respectively, from 1999 to 2015.

Regulation Case

In the Regulation case, cumulative investment in distil-
late hydrotreating and hydrogen units is projected to be
$4.2 billion higher than projected in the reference case in
2007 and $6.3 billion higher in 2011, when upgrades for
meeting full compliance with the ULSD Rule will be
complete (Table 14). In the early part of the transition
period, upgrades for making ULSD may be constrained
by specialized workforce and manufacturing limitations
and access to capital, all of which will be in competition

with projects for meeting the requirements for low- -

sulfur gasoline (see Chapter 3). The projected $2.1 billion
in investment between 2007 and 2011 reflects expendi-
tures for meeting expectations of growing demand for
highway diesel, in addition to full compliance with the
Rule. After 2011, incremental upgrades to meet future
distillate demand are projected to continue, resulting in
another $0.5 billion of investment in desulfurization
equipment by 2015.

The Regulation case results in an increase_in the mar-
ginal annual pump price for ULSD of 6.5 to 7.2 cents per
gallon between 2007 and 2011 (Table 15). The peak dif-

. terenhal 1s projected to occur in 2011, when all refiners
“inust produce 100 percent ULSD. The projected differen-
tial declines after 2011, reaching 3.1 cents per gallon in
2015. About 0.7 cents of this decline is the result of no
longer needing to include EPA’s estimate of additional
capital investments for distribution and storage of a sec-
ond highwayv diesel fuel during the transition period. A
drop in capital expenses for distribution systems occurs
after 2010 as a reflection of the EPA’s assumption that
these investments will be fully amortized during the
transition period. The remainder of the drop in the
post-2011 differential occurs because refineries are
expected to have completed the upgrades necessary tor
full compliance, and to be making incremental improve-
ments that will make ULSD production less challenging.
A similar decline in the price differential also occurs in
all the sensitivity cases.

Through 2010, the Regulation case projections for high-
wav diesel consumption exceed the reference case levels
by up to 10.000 barrels per day, which can be attributed
to the assumption of 0.5 percent loss in energy content.
In 2011, the differential in consumption increases to
83.000 barrels per day, due mostly to the downgrade of
2.2 percent of ULSD to lower value non-road markets.

In a refinery. the impact of a change in the makeup or
production level of a product can filter through to other

Energy Information Administration / Transition to Ultra-Low-Sultur Diesel Fuet

Table 14. Variation from Reference Case
Projections of Cumulative Capital
Expenditures for Hydrogen and Distillate
Hydrotreating Units in EIA Sensitivity
Cases, 2007, 2010, and 2015
(Billion 1999 Dollars)

] 2007 | 2000 | 2015

- Analysis Case

Regulation. .. ........ .. 42 6.3 6.8
Higher Capitat Cost. . . . .. 54 7.8 8.8
2'3Revamp. ........... 4.6 6.9 7.6
10% Downgrade . .. .. ... 4.2 6.7 7.3
4% Efficiency Loss . . .. .. 4.2 6.3 6.5
1.8% Energy Loss. .. .. .. 4.2 6.3 6.¢
Severe................ : 5.9 83 10.5
Nolmponts . ........ ... 4.4 6.5 7.0

Source: National Energy Modeling Svstem. rins DSUREF DC430G12
CSU7PPM.DO43001A. CSUTHC.DG43001A CSU7iINV.D043001A
CSUTCG10.D043001A.  CSUTTRN.D043001A. DSUTBTU DO43CC1A
DSU7ALL.DO50101A. and DSUTIMPG.D043001A

products, because it changes the mix of total refinery
production. The ULSD Rule is projected to result in
shightly lower yields of higher sulfur distillate used for
non-road and heating purposes, because its production
is replaced by ULSD that is produced by refineries buit is
downgraded to higher sulfur products in the distribu-
tion system. The availability of the downgraded ULSD
reduces the projected prices for high-sulfur distillate bv
about 1 cent per gallon relative to the reference case. The
analysis revealed no clear trends for other distillate
products as a result of the ULSD Rule.

Higher Capital Cost Case

Because of limited experience in producing diesel con-
taining less than 10 ppm sulfur, the capital costs for
hvdrotreaters able to mass produce ULSD are uncertain.
The Higher Capital Cost case results in refinery invest-
ment for hydrogen and distillate hydrotreating units
totaling S5.4’billion in 2007, which is 51.2 billion above
the Regulation case level. By 2011 the Higher Capital
Cost case'is projected to require S7.8 billion of invest-
ment, $1.5 billion more than in the Regulation case. The
higher investment costs translate to a higher projected
price path for ULSD. Relative to the reference case, price
differentials are projected to range from 7.5 to 7.8 cents
per gallon between 2007 to 2010, peaking at 8.1 cents per
gallon in 2011, the first full vear of full compliance. These
prices are 0.8 cents per gallon higher on average than
those in the Regulation case.

2/3 Revamp Case

The 2/3 Revamp case results in a higher projected price
path for ULSD, with price differentials ranging from 6.9
to 7.6 cents per gallon higher than in the reference case
from 2007 to 2011. Prices are gencrally higher than in the
Regulation case, with the differential between the two

cases atits widest in 2011 at 0.4 cents per gallon. The 2,3
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Revamp case reflects greater reliance on new equipment
than in the Regulation case, resulting in an additional
$600 million of investment for full compliance in 2011.

10% Downgrade Case

The 10% Downgrade case reflects a net downgrade
increase of 7.8 percent over the reference case and 5.6
percent over the Regulation case. Total highway diesel
consumption increases by up to 10,000 barrels per day in
the transition period in both the 10% Downgrade case
and the Regulation case. After 2010, the 10% Downgrade
case results in an additional 289,000 barrels per day of
highway diesel consumption, compared with an addi-
tional 83,000 barrels per day in the Regulation case. The
greatest impact from downgrade: in either the 10%
Downgrade or Regulation case on refiners and consum-
ers occurs after 2011, because until that time the contam-
inated product can be downgraded to 50 ppm highway
diesel with no net increase in highway diesel produc-
tion. Because all highway diesel supplied must meet the
15 ppm sulfur cap in June 2010, ULSD exceeding 15 ppm
sulfur at some point in the distribution system must be
downgraded to non-road markets and must be offset by

additional ULSD production after 2010. This means that
refiners must produce 212,000 barrels per day more
ULSD after 2010 than in the Regulation case, which
translates to an additional $500 miilion of investment by
2015.

Aside from the impacts on ULSD on demand and refin-
ery investment, the 10% Downgrade case has implica-
tions for the economics of pipelines and marketers,
because they incur a revenue loss when a portion of the
ULSD going into the system comes out of the system as a
lower value product. Table 16 shows the costs associated
with ULSD distribution in the Regulation and 10%
Downgrade cases. The capital costs, which are assumed
to be the same in both cases, reflect additional infrastruc-
ture required for carrying a second highway diesel
product during the transition period. The estimate for
capital expenditures was taken from the EPA’s RIA and
is fully amortized over the transition period. The addi-
tional annual diesel fuel distribution costs in the Regula-
tion case differ slightly from the EPA estimates (see
Table 26 in Chapter 7), because different revenue losses
associated with product downgrade are assumed.

Table 15. Variations from Reference Case Projections in the Regulation and Sensitivity Analysis Cases,

2007-2015
. .. 2007-2010 | 2011-2015
Analysis Case 2007 2008 2009 2010 2011 2015 Average Average
Difference Between End-Use Prices of ULSD and 500 ppm Diesel (1999 Cents per Gallon)?
Regutation . .. ......... 7.0 6.7 6.5 6.8 7.2 5.1 6.8 5.4
“Higher Capitat Cost . . . .. 7.8 76 7.5 76 8.1 58 7.6 6.2
2/3Revamp . .......... 7.3 6.9 6.9 71 7.8 5.4 71 5.7
10% Downgrade. .. ... .. 7.4 74 6.8 7.2 91 57 7.2 6.4
4% Efficiency Loss. . . ... 7.0 6.7 6.5 6.9 7.3 5.3 6.8 57
1.8% Energy Loss ... ... 7.3 7.0 6.6 6.9 7.4 5.2 7.0 5.5
Severe ............... 8.8 8.4 8.4 8.6 10.7 6.8 8.6 7.4
Notmports ... ......... 8.6 8.1 7.8 8.0 8.8 6.2 8.1 6.8°
Total Highway Diesel Fuel Consumption (Thousand Barrels per Day)
Regulation . ........... 10 10 8 8 83 85 9 83
Higher Capital Cost ... .. 10 9 8 7 82 83 9 82
2/3Revamp . .......... 10 10 8 8 82 84 9 82
10% Downgrade. ....... 10 10 8 8 289 303 9 295 .
4% Efficiency Loss . . . . . . 10 10 8 19 103 108 12 107
1.8% Energy Loss ...... 41 41 39 47 127 13 42 128
Severe ............... a9 . 40 39 57 355 374 44 - 366
Notmports ............ - 10 9 7 7 81 83 8 81
Total imports of Highway Diesel Fuel (Thousand Barrels per Day)
Regulation ............ -36 a0 -1 0 0 0 -0 0
Higher Capital Cost . .. .. -36 -1 -1 0 0 0 -10 0
23 Revamp ........ ... -36 -1 -1 ] 0 0 -10 0
10% Downgrade. . ... ... -36 -1 -1 0 0 0 -10 0
4% Efficiency Loss. . . ... -36 -1 -1 0 0 0 -10 0
1.8% Energy Loss ... ... -36 -1 -1 0 0 0 -10 0
Severe ... ... _..... -36 -1 -1 0 0 0 -10 0
Nolmports ... ......... -120 -125 -125 -125 -125 -125 -124 -125

“®End-use prices include marginal refinery gate prices, distribution costs. and Federal and State taxes but exclude county and local taxes.
Source: National Energy Modeling Systemn, runs DSUREF.D0430(:1B. DSU7PPM.D043001A, DSU7HC.D043001A, DSU7INV.DO43001A.
DSU7DG10.D043001A, DSU7TRN.D043001A, DSU7BTU.D043001A, ['SUTALL.DO50101A, and DSU7IMP0.D043001A.
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4% Efiiciency Loss Case

The 4% Efficiency Loss case reflects an expectation, by
some engine and emission technology manufacturers,
that emission requirements for new heavy-duty vehicles
in 2010 will be met by installing after-treatment technol-
ogy, which could result in a 4-percent loss of fuel effi-
ciency. Technological improvements are assumed to
fully offset the loss in fuel efficiency of new vehicles by
2015.124 The combined impact of the ULSD requirement
and less efficient new vehicles results in 19,000 barrels
per day of additional highway diesel consumption in
2010 and 107,000 barrels per day in 2011 through 2015.
The introduction of less fuel-efficient vehicles accounts
for 11,000 barrels per day of the additional demand in
2010 and 24,000 barrels per day of demand after 2010.
Refiners are projected to invest an additional $100 mil-
lion dollars through 2015 relative to the Regulation case
to provide for the slightly higher diesel demand.

The additional demand for highway diesel results in
prices that are 5.7 cents per gallon above reference case
prices on average between 2011 and 2015. This differen-
tial 15 0.3 cents higher than when no fuel efficiency loss is
assumed. Owners of vehicles purchased between 2010
and 2015 would see the greatest impact under this case,
because diesel vehicles of that vintage would consume
relativelv more diese} fuel. .

1.8% Energy Loss Case

Pue to changes in refinery processing, ULSD is expected
to have slightly less energy content than 500 ppm diesel.
The 1.8% Energy Loss case reflects a greater loss of
energv content than the Regulation case, which assumes

a 0.5-percent loss per barrel. This case results in an aver-
age increase in ULSD consumption of 42.000 barrels per
dav between 2007 and 2010. Due to the 100 percent
ULSD requirement, the impact of the lower energyv con-
tent is greatest after 2010 when it widens to 128,000 bar-
rels per day. Relative to the Regulation case, the 1.8%
Energy Loss case results in an average of 33,000 barrels
per day of additional demand through 2010 and 45,000
barrels per day after full compliance. This additional
demand does not change refinerv investment patterns
relative to the Regulation ca<~. secau:z it can be pro-
vided through higher utilization rates.

The price differentials from the reference case average
7.0 cents per gallon between 2007 and 2010 ard 5.5 cents
per gallon between 2011 and 2015. In anticipation of
higher demand, refineries are expected to build slightly
more capacity in the transition period than thev would
in the Regulation case. Because of the slightly different
investment pattern, prices in the 1.8% Energy Loss case
are 0.2 cents per gallon higher than in the Regulation
case on average through 2010 and comparable to Regu-
lation case prices after 2010.

Severe Case

In the Severe case, the ULSD requirement in combina-
tion with the five sensitivity assumptions results in an
average of 44,000 barrels per day of additional highway
diesel consumption between 2007 and 2010 and an aver-
age of 366,000 barrels per day of additional demand
between 2011 and 2015. The ULSD regulation by itself
accounts for about 9,000 barrels per day of the additional
consumption through 2010 and about 83,000 barrels
per day after 2010. The combined effect of the five

Table 18. Variations from Reference Case Projections of Fuel Distribution Costs in the Regulation and

10% Downgrade Cases
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assumptions raises demand beyond that in the Regula-
tion case by about 35,000 barrels per day through 2010
and by about 283,000 barrels per day after 2010. The
higher downgrade assumption accounts for about
212,000 barrels of the additional demand after 2010. The
Severe case results in a projected increase in refinery
investments for hydrogen and distillate hydrotreating
totaling $9.3 billion in 2011, $3.0 billion more than in the
Regulation case. Higher demand in the Severe case
results in marginal prices 1.7 to 3.5 cents per gallon
above those in the Regulation case.

No Imports Case

In 1999, 87 percent of all imports of highway diesel went
to PADD I (the East Coast), which is less self-sufficient
than other regions in terms of refinery production. The
East Coast is expected to continue to be the major market
for imported highway diesel; however, a slight reduc-
tion in imports is projected under the ULSD Rule,
because it is more economical for domestic refiners to
provide the last barrel supplied. The No Imports case
assumes that imports of highway diesel fuel are zero
and, therefore, 120,000 to 125,000 barrels per day lower
than projected in the reference case. The lack of imports
means that domestic refineries must produce that much
more ULSD. During the transition years, prices in the No
Imports case are only slightly lower than in the Severe
case, indicating the sensitivity of the market to imports.
The requirement for more production results in mar-
ginal prices 1.1 to 1.6 cents per gallon higher than in the
Regulation case. The higher prices in the No Imports
case result in a slight dampening of demand, by up to
2,000 barrels on average when compared to the Regula-
tion case. When imports of ULSD are not available,
refineries are projected to meet the additional ULSD
requirement by investing an additional $200 million in
desulfurization equipment through 2015, and by reduc-
ing jet fuel production and importing more jet fuel. More
ULSD is also shipped from PADDs {I-1V to PADD { to
compensate for the lack of imports.

10% Return On Investment Case

This case assumes that refiners will realize a higher rate
of return than is assumed in the Regulation case and in
all the other sensitivity cases for this analysis, which
assume a 5.2-percent after-tax return on investment.
Becausc the 10% Return on Investment case must be
compared with an alternative reference case that uses a
consistent rate of return, the projected price differentials
are presented separately from those for the cases that are
compared with the reference case (with a 5.2-percent
after-tax rate (Table 17). The resulting price differentials
'nge from 7.5 to 8.0 cents per gallon between 2007 and
/11 and are 0.9 cents per gallon higher on average than
when the 5.2-percent after-tax rate is assumed. The dif-
ferent return on investment affects the payback of
investmient but does not affect the level of investment.

58 Energy Information Administration / Transition to Ultra-Low-Sulfur Diesel Fuel

Regional Variations in Refining Costs

Differences between regional refinery gate prices in the
analysis cases relative to those in the reference case
reflect variations in the marginal costs of producing
ULSD between regions (Table 18). The cost curve analy-
sis described in Chapter 5 indicates that PADD 1V,
which contains relatively small refineries, can be
expected to be the highest cost region; however, these
costs are obscured by the aggregate model representa-
tion in NEMS. The Petroleum Market Module provides
refining costs for three separate regions: PADD 1 (the
East Coast), PADDs II-IV aggregated (mid-U.S.), and
PADD V (the West Coast). In the transition years of the
Regulation case, regional refining costs {excluding dis-
tribution costs) range from an average of 4.8 cents per
gallon in PADD V to 5.3 cents per gallon in the other
regions, with an average U.5. cost of 5.2 cents per gallon.

The relative patterns of regional costs during the transi-
tion period are similar in all the sensitivity cases, with
PADD I as the highest cost region of the three NEMS
regions, PADD V as the lowest cost region, and PADDs
[I-1V (and the U.S. average) falling in between. The rela-
tively high ULSD production cost in PADD IV is masked
in the mid-term analysis, because PADD 1V is aggre-
gated both with PADD Il and with the largest and lowest
cost refining region, PADD III. Average marginal refin-
ing costs generally are expected to fall by about0.5t0 0.€
cents per gallon after 2011, as refineries make incremen-
tal improvements to meet incremental increases in
demand more efficiently.

Conclusion

The ULSD Rule is projected to require total refinery
investments ranging from $6.3 billion in the Regulation
case to $9.3 billion in the Severe case, resulting in high-
way diesel fuel price increases that range from 6.5 t0 10.7

Table 17. Variations from ARternative Reference
Case Projections in the 10% Return on
investment Case, 2007-2015

Difference Between End-Use Prices
of ULSD and 500 ppm Diesel

Year (1999 Cents per Gallon)®"
2007 .. 7.9
2008................ 7.5
2009.. ... ... L 7.6
2010 ...l 7.7
2001 L 8.0
2015, ... . 57
2007-2010 Average . . . . 7.7
2011-2015 Average . . .. 6.0

2End-use prices include marginal refinery gate prices, distribution
costs. and Federal and State taxes but exclude county and local taxes.

Source: NEMS runs DSUREF10.D043001A and DSU7PPMI10.
D043001A.
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cents per gallon between 2007 and 2011. Because this
analysis is based on results from a long-run equilibrium
model, it does not capture the uncertainty of supply dis-
cussed in Chapter 5. The NEMS analvsis reflects more
aggressive investment than is portraved for individual
refiners in the short-term analvsis. In the Regulation
case, which uses many of the EPA’s assumptions, prices
are projected to increase by 6.5 to 7.2 cents per gallon
between 2007 and 2011. The widest price differen-
tial—10.7 cents per gallon in 2011—is projected in the
Severe case, which is based on assumptions more consis-
tent with industry views. This peak price differential 1s

associated with a requirement for additional ULSD sup-
plies of 272,000 barrels per dav above demand levels in
the Regulation case, of which 206,000 barrels per dayv
results from the 10-percent downgrade assumption.

Because NEMS is a long-run equilibrium modei, it can-
not address short-term supply issues; however, the No
Imports case does provide some implications for short-
tern supply. When no availability ot ULSD grade
imports is assumed, the marginal price of ULSD is pro-
jected to exceed prices reflecting access to imports by
about 1.2 to 1.6 cents per gallon between 2007 and 2011.

Table 18. Variations from Reference Case Projections of ULSD Marginal Refinery Gate Prices by Region in

the Regulation and Sensitivity Analysis Cases. 2007-2015

{1999 Cents per Galion)

Analysis Case and 2007-2010 | 2011-2015 Analysis Case and 2007-2010 2011-2015
Producing Region Average ! Average Producing Region Average Average
Regulation 4% Efficiency Loss . ..
U.S. Average ... ... .. z2 47 U.S. Average . . ... ... 5.2 I
PADC i ... ... ..., 53 48 PADD .. ... .. ... 53 3
PADDs -1V ... ... 5.3 4.8 PARDs H-IV .. ... .. . Sz
PADC V......... ... 48 43 PADDV .. ... ... ... 4.8 s.2
Higher Capital Cost 1.8% Energy Loss
.5 Averags 3.4 2 US. Average ........ sz 4.2
SAZTY 5.2 52 PADD. ... SR iz
Crllsw 2.2 5.2 PADDs -V .. L. 3.2 ST
=2IZ S P PADDV .. .. 2 B 22
Severe..............
27 1.¢ U.S. Average . ... .. e <4
3.0 3.5 PADD . ... ... 7.4 g
€2 2.C FADDs i-iv .. .. ... .. 7 0
Vo 22 4.2 I PADD V... S iz
10°c Downgrade Nolmports . .. ... .. ..
L. fozrags 2 3.2 U.S. Avarags . . . <
=2 z.2 3.4 PAZE . ... ... £z <.
=il 3 53 PACTs NIV ... iz 2
R 22 4.7 PACC V. ... - =
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7. Comparison of Studies
on ULSD Production and Distribution

This chapter compares the methodology and results of
the Energy Information Administration’s (EIA’s) analy-
sis with those from a number of other studies related to
ultra-low-sulfur diesel fuel (ULSD) supply and costs.
Refinery costs and investments are compared with other
estimates from studies by the U.S. Environmental Pro-
tection Agency (EPA), Mathpro, the National Petroleum
Council (NPC), Charles River and Associates and Baker
and O’'Brien (CRA /BOB), EnSys Energy & Systems, Inc.
(EnSys), and Argonne National Laboratory (ANL).
EIA’s estimates of distnibution costs are compared with
estimates from the EPA, ANL, and Turner, Mason and
Company (TMC). A review of an analysis of alternative
markets for diesel fuel components by Muse, Stancil and
Company (MSC) is also provided. All cost estimates in
this chapter have been converted to 1999 dollars.

Analyses of Refining Costs

The refining cost studies reviewed here represent a
range of methodologies and assumptions. An under-
standing of some kev terms is important to differentiat-
ing between the methodologies of the various studies.
The studies were based on two general types of method-
ologies: a linear programming (LP) approach used by
Mathpro, NPC, EnSvs, DOE, and EIA; and a refin-
erv-bv-refinery approach used by CRA, EPA, and EIA.
Within either approach, the studies used different meth-
odologies and made different assumptions that make
them difficult to compare. For instance, two different

tvpes of LP refinerv models were used. The Mathpro
analvsis used an LP model of a “notional refinerv” that
represented an average refinerv in a given region. In
contrast, EnSvs and EIA used refinerv LP models that
represented an aggregate refinery, or all the refineries in
a region acting as one (Tables 19 and 20).

Costs estimated bv the different studies are not easy to
compare, because differences in estimation methodolo-
gies make them conceptually different. Both “average”
~ and “marginal” costs can be based on LP models that

operate as a single firm, or estimated from analvsis of
individual refineries. In general, marginal cost estimates
that represent the cost of the last barrel of required sup-
ply can be seen as estimates of market prices. Much of
the variation in investment and cost estimates reflects
different assumptions about the cost of technologies;
return on investment; the extent to which refiners will
modify existing equipment or build entirelv new
hvdrotreaters; the cost and quantity of additional hydro-
gen required; the extent to which some refineries may
reduce highway diesel production; and the amount of
highway diesel downgraded due to fuel contamination
during distribution.

In EIA’s refinery-by-refinerv analvsis (cost curves), the
increased cost of producing ULSD in 2006 is estimated.to
be between 3.4 and 6.8 cents per gallon. Using the
National Energy Modeling System {NEMS) Petroleum
Market Modulz (PMM), the increased cost of producing
ULSD is estimated to be between 4.7 and 7.3 cents per
gallon from 2007 to 2010 and between 6.5 and 9.2 cents
per gallon in 2011.}>* The estimated additional produc-
tion costs are associated with expected increases in aver-
age marginal price increases at the pump ranging from
6.5 to 8.8 cents per gallon in the transition period and 7.2
to 10.7 cents per gallon in 2011 In the Regulation case,
which uses many of the EPA’s assumptions, prices are
projected to increase bv 65 to 7.2 cents per gallon
between 2007 and 2011. The widest price difterential—
10.7 cents per gallon in 2011—is projected in the Severe
case, which is based on assumptions more consistent
with industry views.

For consistency with the EPA’s analvsis, EIA estimates
are based on a 7-percent before-tax return on invest-
ment, which is estimated to equate to a 3.2-percent
after-tax rate of return.’2® When a 10-percent after-tax
rate of return, which was used in all the other analvses. 15
assumed; the refinerv-bv-refinerv costs are about 0:8 to
1.2 cents per gallon higher than in the Regulation case.
and the NEMS costs are about 0.8 to 1.1 cents per gallon
higher than in the Regulation case.

12590 the NEMS PMM projections, the LS. price 1s the average of the marginal prices in the three madel rogions
l:""Au:cordin;; 1o fimancial mformanon from Ferm EIA28 (Financial Reportig Svatem) retn ers and marketers averaved 4 Topercent

before-tax return on investiment between 1977 and 19499
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Table 19. Methodologies Used To Estimate ULSD Refining Costs

Author Client Date

Mathpro Engine Manufacturers Association October 1999; updated August 2000 | LP, notional refinery
Original study: PADDs I-lll average

cost (aggregated)
Updated study: average cost U.S.
excluding Calitornia
EPA December 2000 Refinery-by refinery analysis,
average cost after credit frading

NPC ’ U.S. Department of Energy June 2000 Adjusted Mathpro's LP results from
original study. average cost

Methodology

CRA/BOB American Petroleum Institute August 2000 Constructed cost curves using
industry interviews. refinery-by-

refinery analysis, marginal cost of

PADDs -t aggregated, PADD 1V,

PADD V. and U.S.

EnSys U.S. Department of Energy August 2000 LP, aggregate PADD Il refinery,
average cost by each quartile ot

production, marginal costs provided

for one scenario

ANL U.S. Department of Energy November 2000 Estimated Weighted average costs
. based on EnSys costs
ElA U.S. House of Representatives, April 2001 (1) LP; aggregalte regional refineries,
Committee on Science PADDs I, 1I-lV aggregate, and V:
marginal cost

(2) Cost curves based on individual
refinery data

Sources: EPA: U.S. Environmental Protection Agency, Regulatory impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Die-
sel Fuel Sulfur Requirements, EPA420-R-00-026 (Washington, DC, December 2000), Chapter V, web site www.epa.gov/otaq/regs/hd2007/rmv/
ria-v.pdf. Mathpro: Mathpro, Inc., Refining Economics of Diesel Fuel Sulfur Standards: Supplemenial Analysis of 15ppm Sulfur Cap (Bethesda. MD.
August 2000), Exhibit 8, Case 11. NPC: National Petroleum Council, U.S. Petroleum Refining: Assuring the Adequacy and Affordability of Cleaner
Fuels (June 2000), Chapter 3. CRA/BOB: Charles River Associates, inc., and Baker and O'Brien, inc., An assessment of the Polental Impacts of
Proposed Environmental Regulations on U.S. Refinery, Supply of Diesel Fuel, CRA No. D02316-00 (August 2000). EnSys: EnSys Energy & Sys-
lems, Inc. Modeling Impacts of Reformulated Diesel Fuel (Fiemington, NJ, August 2000). ANL: M.K. Singh, Analysis of the Cost of a Phase-in of 15
ppm Sulfur Cap on Diesel Fuel, Revised (Argonne, iL: Center for Transporiation Research, Argonne National Laboratory, November 2000). ElA:
Energy Information Administration, Office of Integrated Analysis and Forecasting (Chapters 5 and 6 of this report).

Table 20. Characteristics of ULSD Cost Studies

Based on | Refinery- Year- Multi- Market Supply /
LP by- by- Single Region Average End-Use | Equilibrium | Demand
Study LP Model | Resutts | Refinery Year Period Results Cost Prices Prices Analysis
Mathpro . ............... X X X X
EPA .. ... X 2006, 2010 X X X
NPC. X X ] X
CRA/BOB... ........... X X - X X Short-run X
EnSys ... ... X X X
ANU ..o X 2006-2015 - X X
EIANEMS ... ... ... .. X 2007-2015 X . X Long-run X
EiA Refiner by Relinery . .. X X X X X

3Uses Mathpro results.

®Uses EnSys results.

“Phase-in of 8 percent ULSD 1o 100 percent.

Sources: EPA: U.S. Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and Highway Dresel Fuel Sultur
Reguirements. EPA420-R-00-026 (Washington, DC. December 2000), Chapter V, web site www epa gov/otaq/regs/hd2007/irmvria-v pd!. Mathpro: Mathpro. inc.,
Refining Econormics ot Diesel Fuel Sulfur Standards. Supplemental Analysis of 15ppm Sulfur Cap (Bethesda, MD. August 2000). Exhibrt 8, Case 11. NPC: National Petro-
leum Council. U.S. Petroleurn Refining: Assunng the Adequacy and Affordability of Cleaner Fuels (June 2000). Chapter 3. CRA/BOB: Charles River Associates. Inc.. and
Baker and O'Brien, Inc.. An assessment of the Potential impacts of Proposed Environmental Regulations on U.S. Refinery Supply of Diesel Fuel, CRA No. D02316-00
{August 2000). EnSys: EnSys Energy & Systemns, inc. Modeling Impacts of Reformulated Diesel Fuel {Fiemington, NJ, August 2000). ANL: M K. Singh. Analys:s of ihe
~ast of a Phase-in of 15 ppm Sulfur Cap on Diesel Fuel, Revised (Argonne, IL: Center tor Transportation Research, Argonne Nationat Laboratory. November 2000) EIA

*finery by Refinery: Energy Information Administration. Office of Integrated Analysis and Forecasting (Chapter 5 of this report). ELA NEMS: Nationa! Energy Modeling
ystem. runs DSUREF.D0430018. DSU7PPM.DC43001A, DSU7HC.0043001A. DSU7INV.D043001A, DSU7DG10.D043001A, DSUZTRN.D0430014. DSU7BTU.
D043001A. DSU7ALL.DO50101A, DSU7IMPO.D043001A, DSUREF 10.D043001A. and DSU7PPM10.D043001A.
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EPA Analysis

The EPA analysis was conducted in support of the final
rulemaking published in December 2000.12” The EPA

analvsis used a refining cost spreadsheet that included -

refinery-specific estimates for meeting the new highway
diesel standards and aggregated them to estimate fuel
cost increases at the Petroleum Administration for

Defense District (PADD) and national levels. The costs

of meeting the final ULSD Rule were analyzed without
including possible reductions in non-road diesel sulfur.
The EPA estimated that the ULSD Rule would increase
average national production and distribution costs by
5.4 cents per gailon of 15 ppm dizsel (4.5 cents per gallon
for all highway diesel) during the temporary compli-
ance period (2006 to 2010).12% The total cost after full
compliance in June 2010 was estimated at 5.0 cents per
gallon (Table 21).

The largest component of the costs estimated by the EPA
was increased refining costs (4.1 cents per gallon for 15

- ppm diesel and 3.3 cents per gallon for all highway die-
sel between 2006 and 2010; 4.3 cents per gallon after June
1, 2010). The cost estimate for the compliance period was
adjusted downward to reflect credit trading, assuming
that low-cost refineries trade with high-cost refineries at
the cost of production. Cost estimates for PADD IV were
30 to 40 percent higher than costs in other PADDs. The
refining costs discussed above were based on a 7-percent
before-tax return on investment, but the EPA also pro-
vided costs based on a 6-percent and 10-percent after-tax
rate of return. The cost estimates for a 6-percent after-tax
rate of return were 0.1 cents per gallon higher than the
full compliance cost calculated with the 7-percent
before-tax rate, and the estimates for a 10-percent after-
tax rate were 0.4 cents per gallon higher.!?

In addition to increased refining costs, the EPA esti-
mated that the addition of lubricity additives would cost
approximately 0.2 cents per gallon, and distribution
costs were estimated to add another 1.1 cents per gallon
during the temporary compliance period and 0.5 cents
per gallon after full compliance. '™ The analysis behind
the distribution cost estimates is discussed below .

Increased refining costs were expected to result from
capital investment of $3.9 billion to meet the 2006
requirements and another $1.4 billion to reach full com-
pliance in 2010, for a total investment of $5.3 billion 3!
The EPA estimated that the average refinerv would
spend $43 million doliars in capital expenditures and an
additional $7 million per year in operating costs.

The EPA assumed that, in order to meet the I5 ppm
highway diesel requirement, refiners would need to
produce 7 ppm diesel fuel on average. It was assumed
that 80 percent of diesel refining capacity would meet
the new standards by modifications to existing
hydrotreaters and the other 20 percent by building new
hvdrotreaters. The analvsis included cost estimates
under two scenarios. The first scenario assumed that all
refiners currently producing highway diesel fuel would
continue to do so. The second scenario assumed that
some refiners would increase their production of high-
way diesel while making up for lost production from
refiners that would drop out of the market. The EPA did
not provide analysis assuming a net loss of productien,
but indicated that, with the inclusion of the 80/20 and
small refiner provisions, no supply problems were antic-
ipated. The EPA also performed an analvsis of engineer-
ing and construction requirements and concluded that
these factors should not be a problem due to the tempo-
rary compliance provisions (see Chapter 3 for more
discussion).

Table 21. EPA Estimates of Increased Costs To Meet the 15 ppm nghway Diesel Standard
11902 Cents per Gallon)
! i Additional
] Additional | Lubricity ' Distribution
i Refining l Additive Distribution® Tanks Total Increase
IR i C.2 C- : 54

C.

[IN]
(o]
-
5.
(2%

Y\Jl

N ]
o b

£C

127 5. Environmental Protection Agency, “Control of Air Pollution from New Motor Vehicles: Heavy-Duty Engine and Vehicle Stan-
dards and Highwayv Diesel Fuel Sulfur Control Requirements: Finat Rule,” Federai Reqrster, 40 CFR Parts 69, 80. and 8 (January 18,2001
1227 6tal cost per gallon of 15 ppm diesel is the sun of 4.1 cents per gallon refining cost and 1.1 cent per gallon distribution cost.
1290, Environunental Protection Agency, Requlatory (mpact Analysis: Heavu-Duty Engme and Velucle Stawdards aid Higliieaw Diesel Fued
Sulfur Requirements. EPA420-R-00-026 (Washington, DC, December 2000), Chapter V. p. V-10o.
‘M Distribunion costs include the capital cost of addmonal storage tanks, additional operating costs, vield fosses. product downgrades,

nd testing costs
M s Environmental Protection Agency, Regudutory Impact Analusis: Heazw-Duty Enine aod Veldle Standard< aud Hichioaw Diesel Frel

sulfur Requirements, EP A420-R-00-026 (Washington, DC, December 2000), Chapter V', p V=103, web aite wwi epa gon . o - regs thd 2007
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Mathpro Analysis

In its original study for the Engine Manufacturers Asso-
ciation, Mathpro provided 5 sets of scenarios for 10 dif-
ferent combinations of heavy-duty, non-road, and
light-duty diesel fuel standards. The scenarios were
developed using a linear programming (LP) representa-
tion of a notional refinery in PADDs I through I11.132 The
study was completed in October 1999 and reflected a
range of uncertainty with regard to the eventual sulfur
standard. The target sulfur level for highway diesel in

. the scenarios ranged from 150 ppm to 2 ppm. The sce-

narios also reflected varying assumptions about the ulti-
mate sulfur level of non-road diesel, and about
investment in upgrade (revamp) projects versus new
(grassroots) projects. The scenarios resulted in an aver-
age increase in refining costs ranging from 2.5 to 9.0
cents per gallon for the 150 ppm and 2 ppm sulfur levels,
respectively. The associated investment costs ranged
between $0.8 billion and $3.9 billion for PADDs 1
through 1L

In August 2000, Mathpro updated its analysis using the
15 ppm sulfur standard indicated in the June 2000
Notice of Proposed Rulemaking, assuming that the
requirement would be met by producing diesel fuel with
a pool average of 8 ppm or less.!33 The updated analysis
provided estimates given three different assumptions
about non-road diesel: .

* Non-road diesel at current levels (3,500 ppm). This
assumption most closely resembles the EIA and EPA
T cost analyses.

* Nen-road diesel reduced to 350 ppm

* Non-road diesel reduced to 15 ppm.
For each of the non-road sulfur assumptions, the
updated analysis provided five scenarios based on dif-

ferent investment and operating approaches by
refineries:

« No Retrofitting-Inflexible, which requires only new
unit investment

¢ No Retrofitting-Flexible, which requires only new
unit investment but allows some flexibility in
hydrocracking and jet fuel production

* Retrofitting-De-rate /Parallel, which allows modifi-
cation of the existing desulfurization unit and build-
ing a parallel unit

* Retrofitting-Series, which allows expansion of the
existing desulfurization unit b debcttlenecking and
adds a new unit in series

» Economies of Scale, which is simiiar to Retro-
fitting-Series but allows further economies of scale
through inter-refinery processing arrangernents.

The estimated increase in national average refining costs
(excluding California) ranged between 4.0 and 7.6 cents
per gallon and was associated with total investment
costs between $1.8 billion and $3.3 billion {1999 dollars)
over all of the non-road sulfur assumptions. Costs
ranged from 4.5 to 7.1 cents per gallon and investments
from $3.0 to $6.0 billion for the scenarios assuming cur-
rent sulfur levels for non-road diesel (Table 22). The

- analysis assumed a 10-percent after-tax rate of return on

investment. The scenarios with non-road diesel at 3,500
ppm were most similar to the EIA, EPA, and DOE analv-
ses, and the scenario with non-road diesel at 350 ppm
was more consistent with the CRA /BOB analysis. When
non-road diesel was held at 3,500 ppm, the average cost
of producing highway diesel increased by 7.1 cents per
gallon in the No Retrofitting-Flexible case and by 4.5
cents per gallon in the Economies of Scale case.

Although the investment costs estimated by Mathpro
were at least $195 million dollars higher when the sulfur
limit for non-road diesel was assumed to decline to
350 ppm, the average costs were between 0.2 and 12
cents per gallon lower than in the scenarios assuming

Table 22. Mathpro Estimates of the Costs of Producing 15 ppm Highway Diesel, with Non-Road Diesel at

3,500 ppm Sulfur

No Retrofit: No Retrofit: Retrofit: Retrofit: Economies of
Flexible inflexible Flexible De-rate Series Scale
Total Average U.S. Cost? ’
(1999 Cents per Gallon). .. .. ....... 6.8 7.1 6.7 4.6 4.5
Investment
(Million 1999 Dollars) . .. ....... T 5.950 5.900 5.370 3.330 3.040

2 xcludes Calitomia.
Note: Costs have been converted to 1999 dollars from the 2000 dollars reported by Mathpra.
Source: Mathpro. Inc., Refining Economics of Diesel Fuel Sulfur Standards: Supplemental Analysis of 15ppm Sulfur Cap (Bethesda, MD, Augus!

2000), Exhibit 8.

132 Mathpro, Inc., Refining Economics of Diese! Fuel Sulfur Standards: Supplemental Analysis of 15ppm Sulfur Cap (Bethesda, MD, August

2000).
133M3!hpro, Inc., Refining Economics of Diesel Fuel Sulfur Standards: Supplemental Analysis of 15ppm Sulfur Cap (Bethesda, MD, August

| 9286A

64 Energy Information Administration / Transition to Uitra-Low-Sulfur Diesel Fue!



3,500 ppm non-road diesel. The lower average costs
were the result of spreading the investinents over a
larger volume of product. The scenarios with non-road
diesel sulfur capped at 15 ppm required the most invest-
ment and led to the highest costs. Relative to the 3,500
ppm non-road scenarios, the 15 ppm non-road scenarios
required at least $1 billion more investment and resulted
in average costs between 0.1 and 0.8 cents per gallon
higher.

NPC Analysis

In its report, U.S. Petroleum Refining: Assuring the Ade-
quacy and Affordability of Cleaner Fuels, the NPC included
estimates of meeting a 30 ppm sulfur standard.!3* The
estimates were based on the 30 ppm scenarios included
in Mathpro’s original report for the Engine Manufac-
turers Association in October 1999. The NPC combined
the cost estimates from the “no retrofitting-inflexibility”
and the “retrofitting-series” cases assuming that at 30
ppm. most refiners would retrofit. The NPC also made
adjustments to the Mathpro estimates to reflect alterna-
tive assumptions of refinerv economics. NPC adjusted
the vendor-supplied estimates used in the Mathpro
model upward by a factor of 1.2 for investments and a
factor of 1.15 for hvdrogen consumption and other oper-
ating expenses. The vendor data were adjusted to
account for a perceived tendency of vendors to quote
overly optimistic cost and performance information.
The NPC analysis estimated industry investment costs
at S4.1 billion at a cost of 5.9 cents per gallon (1999 dol-
fars) and assumed 30 percent revamped and 50 percent
new units. The studyv indicated that a sulfur standard
below 30 ppm would require greater reliance on new
units, as opposed to retrofits, resulting in considerably
higher investments.

The NPC analvsis included a discussion of limitations
on engineering and construction resources and, in con-
trast with the EPA analvsis, concluded that the overlap
with gasoline sulfur projects would result in delays in
meeting the diesel standards. The study suggested that
highwav diesel supplv shortfalls might occur if the stan-
dard were required before 2007 and that even more time
would be required to meet a standard below 30 ppm.

M\ ational Petroleum CdLnncil Uu.S. Petroleum Reﬁui:)q Assuning the Adequacy and A{fordubihlu of Cleaner Fuels (fune 20004, Chapter 3

{(See Chapter 3 of this report for more detail on engineer-
ing and construction.)

CRA/BOB Analysis

In a study for the American Petroleum Institute,
CRA/BOB developed refinery-specific cost estimates
for every US. refinery, using the Prism refinery
model.13" The estimates and a survey of refiners inten-
tions were used to construct a marginal cost curve that
was used in an equilibrium supply and demand analy-
sis. The initial supply and demand assumptions were
from ElA’s Annual Energy Outlook 2000. The supply
curve was shifted according to the marginal cost analy-
sis, and the demand curve was shifted based on an elas-
ticity assumption. In contrast to all but the EIA offline
analysis, the CRA /BOB study provided an analysis of a
short-term supply and cost outlook.

The analysis projected a reduction in highway diesel
production of 320,000 barrels per day, resulting in a sup-
ply shortfall. The EPA has estimated that 75 percent of
the shortfall estimated by CRA /BOB resulted from the
underlying assumption that an additional 10 percent of
the highway diesel produced would be downgraded
because of product degradation from distribution and
storage.}3¢ In contrast, EIA and the EPA assumed an
additional 2.2 percent of downgraded product. and
TMC estimated that a total of 17.5 percent of ULSD
would be downgraded.!3” The estimated increase in
average refining cost was 6.7 cents per gallon to produce
ULSD from 500 ppm diesel. The-estimated increase in
the marginal price of ULSD needed to balance suppiv
and demand was between 14.7 and 48.9 cents per gallon,
depending on the availability of imports.

The CRA/BOB analvsis assumed that, in order to meet
the 15 ppm standard, refiners would produce highway
diesel at an average of 7 ppm.'™ The analvsis also
assumed that non-road diesel would be reduced to 330
ppm and jet fuel and heating oil sulfur would remain at
1999 levels. The cost estimates reflected an assumption
that 40 percent of ULSD would be produced from new
desulfurization units and 60 percent from revamped
units, and that the return on investment would be 10
percent.

A

v e<tmem and cost estimates have been converted to 1999 dollarc trom 1998 dollars reported by \NPC.
Charle< River Associates, lnc. and Baker and O'Brien, lnc Anrassessatent of the Potentwl Impacts of Proposed Enzironmentai Re vrlafions

ain U.5 Refuery Supply of Diesel Fuel. CRA No. D02316-00 (August 2000).

13nL S Environmental Protection Agency. Regudatory tmpact Analysis: Heavy-Ditu Engine and Velucle Standands wid Hughticuu Diesel Fuel
CSuldfur Requurements, EPA420-R-00-026 (Washington, DC, Detember 2000). Chapter V. web site www epa.gon otaqsregs -hd 2007

inm /ria-v. pdf.

13 Tumer, Vason & Company. Costs/impacts of Distributing Potentwl Ultra Lase sulfur Diesel (Dallas, TX, February 2000, Reesedd sigmle-

ment (Augast 20001

”"Telephone conversation with Rav Ory of Baker and O'Brien. lanuary 23, 2001
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?EnSys Analysis

EnSys provided a set of cost estimates to the U.S. Depart-
ment of Energy’s Office of Policy, using an LP model
that represents PADD III refiners in the aggregate.!®
The estimates reflected a 10-percent return on invest-
ment. Unlike the previously discussed studies, EnSys
did not make an assumption of how many refiners
would revamp units and how many would build new
desulfurization units, but instead provided cost esti-
mates for a refinery using revamps and cost estimates
for a refinery building new units. The scenarios were
also based on two sets of technologies: a conservative
technology set and an optimistic technology set. In order
to model a phase-in of the highway diesel standard, a
series of cases were run assuming different percentages
of highway diesel required to meet the new standard.

EnSys developed the scenarios discussed above for the
production of highway diesel at various sulfur levels,
ranging from 8 ppm to 30 ppm. The results of the 10 ppm
scenarios are the focus of this discussion, because they
were highlighted in the EnSys report and were provided
in a more uniform manner. In general, the scenarios with
diesel sulfur at 8 ppm were about 0.5 cent above the 10
ppm estimates. The average incremental cost estimates
for producing 10 ppm diesel ranged from 4.4 to 6.0 cents
per gallon for the first 50 percent of highway diesel pro-
duced at 10 ppm, 6.0 to 7.9 cents for the next 25 percent,
and 7.6 to 10.1 cents per gallon for the final 25 percent
of production. The lower estimate assumed that the
product was produced by 100 percent revamped units;
the higher estimate assumed 100 percent new units.

The cases assumed that 25, 50, 75, and 100 percent of
highway diesel would be required to meet the 10 ppm
standard, while non-road diesel was capped at 360 ppm.
The 360 ppm assumption was negated by the fact that
the cases were compared with a reference case that also
assumed 360 ppm non-road diesel. Sensitivities of
reaching 360 ppm for non-road diesel were performed
with other assumptions varied. Cases that assumed 100
percent highway diesel at 10 ppm and non-road and
heating oil at 360 ppm resulted in average costs that
were between 1.6 cents per gallon and 2.1 cents per gal-
lon higher than in the cases assuming non-road diesel
and heating oil at current sulfur levels.

The EnSys analysis also included marginal cost esti-
mates for producing 10 ppm diesel with base technology
and no revamp (all new units). The marginal cost of pro-
duction was 6.6 cents per gallon for the first 25 percent of

production, 7.2 cents per gallon for the first 50 percent,
7.7 cents per gallon for the first 75 percent, 9.2 cents pe

gallon for the full phase-in, and 10.7 cents per gallon for
an all-at-once approach. The highway diesel volumes
produced did not reflect additional production for
downgraded product.

ANL Analysis

ANL provided an analysis of total incremental refining
and distribution costs for seven different phase-in sce-
narios to the US. Department of Energy (DOE) in
August 2000 and updated the estimates in November
2000 based on EPA comments.!® The most recent ANL
estimates were based on average incremental produc-
tion cost estimates from the EnSys 10 ppm production
scenarios and distribution cost estimates for 15 ppm die-
sel extrapolated from TMC estimates for 5 ppm and 50
ppm diesel.

The ANL analysis used average per-gallon production
cost estimates taken as the weighted average of the
incremental cost for each quartile of highway diesel pro-

duction, provided by EnSys. The scenarios had three

parameters: the type of technology, the mix of new units
versus modified units, and the percent of diesel produtc-
tion required to be 10 ppm. EnSys estimated costs for
production under two different investment scenarios:
all revamped equipment and all new units. For each
investment scenario, EnSys provided cost estimates for
both a base technology and an optimistic technology
assumption.

The ANL analysis also provided cost estimates for 60
percent revamp/40 percent no revamp given both base
and optimistic technology assumptions, by blending the
EnSys “all revamp” and “all new” scenarios.!*! The
average estimated cost (undiscounted) of producing the
first 25 percent ranged from 4.2 to 6.0 cents per gallon;
the first 50 percent, 4.0 to 6.0 cents per gallon; the first 75
percent, 4.2 to 6.6 cents per gallon; for 100 percent after
phase-in, 4.7 to 7.5 cents per gallon; and for 100 percent
all-at-once, 6.0 to 8.1 cents per gallon.’2 Marginal costs
were provided by an additional scenario resulting in a
marginal cost of 6.6 cents per gallon for the first 25 per-
cent of production, 9.2 cents per gallon for a full
phase-in, and 10.7 cents per gallon if the production is
required all at once. ANL developed phase-in cost series
for the seven scenarios by interpolating between the cost
estimates for the different levels of production men-
tioned above.

139EnSys Energy & Systems, inc, Modeling Impacts of Reformulated Diesel Fuel (Flemington, NJ, August 2000).
130M.K. Singh, Analysis of the Cost of a Phase-in of 15 ppm Sulfur Cap on Diesel Fuel, Revised (Argonne, IL: Center for Transportation

“esearch, Argonne National Laboratory, November 2000).

MIMK. Singh, Analysis of the Cost of @ Phase-in of 15 ppm Sulfur Cap on Diesel Fuel, Revised (Argonne, IL: Center for Transportation

.esearch, Argonne National Laboratory, November 2000), Appendix A.

MZpm k. Singh, Analysis of the Cost of a Phase-in of 15 ppm Sulfur Cap on Diesel Fuel, Revised (Argonne, IL: Center for Transportation

Research, Argonne National Laboratory, November 2000}, Table 1.
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Each of the phase-in cost series provided by ANL
was assoclated with a set of distribution costs, which
varied slightly in the seven scenarios. The distribution
cost analvsis for 15 ppm highwayv diesel fuel was extrap-
olated from TMC (early) estimates for distributing
5 ppm and 50 ppm diesel.'43 The costs included capital.
investment for the distribution and refueling system and
for product downgrade. Distribution costs were pro-
vided for various levels of phase-in between 5 and 100
percent of the highway diesel market. The level of
phase-in most consistent with the 80 percent required by
the ULSD Rule for the initial years of the program was a
supply of 83 percent of highway diesel, which was asso-
ciated with undiscounted distribution costs between 1.5
and 2.2 cents per gallon. The costs associated with 100
percent of highwayv diesel at 15 ppm ranged between 1.2
and 2.1 cents per gallon.!#

The ANL analysis concluded that, depending on the
case and the stage of phase-in, the total incremental costs
of a phase-in would range from 6.1 to 11.2 cents per gal-
lon, compared to a range of 7.1 to 12.7 cents per gallon
for an all-at-once strategy. Estimates of total (un-
discounted) costs to consumers for the various phase-in
scenarios ranged from $152 to $25.4 billion ($10.1 to
$17.3 billion net present value). Higher expenditures
were estimated for an all-at-once strategy, with expected
costs totaling $30.4 to $52.8 billion (§22.3 to $38.6 billion
net present value). The relativelv lower distribution
costs under a phase-in approach were translated into an
estimated savings of 514.2 to $27 4 billion.

Summary of Investment Estimates

EPA estimated that, in order to meet the requirements of
the ULSD Rule, the industry would invest a total of 55.3
billion. In comparnison, DOE (by ANL) estimated
between $8.1 and $13.2 billion of investment for ULSD,
Mathpro estimated a range of $3.0 to 56.0 billion. CRA
estimated $7.7 billion, and NPC estimated $4.1 billion to
meet a 30 ppm standard and substantially higher but
undefined amount to provide 15 ppm diesel (Tables 23
and 24). Because production of diesel in the appropriate
sulfur range has been very limited, analysis of costs of
the ULSD Rule depend heavily on vendor estimates and
several critical assumptions, including refinery configu-
ration, size, and crude oil inputs; the ratio of retrofitted
units to new units; and the relative cost of retroflts ver-
Sus new units.

The studies discussed above used different methodolo-
gies, economic approaches, levels of regional and
annual detail, and assumptions (see Table 20). Many
were completed before the Final Rule was issued and do
not reflect the provisions for small refineries or the
80/20 rule. In addition, the studies were based on
different assumptions about investment behavior and
costs and the level of diesel demand. The capital invest-
ment estimates are difficult to compare not only because
of their different methodologies and assumptions but
also because their investment estimates reflect slightly
different things. For instance, the EPA estimated the
capital cost for a new distillate hvdrotreater to range

Table 23. Comparison of ULSD Production Cost Estimates: Individual Refinery Representation

| CostChange Refinery Capitai

]
Sulfur Percentage of (1999 Cents per ; ! Investment
i Level Highway Diesel Gallon of \ © (Bithor 1995
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- H =3 [} z ~ -
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”;Tumer, Mason & Company, Costs/impacts of Drstributuag Polential Ulira Loie Sulfur Diesel tDallas, Tx, Februanm: 2000)
vk sSingh. Aualysts of the Cost of a Phase-un of 15 pym Sulfur Cap on Dicsel Fuel, Revised (Arconne, L Center tor Transportaton

Rescarch, Argonne Natwonal Laborator}:, November 2000}, Appendix C
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from $1,240 per barrel per day to $1,680 per barrel per
day, whereas those in EIA’s refinery-by-refinery analy-
sis ranged from $1,043 to 51,807, and in EIA’s NEMS
Regulation case they were $1,331 to $1,849 per barrel per
day (Table 25).

The sets of capital costs used in the EIA and EPA analy-
ses are not directly comparable. The lower-bound of

unit processing entirely coker distillate. The capital costs
for individual refineries in the EPA analysis vary acros

this range, depending on the assumptions about propor-
tions of straight-run distillate, coker distillate, and light
cycle oil processed at each refinery and the size of the
hydrotreater unit. The capital cost range for EIA’s refin-
ery-by-refinery analysis also varies for the quality of the
feedstock and size of each unit. EIA’s short-term analy-

sis reflects actual data about the quality of crude oil and
feed streams at individual refineries. In contrast, EIA’s
mid-term NEMS analysis does not use refinery-specific
information about feed steams but aggragates feed and
crude quality information at a regional level.

EPA’s capital costs represents a 25,000 barrel per day
hydrotreater processing 100 percent straight-run
feedstock, and the upper-bound reflects the same unit
processing 100 percent light cycle oil. The EPA’s upper
and lower bound costs encompass a third estimate for a

Tabie 24. Comparison of ULSD Production Cost Estimates: LP Model or Based on LP Results

Refinery Capital
Sultur Percent of Cost Change Investment
Level Highway Diesel | (19399 Cents per {Biltion 1999
Study (ppm) That is ULSD Gallon of ULSD) Cost Basis Dollars)
Mathpro (August 2000) 8 100 45712 Average U.S. 3.0-6.02
NPC (June 2000) 30 100 59 Average PADODs I-lit 41
EnSys (August 2000). 10° 50 4.4-6.0° Average PADD Hi
first 50 percent of production at 10 ppm :
EnSys (August 2000). 10P 75 6.0-7.9° Average incremental
next 25 percent of production at 10 ppm cost of next 25%
. PADD I
EnSys (August 2000), 10P 100 7.6-10.1° Average incremental
final 25 percent of production at 10 ppm cost of final 25%
PADD 1Nl
EnSys {August 2000), : 10° 25-100 6.6-10.7% Marginal PADD !
25% 10 100%
ANL {November 2000). 10 50 4.0-6.0° Average PADD !l
up to 50% of production at 10 ppm
'ANL {November 2000). 10 75 4.2-6.6° Average PADD il
75% of production at 10 ppm
ANL (November 2000). 10 100 4.7-7.5° Average PADD Il 8.1-13.2 (August
100% of production at 10 ppm 2000 estimate)®
ANL (November 2000). 10 100 6.0-8.1€ Average PADD lil
100% of production at 10 ppm,
all-at-once
ANL (November 2000). 10 25-100 6.6-9.2¢ Marginal PADD il
25% 10 100%
EIA (NEMS, 2007-2010) : 7 76’ 47-7.3% Marginal, 425.9
U.S. average through 2007
EIA (NEMS. 2011) 7 100 6.5-9.29 Marginat, 6.3-9.3
U.S. average through 2011

@Non-road 3500 ppm.
PReflects assumption of 360 ppm non-road diesel but the costimpact is negated because it is compared with a reference case with non-road diesel
at the same sulfur level.
°The higher end of the cosl range reflects base technology while the lower end reflects more optimistic technology.
Margmal costs at 25 percent and 100 percent 10 ppm production with base technology and all new units.
€U.S. Depariment.ot Energy, “Comments of the Department of Energy on the Environmenta! Protection Agency’s May 16, 2000 Notice of Pro-
posed Rulemaking on Heavy-Duty Engine and Vehicle Emission Standards and Highway Diesel Fuel Sultur Controt” (Washington, DC, September
2000), Enclosure 1.
Small refiners accounting for 5 percent of production are eligible for the smail refinery provision, but only 4 percent of production is assumed to be
delayed.
SAverage refinery gate price for individual years.
Sources: Mathpro: Mathpro, Inc., Refining Economics of Diesel Fuel Sulfur Standards: Supplemental Analysis of 15ppm Sulfur Cap (Bethesda.
1D: August 2000). NPC: National Petroleum Council, U.S. Petroleum Refining: Assuring the Adequacy and Affordability of Cleaner Fuels {June
00). EnSys: EnSys Energy & Systems, Inc, Modeling Impacts of Reformulated Digsel Fuel (Flemington, NJ, August 2000). ANL: M.K. Singh, Anal-
is of the Cost of a Phase-in of 15 ppm Sulfur Cap on Diesel Fuel. Revised (Argonne, IL: Center for Transportation Research, Argonne National Lab-
oratory. November 2000). EIA: National Energy Modeling System, runs DSUREF.D043001B, DSU7PPM.D043001A, DSU7HC.D043001A,
DSU7INV.D043001A, DSU7DG10.D043001A, DSU7TRN.D043001A, DSU7BTU.D043001A, DSU7ALL.DOS0101A. DSU7IMPO.DO43001A.

DSUREF10.D043001A, and DSU7PPM10.D043001A.
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The lower end cost in EIA's NEMS analysis reflects a
notional unit that processes low-sulfur feed with inci-
dental dearomatization, while the higher end cost
reflects a different notional unit that processes higher
sulfur feed with greater aromatics improvement. EIA
also provided sensitivity analysis using higher capital
cost assumptions for both the refinery-by-refinery and
NEMS analyses. The Higher Capital Cost sensitivity
case for EIA’s refinery-by-refinery analysis is based on
capital costs that are about 40 percent higher than those
in the initial analysis. Both sets of capital costs were
developed by the National Energy Technology Labora-
tory, in conjunction with Mr. John Hackworth, energy
consultant. The capital costs used in the NEMS Higher
Capital Cost case were provided by recent work from
EnSys and are 24 percent higher for the first notional
unit and 33 percent higher for the second notional unit,
relative to the Regulation case.

The EPA analysis was based on estimates from two tech-
nology vendors, providing costs based on retrofits and
new units.}4* EPA assumed that 80 percent of ULSD will
be produced from diesel hvdrotreaters that are
revamped at a cost of $40 million each. These estimates
reflected an assumption that new units would cost twice
as much as revamps. The net result was an estimated
average cost of $50 million per refinery, which equates

Table 25. Comparison of Key Hydrotreator Investment Assumptions for Various Refinery Modeis

to a little more than 4 cents per gallon of highwav diesel
on average.

The NPC analysis did not estimate costs for producing
diesel with less than 10 ppm sulfur but indicated that
even a 30 ppm sulfur standard would require reactor
pressures in the range of 1,100 to 1,200 psi, which is weli
above the vendor estimates used by the EPA 1% The
NPC characterized vendor estimates as inherently
over-optimistic;'7 however, several new technologies
are under development that mayv reduce costs (see
Chapter 3).

The ANL estimates blended the EnSys 100 percent new
and 100 percent revamp refinery analysis, based on the
assumption that 60 percent of ULSD would be produced
from revamped units that cost an average of $40 million
per unit, and the other 40 percent would come from new
units at an average cost of $80 million per unit. Instead
of making an assumption about the split between
revamped and new units, Mathpro developed scenarios
for different types of choices. Assuming no change in the
non-road diesel standards, Mathpro estimated that the
total investment cost would range from 6.0 bilhon f
refineries required all new units with minimum operat-
ing flexibility to $3.0 billion if all refineries were retrofit-
ted and economues of scale from trading were reahized.
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Hav k Singh, Analysis of the Cost of @ Phase-ut of 15 ppmt Sulfur Cap on Diesel Fuel, Revised {Argonne. 1L Center 1or Transportation

Research. Argonne National Laboratory, November 2000), p. 132.

Ho N anonal Petroleum Council, U5 Petroleun Refunng Assuring the Adeguacy and Affordabadity of Cleasier Trels (June 20000, P
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The EIA NEMS analysis produced estimates for the
refinery capital investment required to comply with the
ULSD Rule for 2007 and 2010. The cumulative refinery
capital investment estimated through 2007 ranged
between $4.2 billion and $5.9 billion. The NEMS analysis
produced an estimate of refinery capital investment
between $6.3 billion and $9.3 billion through 2011.

Distribution Cost Analyses

EPA, ANL, and TMC have published estimates of distri-
bution costs given different assumptions about the
phase-in requirements for highway diesel. In general,
the cost estimates for distributing a smaller percentage
of 15 ppm fuel were higher than estimates assuming that
100 percent of the highway diesel market would be at 15
ppm, because a phase-in approach requires the distribu-
tion system to handle an extra product (Table 26).

Distribution cost estimates from the EPA, ANL, and
TMC analyses included the capital incurred in the distn-
bution and refueling system, as well as costs resulting

from downgraded product. The EPA estimated that dis-
tribution costs would increase by 1.1 cents per gallor
during the temporary compliance period, with 0.4 cents
of the cost associated with the distribution and energy
loss of the ULSD relative to 500 ppm diesel and 0.7 cents
associated with capital expenses for handling two
grades of highway diesel. EPA assumed that the capital
costs would be fully amortized during the transition
period (by 2010), and that revenue losses from product
downgrade and other operating costs would increase
distribution costs by 0.5 cents per galion.

EIA’s NEMS analysis assumea e EPAs est'inaved cap-
ital costs of 0.7 cents per gallon an:i portions of EPA’s
other distribution costs, including operatir:g, transmix,
and testing costs, which totaled 0.2 cents per gallon. EIA
estimated the cost associated with the revenue lossof the
downgraded product at 0.3 cents per gallon through
2010 and 0.2 cents per gallon after 2010 (see Chapter 6).
The EIA revenue loss estimates were based on model
results. A higher revenue loss estimate of 0.7 cents per
gallon for all years was associated with EIA’s 10%
Downgrade sensitivity case, because more of the ULSD

Table 26. Comparison of ULSD Distribution Cost Estimates and Assumptions

Sulfur Level Distribution Cost Change investment Downgrade
Study {(ppm) Year (1999 Cents per Gallon) (Billion 1999 Dollars) Estimates
™C 5 7 al 5% 0.215 10.0%
- 4.1 at 20% 1.05 12.0%
1.5 a1 100% 1.08 19.5%
T™™C 15 6.9 at 5% 0.215 9.5%
B 4.1 at20% 1.05 11.0%
' 1.4 at 100% 1.08 17.5%
T™C 50 Costs 15% to 35% less than 8.0%
5 ppm cosls 10.0%
13.5%
ANL 15 6.2 at 5% 50% of terminals Same as TMC 5 ppm
1.6-2.2 at 74%-100% reconfigure split between tand 50 ppm
1.2-2.1 ali-at-once new tankage at $1 million
Costs are undiscounted and per terminal and modified
include refueling costs tankage at $100.000 per
terminal
EPA {temporary compliance) 15 2006-2010 1.1 0.5 4.4%
EPA (fult compliance) 15 Post-2010 0.5 0.3 4.4%
CRA/BOB 15 10.0% above current
ElA Regulation Case 15 2007-2010 1.2 4.4%
(termporary compliance) .
EiA Regulation Case 15 Post- 2010 04 4.4%
(100% ULSD) - ’
" EIA 10% Downgrade Case 15 | 2007-2010 16 10%
{temporary compliance)
E1A 10% Downgrade Case 15 Post- 2010 0.9 10%
{100% ULSD)

Sources: Sources: EPA: U.S. Environmental Protection Agency, Regulatory impact Analysis: Heavy-Duty Engine and Vehicle Standards and
Highway Diesel Fuel Sulfur Requirements, EPA420-R-00-026 (Washington, DC. December 2000), Chapter V, web site www.epa gov/olag/regs/
hd2007Armvria-v.pdf. CRA/BOB: Charles River Associates, Inc., and Baker and Q'Brien, Inc., An assessment of the Potential Impacts of Proposed
“nvironmental Reguiations on U.S. Refinery Supply of Diesel Fuel, CRA No. D02316-00 (August 2000). ANL: M.K. Singh, Analysis of the Cos! of a
hase-in of 15 ppm Sulfur Cap on Diesel Fuel, Revised (Argonne, IL: Center for Transportation Research, Argonne National Laboratory. November
-£000). TMC: Turner, Mason & Company, Costs/impacts of Distributing Potential Ultra Low Sulfur Diesel (Dallas, TX. February 2000). E1A: Nationa!
Energy Modeling System, runs DSUREF.D0430018, DSU7PPM.D043001A, DSU7HC.D043001A, DSU7INV.D043001A, DSU7DG 10.D043001A,
DSU7TRN.D043001A, DSU7B8TU.DO43001A, DSU7ALL.DO50101A, DSU7IMPQ.D043001A. DSUREF10.D043001A, and DSU7PPM10.
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produced was projected to be downgraded to a lower
value product.

The ANL estimates, which were extrapolated from pre-
vious TMC estimates for delivering 5 ppm and 50 ppm
diesel, ' ranged from 6.2 cents to 1.2 cents per gallon for
deliverv of 5 percent and 100 percent, respectively.'® In
August 2000, TMC provided supplemental estimates
reflecting downgrade costs associated with distributing
15 ppm diesel fuel!™ Presumably, the capital costs
would remain the same as for the 3 ppm case in the pre-
vious TMC analysis. When the original TMC 5 ppm esti-
mates are adjusted to reflect 15 ppm diesel, the total
distribution cost estimates are 6.9 cents per gallon to
supply 5 percent of the market; 4.1 cents per gallon to
supply 20 percent of the market; and 1.4 cents per gallon
to supply the entire highway diesel market.!3!

The extent to which product contamination will occur in
the distribution system (and how much product must be
downgraded as a result) is very uncertain. The analyses
included strikingly different estimates of how much
of the 15 ppm product would be downgraded in the dis-
tribution system. EIA’s NEMS analysis assumed 4 4 per-
cent downgrade for consistency with the EPA
assumptions but also provided a sensitivity case assum-
ing 10 percent downgrade. Downgrade estimates
ranged from 1.4 percent of production (EPA) to 17.5 per-
cent (TMC). Part of the uncertaintv stems from not
knowing the present level of downgrade occurring in
the distribution svstem, because there is no current
reporting requirement. The EPA assumed a doubling of
product downgrade from current downgrade levels,
which were estimated at 2.2 percent. The methodology
used by the EPA to estimate current downgrade levels
was highlv speculative and was not based on a scientific
survey. The EPA’s estimation methodology was loosely
based on a survev of the Association of Oil Pipelines, in
which six respondents provided estimates of the current
diesel fuel downgrade ranging from 0.2 percent to 10.2
percent (see Chapter 4). In the same survey some
respondents expressed an expectation that the down-
grade amount might be expected to double under the
ULSD Rule.

" The TMC analvsis was based on a survev of 14 refin-
ers (representing 38 percent of US. petroleum
refining capacity), 3 pipeline operators (representing

approximately 40 percent of U.S. highway diesel ship-
ping capacity), and 11 terminal operators (representing
25 percent of U.S. petroleum product storage capacity).
A wide range of responses was noted in the responses of
pipeline operators. In the survey, some terminal opera-
tors indicated that they would not handle ULSD. Termi-
nal operators generally anticipated a higher rate of
downgrade than did pipeline operators. Terminal oper-
ators indicated that, to handle ULSD, dedicated trans-
port trucks or compartments in transport trucks would
be required to avoid sulfur contamination.'>?

The TMC analysis projected 17.5 percent downgrade
when 100 percent of the highway diesel market was
assumed to require the 15 ppm diesel, and slightlv lower
levels of downgrade were expected when smaller seg-
ments of the market were required. Although the ANL
analysis did not provide the downgrade assumptions
used, it was based on the TMC assumptions for down-
grade of 5> ppm and 50 ppm diesel and tracked closelv
with the TMC assumptions. Different downgrade
assumptions resulted in different cost estimates associ-
ated with downgrade. The EPA estimated a total down-
grade cost of 0.2 cents per gallon for all highwayv dresel in
the initial years and 0.3 cents per gallon after full imple-
mentation.!33 In contrast, the ANL analvsis (based on
the TMC assumptions of higher downgrade volumes)
estimated a total downgrade cost of about 1 cent per gai-
lon when more than halif of the market was required to
meet the 15 ppm standard.

The TMC, EPA, and ANL analyses also used different
sets of assumptions about capital investment require-
ments. During the initia) vears of the program. when the
distribution system must handle two highwayv diesel
fuels, the EPA estimated tankage costs at refineries. ter-
munals, pipelines, and bulk plants at $0.81 billion In
addition, investments at truck stops to handle the extra
product were estimated at $0.24 billion. These costs were
amortized over total highwav diesel volumes (both 500
ppm and 15 ppm) during the initial 4 vears at 7' percent
per vear, resulting in a cost of 0.7 cents per gallon EIA
used EPA’s capital cost estimate of 0.7 cents per gallon in
all NEMS analysis scenarios.

The ANL analvsis assumed that. given a phase-in, 50
percent of terminals would add tanks or reconfigure Of
those terminals that were modified, it was assumed that

¥ Tumer, Mason & Company, Costs/Impacts of Distributing Potential Ultra Low Sulfur Diesel (Dallas, TX, Februan 2000)
HYMLK. Singh, Analysis of the Cost of a Phase-in of 15 ppm Sulfur Cap on Diesel Fuel, Revised (Argonne. 1L: Center tor Transportation

Research, Argonne National Laboratory, November 2000), Appendix C.

B Turner. Mason & Company, Costs/Impacts of Distributing Potentwl Ultra Low Sulfur Diesel (Dallas, TX. Februar 20001, Revised Suppie-

mient (August 2000).

P* Total distribution and retail cost estimates for 3 ppm from Costs/Impacts of Distribiturg Potentud Ultra Loie sulfur Diesel were adiusted
based on update ot downgrade costs for 13 ppim diesel provided in the Rerised Supplemien!

i-=3T:Iephune conversation with Bob Cuiningham of Turner Mason, March 21, 2001

1330S Environmental Protection Agency, Regulatory Impact Analysis: Hearo-Duty Enete and Velucle Standands and Highiems Diese! Fuci
sulfur Requaremients, EPA420-R-00-020 (Washington, DC. December 2000), Charter \', p V124,
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half would add tankage at $1 miilion per terminal and
the other half would reconfigure at a cost of $100,000 per
terminal. Bulk terminals were not assumed to make con-
versions for a second highway diesel fuel, because they
were assumed to enter into exchange agreements with
marketers during a phase-in period, rather than invest-
ing in tankage. In addition, all truck stops were assumed
to be modified to provide two fuels during the phase-in,
at a cost of $75,000 per truck stop.

The original TMC report provided investment estimates
for distributing 5 ppm fuel to supply, 5, 20, and 100 per-
cent of the highway diesel market. Investments at termi-
nals and pipelines were estimated at $295 million when
supplying 20 percent of the highway market and $325
million for 100 percent of the market. Retail investments
were estimated at $755 million for both 20 percent and
100 percent of supply. Unlike the other two analyses,
which reflected the cost of conversion to truck stops
only, TMC assumed that some gasoline stations would
invest to carry a second diesel fuel.!>

Downgrade Analysis

The MSC study, Alternative Markets for Highway Diesel
Fuel Components, conducted at the request of the EPA,
provided an analysis of the potential for diverting
sub-specification highway diesel to non-road or foreign
markets.’>> The study compared 2007 projéctions for
supply and demand of distillate products to assess the
outlook for non-road distillate market growth and used
relative relationships of highway diesel to non-road dis-
tillate prices to estimate the economic consequences of
diverting to other products.

-

The analysis used historical industry-level distillate
demands for each PADD from EIA’s Fuel O1l and Kero
sene Sales as a starting point.’>® These industry leve.
demands were projected out to 2007, using national
annual growth rates from the Annual Energy Outlook
2000.15 PADD-level supply balances for distillate fuel
were projected for 2007, starting with historical data
from the Petroleum Supply Annual 1999'>8 and applying
growth rates from the Annual Energy Qutlook 2000.
Import and export levels were held constant in PADDs I1
and IV. In PADD V, inter-PADD transfers were held to
historical levels and imports and exports were used as a
balancing item. The study concluded that there was little
potential to divert highway diesel to non-road distillate
markets, and that the potential for severe market dislo-
cations and / or price depression in the non-road markets
was greatest in PADD IV and least in PADD1L - .

The price consequences of diverting product frora the
highway diesel market to non-road markets were
assessed using estimated price relationships for these
products derived from historical price data from various
industry pricing agencies (e.g., Platts), combined with
relevant transportation costs.?>® The price implications
of downgrading 5 percent, 10 percent, and 15 percent of
the current highway diesel supply were estimated for
each PADD (Table 27). The price impact of diverting 5
percent of the highway diesel supply to other uses
ranged from -3.0 cents per gallon in PADD [to -6.0 cents
per gallon in PADD IV. The range widened to -3.5 to
-20.0 cents per gallon in PADDs I and 1V, respectively,
for 10 percent of diverted product and to -3.5 to -22.0
cents per gallon for 15 percent of diverted product. The
study concluded that except in PADD IV, a 5-percent
diversion of product would have modest market impact.
In addition, a 10- to 15-percent diversion would have a
significant market impact in all areas except PADD 1.

Table 27. Projected Relative Price Decrease by PADD and Percentage of Diverted Diesel

(1999 Cents per Gallon)

Diversion Level -

(Percent) PADD | PADD I PADD I PADD IV PADD V
S 30 25 a0 6.0 5.0
0. 35 14.0 45 20.0 50
15 35 16.0 45 22.0 6.0

- Source: Muse. Stancil & Co., Alternative Markets for Highway Diesel Fuel Components (September 2000), p. 4.

34Ty mer, Mason & Company, Costs/lmpacts of Distributing Potential Ultra Low Sulfur Diesel (Dallas, TX, February 2000). p. 6.
155Muse, Stancil & Co., Alternative Markets for Highway Diesel Fuel Components (September 2000).

156 Energy Information Administration, Fuel Oil and Kerosene Sales, DOE/EIA-0535 (Washington, DC, 1995-1998).

157 Energy Information Administration, Annual Energy Outlook 2000, DOE/ E1A-0383(2000) (Washinton, DC, December 1999).
]”Energy Information Administration, Petrolexm Supply Annual 1999, Volume 1, DOE/EIA-0340(99/1) (Washington, DC, June 2000).
159 Muse, Stancil & Co., Alternative Markets for Lighway Diese! Fuel Componerts (September 2000), pp. 19-32.
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July 26, 2000

Mr Lawrence A Petils

Acting Adminstratot

Energy Intormetion Admemistration
U.S. Depantment of bacrgy

1000 Indrpendence Avenue, SW
washingran, DC 203583

Dear M

Petus:

R
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——

Thr U.S. Environoental Protechon Agenoy (EPA) bas proposed a 1S perms pe miilioa (TPM)
mgoway diese] siifur cap eftectrve at the refinery or import leve] begineung April [, 20036, The same
snderd would be cffective xt the Wrmomal level on May |, 2006 and at the retail iovel on fune |,
2008  These ocop sultur reductroas will require significant investments thar not sll refiners may
thoose 1o maxe  As o result, diescl fuel supplies could be affected. [n addition, these extremely low
sallur levels mise serroux questions about the ability of the indugtry 1o sdequately distnbuns the fuci
n 8 fungible prpcitne systom thst supports an arvsy of different fuels and sulfur levels.

W2 nelicwe that the EPA heas not adequately studred *he potenzial rpacts of its proposed su!lfur leves
on dicse: fual supply or the distmibation eysicm  EFA has aiso not fully assessed *he sverlabiliy of
sost-effecnive desulfurizanion rechnologies mat would be availabie in tims W aliow compiance with
e aew tandard.  As 8 resuil, an mdependsnt and obiective study i nocded tha: addrcsscs, &t 2
mzumum. he tollowang quesirons.

> Assuming that the “ulce o5 fingl: zod a4 proposed (without s phase~n of the low sulfur ‘ucl). whar
are the potential impazts an bighwmy dieacl fuci supply that could result? What imoects arv
Dos3ibiz 0a oftict middle distllsze products such as jet fuel, home noaimg oil ana art-road decsel”
Y hignwey diesei fuel wpply © adverseiy impacted, what are the porentisl imgacts o the zost of
siesel fuel to the end-users® To what exten: would onports oc able 1o Gl any shortfall in supph
and ar what Sos1” How sgnificant sn effect would the 5% fuel cfficiency loss associated witk
enginc aftcz-taatment devices bave m the context of expecicd diesel demand under SPAy "¢
PPM stanaard? '

» EPA has proposed implementing the now diese| standard 1n Apri. 2006 How would potentai
supph' change i the effective iste was later (ic., refinery changes for dicse! did not have o
overlap those tor pasobine sulfg)?
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Mr. Lawrence A. Pettis
suly 26, 20Q0
Puge two

What are the effects of EPA’s proposal oa the diessl fuel distributioa system? In particuly. to
what extent might fusi conteminstion occur whet shipping low sutfur diessl in common

‘pipelines with other, higher sulfur products” What is the capability of current wsting methods 1o

accurately gessure sulfuc level i the context of a 1S PPM sulfue cap? Whatl operstioaal
changas, 3uch as barch size apd product scquenoe changes, would be necossary and how would
they contributs to ikely consumer coxts?

Although not propased in the rula, EPA hos asked for commenrs rolated o the feasibility of
phasing-in low sulfur highway diesei over the course of several years. Such » phase—n wouid
raquirc the introduction of & second grade of highway diesal fuel into the supply and dismibutions
sydoms. What wonld be the impacts sa the distribution system of a phase-ip of iow sulfur
highway diese!” What additional investments would be neoded 10 ansure the intogrny of both the
low sulfur and high suifur product at the retail lcvel? Woald & seperuts infrasty ucturs be mquircd
to adoquatcly deliver product © market? How would thess investments be recouped by the

wndustry”?

What effect would EPA's proposed sandard bave on refmery operations? Would sdditional
proceasing be required and would that affect refinery product yleld and fusl cansumption within
the refncry”?

Do adwquate, coss-effoctive tochnolomes exist to allow refmerics 1o adjust to the new 135 PPM
standard? Are wchrologiss in development that could redace the costs m the fuure, and s there
a huzh likelihood of their deployment intd the market in a Graety manncr?

We e requesting that the EPA kecp the proposed rulo on the 15 PPM diesel sulfur cap public
comment period open pending receipt of your findings. Thenk you for your sttearion to this matter.

=/ /QJM*

RALPH M_HALL
Ranking Minority Mamber
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Appendix B

Differences From the AEC20601 Reference Case

The reference case for this study was established to pro-
vide a baseline scenario representing the nominal fore-
cast for petroleum refining and marketing without the
new requirement for ultra-low-sulfur diesel fuel
(ULSD). The reference case reflects the mid-term refer-
ence case forecast published by the Energy Information
Administration (EIA) in its Annual Energy Outlook 2001
(AEOD2001).1% Both the reference case for this study and
the AEO2001 reference case were prepared using EIA’s
National Energy Modeling System (NEMS).1¢! Both
cases reflect the “Tier 2” Motor Vehicle Emission Stan-
dards and Gasoline Sulfur Control Requirements final-
ized by the US. Environmental Protection Agency
(EPA) in February 2000. Both cases also incorporate bans
or reductions for the gasoline additive methy! tertiary
butyl ether (MTBE) in the States where such legislation
has been passed. They do not include a waiver of the
Federal oxygen requirement for reformulated gasoline.

Updates in databases and assumptions that were incor- -

porated into NEMS after the publication of AEQ2001,
however, resulted i minor differences in the reference
case forecasts. Differences between the two forecasts rel-
evant to the ULSD study are discussed in this appendix.

Return on Investment

The AEO2001 forecast assumed a 15-percent hurdle rate
in the decision to invest and a 15-percent return on
investment.(ROI) over the 13-year life of a refinery pro-
cessing unit. To be consistent with the EPA analysis, the
reference case for this study used a 10-percent hurdle
rate and a 5.2-percent ROl over a 15-year financial life-
span. The revised rates do not have a significant impact
on the marginal costs for producing current 500 ppm
highway diesel fuel in the reference case forecast.

Diesel Fuel Consumption

The AEO2001 reference case assumed that 85 percent of
the demand for diesel fuel in the transportation sector
was for highway use. More recently, however, EIA has
determined that refinery production of highway diesel
approximates the total demand for diesel fuel in the
transportation sector. Therefore, the reference case for
this studv assumes that the production of 500 ppm high-
way diesel fuel is equal to the total demand in the trans-
portation sector.

Two major factors account for the revised assumption.
First, some of the highway diesel produced at refinenes

is downgraded in the distribution system. The EPA esti-

“mates that currently about 2.2 percent of highway diesel

is downgraded. Second, some highway-grade diesel has
been used for non-road or other uses, because the price
differential between low-sulfur and high-sulfur diesel
has not been large enough to make separate distribution
infrastructures economical. As a result, it has been noted
that some customers purchase low-sulfur diesel for
non-road uses. In California, the State requires the same
low sulfur standard for both highway and non-road die-
sel (except for railroad and maritime uses).

Import Supplv Curves

The NEMS Petroleum Market Module (PMM) uses
import supply curves developed from an international
refinery mode! external to NEMS to represent the sup-
ply of available imports. In preparation for this study,
new sets of crude and product import supply curves
were estimated, adding supply curves for ULSD. The
new import curves were used in the reference case for
this study, but ULSD imports were not allowed.

Refining Technologyv Database

The PMM represents petroleum refining and marketing.
The refining portion is a linear programumning represe:-
tation incorporating a detailed refining technology data-
base that includes process options, product blending to
specification, and investment costs. This database is
updated annually to produce the AEO forecasts. There
have been some minor changes since ALO2001, mostlvy
associated with product blending. Although four new
distillate desulfurization units were added as part of the
refining technology database update, those four units
were not allowed in the reference case. Therefore, the
updates had minimal impact on the reference case for
this study as compared with the AEO2001 reference
case.

NEMS Operation Mode

For the AEO2001 reference case, all modules of the
NEMS were executed to solve for supplv and demand
balance in the US. domestic energy market through
2020. For this study only the relevant modules were
executed, including the International Energy Module,
Transportation Demand Module, Industnal Demand
Module, and the Petroleum Market Module. This mode
of NEMS operation greatlv reduced the model run time
without significantly atfecting the results.

”’”Energy Information Administration, Annual Energy OQutlook 2001, DOE/EIA-0383(2001) (Washington, DC, December 2000). web site
www eia.doe.gov/oaf/aeo/. See also web sites www eia.doe.gov/oal/assumption/pdf/053(2001) pdf and www er1adoe.gov /i omat.)”

supplement/index.htmi.

161 Model documentation reports for NEMS and its modules as well as a summary report, NEMS: An Overiucae, are availabe at web site

www eia.doe.gov/bookshelf/docs. html.
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Appendix C

Pipeline Regions and Operations

U.S. Regions for Distribution of Petroleum
and Their Key Pipelines

The supply and demand characteristics for refined
petroleum products across the United States vary across
regions (Petroleum Administration for Defense Dis-
tricts, or PADDs). The reasons are historical, demo-
graphic, geological, and topographical.

The East Coast (PADD I), the most heavily populated
PADD, has the highest petroleum consumption. It has
virtually no indigenous crude oil production and only
limited refining capacity. The Northeast is unique in its
dependence on heating oil: 70 percent of all sin-
gle-family homes in the Northeast are heated with oil.

Hence, the Northeast has the largest market for the -

transportation of high-sulfur distillate, as opposed to
low-sulfur diesel oil. The region covers its deficit in
refined product supply with shipments from the Gulf
Coast by pipeline and with imports of refined products
bv tanker. Colonial Pipeline (Gulf Coast to the New York
area) and Plantation Pipe Line {(Gulf Coast to the Wash-
ington, DC, area) are trunk lines that transport a wide
product slate to the area, including distillate fuel oils.
Delivering hnes, such as Buckeve Pipe Line Company,
distribute products within the New York Harbor and
from the New York Harbor area to Pennsylvania and
upstate New York. Buckeye also serves Connecticut and
Massachusetts from an origin in New Haven.
ExxonMobil and Sun also operate delivering product
pipelines in the region.

The Miduest (PADD 1) is less heavily populated than
PADD I and has a greater balance of supply and demand
for both crude oil and refined products. It receives pipe-
line supplies of distillate fuel oil from both the Gulf
Coast and the East Coast. The main trunk carriers of
refined petroleumn products in the Midwest are TE Prod-
uct Pipeline and Explorer Pipeline. The role of deliver-
ing carriers in the Midwest is a key to product
distribution. The region’s refining hubs depend on pipe-
lines to deliver their output. As logistics hubs, as well as

refining hubs, areas such as Chicago ship product out- ‘

put from refineries and also re-ship product received
from refineries on the Gulf Coast or in Oklahoma. Pipe-
lines serving the Chicago hub include Williams,
‘Equilon, and Phillips (in addition to Explorer and TE
Products), Citgo, Marathon Ashland, Buckeve, and Wol-
verine. Other refining centers or single refineries also
depend on pipeline transport of their products. Kaneb
and Conoco are two of the pipelines serving the western
part of PADD II. the plains States, where distances are
long and consumption volumes low.

Energy Information Administratior / Transition to Uttra-Low-Sullur Diesel Fuel

The Gulf Coast (PADD 111} is the Nation’s main oil supply
region. It is the largest refining area, with facility design
and sophistication unrivaled in the world. It is a major
crude oil producing area, with output greater than all
but two members of the Organization of Petroleum
Exporting Countries. It also has a low regional demand
for finished petroleum products. Thus, its shipments of
products to other regions are a central facet of supply
east of the Rocky Mountains. The Gulf Coast is the onigin
of trunk carriers such as Explorer, TEPPCO (to the Mid-
west), Colonial, and Plantation (to the Southeast and
East Coast). These pipelines also deliver to points within
PADD III.

The Rocky Mountain States (PADD 1V) are thinly popu-
lated, with a low volume of oil shipped across long
transport distances. Its consumption of diesel fuel for
transportation on a per capita basis is about 60 percent
greater than the average in the lower 48 States, but its
consumption per square mile is less than 30 percent of
the lower 48 average. The region’s highwav consump-

_tion of diesel—a proxy for the low-sulfur diesel

required—is about 60 percent of its total distillate mar-
ket, but low-sulfur diesel accounts for more than 80 per-
cent of the total distillate supplied in the region. The
market is so thin that many companies have opted to
market (and hence require transport and storage for)
only low-sulfur diesel fuel instead of both low- and
high-sulfur fuel. The pipelines serving the region dis-
tribute products from refineries in the Denver area and
from refineries in Billings, MT; and Casper, WY, as well
as product received from terminals in PADD II. Pipe-
lines such as Yellowstone and Cenex distribute across
the Northern Tier States. Chevron moves products out
of Salt Lake City through Idaho and to western Wash-
ington, and a variety of pipelines go into and out of the
Denver area (Phillips from PADD II; Chase from PADD
II; and Conoco, WYCO, Sinclair, and others within the
Rockies).

The West Coast (PADD V) is a singular oil market, sepa-
rated from the rest of the country. From the earliest davs.
the Rockies prevented the easv transfer of oil in and aut
of the region. More recently. California’s adoption of
uniquely stringent oil product specifications has exacer-
bated the region’s supply isolation. The region is popu-
lous as a whole because California 1s populous:
consumption is high, but not on a per capita basis. In
California, the Kinder Morgan pipeline svstem (for-
merly Santa Fe Pacific Pipeline) 1s the most ir'nponant, It
redistributes product from area refineries and., in south-
emn California, receives product from its svstem in
Arizona. The svstem in Arizona. in turn, connects with
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PADD Il and receives supplies from El Paso, TX. The
Calnev Pipeline connects southern California with Las
Vegas, NV. There are also pipelines transporting prod-
uct in western Washington and Oregon from refineries
in the northwest corner of Washington (Kinder Morgan
and Olympic). As noted previously, Chevron supplies
the eastern part of those States via pipeline from Salt
Lake City, and Yellowstone delivers across Montana
and Idaho into eastern Washmgton as well.

The East Coast is the only region where all pipelines con-
sistently carry both diesel fuel (currently 500 ppm) and
high-sulfur distillate fuel oil (heating oil). In other
regions, some demand for non-road fuel is met by
500 ppm product. This is important to the demands of a
phase-in.

Key Pipeline Operations

Oil pipelines operate under a range of corporate struc-
tures and face a range of operational and financial chal-
lenges. Some are independent and face capital markets
on their own. Others are subsidiaries of integrated oil
companies. Oil pipelines also serve their markets in dif-
ferent ways, and their divergent operations patterns dic-
tate that the impact of the rule will vary across pipelines
and thus across regions. The options for minimizing
contamination may be d:fferent for a trunk line than for
a delivering pipeline cartier, or for a pipelifie in batch
service versus one in fungible service. In addition, the
opportunities for offsetting a supply interruption
caused by a quality problem are fewer for the delivering
carrier in batch service. The sequencing of product flow
is central to maintaining product integrity and, possibly,
reducing system flexibility by requiring changes in
batch sizes or product scheduling.

Trunk Line and Delivering Pipeline Carriers

Refined petroleum products pipelines in the United
States fall into two fundamental service categories.
‘Trunk lines serve high-volume, long-haul transporta-
tion requirements; delivering pipelines - transport
smaller volumes over shorter distances to final market
areas. Trunk pipelines provide transportation between
major source points, such as the Gulf Coast, and major

, consumption locations, such as the East Coast. An exam-
ple of a trunk pipeline is Colonial Pipeline Company,
which operates from Houston to New York City.
Delivering pipelines provide transportation from source
points to multiple, but relatively nearby, market areas.
An example of a delivering pipeline is Buckeye Pipe
Line Company, which operates in the middle Atlantic
and upper Midwest regions of the country from various
source points, such as New York and Chicago, to mar-

~ kets such as Pittsburgh and Detroit. While the average
haul length on Colonial Pipelir:e is over 1,000 miles, the
average haul length on Buckere is 125 miles.

90 Enetyy lnformaﬁon Administration / Transition to Ultra-Low-Suifur Diesel Fuel

Both trunk line and delivering pipeline carriers are nec-
essary for meeting the Nation’s demand for refined
petroleum products, and each type of pipeline carrier is
economically sound in’ performing its type of service.
Many pipeline companies provide both types of service.
It is clear, however, that trunk and delivering pipeline
carriers encounter different operating environinents
and different economics. Trunk lines tend to have lower
costs and revenues per barrel mile than delivering carri-
ers. Trunk line carriers also tend to be more capital inten-
sive than delivering carriers. Costs and revenues per
unit of throughput are higher for delivering carriers
than for trunk lines, and delivering carriers tend to be
more labor intensive than trunk carriers. Delivering car-
ners also tend to operate physically smaller pipelines
and to use more and smaller storage tanks than do trunk
carrers.

The fundamental difference between trunk line and
delivering pipeline carriers is scale. For pipelines closer
to ultimate demand locations, the magnitude of opera-
tions tends to be smaller and the number of operating
tasks performed tends to be larger. The trunk carriers
that serve as the central artenes have flexibility to redi-
rect product, for instance. As the system reaches its fur-
thest capillaries, the inflexibilities imposed by the
smaller scale become more apparent. The chances for
“operating lockouts” increase. A lockout might occur ifa
terminal does not have room to accept a scheduled ship-
ment and there are no other terminals at hand to accept
the product. The pipeline is thus stalled until the prod-
uct can be delivered.

Batch and Fungible Pipeline Service

Petroleum products pipelines also differ by whether
they operate on a batch or fungible basis. In batch opera-
tions, a specific volume-of refined petroleum products is
accepted for shipment. The identity of the material
shipped is maintained throughout the transportation
process, and the same material that was accepted for
shipment at the origin is delivered at the destination. In
fungible operations, the carrier does not deliver the
same batch of material that is presented at the origin
location for shipment. Rather, the pipeline carrier deliv-
ers material that has the same product specifications but
is not the original material.

A pipeline carrier operates in a batch or fungible mode
based on its circumstances. Unless there is a more com-
pelling reason, a pipeline operator’s selection of its
mode of service is based on maximizing operating and
economuic efficiency. In general, fungible product opera-
tion is the more efficient mode of operation. Fungible
operation tends to minimize the generation of interface
material (see below). Another efficiency of fungible
operation is that it permits split-stream operations. In a
split-stream operation, material originating at Point A
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and destined for Points B and C can be delivered at both
distant points simultaneously; part of the stream can
continue on to Point C while delivery is still underway at
Point B. In a batch mode, a delivery operation to Point B
means that all pipeline movements beyond Point B cease
while the delivery to Point B is completed.

Fungible operations also support more efficient utiliza-
tion of storage tanks. In fungible operations, large stor-
age tanks are used to accumulate or deliver multiple
consignments of identical refined products. In batch
operations, only one consignment of material is typi-
cally held in each tank. Accordingly, storage tanks used
inbatch pipeline operations tend to be smaller (and, pos-
sibly, more numerous) and are not utilized as inten-
sively as storage tanks used in fungible service.

Among the pipeline characteristics that determine
whether a refined petroleum products pipeline operates
in a batch or fungible mode, customer requirements for
segregation are an important factor. (Many pipelines
operating on a fungible product basis can make provi-
sion to accept a distinct batch from a shipper. In doing so
the carrier might impose a higher minimum volume
requirement or charge a higher tariff rate to cover the
higher operating cost of providing the special service.)
Nonetheless, many pipelines or pipeline segments serve
‘areas where the structure of the market does not support
"the “one size fits all” character of fungible service.

Another important factor in determining a pipeline’s
tvpe -of service offering is the possible availability of
multiple pipelines in the same service corridor. If exist-
ing practice and customer service arrangements initially
mandate batch pipeline service, it is difficult for a
refined petroleumn products pipeline carrier to change to
fungible service subsequently. On the other hand, if a
pipeline carrier serves a transportation corridor using
multiple pipelines, it has more flexibility to adopt fungi-
ble service.

Thus, while an oil pipeline is likely to prefer fungible
service, batch service is often the only feasible choice.
Like the difference between trunk and delivering carri-
ers, the difference between fungible and batch service is
one of scale for many operating parameters. An oil pipe-
line in batch service has considerably less flexibility to
offset operating “hiccups” (such as product contamina-
tion at a shipper’s terminal tank) than does an oil pipe-
line operating in fungible service.

Seauencing Product Flow

Refined products pipelines carry more than 60 percent
of all petroleum products transported in the United
States.'”> Products pipelines are routinely capable of
transporting various types of products or grades of the

same petroleum products in the same pipeline. For
example, it is common for a single refined products
pipeline to transport various grades of motor gasoline,
diesel fuel, and aircraft turbine fuel in the same phvsical
pipeline. (For the most part, oil pipelines do not trans-
port both crude oil and refined petroleum products in
the same pipeline.)

To carrv multiple products or-grades in the same pipe-
line, different petroleum products or grades are held in
separate storage facilities at the origin of a pipeline and
are delivered into separate storage facilities at the desti-
nation. The different types or grades of petroleum prod-
ucts are transported sequentially through the pipeline.
While traversing the pipeline, a given refined product
occupies the pipeline as a single batch of material "At the
end of a given batch, another batch of material, a differ-
ent petroleum product, follows. A 25,000-barrel batch of
products occupies nearly 50 miles of a 10-inch-diameter
pipeline.

Generally, product batches are butted directly against
each other, without any means or devices to separate
them. At the interface of two batches in a pipeline, some,
but relatively little, mixing occurs. The actual volume of
mixed matenal generated depends on a number of phvs-
ical parameters, including pipeline diameter;, distance,
topography, and type of material. As a guide to under-
standing the volume of interface generated, it would be
typical for 150 barrels of mixed material to be generated
in a 10-inch pipeline over a shipment distance of 100
miles. The hydraulic flow in a pipeline is also a crucial
determinant of the amount of mixing that occurs. “Tur-
bulent flow,” as occurs in most pipelines, minimizes the
generation of interface, while operations that require the
flow to stop and start will generate the most interface

material.

.\lon&hl_\' Batch Scheduling

As a part of their strategy to minimize the generation of
interface material, pipeline operators sequence batches
on the basis of the total number of products routinelv
shipped and the number and capacitv of storage tanks
available at the origin, destination, and intermediate
breakout locations. Most often, pipeline operators use a
recurring monthly schedule of “cvcles,” shipping all the
available petroleum products of the same tvpe in
sequence. For example, only gasoline grades would be
shipped during the days that constitute the gasoline
cycle, and only distillates would be shipped during the
days that constitute the distillate cvcle. The actual dura-
tion of the cycles might vary from 6 to 10 davs, depend-
ing on the volume of each material to be shipped durnng
a particular month. Operators accommmodate increased
seasonal demand and stock builds. for instance, bv
adjusting the cycle schedule. The schedule is published

162 Based on ton-mites. See Association of Oil Pipe Lines, Shufts in Petroleum Transportation—1999 (2001}
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far in advance, however, leaving little opportunity for
last-minute flexibility.

Batch sizes are determined by the availability of storage
tankage (not only to pipeline operator directly, but also
to originating shippers and receiving terminal opera-
tors), the batch sizes consigned by shippers, shippers’
time requirements, and whether the pipeline is operated
on a batch or fungible basis.

Interfaces and Transmix

The composition of the mixed (or interface) material
reflects the two materials from which it is derived. While
it does not conform to any standard petroleum product
specification or composition, it is not lost or wasted. For
interface material resulting from adjacent batches of dif-
ferent grades of the same product, such as mid-grade
and regular gasoline, the mixture is typically blended
into the lower grade. This “downgrading” reduces the
volume of the higher quality product and increases the
volume of the lower quality product.

The interface between two different products—gasoline
and a distillate, for instance—produces a hybrid called
“transmix.” Transmix cannot be blended back into
either of its components, as gasoline’s flash point will
contaminate the distillate, and distillate’s higher boiling
point will contaminate the gasoline. Transmix, there-
fore, is segregated and then reprocessed in a full-scale
refinery or a purpose-built facility. When it has been sep-
arated again into its component products (gasoline and
distillate, for instance), the distinct products are reintro-
duced into the appropriate segregated transportation
and storage system. (If an operator utilizes two physical
pipelines in the same corridor, it may minimize the gen-
eration of transmix by carrying only gasoline in one line
and only distillates in the other. The problem of down-
grade within a family of products, however, still exists.)

As shown in Figure C1, a refined products pipeline typi-
cally “wraps” the current highway diesel (at 500 ppm)
with kerosene and/or jet fuel (2,000 ppm or so), and
non-road diesel (up to 5,000 ppm). The chance that the
500 ppm material will be forced off-specification by sul-
fur contamination is low. The product tendered is
around 300 ppm, leaving leeway for any minor contami-
nation from the neighboring product.

Typically, refined oil products are transported from a
source location, such as a refinery or bulk terminal, to a
distnibution terminal near a market area. Large above-
ground storage tanks at an origin location accumulate
and hold a given petroleum product pending its entry
into the pipeline for transport. Petroleum products are
. also stored temporarily in aboveground storage tanks at
destination terminals.

Storage tanks usually are dedicated to holding a single
petroleum product or grade. Most storage tanks used in

92 Energy Information Administration / Transition to Ultra-Low-Sulfur Diesel Fuel

Making the Cut: The Mechanics of the Interface

Each petroleum product—in fact, each batch of prod-
ucts—has a distinct and identifiable specific gravity.
Different products have widely different specific
gravities. Different grades or batches of the same
product have slight but measurable differences in
specific gravity. :

Pipeline operators monitor the specific gravity of a
pipeline stream as it approaches a station or terminal.
A change from one specific gravity to another indi-
cates the end of the leading batch and the beginning
of the following batch. Based on this signal of the
interface location, the pipeline operator “swings”
batches from one pipeline to another or from main-
line transit into segregated tanks. The shift in specific
gravity may be too gross an indicator, however, when
dealing with ULSD. By the time the shift in specific
gravity is discernible, the ULSD may have been con-
taminated by the sulfur in its neighboring product.

ptpeline operation are filled and drained up to four or
more times per month. Operators usually are able to
place the same type of petroleum fuel in a given tank on
each drain and fill cycle, and the tank is not purged and
cleaned between the routine drain and fill cycles. When
a tank is filled and drained with a given material, small
to substantial quantities of the former material remain in
the tank. To the extent that the previous matenal was
different from new material being placed in the tank,
contamination can occur. Generally, such contamination
is inconsequential because the new material is substan-
tially the same as the old material or its volume is small.

In addition to tanks at the onigin and destination termi-
nals, “working” or “breakout” tanks are used in the nor-
mal course of pipeline operation. Over a pipeline route,
there may be various needs to interrupt the flow of pipe-
hine material in transit, including branching of the pipe-
line, change in size or capacity, mainline pumping
operations, change from fungible to batch operation,
and others. In each case, breakout tanks provide the flex-
ibility to temporarily stop or buffer different flow rates
of pipeline segments.

The maintenance of material in continuous pipeline
transit without need for diversion into breakout tankage
is known as “tightlining.” A pipeline operator’s ability
to tightline material will prove to be a slight advantage
in protecting the integrity of ULSD. Overall, however,
tightlining is not an easy option to engage if facilities and
operating requirements do not already permit it.

In addition to the minor creation of interface materia’
that occurs in pipeline transit, creation of interface mate-
nal also occurs in the local piping facilities (station pip-
ing) that direct petroleum products from and to
respective origin and destination storage tanks and in
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Figure C1. Typical Product Sequénce and Interfaces in a Refined Products Pipeline
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the tanks themselves. Essentially, station piping repre-
sents the connection between a main pipeline segment
and its requisite operating tanks. The concept is simple
in theory, but in practice the configuration of station pip-
ing is not. Station piping lavouts become more complex
as the tanks at a pipeline terminal facility become more
numerous.

Configurations of station piping necessary to accommo-
date a given number of tanks and to provide flexibility in
routing multiple products in and out of those tanks pro-
vide many possibilities for the creation of pipeline inter-
face material. Each pipeline facility is different, not only
among pipeline companies but within pipeline compa-
nies. There is no way to predict how easy or hard it will
be to minimize possible sulfur contamination of ULSD
“In station piping, except to examine the risks on a
case-bv-case basis.

Energy Information Adminmistration / Transition to Uitra-Low-' ullur Diesel Fyel

In fact, the interface generation in station piping and
breakout tanks may be even more important than dur-
ing pipeline transit. The volume of interface material
thus generated is due to the physical attributes of the
system. It has fewer varnables but approaches being a
fixed value on a barrel-per-batch, not a percentage,
basis. For instance, one pipeline operator may create
25,000 barrels of high-sulfur/low-sulfur distillate inter-
face per batch whether the batch is 250,000 barrels or
1,000,000 barrels. In addition, a given batch of product
might be transported in multiple pipelines between its
origin and its final destination and even within the same
system might require a stop in breakout tanks, as noted
above. Each segment of the journey generates additional
interface.
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Appendix D

' Short-Term Analysis of Refinery Costs and Supply

As a result of the new regulations issued by the U.S.
Environmental Protection Agency (EPA) for ultra-low-
sulfur diesel fuel (ULSD) the U.S. refining industry faces
two major challenges: to meet the more stringent specifi-
cations for diesel product, and to keep up with demand
by producing more diesel product from feedstocks of

lower quality. Some refineries in the United States and -
Europe currently have the capability to produce some °

diesel product containing less than 10 ppm sulfur, and
there is no question that diesel fuel with less than 10
ppm sulfur can be produced with current technology.

US. refiners have demonstrated that meeting the EPA
target specification of 500 ppm sulfur (1993 reduction
from 5.000 ppm to 500 ppm) was easier than anticipated.
The primary methods used were upgrading existing
hydrotreater units by adding extra reactor volume and
building new units. In contrast, the proposed change
from 500 to 15 ppm represents a new and far more chal-
lenging task for the industry, because the remaining sul-
fur (less than 500 ppm) is likely to be contained in
compounds that are difficult to desulfurize, such as
4,6-dimethvldibenzothiophene (often described as
sterically hindered sulfurcontaining molecules). Fur-
thermore, to meet growing demand for diesel fuel, some
_refineries will have to increase capacity, which may
‘involve treating lower quality feedstocks (cracked distil-
lates) that require more severe and costly process
conditions.

The implications of producing ULSD are complex, not
only from a unit-specific standpoint but also from a
refinery standpoint. Each refinerv has unique circum-
stances, such as existing hydrodesulfurization units,
source of crude, diesel blend components, and hvdrogen
availability. Producing ULSD is a significant decision for
most refiners, and the incremental cost per barrel could
varv dramatically across the range of individual refin-
ers. In addition, it is uncertain whether further restric-
tions on diesel quality will be imposed in the future.
Some refiners mayv decide to discontinue producing
highway diesel and produce only non-road diesel and
heating oil as distillate products. Such decisions, cou-
pled with increasing demand for diesel fuel, could
heighten the potential for a diesel shortage in 2006.

This appendix provides details of the methods used to
estimate the short-term cost per gallon to manufacture
ULSD meeting the EPA sulfur specifications for 2006
and examines the variations in cost for different US.
refineries. The analvsis results in a cost curve indicative
of the cost that mav be incurred by U.S. refiners to pro-
duce the new fuel at variou:. supply levels.

Er:argy Information Administration / Transition to Ultra-Low-Sulfur Diesel Fuel

Estimating Components of the Distillate
Blend Pool

The initial step of the analysis was to analyze the poten-
tial economics of producing ULSD for each refinery.
Using input and output data submitted to the Energy
Information Administration (E1A) by refiners, the cur-
rent components of the distillate blend pool were esti-
mated and allocated to the current production of
highway diesel, non-road diésel, and heating oil
Volumes and sulfur content of straight-run distillate,
fluid catalytic cracker (FCC) light cycle oil (LCO), coker
distillate, and hydrocracker distillate were estimated on
the basis of the gravity and sulfur content of crude feeds, -
input volumes to the FCC, coker, and hydrocracker
units, and the fraction of the FCC feed that is

hydrotreated. '

The estimates for volumes of full-range straight-run dis-
tillate, LCO from the FCC, and coker distillate were
adjusted according to reported refinery data. Because
kerosene and jet fuel are made from the straight-run dis-
tillate and hydrocracked material, those distillate pool
components were reduced accordingly. If a hvdro-
cracker was available at a refinery, volumes of LCO and
coker distillate were allocated to the hydrocracker by
comparing available distillate boiling range components
to distillate product volumes. A final adjustment was
made, based on the relative production of gasoline and
distillate products.

The initial estimate of straight-run distillate volume for a
given refinery was based on a typical cut point ranige for
a crude oil with the gravity of the crude oil charged to
that refinery. If the available distillate pool volumes
exceeded the distillate product produced, the volume of
the. straight-run distillate component was reduced.
based on the typical variation in distillation cut points.

- (The light end of the kerosene boiling range material

may be included in the reformer feed for gasoline pro-
duction, and the heavy end (high end) of the boiling
range may be included in the FCC feedstock. Either or
both of these adjustments will reduce the straight-run
distillate volume.) The adjustments resulted in ésti-
mated distillate pool volumes approximately equal to
the reported volumes of distillate production. The distil-
late pool components were then allocated to the produc-
tion of highway diesel, non-road diesel, and heating oil.
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Allocating Blend Pool Components to
Distillate Products

Specifications for the various diesel and heating oil
products determine how refiners allocate the distillate
component to the products. In 1997, the American Petro-
leum Institute (API) and National Petrochemical and
Refining Association published a survey of blend pat-
terns used by U.S. refiners in 1996 for gasoline and distil-
late products.’63 The compositions of the distillate
products for Petroleum Administration for Defense Dis-
tricts (PADDs) I-IV reported in the API/NPRA survey
for 1996 are summarized in Table D1.

According to the API/NPRA survey, the fraction of
cracked stocks (LCO and coker distillate) is about
one-third of the total for both highway and non-road
diesel fuels. PADD II has the highest percentage of
cracked stock components: 34.7 percent for highway
diesel and 27.3 percent for non-road diesel. Only PADDs
I and III have significant production of heating oil, and
the cracked stock content is 44.7 percent in PADD I and
40.9 percent in PADD III. While highway diesel has a
lower sulfur limit than non-road diesel, both have the
same minimum cetane number requirement of 40,
which limits the fraction of cracked stock that can be
included in either product. Cracked stocks are
- poor-quality diese] blend components, because of their
high aromatics content and low cetane numbers (Table
D2).

A refiner cannot consider options for producing ULSD
without considering the impact on other diesel and heat-
ing oil products. Thus, while cracked stocks have a

Table D1. APUNPRA Survey of Distillate Product Compositions, 1996

combination of high aromatics and higher sulfur that
make them difficult materials to convert to ULSD, for
most refiners it is not possible to shift more of these
cracked stocks to non-road diesel because of the
non-road cetane requirement. A few refiners in PADDs |
and Il could potentially allocate more cracked stocks to
heating oil, but as the relative volumes in Table D1 indi-
cate, this would help only a small number of refiners.

The EPA analysis of the feasibility of producing
ULSD# discussed the difficulty of desulfurizing
cracked stocks compared to straight-run distillate to
meet ULSD standards. Commentary indicated that, if
hydrocracking capacity were available, some cracked
stock could be sent to the hydrocracker. In estinating
the distillate pool components as described above, the
volume balances indicated that in many refineries with
hydrocrackers, the LCO was likely being consumed as
hydrocracker feed. The EPA also suggested that,
because non-road diesel fuel has an average cetane num-
ber of 44.4, more cracked stock could be allocated to
non-road diesel and still achieve the 40 minimum
standard. :

In analyzing each specific refinery, EJA found that refin-
eries fall into three groups with respect to cracked
stocks. One group has a relatively small fraction of
cracked stocks (such as those with hydrocrackers) and
hence produces highway and non-road diesel fuels witk
relatively high cetane. For a second group, cetane con-
straints offer little chance for allocating more cracked
stocks to non-road diesel. The third group, using heavy
crude oil feeds to produce large volumes of cracked
stocks from FCC units and cokers, must treat distillate

Product Components (Percent by Volume)
Straight-Run Cracked Light Cracked Coker Hydrocracked Total Volume
Region Product Distillate Cycle Oil Distillate Distillate (Miltion Barrels)

PADDt........ Highway Diese! 67.7 16.5 0.0 15.8 12.1

Heating Oil 54.2 44.7 0.0 1.1 104
PADD M. ........ Highway Diesel 62.7 28.8 59 26 599

Heating Qil 66.9 116 215 0.0 2.1

Non-Road Diesel 72.7 273 0.0 Q.0 19.2
PADD W .. ... .. Highway Diesel 66.0 188 10.7 45 1045 .

Heating Oil - 57.8 296 11.3 1.3 6.5

Non-Road Diesel 56.9 128 3.2 271 289
PADDIV. ... ... Highway Diesel 710 22.6 4.2 22 1.0

Non-Road Diesel 80.9° 19.1 0.0 0.0 2.1

Note: The survey included reports from 9 PADD | refineries, 25 PADD i refineries. 42 PADD il refineries. and 12 PADD IV refineries and

accounted for 80 percent of the volume that EIA reported was produced in that period.
Source: Final Report: 1996 American Petroleum institule/National Petrochemical and Refining Association Survey of Refining Operations and

Product Quality (July 1997).

163 Fingl Report: 1996 American Petroleum Institute/National Petrochemical and Refining Association Survey of Refining Operations and Produc

Quality (July 1997).

14y.S. Environmental Protection Agency, Regulatory Impact Analysts: Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel
Sulfur Requirements, EPA420-R-00-026 (Washington, DC, December 2000), Chapter IV, web site www epa.gov/otaq/regs/hd2007/frm/

ria-iv_pdf.
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components to reduce aromatics and improve cetane in
order to produce acceptable products.

In the longer term, increased movement of cracked dis-
tillates between refineries could occur, with more under-
cutting of cracked stock to remove the high-aromatic,
high-sulfur material at the high end of the boiling range.
Such industry optimization avenues would take time to
establish, however, because they are based on compo-
nent price differentials that may grow over time to pro-
vide incentives for such activities. During the transition
period starting in 2006, based on past experience, it is
assumed that most refiners would base their strategies
on analyses of specific refinery situations. Possible
exceptions are multiple refineries within a single com-
pany system having logistical connections that permit
practical and economical movement of refinery streams.

Identifying Refinery Options for Producing
ULSD

The objective of this step of the analysis was to generate
estimates of the incremental cost for each refinery to pro-
duce ULSD. The incremental cost will vary for each
refinery, depending on the volume of ULSD produced;
the type of blend components from which it is produced;
the sulfur, aromatics, and boiling range content of those
blend components; whether the refinery can revamp an
existing hydrotreater or must build a new one; and the
cost for catalvst, hvdrogen, and other requirements to
produce the ULSD. Moreover, each refinery must decide
‘how much ULSD it will produce in 2006. Because the
volume of ULSD produced will affect the incremental
cost of production, the incremental cost of ULSD pro-
duction for each refinery was first estimated at current
production levels, assuming both the revamp of a cur-
rent hvdrotreating unit and the addition of a new unit.

Then, additional options for reducing or expanding the
refinery’s ULSD production were estimated.

Several factors may cause a refiner to maintain, contract,
or expand highway diesel production when the ULSD
regulation takes effect in 2006. Maintaining current pro-
duction of highway diesel has the appeal of keeping the
refinerv production in balance with current distillate
markets sales for the company. Either increasing or
decreasing the highway diesel production will mean
finding markets for more highway diesel, more heating
oil, or more non-road diesel products. Reducing ULSD
production may result in a lower per barrel incremental
cost for ULSD production.

ULSD production requires added hydrogen usage in the
distillate hydrotreater, thereby increasing hydrogen
consumption per unit of distillate feed. Some refiners
may choose to reduce feed input in order to continue to
operate within existing hydrogen supply constraints
and avoid building new hydrogen production capacity.
Reducing hydrotreater throughput may also enhance
the practicality of revamping a current hydrotreater to
avoid building a new unit. The 1996 AP1/NPRA survey
showed that at the 500 ppm sulfur limit level, about'15
percent of untreated material was placed in highway
diesel in PADDs I-IV. Producing ULSD will require that
all the diesel product must be hydrotreated. This means
that some refiners who seek to revamp will be working
with a unit that has less capacity than indicated by cur-
rent highway production. Some additional capacity may
be made available by increasing the utilization rates of
existing units that are currently operating at lower utili-
zation rates.

If a refiner has to build a new hydrotreater, expansion of
highway diesel production is an obvious consideration.

Tabte D2. Cetane Number of Light Cycle Qil From Some World Crude Oils
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Expansion can provide economies of scale for 2 new unit
and may mean lower costs per unit; however, if new
hydrogen production capacity is required, the cost per
unit may be higher. There is also the risk of having to

find additional markets for the added highway diesel

production.

The EPA analysis!® and a study by Charles River Asso-
ciates, Inc., and Baker and O'Brien, Inc. (CRA/BOB)!¢
have attempted to determine which refineries could be
revamped; however, it is highly uncertain which refiner-
ies have hydrotreaters that could be revamped and
maintain current production volumes. The present
study also makes such an estimate, using a rationale
similar to that used in the CRA/BOB analysis. The pro-
cess construction literature for the past decade was
reviewed for distillate hydrotreater projects, and it was
assumed that revamps would be more likely for refiner-
ies that carried out major distillate projects in the 1990s,
especially those that installed new units. It was also
assumed that revamps would be practical for refineries
using a small percentage of cracked stock to produce
ULSD. In addition, it was assumed that new units would
be built at refineries with current hydrotreater capacity
less than their highway diesel production (although
revamps would also be feasible at reduced production
levels).

Estimating Costs for Individual Refineries

A semi-empirical model was developed to size and cost
new and revamped distillate hydrotreating plants for
production of ULSD. Sulfur removal was predicted
using a kinetic model tuned to match the limited litera-
ture data available on deep distillate desulfurization.
Correlations were used in the model to relate hydrogen
consumption, utility usage, etc., to the three major con-
stituents of the distillate pool: straight-run distillate,
light cycle oil, and coker gas oil.

Model Assumptions
New ULSD Unit

¢ Sulfur removal from the existing refinery distillate
pool, utilizing a dual-reactor hydrodesulfurization
unit with interstage H,S removal.

* Hydrogen consumption includes hydrogen required
to desulfurize the distillate pool to 7 ppm and to sat-
urate aromatics and olefins in the distillate.

* Cost estimates include capital for a new hydro-
treating plant, sulfur plant, and expansion of utili-
ties. Depending on the feedstock, the model decides
whether or not to construct a new hydrogen plant.

* Operating costs include utilities, maintenance, cata-
lyst and chemicals makeup and natural gas used for
hydrogen generation. A small credit is taken for the
sale of the sulfur byproduct.

Revamped ULSD Unit

¢ Sulfur removal from the existing refinery diesel
pool, utilizing existing hydrodesulfurization unit
with a new second-stage reactor and interstage H,S
removal.

s Incremental hydrogen consumption for revamp
based on: decreasing the sulfur level from 500 ppm to
7 ppm.

° Cost estimates include capital for new hydrotreating
reactor, heater, heat exchanger, H,5 absorber, and
expansion of utilities. Existing refinery sulfur and
hydrogen plants are assumed to have sufficient
excess capacity to handle increased throughputs.
Depending on the feedstock, the model decides
whether of not to construct a new hydrogen plant.

* Operating costs include incremental utilities, main-
tenance, catalyst and chemical makeup, and natural
gas used for hydrogen generation. No credit is taken
for the sale of the additional sulfur byproduct.

Model Description

The ULSD model considers hydrotreating three differ-
ent types of refinery feeds: straight-run distillate from
the atmospheric column, LCO from the FCC, and coker
gas oil from the coker. The model is in a spreadsheet for-
mat and contains Visual Basic coded functions for some
complex calculations. It consists of seven main sections:
(1) Economic Factors, (2) Refinery Input Data, (3) Man-
ual Variables, (4) Hydrotreater Kinetics, (5) Hydro-
treater Plant, (6) Hydrogen Plant, and (7) Sulfur Plant.
The model consists of seven Microsoft Excel® work-
sheets: a raw data worksheet that contains refinery-
specific information used by the other worksheets, five
refinery scenario worksheets that contain the detailed
step-by-step calculations for the revamp and new unit
cost projections, and a summary worksheet.

Model Options

The costs to produce ULSD for five investment options
are estimated from the compiled data for each refinery.
Costs vary for each refinery, depending on the volume
of ULSD produced, the blend components from which it
is produced, the sulfur, aromatics, and boiling range of
the blend components, whether the refinery can revamp
an existing hydrotreater or must build a new one,
and the cost of the catalyst, hydrogen, etc. required to

165 S, Environmental Protection Agency, Regulatory Impact Analysis: Heavy-Duty Eigine and Vehicle Standards and Highway Diesel Fuel
Sulfur Requirements, EP A420-R-00-026 (Washington, DC, December 2000).

166Charles River Associates, Inc., and Baker and O’Brien, Inc., An assessment of the Potental Impacts of Proposed Environmental Regulations
on U.S. Refinery Supply of Diesel Fuel, CRA No. D02316-00 (August 2000)..
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produce ULSD. The volume of ULSD a refiner decides to
produce will affect the cost. For each refinery, the cost
for ULSD production is estimated at current production
levels, - both assuming the addition of a new
hydrotreating unit.and assuming the revamping of an
existing hydrotreating unit (options 1 and 2 below).
Three .additional options are considered (reductions
from current highway diesel production assuming new
and revamped hydrotreater units and increases from
current production assuming new units) to find the most
economical production levels for individual refineries.

Option 1 (Baseline New Hydrotreater): This “busi-
ness-as-usual” option is modeled using the current
refinery production capacities for highway and
non-road diesel. The model estimates the cost to pro-
duce highway and non-road diesel at the proposed sul-
fur limits (7 ppm and 5,000 ppm, respectively) while
maintaining the same hydrotreater throughput. A new
hydrotreater plant is estimated.

Option 2 (Baseline Revamped Hydrotreater): This
option is identical to Option 1 except that the existing
hydrotreater plant is assumed to be revamped. The
revamp option considers the cost of installing an addi-
tional hydrotreater reactor (not an entire plant) and
interstage amine scrubber. The additional reactor is
sized to decrease the existing diesel sulfur content from

. 500 ppm to 7 ppm.

.

Options 3 and 4 (Reduced ULSD New and Revamp
Hydrotreater): These options consider the cost impacts
of decreasing highway diesel production and increasing
non-road diesel production. Because ULSD production
will require more hvdrogen consumption (especially for
refineries with lower quality feedstocks), reducing
ULSD production may permit the refinery to operate
within existing hydrogen capacity and avoid the neces-
sity of building a costlv new hydrogen plant. Further-
more, reducing hvdrotreater throughput may also
enhance the practicality of revamping the current
hvdrotreater and avoiding the need to invest in a new
unit.

Option 5: Increased ULSD New Hydrotreater: This
option considers expanding highway diesel production
while decreasing non-road diesel production; thus
increasing throughput to the hvdrotreater and creating
the need for a new hydrotreater. A particular refiner
might consider this option for several reasons: (1) the
refinery has a high volume of cracked stocks, and a new
hvdrotreater plant is needed anyway: {2) a new unit may
provide economies of scale and lower per-unit produc-
tion cost; (3) there may be a perceived opportunity to
expand highway diesel production as demand increases
and “challenged” refineries discontinue diesel produc-
tion. A corresponding revamp case was not consicered,
because it was assumed that current refineries w ere at
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maximum production rate with existing equipment, and
both new hydrotreater and hvdrogen plants would be
needed.

Worksheet Environment

Economic Factors: The capital charge factor is assumed
to be 12.0 percent (corresponding to a 5.2-percent after-
tax rate of return on investment), contingency 20.0 per-
cent, on-site maintenance 4.0 percent, off-site mainte-
nance 2.0- percent, taxes and insurance 1.5 percent
(included in the capital charge factor), and miscella-
neous 0.6 percent, all as a percentage of capital invest-
ment. Sensitivity cases using a 17.2-percent capital
charge were also analyzed.

Refinery Input Data: The cost model requires two input
data sets for each scenario. The first set of input data is
the baseline data, consisting of the current refinery die-
sel capacities from which all scenarios are developed.
The baseline data consist of the API gravity, highway
and non-road diesel blend component flow rates, and
sulfur content of each stream to the hydrotreater. The
second set of input data contains the blend component
flow rates for the optional expanded or reduced
hydrotreater.

Manual Variables: Some variables are not available in
the original refinery-byv-refinery specific database and
require some engineering judgment and estimation.
Whether or not the FCC feed is hydrotreated affects the
hydrogen consumption for desulfurizing the LCO
stream. Pretreatment of the FCC feed results in products
(LCO in this case) with higher API gravities (lower sul-
fur and aromatic content), which will in turn require less
hydrogen to remove the remaining sulfur during
hydrotreating. The geographic location factor is utilized
in the cost estimates for each refinery process; the loca-
tion basis used in the model is the US. Midwest. The
pressure input (in pounds per square inch absolute [psi])
affects both the kinetic and hvdrotreater portions of the
model. It 1s assumed that the maximum pressure for the
revamp options 1s 650 psi, and the average length-of-run
pressure for the new hydrotreater options is 900 psi. The
estimated-process temperature has a direct impact on

.the kinetic performance.

Hydrotreater Kinetics: The kinetic model used in this
study has the general form:

-dS/dt = kS"Py, /(1 + K.S,) .

An Arrhenius form is used for the temperature depend-
ence of k. For the Langmuir-Henshelwood factor, it 1s
assumed that sulfur species in the feed and H.S are
equally stronglv absorbed on catalvst sites. The con-
stants in the equation were fit using the best available
data from the literature. The best fit was obtained with n
equal to 1.5. The equation was integrated to give space
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velocity as a function of feed properties and operating
conditions: The value of k used reflects the higher sever-
ity required to process cracked feedstocks. When two
reactors are used in series with interstage H,5 removal,
the intermediate sulfur level is adjusted to give approxi-
mately equal space velocities in the two reactors. When
utilized for the revamp situations, the intermediate sul-
fur level (500 ppm) is manually placed in the kinetic
model, and only the second space velocity is used for
hydrotreater cost estimating.

Hydrotreater Plant The total on-site capital cost esti-
mate for a new hydrotreater plant (see Chapter 3) con-
sists of three parts: a two-reactor system (in series) with
interstage H,5 stripping, hydrogen makeup compres-
sors, and remaining on-site capital equipment. The cost
of the reactor system and makeup compressors are a
function of the percent of cracked stocks present in the
hydrotreater feed pool, whereas the cost of the remain-
ing on-site equipment is a function of capacity. The com-
bined flow rates, space velocities calculated from the
kinetic model, and pressure are used to size each reactor,
with the restrictions that the reactor length-to-diameter
ratio must be greater than or equal to 5, and the diameter
must be less than or equal to 15 feet. The cost of each
reactor is a function of the wall thickness and reactor
weight. Next, the hydrogen makeup compressor costs
are calculated based on the hydrogen consumption. The
remaining on-site capital for a new plant (inside battery
limit {ISBL] equipment) is estimated by using vendor
data supplied in a recent NPC study as a basis (30,000
barrels per stream day, $1,200 per barrel per stream
day). Figure D1 shows the predicted ISBL costs for each
refinery studied, using a basis of $1,200 per barrel per

stream day, and a best-fit curve through the data. Differ-

ences in capital costs at a given capacity level are the
result of variations in the fractions of the different types
of feeds (e.g., straight run versus cracked stocks)and the
sulfur level of the feed to the hydrotreater.

Figure D1. Cost Curve for Ultra-Low-Sulfur Diesel
{$1,200 Baseline ISBL Costs)
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Source: National Energy technology Laboratory.
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In the view of many refiners with whom discussions
were held, an estimate of $1,600 per barrel per stream
day is believed to be a more representative ISBL invest-
ment cost to produce ULSD. Therefore, the model was
rerun using a basis of $1,600 per barrel per stream day
for a unit with 30,000 barrels per stream day capacity.
Figure D2 shows the relation of vendor-supplied data to
the model results for both ISBL baseline costs ($1,200 per
barrel per stream day and $1,600 per barrel per stream
day).

Therevamped hydrotreater on-- ": - capt.. portion of the
model utilizes only the space velocity calcu!. e for the
second reactor used to lower the di=se! pool sulfur con-
tent from 500 ppm (manually specified) to 7 ppm. The

"revamped hydrotreater capital cost includes only an

additional reactor, heater, and separator and assumes
that the existing inside battery limit equipment will
remain unchanged.

The on-site capital costs for the new and revamped
hydrotreater plants include the initial catalyst charge.
The off-site capital cost for a new plant is assumed to be
45 percent of the on-site capital cost, and the off-site cap-
ital cost for a revamped plant is assumed to be 30 percent
of the on-site capital cost.

Hydrotreater Catalyst: Catalyst cost (in dollars per bar-
rel} is a function of space velocities and is calculated
assuming a 2-year life, with CoMo in the first reactor and
NiMo in the second reactor. CoMo is more reactive in
removing sulfur from the less challenging sulfur-
containing molecules. Below 500 ppm, however, the sul-
fur present is more likely to be contained in sterically
hindered molecules and is more difficult to remove
using a CoMo catalyst (Figure D3). In contrast, NiMo has
higher activity on more challenging sulfur-containing
molecules. Published data have shown that the costs of
both catalysts are approximately $10 per pound, includ-

ing royalty.

Fig'ure D2. Cost Curve for Uitra-Low-Sulfur Diesel
($1,200 and $1,600 Baseline ISBL Costs)
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Figure D3. impact of Sulfur Species on Reaction
Rate e
EASY DIFFICULT MOST DIFFICULT

REATIVE REACTION RATE
»
»

Source: Energy tniormaunon Agminisiration. Cliice of inizgraied
Anatysts ana Foracasling.

Hydrotreater Utilities: The main utilities for the hydro-
treater plant included in the model are power, steam,
cooling water, and fuel. All utility requirements were
estimated from published correlations or actual data.
The revamp option utility requirements are the incre-
mental utilities to remove the remaining sulfur present
in the diesel. The incremental additional power was esti-
mated to be 40 percent of the existing power usage due
to additional hydrogen consumption and potentially
higher system pressure drops.

Hydrotreater Yields and Energy Content: The volume
and weight percent yields of ULSD produced by the dis-
tillate hvdrotreater can vary considerably, depending on
the fraction of cracked stocks in the feed and the level of
-aromatics saturation. An average vield and energy con-
tent were estimated for this study, based on the Crite-
rion data in a June 2000 study by the National Petroleum
Council.'*” The vield of hydrotreater product in the dis-
tillate boiling range was assumed to be 98 percent by
weight, and the API gravity was assumed to increase by
2 numbers, which means that the volume yield was 99.2
percent. There was also a small increase in the Btu con-
tent of the product on a weight basis (98.2 percent of the
feed energy content in 98.0 weight percent of the feed).
The energv content declines on a volume basis, because
the heat content of the product is 0.989 times the heat
content of the feed on a volume basis.

Hydrogen Plant The same hydrogen consumption
and hydrogen plant cost estimation methodologies are
used for both the new and revamp cases. The goal of the
hydrogen plant portion of the model is to determine
the hyvdrogen consumption and associated costs to
reduce the current sulfur level (500 ppm) down to 7
ppm, whether it is a new or revamp situation (see Table
6 in Chapter 6). The incremental Hj is calculated as the
difference between the baseline H, consumption (for
highway diesel at 5300 ppm sulfur and non-road diesel at

5.000 ppm) and the predicted required H, consumption

{highwayv diesel at 7 ppm, non-road at 5,000 ppm). If the

incremental H. consumption value 1s greater than 25
percent of the baseline H, capacity, then the model cal-
culates the H, costs based on a new plant.

Simple nonlinear correlations based on the flow rate and
sulfur concentration of each cut, including the non-road
streams to the hydrotreater, were developed using data
compiled from muitiple sources. The H, consumption
correlations are as follows: '

Straight-run highway baseline:

SCF H, = SR Flowrate * ({{120 * SRSulPercent)
+40) + 50)

Straight-run highway required: -

SCF H; = SR Flowrate * ({{120 * SRSulPercent) + 40)
+ 50 + 50)

Straight-run non-road baseline and required:

SCF H, = SR NonHighway Flowrate * ((120
* SRSulPercent) + 40)

LCO highway baseline:

SCF H; = LCO Flowrate * ({(150 * LCOSulPercent)
+ 40) + 150)

LCO and coker distillate highway required:

SCF H, = LCO Flowrate® (((150 * LCOSulPercent)
+ 40) + 150 + 650}

LCO and coker distillate non-road baseline and
required:

SCF H, = LCO NonHighwav Flowrate *
(130 * LCOSulPercent) + 40).

After the total baseline, required, and incremental
hydrogen capacities are calculated, the model then
decides whether to build a new hydrogen plant. If the
existing H, plants capacity is determined to be sufficient
(no build), onlyv the variable cost associated with the
required capacity is calculated. If a new H, plant is nec-
essary, the on-site capital cost is estimated (scaled) using
published data (60 million standard cubic feet per dav
plant at 550 million). The off-site capital cost is assumed
to be 40 percent of the on-site capital cost. The total
hydrogen cost perbarrel of distillate treated includes the
cost of the natural gas feed to the hvdrogen plant.

Sulfur Plant The new sulfur plant estimates are based
on the amount of sulfur removed from the diesel pool
and are a function of whether the FCC feed was
pre-treated, the flow rate and percent sulfur of each
stream, and the API gravity of the crude. The estimate

167 N ational Petroleum Council, U.S. Petroleum Refimng: Assunng tiw Adequacy and Affordabihity of Cleaner Fuels (June 2000)
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includes an interstage H,S absorber for the new unit
case. The on-site capital, off-site capital, and fixed and
variable operating costs are calculated by scaling off
published data. The only difference in the total sulfur
cost on a per barrel basis is the credit from the sale of the
sulfur at $27.50 per long ton. The revamp case assumes
that the existing sulfur plant can handle the additional

[l

Energy information Administration / Transition to Ultra-Low-Sulfur Diesef Fuel

500 ppm sulfur removed from the diesel stream. The sul-
fur section of the revamnp worksheet calculates the cost
of an additional absorber, which is a function of the
overall flow rate to the hydrotreater and the hydrogen"
recirculation rate. In the sample cases, the sulfur costs
ranged from $0.08 to $0.35 per barrel.
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Appendix E

Model Results

This appendix provides mid-term projections for
end-use prices and total supplies of ultra-low-sulfur
diesel fuel (ULSD), based on the Energy Information
Administration’s (EIA’s) National Energy Modeling
System (NEMS) Petroleum Market Module (PMM).
Historical data for 1999 prices and supplies of highway
diesel (500 ppm sulfur) are also provided for compari-
son (Tables E1 and E2).

The projected end-use (pump) prices are lower than the
current prevailing prices for highway diesel fuel for sev-
eral reasons. The end-user prices include crude oil costs,
processing costs, taxes, and marketing costs.!%8 There-
fore, variations in the costs and taxes affect the projected
end-user prices. The reference case, the Regulation case,
and all sensitivity cases were based on mid-term projec-
tions for world crude oil prices used in Annual Energy
Outlook 2001 (AEO2001). After the steep increase in
world crude oil prices in 1999 and 2000, EIA projected
that crude oil prices would decline initially (through
2003), then slowly increase through 2020.'¢° ElA’s
. Weekly Petroleum Status Report for March 23, 2001, esti-
mated the February 2001 price at $24.60" per barrel
(50.577 per gallon) in 1999 dollars for US. imported
crude oil. In comparison, NEMS projects a world crude
“o1l price of $21.37 per barre) (30.509 per gallon) in 2010

(in 1999 dollars). The lower 2010 oil price projections
from AEQ2001 thus account for a difference of 6.8 cents
per gallon in the projected end-use prices for ULSD.

In addition, the end-use diesel prices include a nominal
Federal tax of $0.24 per gallon in 1999, which decreases
in value (in real terms) in the forecast years. The differ-
ential in Federal taxes between 1999 and 2010 is about 4
cents per gallon. The PMM reference case projects an
end-use price of $1.238 per gallon in 2010. After upward
adjustment to account for the differentials in world
crude oil price and Federal taxes (a total of 10.8 cents),
the end-use price would be $1.346 per gallon at the cur-
rent world crude oil price level.

The U.S. prices of most petroleum fuel products fluctu-
ate between seasons and in response to world crude oil
prices. The higher-than-normal diesel prices in 2000 and
in the early part of 2001 reflect the low distillate inven-
tory and high world crude oil prices. Since February
2001, the average price of U.S. highway diesel has been
dropping steadily, to a level around $1.40 per gallon.
According to the Weekly Petroleum Status Report for
March 23, 2001, the average U.S. price of highwayv diesel
was $1.338 per gallon (in 1999 dollars), comparable to
the price projection of $1.346 per gallon from the PMM.

It Energy Information Administration, Annual Energy Outlook 2001, DOE/EIA-0383(2001) (Washington, DC. Decernber 20001, Figure

112

””Energy Information Administration, Annual Energy. Outlook 2001, DOE/EIA-0383(2001) (Washington, DC, December 20001, Figure

88.
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Table E1. End-Use Prices and Total Supplies of Highway Diesel, 1999 and 2007-2015,
Assuming 5-Percent Return on Investment

2007-2010 | 2011-2015

Analysis Case 1999 2007 2008 2009 2010 2011 2015 Average Average
End-Use Prices of Highway Diesel (1999 Cents per Gallon)? T
Reference (500 ppm) ... .. .. 114.0 121.6 122.3 123.0 123.6 124.1 124.3 122.6 124.3
Regulation (ULSD) ......... NA 128.6 129.0 129.5 130.4 131.3 129.4 129.4 129.7
Higher Capitat Cost (ULSD) . . NA 129.4 129.9 130.5 131.2 1322 130.1 .130.3 130.5
2/3 Revamp (ULSD) . ....... NA 128.9 1292 129.9 130.7 131.7 129.7 129.7 1300
10% Downgrade (ULSD). .. .. NA 129.0 129.4 129.9 130.8 133.2 130.0 129.8 130.7
4% Efficiency Loss (ULSD) . .. NA 128.6 129.0 129.5 130.5 131.4 129.6 129.4 130.0
1.8% Energy Loss (ULSD) . .. NA 128.9 129.3 129.6 130.5 131.5 129.5 129.6 129.8
Severe (ULSD) ............ NA 130.4 130.7 131.4 132.2 134.8 1311 131.2 131.7
No tmnorts (ULSD) ......... NA 130.2 1304 1308 131.6 132.9 130.5 130.8 131.1
Total Highway Diesel Supplied (Miilion Barrels per Day)
Reference
Total (500 ppm} . ......... 243 3.09 3.15 3.21 3.27 3.32 3.55 3.18 343
Regulation _
00ppm ... 2.43 0.70 0.71 0.72 0.26 0.00 0.00 .60 0.00
ULSD. ... ..o 0.00 2.40 2.45 2.50 3.02 3.40 363 2.59 3.5
Total .................. 2.43 3.10 3.16 3.22 3.28 3.40 3.63 3.19 3.51
Higher Capitat Cost :
500ppm ... 2.43 0.70 0.71 0.72 0.26 0.00 0.00 0.60 0.00
ULSD. ... 0.00 2.40 245 250 3.02 3.40 3.63 2.59 3.51
Total . ................. 243 3.10 3.16 3.22 3.28A 3.40 3.63 3.19 3.51
2/3 Revamp
500ppm ... 2.43 0.70 0.71 0.72 0.26 0.00 0.00 0.60 0.00
ULSD. ... ... ... . ... .. 0.00 2.40 2.45 2.50 3.02 3.40 3.63 2.59 3.51
Total ............. R 243 3.10 ~ 3.16 3.22 3.28 3.40 3.63 3.19 3.51
10% Downgrade :
500ppm . ... L. 2.43 0.70 0.71 ' 0.72 0.26 0.00 0.00 0.60 0.00
TULSD. .. © 0.00 2.40 2.45 2.50 3.02 3.61 3.85 2.59 3.72
Total .................. 2.43 3.10 3.16 3.22 3.28 3.61 3.85 3.19 3.72
% Efficiency Loss
500ppm ...l 2.43 0.70 0.71 0.72 0.26 0.00 0.06 0.60 0.00
ULSD......... ... .... 0.00 2.40 2.45 2.50 3.03 3.42 365 2.59 3.53
Total .. ................ 243 3.10 3.16 322 3.29 3.42 . 3.65 3.19 " 353
1.8% Energy Loss ' . ’
S00ppm ... 2.43 0.71 072 0.73 O..ZAG 0.00 0.00 0.60 0.00
ULSC. ...l 0.00 2.42 2.47 2.52 3.06 3.45 3.68 2.62 355
Total .................. 2.43 3.13 3.19 3.25 3.32 3.45 3.68 3.22 3.55
Severe ’
500ppm . ............. .. 243 0.71 0.72 0.73 0.26 0.00 . 0.00 0.60 0.00
ULSD. ... ... ... ... .. 0.00 2.42 2.47 2.52 3.07 3.67 3.92 2.62 3.79
Total ........... e 243 3.13 3.19 3.25 3.33 3.67 3.92 3.22 3.79
No imports
S500ppm ... ... 2.43 0.70 0.71 0.72 0.26 0.00 0.00 0.60 d.00
ULSD. ... o 0.00 240 - 245 2.50 3.02 3.40 363 2.59 3.51
Total ..., 2.43 3.10 3.16 3.22 3.28 3.40 363 3.19 351

SHighway diesel prices {both 500 ppm and ULSD) include Federal and State taxes but exclude county and focal taxes.

NA = not available.

Sources: 1999: Energy Information Administration, Petroleumn Supply Annual 1999, Vol. 1, DOE/EIA-0340(99)/1 (Washington. DC, June 2000).
Projections: National Energy Modeling System. runs DSUREF.D043001B, DSU7PPM.D043001A. DSU7HC .D043001A. DSU7INV.D043001A.
DSU7DG10.D043001A, DSU7TRN.DO43001A. DSU7BTU.D043001A. DSU7ALL.DO50101A, and DSU7IMP0.D043001A.
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Table E2. End-Use Prices and Total Supplies of Highway Diesel. 1995 and 2007-2015.
Assuming 10-Percent Return on Investment

2007-2010  20711-2015

Analysis Case ;1998 - 2007 2008 2000 - 201C 20i1 2015 Average Average

End-Use Prices of Highway Diesel {1999 Cents per Galion)®

HAERY 2. TiZs 1233 1ZRE R R 1522 z
[equiaton win T Ih- Rature on
invgsimen: L3S L B NA 126 2 1305 13- itE 1304 R . R
Totai Highway Diesel Supplied {(Million Barrels per Day;

Reterence with 10°%: Return on
Investment

Total (500 ppm). ............ 243 3.10 3.16 3.22 3.27 3.33 3.56 3.19 3.44 \
Regulation with 10° Return on
Investment

o0 ppm. L L R 2.43 G.7 0.71 c73 .22 .95 ¢.0C 5.66 o0

LS G.00 2.4 2.46 2.3% 3.3z KRN 305 .07 Il

Total. ... .. ... ......... 2.43 3.11 3.17 3.23 3.28 3.41 3.64 3.20 3.52

“Ligniias mesai prioas -both 306 pom arc ULSD! inciua2 Fedara: and Slais taxzs ou

NA'= 101 avaraniz
Scurses. 1999: Snargy information Administration. Petroleurr SuUppty Annugdi 19¢%

Projections: Nauona: Znsr; s Mogdaing System. runs DSURES 10.00430C1A ang TSUT
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Stanley Calvert 04/06/2001 10:43 AM

To: MaryBeth Zimmerman/EE/DOE@DOE
cc:

S “iact:  Wind Success inputs

Stan Calvert
X68021

Forwarded by Staniey CalvertEE/JOE or 04/06/2001 10:39 AM

{I Phil Dougherty 04406/2001 10:04 AM
1 -

To: Stanley CalverVEE/DOEQ@DOE
cC:

Subject:

Marybeth:

9310
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Ty - -
I hope this information helps,
PID
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Staniey Calvert 04/06/2001 11:11 AM

To: MaryBeth Zimmeman/EE/DOE@DOE
cc. Phil Dougherty/EE/DOE@DOE

Subject: Re: Wind Success Inputs 3

Stan

MaryBeth Zimmerman

ﬂ“arym Zimmerman 04/06/2001 10:59 AM
———

J

To: Steniey CalvertVEE/DOE@DOE
cc: Phil DoughertyEE/DOE@DOE

Subject: Re: Wind Success Inputs g

Thanks. I worked with your last bullet and added the final reference on growth in production
from EIA's Renewable Energy Annual 2000 (March 2001):

Stanley Caivert 04/06/2001 10:43 AM

Staniey Caivert 04/06/2001 10:43 AM

To: MaryBeth Zimmeman/EE/DOE@DOE
cc: .

Subject: Wind Surress Inputs

. Stan Calvert

X68021
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David Rodgers/EE/DOE@DOE

§] MaryBath Zimmerman 0272372001 03:15 PM
-

To

e Buddy Garland/EE/DOE@OOE. John SullvaEE/DOE@DOE |

Subject

- Re: Incoming letters regarding NEP [3)

David Rodgers 02/23/2001 01:49 PM

David Rodgers 0272372001 01:49 PM

To: MaryBeth Zimmerman/EE/DOE@DOE, Damell BeschetWEE/DOE@QDOE
cc:

Subject: Incoming letters regarding NEP
Dear Folks,

Thanks, david

9315
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David Rodgers 02/23/2001 01:49 PM

Tl e T e

To: MaryBeth ZimmermanEE/DOE@DOE, Darrell Beschen/EE/DOE@DOE
cc:

Subject: Incoming letters regarding NEP
Dear Folks,

Thanks, david
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From:  Bill Babiuch/NRELDC/NRELEX@NRELExchange on 02/21/2001 10:45 AM

To: Darrell.Beschen@ee.doe.gov@SMTP@NRELExchange
cc: MaryBeth ZimmermanVEE/DOE@DOE

Subject: RE: need print out for Buddy
Darrell, .

—Bill

)

DOE RAD Puigrn
FYSFY00 g

—-Original Message—

From: Darrell_ Bescheng@ee.doe.gov [SMTP:Dsmrel. Beschenfdee.doe.gov)
Sent: Wednesday, February 21, 2001 6:20 AM

To: Babiuch, 818

Subject: RE: need print out for Buddy

yes please make a one or two pager with the chart and the data.....constant
dollars..

you can send it to me email and i will print it here....we are busting ass on
the WH NEP....d.
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Sarah Kirchen
06/06/2001 03:27 PM

To: MaryBeth Zimmerman/EE/DOE@DOE, Gloria ENotEE/DOE@DOE, Patrick Booher/EE/DOE@DOE, Tina
Kaarsberg/EE/DOE@DOE

cc: Sam BaldwinVEE/DOE@DOE, Nancy JeﬁecyIEEIDOE@DOE, Debbie Stroud/EE/DOE@DOE, Annette
WestEE/DOE@DOE

8ub;ect Congressiona! Q8As from Senate Energy and Natura. Resources Committee Hearing, May 24, 2001

Thank you.
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{77 P Gall McKinley
; “" 05/2572001 06:38 PM v

To: Randy SteerfEE/DOE@DOE . ;
o MaryBeth Zimmerman/EE/DOE@DOE, Darrell Beschen/EE/DOE@DOE, Buddy Garland/EE/DOE@DOE,
- Sam BakdwinVEE/DOE@DOE, John SullivanVEE/DOE@DOE, Mark Ginsberg/EE/DOE@DOE. Jerry
Dion/EE/DOE@DOE, Gregory Reamy/EE/DOE @DOE, Thomas Heavey/EE/DOE@DOE

Subject  Re: Ten-Year Funding Increase for Weatherization 3

From: Randy Steer on 05/25/2001 12:40 PM

From:  Randy Steer on 05/25/2001 12:40 PM

To: MaryBeth Zmmemsn/EE/DOEGDOE
cc: Gail McKintey/EE/DOE@DOE, Darrell Beschen/EE/DOE@DOE. Buddy Garland/EE/DOEQDOE, Sam
BaldwinEE/DOE@DOE, John SutlivaovEE/DOE@DOE

Subject: Re: Ten-Year Funding Increase for Weatherization 3

Randy.
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Willlams, Ronald L

From: Ball, Crystal A - KN-DC [cabali@bpa.gov)

Sent: Monday, March 26, 2001 9:56 AM

To: Anderson, Margot, Camier, Paul

Cc: 'Seifert, Roger - KN-DC"; ‘Stier, Jeffrey K - KN-DC'
Subjsct: RE: BPA DSI information '
Crystal

-~ —Orig.nal Message—
Fiom: Arderson, Margot [mailto:Margot.Anderson@hq.doe.gov)
Se¢:nt Fiicay, March 23, 2001 5:54 PM

. Tc 'Stier, Jeffrey K - KN-DC'; ‘Ball, Crystal A - KN-DC'; Carrier, Paul
Cc: ‘Seifert, Roger - KN-DC'
Suvject: RE: BPA DS! information

Thank you. ,\ny help you could give on economic impacts would be most helpful.

—0Original Message—-

From: Stier, Jeffrey K - KN-DC [mailto:jkstier@bpa.gov]
Sent: Friday, March 23, 2001 3:58 PM

To: Anderson. Margot; ‘Ball, Crystal A - KN-DC'; Carrier, Paul
Cc: ‘Seifent, Roger - KN-DC*

Subject: RE: BPA DS| information

~——0QOrigina! Message—

From: Anderson, Margot {mailto:Margot Anderson@hq.doe.gov]
Sent: Friday, March 23, 2001 12:46 PM

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

Cc: "Stier, Jeflrey K - KN-DC’; ‘Seifert, Roger - KN-DC'

Subject: RE: BPA DSI information

, Crystal,

S
A
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Margot

—Original Message—

From: Ball, Crystal A - KN-DC [mailto:cabali@bpa.gov]
Sent: Friday, March 23, 2001 12:35 PM

To: Anderson, Margot; Carrier, Paul

Cc: Stier, Jefirey K - KN-DC; Seifert, Roger - KN-DC
Subject: RE: BPA DS! information

Importance: High

> <<DSI paul info.doc>> <<McCook pr final.doc>>

\. \
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Williams, Ronald-L

From: MaryBeth Zimmerman
Sent: Monday, March 26, 2001 10:01 AM
To:

Anderson, Margot

Cc: Parks, William; Kaarsberg, Tina; York, Michael; Garland, Buddy; BP
Sullivan/OU=SMTP/O=NRELEX@NRELExchange @DOE%HQ-NOTES; Haspe! Abe;
. Jeffery, Nancy
Subject: Re: Chapter 8 (Increased production of U.S. Energy Resources).

~ '\\

¢h 8 march 24.doc ,
On first quick perusal here:

“'J\J

Thanks for the review copy. | wil! forwurd any comments received by others on this distribution list.

w S

Margot Anderson@HQMAIL on 03/24/2001 10:40:57 AM

To: Abe Haspel/EE/DOE@DOE@HQMAIL, MaryBeth Zimmerman/EE/DOE@DOE@HQMAIL, Michael
York/EE/DOE@DOE@HQMAIL, John Conti@HQMAIL, Andrea Lockwood@HQMAIL, Wiiliam Breed@HQMAIL,
Michae! Whatley@HQMAIL, Douglas Carter@HQMAIL, Jay Braitsch@HQMAIL, Elena Meichert@HQMAIL,
TREVOR COOK@HQMAIL, 'jkstier@bpa.gov'@internet@HQMAIL, Christopher Freitas@HQMAIL, Mark
FRIEDRICHS@HQMAIL, David Pumphrey@HQMAIL, Kevin Kolevar@HQMAIL, ANDY KYDES@HQMAIL

cc: Joseph Kelliher@HQMAIL
Subject: Chapter B (Increased production of U.S. Energy Resources).

Chapter 8 (Increased production of U.S. Enérgy Resources).

Task Force Charlie: This can go out to other Agencies for review

.« Includes comments
from meeting on 2/2).

DOE: FE took the pen and I edited and inserted new material from NE. Also selected the
graphics from FE's menu of options. Graphics are a little thin toward the back of the
chapter. Who can help?

EIA - please take 8 fact-check look.
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% <akmeier@ibl.gov> on 05/24/2001 02:23:20 PM

<\

Please respond to akmeiev@lb!.gov@lntemet@HQMAIL
To: MaryBeth Zimmermar/EE/DOE@DOE@HAOMAL
cc: .

Subject: Re: my electricity chart

- alan

MaryBeth Zimmerman wrote:

VVVVVVVVY
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- alan

Alan Meier :

Berkeley Lab (LBNL), Building 90-2000

Berkeley, California 94720 uysga °

Tel. +1 {s10) 486-4740 Fax +1 {510) 486-4673
e-mafl: AKMeiereLBL.gov

http://www.1bl. gov/~akmeier

VVVVVVVVVVV.

Alan Meier

Berkeley Lab (LBNL), Building 90-2000 .

Berkeley, California 94720 UsA

Tel. +1 (510) 486-4740 Fax +1 (510) 486-4673
e-mail: AKMeier®LBL.gov '
http://www.1bl.gov/-akmeier

SaEcEsassmc
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B d

g John.Sullivan@ee.doe.gov on 05/23/2001 08:54:44 AM

To: MaryBeth Zimmerman/EE/DOE@DOE, Sam Baldwin/EE/DOE@DOE, Buddy ,
Garland/EE/DOEQDOE, Brian Connor/EE/DOEDOE, Randy Steer/EE/DOE@DOE,
Steven Lee/EE/DOE@DOE, MSHAPIRO43Ecs.com

cc: ‘Abe HaspelEE/DOE@DOE

Subject Re: Program Reviews Discussion Paper

MaryBeth.Zimmermaneee.doe.gov on 05/22/2001 02:51:12 PM

To: Brian Connor/EE/DOE&DOE
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o —
[ e

ecc: John Sullivm/iz/mzows, sam.baldwin@hqg.doe.gov,

Buddy Garland/EE/DOE@DOE, Steven Lee/RE/DOR@DOE,
Randy Steer/EE/DOR®DOE, mshapiro43ecs.com

8Bubject: Re: Program Reviews Discussion Paper

93358
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BRIAN CONNOR
05/22/2001 11:54 AM

To: john.sullivaneee.doe.gov @ DOR, sam.baldwin®hg.doe.gov @ DOE,
buddy.garlandeee.doe.gov, Steven Lee/ER/DOBSDOE, MaryBeth

Zimmerman/ER/DOECDOE, Randy Steer/EE/DOReDOE, mshapiro43ecs.com
cC: . .

Subject: Program Reviews Discussion .Paper

(8ee attached file: NEP Program Review Discussion Paper.wpd)

I - NEP Program Review Discussion Paper.wbd
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“Macauley, Molly™ <Macauley@rff.org> on 05/22/2001 04:25:00 PM

To: MaryBeth Zimmerman/EE/DOE@DOE
cc: “Toman, Mike™ <Toman@rff.org>
Subject RE: Follow-up to this moming

r%he project referenced below can be properly considered an approach to
*measuring the contribution of investments in remewable energy: consumer
welfare gains.® As such, it is conceivably a planning tool and has been used
as such at NASA and DoC. ’A‘

From: MaryBeth.Zimmermane@ee.doe.gov
[mailto:MaryBeth.Zimmerman@ee .doe.gov]

Sent: Tuesday, May 22, 2001 4:17 PM

To: Macauley, Molly; Toman, Mike; Gruenspecht, Howard; Newell, Richard
Cc: Sam.Baldwin®ee .doe.gov; Buddy.Garland@ee.doe.gov;
Philip.Patterson@ee.doe.gov; Phillip.Tseng@ee.doe.gov;
Michael.York®ee.doe.gov; Tom.Kimbis@ee.doe.gov;
Darrell.Beschen@ee.doe.gov; Tindfkaarsberg@ee.doe.gov;
Eldon.Boes$NRELExchange®ee .doe.gov;
Bill.Babiuch$NRELExchangeeee.doe.gov;
Larry.Goldstein¥NRELExchange@ee.doe.gov; Jerry.Dioneee. doe gov;
Kenneth.Friedman@ee .doe.gov; Peggy.Podolak@ee.doe.gov;
Ellyn.Krevitze@ee.doe.gov

Subject: Follow-up to this morning

'

&I wanted to thank you again for coming by today and discussing area of

possible .

areas of research. The timing was perfect, following up on the NEP release,
for ;

identifying areas of analytical need and opportunity. I apologize again for
having to leave a bit early, but I am pleased we finally got a chance to
have

everyone in the room together.

Phil Tseng and I would like to get back to you socon regarding Planning

office

analysis needs. I would also 11ke to get copies of the quarterly ieporcs -
from . )

the work that Molly Macauley is doing for us from the competitive

solicitation

so we can discuss that in more detail. I have concerns about describing the

approach as a budget decision tool at its apparent current point of

—_—
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‘application
to these programs and technologies, but I'll need to learn more.

I hope you got a good sense of the items we are most interested in. The way
EERE is structured, we can fund analysis through my office (Planning,
Analysis,

and Evaluation), or through any of the sector offices. The lead analysts for
each sector are:

Buildings: Jerry Dion (586-9470)
Industry: Ken Friedman (586-0379) or Peggy Podolak (586-6430)
.Power: Tina Kaarsberg (586-3802) [at the meeting]
Transportation Phil Patterson (586-9121) [at the meeting)

Federal Ellyn Krevitz (586-4740)

Phil Tseng, Darrell Beschen, and Mike York are in the Planning office. Tim
Kimbis is from TMS and on-site with us full time for on-the-spot analysis.

For
your information, I've cc:ed everyone from EERE & NREL who were preseff;//

n2r20



i ' i ..' = i
: / John Sulivan
© 04/27/2001 08:38 AM

To: Randy SteerEE/DOE@DOE, MaryBeth Zimmeman/EE/DOE@DOE. Sam BaldwinVEE/DOE@DOE,
Buddy Garland/EE/DOE@DOE, #EE-DAS, #EE-ADAS
e -Abe Haspel/EE/DOE@DOE

Subject: Re: Additional Materials for S-1: Fuel CellHydrogen Economy

Forwarded by John SullivanVEE/DOE on 04/27/2001 08:30 AM

""" / Wilkam Parks
0472772001 08:13 AM

To: Randy Steer/TEE/DOEQDOE
cc: John SullivanVEE/DOE@DOE, Robert Dixon, Buddy Gartand

Subject: Re: Additional Materials for S-1: Fuet Cell/Hydrogen Economy ‘Q

thanks
Bill
From: Randy Steer on 04/26/2001 03:20 PM

From: Randy Steer on 04/26/2001 03:20 PM

To: Jamss Daley/EE/DOE@DOE, Richard Budzich/EE/DOE@DOE, Nancy Jeffery/EE/DOE@DOE. Robert
Dixon/EE/DOE@DOE, William Parks/EE/DOE@DOE. Sigmund Gronich/EE'DOE@DOE
cc:
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Subject: Re: Addttional Materials for S-1: Fuel Cell/Hydrogen Economy )

NRTDI-etrOnY_ ) wp

9340

DOE015-2683



g Abe Haspel@es.doe.gov on 05/18/2001 07:23:05 AM

To: MaryBeth Zimmeman/EE/DOE@DOE
:
Subject Naxt CERA briefing at DOE

Rarybeth:.

Miz) ael Ortmeier®HOMAIL on 05/17/2001 04:16:57 PM

To:
cC:

Subject: Next CERA briefing at DOR

Polks, please see the attachment for information on the next CERA briefing on

Mexico/Latin American energy issues on

Thursday, 24 May @ 10:00 to 11:30 in Rm.
GJ-015 Forrestal Bldg. Regards, Mike O

lD - CERA7mex.DOC
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Willlams, Ronald L

From: Kelliher, Joseph

Sent: Monday, March 26, 2001 10:48 AM
To: Anderson, Margot :
Subject: questions

lmpomnce: High

A few questions tg help winnow down our list even more -

Wt
. ‘\)
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X

% Z Tom Kimbis

wﬂlﬂ 5/2001 03:56 PM

To: . Joe! Rubin/EE/DOE@DOE
cc:

Subject: Re: graphics please @

here's the first graph

Household Gvt Asstance Gas

JOEL '

To: Tom Kimbis/EE/DOE@DOE
cc:

_Subiem: graphics please

NEPA_Chap 2 Outline.doc

JOEL
RUBIN
02/15/2001 12:49 PM
-
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;] MaryBeth Zimmerman 02/16/2001 06:40 PM
e —
J o
To: czmb; .-
cc: ‘

Subject: 'NEP, draft 1

Forwarded by MaryBeth Zimmerman/EE/DOE on 02/16/2001 06:39 PM

Margot Anderson@HQMAIL on 02/16/2001 05:48:00 PM

Yo: Abe HaspeVEE/DOE@DOE@HQM AL, John Sullivan/EE/DOE@DOE@HQMAIL, MaryBeth
Zmmeman/EE/DOE @DOE@HQM L., Robert Kripowicz@HOMAIL, Robert Porter@HQMAIL, WILLIAM
MAGWOOD@HQMAILL, David Pumg hrey@HIMAIL, James HART@HQMAIL, Paula Scaling@HQMAR.,
Michee! Whatiey@HQMAIL, LARRY SETTIS¢HQMAIL, jkster@bpa.gov@intemet@HQMAIL, -

cc: Joseph Ketliher@HQMAL

Subject: NEP, dreft 1

Hei'e are sections 1,2, 4, and S.

Thank you all for pushing so hard - we have a lot of very good material here.

Attending Monday

Larry Pettis (FE)

Cook (NE)

Mary Beth Zimmerman, John Sullivan (EE)
Bob Kripowicz (FE)

Margot Andergon (PO)

Paula Scalingi (S0)

Joe Kelliher (OSEC)

.Joe Stier or Crystal Ball (BPA)
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What did I miss?

Margot
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section 1 draft 1section 2 draft - Section 4 draft Section 5 draft
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Williams, Ronald L L

From: MaryBeth Zimmermaﬁ
Sent: Monday, March 26, 2001 10:57 AM
To: Anderson, Margot
Subject: 1 small change in efficiency graphic
=7
revised refrigerator.ppt-
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Martin, Adrienne ,%Aa/

From: Braitsch, Jay

Sent: Monday, May 07, 2001 5:14 PM
To: Anderson, Margot

Subject: Citations

The attached three documents cover citations for different parts of Chapter 5. | tried to merge them into one document but
got totally fouled up with the MS Word draft feature, which | don't understand. Some cites were missed in obscure
sections (e.g., hydro, oil power), but they don't ook controverial to me.

ll

Citation Cneck  FE2 - Citation Chvech - FE - Citation Chech - NE -
CM S.d0.. CH S.doc... CH S.doc...
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Martin, Adrienne

From: Tom Kimbis

Sent: Monday, May 07, 2001 5:29 PM
To: Anderson, Margot

Cc: Zimmerman, MaryBeth
Subject: chapler 6

CetationsCHAPTER

6mth sutes . Citations are done on Chapter 6. See attached.

- Mike York and Tom

ollenss
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Martin, Adrienne ) _ ij,.«/

From: KYDES, ANDY
Sent: Tuesday, May 08, 2001 11:42 AM
To: Anderson, Margot
Subject: FW: citations update

CITATI-2.00C 0413CH.DOC CITATI~| .DOC

Margot here's a resend of chapter 2, the last attachment on this

page.
Andy

-—-Original Message-—-

From: Kydes, Andy

Sent: Monday, May 07,2001 11:10 AM

To: 'Margot Anderson_at _HQ-EXCH at X400PO’
Cc: MARYBETH ZIMMERMAN;: JAY BRAITSCH
Subject: RE: citations update

Margot,

1 gidnt have Bill Breeds(SP?) email. Please forward to him.

We have alot of the information responded to alraedy. | will merge Chapter
1

together and simply forward the rest. I'l attach our reviews so far for 2,

4.

5. Chapter one to follow shortly.

Andy

-—--Original Message——

From: Margot Anderson_at_HQ-EXCH at X400PQO

Sent: Monday, May 07, 2001 10:37 AM

To: Kydes. Andy; TREVOR COOK_at_ HQ-EXCH at X400PQ; William
Breed_at_HQ-EXCH at X400P0; Jay Braitsch_at_HQ-EXCH at X400PO; Douglas

Carter_at_HQ-EXCH at X400PO; MaryBeth Zimmerman_at_HQ-NOTES at X400P0O
Subject: citations update

Can 1 get an update on how things are going and do we need to bring more
folks in on this?
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White, Eric

From: _ Eliis, Dina

Sent: Thursday, April 19, 2001 8:52 AM
To: Gerardi, Geraldine; Weinberger, Mark
Subject: FW: energy tax proposals
Importance: High

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

From: Kelliher, Joseph [mailto:Joseph.Kelliher@hg.doe.gov]
Sent: Thursday, April 19, 2001 8:4S5 AM

To: ‘MPeacock@OMB.EOP.gov'; ‘mweatherly@omb.eop.gov’';
'Bruce.Davie@do.treas.goviinternet'; 'Dina.Ellisedo.treas.gov’
Subject: energy tax proposals

Importance: KHigh
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Kelliher, Joseph

b(gpw ~a ‘/&-«JJ

From: Cook, Trevor

Sent: Tuesday, May 22, 2001 9:21 AM
To: Kelliher, Joseph

Ce: Magwood, Witliam

Subject: reprocessing paper
importance: High

Joe,

Here is the paper, its just over a page.

Trevor.
114 ]
ONE PAGER ON
REPROCESSING.doc
~——Onginal Message-—-
From: Keliiber, Joseph
Sent: Monday, May 21, 2001 3:15 PM
Yo: Magwood, William; Cook, Trevor

Subject: hearing prep: reprocessing

DOEQ015-0525
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2001-010085 4/12/01 3:40

Apil 8, 2001 : L@L

The Honorable Spencer Abrabam
Secretary

U.S. Depanument of Energy

1000 Independence Avenue, SW.
Washingion, D.C. 20585

Dear Secretary Abraham,

During your interview last Sundsy oo This Week, you confirmed that asring funding for
energy efficiency and rencwable energy programs by as much as 30 percent is being coasidered.
1 assume that this is happening, af least in part, in an Energy Task Force beaded by Vice
President Cheney. My concern, based oo your further remarks, is that you and this task force are
not receiving the information necessary o make well-informed decisions, “We're going to look
1t these programs which have been widely scorned and criticized of not having returned & very
good investment for the taxpayers...” [ know of program examples that deserve scom end
criticism however; [ 8130 know of programs that have demonstrated grest present and potentia!
futurc value. My concern is that the only group being beard is a group that has onfy scom and
crticism.

Your goal is appropriste (U.S. Chamber of Commerce, National Energy Summit), “...to
make sure that America’s energy needs of the next 20 years are met; that we succeed in—in
confronting that challenge ™ You also indicated the need for a diverse energy supply policy, “It
will be founded on the undernanding that diversity of supply means security of supply ... and
thar a broad mix of supply options — from coal to windmills, auclear 10 natural gas — will help
protect consumers againgt price spikes and supply dimuptions.™  This timeframe is slso
appropnate for further development of diverse energy supplics. 1 have direct experience with
photovolizic programs that have been highly successful. Pbotovoltaic power generstion has
unique benefits including supplying clcan power az the poim of use during times of peak
demand. Photovoltaic power genenation is in its infancy relative to all other energy options.
Even so, photovoltaic technology has demonstrazed successes for present encrgy generation and,
more imponantly, demoastrated development successes indicating tha: pbotovottaic tochnalogy
will continue 1o meet DOE near-tenm and long-term (20 year) goals.

I request your support i all possibie ways w0 insure well-informed decisions regarding our
energy future. The photovolusic option is onc of multiple rencwable energy technologies that
deserve to be considered in the broad mix of eocrgy supply optioas.

Best regards,

(£)(e)
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From: Breed, William
Sent: Thursday, March 08, 2001 5:32 PM

To: Anderson, Margot

Subject: NEP ideas

M:

Bin

&)

template for policy
idecs.doc
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Williams, Ronald L & - 5

From:; Keliiher, Joseph

Sent: Saturday, March 10, 2001 1:13 PM
TJo: Anderson, Margot

Subject: ~ S5.72
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Willilams, Ronald L - _ (b) (J—) )

From: Braitsch, Jay

Sent: Thursday, March 08, 2001 5:36 PM

To: Anderson, Margot

Cc: Kripowicz, Robert; DeHoratiis, Guido; Johnson, Nancy; Melchert, Elena; Rudins, George
Carter, Douglas; Furiga, Richard; Shages, John; Porter, Robert; Bajura, Rita; Carabetta,
Ralph

Subject: FE's NEP 2pagers

Margot -
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Williams, Ronald L X -

>
From: Kelliher, Joseph
Sent: Saturday, March 10, 2001 5:50 PM
To: Fygi, Eric; Haspel, Abe; Anderson, Margot
Subject: Appliance Standards
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Williams, Ronald L

From:
Sent:
To:

Ce:
Subject:

Importance:

1 want to revisit a few matters we discussed a month ago, but did not wrap up:

Kelliher, Joseph

Sunday, March 11, 2001 11:48 AM

Haspel, Abe; Conti, John; Zimmerman, MaryBeth
Anderson, Margot

Califomia questions

High

Please call if you have questions.

DOEO015-0546
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Martin, Adrienne

b (3)

From:
Sent:
To:

Cc:
Subject:

Importance:

Kelliher, Joseph
Thursday, April 12, 2001 8:37 PM

Anderson, Margot; Kripowicz, Robert; Haspel, Abe; Magwood, William

Kolevar, Kevin
energy tax proposals

High

DOE015-0547
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Williams, Ronald L

From: MaryBeth Zimmerman
Sent: Friday, March 09, 2001 7:43 AM
Jo: Anderson, Margot
Subject: EERE NEP summaries
EERE Summary
Submission.doc attached.  one-pagers will follow as tinalized
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Martin, Adrienne

From: Breed, William

Sent: Friday, April 13, 2001 11:05 AM
To: Anderson, Margot; Conti, John
Subject: RE: energy tax proposals

Margot: any idea for format or length? does Joes want a full ons-pager, or more of a short para or 2 description?

...0f course we have ideas...

Bill
William Breed
Acting Director, Office of Energy Efficien 2c2y
Alternative Fuels and Ol Analysis (PO-22)
202-586-4763

—-QOriginal Message—— |
From: Anderson, Margot
Sent: Friday, Aprl 13, 2001 8:31 AM
To: m, Jd\n; ml Wiliam
Subject: FW: energy tax proposals
Importance: High
Bill and John,

——0riginal Message——

From: Kefliher, Joseph

Sent Thursday, April 12, 2001 8:37 PM

To: Anderson, Margot; Kripowicz, Robert; Haspe!, Abe; Magwood, Willlam

o Kolevar, Kevin

Subject energy tax proposals 5 (‘.SD
Importance: High
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Willlams, Ronaild L

)

From:
Sent:
To:
Subject:

Importance:

Keliiher, Joseph

Monday, March 12, 2001 1:29 PM
Anderson, Margot

prices

High

DOE015-0592
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Willlams, Ronaid L

From: _Scalingi, Pauta

Sent: Friday, March 09, 2001 11:54 AM
To: Anderson, Margot

Subject: RE: NEP goals

Margot,

Hi. I'm back.

—Original lessaga—

From: Anderson, Margot

Sent: Fricay, Maorch 09, 2001 11:43 AM
To: Rogers, Cecellia

Ce: Scalingi, Piula

Subject: RE: NEP gcals

Cecellia,
Margot
~—Original Message———
From: Rogers, Cecellla
Sent: Thurscday, March 08, 2001 5:24 PM

To: Anderson, Margot

Ce: Scalingi, Paula; Kefiher, Joseph
Subject: RE: NEP goals
Importance: High

Margot,
Here are Paula’s notes:

Y944
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She will be back in the office tomomow.
Ceil

—0Original Message—-

From: Anderson, Margot

Sent: Tuesday, March 06, 2001 4:24 PM
TJo: Scalingi, Paula

Subject: NEP goals

Paul,

Margot

b

DOEO015-0594
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Williams, Ronald L

From: Kelliher, Joseph

Sent: Monday, March 12, 2001 9:20 AM
To: Anderson, Margot

Subject: RE: NEP Policy Options

~—Original Message—

From: Anderson, Margot
Sent: Monday, March 12, 2001 9:12 AM
To: Kelliher, Joseph

Subject: RE: NEP Policy Options

We provide our options on Wednesday (3/14). Ve will need to whitlle down the proposals to date. Did you get my
eralier e-mail with the list of options?

~—-Original Message——
From: Kelllher, Joseph
Sent:  Monday, March 12, 2001 8:56 AM
To: Anderson, Margot
Subject: RE: NEP Policy Options

When do we provide our options to the Task Force? | can't remember. This week?

——Qriginal Message—

From: Anderson, Margot

Sent: Monday, March 12, 2001 8:43 AM

To: Haspel, Abe; Zimmerman, MaryBeth; Lockwood, Andrea; Breed, Wilam; KYDES, ANDY; Whatiey, Michael; Carter, Douglas;
Braitsch, Jay; Meichert, Elena; Cook, Trevor; ‘ksber@bpaw, O'Donovan, Kevin; Kolevar, Kevin; Scalingi, Paula

Cc: Kelliher, Joseph .

Subject: NEP Policy Opdons '

All,

<< File: Short tities.doc >>
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